
ANTIBACTERIAL QUINOLINE DERIVATIVES The present
invention relates to novel substituted quinoline
derivatives useful for the treatment of bacterial
diseases, including but not limited to diseases caused
by pathogenic mycobacteria such as Mycobacterium
tuberculosis, M. bovis, M. leprae, M. avium and M.
marinum, or pathogenic Staphylococci or Streptococci.
BACKGROUND OF THE INVENTION Mycobacterium tuberculosis
is the causative agent of tuberculosis (TB), a serious
and potentially fatal infection with a world-wide
distribution. Estimates from the World Health
Organization indicate that more than 8 million people
contract TB each year, and 2 million people die from
tuberculosis yearly. In the last decade, TB cases have
grown 20% worldwide with the highest burden in the
most impoverished communities. If these trends
continue, TB incidence will increase by 41% in the
next twenty years. Fifty years since the introduction
of an effective chemotherapy, TB remains after AIDS,
the leading infectious cause of adult mortality in the
world. Complicating the TB epidemic is the rising tide
of multi-drug- resistant strains, and the deadly
symbiosis with HIV. People who are HIV-positive and
infected with TB are 30 times more likely to develop
active TB than people who are HIV-negative and TB is
responsible for the death of one out of every three
people with HIV/AIDS worldwide Existing approaches to
treatment of tuberculosis all involve the combination
of multiple agents. For example, the regimen
recommended by the U.S. Public Health Service is a
combination of isoniazid, rifampicin and pyrazinamide
for two months, followed by isoniazid and rifampicin
alone for a further four months. These drugs are
continued for a further seven months in patients
infected with HIV. For patients infected with mult i
drug resistant strains ofM. tuberculosis, agents such
as ethambutol, streptomycin, kanamycin, amikacin,
capreomycin, ethionamide, cycloserine, ciprofoxacin
and ofloxacin are added to the combination therapies.
There exists no single agent that is effective in the
clinical treatment of tuberculosis, nor any
combination of agents that offers the possibility of
therapy of less than six months' duration. There is a
high medical need for new drugs that improve current
treatment by enabling regimens that facilitate patient
and provider compliance. Shorter regimens and those
that require less supervision are the best way to
achieve this. Most of the benefit fromtreatment comes
in the first 2 months, during the intensive, or
bactericidal, phase when four drugs are given
together; the bacterial burden is greatly reduced, and
patients become noninfectious. The 4- to 6-month
continuation, or sterilizing, phase is required to
eliminate persisting bacilli and to minimize the risk
of relapse. A potent sterilizing drug that shortens
treatment to 2 months or less would be extremely
beneficial. Drugs that facilitate compliance by
requiring less intensive supervision also are needed.
Obviously, a compound that reduces both the total
length of treatment and the frequency of drug
administration would provide the greatest benefit.
Complicating the TB epidemic is the increasing
incidence of multi-drug- resistant strains or MDR-TB.
Up to four percent of all cases worldwide are
considered MDR-TB - those resistant to the most
effective drugs of the four-drug standard, isoniazid
and rifampin. MDR-TB is lethal when untreated and
cannot be adequately treated through the standard
therapy, so treatment requires up to 2 years of
"second-line" drugs. These drugs are often toxic,
expensive and marginally effective. In the absence of
an effective therapy, infectious MDR-TB patients
continue to spread the disease, producing new
infections with MDR-TB strains. There is a high
medical need for a new drug with a new mechanism of
action, which is likely to demonstrate activity
against drug resistant, in particular MDR strains. The
term "drug resistant" as used hereinbefore or
hereinafter is a term well understood by the person
skilled in microbiology. A drug resistant
Mycobacterium is a Mycobacterium which is no longer
susceptible to at least one previously effective drug;
which has developed the ability to withstand
antibiotic attack by at least one previously effective
drug. A drug resistant strain may relay that ability
to withstand to its progeny. Said resistance may be
due to random genetic mutations in the bacterial cell
that alters its sensitivity to a single drug or to
different drugs. MDR tuberculosis is a specific form
of drug resistant tuberculosis due to a bacterium
resistant to at least isoniazid and rifampicin (with
or without resistance to other drugs), which are at
present the two most powerful anti-TB drugs. Thus,
whenever used hereinbefore or hereinafter "drug
resistant" includes multi drug resistant. Another
factor in the control of the TB epidemic is the
problem of latent TB. In spite of decades of
tuberculosis (TB) control programs, about 2 billion
people are infected by M. tuberculosis, though
asymptomatically. About 10% of these individuals are
at risk of developing active TB during their lifespan.
The global epidemic of TB is fuelled by infection of
HIV patients with TB and rise of multi-drug resistant
TB strains(MDR-TB). The reactivation of latent TB is a
high risk factor for disease development and accounts
for 32% deaths in HIV infected individuals. To control
TB epidemic, the need is to discover new drugs that
can kill dormant or latent bacilli. The dormant TB can
get reactivated to cause disease by several factors
like suppression of host immunity by use of
immunosuppressive agents like antibodies against tumor
necrosis factor a or interferon-g. In case of HIV
positive patients the only prophylactic treatment
available for latent TB is two- three months regimens
of rifampicin, pyrazinamide. The efficacy of the
treatment regime is still not clear and furthermore
the length of the treatments is an important constrain
in resource- limited environments. Hence there is a
drastic need to identify new drugs, which can act as
chemoprophylatic agents for individuals harboring
latent TB bacilli. The tubercle bacilli enter healthy
individuals by inhalation; they are phagocytosed by
the alveolar macrophages of the lungs. This leads to
potent immune response and formation of granulomas,
which consist of macrophages infected with M.
tuberculosis surrounded by T cells. After a period of
6-8 weeks the host immune response cause death of
infected cells by necrosis and accumulation of caseous
material with certain extracellular bacilli,
surrounded by macrophages, epitheloid cells and layers
of lymphoid tissue at the periphery. In case of
healthy individuals, most of the mycobacteria are
killed in these environments but a small proportion of
bacilli still survive and are thought to exist in a
non-replicating, hypometabolic state and are tolerant
to killing by anti-TB drugs like isoniazid. These
bacilli can remain in the altered physiological
environments even for individual's lifetime without
showing any clinical symptoms of disease. However, in
10% of the cases these latent bacilli may reactivate
to cause disease. One of the hypothesis about
development of these persistent bacteria is
patho-physiological environment in human lesions
namely, reduced oxygen tension, nutrient limitation,
and acidic pH. These factors have been postulated to
render these bacteria phenotypically tolerant to major
anti-mycobacterial drugs. In addition to the
management of the TB epidemic, there is the emerging
problem of resistance to first-line antibiotic agents.
Some important examples include penicillinresistant
Streptococcus pneumoniae, vancomycin-resistant
enterococci, methicillinresistant Staphylococcus
aureus, multi-resistant salmonellae. The consequences
of resistance to antibiotic agents are severe.
Infections caused by resistant microbes fail to
respond to treatment, resulting in prolonged illness
and greater risk of death. Treatment failures also
lead to longer periods of infectivity, whichincrease
the numbers of infected people moving in the community
and thus exposing the general population to the risk
of contracting a resistant strain infection. Hospitals
are a critical component of the antimicrobial
resistance problem worldwide. The combination of
highly susceptible patients, intensive and prolonged
antimicrobial use, and cross-infection has resulted in
infections with highly resistant bacterial pathogens.
Self-medication with antimicrobials is another major
factor contributing to resistance. Self-medicated
antimicrobials may be unnecessary, are often
inadequately dosed, or may not contain adequate
amounts of active drug. Patient compliance with
recommended treatment is another major problem.
Patients forget to take medication, interrupt their
treatment when they begin to feel better, or may be
unable to afford a full course, thereby creating an
ideal environment for microbes to adapt rather than be
killed. Because of the emerging resistance to multiple
antibiotics, physicians are confronted with infections
for which there is no effective therapy. The
morbidity, mortality, and financial costs of such
infections impose an increasing burden for health care
systems worldwide. Therefore, there is a high need for
new compounds to treat bacterial infections,
especially mycobacterial infections including drug
resistant and latent mycobacterial infections, and
also other bacterial infections especially those
caused by resistant bacterial strains. WO2004/01 1436,
WO2005/070924, WO2005/070430 and WO2005/075428
disclose certain substituted quinoline derivatives
having activity against Mycobacteria, in particular
against Mycobacterium tuberculosis. WO2005/1 17875
describes substituted quinoline derivatives having
activity against resistant Mycobacterial strains.
WO2006/067048 describes substituted quinoline
derivatives having activity against latent
tuberculosis. One particular compound of these
substituted quinoline derivatives is described in
Science (2005), 307, 223-227 and its mode of action is
described in WO2006/035051. Other substituted
quinolines are disclosed in US-5,965,572 (The United
States of America) for treating antibiotic resistant
infections and in WO00/34265 to inhibit thegrowth of
bacterial microorganisms. The purpose of the present
invention is to provide novel compounds, in particular
substituted quinoline derivatives, having the property
of inhibiting bacterial growth especially of
mycobacteria but also of other bacteria such as
Streptococci and Staphylococci and the compounds are
therefore useful for the treatment of bacterial
diseases, particularly those diseases caused by
pathogenic bacteria such as Streptococcus pneumonia,
Staphylococcus aureus or Mycobacterium tuberculosis
(including the latent disease and including drug
resistant M. tuberculosis strains), M. bovis, M.
leprae, M. avium and M. marinum. SUMMARY OF THE
INVENTION The present invention relates to novel
substituted quinoline derivatives according to formula
(Ia) or (Ib): including any stereochemical^ isomeric
form thereof, wherein P is an integer equal to 1, 2, 3
or 4; q is an integer equal to zero, 1, 2, 3 or 4 ; R1
is hydrogen, cyano, formyl, carboxyl, halo, alkyl,
C2-6alkenyl, C2- alkynyl, haloalkyl, hydroxy,
alkyloxy, alkylthio, alkylthioalkyl, -C=N-OR 1 1,
amino, mono or di(alkyl)amino, aminoalkyl, mono or
di(alkyl)aminoalkyl, alkylcarbonylaminoalkyl,
aminocarbonyl, mono or di(alkyl)aminocarbonyl,
arylalkyl, arylcarbonyl, R5aR4aNalkyl, di(aryl)alkyl,
aryl, R5aR4aN-, R5aR4aN-C(=O)-, or Het; R is hydrogen,
alkyloxy, aryl, aryloxy, hydroxy, mercapto,
alkyloxyalkyloxy, alkylthio, mono or di(alkyl)amino,
pyrrolidino or a radical of formula wherein Y is CH2,
O, S, NH or JV-alkyl ;R3 is alkyl, arylalkyl,
aryl-O-alkyl, aryl-alkyl-O-alkyl, aryl, aryl-aryl,
Het, Het-alkyl, Het-O-alkyl, Het-alkyl-O-alkyl or <
phenyl ; R4 is hydrogen or alkyl; R5 is -C(=NH)-NH2;
arylalkyl; Het-alkyl; mono- or dialkylaminoalkyl;
bicyclo[2.2.1]heptyl; Het; or aryl; or R4 and R5
together with the nitrogen atom to which they are
attached form a radical selected from the group
consisting of azetidinyl; 2,3- dihydroisoindol-1-yl;
thiazolidin-3-yl; 1,2,3,6-tetrahydropyridyl;
hexahydro- lH-azepinyl; hexahydro- IH- 1,4-diazepinyl;
hexahydro- 1,Aoxazepinyl;
l,2,3,4-tetrahydroisoquinolin-2-yl; 2,5-
diazabicyclo[2.2.1]heptyl;
1,1-dioxide-thiomorpholinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from alkyl,
haloalkyl, alkylcarbonyl, halo, arylalkyl, hydroxy,
alkyloxy, amino, mono- or dialkylamino, mono- or
dialkylaminoalkyl, alkylthio, alkyloxyalkyl,
alkylthioalkyl, aryl, piperidinyl optionally
substituted with alkyl, pyrrolidinyl optionally
substituted with arylalkyl, pyridyl or pyrimidinyl; or
R4 and R5 together with the nitrogen atom to which
they are attached form a radical selected from the
group consisting piperidinyl or piperazinyl, each
substituted with aryl, alkylcarbonyl, piperidinyl or
pyrrolidinyl optionally substituted with arylalkyl;
R4a and R5a together with the nitrogen atom to which
they are attached form a radical selected from the
group consisting of pyrrolidino, piperidino,
piperazino, morpholino, 4-thiomorpholino,
2,3-dihydroisoindol-l-yl, thiazolidin-3-yl,
1,2,3,6-tetrahydropyridyl, hexahydro- lH-azepinyl,
hexahydro- IH-1,4-diazepinyl, hexahydro-
1,4-oxazepinyl, 1,2,3,4- tetrahydroisoquinolin-2-yl,
pyrrolinyl, pyrrolyl, imidazolidinyl, pyrazolidinyl,
2-imidazolinyl, 2-pyrazolinyl, imidazolyl, pyrazolyl,
triazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl and triazinyl, each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from alkyl,
haloalkyl, halo, arylalkyl, hydroxy, alkyloxy, amino,
mono- or dialkylamino, alkylthio, alkylthioalkyl,
aryl, pyridyl or pyrimidinyl; R6 is aryl1 or Het; R7
is hydrogen, halo, alkyl, aryl or Het; R8 is hydrogen
or alkyl;R9 is oxo; or R8 and R9 together form the
radical -CH=CH-N=; R1 is hydrogen or alkyl; aryl is a
homocycle selected from phenyl, naphthyl, acenaphthyl
or tetrahydronaphthyl, each being optionally
substituted with 1, 2 or 3 substituents, each
substituent being independently selected from hydroxy,
halo, cyano, nitro, amino, mono- or dialkylamino,
alkyl, C2-6alkenyl optionally substituted with phenyl,
haloalkyl, alkyloxy, haloalkyloxy, carboxyl,
alkyloxycarbonyl, aminocarbonyl, morpholinyl or mono-
or dialkylaminocarbonyl; aryl1 is a homocycle selected
from phenyl, naphthyl, acenaphthyl or
tetrahydronaphthyl, each being optionally substituted
with 1, 2 or 3 substituents, each substituent being
independently selected from hydroxy, halo, cyano,
nitro, amino, mono- or dialkylamino, alkyl, haloalkyl,
alkyloxy, alkylthio, haloalkyloxy, carboxyl,
alkyloxycarbonyl, aminocarbonyl, morpholinyl, Het or
mono- or dialkylaminocarbonyl; Het is a monocyclic
heterocycle selected from JV-phenoxypiperidinyl,
piperidinyl, piperazine, pyrrolyl, pyrazolyl,
imidazolyl, furanyl, thienyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl; or a bicyclic heterocycle
selected from quinolinyl, quinoxalinyl, indolyl,
benzimidazolyl, benzoxazolyl, benzisoxazolyl,
benzothiazolyl, benzisothiazolyl, benzofuranyl,
benzothienyl, 2,3-dihydrobenzo[l,4]dioxinyl or
benzo[l,3]dioxolyl; each monocyclic and bicyclic
heterocycle being optionally substituted with 1, 2 or
3 substituents, each substituent independently
selected from halo, hydroxy, alkyl or alkyloxy;
provided R5 is other than benzyl; the iV-oxides
thereof, the pharmaceutically acceptable salts thereof
or the solvates thereof. Whenever used herein, the
term "compounds of formula (Ia) or (Ib)" or "compounds
according to the invention" is meant to also include
their pharmaceutically acceptable salts or their
JV-oxide forms or their solvates. The compounds of
formula (Ia) and (Ib) are interrelated in that e.g. a
compound according to formula (Ib), with R9 equal to
oxo and R8 equal to hydrogen, is thetautomeric
equivalent of a compound according to formula (Ia)
with R2 equal to hydroxy (keto-enol tautomerism). In
the definition of Het, it is meant to include all the
possible isomeric forms of the heterocycles, for
instance, pyrrolyl comprises lH-pyrrolyl and
2H-pyrrolyl. The aryl, aryl1 or Het listed in the
definitions of the substituents of the compounds of
formula (Ia) or (Ib) (see for instance R3 or R6) as
mentioned hereinbefore or hereinafter may be attached
to the remainder of the molecule of formula (Ia) or
(Ib) through any ring carbon or heteroatom as
appropriate, if not otherwise specified. Thus, for
example, when Het is imidazolyl, it may be
1-imidazolyl, 2-imidazolyl, 4-imidazolyl and the like.
Lines drawn from substituents into ring systems
indicate that the bond may be attached to any of the
suitable ring atoms. The pharmaceutically acceptable
salts as mentioned hereinbefore or hereinafter are
meant to comprise the therapeutically active non-toxic
acid addition salt forms which the compounds according
to formula (Ia) or formula (Ib) are able to form. Said
acid addition salts can be obtained by treating the
base form of the compounds according to formula (Ia)
or formula (Ib) with appropriate acids, for example
inorganic acids, for example hydrohalic acid, in
particular hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid and phosphoric acid;
organic acids, for example acetic acid, hydroxyacetic
acid, propanoic acid, lactic acid, pyruvic acid,
oxalic acid, malonic acid, succinic acid, maleic acid,
fumaric acid, malic acid, tartaric acid, citric acid,
methanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, cyclamic
acid, salicyclic acid, p-aminosalicylic acid and
pamoic acid. The compounds of formula (Ia) or (Ib)
containing acidic protons may be converted into their
therapeutically active non-toxic metal or amine
addition salt forms by treatment with appropriate
organic and inorganic bases. The pharmaceutically
acceptable salts as mentioned hereinbefore or
hereinafter are meant to also comprise the
therapeutically active non-toxic metal or amine
addition salt forms (base addition salt forms) which
the compounds of formula (Ia) or (Ib) are able to
form. Appropriate base addition salt forms comprise,
for example, the ammonium salts, the alkali and earth
alkaline metal salts, e.g. the lithium, sodium,
potassium, magnesium, calcium salts and the like,
salts with organic bases, e.g. primary, secondary and
tertiary aliphatic and aromatic aminessuch as
methylamine, ethylamine, propylamine, isopropylamine,
the four butylamine isomers, dimethylamine,
diethylamine, diethanolamine, dipropylamine,
diisopropylamine, di-n-butylamine, pyrrolidine,
piperidine, morpholine, trimethylamine, triethylamine,
tripropylamine, quinuclidine, pyridine, quinoline and
isoquinoline, the benzathine, JV-methyl-D-glucamine,
2-amino-2-(hydroxymethyl)-l,3- propanediol,
hydrabamine salts, and salts with amino acids such as,
for example, arginine, lysine and the like.
Conversely, said acid or base addition salt forms can
be converted into the free forms by treatment with an
appropriate base or acid. The term pharmaceutically
acceptable salt also comprises the quaternary ammonium
salts (quaternary amines) which the compounds of
formula (Ia) or (Ib) are able to form by reaction
between a basic nitrogen of a compound of formula (Ia)
or (Ib) and an appropriate quaternizing agent, such
as, for example, an optionally substituted
Ci_6alkylhalide, arylCi- alkylhalide,
Ci_6alkylcarbonylhalide, arylcarbonylhalide,
HetCi_6alkylhalide or Hetcarbonylhalide, e.g.
methyliodide or benzyliodide. Preferably, Het
represents a monocyclic heterocycle selected from
furanyl or thienyl; or a bicyclic heterocycle selected
from benzofuranyl or benzothienyl; each monocyclic and
bicyclic heterocycle may optionally be substituted
with 1, 2 or 3 substituents, each substituent
independently selected from the group of halo, alkyl
and aryl. Preferably, the quaternizing agent is
Ci_6alkylhalide. Other reactants with good leaving
groups may also be used, such as Ci_6alkyl
trifluoromethanesulfonates, Ci_6alkyl
methanesulfonates, and Ci_6alkyl p-toluenesulfonates.
A quaternary amine has a positively charged nitrogen.
Pharmaceutically acceptable counterions include
chloro, bromo, iodo, trifluoroacetate, acetate,
triflate, sulfate, sulfonate. Preferably, the
counterion is iodo. The counterion of choice can be
introduced using ion exchange resins. The term solvate
comprises the hydrates and solvent addition forms
which the compounds of formula (Ia) or (Ib) are able
to form, as well as the salts thereof. Examples of
such forms are e.g. hydrates, alcoholates and the
like. In the framework of this application, a compound
according to the invention is inherently intended to
comprise all stereochemically isomeric forms thereof.
The term "stereochemically isomeric forms" as used
hereinbefore or hereinafter defines all the possible
stereoisomeric forms which the compounds of formula
(Ia) and (Ib), and theiriV-oxides, pharmaceutically
acceptable salts, solvates or physiologically
functional derivatives may possess. Unless otherwise
mentioned or indicated, the chemical designation of
compounds denotes the mixture of all possible
stereochemically isomeric forms. In particular,
stereogenic centers may have the R- or S-conf
guration; substituents on bivalent cyclic (partially)
saturated radicals may have either the cis- or trans
configuration. Compounds encompassing double bonds can
have an E (entgegen) or Z (zusammen) -stereochemistry
at said double bond. The terms cis, trans, R, S, E and
Z are well known to a person skilled in the art.
Stereochemically isomeric forms of the compounds of
formula (Ia) and (Ib) are obviously intended to be
embraced within the scope of this invention. Of
special interest are those compounds of formula (Ia)
or (Ib) which are stereochemically pure. Following
CAS-nomenclature conventions, when two stereogenic
centers of known absolute configuration are present in
a molecule, an R or S descriptor is assigned (based on
Cahn-Ingold-Prelog sequence rule) to the
lowest-numbered chiral center, the reference center.
The configuration of the second stereogenic center is
indicated using relative descriptors [R*,R* ] or [i ?
* _>*] , where R * is always specified as the
reference 



center and [R*,R*] indicates centers with the same
chirality and [i ? *, _>* ] indicates centers of
unlike chirality. For example, if the lowest-numbered
chiral center in the molecule has an S configuration
and the second center is R , the stereo descriptor
would be specified as S-[R*, S*]. If "a" and "b" are
used : the position of the highest priority
substituent on the asymmetric carbon atom in the ring
system having the lowest ring number, is arbitrarily
always in the "a" position of the mean plane
determined by the ring system. The position of the
highest priority substituent on the other asymmetric
carbon atom in the ring system relative to the
position of the highest priority substituent on the
reference atom is denominated "a", if it is on the
same side of the mean plane determined by the ring
system, or "b", if it is on the other side of the mean
plane determined by the ring system. When a specific
stereoisomeric form is indicated, this means that said
form is substantially free, i.e. associated with less
than 50 %, preferably less than 20 %, more preferably
less than 10 %, even more preferably less than 5 %,
further preferably less than 2 % and most preferably
less than 1% of the other isomer(s). Thus, when a
compound of formula (Ia) or (Ib) is for instance
specified as (R,S), this means that the compound is
substantially free of the (S,R) isomer.Compounds of
either formula (Ia) and (Ib) and some of the
intermediate compounds invariably have at least two
stereogenic centers in their structure which may lead
to at least 4 stereochemically different structures.
The compounds of either formula (Ia) and (Ib) may be
synthesized in the form of mixtures, in particular
racemic mixtures, of enantiomers which can be
separated from one another following art-known
resolution procedures. The racemic compounds of either
formula (Ia) and (Ib) may be converted into the
corresponding diastereomeric salt forms by reaction
with a suitable chiral acid. Said diastereomeric salt
forms are subsequently separated, for example, by
selective or fractional crystallization and the
enantiomers are liberated therefrom by alkali. An
alternative manner of separating the enantiomeric
forms of the compounds of either formula (Ia) and (Ib)
involves liquid chromatography using a chiral
stationary phase. Said pure stereochemically isomeric
forms may also be derived from the corresponding pure
stereochemically isomeric forms of the appropriate
starting materials, provided that the reaction occurs
stereospecifically. Preferably if a specific
stereoisomer is desired, said compound will be
synthesized by stereospecif  c methods of preparation.
These methods will advantageously employ
enantiomerically pure starting materials. The
tautomeric forms of the compounds of formula (Ia) or
(Ib) are meant to comprise those compounds of formula
(Ia) or (Ib) wherein e.g. an enol group is converted
into a keto group (keto-enol tautomerism). Tautomeric
forms of the compounds of formula (Ia) and (Ib) or of
intermediates of the present invention are intended to
be embraced by the ambit of this invention. The
iV-oxide forms of the present compounds are meant to
comprise the compounds of formula (Ia) or (Ib) wherein
one or several tertiary nitrogen atoms are oxidized to
the so-called TV-oxide. The compounds of formula (Ia)
and (Ib) may be converted to the corresponding
iV-oxide forms following art-known procedures for
converting a trivalent nitrogen into its TV-oxide
form. Said TV-oxidation reaction may generally be
carried out by reacting the starting material of
formula (Ia) or (Ib) with an appropriate organic or
inorganic peroxide. Appropriate inorganic peroxides
comprise, for example, hydrogen peroxide, alkali metal
or earth alkaline metal peroxides, e.g. sodium
peroxide, potassium peroxide; appropriate organic
peroxides may comprise peroxy acids such as,
forexample, benzenecarboperoxoic acid or halo
substituted benzenecarboperoxoic acid, e.g.
3-chlorobenzenecarboperoxoic acid, peroxoalkanoic
acids, e.g. peroxoacetic acid, alkylhydroperoxides,
e.g. t.butyl hydro-peroxide. Suitable solvents are,
for example, water, lower alcohols, e.g. ethanol and
the like, hydrocarbons, e.g. toluene, ketones, e.g.
2-butanone, halogenated hydrocarbons, e.g.
dichloromethane, and mixtures of such solvents. In the
framework of this application, a compound according to
the invention is inherently intended to comprise all
isotopic combinations of its chemical elements. In the
framework of this application, a chemical element, in
particular when mentioned in relation to a compound
according to formula (Ia) or (Ib), comprises all
isotopes and isotopic mixtures of this element, either
naturally occuring or synthetically produced, either
with natural abundance or in an isotopically enriched
form. In particular, when hydrogen is mentioned, it is
understood to refer to 1H, 2H, 3H and mixtures
thereof; when carbon is mentioned, it is understood to
refer to 1 1C, 12C, 13C, 14C and mixtures thereof ;
when nitrogen is mentioned, it is understood to refer
to 13N, 14N, 15N and mixtures thereof ; when oxygen is
mentioned, it is understood to refer to 140 , 15O,
16O, 17O, 18O and mixtures thereof; and when fluor is
mentioned, it is understood to refer to 18F, 19F and
mixtures thereof. A compound according to the
invention therefore inherently comprises a compound
with one or more isotopes of one or more element, and
mixtures thereof, including a radioactive compound,
also called radio labelled compound, wherein one or
more non radioactive atoms has been replaced by one of
its radioactive isotopes. By the term "radio labelled
compound" is meant any compound according to formula
(Ia) or (Ib), a pharmaceutically acceptable salt
thereof or an N-oxide form thereof or a solvate
thereof, which contains at least one radioactive atom.
For example, a compound can be labelled with positron
or with gamma emitting radioactive isotopes. For
radioligandbinding techniques (membrane receptor
assay), the 3H-atom or the 125I-atom is the atom of
choice to be replaced. For imaging, the most commonly
used positron emitting (PET) radioactive isotopes are
1 1C, 18F, 15O and 13N, all of which are accelerator
produced and have half- lives of 20, 100, 2 and 10
minutes respectively. Since the half- lives of these
radioactive isotopes are so short, it is only feasible
to use them at institutions which have an accelerator
on site for their production, thus limiting their use.
The most widely used of these are 18F, 99mTc, 201Tl
and 123I . The handling of these radioactive isotopes,
their production, isolation and incorporation in a
molecule are known to the skilled person.In
particular, the radioactive atom is selected from the
group of hydrogen, carbon, nitrogen, sulfur, oxygen
and halogen. Preferably, the radioactive atom is
selected from the group of hydrogen, carbon and
halogen. In particular, the radioactive isotope is
selected from the group of 3H, 1 1C, 18F, 122I, 123I,
1251, 131 I, 75Br, 76Br, 77Br and 82Br. Preferably,
the radioactive isotope is selected from the group of
3H, 1 1C and 18F. In the framework of this
application, alkyl is a straight or branched saturated
hydrocarbon radical having from 1 to 6 carbon atoms ;
or is a cyclic saturated hydrocarbon radical having
from 3 to 6 carbon atoms ; or is a cyclic saturated
hydrocarbon radical having from 3 to 6 carbon atoms
attached to a straight or branched saturated
hydrocarbon radical having from 1 to 6 carbon atoms ;
wherein each carbon atom can be optionally substituted
with cyano, hydroxy, Ci_6alkyloxy or oxo. Preferably
alkyl is a straight or branched saturated hydrocarbon
radical having from 1 to 6 carbon atoms ; or is a
cyclic saturated hydrocarbon radical having from 3 to
6 carbon atoms ; wherein each carbon atom can be
optionally substituted with hydroxyl or Ci_6alkyloxy.
Preferably, alkyl is methyl, ethyl or
cyclohexylmethyl, more preferably methyl or ethyl. An
interesting embodiment of alkyl in all definitions
used hereinbefore or hereinafter is Ci_6alkyl which
represents a straight or branched saturated
hydrocarbon radical having from 1 to 6 carbon atoms
such as for example methyl, ethyl, propyl,
2-methyl-ethyl, pentyl, hexyl and the like. A
preferred subgroup of Ci_6alkyl is Ci_4alkyl which
represents a straight or branched saturated
hydrocarbon radical having from 1 to 4 carbon atoms
such as for example methyl, ethyl, propyl,
2-methyl-ethyl and the like. In the framework of this
application C2-6alkenyl is a straight or branched
hydrocarbon radical having from 2 to 6 carbon atoms
containing a double bond such as ethenyl, propenyl,
butenyl, pentenyl, hexenyl and the like; C2- alkynyl
is a straight or branched hydrocarbon radical having
from 2 to 6 carbon atoms containing a triple bond such
as ethynyl, propynyl, butynyl, pentynyl, hexynyl and
the like; C3_6Cycloalkyl is a cyclic saturated
hydrocarbon radical having from 3 to 6 carbon atoms
and is generic to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl In the framework of this
application, halo is a substituent selected from the
group of fluoro, chloro, bromo and iodo and haloalkyl
is a straight or branched saturated hydrocarbon
radical having from 1 to 6 carbon atoms or a cyclic
saturated hydrocarbonradical having from 3 to 6 carbon
atoms or a cyclic saturated hydrocarbon radical having
from 3 to 6 carbon atoms attached to a straight or
branched saturated hydrocarbon radical having from 1
to 6 carbon atoms; wherein one or more carbon atoms
are substituted with one or more halo atoms.
Preferably, halo is bromo, fluoro or chloro; in
particular chloro or bromo. Preferably, haloalkyl is
polyhaloCi- alkyl which is defined as mono- or
polyhalosubstituted Ci_6alkyl, for example, methyl
with one or more fluoro atoms, for example,
difluoromethyl or trifluoromethyl, 1,1-difluoro-ethyl
and the like. In case more than one halo atom is
attached to an alkyl or Ci_6alkyl group within the
definition of haloalkyl or polyhaloCi- alkyl, they may
be the same or different. A first interesting
embodiment relates to a compound of formula (Ia) or
(Ib) wherein p is an integer equal to 1, 2, 3 or 4; q
is an integer equal to zero, 1, 2, 3 or 4 ; R1 is
hydrogen, cyano, formyl, carboxyl, halo, alkyl,
C2-6alkenyl, C2- alkynyl, haloalkyl, hydroxy,
alkyloxy, alkylthio, alkylthioalkyl, -C=N-OR 1 1,
amino, mono or di(alkyl)amino, aminoalkyl, mono or
di(alkyl)aminoalkyl, alkylcarbonylaminoalkyl,
aminocarbonyl, mono or di(alkyl)aminocarbonyl,
arylalkyl, arylcarbonyl, R5aR4aNalkyl, di(aryl)alkyl,
aryl, R5aR4aN-, R5aR4aN-C(=O)-, or Het; R2 is
hydrogen, alkyloxy, aryl, aryloxy, hydroxy, mercapto,
alkyloxyalkyloxy, alkylthio, mono or di(alkyl)amino,
pyrrolidino or a radical of formula wherein Y is CH ,
O, S, NH or JV-alkyl ; R3 is alkyl, arylalkyl,
aryl-O-alkyl, aryl-alkyl-O-alkyl, aryl, Het, Hetalkyl,
Het-O-alkyl, Het-alkyl-O-alkyl or >- f phenyl ; R4 is
hydrogen or alkyl; R5 is -C(=NH)-NH 2; arylalkyl;
Het-alkyl; mono- or dialkylaminoalkyl; Het; or aryl;
or R4 and R5 together with the nitrogen atom to which
they are attached form a radical selected from the
group consisting of 2,3-dihydroisoindol-lyl;
thiazolidin-3-yl; 1,2,3,6-tetrahydropyridyl;
hexahydro-l Hazepinyl; hexahydro- IH- 1,4-diazepinyl;
hexahydro- 1,4-oxazepinyl;
l,2,3,4-tetrahydroisoquinolin-2-yl or
2,5-diazabicyclo[2.2.1]heptyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from alkyl,
haloalky1, alkylcarbonyl, halo, arylalkyl, hydroxy,
alkyloxy, amino, mono- or dialkylamino, alkylthio,
alkyloxyalkyl, alkylthioalkyl, aryl, pyridyl or
pyrimidinyl; or R4 and R5 together with the nitrogen
atom to which they are attached form a radical
selected from the group consisting piperidinyl or
piperazinyl, each substituted with aryl,
alkylcarbonyl, piperidinyl or pyrrolidinyl optionally
substituted with arylalkyl; R4a and R5a together with
the nitrogen atom to which they are attached form a
radical selected from the group consisting of
pyrrolidino, piperidino, piperazino, morpholino,
4-thiomorpholino, 2,3-dihydroisoindol-l-yl,
thiazolidin-3-yl, 1,2,3,6-tetrahydropyridyl,
hexahydro-l H-azepinyl, hexahydro-l H-l,4-diazepinyl,
hexahydro-l,4-oxazepinyl, 1,2,3,4-
tetrahydroisoquinolin-2-yl, pyrrolinyl, pyrrolyl,
imidazolidinyl, pyrazolidinyl, 2-imidazolinyl,
2-pyrazolinyl, imidazolyl, pyrazolyl, triazolyl,
pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl and
triazinyl, each radical optionally substituted with 1,
2, 3 or 4 substituents, each substituent independently
selected from alkyl, haloalkyl, halo, arylalkyl,
hydroxy, alkyloxy, amino, mono- or dialkylamino,
alkylthio, alkylthioalkyl, aryl, pyridyl or
pyrimidinyl; R6 is aryl1 or Het; R7 is hydrogen, halo,
alkyl, aryl or Het; R8 is hydrogen or alkyl; R9 is
oxo; or R8 and R9 together form the radical -CH=CH-N=;
R11 is hydrogen or alkyl; aryl is a homocycle selected
from phenyl, naphthyl, acenaphthyl or
tetrahydronaphthyl, each being optionally substituted
with 1, 2 or 3 substituents, each substituent being
independently selected from hydroxy, halo, cyano,
nitro, amino, mono- or dialkylamino, alkyl, haloalkyl,
alkyloxy, haloalkyloxy, carboxyl, alkyloxycarbonyl,
aminocarbonyl, morpholinyl or mono- or
dialkylaminocarbonyl; aryl1 is a homocycle selected
from phenyl, naphthyl, acenaphthyl or
tetrahydronaphthyl, each being optionally substituted
with 1, 2 or 3 substituents, each substituent being
independently selected fromhydroxy, halo, cyano,
nitro, amino, mono- or dialkylamino, alkyl, haloalkyl,
alkyloxy, alkylthio, haloalkyloxy, carboxyl,
alkyloxycarbonyl, aminocarbonyl, morpholinyl, Het or
mono- or dialkylaminocarbonyl; Het is a monocyclic
heterocycle selected from JV-phenoxypiperidinyl,
piperidinyl, piperazine, pyrrolyl, pyrazolyl,
imidazolyl, furanyl, thienyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl; or a bicyclic heterocycle
selected from quinolinyl, quinoxalinyl, indolyl,
benzimidazolyl, benzoxazolyl, benzisoxazolyl,
benzothiazolyl, benzisothiazolyl, benzo furanyl,
benzothienyl, 2,3-dihydrobenzo[l,4]dioxinyl or
benzo[l,3]dioxolyl; each monocyclic and bicyclic
heterocycle being optionally substituted with 1, 2 or
3 substituents, each substituent independently
selected from halo, hydroxy, alkyl or alkyloxy;
provided R5 is other than benzyl. A second interesting
embodiment relates to a compound of formula (Ia) or
(Ib) wherein p is an integer equal to 1, 2, 3 or 4; q
is an integer equal to zero, 1, 2, 3 or 4 ; R1 is
hydrogen, cyano, formyl, carboxyl, halo, Ci_6alkyl,
C2-6alkenyl, C2-6alkynyl, haloCi- alkyl, hydroxy,
Ci_6alkyloxy, Ci_6alkylthio, Ci_6alkylthioCi_6alkyl,
-C=N-OR 1 1, amino, mono or di(Ci_6alkyl)amino,
aminoCi- alkyl, mono or di(Ci_6alkyl)aminoCi_ 6alkyl,
Ci_6alkylcarbonylaminoCi_ 6alkyl, aminocarbonyl, mono
or di(Ci_6alkyl)aminocarbonyl, arylCi- alkyl,
arylcarbonyl, R5aR4aNCi_6alkyl, di(aryl)Ci_ 6alkyl,
aryl, R5aR4aN-, R5aR4aN-C(=O)-, or Het; R2 is
hydrogen, Ci_6alkyloxy, aryl, aryloxy, hydroxy,
mercapto, Ci_6alkyloxyCi_6alkyloxy, Ci_6alkylthio,
mono or di(Ci_6alkyl)amino, pyrrolidino or a radical
of formula wherein Y is CH , O, S, NH or JV-Ci_6alkyl
; R3 is Ci_6alkyl, arylCi- alkyl, aryl-O-Ci_ 6alkyl,
aryl-alkyl-O-Ci_ 6alkyl, aryl, aryl-aryl, Het,
Het-Ci_6alkyl, Het-O-Ci_ 6alkyl, Het-Ci_6alkyl-O-Ci_
6alkyl or phenyl .R4 is hydrogen or Ci_6alkyl; R5 is
-C(=NH)-NH 2; arylCi_6alkyl; Het-Ci_6alkyl; mono- or
diCi_6alkylaminoCi_6alkyl; bicyclo[2.2.1]heptyl; Het;
or aryl; or R4 and R5 together with the nitrogen atom
to which they are attached form a radical selected
from the group consisting of azetidinyl;
2,3-dihydroisoindol-l-yl; thiazolidin-3-yl;
1,2,3,6-tetrahydropyridyl; hexahydro- lH-azepinyl;
hexahydro- IH- 1,4-diazepinyl; hexahydro-
1,Aoxazepinyl; 1,2,3,4-tetrahydroisoquinolin-2-yl;
2,5-diazabicyclo[2.2.1]heptyl; or
1,1-dioxide-thiomorpholinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from C^alkyl,
haloCi- alkyl, Ci_6alkylcarbonyl, halo, arylCi- alkyl,
hydroxy, Ci_6alkyloxy, amino, mono- or
diCi_6alkylamino, mono- or diCi_6alkylaminoCi_6alkyl,
Ci_6alkylthio, Ci_6alkyloxyCi_6alkyl,
Ci_6alkylthioCi_6alkyl, aryl, piperidinyl optionally
substituted with C aUyl, pyrrolidinyl optionally
substituted with arylCi- alkyl, pyridyl or
pyrimidinyl; or R4 and R5 together with the nitrogen
atom to which they are attached form a radical
selected from the group consisting piperidinyl or
piperazinyl, each substituted with aryl,
Ci_6alkylcarbonyl, piperidinyl or pyrrolidinyl
optionally substituted with arylCi- alkyl; R4a and R5a
together with the nitrogen atom to which they are
attached form a radical selected from the group
consisting of pyrrolidino, piperidino, piperazino,
morpholino, 4-thiomorpholino,
2,3-dihydroisoindol-l-yl, thiazolidin-3-yl,
1,2,3,6-tetrahydropyridyl, hexahydro- lH-azepinyl,
hexahydro- IH-1,4-diazepinyl, hexahydro-
1,4-oxazepinyl, 1,2,3,4- tetrahydroisoquinolin-2-yl,
pyrrolinyl, pyrrolyl, imidazolidinyl, pyrazolidinyl,
2-imidazolinyl, 2-pyrazolinyl, imidazolyl, pyrazolyl,
triazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl and triazinyl, each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from Ci_6alkyl,
haloCi- alkyl, halo, arylCi- alkyl, hydroxy,
Ci_6alkyloxy, amino, mono- or diCi_6alkylamino,
Ci_6alkylthio, Ci_6alkylthioCi_6alkyl, aryl, pyridyl
or pyrimidinyl; R6 is aryl1 or Het; R7 is hydrogen,
halo, Ci_6alkyl, aryl or Het; R8 is hydrogen or
Ci_6alkyl; R9 is oxo; or R8 and R9 together form the
radical -CH=CH-N=;R1 is hydrogen or Ci_6alkyl; aryl is
a homocycle selected from phenyl, naphthyl,
acenaphthyl or tetrahydronaphthyl, each being
optionally substituted with 1, 2 or 3 substituents,
each substituent being independently selected from
hydroxy, halo, cyano, nitro, amino, mono- or
diCi_6alkylamino, Ci_6alkyl, C2-6alkenyl optionally
substituted with phenyl, haloCi- alkyl, Ci_6alkyloxy,
haloCi- alkyloxy, carboxyl, Chalky Ioxycarbonyl,
aminocarbonyl, morpholinyl or mono- or
diCi_6alkylaminocarbonyl; aryl1 is a homocycle
selected from phenyl, naphthyl, acenaphthyl or
tetrahydronaphthyl, each being optionally substituted
with 1, 2 or 3 substituents, each substituent being
independently selected from hydroxy, halo, cyano,
nitro, amino, mono- or diCi_6alkylamino, d - alkyl,
haloCi- alkyl, Ci_6alkyloxy, Ci_6alkylthio, haloCi-
alkyloxy, carboxyl, Ci_6alkyloxycarbonyl,
aminocarbonyl, morpholinyl, Het or mono- or
diCi_6alkylaminocarbonyl; Het is a monocyclic
heterocycle selected from JV-phenoxypiperidinyl,
piperidinyl, piperazine, pyrrolyl, pyrazolyl,
imidazolyl, furanyl, thienyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyridinyl, pyrimidinyl,
pyrazinyl or pyridazinyl; or a bicyclic heterocycle
selected from quinolinyl, quinoxalinyl, indolyl,
benzimidazolyl, benzoxazolyl, benzisoxazolyl,
benzothiazolyl, benzisothiazolyl, benzofuranyl,
benzothienyl, 2,3-dihydrobenzo[l,4]dioxinyl or
benzo[l,3]dioxolyl; each monocyclic and bicyclic
heterocycle being optionally substituted with 1, 2 or
3 substituents, each substituent independently
selected from halo, hydroxy, Ci_6alkyl or
Ci_6alkyloxy; provided R5 is other than benzyl. A
third interesting embodiment relates to a compound of
formula (Ia) or (Ib) wherein p is an integer equal to
1, 2, 3 or 4; q is an integer equal to zero, 1, 2, 3
or 4 ; R1 is hydrogen, cyano, formyl, carboxyl, halo,
d - alkyl, C2-6alkenyl, C2- alkynyl, polyhaloCi-
alkyl, hydroxy, Ci_6alkyloxy, Ci_6alkylthio,
Ci_6alkyloxyCi_6alkyl, Ci_6alkylthioCi_6alkyl,
hydroxyCi- alkyl, -C=N-OR 1 1, amino, mono or
di(Ci_6alkyl)amino, aminoCi- alkyl, mono or
di(Ci_6alkyl)aminoC i- alkyl, Ci_6alkylcarbonylaminoC
i- alkyl, aminocarbonyl, mono or
di(Ci_6alkyl)aminocarbonyl, arylCi-
alkyl,arylcarbonyl, R5aR4aNCi_6alkyl,
di(aryl)Ci_6alkyl, aryl, R5aR4aN-, R5aR4aN-C(=O)-, or
Het; R2 is hydrogen, Ci_6alkyloxy, aryl, aryloxy,
hydroxy, mercapto, Ci_6alkyloxyCi_6alkyloxy,
Ci_6alkylthio, mono or di(Ci_6alkyl)amino, pyrrolidino
or a radical of formula wherein Y is CH , O, S, NH or
-Ci_6alkyl ; R is Ci_6alkyl, C3_6Cycloalkyl, arylCi-
alkyl, aryl-0-Ci_ 6alkyl, arylCi-ealkyl-O-Ci-ealkyl,
aryl, Het, Het-Ci_6alkyl, Het-O-Ci_ 6alkyl or or > _
Phenyl. R3a is hydrogen, cyano, C aUyl,
C3-6cycloalkyl, arylCi- alkyl, aryl-O-Ci_6alkyl,
arylCi_6alkyl-O-Ci_ 6alkyl, aryl, Het, Het-Ci_6alkyl,
Het-O-Ci_ 6alkyl or HetCi 6alkyl-O-Ci 6alkyl; R4 is
hydrogen or Ci_6alkyl; R5 is -C(=NH)-NH 2;
arylCi_6alkyl; Het-Ci_6alkyl; mono- or
diCi_6alkylaminoCi_ 6alkyl; Het; or aryl; or R4 and R5
together with the nitrogen atom to which they are
attached form a radical selected from the group
consisting of 2,3-dihydroisoindol-l-yl;
thiazolidin-3-yl; 1,2,3,6-tetrahydropyridyl;
hexahydro-l H-azepinyl; 



hexahydro-l H-l,4-diazepinyl;
hexahydro-l,4-oxazepinyl; 1,2,3,4-
tetrahydroisoquinolin-2-yl or 2,5-diazabicyclo[2.2.
ljheptyl; each radical optionally substituted with 1,
2, 3 or 4 substituents, each substituent independently
selected from Ci_6alkyl, haloCi- alkyl,
Ci_6alkylcarbonyl, halo, arylCi- alkyl, hydroxy,
Ci_6alkyloxy, amino, mono- or diCi_6alkylamino,
Ci_6alkylthio, Ci_6alkyloxyCi_6alkyl, Ci_6alkylthioCi_
6alkyl, aryl, pyridyl or pyrimidinyl; or R4 and R5
together with the nitrogen atom to which they are
attached form a radical selected from the group
consisting piperidinyl or piperazinyl, each
substituted with aryl, Ci_6alkylcarbonyl, piperidinyl
or pyrrolidinyl optionally substituted with arylCi-
alkyl; R4a and R5a together with the nitrogen atom to
which they are attached form a radical selected from
the group consisting of pyrrolidino, piperidino,
piperazino, morpholino, 4-thiomorpholino,
2,3-dihydroisoindol-l-yl, thiazolidin-3-yl,
1,2,3,6-tetrahydropyridyl, hexahydro-l H-azepinyl,
hexahydro-l H-l,4-diazepinyl,
hexahydro-l,4-oxazepinyl,
1,2,3,4-tetrahydroisoquinolin-2-yl, pyrrolinyl,
pyrrolyl, imidazolidinyl, pyrazolidinyl,
2-imidazolinyl, 2-pyrazolinyl, imidazolyl, pyrazolyl,
triazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl and triazinyl, each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from C^alkyl,
polyhaloCi- alkyl, halo, arylCi- alkyl, hydroxy,
Ci_6alkyloxy, Ci_6alkyloxyCi_6alkyl, amino, mono- or
di(Ci_6alkyl)amino, Ci_6alkylthio,
Ci_6alkyloxyCi_6alkyl, Ci_6alkylthioCi_6alkyl, aryl,
pyridyl or pyrimidinyl; R6 is aryl1 or Het; R7 is
hydrogen, halo, Ci_6alkyl, aryl or Het; R8 is hydrogen
or Ci_6alkyl; R9 is oxo; or R8 and R9 together form
the radical -CH=CH-N=; R1 1 is hydrogen or Ci alkyl;
aryl is a homocycle selected from phenyl, naphthyl,
acenaphthyl or tetrahydronaphthyl, each being
optionally substituted with 1, 2 or 3 substituents,
each substituent being independently selected from
hydroxy, halo, cyano, nitro, amino, mono- or
di(Ci_6alkyl)amino, d - alkyl, polyhaloCi- alkyl,
Ci_6alkyloxy, haloCi- alkyloxy, carboxyl,
Ci_6alkyloxycarbonyl, aminocarbonyl, morpholinyl or
mono- or di(Ci_6alkyl)aminocarbonyl; aryl1 is a
homocycle selected from phenyl, naphthyl, acenaphthyl
or tetrahydronaphthyl, each being optionally
substituted with 1, 2 or 3 substituents, each
substituent being independently selected from hydroxy,
halo, cyano, nitro, amino, mono- or
di(Ci_6alkyl)amino, Ci_6alkyl, polyhaloCi- alkyl,
Ci_6alkyloxy, Ci_6alkylthio, haloCi- alkyloxy,
carboxyl, Ci_6alkyloxycarbonyl, aminocarbonyl,
morpholinyl, Het or mono- or
di(Ci_6alkyl)aminocarbonyl; Het is a monocyclic
heterocycle selected from JV-phenoxypiperidinyl,
piperidinyl, pyrrolyl, pyrazolyl, imidazolyl, furanyl,
thienyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyridinyl, pyrimidinyl, pyrazinyl or
pyridazinyl; or a bicyclic heterocycle selected from
quinolinyl, quinoxalinyl, indolyl, benzimidazolyl,
benzoxazolyl, benzisoxazolyl, benzothiazolyl,
benzisothiazolyl, benzo furanyl, benzothienyl,
2,3-dihydrobenzo[l,4]dioxinyl or benzo[l,3]dioxolyl;
each monocyclic and bicyclic heterocycle being
optionally substituted with 1, 2 or 3substituents,
each substituent independently selected from halo,
hydroxy, Ci_6alkyl or Ci_6alkyloxy; provided R5 is
other than benzyl. A fourth interesting embodiment
relates to a compound of formula (Ia) or (Ib) or any
subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein R1 is hydrogen, cyano,
halo, alkyl, haloalkyl, hydroxy, alkyloxy, alkylthio,
alkyloxyalkyl, alkyIt hioalky1, arylalkyl,
di(aryl)alkyl, aryl, or Het; in particular R1 is
hydrogen, halo, aryl, Het, alkyl or alkyloxy; more in
particular R1 is hydrogen or halo. Most preferably, R1
is halo, in particular bromo. Or R1 represents formyl,
carboxyl, C2-6alkenyl, C2- alkynyl, -C=N-OR 1 1,
amino, mono or di(alkyl)amino, aminoalkyl, mono or
di(alkyl)aminoalkyl, alkylcarbonylaminoalkyl,
aminocarbonyl, mono or di(alkyl)aminocarbonyl,
arylcarbonyl, R5aR4aNalkyl, R5aR4aN-, R5aR4aN-C(=O)-.
A fifth interesting embodiment relates to a compound
of formula (Ia) or (Ib) or any subgroup thereof as
mentioned hereinbefore as interesting embodiment
wherein p is equal to 1. A sixth interesting
embodiment relates to a compound of formula (Ia) or
(Ib) or any subgroup thereof as mentioned hereinbefore
as interesting embodiment wherein R2 is hydrogen,
alkyloxy or alkylthio, in particular hydrogen,
Ci_6alkyloxy or Ci_6alkylthio. More in particular, R2
is Ci_6alkyloxy, preferably methyloxy. A seventh
interesting embodiment relates to a compound of
formula (Ia) or (Ib) or any subgroup thereof as
mentioned hereinbefore as interesting embodiment
wherein R3 is alkyl, arylalkyl, aryl, or Het; in
particular Ci_6alkyl, arylCi- alkyl, aryl, or Het;
more in particular C^alkyl, optionally substituted
phenyl, optionally substituted naphthyl, arylCi- alkyl
wherein aryl represents optionally substituted phenyl
or optionally substituted naphthyl, or Het; even more
in particular phenyl, naphthyl, arylCi- alkyl wherein
aryl represents phenyl or naphthyl. An eighth
interesting embodiment relates to a compound of
formula (Ia) or (Ib) or any subgroup thereof as
mentioned hereinbefore as interesting embodiment
wherein q is equal to 3. A ninth interesting
embodiment relates to a compound of formula (Ia) or
(Ib) or any subgroup thereof as mentioned hereinbefore
as interesting embodiment wherein R4 ishydrogen or
alkyl; in particular hydrogen or Ci_6alkyl; more in
particular hydrogen or methyl; even more in particular
methyl. A tenth interesting embodiment relates to a
compound of formula (Ia) or (Ib) or any subgroup
thereof as mentioned hereinbefore as interesting
embodiment wherein R5 is -C(=NH)-NH2; Het-alkyl; mono-
or dialkylaminoalkyl; Het; bicyclo[2.2.1]heptyl or
aryl; in particular R5 is -Q=NH)-NH ; Het-alkyl; Het;
mono- or dialkylaminoalkyl; or bicyclo[2.2.1]heptyl;
more in particular R5 is -C(=NH)-NH2; Het-alkyl; Het;
or bicyclo[2.2.1]heptyl. An eleventh interesting
embodiment relates to a compound of formula (Ia) or
(Ib) or any subgroup thereof as mentioned hereinbefore
as interesting embodiment wherein R4 and R5 together
with the nitrogen atom to which they are attached form
a radical selected from the group consisting of
azetidinyl; 2,3-dihydroisoindol-l-yl; thiazolidin-
3-yl; 1,2,3,6-tetrahydropyridyl; hexahydro-l
H-azepinyl; hexahydro-l H-l,4-diazepinyl;
hexahydro-l,4-oxazepinyl;
l,2,3,4-tetrahydroisoquinolin-2-yl; 2,5-
diazabicyclo[2.2.1]heptyl;
1,1-dioxide-thiomorpholinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from alkyl,
haloalkyl, alkylcarbonyl, halo, arylalkyl, hydroxy,
alkyloxy, amino, mono- or dialkylamino, mono- or
dialkylaminoalkyl, alkylthio, alkyloxyalkyl,
alkylthioalkyl, aryl, piperidinyl optionally
substituted with alkyl, pyrrolidinyl optionally
substituted with arylalkyl, pyridyl or pyrimidinyl; or
R4 and R5 together with the nitrogen atom to which
they are attached form a radical selected from the
group consisting piperidinyl or piperazinyl, each
substituted with aryl, alkylcarbonyl, piperidinyl or
pyrrolidinyl optionally substituted with arylalkyl; in
particular R4 and R5 together with the nitrogen atom
to which they are attached form a radical selected
from the group consisting of azetidinyl, hexahydro-l
H-l,4-diazepinyl, 2,5-diazabicyclo[2.2.1]heptyl or
hexahydrolH- azepinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from alkyl or
arylalkyl; or R4 and R5 together with the nitrogen
atom to which they are attached form a radical
selected from the group consisting piperidinyl or
piperazinyl, each substituted with aryl,
alkylcarbonyl, piperidinyl or pyrrolidinyl optionally
substituted with arylalkyl; more in particular R4 and
R5 together with the nitrogen atom to which they are
attached form a radical selected from the group
consisting of azetidinyl, hexahydro-l
H-l,4-diazepinyl, 2,5- diazabicyclo[2.2.1]heptyl or
hexahydro-l H-azepinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from Ci_6alkyl or
arylCi- alkyl; or R4 and R5 together with the nitrogen
atom to which theyare attached form a radical selected
from the group consisting of piperidinyl or
piperazinyl, each substituted with aryl,
Ci_6alkylcarbonyl, piperidinyl or pyrrolidinyl
optionally substituted with arylCi- alkyl. A twelfth
interesting embodiment relates to a compound of
formula (Ia) or (Ib) or any subgroup thereof as
mentioned hereinbefore as interesting embodiment
wherein R4 and R5 together with the nitrogen atom to
which they are attached form a radical selected from
the group consisting of azetidinyl;
2,3-dihydroisoindol-l-yl; thiazolidin-3-yl; 1,2,3
,6-tetrahydropyridyl; hexahydro- lH-azepinyl;
hexahydro- IH- 1,4-diazepinyl; hexahydro-
1,4-oxazepinyl; l,2,3,4-tetrahydroisoquinolin-2-yl;
2,5-diazabicyclo[2.2.1]heptyl;
1,1-dioxide-thiomorpholinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from alkyl,
haloalkyl, alkylcarbonyl, halo, arylalkyl, hydroxy,
alkyloxy, amino, mono- or dialkylamino, mono- or
dialkylaminoalkyl, alkylthio, alkyloxyalkyl,
alkylthioalkyl, aryl, piperidinyl optionally
substituted with alkyl, pyrrolidinyl optionally
substituted with arylalkyl, pyridyl or pyrimidinyl; in
particular R4 and R5 together with the nitrogen atom
to which they are attached form a radical selected
from the group consisting of azetidinyl;
2,3-dihydroisoindol-l-yl; thiazolidin-3-yl; 1,2,3,6-
tetrahydropyridyl; hexahydro- lH-azepinyl; hexahydro-
IH-1,4-diazepinyl; hexahydro- 1,4-oxazepinyl;
l,2,3,4-tetrahydroisoquinolin-2-yl;
2,5-diazabicyclo[2.2.1]heptyl;
1,1-dioxide-thiomorpholinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from Ci_6alkyl,
haloCi- alkyl, Ci_6alkylcarbonyl, halo, arylCi- alkyl,
hydroxy, Ci_6alkyloxy, amino, mono- or
diCi_6alkylamino, mono- or diCi_6alkylaminoCi_6alkyl,
Ci_6alkylthio, Ci_6alkyloxyCi_6alkyl,
Ci_6alkylthioCi_6alkyl, aryl, piperidinyl optionally
substituted with Ci_6alkyl, pyrrolidinyl optionally
substituted with arylCi- alkyl, pyridyl or
pyrimidinyl; more in particular R4 and R5 together
with the nitrogen atom to which they are attached form
a radical selected from the group consisting of
azetidinyl, hexahydro - lH-l,4-diazepinyl,
2,5-diazabicyclo[2.2.1]heptyl or hexahydro-
lH-azepinyl; each radical optionally substituted with
1, 2, 3 or 4 substituents, each substituent
independently selected from alkyl or arylalkyl; even
more in particular R4 and R5 together with the
nitrogen atom to which they are attached form a
radical selected from the group consisting of
azetidinyl, hexahydro- IH-1,4-diazepinyl, 2,5-
diazabicyclo[2.2.1]heptyl or hexahydro- lH-azepinyl;
each radical optionally substituted with 1, 2, 3 or 4
substituents, each substituent independently selected
from Ci_6alkyl or arylCi- alkyl.A thirteenth
interesting embodiment relates to a compound of
formula (Ia) or (Ib) or any subgroup thereof as
mentioned hereinbefore as interesting embodiment
wherein R6' is aryl1; in particular phenyl optionally
substituted with halo, cyano or Ci_6alkyloxy; more in
particular phenyl optionally substituted with halo;
even more in particular phenyl. A fourteenth
interesting embodiment relates to a compound of
formula (Ia) or (Ib) or any subgroup thereof as
mentioned hereinbefore as interesting embodiment
wherein R7 is hydrogen. A fifteenth interesting
embodiment relates to a compound of formula (Ia) or
(Ib) or any subgroup thereof as mentioned hereinbefore
as interesting embodiment wherein the compound is a
compound of formula (Ib) and wherein R8 is hydrogen
and R9 is oxo. A sixteenth interesting embodiment
relates to a compound of formula (Ia) or (Ib) or any
subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein the compound is a
compound of formula (Ia). A seventeenth interesting
embodiment relates to a compound of formula (Ia) or
(Ib) or any subgroup thereof as mentioned hereinbefore
as interesting embodiment wherein the compound is a
compound of formula (Ib), in particular wherein R8 is
alkyl, more preferable C alky!, e.g. methyl. An
eighteenth interesting embodiment is a compound of
formula (Ia) or (Ib) or any subgroup thereof as
mentioned hereinbefore as interesting embodiment
wherein aryl is naphthyl or phenyl, more preferably
phenyl, each optionally substituted with one or two
substituents selected from halo, for example chloro;
cyano; alkyl for example methyl; or alkyloxy, for
example methyloxy. A nineteenth interesting embodiment
relates to a compound of formula (Ia) or (Ib) or any
subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein R1 is placed in
position 6 of the quinoline ring. In the framework of
this application, the quinoline ring of the compounds
of formula (Ia) or (Ib) is numbered as follows :A
twentieth interesting embodiment is the use of a
compound of formula (Ia) or (Ib) or any subgroup
thereof as mentioned hereinbefore as interesting
embodiment for the manufacture of a medicament for the
treatment of a bacterial infection with a grampositive
and/or a gram-negative bacterium, preferably a
bacterial infection with a grampositive bacterium. A
twenty first interesting embodiment is the use of a
compound of formula (Ia) or (Ib) or any subgroup
thereof as mentioned hereinbefore as interesting
embodiment for the manufacture of a medicament for the
treatment of a bacterial infection wherein the
compound of formula (Ia) or (Ib) has a IC90 < 15 ml/ml
against at least one bacterium, in particular a
gram-positive bacterium; preferably a IC90 < 10 ml/ml;
more preferably a IC90 < 5 ml/ml; the IC90 value being
determined as described hereinafter. A twenty second
interesting embodiment relates to a compound of
formula (Ia) or any subgroup thereof as mentioned
hereinbefore as interesting embodiment wherein one or
more, preferably all, of the following definitions
apply : R1 is hydrogen or halo; in particular hydrogen
or bromo; R2 is alkyloxy, in particular Ci_6alkyloxy;
preferably methyloxy; R is arylalkyl or aryl; in
particular arylCi- alkyl or aryl; more in particular
phenyl, naphthyl or phenylCi- alkyl; R4 is hydrogen or
alkyl; in particular hydrogen or Ci_6alkyl; more in
particular hydrogen or methyl; R5 is -C(=NH)-NH 2;
Het-Ci_6alkyl; mono- or dialkylaminoalkyl;
bicyclo[2.2.1]heptyl;or Het; in particular -C(=NH)-NH
2; Het-Ci_6alkyl; mono- or di(Ci_6alkyl)aminoCi_
6alkyl; bicyclo[2.2.1]heptyl;or Het; or R4 and R5
together with the nitrogen atom to which they are
attached form a radical selected from the group
consisting of azetidinyl; hexahydro-l H-azepinyl;
hexahydrolH- l,4-diazepinyl;
2,5-diazabicyclo[2.2.1]heptyl; or
1,1-dioxide-thiomorpholinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from alkyl,
arylalkyl, piperidinyl optionally substituted with
alkyl; or R4 and R5 together with the nitrogen atom to
which they are attached form a radical selected from
the group consisting of piperidinyl or piperazinyl,
eachsubstituted with aryl, alkylcarbonyl, piperidinyl
or pyrrolidinyl optionally substituted with arylalkyl;
in particular R4 and R5 together with the nitrogen
atom to which they are attached form a radical
selected from the group consisting of azetidinyl;
hexahydro-l Hazepinyl; hexahydro-l H-l,4-diazepinyl;
2,5-diazabicyclo[2.2.1]heptyl; or
1,1-dioxidethiomorpholinyl; each radical optionally
substituted with 1, 2, 3 or 4 substituents, each
substituent independently selected from Ci_6alkyl,
arylCi- alkyl, piperidinyl optionally substituted with
C alky; or R4 and R5 together with the nitrogen atom
to which they are attached form a radical selected
from the group consisting of piperidinyl or
piperazinyl, each substituted with aryl,
Ci_6alkylcarbonyl, piperidinyl or pyrrolidinyl
optionally substituted with arylCi- alkyl; R6 is
phenyl optionally substituted with halo, e.g. chloro;
R7 is hydrogen; q is 3 or 4; p is 1. Preferably, in
the compounds of formula (Ia) and (Ib) or any subgroup
thereof as mentioned hereinbefore as interesting
embodiment, the term "alkyl" represents Ci_6alkyl,
more preferably Ci_4alkyl, and the term haloalkyl
represents polyhaloCi- alkyl. Preferably, the compound
of formula (Ia) or (Ib) is a particular mixture of
enantiomers (hereinafter indicated as a particular A
or B diastereoisomer) and hence is substantially free
of the other diastereoisomer(s)). In case the compound
of formula (Ia) or (Ib) has two chiral centers, this
means that the compound is a mixture, in particular a
racemic mixture, of the (R,S) and (S,R) enantiomers or
a mixture, in particular a racemic mixture, of the
(R,R) and (S,S) enantiomer. Hereinafter, the mixtures,
in particular the racemic mixtures, of 2 enantiomers
are indicated as diastereoisomer A or B. Whether the
racemic mixture is indicated as A or B depends on
whether it is first isolated in the synthesis protocol
(i.e. A) or second (i.e. B). More preferably, the
compound of formula (Ia) or (Ib) is a particular
enantiomer (substantially free of the other
enantiomers). In case the compound of formula (Ia) or
(Ib) has two chiral centers this means that the
compound is the (R,S), (S,R), (R,R) or (S,S)
enantiomer. Hereinafter, said particular enantiomers
are indicated as Al, A2, Bl or B2. Whether the
enantiomer is indicated as Al, A2, Bl or B2 depends on
whether it is isolated first or second ( 1 or 2) in
the synthesis protocol and whether it is separated
from the A (Al, A2) or B (Bl, B2)
diastereoisomer.Preferred compounds according to the
present invention are selected fromincluding any
stereochemically isomeric form thereof; a N-oxide
thereof, a pharmaceutically acceptable salt thereof or
a solvate thereof. In particular, preferred compounds
according to the present invention are compounds 53,
40, 47, 2, 33, 18, and 34d (see Tables hereinafter); a
-oxide thereof, a pharmaceutically acceptable salt
thereof or a solvate thereof. PHARMACOLOGY The
compounds according to the invention have surprisingly
been shown to be suitable for the treatment of a
bacterial infection including a mycobacterial
infection, particularly those diseases caused by
pathogenic mycobacteria such as Mycobacterium
tuberculosis (including the latent and drug resistant
form thereof), M. bovis, M. avium, M. leprae and M.
marinum. The present invention thus also relates to
compounds of formula (Ia) or (Ib) as defined
hereinabove, the pharmaceutically acceptable salts
thereof or the N-oxide forms thereof or the solvates
thereof, for use as a medicine, in particular for use
as a medicine for the treatment of a bacterial
infection including a mycobacterial infection.
Further, the present invention also relates to the use
of a compound of formula (Ia) or (Ib), the
pharmaceutically acceptable salts thereof or the
N-oxide forms thereof or the solvates thereof, as well
as any of the pharmaceutical compositions thereof as
described hereinafter for the manufacture of a
medicament for the treatment of a bacterial infection
including a mycobacterial infection.Accordingly, in
another aspect, the invention provides a method of
treating a patient suffering from, or at risk of, a
bacterial infection, including a mycobacterial
infection, which comprises administering to the
patient a therapeutically effective amount of a
compound or pharmaceutical composition according to
the invention. In addition to their activity against
mycobacteria, the compounds according to the invention
are also active against other bacteria. In general,
bacterial pathogens may be classified as either
gram-positive or gram-negative pathogens. Antibiotic
compounds with activity against both gram-positive and
gram-negative pathogens are generally regarded as
having a broad spectrum of activity. The compounds of
the present invention are regarded as active against
gram-positive and/or gram-negative bacterial
pathogens, in particular against gram-positive
bacterial pathogens. In particular, the present
compounds are active against at least one
gram-positive bacterium, preferably against several
gram-positive bacteria, more preferably against one or
more grampositive bacteria and/or one or more
gram-negative bacteria. The present compounds have
bactericidal or bacteriostatic activity. Examples of
gram-positive and gram-negative aerobic and anaerobic
bacteria, include Staphylococci, for example S.
aureus; Enterococci, for example E.faecalis;
Streptococci, for example S. pneumoniae, S. mutans, S.
pyogens; Bacilli, for example Bacillus subtilis;
Listeria, for example Listeria monocytogenes;
Haemophilus, for example H. influenza; Moraxella, for
example M. catarrhalis; Pseudomonas, for example
Pseudomonas aeruginosa; and Escherichia, for example
E. coli. Gram-positive pathogens, for example
Staphylococci, Enterococci and Streptococci are
particularly important because of the development of
resistant strains which are both difficult to treat
and difficult to eradicate from for example a hospital
environment once established. Examples of such strains
are methicillin resistant Staphylococcus aureus
(MRSA), methicillin resistant coagulase negative
staphylococci (MRCNS), penicillin resistant
Streptococcus pneumoniae and multiple resistant
Enterococcus faecium. The compounds of the present
invention also show activity against resistant
bacterial strains.The compounds of the present
invention are especially active against Streptococcus
pneumoniae and Staphylococcus aureus, including
resistant Staphylococcus aureus such as for example
methicillin resistant Staphylococcus aureus (MRSA).
Therefore, the present invention also relates to the
use of a compound of formula (Ia) or (Ib), the
pharmaceutically acceptable salts thereof or the
iV-oxide forms thereof or the solvates thereof, as
well as any of the pharmaceutical compositions thereof
as described hereinafter for the manufacture of a
medicament for the treatment of a bacterial infection
including an infection caused by Staphylococci and/or
Streptococci. Accordingly, in another aspect, the
invention provides a method of treating a patient
suffering from, or at risk of, a bacterial infection,
including an infection caused by Staphylococci and/or
Streptococci, which comprises administering to the
patient a therapeutically effective amount of a
compound or pharmaceutical composition according to
the invention. Without being bound to any theory, it
is taught that the activity of the present compounds
lies in inhibition of the FIFO ATP synthase, in
particular the inhibition of the FO complex of the
FIFO ATP synthase, more in particular the inhibition
of subunit 



c of the FO complex of the FIFO ATP synthase, leading
to killing of the bacteria by depletion of the
cellular ATP levels of the bacteria. Therefore, in
particular, the compounds of the present invention are
active on those bacteria of which the viability
depends on proper functioning of FIFO ATP synthase.
Bacterial infections which may be treated by the
present compounds include, for example, central
nervous system infections, external ear infections,
infections of the middle ear, such as acute otitis
media, infections of the cranial sinuses, eye
infections, infections of the oral cavity, such as
infections of the teeth, gums and mucosa, upper
respiratory tract infections, lower respiratory tract
infections, genitourinary infections, gastrointestinal
infections, gynaecological infections, septicemia,
bone and joint infections, skin and skin structure
infections, bacterial endocarditis, burns,
antibacterial prophylaxis of surgery, and
antibacterial prophylaxis in immunosuppressed
patients, such as patients receiving cancer
chemotherapy, or organ transplant patients. Whenever
used hereinbefore or hereinafter, that the compounds
can treat a bacterial infection it is meant that the
compounds can treat an infection with one or more
bacterial strains.The invention also relates to a
composition comprising a pharmaceutically acceptable
carrier and, as active ingredient, a therapeutically
effective amount of a compound according to the
invention. The compounds according to the invention
may be formulated into various pharmaceutical forms
for administration purposes. As appropriate
compositions there may be cited all compositions
usually employed for systemically administering drugs.
To prepare the pharmaceutical compositions of this
invention, an effective amount of the particular
compound, optionally in addition salt form, as the
active ingredient is combined in intimate admixture
with a pharmaceutically acceptable carrier, which
carrier may take a wide variety of forms depending on
the form of preparation desired for administration.
These pharmaceutical compositions are desirable in
unitary dosage form suitable, in particular, for
administration orally or by parenteral injection. For
example, in preparing the compositions in oral dosage
form, any of the usual pharmaceutical media may be
employed such as, for example, water, glycols, oils,
alcohols and the like in the case of oral liquid
preparations such as suspensions, syrups, elixirs,
emulsions and solutions; or solid carriers such as
starches, sugars, kaolin, diluents, lubricants,
binders, disintegrating agents and the like in the
case of powders, pills, capsules and tablets. Because
of their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit forms
in which case solid pharmaceutical carriers are
obviously employed. For parenteral compositions, the
carrier will usually comprise sterile water, at least
in large part, though other ingredients, for example,
to aid solubility, may be included. Injectable
solutions, for example, may be prepared in which the
carrier comprises saline solution, glucose solution or
a mixture of saline and glucose solution. Injectable
suspensions may also be prepared in which case
appropriate liquid carriers, suspending agents and the
like may be employed. Also included are solid form
preparations which are intended to be converted,
shortly before use, to liquid form preparations.
Depending on the mode of administration, the
pharmaceutical composition will preferably comprise
from 0.05 to 99 % by weight, more preferably from 0.1
to 70 % by weight, even more preferably from 0.1 to 50
% by weight of the active ingredient(s), and, from 1
to 99.95 % by weight, more preferably from 30 to 99.9
% by weight, even more preferably from 50 to 99.9 % by
weight of a pharmaceutically acceptable carrier, all
percentages being based on the total weight of the
composition.The pharmaceutical composition may
additionally contain various other ingredients known
in the art, for example, a lubricant, stabilising
agent, buffering agent, emulsifying agent,
viscosity-regulating agent, surfactant, preservative,
flavouring or colorant. It is especially advantageous
to formulate the aforementioned pharmaceutical
compositions in unit dosage form for ease of
administration and uniformity of dosage. Unit dosage
form as used herein refers to physically discrete
units suitable as unitary dosages, each unit
containing a predetermined quantity of active
ingredient calculated to produce the desired
therapeutic effect in association with the required
pharmaceutical carrier. Examples of such unit dosage
forms are tablets (including scored or coated
tablets), capsules, pills, powder packets, wafers,
suppositories, injectable solutions or suspensions and
the like, and segregated multiples thereof. The daily
dosage of the compound according to the invention
will, of course, vary with the compound employed, the
mode of administration, the treatment desired and the
mycobacterial disease indicated. However, in general,
satisfactory results will be obtained when the
compound according to the invention is administered at
a daily dosage not exceeding 1 gram, e.g. in the range
from 10 to 50 mg/kg body weight. Given the fact that
the compounds of formula (Ia) or Formula (Ib) are
active against bacterial infections, the present
compounds may be combined with other antibacterial
agents in order to effectively combat bacterial
infections. Therefore, the present invention also
relates to a combination of (a) a compound according
to the invention, and (b) one or more other
antibacterial agents. The present invention also
relates to a combination of (a) a compound according
to the invention, and (b) one or more other
antibacterial agents, for use as a medicine. The
present invention also relates to the use of a
combination or pharmaceutical composition as defined
directly above for the treatment of a bacterial
infection. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and, as active
ingredient, a therapeutically effective amount of (a)
a compound according to the invention, and (b) one or
more other antibacterial agents, is also comprised by
the present invention.The weight ratio of (a) the
compound according to the invention and (b) the other
antibacterial agent(s) when given as a combination may
be determined by the person skilled in the art. Said
ratio and the exact dosage and frequency of
administration depends on the particular compound
according to the invention and the other antibacterial
agent(s) used, the particular condition being treated,
the severity of the condition being treated, the age,
weight, gender, diet, time of administration and
general physical condition of the particular patient,
the mode of administration as well as other medication
the individual may be taking, as is well known to
those skilled in the art. Furthermore, it is evident
that the effective daily amount may be lowered or
increased depending on the response of the treated
subject and/or depending on the evaluation of the
physician prescribing the compounds of the instant
invention. A particular weight ratio for the present
compound of formula (Ia) or (Ib) and another
antibacterial agent may range from 1/10 to 10/1, more
in particular from 1/5 to 5/1, even more in particular
from 1/3 to 3/1. The compounds according to the
invention and the one or more other antibacterial
agents may be combined in a single preparation or they
may be formulated in separate preparations so that
they can be administered simultaneously, separately or
sequentially. Thus, the present invention also relates
to a product containing (a) a compound according to
the invention, and (b) one or more other antibacterial
agents, as a combined preparation for simultaneous,
separate or sequential use in the treatment of a
bacterial infection. The other antibacterial agents
which may be combined with the compounds of formula
(Ia) or (Ib) are for example antibacterial agents
known in the art. The other antibacterial agents
comprise antibiotics of the b-lactam group such as
natural penicillins, semisynthetic penicillins,
natural cephalosporins, semisynthetic cephalosporins,
cephamycins, 1-oxacephems, clavulanic acids, penems,
carbapenems, nocardicins, monobactams; tetracyclines,
anhydrotetracyclines, anthracyclines; aminoglycosides;
nucleosides such as iV-nucleosides, C-nucleosides,
carbocyclic nucleosides, blasticidin S; macro lides
such as 12-membered ring macrolides, 14-membered ring
macrolides, 16-membered ring macrolides; ansamycins;
peptides such as bleomycins, gramicidins, polymyxins,
bacitracins, large ring peptide antibiotics containing
lactone linkages, actinomycins, amphomycin,
capreomycin, distamycin, enduracidins, mikamycin,
neocarzinostatin, stendomycin, viomycin,
virginiamycin; cycloheximide; cycloserine; variotin;
sarkomycin A; novobiocin; griseofulvin;
chloramphenicol; mitomycins; fumagillin; monensins;
pyrrolnitrin; fosfomycin; fusidic acid;
D-(/?-hydroxyphenyl)glycine; D-phenylglycine;
enediynes. Specific antibiotics which may be combined
with the present compounds of formula (Ia) or (Ib) are
for example benzylpenicillin (potassium, procaine,
benzathine), phenoxymethylpenicillin (potassium),
phenethicillin potassium, propicillin, carbenicillin
(disodium, phenyl sodium, indanyl sodium),
sulbenicillin, ticarcillin disodium, methicillin
sodium, oxacillin sodium, cloxacillin sodium,
dicloxacillin, flucloxacillin, ampicillin,
mezlocillin, piperacillin sodium, amoxicillin,
ciclacillin, hectacillin, sulbactam sodium,
talampicillin hydrochloride, bacampicillin
hydrochloride, pivmecillinam, cephalexin, cefaclor,
cephaloglycin, cefadroxil, cephradine, cefroxadine,
cephapirin sodium, cephalothin sodium, cephacetrile
sodium, cefsulodin sodium, cephaloridine, cefatrizine,
cefoperazone sodium, cefamandole, vefotiam
hydrochloride, cefazolin sodium, ceftizoxime sodium,
cefotaxime sodium, cefmenoxime hydrochloride,
cefuroxime, ceftriaxone sodium, ceftazidime,
cefoxitin, cefmetazole, cefotetan, latamoxef,
clavulanic acid, imipenem, aztreonam, tetracycline,
chlortetracycline hydrochloride,
demethylchlortetracycline, oxytetracycline,
methacycline, doxycycline, rolitetracycline,
minocycline, daunorubicin hydrochloride, doxorubicin,
aclarubicin, kanamycin sulfate, bekanamycin,
tobramycin, gentamycin sulfate, dibekacin, amikacin,
micronomicin, ribostamycin, neomycin sulfate,
paromomycin sulfate, streptomycin sulfate,
dihydrostreptomycin, destomycin A, hygromycin B,
apramycin, sisomicin, netilmicin sulfate,
spectinomycin hydrochloride, astromicin sulfate,
validamycin, kasugamycin, polyoxin, blasticidin S,
erythromycin, erythromycin estolate, oleandomycin
phosphate, tracetyloleandomycin, kitasamycin,
josamycin, spiramycin, tylosin, ivermectin,
midecamycin, bleomycin sulfate, peplomycin sulfate,
gramicidin S, polymyxin B, bacitracin, colistin
sulfate, colistinmethanesulfonate sodium, enramycin,
mikamycin, virginiamycin, capreomycin sulfate,
viomycin, enviomycin, vancomycin, actinomycin D,
neocarzinostatin, bestatin, pepstatin, monensin,
lasalocid, salinomycin, amphotericin B, nystatin,
natamycin, trichomycin, mithramycin, lincomycin,
clindamycin, clindamycin palmitate hydrochloride,
flavophospholipol, cycloserine, pecilocin,
griseofulvin, chloramphenicol, chloramphenicol
palmitate, mitomycin C, pyrrolnitrin, fosfomycin,
fusidic acid, bicozamycin, tiamulin, siccanin. Other
Mycobacterial agents which may be combined with the
compounds of formula (Ia) or (Ib) are for example
rifampicin (=rifampin); isoniazid; pyrazinamide;
amikacin; ethionamide; ethambutol; streptomycin;
para-aminosalicylic acid; cycloserine;capreomycin;
kanamycin; thioacetazone; PA-824;
quinolones/fluoroquinolones such as for example
moxifloxacin, gatifloxacin, ofloxacin, ciprofloxacin,
sparfloxacin; macrolides such as for example
clarithromycin, clofazimine, amoxycillin with
clavulanic acid; rifamycins; rifabutin; rifapentine;
the compounds disclosed in WO2004/011436. GENERAL
PREPARATION The compounds according to the invention
can generally be prepared by a succession of steps,
each of which is known to the skilled person.
Compounds of formula (Ia) or (Ib) wherein R represents
-C(=NH)-NH2, said compounds being represented by
formula (Ia-I) or (Ib-I), can be prepared by reacting
an intermediate of formula (II-a) or (II-b) with
lH-pyrazole-1-carboximidamide in the presence of a
suitable base, such as for example
JV-ethyl-JV-(l-methylethyl)-2- propanamine, and a
suitable solvent, such as for example
,L/-dimethylformamide. Compounds of formula (I-a) or
(Ib) can also be prepared by reacting an intermediate
of formula (III-a) or (III-b) with an intermediate of
formula (IV) according to the following reaction
scheme :l-b) using nBuLi in a mixture of a suitable
base, such as for example diisopropyl amine, and a
suitable solvent, such as for example tetrahydrofuran,
wherein all variables are defined as in formula (Ia)
or (Ib). Stirring may enhance the rate of the
reaction. The reaction may conveniently be carried out
at a temperature ranging between -20 and -70 0C.
Compounds of formula (Ia) or (b) wherein q is equal to
2, 3 or 4, said compounds being represented by formula
(Ia-2) or (Ib-2), can also be prepared by reacting an
intermediate of formula (V-a) or (V-b) wherein q' is
0, 1 or 2, with a primary or secondary amine HNR4R5 in
the presence of a suitable catalyst, such as for
example Rh(COd) BF , optionally in the presence of a
second catalyst (for the reduction), such as for
example Ir(COd) BF , in the presence of a suitable
ligand, such as for example Xantphos, in a suitable
solvent, such as for example tetrahydrofuran and an
alcohol, e.g. methanol, in the presence of CO and H2
(under pressure) at elevated temperature. This
reaction is preferably done for intermediates of
formula (V) wherein q' is 1.(V-b) (lb-2) Compounds of
formula (Ia) or (Ib) can also be prepared by reacting
an intermediate of formula (VI-a) or (VI-b) wherein W
represents a suitable leaving group, such as for
example halo, e.g. chloro or bromo, with a suitable
primary or secondary amine HNR4R5, optionally in the
presence of a suitable solvent, such as for example
acetonirile. (VI-b) (Ib) It is considered within the
knowledge of the skilled man to explore the
appropriate temperatures, dilutions, and reaction
times in order to optimize the above reactions in
order to obtain a desired compound. The compounds of
formula (Ia) or (Ib) may further be prepared by
converting compounds of formula (Ia) or (Ib) into each
other according to art-known group transformation
reactions.The compounds of formula (Ia) or (Ib) may be
converted to the corresponding JV-oxide forms
following art-known procedures for converting a
trivalent nitrogen into its iV-oxide form. Said
JV-oxidation reaction may generally be carried out by
reacting the starting material of formula (Ia) or (Ib)
with an appropriate organic or inorganic peroxide.
Appropriate inorganic peroxides comprise, for example,
hydrogen peroxide, alkali metal or earth alkaline
metal peroxides, e.g. sodium peroxide, potassium
peroxide; appropriate organic peroxides may comprise
peroxy acids such as, for example,
benzenecarboperoxoic acid or halo substituted
benzenecarboperoxoic acid, e.g.
3-chlorobenzenecarboperoxoic acid, peroxoalkanoic
acids, e.g. peroxoacetic acid, alkylhydroperoxides,
e.g. tert.butyl hydro-peroxide. Suitable solvents are,
for example, water, lower alcohols, e.g. ethanol and
the like, hydrocarbons, e.g. toluene, ketones, e.g.
2-butanone, halogenated hydrocarbons, e.g.
dichloromethane, and mixtures of such solvents.
Compounds of formula (Ia) or (Ib) wherein R1
represents halo, e.g. bromo, can be converted into a
compound of formula (Ia) or (Ib) wherein R1 represents
Het, by reaction with Het-B(OH)2 in the presence of a
suitable catalyst, such as for example Pd(OAc) or
Pd(PPh3)4, in the presence of a suitable base, such as
for example K3PO or Na CO3, and a suitable solvent,
such as for example toluene or 1,2-dimethoxy ethane
(DME). Similarly, compounds of formula (Ia) or (Ib) in
which R1 is halo, for example bromo, may be converted
into compounds of formula (Ia) or (Ib) in which R1 is
alkyl, for example methyl, by treatment with an
appropriate alkylating agent such as CH3B(OH)2 or
(CH3)4Sn in the presence of a suitable catalyst, such
as for example Pd(PPh3)4, in a suitable solvent such
as for example toluene or 1,2-dimethoxyethane (DME).
Compounds of formula (Ia) or (Ib) wherein R1 is halo,
in particular bromo, or arylalkyl, can be converted
into a compound of formula (Ia) or (Ib) wherein R1 is
hydrogen, by reaction with HCOONH4 in the presence of
a suitable catalyst such as for example palladium on
charcoal, and in the presence of a suitable solvent,
such as for example an alcohol, e.g. methanol.
Compounds of formula (Ia) or (Ib) wherein R1 is halo,
in particular bromo, can also be converted into a
compound wherein R1 is formyl, by reaction with
L,L/-dimethylformamide in the presence of nBuLi and a
suitable solvent, such as for example tetrahydrofuran.
These compounds can then further be converted into
acompound of formula (Ia) or (Ib) wherein R1 is -CH
-OH by reaction with a suitable reducing agent, such
as for example NaBH , and in the presence of a
suitable solvent, such as for example an alcohol, e.g.
methanol, and tetrahydrofuran. Compounds of formula
(Ia) or (Ib) wherein R1 represents C2-6alkenyl, can be
prepared by reacting a compound of formula (Ia) or
(Ib) wherein R1 is halo, e.g. bromo and the like, with
tributyl(C 2-6alkenyl)tin, such as for example
tributyl(vinyl)tin, in the presence of a suitable
catalyst, such as for example Pd(PPtLs) , in the
presence of a suitable solvent, such as for example
,L/-dimethylformamide. This reaction is preferably
performed at elevated temperature. Compounds of
formula (Ia) or (Ib) wherein R1 represents R5aR4aN-,
can be prepared from a compound of formula (Ia) or
(Ib) wherein R1 is halo, e.g. bromo and the like, by
reaction with R5aR4aNH in the presence of a suitable
catalyst, such as for example
tris(dibenzylideneacetone)palladium, a suitable
ligand, such as for example 2-(di-tbutylphosphino)
biphenyl, a suitable base, such as for example sodium
t-butoxide, and a suitable solvent, such as for
example toluene. Compounds of formula (Ia) or (Ib)
wherein R1 represents -C=N-OR 1 1, can be prepared
from a compound of formula (Ia) or (Ib) wherein R1 is
formyl, by reaction with hydroxylamine hydrochloride
or Ci_6alkoxylamine hydrochloride in the presence of a
suitable solvent, such as for example pyridine.
Compounds of formula (Ia) or (Ib) wherein R1
represents -CH -NH , can be prepared from a compound
of formula (Ia) or (Ib) wherein R1 is formyl, by
reduction in the presence of H2, a suitable catalyst,
such as for example palladium on charcoal, and a
suitable solvent, such as for example NHs/alcohol,
e.g. NHs/methanol. Compounds of formula (Ia) or (Ib)
wherein R1 represents -CH 2-NH2 can be converted into
a compound of formula (Ia) or (Ib) wherein R1
represents -CH 2-N(C l- alkyI)2 by reaction with a
suitable aldehyde or ketone reagent, such as for
example paraformaldehyde or formaldehyde, in the
presence of sodium cyanoborohydride, acetic acid and a
suitable solvent, such as for example acetonitrile.
Compounds of formula (Ia) or (Ib) wherein R1
represents R5aR4aN-CH 2-, can be prepared by reacting
a compound of formula (Ia) or (Ib) wherein R1 is
formyl, with a suitable reagent of formula R5aR4aN-H
in the presence of a suitable reducing agent,such as
for example BH3CN, a suitable solvent, such as for
example acetonitrile and tetrahydrofuran, and a
suitable acid, such as for example acetic acid.
Compounds of formula (Ia) or (Ib) wherein R1
represents amino, can be prepared by reacting a
compound of formula (Ia) or (Ib) wherein R1 is
carboxyl, with a suitable azide, such as for example
diphenylphosphorylazide (DPPA), and a suitable base,
such as for example triethylamine, in a suitable
solvent, such as for example toluene. The obtained
product undergoes a Curtius reaction, and by adding
trimethylsilylethanol a carbamate intermediate is
formed. In a next step, this intermediate is reacted
with tetrabutylammonium bromide (TBAB) in a suitable
solvent, such as for example tetrahydrofuran to obtain
the amino derivative. Compounds of formula (Ia) or
(Ib) wherein R1 represents aminocarbonyl, mono or
di(alkyl)aminocarbonyl or R5aR4aN-C(=O)-, can be
prepared by reacting a compound of formula (Ia) or
(Ib) wherein R1 is carboxyl, with a suitable amine, a
suitable coupling reagent such as for example
hydroxybenzotriazole, a suitable activating reagent
such as for example l,l'-carbonyldiimidazole or
//.iV'-dicyclohexylcarbodiimide or l-(3-
dimethylaminopropyl)-3-ethylcarbodiimide, a suitable
base, such as for example triethylamine, and a
suitable solvent, such as for example tetrahydrofuran
and methylenechloride. Compounds of formula (Ia) or
(Ib) wherein R1 represents arylcarbonyl, can be
prepared by reacting in a first step (a) a compound of
formula (Ia) or (Ib) wherein R1 is halo, e.g. bromo
and the like, with a suitable arylaldehyde in the
presence of nBuLi and a suitable solvent, such as for
example tetrahydrofuran. This reaction is preferably
performed at low temperature such as for example
-7O0C. In a next step (b), the product obtained in
step (a) is oxidized with a suitable oxidans, such as
for example manganese oxide, in the presence of a
suitable solvent, such as for example methylene
chloride. Compounds of formula (Ia) or (Ib) wherein R4
and R5 represent a ring moiety substituted with
alkylcarbonyl, can be prepared from the corresponding
compound wherein the ring moiety is unsubstituted by
reaction with an appropriate acyl chloride, e.g.
acetyl chloride, in the presence of a suitable base,
such as for example triethylamine, and a suitable
solvent, such as for example methylene chloride.
Compounds of formula (Ia) or (Ib) wherein R4 and R5
represent an unsubstituted ring moiety, can be
prepared from the corresponding compound wherein the
ring moiety issubstituted with arylalkyl, by reaction
with ammonium formate in the presence of a suitable
catalyst, such as for example palladium on charcoal,
and a suitable solvent, such as for example an
alcohol, e.g. methanol. Compounds of formula (Ia) or
(Ib) wherein R6 represents phenyl substituted with
halo, can be converted into a compound of formula (Ia)
or (Ib) wherein R6 represents phenyl substituted with
Het, by reaction with Het-B(OH)2 in the presence of a
suitable catalyst, such as for example Pd(PPtLs) , in
the presence of a suitable base, such as for example
Na CO , and a suitable solvent, such as for example
toluene or 1,2-dimethoxy ethane (DME) and an alcohol,
for example methanol. A compound of formula (Ia)
wherein R2 represents methoxy, can be converted into
the corresponding compound of fomula (Ib) wherein R8
is hydrogen and R9 is oxo, by hydrolysis in the
presence of a suitable acid, such as for example
hydrochloric acid, and a suitable solvent, such as for
example dioxane. Compounds of formula (Ia) or (Ib)
wherein R4 and R5 are taken together with the nitrogen
to which they are attached to form
1,1-dioxide-thiomorpholinyl, can be prepared from the
corresponding thiomorpholine derivative by reaction
with an appropriate organic or inorganic peroxide.
Appropriate inorganic peroxides comprise, for example,
hydrogen peroxide, alkali metal or earth alkaline
metal peroxides, e.g. sodium peroxide, potassium
peroxide; appropriate organic peroxides may comprise
peroxy acids such as, for example,
benzenecarboperoxoic acid or halo substituted
benzenecarboperoxoic acid, e.g.
3-chlorobenzenecarboperoxoic acid, peroxoalkanoic
acids, e.g. peroxoacetic acid, alkylhydroperoxides,
e.g. tert.butyl hydro-peroxide. Suitable solvents are,
for example, water, lower alcohols, e.g. ethanol and
the like, 



hydrocarbons, e.g. toluene, ketones, e.g. 2-butanone,
halogenated hydrocarbons, e.g. dichloromethane, and
mixtures of such solvents. Compounds of formula (Ia)
or (Ib) can also be converted into a quaternary amine
by reaction with a suitable quaternizing agent, such
as, for example, an optionally substituted
Ci_6alkylhalide, arylCi- alkylhalide,
Ci_6alkylcarbonylhalide, arylcarbonylhalide, Het'Ci-
alkylhalide or Het'carbonylhalide, e.g. methyliodide
or benzyliodide, in the presence of a suitable
solvent, such as for example acetone wherein Het 1
represents furanyl or thienyl; or a bicyclic
heterocycle selected from benzofuranyl or
benzothienyl; each monocyclic and bicyclic heterocycle
may optionally be substituted with 1, 2 or 3
substituents, each substituent independently selected
from thegroup of halo, Ci_6alkyl and aryl. Said
quaternary amines are represented by the below formula
wherein R, 10 represents Ci_6alkyl, Ci_6alkylcarbonyl,
arylCi- alkyl, arylcarbonyl, Het'Ci- alkyl or
Het'carbonyl and wherein A represents a
pharmaceutically acceptable counter ion, such as for
example iodide. It is evident that in the foregoing
and in the following reactions, the reaction products
may be isolated from the reaction medium and, if
necessary, further purified according to methodologies
generally known in the art, such as extraction,
crystallization and chromatography. It is further
evident that reaction products that exist in more than
one enantiomeric form, may be isolated from their
mixture by known techniques, in particular preparative
chromatography, such as preparative HPLC, chiral
chromatography. Individual diastereoisomers or
individual enantiomers can also be obtained by
Supercritical Fluid Chromatography (SCF). The starting
materials and the intermediates are compounds that are
either commercially available or may be prepared
according to conventional reaction procedures
generally known in the art. For example, the
intermediates of formula (IIa) or (II b) or (III-a) or
(III-b) can be prepared according to the methods
described in WO 2004/01 1436, WO2005/070924,
WO2005/070430 or WO2005/075428, the contents of which
are incorporated herein by reference. In particular,
the intermediates of formula (II-a) and (II-b) can be
prepared by reacting an intermediate of formula
(III-a) or (III-b) with an intermediate of formula
(VIII) according to the following reaction scheme (1)
:Scheme 1 (lll-b) using nBuLi in a mixture of
diisopropyl amine and tetrahydrofuran, wherein all
variables are defined as in formula (Ia) or (Ib).
Stirring may enhance the rate of the reaction. The
reaction may conveniently be carried out at a
temperature ranging between -20 and -70 0C.
Intermediates of formula (II-a) or (II-b) can also be
prepared from the corresponding intermediates wherein
R5 is benzyl by reaction with carbonochloridic acid,
1- chloroethyl ester in the presence of a suitable
solvent, such as for example dichloro ethane.
Intermediates of formula (III-a) may be prepared
according to the following reaction scheme (2):Scheme
2 (lll-a-4) wherein all variables are defined as in
formula (Ia). Reaction scheme (2) comprises step (a)
in which an appropriately substituted aniline is
reacted with an appropriate acylchloride such as for
example 3-phenylpropionyl chloride,
3-fluorobenzenepropionyl chloride
or/?-chlorobenzenepropionyl chloride, in the presence
of a suitable base, such as triethylamine, and a
suitable reaction- inert solvent, such as methylene
chloride or ethylene dichloride. The reaction may
conveniently be carried out at a temperature ranging
between room temperature and reflux temperature. In a
next step (b) the adduct obtained in step (a) is
reacted with phosphoryl chloride (POCI3 ) in the
presence of L/,iV-dimethylformamide (Vilsmeier-Haack
formylation followed by cyclization). The reaction may
conveniently be carried out at a temperature ranging
between room temperature and reflux temperature. In a
next step (c-1), a specific R2-group, wherein R2 is
for example a Ci_6alkyloxy radical is introduced by
reacting the intermediate compound obtained in step
(b) withO-Ci_6alkyl in the presence of a suitable
solvent, such as for example HO-Ci_6alkyl. The
intermediate obtained in step (b) can also be
converted into an intermediate wherein R2 is for
example a Ci_6alkylthio radical by reaction with
S=C(NH2)2 in the presence of a suitable solvent, such
as for example an alcohol, e.g. ethanol, or an
alcohol/water mixture, optionally in the presence of a
suitable base, such as for example KOH, (see step
(c-2)) followed by reaction with Ci_6alkyl-I in the
presence of a suitable base, such as for example
K2CO3, and a suitable solvent, such as for example
2-propanone (see step (d)). The intermediate obtained
in step (b) can also be converted into an intermediate
wherein R2 is -N(R2a)(alkyl) wherein R2a is hydrogen
or alkyl, by reaction with a suitable salt of NH(R
2a)(alkyl) in the presence of a suitable base, such as
for example potassium carbonate, and a suitable
solvent, such as for example acetonitrile (step
(c-3)). The intermediate obtained in step (b) can also
be converted into an intermediate wherein R2 is
Ci_6alkyloxyCi_6alkyloxy optionally substituted with
Ci_6alkyloxy, said R2 being represented by R2b, by
reaction with Ci_6alkyloxyCi_ yalkylOH optionally
substituted with Ci_6alkyloxy, in the presence of NaH
and a suitable solvent, such as for example
tetrahydrofuran (step (c-4)). Intermediates of formula
(III-a) wherein R2 and R7 represent hydrogen , said
intermediates being represented by formula (III-a-5),
may be prepared according to the following reaction
scheme (3), wherein in a first step (a) a substituted
indole-2,3-dione is reacted with an optionally
substituted 3-phenylpropionaldehyde in the presence of
a suitable base such as sodium hydroxide (Pfitzinger
reaction), after which the carboxylic acid compound is
decarboxylated in a next step (b) at high temperature
in the presence of a suitable reaction- inert solvent
such as diphenylether. Scheme 3 Intermediates of
formula (III-a) wherein R6 represents Het, said
intermediates being represented by formula (III-a-6),
can be prepared according to the following reaction
scheme 3a .Scheme 3a (ll l-a-6) Reaction scheme (3a)
comprises step (a) in which an appropriate quinoline
moiety is reacted with Het-C(=O)-H using nBuLi in a
mixture of a suitable base, such as for example
2,2,6,6-tetramethylpiperidine, and a suitable solvent,
such as for example tetrahydrofuran. Stirring may
enhance the rate of the reaction. The reaction may
conveniently be carried out at a temperature ranging
between -20 and -70 0C. In a next step (b), the
product obtained in step (a) is converted in aan
intermediate of formula (III-a-6) by reaction with a
suitable acid, such as for example trifluoroacetic
acid, and triisopropylsilane, in the presence of a
suitable solvent, such as for example methylene
chloride. Intermediates of formula (III-b), in
particular (III-b-1) or (III-b-2), can be prepared
according to the following reaction scheme (4). Scheme
4 (III-b-1) (III-b-2) Reaction scheme (4) comprises
step (a) in which the quinoline moiety is converted in
the quinolinone moiety by reaction with a suitable
acid, such as for example hydrochloric acid. In a next
step (b), a R8a substituent representing alkyl, is
introduced by reacting the intermediate obtained in
step (a) with a suitable alkylating agent, such as for
example alkyliodide, e.g. methyliodide, in the
presence of a suitable base, such as for example NaOH
or benzyltriethylammonium chloride, a suitable
solvent, such as for example tetrahydrofuran.
Intermediates of formula (III-b) wherein the R8 and R9
are taken together to form the radical -CH=CH-N=, said
intermediates being represented by formula (III-b-3),
can be prepared according to the following reaction
scheme (5).Reaction scheme (5) comprises step (a) in
which the intermediate is reacted with NH -CH
-CH(OCHs) . In a next step (b), the fused imidazolyl
moiety is formed by reaction with acetic acid in the
presence of a suitable solvent, such as for example
xylene. The intermediates of formula (IV) are
compounds that are either commercially available or
may be prepared according to conventional reaction
procedures generally known in the art. For example,
intermediates of formula (IV) may be prepared
according to the following reaction scheme (6): Scheme
6 (IV) Reaction scheme (6) comprises step (a) in which
R , in particular an appropriately substituted aryl,
more in particular an appropriately substituted
phenyl, is reacted by Friedel-Craft reaction with an
appropriate acylchloride such as 3-chloropropionyl
chloride or 4-chlorobutyryl chloride, in the presence
of a suitable Lewis acid, such as for example AICI3,
FeCl , SnCl4, TiCl4 or ZnCl2 and a suitable
reaction-inert solvent, such as methylene chloride or
ethylene dichloride. The reaction may conveniently be
carried out at a temperature ranging between room
temperature and reflux temperature. In a next step
(b), an amino group (-NR4R5) is introduced by reacting
the intermediate obtained in step (a) with a primary
or secondary amine (HNR4R5) in the presence of a
suitable solvent, such as for example acetonitrile,
and a suitable base, such as for example K2CO .
Depending on the amine which is used in step (b), it
may be appropriate to first react the intermediate
obtained in step (a) with a protected form of the
amine, such as for example
2,5-diazabicyclo[2.2.1]heptane-2-carboxylic
acid,1,1-dimethylethyl ester(lS,4S), followed by
deprotecting the resulting product in the presence of
a suitable acid, such as for example trifluoroacetic
acid, and a suitable solvent, such as for example CH
Cl . It is considered to be within the knowledge of
the skilled person to recognize when the amine needs
to be protected and to recognize the most appropriate
protective group for a particular amine. The
intermediates of formula (IV) may also be prepared
according to the following reaction Scheme (6a) :
Scheme 6a (|V) Reaction scheme (6a) comprises step (a)
in which R -W , wherein W represents a suitable
leaving group, such as for example halo, e.g. chloro
or bromo, in particular an appropriately substituted
aryl, more in particular an appropriately substituted
naphthyl, e.g. 2-bromo -naphthalene, is reacted with
an appropriate acylchloride such as 3- chloropropionyl
chloride or 4-chlorobutyryl chloride or
5-bromo-pentanoyl chloride, in the presence of Mg, I2
and a suitable solvent, such as for example
tetrahydrofuran. The reaction may conveniently be
carried out at a temperature ranging between room
temperature and reflux temperature. In a next step
(b), an amino group (-NR4R5) is introduced by reacting
the intermediate obtained in step (a) with a primary
or secondary amine (HNR4R5) in the presence of a
suitable solvent, such as for example acetonitrile,
and a suitable base, such as for example K3CO3.
Depending on the amine which is used in step (b), it
may be appropriate to first react the intermediate
obtained in step (a) with a protected form of the
amine, such as for example 2,5-
diazabicyclo[2.2.1]heptane-2-carboxylic acid,
1,1-dimethylethyl ester(lS,4S), followed by
deprotecting the resulting product in the presence of
a suitable acid, such as for example trifluoroacetic
acid, and a suitable solvent, such as for example
CH2Cl2. It is considered to be within the knowledge of
the skilled person to recognize when the amine needs
to be protected and to recognize the most appropriate
protective group for a particular amine. The
intermediates of formula (IV) may also be prepared
according to the following reaction Scheme (7)
:Scheme7 (IV) Reaction scheme (7) comprises step (a)
in which R -C(=O)-H, for instance an appropriately
substituted arylcarboxaldehyde, more in particular an
appropriately substituted phenyl or
naphthylcarboxaldehyde, is reacted with an appropriate
intermediate compound such as for example
l-bromo-4-chlorobutane, in the presence of Grignard
reagent and a suitable solvent, such as for example
diethyl ether, tetrahydrofuran. The reaction may
conveniently be carried out at a low temperature for
instance 50C. In a next step (b), an oxidation is
performed in the presence of Jones'reagent in a
suitable solvent, such as for example acetone. In a
next step (c), an amino group (-NR4R5) is introduced
by reacting the intermediate compound obtained in step
(b) with a primary or secondary amine HNR4R5 in the
presence of a suitable solvent, such as for example
acetonitrile, and a suitable base, such as for example
K2CO3. Alternatively, intermediates of formula (IV)
may be prepared according to the following reaction
scheme (8): Scheme 8 O _ . . (a) (IV) Reaction scheme
(8) comprises step (a) in which for instance a
suitable acid is reacted with NH(CHs)(OCHs) in the
presence of 1,1 '-carbonyldiimidazole and a suitable
solvent, such as for example CH Cl . In a next step
(b), the product obtained in step (a) is reacted with
a suitable Grignard reagens, e.g. 4-chlorobutyl
magnesium bromide, in the presence of a suitable
solvent, such as for example tetrahydrofuran. In a
next step (c), an amino group (-NR4R5) is introduced
by reacting the intermediate obtained in step (b) with
a primary or secondary amine HNR4R5 in the presence of
a suitable solvent, such as for example acetonitrile,
and a suitable base, such as for example
K2CO3.Alternatively, intermediates of formula (IV)
wherein q is 1, said intermediates being represented
by formula (IV-a), may be prepared according to the
following reaction scheme (9): Scheme 9 (IV-a)
Reaction scheme (9) comprises the step in which a
suitable acetyl derivative of R3 such as for example
acetylcyclohexane, is reacted with paraformaldehyde
and a suitable primary or secondary amine HNR4R5,
preferably in its salt form, in the presence of a
suitable acid, such as for example hydrochloric acid
and the like, and a suitable solvent, such as for
example an alcohol, e.g. ethanol. Intermediates of
formula (IV) wherein R3 represents R3a -CH -CH -
(which is possible for those intermediates of formula
(VI) wherein R3 represents alkyl, arylalkyl,
aryl-O-alkyl, aryl-alkyl-O-alkyl, Het-alkyl,
Het-O-alkyl or Het-alkyl-O-alkyl and R3a' is the same
as R but with 2 carbon atoms less in the alkyl chain
attached to the remainder of the molecule and wherein
q represents 1, said intermediates being represented
by formula (IV-b), can be prepared according to the
following reaction scheme (10):(IV-b) Reaction scheme
(10) comprises step (a) wherein a suitable aldehyde is
reacted with acetone in the presence of a suitable
base, such as for example sodium hydroxide. In a next
step (b), the product obtained in step (a) is reacted
with a primary or secondary amine HNR4R5 in the
presence of CH2(=O), a suitable acid, such as for
example hydrochloric acid and the like, and a suitable
solvent, such as for example an alcohol, e.g. ethanol.
In a next step (c), the product obtained in step (b)
is hydrogenated (H2) in the presence of a suitable
catalyst, such as for example palladium on charcoal,
and a suitable solvent, such as for example water and
an alcohol, e.g. ethanol. Intermediates of formula
(IV) wherein R3 represents a halo substituted phenyl,
may be converted into an intermediate of formula (IV)
wherein R represents phenyl substituted with aryl, by
reaction with arylboronic acid in the presence of a
suitable base, such as for example potassium
phosphate, a suitable catalyst, such as for example
palladium acetate, and a suitable ligand, such as for
example 2-dicyclohexylphosphino-
2',6'-dimethoxybiphenyl, in an appropriate solvent,
such as for example toluene. Intermediates of formula
(IV) wherein R3 represents a halo substituted phenyl,
may also be converted into an intermediate of formula
(IV) wherein R3 represents phenyl substituted with
C2-6alkenyl optionally substituted with phenyl, by
reaction with an appropriate C2-6alkene, such as for
example styrene, in the presence of a suitable base,
such as for example triethylamine, a suitable
catalyst, such as for example palladium acetate, and a
suitable ligand, such as for example
tri-o-tolylphosphine, in an appropriate solvent, such
as for example DMF. In case in the above reaction
schemes, the suitable amine HNR4R5 represents
substituted 2,5-diazabicyclo[2.2.1]heptyl, said amine
can be prepared according to the following reaction
scheme ( 11):Scheme 11 Reaction scheme ( 11) comprises
the step of reacting an appropriately protected
2,5-diazabicyclo[2.2.1]heptyl wherein P represents for
instance tert-butyloxycarbonyl, with an appropriate
reagens of formula W-R' wherein W represents a
suitable leaving group, such as for example halo, e.g.
bromo and the like, and wherein R' represents the
substituent to be introduced, in the presence of a
suitable base, such as for example K2CO3, NaHCOs or
triethylamine, a suitable phase transfer reagent, such
as for example tetra-n-butylammonium chloride, a
suitable solvent, such as for example acetonitrile,
and optionally KI to increase the speed of the
reaction. In a next step (b), the protective group is
removed by reaction with a suitable acid, such as for
example trifluoroacetic acid, in the presence of a
suitable solvent, such as for example methylene
chloride. Intermediates of formula (V-a) may be
prepared according to the following reaction scheme
(12): (b) (V-a) Reaction scheme (12) comprises the
step of reacting an appropriately substituted
quinoline wherein W3 represents a suitable leaving
group, such as for example halo, e.g. bromo, with an
appropriately substituted deoxybenzoin in the presence
of a suitable catalyst, such as for example palladium
diacetate, a suitable ligand, such as for example
X-PHOS, a suitable base, such as for example cesium
carbonate, a suitable solvent,such as for example
xylene, under N flow. In a next step (b), the product
obtained in step (a) is reacted with a suitable
Grignard reagens (e.g. CH2=CH-(CH2)q-Mg-Br, such as
for example allylmagnesium bromide, in a suitable
solvent, such as for example tetrahydrofuran.
Intermediates of formula (V-b) can be prepared
accordingly. Intermediates of formula (VI-a) can be
prepared according to the following reaction scheme
(13): Scheme 13 In reaction scheme (13), an
intermediate of formula (III-a) is reacted with an
intermediate of formula (VII), for its synthesis
reference is made to schemes 6, 7 and 8, in the
presence of n-BuLi in a suitable solvent, such as for
example tetrahydrofuran, and a suitable base, such as
for example diisopropyl amine. Stirring may enhance
the rate of the reaction. The reaction may
conveniently be carried out at a temperature ranging
between -20 and -70 0C. Intermediates of formula
(VI-b) can be prepared accordingly. The following
examples illustrate the present invention without
being limited thereto. EXPERIMENTAL PART Of some
compounds or intermediates the absolute stereochemical
configuration of the stereogenic carbon atom(s)
therein or the configuration at the double bond was
not experimentally determined. In those cases the
stereochemically isomeric form which was first
isolated is designated as "A" and the second as "B",
without further reference to the actual stereochemical
configuration. However, said "A" and "B" isomeric
forms can be unambiguously characterized by a person
skilled in the art, using art-known methods such as,
for example, NMR. It is considered to be within the
knowledge of the skilled person to recognize the most
appropriate method to determine the actual
stereochemical configuration.In case "A" and "B" are
stereoisomeric mixtures, in particular mixtures of
enantiomers, they can be further separated whereby the
respective first fractions isolated are designated
"Al" respectively "Bl" and the second as "A2"
respectively "B2", without further reference to the
actual stereochemical configuration. However, said
"Al", "A2" and "Bl", "B2" isomeric forms, in
particular said "Al", "A2" and "Bl", "B2"enantiomeric
forms, can be unambiguously characterized by a person
skilled in the art, using art-known methods such as,
for example, X-ray diffraction. If a mixture of 4
enantiomers is directly separated into 4 separate
enantiomers (without an intermediate step of
separating first into two diastereoisomers) the first
obtained enantiomer is indicated as "A", the seond
enantiomer as "B", the third enantiomer as "C", and
the fourth enantiomer as "D". In some cases, when a
final compound or an intermediate, indicated as a
particular diastereoisomer or enantiomer, is converted
into another final compound/intermediate, the latter
may inherit the indication for diastereoisomer (A, B)
or enantiomer (Al, A2, B1, B2) from the former.
Hereinafter "THF" means tetrahydrofuran, "DCE" means
dichloroethane, "DIPEA" means
L/-ethyl-L/-(l-methylethyl)-2-propanamine, "DIPE"
means diisopropyl ether, "DCM" means dichloromethane,
"DMF" means JV,JV-dimethylformamide, and "SFC" means
Supercritical Fluid Chromatography. A. Preparation of
the intermediate compounds Example Al a-1. Preparation
of intermediate 1 5-Chloro-l -phenyl- 1-pentanone
(1.50 g, 0.00762 mol), -methylbenzenemethanamine (1.96
ml, 0.015 mol; [103-67-3]) and K2CO3 (3.16 g, 0.023
mol) were mixed in a flask. CH3CN (22.86 ml) was added
and the reaction mixture was heated at 80 0C for 48
hours. Then K CO3 was removed by filtration. The
product was purified by flash chromatography (eluent:
n-hexane/EtOAc 5/1). The product fractions were
collected and the solvent was evaporated. Yield: 1.79
g of intermediate 1 (83 %; yellow oil).a-2.
Preparation of intermediate 9 5-Chloro-l -phenyl-
1-pentanone (1.02 g, 0.0052 mol, [942-93-8]),
l-methyl-4-(7Vmethylamino) piperidine (1.33 g, 0.01
mol, [73579-08-5]) and K2CO3 (2.15 g, 0.015 mol) were
mixed in CH3CN (15 ml) and heated to 80 0C for 48
hours. Then K2CO3 was removed by filtration and the
crude product was purified by flash chromatography
(eluent: CH2Cl2ZMeOH 10:1). The desired fractions were
collected and the solvent was 



evaporated. Yield: 0.48 g of intermediate 9 (32 %).
a-3. Preparation of intermediate 10 5-Chloro-l
-phenyl- 1-pentanone (1.5 g, 0.00762 mol),
L/-methyl-2-pyridineethanamine, dihydrochloride (3.19
g, 0.015 mol) and K2CO3 (3.16 g, 0.023 mol) were mixed
in CH3CN (22.88 ml) and the reaction mixture was
refluxed over the weekend at 80 0C. Then K2CO3 was
removed by filtration and the product was purified by
flash chromatography (eluent: n-hexane/EtOAc; started
5/1, product at 1/1). Yield: 1.77 g of intermediate 10
(78 %). b. Preparation of intermediate 2 and 3
Intermediate 2 (dia A) Intermediate 3 (dia B) Lithium
diisopropylamine ([41 11-54-0]) (3.81 ml of a 2.0 M
solution in THF/heptanes; 0.00763 mol) was dissolved
in THF (25.44 ml; dry) and cooled on an ice-bath at
-70 0C. 6-Bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/011436)
(2.09 g, 0.00636 mol) was added dropwise as a
solutionin THF (19.08 ml; dry) and the mixture was
stirred for 2 hours at -70 0C. Then intermediate 1
(1.79 g, 0.00636 mol) was added dropwise as a solution
in THF (19.08 ml; dry) and the reaction mixture was
stirred for 3 hours at -70 0C. Then H O was added
(quenching) at -70 0C, followed by EtOAc. The layers
were separated and the organic layer was washed with
brine, dried (MgSO ), filtered and the solvent was
evaporated to give a yellow oil. The residue was
purified by flash chromatography (eluent:
n-hexane/EtOAc). The desired fractions were collected
and the solvent was evaporated. Yield: 0.381 g of
intermediate 2 (dia A) and 0.166 g intermediate 3 (dia
B). c . Preparation of intermediate 4 Intermediate 4
(dia A) Intermediate 5 (dia B) Carbonochloridic acid,
1-chloroethyl ester (0.001 mol) was added to a
solution of intermediate 2 (0.0009 mol) in DCE (10
ml). The mixture was stirred at 80 0C for 1 hour and
then the solvent was evaporated till dryness. The
residue was taken up in CH3OH (10 ml). The mixture was
stirred at 80 0C for 1 hour and then the solvent was
evaporated. The residue (0.7 g) was purified by column
chromatography over Kromasil (eluent:
CH2CI2/CH3OH/NH4OH 95/5/0.5 to 85/15/1.5; 5 mm). The
pure fractions were collected and the solvent was
evaporated. Yield: 0.21 g of intermediate 4 (45 %)
(m.p.: 121 0C). Intermediate 5 was prepared according
to the same protocol as intermediate 4, but starting
from intermediate 3. Yield: 0.31 g intermediate 5 (52
%) (m.p.: 203 0C).Example A2 a . Preparation of
intermediate 6 A mixture of
5-chloro-l-phenyl-l-pentanone (0.0102 mol),
l-(phenylmethyl)piperazine (0.0122 mol) and K2CO3
(0.0122 mol) in CH3CN (40 ml) was stirred at 80 0C for
18 hours. Then the mixture was poured out into H O,
extracted with HCl 1.5 N, basified at 5 0C with NaOH 3
N and extracted with diethyl ether. The organic layer
was washed with saturated aqueous NaCl solution, dried
(MgSO ), filtered and the solvent was evaporated.
Yield: 2.6 g of intermediate 6 (78 %). b. Preparation
of intermediate 7 Intermediate 7 (dia A) nBuLi (0.0036
mol; 2.3 ml of a 1.6 M solution in hexane) was added
dropwise at -20 0C to a solution of diisopropylamine,
hydrochloride (0.0036 mol; [819-79-4]) in THF (8 ml)
under N2 flow. The mixture was stirred at -20 0C for
20 minutes and was then cooled to -70 0C. A solution
of 6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436)
(0.003 mol) in THF (10 ml) was added. The mixture was
stirred at -70 0C for 1 hour. A solution of
intermediate 6 (0.003 mol) in THF (10 ml) was added.
The mixture was stirred at -70 0C for 2 hours. H2O was
added. The mixture was extracted with EtOAc. The
organic layer was washed with saturated aqueous NaCl
solution, dried (MgSO ), filtered and the solvent was
evaporated. The residue (5.5 g) was purified by column
chromatography over silica gel (eluent:
CH2CI2/CH3OH/NH4OH 98/2/0.1 then cyclohexane/EtOAc/NH
4OH 65/35/0.2; 15-40 mm). Four fractions were
collected. The solvent of the desired product fraction
was evaporated. Yield: 0.18 g of intermediate 7 (dia
A). (Also the dia B form was isolated in this
procedure but was not used further in this context)c .
Preparation of intermediate 8 Intermediate 8 (dia A)
Carbonochloridic acid, 1-chloroethyl ester (0.0004
mol) was added dropwise to a solution of intermediate
7 (0.0004 mol) in DCE (3 ml). The mixture was stirred
at 80 0C for 1 hour and then the solvent was
evaporated till dryness. The residue was taken up in
CH3OH. The mixture was stirred at 50 0C for 30
minutes. The solvent was evaporated again and the
residue (0.29 g) was purified by column chromatography
over Kromasil (eluent: CH2CI2/CH3OH/NH4OH 96/4/0.4 to
88/12/1.2 ; 3.5 mm). The pure fractions were collected
and the solvent was evaporated. Yield: 0.096 g of
intermediate 8 (36 %; dia A). Example A3 a .
Preparation of intermediate 16
VL/'-Carbonyldiimidazole (0.102 mol) was added
portionwise at 5 0C to a solution of benzenepentanoic
acid (0.068 mol) in DCM (10 ml). The mixture was
stirred at 5 0C for 1 hour. JV-methoxymethanamine
hydrochloride (0.102 mol) was added portionwise. The
mixture was brought to room temperature, stirred over
the weekend, poured out into HCl 1N and extracted with
CH Cl . The residue was purified by column
chromatography over silica gel (eluent: CH2Cl2; 15-40
mm). The pure fractions were collected and the solvent
was evaporated. Yield: 9.66 g of intermediate 16 (65
%).b-1. Preparation of intermediate 11 A few drops of
l-bromo-4-chlorobutane were added to a solution of Mg
(0.071 mol) in diethyl ether (10 ml) under N . The
mixture was stirred and refluxed. A solution of
l-bromo-4-chlorobutane (0.071 mol) in diethyl ether
(20 ml) was added dropwise. The mixture was stirred
for 15 minutes, then cooled to 5 0C. A solution of
JV-methoxy-iVmethylbenzenepropanamide (0.0595 mol) in
THF (35 ml) was added. The mixture was stirred at 5 0C
for 2 hours and was then stirred at room temperature
for 2 hours. The mixture was poured out into NH Cl and
the product was extracted with EtOAc. The organic
layer was separated, dried (MgSO ), filtered and the
solvent was evaporated. Yield: 13.2 g of intermediate
11. b-2. Preparation of intermediate 14 A few drops of
l-bromo-4-chlorobutane were added at room temperature
to a solution of Mg (0.0697 mol) in diethyl ether (12
ml). The mixture was stirred for 30 minutes. A
solution of l-bromo-4-chlorobutane (0.0697 mol) in
diethyl ether (35 ml) was added. The mixture was
stirred and refluxed for 30 minutes, then cooled to 0
0C. A solution of
JV-methoxy-JV-methylbenzenebutanamide(0.0465 mol;
[177756-65-9]) in THF (35 ml) was added dropwise. The
mixture was stirred for 15 minutes, then stirred at 50
0C for 4 hours and poured out into NH Cl and EtOAc.
The organic layer was washed with saturated aqueous
NaCl solution, dried (MgSO ), filtered and the solvent
was evaporated. Yield: 11.2 g of intermediate 14 (100
%). b-3. Preparation of intermediate 17 A few drops of
l-bromo-4-chlorobutane were added to a solution of Mg
(0.065 mol) in THF (10 ml) under N flow. The mixture
was stirred and refluxed. A solution
ofl-bromo-4-chlorobutane (0.065 mol) in diethyl ether
(15 ml) and THF (15 ml) was added. The mixture was
stirred for 30 minutes, then cooled to 5 0C. A
solution of intermediate 16 (0.0437 mol) in THF (30
ml) was added. The mixture was stirred for 30 minutes,
then stirred at 55 0C for 3 hours, brought to room
temperature, poured out into NH Cl and extracted with
EtOAc three times. The organic layer was washed with
saturated aqueous NaCl solution, dried (MgSO ),
filtered and the solvent was evaporated. Yield: H g of
intermediate 17 (100 %). c-1. Preparation of
intermediate 12 A mixture of intermediate 11 (0.082
mol), 1,4'-bipiperidine (0.082 mol) and K2CO3 (0.09
mol) in CH3CN (180 ml) was stirred overnight at 80 0C.
Then the mixture was brought to room temperature and
poured out into H O. Diethyl ether was added. The
mixture was acidified with HCl 1N. The aqueous layer
was basif ed with NaOH 3 N and extracted with diethyl
ether. The organic layer was separated, dried (MgSO ),
filtered and the solvent was evaporated. Yield: 8 g of
intermediate 12 (28 %). c-2. Preparation of
intermediate 13 A mixture of intermediate 11 (0.0089
mol), 2-(phenylmethyl)-2,5-
diazabicyclo[2.2.1]heptane, dihydrobromide, (1S,4S)
(0.0089 mol) and K2CO3 (0.0267 mol) in CH3CN (23 ml)
was stirred at 80 0C for 48 hours, then brought to
room temperature and poured out into H2O. The organic
layer was acidified with HCl 1N. The aqueous layer was
basified with NaOH 3 N and extracted with diethyl
ether. The organic layer was separated, dried (MgSO ),
filtered and the solvent was evaporated. Yield: 1.23 g
of intermediate 13.c-3. Preparation of intermediate 15
Intermediate 15 was prepared according to the
procedure described for intermediate 13 (A3.C-2), but
starting from intermediate 14. Yield: Intermediate 15.
c-4. Preparation of intermediate 18 A mixture of
intermediate 17 (0.0059 mol), 2-(phenylmethyl)-2,5-
diazabicyclo[2.2.1]heptane, dihydrobromide, (1S,4S)
(0.0059 mol) and K2CO3 (0.0179 mol) in CH3CN (15 ml)
was stirred at 80 0C for 48 hours, then brought to
room temperature, poured out into H O, extracted with
diethyl ether and acidified with HCl 3 N. The aqueous
layer was basified with concentrated NaOH and
extracted with diethyl ether. The organic layer was
washed with saturated aqueous NaCl solution, dried
(MgSO ), filtered and the solvent was evaporated.
Yield: 1.967 g of intermediate 18 (81 %). Example A4
a. Preparation of intermediate 19 A solution of
l-bromo-4-chlorobutane (22.25 ml, 0.19 mol) in diethyl
ether (100 ml) was added dropwise (under N2
atmosphere) to a suspension of activated Mg turnings
(4.67 g, 0.19 mol) in diethyl ether (100 ml). Some
crystals of iodine were also added. The temperature in
the flask increased, and the orange colour turned to
white. Once the addition of l-bromo-4-chlorobutane was
completed, the reaction was cooled in an icebath and
2-naphthalenecarboxaldehyde (20.00 g, 0.13 mol) was
added dropwise as asolution in THF (200 ml, dry). The
reaction mixture was stirred in the ice-bath for 4
hours. Then the mixture was quenched with NH Cl 1N.
Both phases were separated. The organic layer was
washed with brine, dried (MgSO ), filtered and the
solvent was evaporated. The residue was purified by
flash chromatography (eluent: nhexane/ EtOAc 20:1).
The desired fractions were collected and the solvent
was evaporated, yielding intermediate 19. b.
Preparation of intermediate 20 Intermediate 19 (9.97
g, 0.04 mol) was dissolved in CH2Cl2 (120 ml) and the
flask was cooled in an ice-bath. MnO2 (34.85 g, 0.40
mol) was added and the reaction mixture was stirred in
the ice-bath for 1 hour and then overnight at room
temperature. The next morning, an additional amount
OfMnO2 (10 equivalent) was added, and in the afternoon
again an additional amount OfMnO2 (10 equivalent) was
added. The mixture was stirred overnight at room
temperature. Then MnO2 was removed by filtration over
Celite. The product was purified by flash
chromatography (eluent: n-hexane/EtOAc 40:1). Yield:
6.91 g of intermediate 20 (70 %). c-1. Preparation of
intermediate 22 A mixture of
(lS,4S)-2,5-diazabicyclo[2.2.1]heptane-2-carboxylic
acid, 1,1-dimethylethyl ester (0.2 g, 0.001 mol),
(2-bromoethyl)benzene (0.224 g, 0.0012 mol), K2CO3
(0.279 g, 0.002 mol), KI (0.167 g, 0.001 mol) and L
-tributyl-1- butanaminium chloride (0.02 g) in CH3CN
(5 ml) was heated overnight at 80 0C. Then the mixture
was cooled to room temperature and the precipitate was
filtered off and washed with EtOAc. The organic phases
were washed with brine, dried (MgSO ), filtered and
the solvent was evaporated. The product was purified
by flash column chromatography (eluent: CH2C 12/CH3OH
from 50/1 till 40/1). The product fractionswere
collected and the solvent was evaporated. The residue
was dried (vacuum, room temperature). Yield: 0.23 g of
intermediate 22 (pale yellow oil; 74 %). Intermediate
55 prepared according to an analogous protocol as
intermediate 22, but starting from
l-bromo-2-methylpropane instead of
(2-bromoethyl)benzene. Yield: 65 % (colourless oil).
c-2. Preparation of intermediate 23 Intermediate 22 (
1 g, 0.0033 mol) was dissolved in CH2Cl2 (10 ml) and
the solution was cooled to 0 0C. Then trifluoroacetic
acid (7.54 g, 0.0066 mol) was added dropwise at 0 0C.
After the addition was completed, the reaction mixture
was warmed to room temperature and stirred for 2
hours. The solvent was evaporated and the residue was
dried. The product was obtained as a colourless oil
and it was used in the next step without further
purification. Yield: Intermediate 23. Intermediate 54
prepared according to an analogous protocol as
intermediate 23, but starting from intermediate 55.
Intermediate 54 was obtained as a brown oil and was
used as such in the next reaction step. d-1.
Preparation of intermediate 2 1A mixture of
intermediate 20 (0.00571 mol), 2-(phenylmethyl)-2,5-
diazabicyclo[2.2.1]heptane, dihydrobromide, (1S,4S)
(0.00571 mol) and K2CO3 (0.0171 mol) in CH CN (150 ml)
was stirred under reflux overnight. Then the mixture
was cooled to room temperature, poured out into water
and extracted with diethyl ether. The organic layer
was extracted with HCl 1N. The resulting aqueous layer
was basif ed with NaOH 3 N and extracted with diethyl
ether. The organic layer was separated, washed with
brine, dried (MgSO ), filtered and the solvent was
evaporated. Yielding: 1.7 g of intermediate 21 (75 %).
d-2. Preparation of intermediate 24 Intermediate 23
(0.669 g, 0.0033 mol) was dissolved in CH3CN (10 ml).
Intermediate 20 (0.98 g, 0.004 mol), K2CO3 (1.14 g,
0.0083 mol), KI (0.55 g, 0.0033 mol) and
L,L,L/-tributyl-l-butanaminium chloride (0.067 g, 10 %
w/w) were added to the solution and the mixture was
stirred at 80 0C for 15 hours. Then K2CO3 was filtered
off and washed with EtOAc. The organic phases were
combined and were washed with brine, dried (MgSO ),
filtered and the solvent was evaporated. The residue
was purified by flash column chromatography (eluent:
CH2C 12/CH3OH; from 50/1 to 40/1 to 30/1 to 20/1 to
10/1). The product fractions were collected and the
solvent was evaporated. The residue was dried (vacuum,
room temperature), yielding 0.8 g of intermediate 24
(pale green; yield: 59 % over two steps). d-3.
Preparation of intermediate 25 A mixture of
intermediate 20 (0.5 g, 0.00202 mol),
l-(4-methoxyphenyl)piperazine (0.00405 mol) and K2CO3
(0.84 g, 0.00608 mol) in CH3CN (6.06 ml) was refluxed
at 80 0C for 2 days. Then the inorganic salts were
removed by filtration and purificationwas performed by
flash chromatography (eluent: n-hexane/EtOAc; initial
conditions: 5/1, product at 1/1). The product
fractions were collected and the solvent was
evaporated. Yield: 0.5 g of intermediate 25 (61 %).
d-4. Preparation of intermediate 26 Intermediate 26
was prepared according to the procedure for
intermediate 2 1 (A4.d-1), starting from
l,4'-bipiperidine and intermediate 20. Yield: 0.92g of
Intermediate 26 (30%). d-5. Preparation of
intermediate 33 A mixture of intermediate 20 (5 g,
0.02mol), homopiperazine (0.06 mol) and K2CO3 (0.06
mol) in CH3CN (60 ml) was stirred under reflux for 18
hours then cooled down to room temperature, and poured
out into water. The organic layer was extracted with
EtOAc and dried (MgSO ), filtered and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (eluent:
CH2CI2/CH3OH/NH 4OH 97/3/0.1, 15-40 mm, 9Og). The pure
fractions were collected and the solvent was
evaporated. Yield: 2.3 g of intermediate 33 (37 %).
Intermediate 53 was prepared according to the same
protocol as intermediate 33, but starting from
hexahydro-lH-azepine instead of homopiperazine. The
crude compound was purified by column chromatography
over silica gel (eluent: CH2CI2/CH3OH/NH 4OH
93/7/0.6). Yield: 8 1 %.d-6. Preparation of
intermediate 34 A mixture of intermediate 20 (1.00 g,
0.00405 mol), 1-methylhomopiperazine (1.01 ml, 0.0081
mol) and K2CO3 (1.68 g, 0.0081 mol) in CH3CN (12.16
ml) was refiuxed at 80 0C over the weekend. Inorganic
salts were removed by filtration and the crudes were
purified by flash chromatography (eluent:
n-hexane/EtOAc). The desired fractions were collected
and the solvent was evaporated. Yield: 0.26 g of
intermediate 34 (20 %). d-7. Preparation of
intermediate 44 A mixture of intermediate 54
((lS,4S)-2-(2-methylpropyl)-2,5-
diazabicyclo[2.2.1]heptane) (0.49 g, 0.0032 mol),
intermediate 20 (0.95 g, 0.0038 mol), K2CO3 (1.1 g,
0.008 mol), KI (0.53 g, 0.0032 mol) and L -tributyl-1-
butanaminium chloride (0.049 g) in CH3CN (5 ml) was
heated for 15 hours at 80 0C. Then the mixture was
cooled to room temperature and the precipitate was
filtered off and washed with EtOAc. The organic phases
were washed with brine, dried (MgSO ), filtered and
the solvent was evaporated. The product was purified
by flash column chromatography (eluent: CH2C 12/CH3OH
from 50/1 to 40/1 to 30/1 to 20/1 to 10/1). The
desired fractions were collected and the solvent was
evaporated. The residue was dried (vacuum, room
temperature). Yield: 1.04 g of intermediate 44
(colourless oil; 87 %). d-8. Preparation of
intermediate 45 A mixture of
2,5-diazabicyclo[2.2.1]heptane-2-carboxylic acid,
1,1-dimethylethyl ester(lS,4S), ( 1 g, 0.0050 mol),
intermediate 20 (1.49 g, 0.0060 mol), K2CO3 (1.38 g,
0.01 mol), KI (0.83 g, 0.005 mol) and
-tributyl-l-butanaminium chloride (0.1 g) in CH3CN
(15ml) was heated for 15 hours at 80 0C. Then the
mixture was cooled toroom temperature and the
precipitate was filtered off and washed with EtOAc.
The organic phases were washed with brine, dried (MgSO
), filtered and the solvent was evaporated. The
product was purified by flash column chromatography
(eluent: CH2CI2/CH3OH from 50/1 till 20/1). The
desired fractions were collected and the solvent was
evaporated. The residue was dried (vacuum, room
temperature). Yield: 1.62 g of intermediate 45
(colourless oil; 79 %). d-9. Preparation of
intermediate 49 Intermediate 20 (5 g, 20.26 mmol) and
thiomorpholine (10.5 g, 101.2 mmol) were stirred at
100 0C for 2 hours. The mixture was diluted with H O
and extracted with CH Cl . The organic layer was
washed with brine, dried over MgSO , filtered and the
solvent was evaporated. The crude product was purified
by chromatography over silica gel (15-40 mm / 90 g /
eluent: CH2Cl2/MeOH/NH 4OH from 97/3/0.1 to 95/5/0.5).
The desired fractions were collected and the solvent
was evaporated to give 6.1 g of a residue that was
crystallized from DIPE. Yield: 5.8 g of intermediate
49 (91 %; mp = 68 0C). e . Preparation of intermediate
46 S Intermediate 45 (0.83 g, 0.002 mol) was dissolved
in CH2CI2 (10 ml) and the mixture was cooled to 0 0C.
Then trifluoroacetic acid (3.1 ml;0.041 mol) was added
dropwise at 0 0C. After the addition was completed,
the reaction mixture was allowed to warm up to room
temperature and stirred for 2 hours. The solvent was
evaporated and the residue was dried under vacuum at
room temperature. The residue was dissolved in THF and
K2CO3 was added. The mixture was stirred at room
temperature for 20 minutes and then K2CO3 was filtered
off and washed with THF. The solvent was evaporated
and the residue was dried under vacuum at room
temperature. Yield: 0.627 g of intermediate 46 (100
%). The product was used in the next step without
further purification.f. Preparation of intermediates 5
1 and 52 Intermediate 51 (dia A) Intermediate 52 (dia
B) nBuLi (6.9 ml of a 1.6 M solution in hexanes; 0.011
mol) was added at -20 0C to a solution of
diisopropylamine (1.5 ml, 0.011 mol) in THF (10 ml)
under N flow. The mixture was stirred at -20 0C for 30
minutes. A solution of 6-bromo-2-methoxy-3-
(phenylmethyl)-quinoline [654655-69-3] (intermediate
compound 3 of WO 2004/01 1436) (1.5 g, 0.0044 mol) in
THF (10 ml) was added dropwise at -70 C. The mixture
was stirred at -70 0C for 1 hour. A solution of
intermediate 49 (1.8 g, 0.0054 mol) in THF (10 ml) was
added at -70 0C. The mixture was stirred at -70 0C for
1 hour, poured out into H O and extracted with EtOAc.
The organic layer was washed with brine, dried (MgSO
), filtered and the solvent was evaporated. The
residue was purified twice by column chromatography
over silica gel (eluent: Cyclohexane/EtOAc 90/10; 400
g, 15-40 mm). Two different fractions were collected
and the solvent was evaporated. The residue of the
first fraction (0.8 g) was crystallized in DIPE/CH3CN,
filtered off and dried to give 141 mg of intermediate
51 (dia A, m.p.: 164 0C). The residue of the second
fraction (0.40 g) was crystallized from DIPE/CH3CN,
filtered off and dried to give 141 mg of intermediate
52 (dia B, m.p.: 207 0C). Example A5 Intermediate 27 (
R configuration at *) Intermediate 2 8 ( S
configuration at *) A mixture of
1-piperazinecarboxylic acid, 1,1-dimethylethyl ester
(0.25 mol) and 1- (phenylmethyl)-3-pyrrolidinone (0.25
mol) in CH3OH (400 ml) was hydrogenated at 50 0C for
18 hours with Pd/C 10 % (5 g) as a catalyst in the
presence of thiophene solution (3 ml). After uptake of
H2 ( 1 equivalent), the catalyst was filtered off and
the filtratewas evaporated. The residue was
crystallised from hexane, the resulting precipitate
was filtered off and dried. This fraction was
separated into its enantiomers by Chiral separation
(Chiralpak AD; eluent: CH3OH). Two product fractions
were collected and the solvents were evaporated. Yield
Fraction 1: 30 g of intermediate 27 (R). Yield
Fraction 2 : 26 g of intermediate 28 (S). b.
Preparation of intermediate 29 and 30 Intermediate 29
( R configuration at *) Intermediate 30 ( S
configuration at *) A mixture of intermediate 27
(0.0868 mol), HCl/2-propanol (85 ml) and CH3OH (350
ml) was stirred and refluxed for 1 hour, then the
reaction mixture was cooled. The precipitate was
filtered off and was taken up in H O. The mixture was
alkalized with a 50 % NaOH solution and extracted with
CH Cl . The organic layer was separated, 



dried (MgSO ), filtered off and the solvent was
evaporated. Yield: 16.5 g of intermediate 29 (78 %,
R). Intermediate 30 was prepared according to the
procedure for intermediate 29 (A5.b), but starting
from intermediate 28. Yield: Intermediate 30 (78 %,
S). c . Preparation of intermediate 3 1 Intermediate 3
1 ( R configuration at *) Intermediate 32 ( S
configuration at *) A mixture of intermediate 20
(0.004 mol), intermediate 29 (0.0044 mol) and K2CO3
(0.01 mol) in CH3CN (20 ml) was stirred at 80 0C for
18 hours, then cooled to room temperature, poured out
into H2O and extracted with EtOAc. The organic layer
was extracted with HCl 1N, basified with NaOH 3 N at 0
0C and extracted with diethyl ether. The organic layer
was washed with H2O, then with saturated aqueous NaCl
solution, dried (MgSO ), filtered and the solvent was
evaporated. Yield: 0.7 g of intermediate 31 (38 %;
R).Intermediate 32 was prepared according to the
procedure for intermediate 3 1 (A5.c), but starting
from intermediate 30. Yield: 44 % (S) Example A6 a .
Preparation of intermediate 35
(lS,4S)-2-(Phenylmethyl)-2,5-diazabicyclo[2.2.1]heptan
e, hydrobromide (1:2) (CAS [ 116258-17-4]) (4.00 g,
0.01 1 mol) and K2CO3 (4.56 g, 0.033 mol) were mixed
in CH CN (19 ml) and the mixture was stirred for 5
minutes at room temperature. Subsequently,
intermediate 20 (1.56 g, 0.00634 mol) was added and
the reaction mixture was refluxed for 48 hours at 80
0C. Then K CO was removed by filtration and the
product was purified by flash chromatography (eluent:
CH2Cl2ZMeOH 30/1). The desired fractions were
collected and the solvent was evaporated. Yield: 2.17
g of intermediate 35 (86 %; S,S). Example A7 a .
Preparation of intermediate 36
(lS,4S)-2-(Phenylmethyl)-2,5-diazabicyclo[2.2.1]heptan
e, hydrobromide ( 1:2) (0.45 g, 0.00128 mol) and K2CO3
(0.266 g, 0.00193 mol) were mixed in CH3CN (2.00 ml)
and the mixture was stirred for 5 minutes.
5-Chloro-l-phenyl-l-pentanone (0.14 g, 0.00071 mol)
was added and the reaction mixture was refluxed at 80
0C for 48 hours. Then the K2CO3 was removed by
filtration and the product was purified by flash
chromatography (eluent: CH2Cl2/Me0H started at 20/1
and product at 10/1). The desired fractions were
collected and the solvent was evaporated. Yield: 0.24
g of intermediate 36 (quantitative yield).Example A8 a
. Preparation of intermediate 37 A solution of
2-bromo-naphtalene (4.141 g; 0.02 mol) in THF (20 ml)
was slowly added to Mg (0.583 g; 0.024 mol) activated
with I and the reaction mixture was refluxed for 2
hours. This solution was slowly added at room
temperature to a solution of 5-bromo-pentanoyl
chloride (4.38 g; 0.022 mol) in THF (25 ml). The
reaction mixture was stirred for 2 hours, then poured
on ice and water and neutralized with Na COs. The
aqueous layer was extracted twice with CH2Cl2. The
combined organic layers were dried over Na2SO , and
the solvent was evaporated till dryness. The crude
product was crystallized in Et2O, and the precipitate
was filtered off and dried. Yield: 3 g of intermediate
37 (52 %). b-1. Preparation of intermediate 38
Intermediate 38 (endo) A mixture of intermediate 37 (
1 g; 0.003 mol), 2-norbornanamine, hydrochloride (0.9
g; 0.006 g) and potassium carbonate (1.24 g; 0.009
mol) in acetonitrile (15 ml) was refluxed for 2.5
hours. The reaction mixture was cooled to room
temperature and the solid phase was filtered off and
washed with CH2Cl2. The organic solution was
evaporated till dryness. The crude product was
purified by chromatography over silica gel (eluent:
hexane/Et 2O/Et3N from 1.5/3.5/0 to 1/4/0.04). The
desired fractions were collected and the solvent was
evaporated. Yield: 0.7 g of intermediate 38 (72 %;
endo). (It is considered that endo or exo isomerism
for bridged ring systems is within the knowledge of
the skilled person.)b-2. Preparation of intermediate
48 Intermediate 48 (mixture of diastereoisomers)
Lithium diisopropylamine (0.5 ml of a 2.0 M solution
in THF/heptanes; 0.00103 mol) was slowly added to a
solution of
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/0 11436)
(0.33 g, 0.00103 mol) in THF (3 ml; dry) at -78C under
Ar atmosphere. The mixture was stirred for 30 minutes
at - 78 0C. Then intermediate 37 (0.20 g, 0.00068 mol)
was added dropwise as a solution in THF (3 ml; dry)
and the reaction mixture was stirred for 1 hour at -70
0C. Then H O was added (quenching) at -70 0C, followed
by EtOAc. The layers were separated and the organic
layer was washed with brine and dried (MgSO ),
filtered and the solvent was evaporated. The residue
was purified by flash chromatography over silica gel
(petroleum ether/EtsN 5:0.1). The desired fractions
were collected and the solvent was evaporated. Yield:
0.2 g of intermediate 48 (mixture of diastereoisomers;
47%). Example A9 a. Preparation of intermediate 39
Intermediate 39 (mixture of diastereoisomers) THF (2
ml) and 5-bromo-l -phenyl- 1-pentanone (0.100 g,
0.00042 mol) were added to the anhydrous cerium
chloride at room temperature. The white suspension was
stirred until a gel-like mixture was formed.
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436)
(0.20 g, 0.00063 mol) was dissolved in 5 ml of THF and
the reaction mixture was cooled to -78 0C.
Subsequently lithium diisopropylamine (0.3 ml of a 2.0
M solution in THF/heptanes; 0.00063 mol) was added.
After stirring for half an hour at -78 0C, the first
solution of ketone with cerium chloride was slowly
added and the reaction mixture was stirred at -78C for
15minutes. Then the mixture was hydrolyzed with water,
filtered through a Celite pad and extracted with CH Cl
. The organic layer was dried (Na2SO ), filtered and
the solvent was evaporated till dryness, yielding
crude intermediate 39 (mixture of diastereoisomers)
that was used as such in the next reaction step.
Example AlO a . Preparation of intermediate 40 In a
sealed vessel, a mixture of 5-chloro-l -phenyl-
1-pentanone (1.2g, 0.006 mol), hexahydro-l,4-diazepine
(2.4 g, 0.024 mol) and potassium carbonate (4.1 g) in
CH3CN (15 ml) was stirred overnight at 90 0C and was
then poured out into H2O and extracted with CH2Cl2.
The organic layer was washed with saturated aqueous
NaCl solution, dried (MgSO ), filtered and the solvent
was evaporated, yielding intermediate 40 (71 %).
Example Al l a . Preparation of intermediate 4 1
4-Chlorobenzenepropanoyl chloride (0.466 mol) was
added slowly at 5C to a solution of 4-bromobenzenamine
(0.388 mol) in Et3N (70 ml) and CH2Cl2 (700 ml). The
mixture was stirred at room temperature for 1 hour.
H2O was added. The precipitate was filtered off,
washed with H2O and dried. The residue was
recrystallized from diethyl ether. The precipitate was
filtered off and dried. Yield: 110 g of intermediate
41 (83 %) (m.p. 194C). b. Preparation of intermediate
42 POCl3 (192.6 ml) was added slowly at 5C to DMF
(35.4 ml). Intermediate 41 (prepared according to Al
l.a) (0.296 mol) was added. The mixture was stirred at
8O0C for 12 hours, poured out slowly on ice and
extracted with CH2Cl2. The organic layer was
separated, dried (MgSO ), filtered and the solvent was
evaporated. The product was used without further
purification. Yield: 15O g of intermediate 42 .c .
Preparation of intermediate 43 A mixture of
intermediate 42 (prepared according to Al l.b) (0.409
mol) in CH3ONa solution 30% in CH3OH (300 ml) and
CH3OH (300 ml) was stirred and refiuxed for 15 hours.
The mixture was poured out on ice and extracted with
CH Cl . The organic layer was separated, dried (MgSO
), filtered and the solvent was evaporated. The
residue (150 g) was purified by column chromatography
over silica gel (eluent: cyclohexane/CH 2Cl2 90/10;
35-70 mm). The pure fractions were collected and the
solvent was evaporated. The residue was crystallized
from diethyl ether. The precipitate was filtered off
and dried. Yield: 27 g of intermediate 43 (18 %) (m.p.
1000C). Example Al 2 a . Preparation of intermediate
47 A mixture of 5-chloro-l-phenyl-l-pentanone (1.12 g,
0.0057 mol), N1,N1,N2- trimethyl-l,2-ethanediamine
(2.0 g, 0.01 1 mol) and K2CO3 (2.36 g, 0.017 mol) in
DMF (30 ml) was stirred at 80 0C for 48 hours. K2CO3
was filtered off and the solvent was evaporated. The
crude product was purified by column chromatography
over silica gel (CH2C 12/CH3OH 30/1). Yield: 0.40 g of
intermediate 47 (27 %). Example Al 3 a. Preparation of
intermediate 50 Intermediate 50 was prepared according
the procedure described for intermediate 21 (Example
A4.d-1) but starting from
6-chloro-l-(2-naphthalenyl)-l-hexanone (prepared
according to the procedures of WO2007/000435) instead
of intermediate 20, and hexahydro-1 methyl-
1,4-diazepine. Yield: 3.5 g of intermediate 50 (55
%).B. Preparation of the final compounds Example Bl
Preparation of compound 1 and 2 Compound 1 (dia A)
Compound 2 (dia B) lH-Pyrazole-1-carboximidamide,
monohydrochloride (0.0005 mol) (E+Z) was added to a
mixture of intermediate 4 (0.0002 mol) and DIPEA
(0.0005 mol) in DMF (2 ml). The mixture was stirred at
room temperature for 24 hours. H O was added. The
mixture was extracted with EtOAc. The organic layer
was washed with H O, then with saturated aqueous NaCl
solution, dried (MgSO ), filtered and the solvent was
evaporated. The residue was crystallized from diethyl
ether. The precipitate was filtered off and dried.
Yield: 0.019 g of compound 1 (12 %; dia A). Compound 2
was prepared according to the same protocol as
compound 1, but starting from intermediate 5. The
residue was crystallized from diethyl ether/DIPE.
Yield: 0.027 g compound 2 (17 %; dia B). Example B2
Preparation of compound 3 Compound 3 (dia A) A mixture
of intermediate 8 (0.0001 mol), acetyl chloride
(0.0001 mol) and Et N (0.0001 mol) in DCM (3 ml) was
stirred at room temperature for 18 hours. H2O was
added. The mixture was extracted with CH2Cl2. The
organic layer was washed with saturated aqueous NaCl
solution, dried (MgSO ), filtered and the solvent
wasevaporated. The residue (0.08 g) was purified by
column chromatography over silica gel (eluent:
CH2CI2/CH3OH/NH4OH 98/2/0.2 to 93/7/0.7; 5 mm). The
pure fractions were collected and the solvent was
evaporated. Yield: 0.033 g of compound 3 (41 %; dia
A). Example B3 a. Preparation of compound 4 and 5
Compound 4 (dia A) Compound 5 (dia B) Lithium
diisopropylamine ([41 11-54-0]) (1.00 ml of a 2.0 M
solution in THF/heptane; 0.002 mol) was dissolved in
THF (6.65 ml; dry) and cooled on an ice-bath at -70
0C. 6-Bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436)
(0.55 g, 0.00166 mol; [654655-69-3]) was added
dropwise as a solution in THF (5.00 ml; dry) and the
mixture was stirred for 2 hours at -70 0C. Then
intermediate 9 (0.48 g, 0.00166 mol) was added
dropwise as a solution in THF (5.00 ml; dry) and the
reaction mixture was stirred for 3 hours at -70 0C.
Then H O was added (quenching) at -70 0C, followed by
EtOAc. The layers were separated and the organic layer
was washed with brine, dried (MgSO ), filtered and the
solvent was evaporated. The residue was purified by
flash chromatography (eluent: DCM/CH3OH 50:1). The
desired fractions were collected and the solvent was
evaporated. The crude residue (mixture of
diastereoisomers) was purified into the
diastereoisomers by column chromatography (normal
phase, Kromasil Si 10 mm, eluent: CH2CI2/CH3OH/NH4OH :
95/5/0.5). The desired fractions were collected and
the solvent was evaporated. Yield : 0.025g of Compound
4 (dia A, 2.6%) and 0.023g of compound 5 (dia B,
2.5%).b. Preparation of compound 10 and 11 Compound 10
(dia A) Compound 11 (dia B) BuLi (0.007 mol, 4.4 ml of
a 1.6 M solution in hexane) was added dropwise at -20
C to a solution of diisopropylamine (0.007 mol) in THF
(12 ml) under N flow. The mixture was stirred for 20
minutes, then cooled to -70 0C. A solution of
6-Bromo-2- methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/0 11436)
(0.0058 mol) in THF (20 ml) was added. The mixture was
stirred at -70 0C for 90 minutes. A solution of
intermediate 12 (0.007 mol) in THF (25 ml) was added.
The mixture was stirred at -70 0C for 3 hours. H O was
added at -30 0C. The mixture was extracted with EtOAc.
The organic layer was separated, dried (MgSO ),
filtered and the solvent was evaporated. The residue
(1.09 g) was purified by column chromatography over
silica gel (eluent: CH2CI2/CH3OH/NH4OH 95/5/0.1; 15-40
mm) and then over Kromasil (eluent: CH2CI2/CH3OH/NH4OH
97/3/0.3 to 88/12/1.2; 5 mm). Two fractions were
collected and the solvent was evaporated. Yield: 0.42
g of fraction 1 and 0.23 g of fraction 2. Fraction 1
was crystallized from DIPE/diethyl ether. The
precipitate was filtered off and dried. Yield: 0.31 g
of compound 10 (8 %; dia A). Fraction 2 was
crystallized from DIPE. The precipitate was filtered
off and dried. Yield: 0.195 g of compound 11 (5 %)
(m.p.: 164 0C; dia B).c . Preparation of compound 12
and 13 Compound 12 (dia A) Compound 13 (dia B) BuLi
(0.0033 mol, 2.1 ml of a 1.6 M solution in hexane) was
added dropwise at -20 0C to a solution of
diisopropylamine (0.0033 mol) in THF (5 ml) under N
flow. The mixture was stirred for 20 minutes, then
cooled to -70 0C. A solution of 6-bromo-2-
methoxy-3-(phenylmethyl)-quinoline (intermediate
compound 3 (Ex. A3) of WO2004/01 1436) (0.0027 mol) in
THF (9 ml) was added. The mixture was stirred at -70
0C for 90 minutes. A solution of intermediate 13
(0.0033 mol) in THF (12 ml) was added. The mixture was
stirred at -70 0C for 90 minutes, then poured out on
ice at -30 0C. The organic layer was separated, dried
(MgSO ), filtered and the solvent was evaporated. The
residue was purified by column chromatography over
silica gel (eluent: CH2CI2/CH3OH/NH4OH 95/5/0.1; 15-40
mm). Two fractions were collected and the solvent was
evaporated. Yield: 0.16 g of fraction 1 and 0.1 g
fraction 2. Fraction 2 was purified by Super Critical
Fluid chromatography (eluent: CCVCHsOH/isopropylamine
88/12/0.5). The pure fractions were collected and the
solvent was evaporated. The residue was crystallized
from DIPE. The precipitate was filtered off and dried.
Yield: 0.145 g of compound 12 (7.6 %; dia A) and 0.057
g of compound 13 (3.1 %; dia B).d. Preparation of
compound 14 and 15 Compound 14 (dia A) Compound 15
(dia B) Compound 14 and compound 15 were prepared
according to the procedure for compound 12 and 13
(B3.c), but starting from intermediate 15. The work-up
procedure was different, namely after the column
chromatography over silica gel, only 1 fraction was
obtained and this fraction was further purified over a
Sunfire(tm) Cl 8 column from Waters (5 mml9 x 150 mm)
with a flow rate of 20 ml/min. Two mobile phases
(mobile phase A: 100 % acetonitrile; mobile phase B:
100 % 63mM ammonium hydrogen carbonate pH=8 (in ultra
pure water) were employed to run a gradient condition
from 90 % A, 10 % B to 100 % A in 14 minutes, and
reequilibrated with initial conditions for 6 minutes.
Two fractions were collected and the solvent was
evaporated. Both residues were crystallized from DIPE.
The precipitates were filtered off and dried. Yield:
0.139 g of compound 14 (6.6 %). Yield: 0.06 g of
compound 15 (2.9 %).e . Preparation of compound 16 and
17 Compound 16 (dia A) Compound 17 (dia B) BuLi
(0.0024 mol, 1.54 ml of a 1.6 M solution in hexane)
was added dropwise at -20 0C to a solution of
diisopropylamine (0.0024 mol) in THF (4.8 ml) under N
flow. The mixture was stirred for 20 minutes, then
cooled to -70 0C. A solution of
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/0 11436)
(0.002 mol) in THF (6.8 ml) was added. The mixture was
stirred at -70 0C for 90 minutes. A solution of
intermediate 18 (0.0024 mol) in THF (10 ml) was added.
The mixture was stirred for 90 minutes, brought to -20
0C, poured out into H O and extracted with EtOAc. The
organic layer was washed with saturated aqueous NaCl
solution, dried (MgSO ), filtered and the solvent was
evaporated. The residue was purified by column
chromatography over silica gel (eluent:
CH2CI2/CH3OH/NH4OH 95/5/0.1; 15-40 mm). The pure
fractions were collected and the solvent was
evaporated. The residue (0.473 g; mixture of
diastereoisomers) was further purified with reversed
phase chromatography on a Sunfire(tm) C18 column from
Waters (5 mml9 x 150 mm) with a flow rate of 20
ml/min. Two mobile phases (mobile phase A: 100 %
methanol; mobile phase B: 100 % 63mM ammonium hydrogen
carbonate pH=8 (in ultra pure water)) were employed to
run a gradient condition from 90 % A, 10 % B to 100 %
A in 14 minutes, and reequilibrated with initial
conditions for 6 minutes. Three fractions were
collected and the solvent was evaporated. Yield: 0.134
g of compound 16 (8.9 %; fraction 1; dia A) and 0.1 g
of compound 17 (6.6 %; fraction 3; dia B).Example B4
Preparation of compound 6, 7, 8 and 9 Compound 6 (D)
Compound 7 (C) Compound 8 (A) Compound 9 (B) Lithium
diisopropylamine ([41 11-54-0]) (3.03 ml of a 2.0 M
solution in THF/heptanes; 0.00607 mol) was dissolved
in THF (20.24 ml; dry) and cooled to -70 0C.
6-Bromo-2- methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436)
(1.66 g, 0.00506 mol) was added dropwise as a solution
in THF (15.18 ml; dry) and the mixture was stirred for
2 hours at -70 0C. Then intermediate 10 (1.50 g,
0.00506 mol) was added dropwise as a solution in THF
(15.18 ml; dry) and the reaction mixture was stirred
for 3 hours at -70 0C. Then H O was added (quenching)
at -70 0C, followed by EtOAc. The layers were
separated and the organic layer was washed with brine,
dried (MgSO ), filtered and the solvent was evaporated
to give a yellow oil. The residue was purified by
flash chromatography. The desired fractions were
collected and the solvent was evaporated. Yield: 0.41
g crude residue (mixture of diastereoisomers). Part of
this mixture of diastereoisomers was separated into
its enantiomers by supercritical fluid chromatography
(SFC) over a Chiralpak ADH column (20 x 250 mm)
(eluent gradient: CO2/(2-propanol with 0.1 %
isopropylamine) from 90/10 to 60/40 in 18.75 minutes,
60/40 was hold for 4.5 minutes; flow 50 ml/min; column
heater at 40 0C; nozzle pressure: 100 bar). The 4
product fractions were collected and the solvent was
evaporated. Yield: 0.053 g of compound 8 (A; 1st
fraction), 0.051 g of compound 9 (B, 2nd fraction),
0.077 g of compound 7 (C, 3rd fraction) and 0.082 g of
compound 6 (D, 4th fraction).Example B5 a .
Preparation of compound 20, 21, 22 and 23 Compound 20
(dia A) Compound 2 1 (dia B) Compound 22 (Bl) Compound
23 (B2) BuLi (0.00465 mol, 2.9 ml of a 1.6 M solution
in hexane) was added dropwise at -20 0C to a solution
of diisopropylamine (0.00465 mol) in THF (10 ml) under
N flow. The mixture was stirred at -20 0C for 20
minutes, then cooled to -70 0C. A solution of
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/0 11436)
(0.00388 mol) in THF (13 ml) was added. The mixture
was stirred at -70 0C for 1 hour. A solution of
intermediate 21 (0.00427 mol) in THF (17 ml) was
added. The mixture was stirred at -70 0C for 2 hours,
then water was added. The mixture was extracted with
EtOAc. The organic layer was separated, washed with
brine, dried over MgSO , filtered and the solvent was
evaporated. The residue (3.3 g) was purified by column
chromatography over silica gel (eluent:
CH2CI2/CH3OH/NH4OH 96/4/0.1; 15-40 mm). Two fractions
were collected and the solvent was evaporated. Yield:
0.45 g of compound 20 (dia A, 16 %, fraction 1) and
0.7 g of compound 21 (dia B, 25 %, fraction 2). To
obtain the corresponding enantiomers, diastereoisomer
B was purified by chiral chromatography (Super
Critical Fluid chromatography) over silica gel
(chiralpack AD-H, CO ZMeOH: 65/35). Two fractions were
collected and the solvent was evaporated. The residue
of fraction 1 was crystallized from DIPE. The
precipitate was filtered off and dried. Yield: 0.13 g
of compound 22 (5 %, enantiomer Bl, m.p.: 171 0C). The
residue of fraction 2 was crystallized from DIPE. The
precipitate was filtered off and dried. Yield: 0.08 g
of compound 23 (3 %, enantiomer B2, m.p.: 156 0C).b.
Preparation of compound 18 and 19 Compound 18 (dia A)
Compound 19 (dia B) A mixture of compound 20 (0.0006
mol), ammonium formate (0.0031 mol) and Pd/C 10 %
(0.45 g) in CH3OH (10 ml) was stirred and refluxed for
2 hours, then cooled to room temperature and filtered
over Celite. The Celite was washed with CH Cl . H2O
was added. The organic layer was washed with H2O and
with saturated aqueous NaCl solution, dried (MgSO ),
filtered and the solvent was evaporated. The residue
(0.16 g) was purified by column chromatography over
Kromasil (eluent: CH2C 12/CH3OH/NH4OH 90/10/1 to
78/22/2.2; 5 mm). The pure fractions were collected
and the solvent was evaporated. Yield: 0.085 g of
compound 18 (25 %, dia A). Compound 19 was prepared
according to the procedure of compound 18 (B5.b), but 



starting from intermediate 21. Yield: 53 %(dia B) c .
Preparation of compound 24 and 25 Compound 24 (dia A)
Compound 25 (dia B) L/-(l-Methylethyl)-2-propanamine
lithium salt (1.26 ml of a 2.0 M solution in
THF/heptane; 0.0025 mol) was dissolved in THF (8 ml;
dry) and cooled to -70 0C.
6-Bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/011436)
(0.636 g, 0.0019 mol) was added dropwise as a solution
in THF (6 ml; dry) and the mixture was stirred for 2
hours at -70 0C. Then intermediate 24 (0.8 g, 0.0019
mol) was added dropwise as a solution in THF (6 ml)
and the reaction mixture was stirred for 3 hours at
-70 0C. Then H2O was added (quenching) at -70
0C,followed by EtOAc. The layers were separated and
the organic layer was washed with brine (2x10 ml),
dried (MgSO ), filtered and the solvent was
evaporated. The residue was purified by flash
chromatography (eluent: CH2CI2/CH3OH from 50/1 to 40/1
to 30/1 to 20/1 to 10/1). The desired fractions were
collected and the solvent was evaporated. The residue
was dried (vacuum, room temperature). Yield: 0.244 g
of a pale green product (17 %). The product was
crystallized from diethyl ether and dried (vacuum,
room temperature). Yield: 0.142 g of the mixture of
diastereoisomers (10 %). This product was separated by
column chromatography (normal phase, Kromasil Si 10
mm, eluent CH2Cl2/MeOH/NH 4OH : 95/5/0.5). Fractions
were crystallized from DIPE. Yield : 0.030g of
Compound 24 (dia A, foam, 2.1%) and 0.055g of compound
25 (dia B, mp=137C, 3.9%). d. Preparation of compound
26 and 27 Compound 26 (dia A) Compound 27 (dia B)
Lithium diisopropylamine (0.74 ml of a 2.0 M solution
in THF/heptane; 0.00149 mol) was dissolved in THF
(4.97 ml; dry) and cooled with an ice-bath at -70 0C.
6-Bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/0 11436)
(0.41 g, 0.00124 mol) was added dropwise as a solution
in THF (3.72 ml; dry) and the mixture was stirred for
2 hours at -70 0C. Then intermediate 25 (0.50 g,
0.00124 mol) was added dropwise as a solution in THF
(3.72 ml; dry) and the reaction mixture was stirred
for 3 hours at -70 0C. Then H2O was added (quenching)
at -70 0C, followed by EtOAc. The layers were
separated and the organic layer was washed with brine,
dried (MgSO ), filtered and the solvent was evaporated
to give a yellow oil. The residue was purified by
flash chromatography (eluent: /7-hexane/EtOAc). The
desired fractions were collected and the solvent was
evaporated. Yield: 0.081 g of compound 26 (dia A) and
0.040 g of compound 27 (dia B).e . Preparation of
compound 28 and 29 Compound 28 (dia A) Compound 29
(dia B) BuLi (0.0024 mol, 1.53 ml of a 1.6 M solution
in hexane) was added dropwise at -20 0C to a solution
of diisopropylamine (0.0024 mol) in THF (5 ml) under N
flow. The mixture was stirred at -20 0C for 20
minutes, then cooled to -70 0C. A solution of
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436)
(0.002 mol) in THF (7 ml) was added. The mixture was
stirred at -70 0C for 1 hour. A solution of
intermediate 26 (0.0022 mol) in THF (9 ml) was added
at -70 0C. The mixture was stirred at -70 0C for 1
hour. H O was added. The mixture was extracted with
EtOAc. The organic layer was washed with saturated
aqueous NaCl solution, dried (MgSO ), filtered and the
solvent was evaporated. The residue was purified by
column chromatography over Kromasil (eluent:
CH2CI2/CH3OH/NH4OH 92/8/0.5; 15-40 mm). Two fractions
were collected and the solvent was evaporated. Yield:
0.25 g of compound 28 (17 %; dia A) and 0.27 g of
compound 29 (19 %; dia B) (m.p.: 177 0C). f.
Preparation of compound 52 and 53 Compound 52 (50/50
dia A/B mixture) Compound 53 (dia B) Lithium
diisopropylamine (1.9 ml of a 2.0 M solution in
THF/heptanes; 0.0028mol) was slowly added to a
solution of
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436)
(0.94 g, 0.0028 mol) in THF (8 ml; dry) at -78 0C
under Ar atmosphere. The mixture was stirred for 2
hours at-78 0C. Then intermediate 44 (1.04 g, 0.0028
mol) was added dropwise as a solution in THF (8 ml;
dry) and the reaction mixture was stirred for 3 hours
at -70 0C. Then H2O was added (quenching) at -70 0C,
followed by EtOAc. The layers were separated and the
organic layer was washed with brine and dried (MgSO ),
filtered and the solvent was evaporated. The residue
was purified by flash chromatography over silica gel
(CH2Cl2/Me0H from 50/1 to 10/1). The desired fractions
were collected and the solvent was evaporated and
crystallized from DIPE. Yield: 0,24 g of a mixture of
dia A and dia B. This mixture was further purified by
column chromatography over Kromasil (CH2Cl2/MeOH/NH
4OH 96/4/0.4).The desired fractions were collected and
the solvent was evaporated. Yield : 0.076 g of
compound 52 (50/50 dia A/B mixture; 3.8 %) and
0.0.023g of compound 53 (dia B; 1.2 %). Example B6 a.
Preparation of compound 30 Compound 30 (dia A)
Compound 30b (dia B) nBuLi (0.0019 mol, 1.2 ml of a
1.6 M solution in hexane) was added dropwise at -20 0C
to a solution of diisopropylamine (0.0019 mol) in THF
(4 ml) under N2 flow. The mixture was stirred at -20
0C for 20 minutes, then cooled to -70 0C. A solution
of 6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/0 11436)
(0.0016 mol) in THF (5 ml) was added. The mixture was
stirred at -70 0C for 1 hour. A solution of
intermediate 32 (0.0017 mol) in THF (8 ml) was added.
The mixture was stirred at -70 0C for 2 hours. H2O was
added at -20 0C. The mixture was extracted with EtOAc.
The organic layer was washed with saturated aqueous
NaCl solution, dried (MgSO ), filtered and the solvent
was evaporated. The residue was purified by column
chromatography over silica gel (eluent: CH2C
12/CH3OH/NH4OH 94/6/0.2 15-40 mm). Two fractions were
collected and the solvent was evaporated. Yield
fraction 1: 0.14 g of compound 30 ( 11 %; dia A) and
0.2 g of the crude compound 30b. This crude compound
30b was crystallized from DIPE.The precipitate was
filtered off and dried. Yield: 0.12 g of compound 30b
(10 %; m.p. 150 0C). b. Preparation of compound 3 1
and 32 Compound 31 (dia A) Compound 32 (dia B)
Compounds 31 and compound 32 were prepared according
to the procedure for compound 30 (B6.a), but starting
from intermediate 31. The work-up procedure yielded
fraction 1: Compound 31 (12 %). The second fraction
was crystallized from DIPE. The precipitate was
filtered off and dried. Yield: Compound 32 (9 %; dia
B; m.p.: 150 0C). Example B7 a. Preparation of
compound 33 Compound 33 (dia B) BuLi (3.8 ml, 0.0061
mol) was added dropwise at -200C to a solution of
diisopropylamine (0.86 ml, 0.0061 mol) in THF (4 ml)
under N flow. The mixture was stirred at -20 0C for 20
minutes and then cooled to -70 0C. A solution of
6-bromo-2- methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436) (
1 g, 0.00305 mol) in THF (5 ml) was added. The mixture
was stirred at -70 0C for 1 hour and then a solution
of intermediate 33 (1.22 g, 0.00396 mol) in THF (5 ml)
was added. The mixture was stirred at -70 0C for 90
minutes. Water was added and the mixture was extracted
with EtOAc. The organic layer wasseparated, washed
with brine, dried (MgSO ), filtered and the solvent
was evaporated. The residue (0.9 g) was purified by
column chromatography over silica gel (eluent:
CH2CI2/CH3OH/NH4OH 93/7/0.1; 15-40 mm, 300 g). The
pure fractions were collected and the solvent was
evaporated. The residue was crystallized from DIPE.
Yield: 0.242g of compound 33 (dia B, 13 %, mp=l 19C).
b. Preparation of compounds 34 and 35 Compound 34 (dia
A) Compound 34a (Al; free base) Compound 34b (Al;
(E)-2-butenedioic salt) Compound 34c (A2; free base)
Compound 34d (A2; (E)-2-butenedioic salt) Compound 35
(dia B) Compound 35a (Bl; free base) Compound 35b (B2;
free base) Compound 35c (B2; (E)-2-butenedioic salt)
BuLi (65.8 ml of a 1.6 M solution in hexanes, 0.105
mol) was added at -20 0C to a solution of
diisopropylamine (14.7 ml, 0.105 mol) in THF (8 ml)
under N flow. The mixture was stirred at -20 0C for 30
minutes. A solution of 6-bromo-2-methoxy-3-
(phenylmethyl)-quinoline [654655-69-3] (intermediate
compound 3 of WO 2004/01 1436) (14 g, 0.042 mol) in
THF (10 ml) was added dropwise at -70 0C. The mixture
was stirred at -70 0C for 1 hour. A solution of
intermediate 34 (17.9 g, 0.0553 mol) in THF (10 ml)
was added at -70 0C. The mixture was stirred at -70 0C
for 1 hour, poured out into H O and extracted with
EtOAc. The organic layer was washed with saturated
aqueous NaCl solution, dried (MgSO ), filtered and the
solvent was evaporated. The residue (40 g) was
purified by column chromatography over silica gel
(CH2CI2/CH3OH/NH4OH 94/5/1; 15-40 mm ) . The desired
fractions were collected and the solvent was
evaporated. Yield: 5 g of compound 34 (dia A; 17 %),
6.8 g of compound 35 (dia B; 36 %). Compound 34 was
purified by SFC (Chiralpak AD-H
:CO2/EtOH/isopropylamine from 70/30/0.3 to 50/50/0.3).
Two fractions were collected and the solvent was
evaporated. Yielding: 1.45 g of compound 34a (fraction
1; free base; Al enantiomer) and 1.5 g of compound 34c
(fraction 2; free base; A2 enantiomer). Compound 34a
was diluted with 2-propanone and converted into the
(E)- 2-butenedioic acid salt by addition of 1 eq of
fumaric acid in EtOH/2-propanone. Theprecipitate was
filtered off and dried. Yield: 0.802 g of compound 34b
(fumaric acid salt of Al enantiomer). Compound 34c was
diluted with 2-propanone and converted into the
(E)-2-butenedioic acid salt by addition of 1 eq of
fumaric acid in EtOH/2- propanone. The precipitate was
filtered off and dried. Yield: 0.822 g of compound 34d
(fumaric acid salt of A2 enantiomer). Compound 35 was
also purified by SFC (Chiralpak AD-H
:CO2/CH3OH/2-propanol/isopropylamine 70/15/15/0.3).
Two fractions were collected and the solvent was
evaporated. Yield: 1 g of compound 35a (free base; Bl
enantiomer) and 1.3 g of compound 35b (free base; B2
enantiomer). Compound 35b was diluted in
2-propanone/ethanol and converted into the (E)-2-
butenedioic acid salt by addition of 1 eq of fumaric
acid in EtOH. The precipitate was filtered off and
dried. Yielding: Compound 35c (fumaric acid salt of B2
enantiomer). c . Preparation of compound 45 and 50
Compound 50 (dia A) Compound 45 (dia B) A mixture of
compound 35 and compound 34 (0.375 g; 0.0005 mol) in
HCl (10 ml; 3 N solution) and dioxane (10 ml) was
stirred for 2 hours at 600C. Then the mixture was
basified with K CO (10 %) and extracted with CH2Cl2.
The organic layer was washed with H2O, dried (MgSO ),
filtered and the solvent was evaporated. The residue
was purified by column chromatography over Kromasil
(CH2C 12/CH3OH/NH4OH 90/10/1; 10 mm). The desired
fractions were collected and the solvent was
evaporated. 0.074 g of the residue of the first
fraction was crystallized from DIPE. The precipitate
was filtered off and dried. Yield: 0.043 g of compound
50 (dia A; m.p.: 210 0C; 20 % yield). Fractions for
the diastereoisomer B were collected and the solvent
was evaporated. Yield: 0.035 g of compound 45 (dia B,
10 %).Example B8 a. Preparation of compounds 36 and 37
Compound 36 (dia A) Compound 37 (dia B) Lithium
diisopropylamine (2.0 M solution in THF/heptane) (0.78
ml, 0.00156 mol) was dissolved in THF (5.22 ml; dry)
and the solution was cooled down to -70 0C.
Intermediate 43
(6-bromo-3-[(4-chlorophenyl)methyl]-2-methoxyquinoline
) (0.47 g, 0.00130 mol) was added dropwise as a
solution in THF (3.91 ml; dry) and the mixture was
stirred for 2 hours at -70 0C. Then intermediate 35
(0.52 g, 0.00130 mol) was added dropwise as a solution
in THF (3.91 ml; dry) and the reaction mixture was
stirred for 3 hours at -70 0C. Then water was added to
the mixture at -70 0C (quenching), followed by the
addition of EtOAc. The layers were separated and the
organic layer was washed with brine, dried (MgSO ,
anhydrous), filtered and the solvent was evaporated.
The residue was purified by flash chromatography
(eluent: DCM/MeOH 50/1). The desired fractions were
collected and the solvent was evaporated, yielding
0.638 g of the mixture of dia A and dia B. This
residue was further purified by supercritical fluid
chromatography (SFC) (diphenyl varian; 2O x 150 mm)
(eluent gradient: CO2/(methanol with 0.5 %
isopropylamine) 80/20). Finally, 0.097 g of compound
36 (dia A) and 0.065 g of compound 37 (dia B) was
obtained. b. Preparation of compounds 48 and 49
Compound 48 (dia A) Compound 49 (dia B)Lithium
diisopropylamine (2.0 M solution in THF/heptane) (0.41
ml, 0.00082 mol) was dissolved in THF (2.75 ml; dry)
and the solution was cooled down to -70 0C. Then 6-
bromo-2-methoxy-3-(phenylmethyl)-quinoline
[654655-69-3] (intermediate compound 3 of WO 2004/01
1436) (0.22 g, 0.00069 mol) was added dropwise as a
solution in THF (2.07 ml; dry) and the reaction
mixture was stirred for 2 hours at -70 0C.
Intermediate 36 (0.24 g, 0.00069 mol) was added
dropwise as a solution in THF (2.07 ml) and the
mixture was stirred for 3 hours at -70 0C. Then water
was added to the mixture at -70 0C (quenching),
followed by the addition of EtOAc. The layers were
separated and the organic layer was washed with brine,
dried (MgSO , anhydrous), filtered and the solvent was
evaporated, yielding 0.243 g of the mixture of dia A
and dia B. This residue was further purified by column
chromatography over Kromasil Si l Omm (eluent:
CH2Cl2/MeOH/NH4OH 95/5/0.5). The desired fractions
were collected and the solvent was evaporated. Yield:
0.042 g of compound 48 (dia A) and 0.055 g of compound
49 (dia B). Example B9 a. Preparation of compounds 38,
39 and 40 Compound 38 (dia A; endo) Compound 39 (Bl;
endo) Compound 40 (B2; endo) Lithium diisopropylamine
(1.24 ml of a 2.0 M solution in THF/heptanes; 0.00249
mol) was slowly added to a solution of
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01
1436)(0.817 g, 0.00249 mol) in THF (13 ml; dry) at
-78C under Ar atmosphere. The mixture was stirred for
0.5 hours at -78 0C. Then intermediate 38 (0.4 g,
0.00124 mol) was added dropwise as a solution in THF
(5ml; dry) and the reaction mixture was stirred for
0.5 hours at -70 0C. Then H2O was added (quenching) at
-70 0C, followed by CH2Cl2. The layers were separated
and the organic layer was dried (MgSO ), filtered and
the solvent was evaporated. The residue was purified
by flash chromatography over silica gel (from
petroleum ether/hexane/EtOAc 3.5/0.5/1 to petroleum
ether/hexane/EtOAc/EtsN 3.5/0.5/1/0.04). Different
product fractions were collected and the solvent
wasevaporated. The 1st fraction (0.056 g) was
crystallized from petroleum ether to give 0.055 g of
compound 38 (dia A, endo; 6.9 %). The 2nd fraction
(0.080 g) was crystallized from Et2O to give 0.021 g
of compound 39 (Bl, endo, 2.5 %). The 3rd fraction
(0.120 g) was crystallized from Et O to give 0.028 g
of compound 40 (B2, endo, 3.4 %). Example BlO a.
Preparation of compounds 4 1 and 42 Compound 4 1 (dia
B) Compound 42 (dia A) A mixture of intermediate 39
(0.204 g; 0.00035 mol) and azetidine (0.12 ml; 0.0013
mol) was heated at 50 0C for 20 minutes. The crude
product was purified by column chromatography over
silica gel (Et2O/petroleum ether/EtsN 4/2/0.1) and was
then further purified by column chromatography over
Kromasil (CH2Cl2/MeOH/NH 4q H 95/5/0.5). The desired
fractions were collected and the solvent was
evaporated. Yield: 35 mg of compound 42 (dia A; 18%)
and 25 mg of compound 41 (dia B; 13%). b. Preparation
of compounds 65 and 66 Compound 65 (dia A) Compound 66
(dia B) A mixture of intermediate 39 (0.092 g, 0.000
16 mol) and ,7V-dimetyl-1,2- ethanediamine (0.3 ml,
0.00275 mol) was heated at 65 0C for 20 minutes. The
crude product was dissolved in CH2Cl2, washed with H2O
and was then purified by column chromatography over
silica gel (petroleum ether/EtOAc 4.5/0.5).
Subsequently, theproduct was further purified by
column chromatography over Kromasil (CH2Cl2/MeOH/NH
4OH 95/5/0.5). The desired fractions were collected
and the solvent was evaporated. Yield: 2 1 mg of
compound 65 (dia A; 22 %) and 20 mg of compound 66
(dia B; 22 %). c . Preparation of compound 60 Compound
60 (mixture of diastereoisomers; endo) A mixture of
intermediate 39 (0.15 g, 0.00026 mol),
2-norbornanamine, hydrochloride (0.083 g, 0.00053 mol)
and potassium carbonate (0.16 g, 0.001 18 mol) in
CH3CN was refluxed for 4.5 hours. The reaction mixture
was cooled to room temperature and the solid phase was
filtered off and washed with CH2Cl2. The organic
solution was evaporated till dryness. The crude
product was purified by chromatography over silica gel
(from petroleum ether/EtOAc 4.5/0.5 to petroleum
ether/EtO AcZEt N 4.5/0.5/0.025). The desired
fractions were collected and the solvent was
evaporated. Yield: 22 mg of compound 60 (mixture of
diastereoisomers; endo). Example BI l a. Preparation
of compound 47 Compound 47 (dia B) Compound 47a (dia
A) BuLi (4.2 ml of a 1.6 M solution in hexanes; 0.0067
mol) was added at -200C to a solution of
diisopropylamine (0.94 ml, 0.0067 mol) in THF (6 ml)
under N2 flow. The mixture was stirred at -200C for 30
minutes. A solution of 6-bromo-2-methoxy-3-
(phenylmethyl)-quinoline (intermediate compound 3 (Ex.
A3) of WO2004/0 11436) (1.1 g, 0.0033 mol) in THF (7
ml) was added dropwise at -70 0C. The mixture
wasstirred at -70 0C for 1 hour. A solution of
intermediate 40 (0.0043 mol) in THF (7 ml) was added
at -70 0C. The mixture was stirred at -70 0C for 1
hour, poured out into H O and extracted with EtOAc.
The organic layer was washed with saturated aqueous
NaCl solution, dried (MgSO ), filtered and the solvent
was evaporated. The residue was purified by column
chromatograpy over Kromasil (eluent:
CH2CI2/CH3OH/NH4OH 98/2/0.1 to 95/5/0.1; l Omm) and
then over Sunfire C-18 (5 mm; 19x150 mm; with a flow
rate of 20 ml/min. Two mobile phases (mobile phase A:
100 % methanol; mobile phase B: 100 % 63mM ammonium
hydrogen carbonate pH=8 (in ultra pure water). Two
fractions were collected and the solvent was
evaporated. Yielding: 0.022 g of compound 47a
(fraction 1; dia A) and 0.18 g of compound 47
(fraction 2; dia B). Example B12 a . Preparation of
compound 58 Compound 58 (mixture of diastereoisomers)
Lithium diisopropylamine (1.3 ml of a 2.0 M solution
in THF/heptanes; 0.0026mol) was slowly added to a
solution of
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436)
(0.67 g, 0.0020 mol) in THF (6 ml; dry) at -78C under
Ar atmosphere. The mixture was stirred for 2 hours at
-78 0C. Then intermediate 46 (0.63 g, 0.0020 mol) was
added dropwise as a solution in THF (6 ml; dry) and
the reaction mixture was stirred for 3 hours at -70
0C. Then H O was added (quenching) at -70 0C, followed
by EtOAc. The layers were separated and the organic
layer was wahed with brine and dried (MgSO ), filtered
and the solvent was evaporated. The residue was
purified by flash chromatography over silica gel
(CH2Cl2ZMeOH from 50/1 to 4/1). The desired fractions
were collected and the solvent was evaporated and
crystallized in DIPE. Yield: 0.26 g of compound 58 (a
mixture of dia A and dia B, pale yellow solid).b.
Preparation of compounds 6 1 and 62 Compound 6 1 (dia
A) Compound 62 (dia B) A mixture of compound 58 (1.61
g, 0.0025 mol), 2-chloro- ,L/-dimethyl-ethanamine
hydrochloride (0.474 g, 0.0033 mol), Et3N (1.05 ml,
0.0076 mol), KI (0.42 g, 0.0025 mol) and
L,L,LMributyl-l-butanaminium chloride (0.161 g) in CH
CN (10 ml) was heated for 20 hours at 80 0C. Then the
mixture was cooled to room temperature and the solvent
was evaporated. The product was purified by flash
column chromatography (eluent: CH2Cl2ZCH3OH from 20/1
till 4/1). Then the product was further purified over
Kromasil (eluent: CH2C 12/CH3OH/NH4OH 90/10/1) Two
fractions were collected and the solvent was
evaporated. Yield: 32 mg of compound 61 (dia A; 1.8 %)
and 33 mg of compound 62 (dia B; 1.8 %). c .
Preparation of compounds 56 and 57 Compound 56 (dia A)
Compound 57 (dia B) Compound 58 (0.6 g, 0.0009 mol)
and paraformaldehyde (0.057 g, 0.0019 mol) were
dissolved in MeOH (10 ml). Then NaBH3CN (0.09 g,
0.0014 mol) was added slowly portionwise. When the
addition was completed, the reaction was stirred at
room temperature for 48 hours. The solvent was
evaporated and the product was purified by flash
chromatography (CH2C 12/CH3OH from 50/1 to 4/1) and
then over Kromasil (CH2C 12/CH3OH/NH4OH 90/10/1). Two
fractions were collected and the solvent
wasevaporated. Yield: 60 mg of compound 56 (dia A, 9.8
%) and 53 mg of compound 57 (dia B, 8.6 %). d.
Preparation of compounds 63 and 64 Compound 63 (dia A)



Compound 64 (dia B) Compound 58 (1.13 g, 0.0018 mol)
and l-methyl-4-piperidinone (0.41 ml, 0.0035 mol) were
dissolved in MeOH (18 ml). Then NaBH3CN (0.17 g,
0.0027 mol) was added slowly portionwise. When the
addition was completed, the reaction was stirred
overnight at room temperature. The solvent was
evaporated and the product was purified by flash
chromatography (CH2CI2/CH3OH from 20/1 to 4/1) and
then over reversed phase (Xbridge(tm) Cl 8 column from
Waters (5 mm; 19 x 150 mm) with a flow rate of 20
ml/min. Two mobile phases (mobile phase A: 100 %
acetonitrile; mobile phase B: 100 % 63mM ammonium
hydrogen carbonate pH=10.2 (in ultra pure water) were
employed to run a gradient condition from 95 % A, 5 %
B to 100 % A in 14 minutes, and reequilibrated with
initial conditions for 6 minutes. Two fractions were
collected and the solvent was evaporated. Yield: 34 mg
of compound 63 (dia A; 2.6 %) and 97 mg of compound 64
(dia B; 7.4 %). Example B13 a. Preparation of compound
51 Compound 51 (dia B)Lithium diisopropylamine (0.91
ml of a 2.0 M solution in THF/heptanes; 0.0018mol) was
slowly added to a solution of
6-bromo-2-methoxy-3-(phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/01 1436)
(0.5 g, 0.0015 mol) in THF (4.5 ml; dry) at -78C under
Ar atmosphere. The mixture was stirred for 2 hours at
-78 0C. Then intermediate 47 (0.40 g, 0.0015 mol) was
added dropwise as a solution in THF (4.5 ml; dry) and
the reaction mixture was stirred for 3 hours at -70
0C. Then H O was added (quenching) at -70 0C, followed
by EtOAc. The layers were separated and the organic
layer was washed with brine and dried (MgSO ),
filtered and the solvent was evaporated. The residue
was first purified by flash chromatography over silica
gel (CH2Cl2/Me0H: 50/1) and then over Kromasil (CH2C
12/CH3OH/NH4OH 90/10/1). The desired fractions were
collected and the solvent was evaporated. Yield of the
desired fraction: 23 mg of compound 51 (2.5 %; dia B).
Example B14 Preparation of compounds 54 and 55
Compound 54 (dia A) Compound 55 (dia B) BuLi (6.4 ml
of a 1.6 M solution in hexanes; 0.01 mol) was added at
-200C to a solution of diisopropylamine (1.4 ml; 0.01
mol) in THF (10 ml) under N2 flow. The mixture was
stirred at -20 0C for 30 minutes. A solution of
6-bromo-2-methoxy-3- (phenylmethyl)-quinoline
(intermediate compound 3 (Ex. A3) of WO2004/0 11436)
(1.3 g, 0.0041 mol) in THF (10 ml) was added dropwise
at -70 0C. The mixture was stirred at -70 0C for 1
hour. A solution of intermediate 50 ( 1.8 g, 0.0054
mol) in THF (10 ml) was added at -70 0C. The mixture
was stirred at -70 0C for 1 hour, poured out into H2O
and extracted with EtOAc. The organic layer was washed
with brine, dried (MgSO ), filtered and the solvent
was evaporated. The residue was purified by column
chromatography over silica gel (CH2Cl2/CH3q H 94/6;
15-40mm). Then, purification was carried out on a
Sunfire(tm) Cl 8 column from Waters (5 mml9 x 150 mm)
with a flow rate of 20 ml/min. Two mobile phases
(mobile phase A: 100 % acetonitrile; mobile phase B:
100 % 63mM ammonium hydrogen carbonate pH=8 (in ultra
purewater) were employed to run a gradient condition
from 90 % A, 10 % B to 100 % A in 14 minutes, and
reequilibrated with initial conditions for 6 minutes.
Two fractions were collected and the solvent was
evaporated till dryness. Then 0.47 g of residue from
fraction 1 was crystallized from 2-propanone. The
precipitate was filtered off and dried to yield 0.34 g
of compound 54 (dia A; 13 %). Also the residue from
fraction 2 (0.41 g) was crystallized from DIPE. The
precipitate was filtered off and dried. Yield: 0.199 g
of compound 55 (dia B; 7 %). Example B15 Preparation
of compounds 46 and 59 Compound 46 (dia B) Compound 59
(mixture of diastereoisomers) At 0 0C,
S-chloro-benzenecarboperoxoic acid (0.54 g, 3.11 mmol)
was added to intermediate 52 (0.5 g, 0.78 mmol) in
CH2Cl2 (q.s.). The mixture was stirred at 0 0C for 30
minutes and then overnight at room temperature. The
mixture was diluted with H2O (q.s.). The separated
organic layer was dried over MgSO , filtered and the
solvent was evaporated. The crude product was purified
by chromatography over silica gel (15- 40 mm, 30 g;
eluent: CH2Cl2/MeOH/NH 4OH from 95/5/0.5 to 93/7/0.7
to 88/12/1). Two fractions were collected and the
solvent was evaporated. Yield: 340 mg of a first
fraction (m.p.: 170 0C, dia B; the N-Oxide of the
target compound) and 77 mg of a second fraction which
was crystallized from Et2O to give 5 1 mg of compound
46 (10 %; m.p.: 172 0C; dia B). Compound 59 was
prepared according to the following procedure: A
mixture of intermediate 48 (2.1mmol) and
thiomorpholine-l,l-dioxyde (10.5mmol) was warmed at
85C-90C for lhour followed by work-up. The crude
product was purified by flash chromatography over
silica gel (15-40mm) from petroleum ether/ Et2O 4/1 to
petroleum ether/Et 2O/Et3N 1.3/3.7/0.05. After
evaporation compound 59 was obtained Yield: O.lOlg
(77%).Example B16 Preparation of compounds 43 and 44
Compound 44 (dia A; (E)-2-butenedioic acid salt)
Compound 43 (dia B) nBuLi (0.0060 mol; 3.8 ml of a 1.6
M solution in hexane) was added at -20 0C to a
solution of diisopropylamine (0.15 ml, 0.0060 mol) in
THF (8 ml; anhydrous) under N flow. The mixture was
stirred for 30 minutes at -200C. Then a solution of
6-bromo-2- methoxy-3-(phenylmethyl)-quinoline
[654655-69-3] (intermediate compound 3 of WO 2004/01
1436) ( 1 g, 0.0030 mol) in THF (10 ml, anhydrous) was
added at -70 0C. The mixture was stirred at -70 0C for
1 hour. Then a solution of intermediate 53 (1.21 g,
0.0040 mol) in THF (12 ml, anhydrous) was added at -70
0C. The mixture was stirred for 1 hour at -70 0C,
poured out into H O and was extracted with EtOAc. The
organic layer was washed with a saturated aqueous NaCl
solution, dried (MgSO ), filtered and the solvent was
evaporated. The residue was purified by column
chromatography over Kromasil (eluent:
CH2CI2/CH3OH/NH4OH from 98/2/0.1 to 95/5/0.1; 10 mm).
Crude compound 44 (0.088 g) was eluted first from the
column, and crude compound 43 (0.177 g) was eluted
second from the column. The crude compound 43 was
crystallized from DIPE. The precipitate was filtered
off and dried. Yielding: 0.107 g of compound 43 (m.p.:
167 0C, dia B). The crude compound 44 was dissolved in
2-propanone and was converted into the
(E)-2-butenedioic acid salt (in EtOH/2-propanone and
addition of fumaric acid). The precipitate was
filtered off and dried. This fraction was washed with
2-propanone. The filtrate was evaporated. Yield: 0.036
g of compound 44 (m.p.: 155 0C, dia A;
(E)-2-butenedioic acid salt). Tables Ia, Ib, Ic and Id
list compounds of formula (Ia) according to the
present invention prepared according to one of the
above Example No. (Ex.No.). For a number of compounds,
melting points were obtained with a Kofler hot bench,
consisting of a heated plate with linear temperature
gradient, a sliding pointer and a temperature scale in
degrees Celsius.Table Ia :HETEROCYCLYC SULFONAMIDES
HAVING EDG-I ANTAGONISTIC ACTIVITY Edg (endothelial
differentiation gene) receptors belong to a family of
closely related, lipid activated G-protein coupled
receptors. Edg-1, Edg-3, Edg-5, Edg-6, and Edg-8 (also
known as SIPl , S1P3 , S1P2, S 1P4, and S1P5) are
identified as receptors specific for sphingosine-1
-phosphate (SIP). Edg-2, Edg-4, and Edg-7 (known also
as LPAl, LPA2, and LPA3, respectively) are receptors
specific for lysophosphatidic (LPA). Among the SIP
receptor isotypes, Edg-1, Edg-3 and Edg-5 are widely
expressed in various tissues, whereas the expression
of Edg-6 is confined largely to lymphoid tissues and
platelets, and that of Edg- 8 to the central nervous
system. Edg receptors are responsible for signal
transduction and are thought to play an important role
in cell processes involving cell development,
proliferation, maintenance, migration,
differentiation, plasticity and apoptosis. Certain Edg
receptors are associated with diseases mediated by the
de novo or deregulated formation of vessels-for
example, for diseases caused by ocular
neovascularisation, especially retinopathies (diabetic
retinopathy, age-related macular degeneration);
psoriasis; and haemangioblastomas such as
"strawberrymarks". Edg receptors are also associated
with various inflammatory diseases, such as arthritis,
especially rheumatoid arthritis, arterial
atherosclerosis and atherosclerosis occurring after
transplants, endometriosis or chronic asthma; and,
especially, tumor diseases or by lymphocyte
interactions, for example, in transplantation
rejection, autoimmune diseases, inflammatory diseases,
infectious diseases and cancer. An alteration in Edg
receptor activity contributes to the pathology and/or
symptomology of these diseases. Accordingly, molecules
that themselves alter the activity of Edg receptors
are useful as therapeutic agents in the treatment of
such diseases. Accordingly, the present invention
provides a compound of formula (I): Ring A is
carbocyclyl or heterocyclyl; wherein if said
heterocyclyl contains an -NHmoiety that nitrogen may
be optionally substituted by a group selected from R6;
R1 is independently selected from halo, nitro, cyano,
hydroxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, Ci-6alkyl, C2-6alkenyl, C2-6alkynyl, C
1-6alkoxy, hydrazinyl, ureido, N, N-di(C
1-3alkyl)ureido, C .6alkanoyl, C 1-6alkanoyloxy,
-(Ci-6alkyl)amino, L N-(Ci -6alkyl) 2amino,
Ci-6alkanoylamino, N-(C 1-6alkyl)carbamoyl, L
N-(Ci-6alkyl) 2carbamoyl, C1-6alkylS(O) a wherein a is
0 to 2, C1-6alkoxycarbonyl, LKQ-ealkyOsulphamoyl, L
N-(C 1-6alkyl) 2sulphamoyl, Q-ealkylsurphonylamino,
carbocyclyl, heterocyclyl; wherein R1 may be
optionally substituted on carbon by one or more R7 ;
and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R ; n is 0-5; wherein the values
of R1 may be the same or different; R2 is selected
from C^aUcyl, C2-6alkenyl or C2-6alkynyl, carbocyclyl,
and heterocyclyl; wherein R2 may be optionally
substituted on carbon by one or more R9; wherein if
said heterocyclyl contains an NH moiety that nitrogen
may be optionally substituted by a group selected from
R 19 ; R3 is selected from hydrogen, C!-6alkyl,
C2-6alkenyl or C2-6alkynyl, carbocyclyl, heterocyclyl;
wherein R3 may be optionally substituted on carbon by
one or more R11 ; wherein if said heterocyclyl
contains an NH moiety that nitrogen may be optionally
substituted by a group selected from R20; or,
alternatively, R and R may, together with the carbon
to which they are attached, form a C3-6carbocyclic
ring; R4 is selected from Q^alkyl or carbocyclyl;
wherein R4 may be optionally substituted on carbon by
one or more R10 ; Ring D is fused to the imidazole of
formula (I) and is a 5-7 membered ring; wherein if
said ring contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from R14 ;
R5 is a substituent on carbon and is independently
selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, C1-6alkyl,
C2-6alkenyl, C2-6alkynyl, C i-6alkoxy, C1-6alkanoyl,
Ci-6alkanoyloxy, iV-(Ci-6alkyl)amino,
LzLKQ.fjalkyrhamino, Ci-6alkanoylamino, -(C
1-6alkyl)carbamoyl, iV, -(Ci -6alkyl) 2carbamoyl,
C1-6alkylS(O) a wherein a is 0 to 2,
C1-6alkoxycarbonyl, heterocyclylcarbonyl, N-(C
1-6alkyl)sulphamoyl, - C alkyl^sulphamoyl,
C1-6alkylsulphonylamino, carbocyclyl or heterocyclyl,
or two R5 may together with the carbon atoms of ring D
to which they are attached form a 5 to 8-membered
carbocyclyl orheterocyclyl ring; wherein R5 may be
optionally substituted on carbon by one or more R15 ;
and wherein if said heterocyclyl or heterocyclyl ring
contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from R 1 ;
m is 0-5; wherein the values of R5 may be the same or
different; R7, R9, R11 and R15 are independently
selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, Q-ealkyl,
C2-6alkenyl, C2-6alkynyl, Ci-6alkoxy, C1-6alkanoyl, C
1-6alkanoyloxy, JV-(Ci-6alkyl)amino, N, -(C
1-6alkyl)2amino, C i-6alkanoylamino, L C -
alkytycarbamoyl, , -(C 1-6alkyl) 2carbarnoyl,
C1-6alkylS(O) a wherein a is 0 to 2, C
1-6alkoxycarbonyl, -(C 1 6alkyl)sul rhamoyl, L
-(Ci_6alkyl) 2sulphamoyl, Ci- alkylsulphonylamino,
carbocyclyl or heterocyclyl; wherein R7, R9, R 11 and
R15 may be independently optionally substituted on
carbon by one or more R 17 ; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from R
18 ; R6, R8, R13, R14, R16, R18, R19 and R20 are
independently selected from Ci. 6alkyl, Ci- alkanoyl,
. alkylsulphonyl, Ci_6alkoxycarbonyl, carbamoyl,
AT-(Ci-6alkyl)carbamoyl, N,N-(C1-6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; R 10 is selected from halo, nitro,
hydroxy, amino, carboxy, mercapto, sulphamoyl,
C1-6alkyl, C2-6alkenyl, C2-6alkynyl, C1-6alkanoyl,
C^alkanoyloxy, iV-(C1-6alkyl)amino, N,N-(C1-6alkyl)
2amino, C^alkanoylamino, -(Ci -6alkyl)carbamoyl,
L,JV-(C1-6alkyl) 2carbamoyl, Ci-6alkylS(O) a wherein a
is 0 to 2, C^alkoxycarbonyl, iV-(C1-6alkyl)sulphamoyl,
N -(C 1-6alkyl) 2Sulrhamoyl, C1-6alkylsulphonylamino,
carbocyclyl or heterocyclyl; wherein R10 may be
optionally substituted on carbon by one or more R12 ;
and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R 13 ; R 12 and R17 are selected
from halo, nitro, cyano, hydroxy, trifluoromethoxy,
trifluoromethyl, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino,
diethylamino, N-methyl- -ethylamino, acetylamino,
iV-methylcarbamoyl, iV-ethylcarbamoyl,
iV,iV-dimethylcarbamoyl, L N-diethylcarbamoyl,
-methyl-iV-ethylcarbamoyl, methylthio, ethylthio,
methylsulphinyl, ethylsulphinyl, mesyl,
ethylsulphonyl, methoxycarbonyl, ethoxycarbonyl,
-methylsulphamoyl, iV-ethylsulphamoyl, ,
-dimethylsulphamoyl, L -diethylsulphamoyl or
N-methyl-iV-ethylsulphamoyl;or a pharmaceutically
acceptable salt thereof; provided the compound is not
4-methyl-N-[(lmethyl-
lH-benzimidazol-2-yl)phenylmethyl]benzenesulfonamide.
In another embodiment the compounds of the invention
are directed to compounds of formula (I) wherein A, D,
R1, R2, R3, R4, R5,m and n are as defined in formula
(I), and pharmaceutically acceptable salts thereof,
provided R4 is not difluoromethyl. In another
embodiment the compounds of the invention are directed
to compounds of formula (Ia) wherein R3 is hydrogen
and A, D, R1, R2, R4, R5,m and n are as defined in
formula (I), and pharmaceutically acceptable salts
thereof. . In another embodiment the compounds of the
invention are directed to compounds of formula (Ia)
wherein R3 is hydrogen and A, D, R1, R2, R4, R5, m and
n are as defined in formula (I), and pharmaceutically
acceptable salts thereof, provided R4 is not
difluoromethyl. In another embodiment the compounds of
the invention are directed to compounds of formula
(Ib) wherein R3 is hydrogen and A, D, R1, R2, R4, R5,m
and n are as defined in formula (I), and
pharmaceutically acceptable salts thereof.In another
embodiment the compounds of the invention are directed
to compounds of formula (Ib) wherein R3 is hydrogen
and A, D, R1, R2, R4, R5, m and n are as defined in
formula (I), and pharmaceutically acceptable salts
thereof, provided R4 is not difluoromethyl. In another
embodiment, the compounds of the instant invention are
directed to compounds of any one of formula (I), (Ia)
and (Ib) wherein Ring A is carbocyclyl or
heterocyclyl; wherein if said heterocyclyl contains an
-NHmoiety that nitrogen may be optionally substituted
by a group selected from R6; R1 is independently
selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, C1-6alkyl,
C2-6alkenyl, C2-6alkynyl, C1-6alkoxy, Ci-6alkanoyl,
C1-6alkanoyloxy, iV-(C1-6alkyl)amino, L
-(Ci.6alkyl)2amino, Ci.6alkanoylamino,
N~(Ci-6alkyl)carbamoyl, iV,N-(C1-6alkyl)2carbamoyl,
Ci-6alkylS(O) a wherein a is 0 to 2, Ci-
alkoxycarbonyl, -(C1-6alkyl)sulphamoyl,
iV-(C1-6alkyl)2Sulphamoyl, C1-6alkylsulphonylammo,
carbocyclyl, heterocyclyl; wherein R1 may be
optionally substituted on carbon by one or more R7;
and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R8; n is 0-5; wherein the values
of R1 may be the same or different; R2 is selected
from Ci-galkyl, C2.6alkenyl or C2-6alkynyl,
carbocyclyl, and heterocyclyl; wherein R2 may be
optionally substituted on carbon by one or more R9;
wherein if said heterocyclyl contains an NH moiety
that nitrogen may be optionally substituted by a group
selected from R19 ; R3 is selected from hydrogen, Cr
6alkyl, C2-6alkenyl or C2-6alkynyl, carbocyclyl,
heterocyclyl; wherein R3 may be optionally substituted
on carbon by one or more R1 1; wherein if said
heterocyclyl contains an NH moiety that nitrogen may
be optionally substituted by a group selected from
R20; R is selected from C1-6alkyl or carbocyclyl;
wherein R4 may be optionally substituted on carbon by
one or more R10 ; Ring D is fused to the imidazole of
formula (I) and is a 5-7 membered ring; wherein if
said ring contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from R14 ;
R5 is a substituent on carbon and is independently
selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, C2-6alkenyl,
C2-6alkynyl, Ci-6alkoxy, C1-6alkanoyl, C^alkanoyloxy,
(C alky^amino,N,N-(C i-6alkyl)2amino, Ci
6alkanoylamino, N-(Ci-6alkyl)carbamoyl,
,Nr(Ci-6alkyl)2carbamoyl, Ci-6alkylS(O)a wherein a is
0 to 2, Ci-6alkoxycarbonyl, heterocyclylcarbonyl,
N-(C1-6alkyl)sulphamoyl, N-(Ci-6alkyl)2sulphamoyl,
Ci-6alkylsulphonylamino, carbocyclyl or heterocyclyl,
or two R5 may together with the carbon atoms of ring D
to which they are attached form a 5 to 8-membered
carbocyclyl or heterocyclyl ring; wherein R5 may be
optionally substituted on carbon by one or more R15 ;
and wherein if said heterocyclyl or heterocyclyl ring
contains an -NH- moiety that nitrogen may be
optionally substituted by a group selected from R16 ;
m is 0-5; wherein the values of R5 may be the same or
different; R7, R9, R11 and R15 are independently
selected from halo, nitro, cyano, hydroxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, C1-6alkyl,
C2-6alkenyl, C2-6alkynyl, C1-6alkoxy, Ci-6alkanoyl,
Ci_6alkanoyloxy, -(Ci-6alkyl)amino,
N,N-(Ci-6alkyl)2amino, C1-6alkanoylamino, N - alky
carbamoyl, N N-(C 1.6alkyl)2carbamoyl, Ci_6alkylS(O)a
wherein a is 0 to 2, C1-6alkoxycarbonyl,
N-^d-ealkyOsulphamoyl, N,N-(Ci -6alkyl)2sulphamoyl,
Ci-6alkylsulphonylamino, carbocyclyl or heterocyclyl;
wherein R7, R9, R1 1 and R15 may be independently
optionally substituted on carbon by one or more R17 ;
and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R ; R6, R8, R13 , R14 , R16, R18
, R19 and R20 are independently selected from
C1-6alkyl, Ci-6alkanoyl, C^alkylsurphonyl,
C1-6alkoxycarbonyl, carbamoyl, N-(Ci-6alkyl)carbamoyl,
,N-(Ci-6alkyl)carbamoyl, benzyl, benzyloxycarbonyl,
benzoyl and phenylsulphonyl; R10 is selected from
halo, nitro, hydroxy, amino, carboxy, mercapto,
sulphamoyl, Ci-6alkyl, C2-6alkenyl, C2-6alkynyl,
C1-6alkanoyl, C1-6alkanoyloxy, N-(C 1-6alkyl)amino, N,
-(C 1-6alkyl)2amino, C1-6alkanoylamino,
N-CCi^alky^carbamoyl, N,N-(C 1-6alkyl)2carbamoyl,
C1-6alkylS(O)a wherein a is 0 to 2,
Ci-6alkoxycarbonyl, -(C1-6aLkyl)sulphamoyl,
N,N-(C1-6alkyl)2sulphamoyl, C1-6alkylsulphonylamino,
carbocyclyl or heterocyclyl; wherein R10 may be
optionally substituted on carbon by one or more R12 ;
and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R13 ; R12 and R17 are selected
from halo, nitro, cyano, hydroxy, trifluoromethoxy,
trifluoromethyl, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino,
diethylamino, -methyl-iV-ethylammo, acetylamino,
iV-methylcarbamoyl,N-ethylcarbamoyl,,
-dimethylcarbamoyl, ,iV-diethylcarbamoyl,
iV-methyl-N-ethylcarbamoyl, methylthio, ethylthio,
methylsulphinyl, ethylsulphinyl, mesyl,
ethylsulphonyl, methoxycarbonyl, ethoxycarbonyl,
JV-methylsulphamoyl,N-ethylsulphamoyl, L
-dimethylsulpharno.yl, N, -diethylsulphamoyl or
-methyl-N-ethylsulphamoyl; or a pharmaceutically
acceptable salt thereof; provided the compound is not
4-methyl-N-[(lmethyl-
lH-benzimidazol-2-yl)phenylmethyl]benzenesulfonamide.
In this specification the term "alkyl" includes both
straight and branched chain alkyl groups but
references to individual alkyl groups such as "propyl"
are specific for the straight chain version only. For
example, "C1-6alkyl" and "Q^alkyl" include methyl,
ethyl, propyl, isopropyl and t-butyl. However,
references to individual alkyl groups such as 'propyl'
are specific for the straight-chained version only and
references to individual branched chain alkyl groups
such as 'isopropyl' are specific for the branched
chain version only. A similar convention applies to
other radicals. Where optional substituents are chosen
from "one or more" 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.
A "heterocyclyl" is a saturated, partially saturated
or unsaturated, mono or bicyclic ring containing 4-12
atoms of which at least one atom is chosen from
nitrogen, sulphur or oxygen, which may, unless
otherwise specified, be carbon or nitrogen linked,
wherein a -CH2- group can optionally be replaced by a
-C(O)-, a ring nitrogen atom may optionally bear a
C1-6alkyl group and form a quaternary compound or a
ring nitrogen and/or sulphur atom may be optionally
oxidised to form the iV-oxide and or the S-oxides.
Examples and suitable values of the term
"heterocyclyl" are morpholino, piperidyl, pyridyl,
pyranyl, pyrrolyl, isothiazolyl, indolyl, quinolyl,
thienyl, 1,3-benzodioxolyl, thiadiazolyl, piperazinyl,
thiazolidinyl,pyrrolidinyl, thiomorpholino,
pyrrolinyl, homopiperazinyl, 3,5-dioxapiperidinyl,
tetrahydropyranyl, imidazolyl, pyrimidyl, pyrazinyl,
pyridazinyl, isoxazolyl, iV-methylpyrrolyl,
4-pyridone, 1-isoquinolone, 2-pyrrolidone,
4-thiazolidone, pyridine-iV-oxide and
quinoline-N-oxide. Additional suitable values for
"heterocyclyl" include 3,4-dihydro-l,4-oxazinyl;
2,3-dihydro-l,4-benzodioxinyl;
2,1,3-benzothiadiazolyl; pyrazolyl. In one aspect of
the invention a "heterocyclyl" is a saturated,
partially saturated or unsaturated, mono or bicyclic
ring containing 5 or 6 atoms of which at least one
atom is chosen from nitrogen, sulphur or oxygen, it
may, unless otherwise specified, be carbon ornitrogen
linked, a -CH2- group can optionally be replaced by a
-C(O)-and a ring sulphur atom may be optionally
oxidised to form the S-oxides. A "carbocyclyl" is a
saturated, partially saturated or unsaturated, mono or
bicyclic carbon ring that contains 3-12 atoms; wherein
a -CH2- group can optionally be replaced by a -C(O)-.
Particularly "carbocyclyl" is a monocyclic ring
containing 5 or 6 atoms or a bicyclic 



ring containing 9 or 10 atoms. Suitable values for
"carbocyclyl" include cyclopropyl, cyclobutyl,
1-oxocyclopentyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, phenyl, naphthyl,
tetralinyl, indanyl or 1-oxoindanyl. "C3-6carbocyclic
ring" is a saturated monocyclic carbon ring that
contains 3-6 carbon atoms wherein a -CH2- group can
optionally be replaced by a -C(O)-. Suitable values
for "C3- 6carbocyclic ring" include cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl."Ring D is
fused to the imidazole of formula (I), formula (Ia) or
formula (Ib) and is a 5-7 membered ring" said ring
includes the carbon-carbon double bond of the
imidazole and, apart from said double bond, comprises
3-5 additional ring atoms selected from C, N, O or S
joined by single or double bonds. Suitable examples of
Ring D fused to the imidazole of formula (I) include
lH-benzimidazolyl, lH-imidazo[4,5- ]pyridinyl,
lH-imidazo[4,5-c]pyridinyl, 3Himidazo[
4,5-c]pyridinyl, 3H-imidazo[4,5-b]pyridinyl,
5H-imidazo[4,5-c]pyridazinyl and 7Hpurinyl. Two R5
(m=2) may together with the carbons of ring D to which
they are attached form a 5 to 8-membered carbocyclyl
or heterocyclyl ring. Examples of such rings include a
dioxanyl or dioxolanyl ring. An example of
"C1-6alkanoyloxy" is acetoxy. Examples of "Ci-
alkoxycarbonyl" include methoxycarbonyl,
ethoxycarbonyl, n- and -butoxycarbonyl. Examples of
"C1-6alkoxy" include methoxy, ethoxy and propoxy.
Examples of "C1-6alkanoylamino" include formamido,
acetamido and propionylamino. Examples of
"C1-6alkylS(O)a wherein a is 0 to 2" include
methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, mesyl and ethylsulphonyl. Examples of
"C1-6alkanoyl" include propionyl and acetyl. Examples
of "N-(Ci.6alkyl)amino" include methylamino and
ethylamino. Examples of "N, -(C1-6alkyl)2amino"
include di- -methylamino, di-(N-ethyl)amino and
-ethyl- -methylamino. Examples of "C2-6alkenyl" are
vinyl, allyl and 1-propenyl. Examples of "C2-6alkynyl"
are ethynyl, 1-propynyl and 2-propynyl. Examples of
"N-(C1-6alkyl)sulphamoyl" are iV-(methyl)sulphamoyl
and iV-(ethyl)sulphamoyl. Examples of
'W,iV-(C1.6alkyl)2sulrhamoyl" are
iV,iV-(dimethyl)sulphamoyland-(methyl)-iV-(ethyl)sulph
amoyl. Examples of W-(Ci-6alkyl)carbamoyl" are
methylaminocarbonyl and ethylaminocarbonyl. Examples
of WN-(Ci.6alkyl)2carbamoyl" are dimethylaminocarbonyl
and methylethylaminocarbonyl. Examples of
"C1-6alkylsulphonylamino" include
methylsulphonylamino, isopropylsulphonylamino and
-butylsulphonylamino. Examples of "Q- alkylsulphonyl"
include methylsulphonyl, isopropylsulphonyl and
-butylsulphonyl. Some compounds of the formula (I),
formula (Ia) or formula (Ib) may have chiral centres
and/or geometric isomeric centres (E- and Z- isomers),
and it is to be understood that the invention
encompasses all such optical, diastereoisomers and
geometric isomers that possess Edg-1 antagonistic
activity. The invention relates to any and all
tautomeric forms of the compounds of the formula (I),
formula (Ia) or formula (Ib) that possess Edg-1
antagonistic activity. It is also to be understood
that certain compounds of the formula (I), formula
(Ia) or formula (Ib) 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 which possess Edg-1
antagonistic activity. Particular values of variable
groups are as follows. Such values may be used where
appropriate with any of the definitions, claims or
embodiments defined hereinbefore or hereinafter. Ring
A is carbocyclyl. Ring A is heterocyclyl; wherein if
said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R6. Ring A is pyrazolyl, imidazolyl,
3,4-dihydro-2H-l,4-benzoxazinyl, pyrrolyl, furanyl,
pyridinyl, thiazolyl, isoxazolyl,
3,4-dihydro-2H-l,4-benzoxazinyl, 1,3-benzodioxolyl,
2,1,3- benzothiadiazole, quinolinyl or thienyl wherein
said pyrazolyl, imidazolyl, 3,4-dihydro-2H-
1,4-benzoxazinyl or pyrrolyl may be optionally
substituted on N by a group selected from R6. Ring A
is pyrazolyl, imidazolyl,
3,4-dihydro-2H-l,4-benzoxazinyl, pyrrolyl, furanyl,
pyridinyl, thiazolyl, isoxazolyl,
3,4-dihydro-2H-l,4-benzoxazine, 1,3- benzodioxolyl,
2,1,3-benzothiadiazole, quinolinyl, thienyl,
cyclopropyl, cyclopentyl or cyclohexyl wherein said
pyrazolyl, imidazolyl, 3,4-dihydro-2H-l,4-benzoxazinyl
or pyrrolyl may be optionally substituted on N by a
group selected from R6. R6 is C1-3alkyl. Ring A is
aryl.Ring A is phenyl. Ring A is phenyl, pyridinyl or
pyrimidinyl. Ring A is phenyl, pyridinyl, pyrimidinyl
or pyrrolyl. Ring A is phenyl, pyridinyl, pyrimidinyl
or N-methylpyrrolyl. Ring A is C3.6cycloalkyl. Ring A
is cyclopropyl, cyclopentyl, cyclohexyl. R1 is halo,
cyano, C1-3alkanoylamino, Ci.3alkyl or
C1-3alkoxycarbonyl. R1 is halo, cyano, carbamoyl, or
Ci-3alkyl. R1 is halo, cyano, carbamoyl, or methyl. R1
is halo, cyano, carbamoyl, C1-3alkoxy or C2-6alkenyl.
R1 is halo or cyano. R1 is halo. R1 is bromo, chloro
or fluoro. R1 is chloro. n is 0-3. n is 1. n is 2.
Ring A is phenyl, R1 is selected from halo or cyano
and n is 1 or 2. R2 is Ci- alkyl. R2 is - alkyl;
wherein R2 may be independently optionally substituted
on carbon by one or more R9; wherein: R9 is
carbocyclyl. R is - alkyl; wherein R may be
independently optionally substituted on carbon by one
or more R9; wherein: R9 is carbocyclyl wherein R9 may
be independently optionally substituted on carbon by
one or more R17 ; wherein: R17 is halo. R2 is
Ci-6alkyl; wherein R2 may be independently optionally
substituted on carbon by one or more R9; wherein: R9
is carbocyclyl; wherein R9 may be independently
optionally substituted on carbon by one or more R17 ;
wherein: R17 is fluoro.R is - alkyl; wherein R may be
independently optionally substituted on carbon by one
or more R9; wherein: R9 is heterocyclyl. R2 is
Ci-6alkyl; wherein R2 may be independently optionally
substituted on carbon by one or more R9; wherein: R9
is pyridyl. R is Cr alkyl; wherein R may be
independently optionally substituted on carbon by one
or more R9; wherein: R9 is heterocyclyl, wherein R may
be independently optionally substituted on carbon 11
by one or more R ; wherein if said heterocyclyl
contains an NH moiety that nitrogen may be optionally
substituted by a group selected from R19 . R is
methyl; wherein R may be independently optionally
substituted on carbon by one or moorie R9; wherein: R9
is phenyl. R2 is methyl; wherein R2 may be
independently optionally substituted on carbon by one
or more R9; wherein: R9 is phenyl optionally
substituted on carbon by one or more R17 . R2 is
methyl; wherein R2 may be independently optionally
substituted on carbon by one or more R9; wherein: R9
is phenyl optionally substituted on carbon by one or
more halo. R2 is methyl, ethyl, isopropyl, or
isobutyl; wherein R2 may be independently optionally
substituted on carbon by one or more R9. R2 is methyl,
ethyl, isopropyl, isobutyl or benzyl. R2 is methyl. R3
is hydrogen. R3 is C1-6alkyl. R3 is methyl. R2 and R3
taken together with the carbon to which they are
attached form a C3- Carbocyclic ring. R2 and R3 taken
together with the carbon to which they are attached
form a cyclopropyl or cyclobutyl ring. R4 is selected
from C1-6alkyl; wherein R4 may be optionally
substituted on carbon by one or more R10 .R4 is
selected from methyl, ethyl, propyl or iso-butyl;
wherein R4 may be optionally substituted on carbon by
one or more R ; wherein: R10 is cyclopropyl. R4 is
selected from methyl, cyclopropylmethyl, ethyl,
propyl, iso-butyl or C - 6cycloalkyl. R4 is
C3.6cycloalkyl; wherein R4 may be optionally
substituted on carbon by one or more R10. R4 is
cyclopropyl. R4 is ethyl. R4 is not difluoromethyl.
Ring D fused to the imidazole of formula (I), formula
(Ia) or formula (Ib) forms 1-Hbenzimidazole or
3H-imidazo[4,5-&]pyridine. Ring D fused to the
imidazole of formula (I), formula (Ia) or formula (Ib)
forms 1-H- benzimidazole or 3H-imidazo[4,5-c]pyridine.
Ring D fused to the imidazole of formula (I), formula
(Ia) or formula (Ib) forms 1H- benzimidazole,
lH-imidazo[4,5- >]pyridinyl,
lH-imidazo[4,5-c]pyridinyl, 3H-imidazo[4,5-
c]pyridinyl, 3H~imidazo[4,5-Z?]pyridinyl,
5H-imidazo[4,5-c]pyridazinyl and 7H-purinyl. Ring D
fused to the imidazole of formula (I), formula (Ia) or
formula (Ib) forms IHimidazo[ 4,5-c]pyridine or
hydrazine - 3H-imidazo[4,5-c]pyridine (2:1). Ring D
fused to the imidazole of formula (I), formula (Ia) or
formula (Ib) forms 1-H- benziraazole,
3H-imidazo[4,5-b]pyridine, lH-imidazo[4,5-c]pyridine
or hydrazine - 3Himidazo[ 4,5-c] ryridine (2:1). R5 is
a substituent on carbon and is independently selected
from halo, carboxy, carbamoyl, C^aUcyl, Cj-6alkoxy,
C1-6alkanoyl, iV-(C1-6alkyl)amino, iV, -(Ci.6alkyl)
amino, Ci_6alkanoylamino, iV-(C1-6alkyl)carbamoyl, N,
-(C 1-6alkyl)2carbamoyl, C1-6alkylS(O)a wherein a is 0
to 2, Ci-6alkoxycarbonyl, heterocyclylcarbonyl,
carbocyclyl or heterocyclyl, or two R5 may together
with the carbon atoms of ring D to which they are
attached form a 5 to 8- membered carbocyclyl or
heterocyclyl ring; wherein R5 may be optionally
substituted on carbon by one or more R15 ; and wherein
if said heterocyclyl or heterocyclyl ring contains an
-NH- moiety that nitrogen may be optionally
substituted by a group selected from R 16 ; R5 is
halo, methyl, trifluoromethyl, N-methylmorpholino,
methoxy, trifluoromethoxy, ethoxycarbonyl,
hydroxymethyl, difluoromethyl, carboxy, carbamoyl, L
N-(C 1-6alkyl)2carbamoyl, N-morpholinocarbonyl,
N,N-dimethylaminomethyl, Nmorpholinomethyl,
methoxycarbonyl, methylmercapto, methylsulfonyl,
pyridinyl and cyclopropyl. R5 is halo, Ci-6alkyl,
Ci-6alkoxy or C3.6cycloalkyl wherein R5 may be
optionally substituted on carbon by one or more R15 .
R5 is halo, C^alkyl, C1-6alkoxy or C3.6cycloalkyl
wherein R5 may be optionally substituted on carbon by
one or more halo. R5 is - alkyl, C^alkoxy or
C3.6cycloalkyl wherein R5 may be optionally
substituted on carbon by one or more halo. R5 is halo,
C^aUcyl or Ci- alkoxy. R5 is trifluoromethyl, methoxy
or cyclopropyl. R5 is halo. R5 is chloro or fluoro. R5
is halo and m is 1. R5 is halo and m is 2. R5 is
C1-6alkyl. R5 is C1-6alkyl wherein R5 may be
optionally substituted on carbon by halo. R5 is
trifluoromethyl. R5 is C1-6alkoxy. R5 is methoxy. m is
0, 1 or 2. m is O, 1, 2 or 3. m is 0. m is 1. m is 2.
m is 3. In a further aspect of the invention there is
provided a compound of formula (I), formula (Ia) or
formula (Ib) (as depicted above) wherein: Ring A is
carbocyclyl or heterocyclyl, wherein if said
heterocyclyl contains an -NHmoiety that nitrogen may
be optionally substituted by a group selected from R6;
R1 is halo, cyano, carbamoyl, Ci- alkoxy, C alky or
C2-6alkynyl; n is 0, 1 or 2;R2 is Ci- alkyl; wherein
R2 may be independently optionally substituted on
carbon by one or moorie R9; R3 is hydrogen or C
6alkyl; or R2 and R3 taken together with the carbon to
which they are attached form a cyclopropyl or
cyclobutyl ring; R is selected from C^alkyl or
C3-6cycloalkyl; wherein R4 may be optionally
substituted on carbon by one or more R 10 ; Ring D
fused to the imidazole of formula (I), formula (Ia) or
formula (Ib) forms 1-Hbenzimazole, 3//-imidazo[4,5-&]
ryridine or l -imidazo[4,5-c]pyridine; R5 is halo,
Ci_6alkyl, C3-6cycloalkyl or C1-6alkoxy wherein
Ci^alkyl is optionally substituted on carbon with
halo; and m is 0, 1 or 2; or a pharmaceutically
acceptable salt thereof. In a further aspect of the
invention there is provided a compound of formula (I),
formula (Ia) or formula (Ib) (as depicted above)
wherein: Ring A is carbocyclyl or heterocyclyl,
wherein if said heterocyclyl contains an -NHmoiety
that nitrogen may be optionally substituted by a group
selected from R6; R6 is C1-3alkyl; R1 is halo, cyano,
carbamoyl, C^alkoxy or C1-6alkyl; n is 1 or 2; R is
Cpgalkyl; wherein R may be independently optionally
substituted on carbon by one or more R9; R3 is
hydrogen; R4 is selected from C1-6alkyl wherein R4 may
be optionally substituted on carbon by one or more R10
; Ring D fused to the imidazole of formula (I),
formula (Ia) or formula (Ib) forms 1-Hbenzimazole,
3H-imidazo[4,5-&]pyridine or lH-imidazo[4,5-c]pyridme;
R5 is halo, Ci- alkyl, C3-6cycloalkyl or Q^alkoxy
wherein Ci. 6alkyl is optionally substituted on carbon
with halo; and m is 0, 1 or 2; R9 and R10 are as
defined in formula (I); or a pharmaceutically
acceptable salt thereof.In a further aspect of the
invention there is provided a compound of formula (I),
formula (Ia) or formula (Ib) (as depicted above)
wherein: Ring A is carbocyclyl or heterocyclyl; R1 is
halo, cyano, carbamoyl or Ci- alkoxy; n is 1 or 2; R2
is C[-6alkyl; wherein R2 may be independently
optionally substituted on carbon by one or more R9; R3
is hydrogen or Q-ealkyl; or R2 and R3 taken together
with the carbon to which they are attached form a
cyclopropyl or cyclobutyl ring; R4 is selected from
C1-6alkyl or C3 cycloalkyl; wherein R4 may be
optionally substituted on carbon by one or more R ;
Ring D fused to the imidazole of formula (I), formula
(Ia) or formula (Ib) forms 1-Hbenzimazole,
3H-imidazo[4,5- ]pyridine, lH-imidazo[4,5-c]pyridine
or hydrazine - 3Himidazo[ 4,5-c]pyridine (2: 1); R5 is
halo, C1-6alkyl or Ci-6alkoxy wherein C1-6alkyl is
optionally substituted on carbon with halo; and m is
0, 1 or 2; or a pharmaceutically acceptable salt
thereof. In a further aspect of the invention there is
provided a compound of formula (I), formula (Ia) or
formula (Ib) (as depicted above) wherein: Ring A is
carbocyclyl or heterocyclyl; wherein if said
heterocyclyl contains an -NHmoiety that nitrogen may
be optionally substituted by a group selected from R6;
R1 is halo, cyano, carbamoyl, C1-6alkyl, C2-6alkynyl
or C1-6alkoxy; n is 1 or 2; R2 is Ci-galkyl; wherein
R2 may be independently optionally substituted on
carbon by one or more R9; R is hydrogen or C -6alkyl;
or R2 and R3 taken together with the carbon to which
they are attached form a cyclopropyl or cyclobutyl
ring; R4 is selected from C1-6alkyl or C3-6cycloalkyl;
wherein R4 may be optionally substituted on carbon by
one or more R1 ;Ring D fused to the imidazole of
formula (I), formula (Ia) or formula (Ib) forms
1-Hbenzimazole, 3H-imidazo[4,5- ]pyridine or
lH-imidazo[4,5-c]pyridine; R5 is halo, C1-6alkyl or
C[-6alkoxy wherein Ci 6alkyl is optionally substituted
on carbon with halo; and m is 0, 1 or 2; or a
pharmaceutically acceptable salt thereof. In a further
aspect of the invention there is provided a compound
of formula (I), formula (Ia) or formula (Ib) (as
depicted above) wherein: Ring A is selected from
phenyl, cyclopropyl, cyclopentyl, cyclohexyl,
pyrazolyl, imidazolyl, furanyl, pyridinyl,
1,3-thiazolyl, isoxazolyl, thienyl, pyrrolyl,
3,4-dihydro-2H-l,4- benzoxazinyl,
2,3-dihydro-l,4-benzodioxinyl,
2,1,3-benzothiadiazolyl, quinolinyl, dihydronaphthyl,
pyrimidinyl, pyridinyl-N-oxide, or
6-oxo-l,6-dihydropyridinyl wherein said pyrazolyl,
imidazolyl, pyrrolyl and
3,4-dihydro-2H-l,4-benzoxazinyl may be optionally
substituted on nitrogen by a group selected from R6;
R1 selected from halo, nitro, cyano, amino, carbamoyl,
C1-6alkyl, C2-6alkynyl C1-6alkoxy, hydrazinyl, ureido,
N, N-di(C 1-3alkyl)ureido, C1-6alkanoylamino,
C1-6alkylS(O)a wherein a is 0 to 2, carbocyclyl,
heterocyclyl; wherein R1may be optionally substituted
on carbon by one or more R7; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from R8;
n is 0, 1, 2 or 3; R2 is selected from methyl, ethyl,
isopropyl, isobutyl, phenymethyl, Afluorophenylmethyl
and pyrdinylmethyl; R3 is hydrogen or methyl; or R2
and R3 taken together with the carbon to which they
are attached form a cyclopropyl or cyclobutyl ring; R4
is selected from methyl, ethyl, propyl, cyclopropyl,
cyclopropymiethyl, isobutyl, and 2,2,2-trifluoroethyl;
Ring D fused to the imidazole of formula (I), formula
(Ia) or formula (Ib) forms 1-Hbenzimidazole,
3H-imidazo[4,5->]pyridine, lH-imidazo[4,5-c]pyridine,
lH-imidazo[4,5- b]pyridine, 3 -imidazo[4,5-c]pyridine
or 5H-imidazo[4,5-c]pyridazinyl; R5 is selected from
chloro, bromo, fluoro, methyl, isobutyl,
hydroxymethyl, difluoromethyl, trifluoromethyl,
morpholinyl-4-methyl,
N,N-dimethylaminomethyl,cyclopropyl, methoxy,
trifluoromethoxy, carboxy, ethylcarboxy,
methylcarboxy, carbamoyl, N,N-dimethylcarbamoyl,
morpholinylcarbonyl, 3-pyridinyl, 4-ryridinyl,
methylthio, methylsulfonyl, optionally substituted on
carbon with halo; and m is 0, 1 or 2; or when m=2, the
two R5 together form a dioxinyl or dioxolyl ring; or a
pharmaceutically acceptable salt thereof. Therefore in
a further aspect of the invention there is provided a
compound of formula (I), formula (Ia) or formula (Ib)
(as depicted above) wherein: Ring A is carbocyclyl; R1
is halo; n is 1; R2 is C alkyl; wherein R2 may be
independently optionally substituted on carbon by one
or more R9; R3 is hydrogen or Cr 6alkyl; R4 is
selected from C aUcyl or C3-Cycloalkyl; wherein R4 may
be optionally substituted on carbon by one or more R10
; Ring D fused to the imidazole of formula (I),
formula (Ia) or formula (Ib) forms 1-Hbenzimazole,
3H-imidazo[4,5- ]pyridine, lH-imidazo[4,5-c]pyridme or
hydrazine - 3Himidazo[ 4,5-c]pyridine (2:l); R5 is
halo, C1-6alkyl or C^alkoXy wherein C alky! is
optionally substituted on carbon with halo; m is 0, 1
or 2; R9 is carbocyclyl or heterocyclyl; and R10 is
carbocyclyl; 



or a pharmaceutically acceptable salt thereof. In a
further aspect of the invention there is provided a
compound of formula (I), formula (Ia) or formula (Ib)
(as depicted above) wherein: Ring A is carbocyclyl; R
1 is halo; n is 1; R is Q -6alkyl; wherein R may be
independently optionally substituted on carbon by one
or more R9;R3 is hydrogen or Ci-6alkyl; R4 is selected
from C^alkyl or C3-6cycloalkyl; wherein R4 may be
optionally substituted on carbon by one or more R10 ;
Ring D fused to the imidazole of formula (I), formula
(Ia) or formula (Ib) forms 1-Hbenzimazole,
3H-imidazo[4,5-b]pyridinyl,
lH-imidazo[4,5-c]pyridinyl, hydrazine - 3Himidazo[
4,5-c]pyridinyl (2:1), 5H-imidazo[4,5-c]pyridazinyl or
7H-purinyl; R5 is halo, Ci-6alkyl or C1-6alkoxy
wherein C1-6alkyl is optionally substituted on carbon
with halo or two R5 may together with the carbon atoms
of ring D to which they are attached form a 5 to
8-membered carbocyclyl or heterocyclyl ring; wherein
the 5 to 8- membered ring may be optionally
substituted on carbon by one or more R15 ; and wherein
if said heterocyclyl ring contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R 16 ; m is 0, 1 or 2; R9 is carbocyclyl
or heterocyclyl; and R10 is carbocyclyl; or a
pharmaceutically acceptable salt thereof. Therefore in
a further aspect of the invention there is provided a
compound of formula (I), formula (Ia) or formula (Ib)
(as depicted above) wherein: Ring A is carbocyclyl; R1
is halo; n is 1; R2 is Ci-6alkyl; wherein R2 maybe
independently optionally substituted on carbon by one
or more R9; R3 is hydrogen; R4 is selected from
C1-6alkyl; wherein R4 may be optionally substituted on
carbon by one or more R10 ; Ring D fused to the
imidazole of formula (I), formula (Ia) or formula (Ib)
forms 1-Hbenzimazolyl, 3H-imidazo[4,5-&]pyridinyl,
lH-imidazo[4,5-c]ryridinyl, hydrazine - 3Himidazo[
4,5-c]pyridinyl (2:1), 5H-imidazo[4,5-c]pyridazinyl
and 7H-purinyl; R5 is halo or Ci-6alkyl wherein
C1-6alkyl is optionally substituted on carbon with
halo. m is 0, 1 or 2; R9 is carbocyclyl or
heterocyclyl; andR10 is carbocyclyl; or a
pharmaceutically acceptable salt thereof. In a still
further aspect of the invention there is provided a
compound of formula (I), formula (Ia) or formula (Ib)
(as depicted above) wherein: Ring A is carbocyclyl; R1
is halo or cyano; n is 1; R is C -6alkyl; wherein R
may be independently optionally substituted on carbon
by one or more R9; R3 is hydrogen; R is selected from
C1-6alkyl; wherein R may be optionally substituted on
carbon by one or more R10 ; Ring D fused to the
imidazole of formula (I), formula (Ia) or formula (Ib)
forms 1-Hbenzimazolyl, 3H-imidazo[4,5-Z>]pyridinyl,
lH-imidazo[4,5-c]pyridinyl, hydrazine - 3Himidazo[
4,5-c]pyridinyl (2:1), 5H-imidazo[4,5-c]pyridazinyl
and 7H-purinyl; R5 is halo or C1-6alkyl wherein alkyl
is optionally substituted on carbon with halo; m is 0,
1 or 2; R9 is carbocyclyl or heterocyclyl; and R10 is
carbocyclyl; or a pharmaceutically acceptable salt
thereof. Therefore in a further aspect of the
invention there is provided a compound of formula (I),
formula (Ia) or formula (Ib) (as depicted above)
wherein: Ring A is phenyl; R1 is chloro; n is 1; R is
methyl, ethyl, isopropyl, or isobutyl; wherein R may
be independently optionally substituted on carbon by
one or more R9; R is hydrogen; R4 is selected from
methyl, cyclopropylmethyl, ethyl, propyl or iso-butyl;
Ring D fused to the imidazole of formula (I), formula
(Ia) or formula (Ib) forms 1-H- benzimazole or
3H-imidazo[4,5-&]pyridine, lH-imidazo[4,5-c]pyridine
or hydrazine - 3Himidazo[ 4,5-c]pyridine (2:1);R9 is
carbocyclyl; and m is 0; or a pharmaceutically
acceptable salt thereof. Therefore in a further aspect
of the invention there is provided a compound of
formula (I) , formula (Ia) or formula (Ib) (as
depicted above) wherein: Ring A is phenyl; R1 is
chloro, cyano or fluoro; n is 0 or 1; R2 is methyl,
ethyl, isopropyl, or isobutyl; R3 is hydrogen; R is
selected from methyl, cyclopropylmethyl, ethyl, propyl
or iso-butyl; Ring D fused to the imidazole of formula
(I), formula (Ia) or formula (Ib) forms 1-Hbenzimazole
or 3H-imidazo[4,5- ]pyridine,
lH-imidazo[4,5-c]pyridine or hydrazine - 3Himidazo[
4,5-c]pyridine (2:l); and m is 0; or a
pharmaceutically acceptable salt thereof. Therefore in
a further aspect of the invention there is provided a
compound of formula (I) , formula (Ia) or formula (Ib)
(as depicted above) wherein: Ring A is phenyl,
pyrimidinyl or pyridinyl; R1 is chloro, fluoro, cyano,
carbamoyl, or ; n is 0 or 1; R2 is methyl; R3 is
hydrogen or methyl; R4 is selected from methyl,
cyclopropylmethyl, ethyl, propyl or iso-butyl; Ring D
fused to the imidazole of formula (I), formula (Ia) or
formula (Ib) forms 1-H- benzimazole or
3H-imidazo[4,5-&]ryridine, lH-imidazo[4,5-c]pyridine
or hydrazine - 3Himidazo[ 4,5-c]ryridine (2:1); and m
is 0; or a pharmaceutically acceptable salt thereof.In
a still further aspect of the invention there is
provided a compound of formula (I), formula (Ia) or
formula (Ib) (as depicted above) wherein: Ring A is
phenyl or pyridinyl; R1 is halo, cyano, carbamoyl or
Ci- alkyl; n is 1 or 2; R2 is methyl; R3 is hydrogen;
R4 is ethyl; Ring D fused to the imidazole of formula
(I), formula (Ia) or formula (Ib) forms
1-Hbenzimazole, 3H-imidazo[4,5-Z?]pyridine,
lH-imidazo[4,5-c]pyridine or l -imidazo[4,5-
&]pyridine; R is trifluoromethyl, methoxy or
cyclopropyl; and m is 1; or a pharmaceutically
acceptable salt thereof. In another aspect of the
invention, preferred compounds of the invention are
any one of the Examples or a pharmaceutically
acceptable salt thereof. A further embodiment of the
invention is directed to the compounds of Examples
145, 148, 149, 150, 151, 152, 158, 160, 161, 173, 174,
180 and 183 or pharmaceutically acceptable salts
thereof. Another aspect of the present invention
provides a process for preparing a compound of formula
(I) or a pharmaceutically acceptable salt or an in
vivo hydrolysable ester thereof which process (wherein
variable groups are, unless otherwise specified, as
defined in formula (I)) comprises: Process a) reacting
of a compound of formula (II):with an amine of formula
(III): and thereafter if necessary: i) converting a
compound of the formula (I) into another compound of
the formula (I); ii) removing any protecting groups;
iii) forming a pharmaceutically acceptable salt. L is
a displaceable group, suitable values for L are for
example, a halo for example a chloro or bromo.
Specific reaction conditions for the above reactions
are as follows. Process a) Compounds of formula (II)
and (III) can be reacted together in the presence of a
suitable solvent such as DCM and a base such as
triethylamine. The reaction may require thermal
conditions. Compounds of formula (II) are commercially
available, or they are known in the literature or they
may be prepared by processes known in the art.
Compounds of formula (III) may be prepared according
to Scheme 1 : (Ib) Scheme 1Compounds of formula (III)
may also be prepared according to Scheme 2 : H+ acid
Scheme 2 Compounds of formula (2b) may also be
prepared according to Scheme 2a: Compounds of formula
(III) may also be prepared according to Scheme 3:
Scheme 3Compounds of formula (III) may also be
prepared according to Scheme 4 : Scheme 4 It will be
appreciated that certain of the various ring
substituents in the compounds of the present invention
may be introduced by standard aromatic substitution
reactions or generated by conventional functional
group modifications either prior to or immediately
following the processes mentioned above, and as such
are included in the process aspect of the invention.
Such reactions and modifications include, for example,
introduction of a substituent by means of an aromatic
substitution reaction, reduction of substituents,
alkylation of substituents and oxidation of
substituents. The reagents and reaction conditions for
such procedures are well known in the chemical art.
Particular examples of aromatic substitution reactions
include the introduction of a nitro group using
concentrated nitric acid, the introduction of an acyl
group using, for example, an acyl halide and Lewis
acid (such as aluminium trichloride) under Friedel
Crafts conditions; the introduction of an alkyl group
using an alkyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts
conditions; and the introduction of a halogeno group.
Particular examples of modifications include the
reduction of a nitro group to an amino group by for
example, catalytic hydrogenation with a nickel
catalyst or treatment with iron in the presence of
hydrochloric acid with heating; oxidation of alkylthio
to alkylsulphinyl or alkylsulphonyl. It will also be
appreciated that in some of the reactions mentioned
herein it may be necessary/desirable to protect any
sensitive groups in the compounds. The instances where
protection is necessary or desirable and suitable
methods for protection are known to those skilled in
the art. Conventional protecting groups may be used in
accordance with standard practice (for illustration
see T.W. Green, Protective Groups in Organic
Synthesis, John Wiley and Sons, 1991). Thus, if
reactants include groups such as amino, carboxy or
hydroxy it may be desirable to protect the group in
some of the reactions mentioned herein.A suitable
protecting group for an amino or alkylamino group is,
for example, an acyl group, for example an alkanoyl
group such as acetyl, an alkoxycarbonyl group, for
example a methoxycarboriyl, ethoxycarbonyl or
-butoxycarbonyl group, an arylmethoxycarbonyl group,
for example benzyloxycarbonyl, or an aroyl group, for
example benzoyl. The deprotection conditions for the
above protecting groups necessarily vary with the
choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or alkoxycarbonyl group or
an aroyl group may be removed for example, by
hydrolysis with a suitable base such as an alkali
metal hydroxide, for example lithium or sodium
hydroxide. Alternatively an acyl group such as a
?-butoxycarbonyl group may be removed, for example, by
treatment with a suitable acid as hydrochloric,
sulphuric or phosphoric acid or trifluoroacetic acid
and an arylmethoxycarbonyl group such as a
benzyloxycarbonyl group may be removed, for example,
by hydrogenation over a catalyst such as
palladium-on-carbon, or by treatment with a Lewis acid
for example boron tris(trifluoroacetate). A suitable
alternative protecting group for a primary amino group
is, for example, a phthaloyl group which may be
removed by treatment with an alkylamine, for example
dimethylaminopropylamine, or with hydrazine. A
suitable protecting group for a hydroxy group is, for
example, an acyl group, for example an alkanoyl group
such as acetyl, an aroyl group, for example benzoyl,
or an arylmethyl group, for example benzyl. The
deprotection conditions for the above protecting
groups will necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an alkanoyl or an aroyl group may be removed,
for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithium or
sodium hydroxide. Alternatively an arylmethyl group
such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as
palladium-on-carbon. A suitable protecting group for a
carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be
removed, for example, by hydrolysis with a base such
as sodium hydroxide, or for example a t-butyl group
which may be removed, for example, by treatment with
an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group
which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon. The
protecting groups may be removed at any convenient
stage in the synthesis using conventional techniques
well known in the chemical art. 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 infection is
an amount sufficient to symptomatically relieve in a
warm-blooded animal, particularly a human the symptoms
of infection, to slow the progression of infection, or
to reduce in patients with symptoms of infection the
risk of getting worse. For preparing pharmaceutical
compositions from the compounds of this invention,
inert, pharmaceutically acceptable earners 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. Examples of such acid addition salts
include acetate, adipate, ascorbate, benzoate,
benzenesulfonate, bicarbonate, bisulfate, butyrate,
camphorate, camphorsulfonate, choline, citrate,
cyclohexyl sulfamate, diethylenediamine,
ethanesulfonate, fumarate, glutamate,glycolate,
hemisulfate, 2-hydroxyethylsulfonate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide,
hydroxymaleate, lactate, malate, maleate,
methanesulfonate, meglumine, 2-naphthalenesulfonate,
nitrate, oxalate, pamoate, persulfate, phenylacetate,
phosphate, diphosphate, picrate, pivalate, propionate,
quinate, salicylate, stearate, succinate, sulfamate,
sulfanilate, sulfate, tartrate, tosylate
(p-toluenesulfonate), trifluoroacetate, and
undecanoate. Base salts include ammonium salts, alkali
metal salts such as sodium, lithium and potassium
salts, alkaline earth metal salts such as aluminum,
calcium and magnesium salts, salts with organic bases
such as dicyclohexylamine salts, N-methyl-D-glucamine,
and salts with amino acids such as arginine, lysine,
ornithine, and so forth. Also, basic
nitrogencontaining groups may be quaternized with such
agents as: lower alkyl halides, such as methyl, ethyl,
propyl, and butyl halides; dialkyl sulfates like
dimethyl, diethyl, dibutyl; diamyl sulfates; long
chain halides such as decyl, lauryl, myristyl and
stearyl halides; aralkyl halides like benzyl bromide
and others. Non-toxic physiologically-acceptable salts
are preferred, although other salts are also useful,
such as in isolating or purifying the product. The
salts may be formed by conventional means, such as by
reacting the free base form of the product with one or
more equivalents of the appropriate acid in a solvent
or medium in which the salt is insoluble, or in a
solvent such as water, which is removed in vacuo or by
freeze drying or by exchanging the anions of an
existing salt for another anion on a suitable
ion-exchange resin. In order to use a compound of the
formula (I), formula (Ia) or formula (Ib) 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,
methylcellulose, 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.
According to a further aspect of the present invention
there is provided a compound of the formula (I) or
(Ia), or a pharmaceutically acceptable salt thereof,
as defined hereinbefore for use in a method of
treatment of the human or animal body by therapy. We
have found that the compounds defined in the present
invention, or a pharmaceutically acceptable salt
thereof, are effective anti-cancer agents which
property is believed to arise from their
Edg-1antagonistic properties. Accordingly the
compounds of the present invention are expected to be
useful in the treatment of diseases or medical
conditions mediated alone or in part by Edg-1, i.e.
the compounds may be used to produce an Edg-1
antagonistic effect in a warm-blooded animal in need
of such treatment. Thus the compounds of the present
invention provide a method for treating cancer
characterized by the antagonistic effect of Edg-1,
i.e. the compounds may be used to produce an
anti-cancer effect mediated alone or in part by the
antagonistic effect of Edg- 1. Thus the compounds of
the present invention provide a method for treating a
variety of angiogenesis-related diseases that may be
characterized by any abnormal, undesirable
orpathological angiogenesis, for example tumor-related
angiogenesis. The compounds may be used to produce an
anti-cancer effect mediated alone or in part by
antagonism of Edg-1. Such a compound of the invention
is expected to possess a wide range of activity in
angiogenesis-related diseases including, but not
limited to, non-solid tumours such as leukemia,
multiple myeloma, hematologic malignancies or
lymphoma, and also solid tumours and their metastases
such as melanoma, non-small cell lung cancer, glioma,
hepatocellular (liver) carcinoma, glioblastoma,
carcinoma of the thyroid, bile duct, bone, gastric,
brain/CNS, head and neck, hepatic, stomach, prostrate,
breast, renal, testicular, ovarian, skin, cervical,
lung, muscle, neuronal, esophageal, bladder, lung,
uterine, vulval, endometrial, kidney, 



colorectal, pancreatic, pleural/peritoneal membranes,
salivary gland, and epidermoid tumours. Excessive
vascular growth also contributes to numerous
non-neoplastic disorders for which the compounds of
the invention may be useful in treating. These
non-neoplastic angiogenesis-related diseases include:
atherosclerosis, haemangioma, haemangioendothelioma,
angiofibroma, vascular malformations (e.g. Hereditary
Hemorrhagic Teleangiectasia (HHT), or Osier-Weber
syndrome), warts, pyogenic granulomas, excessive hair
growth, Kaposis' sarcoma, scar keloids, allergic
oedema, psoriasis, dysfunctional uterine bleeding,
follicular cysts, ovarian hyperstimulation,
endometriosis, respiratory distress, ascites,
peritoneal sclerosis in dialysis patients, adhesion
formation result from abdominal surgery, obesity,
rheumatoid arthritis, synovitis, osteomyelitis, pannus
growth, osteophyte, hemophilic joints, inflammatory
and infectious processes (e.g. hepatitis, pneumonia,
glomerulonephritis), asthma, nasal polyps, liver
regeneration, pulmonary hypertension, retinopathy of
prematurity, diabetic retinopathy, age-related macular
degeneration., leukomalacia, neovascular glaucoma,
corneal graft neovascularization, trachoma,
thyroiditis, thyroid enlargement, and
lymphoproliferative disorders. Thus according to this
aspect of the invention there is provided a compound
of the formula (I), formula (Ia) or formula (Ib) or a
pharmaceutically acceptable salt thereof, as defined
hereinbefore for use as a medicament. According to a
further aspect of the invention there is provided the
use of a compound of the formula (I), formula (Ia) or
formula (Ib) or a pharmaceutically acceptable salt
thereof, as defined hereinbefore in the manufacture of
a medicament for use in the production of a Edg-1
antagonistic effect in a warm-blooded animal such as
man. According to this aspect of the invention there
is provided the use of a compound of the formula (I),
formula (Ia) or formula (Ib) or a pharmaceutically
acceptable salt thereof, asdefined hereinbefore in the
manufacture of a medicament for use in the production
of an anti-cancer effect in a warm-blooded animal such
as man. According to a further feature of the
invention, there is provided a compound of the formula
(I), formula (Ia) or formula (Ib) or a
pharmaceutically acceptable salt thereof, as defined
herein before in the manufacture of a medicament for
use in the treatment of pathologically angiogenic
diseases, thrombosis, cardiac infarction, coronary
heart diseases, arteriosclerosis, tumors,
osteoporosis, inflammations or infections in a
warm-blooded animal such as man. According to a
further feature of this aspect of the invention there
is provided a method for producing a Edg-1
antagonistic effect in a warm-blooded animal, such as
man, in need of such treatment which comprises
administering to said animal an effective amount of a
compound of formula (I), formula (Ia) or formula (Ib)
or a pharmaceutically acceptable salt thereof, as
defined above. According to a further feature of this
aspect of the invention there is provided a method for
producing an anti-cancer effect in a warm-blooded
animal, such as man, in need of such treatment which
comprises administering to said animal an effective
amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof, as defined
above. According to an additional feature of this
aspect of the invention there is provided a method of
treating pathologically angiogenic diseases,
thrombosis, cardiac infarction, coronary heart
diseases, arteriosclerosis, tumors, osteoporosis,
inflammations or infections, in a warm-blooded animal,
such as man, in need of such treatment which comprises
administering to said animal an effective amount of a
compound of formula (I) or a pharmaceutically
acceptable salt thereof as defined herein before. In a
further aspect of the invention there is provided a
pharmaceutical composition which comprises a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, as defined herein before in association
with a pharmaceutically-acceptable diluent or carrier
for use in the production of a Edg-1 antagonistic
effect in a warm-blooded animal such as man. In a
further aspect of the invention there is provided a
pharmaceutical composition which comprises a compound
of the formula (I), or a pharmaceutically acceptable
salt thereof, as defined herein before in association
with a pharmaceutically-acceptable diluent or carrier
for use in the production of an anti-cancer effect in
a warm-blooded animal such as man.In a further aspect
of the invention there is provided a pharmaceutical
composition which comprises a compound of the formula
(I), or a pharmaceutically acceptable salt thereof, as
defined herein before in association with a
pharmaceutically- acceptable diluent or carrier for
use in the treatment of pathologically angiogenic
diseases, thrombosis, cardiac infarction, coronary
heart diseases, arteriosclerosis, tumors,
osteoporosis, inflammations or infections in a
warm-blooded animal such as man. The anti-cancer
treatment defined herein may be applied as a sole
therapy or may involve, in addition to the compound of
the invention, conventional surgery or radiotherapy or
chemotherapy. Such chemotherapy may include one or
more of the following categories of anti-tumour
agents: 1. antiproliferative/antineoplastic drugs and
combinations thereof, as used in medical oncology,
such as alkylating agents (for example cis-platin,
carboplatin, cyclophosphamide, nitrogen mustard,
melphalan, chlorambucil, busulphan and nitrosoureas);
antimetabolites (for example antifolates such as
fluoropyrimidines like 5-fluorouracil and tegafur,
raltitrexed, methotrexate, cytosine arabinoside and
hydroxyurea); antitumour antibiotics (for example
anthracyclines like adriamycin, bleomycin,
doxorubicin, daunomycin, epirubicin, idarubicin,
mitomycin-C, dactinomycin and mithramycin);
antimitotic agents (for example vinca alkaloids like
vincristine, vinblastine, vindesine and vinorelbine
and taxoids like taxol and taxotere); and
topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide,
amsacrine, topotecan and camptothecin); 2. cytostatic
agents such as antioestrogens (for example tamoxifen,
toremifene, raloxifene, droloxifene and iodoxyfene),
oestrogen receptor down regulators (for example
fulvestrant), antiandrogens (for example bicalutamide,
flutamide, nilutamide and cyproterone acetate), LHRH
antagonists or LHRH agonists (for example goserelin,
leuprorelin and buserelin), progestogens (for example
megestrol acetate), aromatase inhibitors (for example
as anastrozole, letrozole, vorazole and exemestane)
and inhibitors of 5a-reductase such as finasteride; 3.
agents which inhibit cancer cell invasion (for example
metalloproteinase inhibitors like marimastat and
inhibitors of urokinase plasminogen activator receptor
function); 4. inhibitors of growth factor function,
for example such inhibitors include growth factor
antibodies, growth factor receptor antibodies (for
example the anti-erbb2 antibody trastuzumab
[Herceptin(tm)] and the anti-erbbl antibody cetuximab
[C225]) , farnesyl transferase inhibitors, tyrosine
kinase inhibitors and serine/threonine kinase
inhibitors, forexample inhibitors of the epidermal
growth factor family (for example EGFR family tyrosine
kinase inhibitors 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) and 6-acrylamido-N-(3-chloro-
4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-4-am
ine (CI 1033)), for example inhibitors of the
platelet-derived growth factor family and for example
inhibitors of the hepatocyte growth factor family; 5.
antiangiogenic agents such as those which inhibit the
effects of vascular endothelial growth factor, (for
example the anti-vascular endothelial cell growth
factor antibody bevacizumab [Avastin(tm)], compounds
such as those disclosed in International Patent
Applications WO 97/22596, WO 97/30035, WO 97/32856 and
WO 98/13354) and compounds that work by other
mechanisms (for example linomide, inhibitors of
integrin avb3 function and angiostatin); 6. vascular
damaging agents such as Combretastatin A4 and
compounds disclosed in International Patent
Applications WO 99/02166, WO 00/40529, WO 00/41669, WO
01/92224, WO 02/04434 and WO 02/08213; 7. antisense
therapies, for example those which are directed to the
targets listed above, such as ISIS 2503, an anti-ras
antisense; 8. gene therapy approaches, including 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; and 9. immunotherapy
approaches, including 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. 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 within the dosage range described
hereinbefore and the other pharmaceutically-active
agent within its approved dosage range.Biological
Activity The following assays can be used to measure
the effects of the compounds of the present invention
as SlPl/Edgl inhibitors. I. In Vitro Cell Based
Receptor Activation Assay-Transfluor Assay This
cell-based assay was designed to assess the ability of
small molecule antagonists to inhibit activation of
the GPCR SIPl in the presence of its cognate ligand
SIP. The assay used technology initially developed by
Norak Biosciences (Xsira Pharmaceutical) and presently
owned by Molecular Devices. A human osteogenic sarcoma
(U2OS) cell line overexpressing the Edg-1 /SlPl)
receptor as well as a beta-arrestin/green fluorescent
protein (GFP) construct hereafter termed Edg-1
Transfluor U2OS WT Clone #37 was employed. Using a
high content screening approach (Cellomics Arrayscan),
receptor activity was measured by assessment of the
relocalization of beta-arrestin GFP in response to
stimulation of Edg-1 by SlP. Specifically, Edg-1
Transfluor U2OS WT Clone #37 cells were plated at a
density of 6250 cells in 40 mL medium per well in 384
well plastic bottomed microtiter plates (BD Falcon)
and incubated overnight at 37C/5% CO2. Prior to
screening, compounds were dissolved in 100% dimethyl
sulfoxide (DMSO) to a final stock concentration of 10
mM. Compounds were then serially diluted at 30X final
concentration in Edg-1 Transfluor cell growth medium
containing 30% DMSO using the Tecan Genesis
instrument. These 30X plates were then diluted to 6X
final concentration with Edg-1 Transfluor growth
medium just prior to dosing. Cells were then dosed
with 10 mL per well of 6X compound dilutions or 6%
DMSO and pre-incubated for 15 minutes at room
temperature. Cell plates were dosed with 10 mL per
well 6X SlP Edg-1 Transfluor growth medium, then
incubated for 45 minutes at 37C/5% CO2. Final
concentration in the well of DMSO was 1%, compound was
IX (3-fold, 9 point IC50 dilutions starting at 100 mM
final concentration), and either 375 iiM or 750 nM SIP
ligand. Cell plates were then fixed by adding 50 mL
per well of 5% formaldehyde in IX Dulbecco's phosphate
buffered saline (DPBS) directly and incubating for 30
minutes at room temperature in darkness. Fixative was
removed and replaced with 50 mL per well of IX DPBS,
after which cells were stained with 10 mg/mL final
concentration of Hoechst 33342 (Molecular Probes) for
15 minutes at room temperature in darkness. Stain was
then removed from the plates and replaced with 50 mL
per well of IX DPBS using the BioTek ExL405 plate
washer. Plates were then sealed and analysed on the
Cellomics Arrayscan using the GPCR signalling
algorithm. EC50 values were then calculated using IDBS
ActivityBase software.II. In Vitro Cell Based Receptor
Activation Assay-Transfluor Assay This cell-based
assay was designed to assess the ability of small
molecule antagonists to inhibit activation of the GPCR
SlPl in the presence of its cognate ligand SlP. The
assay used technology initially developed by Norak
Biosciences (Xsira Pharmaceutical) and presently owned
by Molecular Devices (MDS Analytical Technologies). A
human osteogenic sarcoma (U2OS) cell line
overexpressing the Edg-1 /SlPl) receptor as well as a
betaarrestin/ green fluorescent protein (GFP)
construct hereafter termed Edg-1 Transfluor U2OS Clone
#3 was employed. Using a high content screening
approach (Molecular Devices Image Express), receptor
activity was measured by assessment of the
relocalization of beta-arrestin GFP in response to
stimulation of Edg-1 by SlP. Specifically, Edg-1
Transfluor U2OS Clone #3 cells were plated at a
density of 6250 cells in 44 mL medium per well in 384
well plastic bottomed microtiter plates (BD Falcon)
and incubated overnight at 37C/5% CO2. Prior to
screening, compounds were dissolved in 100% dimethyl
sulfoxide (DMSO) to a final stock concentration of 10
mM, Compounds were then serially diluted at 1OX final
concentration in Edg-1 Transfluor cell growth medium
containing 6% DMSO using the BioMek instrument. Cells
were then dosed with 6 mL per well of 1OX compound
dilutions or 6% DMSO and pre-incubated for 15 minutes
at room temperature. Cell plates were dosed with 10 mL
per well 6X SlP Edg-1 Transfluor growth medium, then
incubated for 45 minutes at 37C/5% CO . Final
concentration in the well of DMSO was 1%, compound was
IX (3-fold, 9 point IC50 dilutions starting at 3 mM
final concentration), and 750 nM SlP ligand. Cell
plates were then fixed by adding 50 mL per well of 5%
formaldehyde in IX Dulbecco's phosphate buffered
saline (DPBS) directly and incubating for 30 minutes
at room temperature in darkness. Fixative was removed
and replaced with 50 mL per well of IX DPBS, after
which cells were stained with 10 mg/mL final
concentration of Hoechst 33342 (Molecular Probes) for
15 minutes at room temperature in darkness. Stain was
then removed from the plates and replaced with 50 mL
per well of IX DPBS using the BioTek ExL405 plate
washer. Plates were then sealed and analysed on the
Molecular Devices ImageXpress using the GPCR
signalling algorithm. EQo values were then calculated
using IDBS ActivityBase software. Compounds of the
invention generally exhibit EC50 values <100 mM when
tested in one or the other of the above two described
assays. For example, the compound of Example 18
exhibited an EC5O value of 0.896 mM; the compound of
Example 19 exhibited an EC50 value of 10.3 mM; and the
compound of Example 2 1 exhibited an EC50 value of
5.15 mM. Theenantiomer of the compound of Example 102,
4-chloro-iV-[(15)-l-(l-ethyl-l H-imidazo[4,5-
c]pyridin-2-yl)ethyl]benzenesulfonamide, did not show
any measurable activity in these assays when the limit
of detection was 33 mM. It should be understood that
for compounds of formula (I) which possess a chiral
center, when resolved into the individual enantiomers,
generally only one of the enantiomers possesses
activity in the above-described assay. Percentage
inhibition values were also calculated using IDBS
ActivityBase software and are indicated for each of
the Examples in the experimental section below except
for examples 1, 55, 70, 101, 111, 135, 163, 175 and
184. The % inhibition at the dose closest to 3.5mM is
reported with the exception of example 9 1 for which %
inhibition is reported at 1 mM. In most cases,
compounds were initially dosed from a top
concentration of lOOmM (final concentration in well).
Careful attention was paid to obtaining an accurately
fitting dose-response curve such that in some cases
the top concentration was reduced to lOmM or lower.
Thus, the differences in absolute concentration for
the compounds reflect differences in the top
concentration for the corresponding dilution series.
Hence, compounds listed as 3.70 mM were titrated from
a top concentration of 100 mM, compounds listed as
3.50 mM were titrated from a top concentration of lOmM
and compounds listed as 3.30 mM were run with this as
the top concentration. Example 9 1 listed as 1 mM was
titrated with 3.50 mM as the top concentration.
Examples The invention will now be illustrated by the
following non limiting examples in which, unless
stated otherwise: (i) temperatures are given in
degrees Celsius (0C); operations were carried out at
room or ambient temperature, that is, at a temperature
in the range of 18-25C; (ii) organic solutions were
dried over anhydrous sodium sulphate; evaporation of
solvent was carried out using a rotary evaporator
under reduced pressure (600-4000 Pascals; 4.5-30mmHg)
with a bath temperature of up to 60 0C; (iii) in
general, the course of reactions was followed by TLC
and reaction times are given for illustration only;
(iv) final products had satisfactory proton nuclear
magnetic resonance (NMR) spectra and/or mass spectral
data;(v) yields are given for illustration only and
are not necessarily those which can be obtained by
diligent process development; preparations were
repeated if more material was required; (vii) when
given, NMR data is in the form of delta values for
major diagnostic protons, given in parts per million
(ppm) relative to tetramethylsilane (TMS) as an
internal standard, determined at 400 MHz using
perdeuterio dimethyl sulphoxide (DMSO-d6) as solvent
unless otherwise indicated; (vii) chemical symbols
have their usual meanings; SI units and symbols are
used; (viii) solvent ratios are given in volume:volume
(v/v) terms; and (ix) mass spectra were run with an
electron energy of 70 electron volts in the chemical
ionization (CI) mode using a direct exposure probe;
where indicated ionization was effected by electron
impact (EI), fast atom bombardment (FAB) or
electrospray (ESP); values for m/z are given;
generally, only ions which indicate the parent mass
are reported; and unless otherwise stated, the mass
ion quoted is (M/Z); (x) where a synthesis is
described as being analogous to that described in a
previous example the amounts used are the millimolar
ratio equivalents to those used in the previous
example; and (xi) the following abbreviations have
been used: THF tetrahydrofuran; BOC r
-butyloxycarbonyl ; DMF JV,N-dimethylformamide; EtOAc
ethyl acetate; RT room temperature; DCM
dichloromethane DMSO dimethylsulphoxide AcOH Acetic
acid IBCF isobutylchloroformate PyBOP
Benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate LAH lithium aluminum hydride TEA
triethylamine; and DIEA diisopropyl ethylamine DIBAL
Diisobutyl Aluminum Hydride DAST Diethylaminosulfur
trifluorideNaBH(OAC)3 Sodium triacetoxyborohydride
(DPPF)PdC12 Diphenylphosphinyl palladium chloride
(PPh3)4Pd Tetrakistriphenylphosphine Palladium (0) CDI
Carbonyl Diimidazole HATU O-(7-Azabenotriazole-
1-y)-N,N,N',N'-Tetramethyluronium Hexafluoro-Phosphate
SFC Super Critical Fluid Chromatography Lawesson's
reagent p-methoxyphenylthionophosphine sulfide dimer
having the following structure: Example 1
4-Chloro-iV-[(li?)-l-(l-ethyl-l -
r-benziinidazol-2-yl)ethyl]benzenesuIfonamide [(
Ii?)-1-(I -ethyl- lH-benzimidazol-2-yl)ethyl] amine
(Intermediate 1; 0.700 g, 3.70 mmol) and Et3N (1.70
mL, 12.2 mmol) were dissolved in DCM (30 mL). After
cooling to 0 0C, a solution of 4-chlorobenzenesulfonyl
chloride (0.820 g, 3.88 mmol) in DCM (5 mL) was added
drop wise and the reaction mixture was stirred
overnight at RT. The reaction mixture was diluted with
DCM (70 mL) and washed with water (3 x 10 mL) and
brine (10 mL). The organic layer was dried and
concentrated in vacuo to give a dark brown semi-solid
residue, which was purified by flash column
chromatography using silica gel and CHCl3/MeOH (98:2)
to give the product as a light purple solid (1.30 g,
97% yield). 1H NMR (300 MHz, CDCl3) d 7.64-7.57 (m,
3H), 7.26-7.16 (m, 5H), 6.18 (d, / = 8.3 Hz, IH),
4.85-4.75 (m, IH), 4.24-3.99 (m, 2H), 1.56 (d, J = 6.9
Hz, 3H), 1.35 (t, / = 7.1 Hz, 3H). M/Z = 363 The
compounds of examples 2-182 were prepared by a
procedure analogous to that of Example 1, using the
appropriate sulfonyl chloride of formula (II) (see
page 17) (which arecommercially available except for
those used in Examples 105-109, Exs.114, 127, 140,
148, 151, 155, 160, 161, 172, 173, 177, l lwhich were
prepared as described below and shown in Table 7 and
the appropriate Intermediate amine of formula (III)
(see page 17), indicated as INT in Table 1, with the
exception of Examples 68-78, Examples 80 95, 101, 102,
106, 111, 128, 129, 133, 134, 141, 149, 152, 158, 163,
164, 165, 167, 168, 169, 170, 171, 178 and 182 which
were synthesized from the Examples listed inTable 1
using the synthetic routes described at the end of
table 1 Example 187 was prepared from appropriate
Intermediate amine of formula (III) (see page 17) as
described immediately following table 1. Procedures
for the preparation of the Intermediates follow Table
1 TABLE lINJECTION DEVICE Modified Trigger FIELD OF
THE INVENTION The present invention relates to an
injection device of the type that receives a syringe,
extends it, discharges its contents and then retracts
it automatically. BACKGROUND OF THE INVENTION
Previously known injection devices are described in
WO95/35126 and EP-A-05 16473. Such devices tend to
employ a trigger that, when a releasable locking
mechanism is engaged, may be operated to cause a drive
spring to act upon a syringe. Generally, in such
devices, the trigger is rotatable about a pivot axis
so that when it is depressed at a first end, a second
end (which normally engages the drive spring) is also
rotated away from the drive spring, thereby releasing
it, so that the syringe extends under the bias of the
drive spring and its contents are discharged. The
trigger comprises a protrusion that is engagable with
a cut-out on the releasable locking mechanism when the
releasable locking mechanism is engaged, thereby
allowing the trigger to be activated. When the
releasable locking mechanism is not engaged, the
protrusion abuts a portion of the releasable locking
mechanism and thus prevents rotation of the trigger
and release of the drive spring, hi this way,
accidental activation of the trigger can be prevented.
A problem with an injection device of this type is
that the protrusion on the trigger flexes when a force
is applied to the trigger and the releasable locking
mechanism is not engaged. A strong force applied to
the trigger can cause enough flex in the protrusion
that the end of the protrusion can engage the cut-out
on the releasable locking mechanism, thereby allowing
the trigger to be activated even when the releasable 



locking mechanism has not been engaged. A co-pending
UK patent application,published as GB 2424835 and
incorporated herein in its entirety by reference,
addresses this problem by providing a protrusion on
the releasable locking mechanism and a cut out on the
trigger. In this way, when a force is applied to the
trigger when the releasable locking mechanism is not
engaged, the trigger and its protrusion both flex in
such a way that the protrusion is forced away from the
cut-out, thereby decreasing the risk of accidental
activation of the trigger. The injection device
described in GB 2424835 requires a particular sequence
of operation to fire the device. Specifically, the
releasable locking mechanism must be engaged before
the trigger can be activated. If the trigger is first
held down before the releasable locking mechanism is
activated, the trigger is forced against the
protrusion so that the releasable locking mechanism
cannot be moved into is engaged position (i.e. its
position in which activation of trigger is possible).
Movement of the releasable locking mechanism is
prevented in this way by the presence of a ridge on
the trigger over which the protrusion cannot pass when
the trigger is held down before the releasable locking
mechanism is activated. The sequential mode of
operation that this configuration necessitates may
pose difficulties for some users of the device.
SUMMARY OF THE INVENTION The injection device of the
present invention is designed to overcome this and
other problems. In view of the foregoing and in
accordance with a first aspect of the invention, there
is provided an injection device comprising: a housing
defining a first axis and adapted to receive a syringe
having a discharge nozzle, so that the syringe is
movable between a retracted position, in which the
discharge nozzle is contained within the housing, and
an extended position, in which the discharge nozzle
extends from the housing through an exit aperture; a
drive that is acted upon and in turn acts upon the
syringe; a trigger movable from a rest position, in
which it causes the drive to be retained, to an active
position, in which it no longer causes the drive to be
retained; anda releasable locking mechanism movable
from a first position, in which the trigger is
prevented from moving into its active position, to a
second position, in which the trigger can be moved to
its active position, wherein the trigger has an
activation surface on which pressure can be applied to
move the trigger from its rest position to its active
position when the releasable locking mechanism is in
its second position; wherein the trigger and the
releasable locking mechanism are arranged such that
the trigger moves to its active position when the
releasable locking mechanism is moved to its second
position whilst pressure is being applied to the
activation surface of the trigger. Thus, the device
may be activated by a user pressing and holding down
the trigger and subsequently engaging the releasable
locking mechanism. Preferably, the releasable locking
mechanism forms part of a sliding sleeve which
protrudes, in its first position, from the exit
aperture and which is moved to its second position by
pressing the sliding sleeve against the skin of a
user. The above sequence of operation greatly assists
users of the device who may find it difficult to hold
the injection device against their skin before
pressing down on the trigger. This arrangement may
additionally allow the device to be operated by a user
engaging the releasable locking mechanism and
subsequently pressing the trigger. In one embodiment
of the invention, the trigger includes a locking
component and the releasable locking mechanism
includes a locking element. The locking component and
the locking element are in contacting juxtaposition
when the trigger is in its rest position and the
releasable locking mechanism is in its first position
such that the trigger is prevented from moving to its
active position when pressure is applied to the
activation surface of the trigger. Preferably, the
locking component and the locking element are adapted
such that, whilst pressure is being applied to the
activation surface of the trigger when the trigger is
initially in its rest position and the releasable
locking mechanism is initially in its first position,
the releasable locking mechanism can be moved to its
second position in whichthe locking component and the
locking element are not in contacting juxtaposition,
such that the trigger moves from its rest position to
its active position. In addition, the locking
component may extend from a first end of the trigger
in a direction along the first axis and includes a
cut-out therein and the locking element comprises a
protrusion along a second axis for communicating with
a contact surface of the locking component when the
releasable locking mechanism is in its first position
and for communicating with the cut-out when the
releasable locking mechanism is in its second
position, wherein the second axis is at an angle to
the first axis. Advantageously, the locking component
may comprise a cammed surface on which the locking
element acts when the releasable locking mechanism is
in its first position such that, whilst pressure is
being applied to the activation surface of the trigger
in a direction substantially along the second axis and
into the injection device, the locking element can be
moved over the cammed surface, as the releasable
locking mechanism is moved to its second position,
into a position in which the locking component and the
locking element are not in contacting juxtaposition.
The cammed surface may be angled in such a way that
the application of pressure to the activation surface
of the trigger, when the releasable locking mechanism
is in its first position, biases the protrusion of the
locking element away from the cut-out of the locking
component. Preferably, the cammed surface is sloped
away from the protrusion in a direction away from the
first end of the trigger. Additionally, the protrusion
may comprise a ridge adapted to communicate with an
edge of the cut-out when the releasable locking
mechanism is in its second position and the trigger is
in its active position, thereby preventing movement of
the trigger from its active position to its rest
position. Thus, the trigger can be maintained in a
rotated position following its activation, thereby
serving to indicate that the injection device has been
used. Furthermore, the locking component may further
include a first portion which extends into the cut-out
from the locking component and which is arranged to
communicate withthe ridge when the releasable locking
mechanism is in its second position and the trigger is
in its active position. Preferably, the releasable
locking mechanism comprises biasing means arranged to
bias the protrusion against the first portion of the
locking component. Advantageously, the protrusion may
comprise a sloped surface, which is angled with
respect to the second axis. This feature ensures that
the protrusion enters the cut-out smoothly when the
releasable locking mechanism is moved to its second
position. Preferably, the first axis and the second
axis are perpendicular to each other, thereby ensuring
that the protrusion and the locking component are
optimally arranged to ensure that the protrusion
enters the cut-out when the releasable locking
mechanism is moved to its second position, but also
means that the protrusion and the locking component
will flex in such a way as to avoid accidental
activation of the trigger when the releasable locking
mechanism is in its first position. Preferably, the
releasable locking mechanism comprises a sleeve, which
protrudes from the exit aperture when the releasable
locking mechanism is in its first position. Even more
preferably, the releasable locking mechanism is biased
into its first position when it is not activated. A
second aspect of the invention provides a method of
operating an injection device comprising a housing and
a syringe with a discharge nozzle, the syringe being
movable between a retracted position, in which the
discharge nozzle is contained within the housing, and
an extended position, in which the discharge nozzle
extends from the housing through an exit aperture, the
injection device further comprising a drive that is
acted upon and in turn acts upon the syringe, a
trigger which is movable from a rest position, in
which it causes the drive to be retained, to an active
position, in which it no longer causes the drive to be
retained and a releasable locking mechanism moveable
from a first position, in which the trigger is
prevented from moving into its active position, to a
second position, in which the trigger can be moved to
its active position, the method comprising:applying
pressure to an activation surface of the trigger with
the releasable locking mechanism in its first position
preventing the trigger releasing the drive; and then
moving the releasable locking mechanism from its first
position to its second position, thereby permitting
the trigger to be moved, from its rest position to its
active position by the pressure applied to the
activation surface, such that the drive is released
and the discharge nozzle is thus extended out through
the exit aperture. BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described by way of example
with reference to the accompanying drawings, in which:
Figure 1 shows a perspective view of an injection
device according to the present invention; Figure 2
shows a side view of the injection device of figure 1
with an upper section of its housing not shown; Figure
3 shows a side view of the injection device of figure
2 with further components not shown; Figure 4 shows a
top plan view of the injection device of figure 3;
Figure 5 shows a perspective view of a trigger and
releasable locking mechanism according to an
embodiment of the present invention; Figure 6 shows an
alternative perspective view of the trigger and
releasable locking mechanism of figure 5; and Figure 7
shows a side cross-sectional view of the trigger and
releasable locking mechanism of figures 5 and
6.DETAILED DESCRIPTION OF THE DRAWINGS Figures 1 to 4
show an injection device ( 1 10) and its internal
components according to one embodiment of the present
invention. The injection device (1 10) has an
injection device housing (112) and a longitudinal axis
(101). A syringe (122) is contained in the housing (
112). The injection device (110) comprises a trigger
(114) and a releasable locking mechanism (116). The
trigger (114) has a first end (114a) and a second end
(114b). The trigger (114) is rotatable about a pivot
(115) from a rest position (as shown in figure 2) to
an active position (not shown) by applying downwards
pressure in direction R (into the injection device
(HO)) onto an activation surface (114c). The second
end (114b) of the trigger (114) connects with a drive
coupling (121) which is acted upon by a drive spring
(120). The drive coupling (121) is in communication
with the syringe (122). Rotation of the trigger (114)
about the pivot (115) near direction R (i.e. downwards
into the housing (112) at its first end (114a)) causes
the second end (114b) of the trigger (114) to
disengage from the drive coupling (121) thereby
letting the drive spring (120) drive the syringe (122)
(via the drive coupling (121)) along the longitudinal
axis (101) out of an aperture ( 118) in the housing
(112). The releasable locking mechanism (116) is in
communication with a sliding sleeve (126) which
protrudes, when in a first position, from the aperture
(118) in the housing (112). The releasable locking
mechanism (116) is activated by movement of the
sliding sleeve (126) along the longitudinal axis (101)
into the housing (112) into a second position. A first
end (126a) of the sliding sleeve (126) can be placed
against the body into which a drug is being delivered,
thereby deactivating the releasable locking mechanism
(116) and allowing the trigger (114) to rotate in
direction R from its rest position to its active
position. As can be seen from figures 5 and 6, the
trigger ( 114) is provided at its first end (114a)
with a locking component (150) having a cut-out (152).
The locking component (150)extends from the first end
( 114a) of the trigger ( 1 14) in a direction
substantially parallel to the longitudinal axis (101).
The releasable locking mechanism (116) includes a
locking element (154) that takes the form of a
protrusion (154), which projects in a direction along
a perpendicular axis (181) that is perpendicular to
the longitudinal axis (101). The cut-out (152) is
dimensioned to receive the protrusion (154). When the
releasable locking mechanism ( 116) is in its first
position, as shown in figures 2 to 6, an end (154a) of
the protrusion (154) abuts an undersurface (156) of
the locking component (150), thereby preventing
rotation of the trigger (114). When the releasable
locking mechanism (116) is in its second position (not
shown) following movement of the sliding sleeve (126)
into the housing ( 112), the cut-out (152) is
positioned above the end (154a) of the protrusion
(154), allowing it to pass over the protrusion (154)
while a downwards force is applied to the trigger
(114). Hence, the trigger (114) is no longer prevented
from rotating and disengages itself from the drive
coupling (121), thereby extending the syringe (122).
The protrusion (154) comprises a ridge (166). The
trigger ( 114) includes a first portion (162) that
extends into the cut-out (152) from the locking
component (150) of the trigger (114) and that is
arranged to communicate with the first portion (162)
following rotation of the trigger (114) so that the
ridge (160) is locked over the first portion (162),
thereby preventing movement of the trigger (114) from
its active position back to its rest position. The
releasable locking mechanism (116) includes biasing
means, in the form of resilient arms (171), which act
against the internal surface of the housing (112) to
bias the releasable locking mechanism (116) and
sliding sleeve (126) in a direction out of the
aperture (118). This way, following activation of the
trigger (114), the ridge (160) is locked over the
first portion (162) of the trigger (114), thereby
holding the trigger (114) in its active position.As
will be seen from Figure 7, the locking component
(150) of the trigger (114) comprises a cammed surface
(164) on the under-surface (156) of the locking
component (150) that is positioned between the cut-out
(152) and the end of the locking component (150). The
cammed surface (164) is sloped away from the
protrusion (154) in the direction away from the first
end ( 114a) of the trigger (1 14). The cammed surface
(164) abuts the protrusion (154) when force is applied
to the trigger ( 114) in a direction R and the
releasable locking mechanism (116) is in its first
position. This has the effect that when pressure is
applied to the trigger (114), when the releasable
locking mechanism (116) is in its first position, the
locking component (150) and protrusion (154) flex so
that the end (154a) of the protrusion is directed away
from the cut-out (152). This prevents the trigger
(114) (and hence injection device ( 110)) being
accidentally operated by pushing down hard on the
trigger (114) when the releasable locking mechanism is
in its first position. The cammed surface (164) is
sloped such that the releasable locking mechanism
(116) can b e moved from its first position to its
second position whilst pressure is being applied to
the trigger (114), in such a way that the end (154a)
of the protrusion (154) moves over the cammed surface
(164) to the cut-out (152), thus allowing the trigger
(114) to move from its rest position to its active
position, thereby activating the injection device
(110). The protrusion (154) has a sloped surface (166)
that is angled with respect to the perpendicular axis
(181), which allows the first portion (162) of the
trigger (114) to pass over the protrusion (154) more
effectively when the trigger (114) moves from its rest
position to its active position when the releasable
locking mechanism (116) is in its second position. It
will of course be understood that the present
invention has been described above purely by way of
example and modifications of detail can be made within
the scope of the invention.CLAIMS. 1. An inj ection
device comprising: a housing defining a first axis and
adapted to receive a syringe having a discharge
nozzle, so that the syringe is movable between a
retracted position, in which the discharge nozzle is
contained within the housing, and an extended
position, in which the discharge nozzle extends from
the housing through an exit aperture; a drive that is
acted upon and in turn acts upon the syringe; a
trigger movable from a rest position, in which it
causes the drive to be retained, to an active
position, in which it no longer causes the drive to be
retained; and a releasable locking mechanism movable
firom a first position, in which the trigger is
prevented from moving into its active position, to a
second position, in which the trigger can b e moved to
its active position, wherein the trigger has an
activation surface on which pressure can be applied to
move the trigger from its rest position to its active
position when the releasable locking mechanism is in
its second position, and wherein the trigger and the
releasable locking mechanism are arranged such that
the trigger moves to its active position when the
releasable locking mechanism is moved to its second
position whilst pressure is being applied to the
activation surface of the trigger. 2. The injection
device of claim 1, wherein the trigger includes a
locking component and the releasable locking mechanism
includes a locking element and wherein the locking
component and the locking element are in contacting
juxtaposition when the trigger is in its rest position
and the releasable locking mechanism is in its first
position, such that the trigger is prevented from
moving to its active position when pressure is applied
to the activation surface of the trigger. 3. The
injection device of claim 2, wherein the locking
component and the locking element are adapted such
that, whilst pressure is being applied to the
activation surface of the trigger when the trigger is
initially in its rest position and the releasable
locking mechanism is initially in its first position,
the releasable locking mechanism can b e moved to its
second position in which the locking component and the
locking elementare not in contacting juxtaposition,
such that the trigger moves from its rest position to
its active position. 4. The injection device of claim
2 or claim 3, wherein the locking component extends
from a first end of the trigger in a direction along
the first axis and includes a cut-out therein and the
locking element comprises a protrusion along a second
axis for communicating with a contact surface of the
locking component when the releasable locking
mechanism is in its first position and for
communicating with the cut-out when the releasable
locking mechanism is in its second position, wherein
the second axis is at an angle to the first axis. 5.
The injection device of claim 4, wherein the locking
component comprises a cammed surface on which the
locking element acts when the releasable locking
mechanism is in its first position, such that, whilst
pressure is being applied to the activation surface of
the trigger in a direction substantially along the
second axis into the injection device, the locking
element can be moved over the cammed surface, as the
releasable locking mechanism is moved to its second
position, into a position in which the locking
component and the locking element are not in
contacting juxtaposition. 6. The injection device of
claim 5, wherein the cammed surface is angled in such
a way that application of pressure to the activation
surface of the trigger, when the releasable locking
mechanism is in its first position, biases the
protrusion of the locking element away from the
cut-out of the locking component. 7. The injection
device of any of claims 4 to 6, wherein the protrusion
comprises a ridge adapted to communicate with an edge
of the cut-out when the releasable locking mechanism
is in its second position and the trigger is in its
active position, thereby preventing movement of the
trigger from its active position to its rest position.
8. The injection device of claim 7, wherein the
locking component further includes a first portion
which extends into the cut-out from the locking
component and which is arranged to communicate with
the ridge when the releasable locking mechanism is in
its second position and the trigger is in its active
position.9. The injection device of claim 8, wherein
the releasable locking mechanism comprises biasing
means arranged to bias the protrusion against the
first portion of the locking component. 10. The
injection device of any of claims 4 to 9, wherein the
protrusion comprises a sloped surface, which is angled
with respect to the second axis. 11. The injection
device of any of claims 4 to 10, wherein the first
axis and the second axis are perpendicular to each
other. 12. The injection device of any preceding
claim, wherein the trigger is pivotally mounted on the
housing. 13. The injection device of any preceding
claim, wherein the releasable locking mechanism
comprises a sleeve, which protrudes from the exit
aperture when the releasable locking mechanism is in
its first position. 14. The injection device of any
preceding claim, wherein the releasable locking
mechanism is biased into its first position when it is
not activated. 15. An injection device substantially
as hereinbefore described with reference to the
attached drawings. 16. A method of operating an
injection device comprising a housing and a syringe
with a discharge nozzle, the syringe being movable
between a retracted position, in which the discharge
nozzle is contained within the housing, and an
extended position, in which the discharge nozzle
extends from the housing through an exit aperture, the
injection device further comprising a drive that is
acted upon and in turn acts upon the syringe, a
trigger which is movable from a rest position, in
which it causes the drive to be retained, to an active
position, in which it no longer causes the drive to be
retained and a releasable locking mechanism moveable
from a first position, in which the trigger is
preventedfrom moving into its active position, to a
second position, in which the trigger can be moved to
its active position, the method comprising: applying
pressure to an activation surface of the trigger with
the releasable locking mechanism in its first position
preventing the trigger releasing the drive; and then
moving the releasable locking mechanism from its first
position to its second position, thereby permitting
the trigger to be moved, from its rest position to its
active position by the pressure applied to the
activation surface, such that the drive is released
and the discharge nozzle is thus extended out through
the exit aperture. 


