
3- OR 4-MONOSUBSTITUTED PHENOL AND THIOPHENOL
DERIVATIVES USEFUL AS H3 LIGANDS The present invention
relates to 3- or 4-monosubstituted phenol and
thiophenol derivatives of general formula : in which
R, X, Y, Z, m and p have the meanings indicated below,
and to processes for the preparation of, intermediates
used in the preparation of, compositions containing
and the uses of, such derivatives. Histamine H3
receptors are found inter alia on presynaptic
terminals of peripheral nerves, where they modulate
autonomic neurotransmission and modulate a variety of
end organ responses under control of the autonomic
nervous system. They are also heteroreceptors,
modulating the release of numerous other
neurotransmitters such as dopamine, glutamate,
noradrenaline, serotonin, GABA, acetylcholine, some
peptides and co-transmitters. Recently numerous
histamine H3 receptor ligands have been developed. An
overview of the current advance in H3 ligand research
and patenting is given in Expert Opin. Ther. Patents
(2003) 13(6). Examples of Histamine H3 receptor
ligands can be found in WO02/76925, WO00/06254,
WO02/12190, WO02/12214 and WO02/06223. H3 receptor
ligands are believed to be suitable for the treatment
of various diseases including both disorders of the
central nervous system and inflammatory disorders.
Examples of diseases where treatment with H3 ligands
is believed to be useful are inflammatory bowel
disease, Crohn's disease, colitis ulcerosa, sleep
disorders, migraine, dyskinesia, stress-induced
anxiety, psychotic disorders, epilepsy, Cognition
deficiency diseases such as Alzheimer's disease or
mild coginitive impairment, depression, mood
disorders, schizophrenia, anxiety disorders,
attention-deficit hyperactivity disorder (ADHD),
psychotic disorders, obesity, dizziness, epilepsy,
motion sickness, vertigo, respiratory diseases such as
adult respiratory distress syndrome, acute respiratory
distress syndrome, bronchitis, chronic bronchitis,
chronic obstructive pulmonary disease, cystic
fibrosis, asthma, emphysema, rhinitis, chronic
sinusitis, allergy, allergy-induced airway responses,
allergic rhinitis, viral rhinitis, non-allergic
rhinitis, perennial and seasonal rhinitis, nasal
congestion and allergic congestion. Although H3
ligands are known there is still a need to provide new
H3 ligands that are good drug candidates. In
particular, preferred compounds should bind potently
to the histamine H3 receptor whilst showing little
affinity for other receptors. They should be well
absorbed from the gastrointestinal tract, be
metaboiically stable and possess favourable
pharmacokinetic properties. They should be non-toxic
and demonstrate few side-effects.In this context, the
present invention concerns new substituted phenol and
thiophenol derivatives of general formula (1) : or a
pharmaceutically acceptable salt and/or thereof
wherein : the substituent of formula -Z-R is in the
meta or para position of the phenyl group; X is
selected from -CN, -CH2OH, -CH2-O-(C r C4)alkyl,
-C(O)OH, -C(O)O(C r C4)alkyl, -CH 2-NR 1R2, - C(O)NR
3R4, -CHz-O-het 2, -CH2-het 1 and net1, the group net
1 in both -CH2-het 1 and net1 being optionally
substituted by one or two substituents independently
selected from halo, cyano, (Cr C4)alkyl, -S-(C 1-
C4)alkyl and (Cr C4)alkoxy; R1 is hydrogen or
(C1-C4)SlKyI optionally substituted by
(C3-C6)cycloalkyl; R2 is selected from the group
consisting of : hydrogen, (Ci-C 6)alkyl optionally
substituted by one or two substituents independently
selected from (C3- C6)cycloalkyl, hydroxy, -S-(C r
C4)alkyl, -O-(C 1-C4)alkyl, -SO2-(C r C4)alkyl, -SO-(C
1-C4)alkyl, halo, het1, amino, (Cr C4)alkylamino [(C
1- C4)alkyl] 2amino and phenyl, said phenyl being
optionally substituted by one or two substituents
independently selected from halo, hydroxy, cyano, (CrC
4)alkyl and (C1-C4JaIkOXy, (C3-C6)cycloalkyl, het2,
optionally substituted by one or two substituents
independently selected from halo, cyano, (C1-C4JaIkYl,
NH2 and (C1-C4JaIkOXy, -SO2-R5 wherein R5 is selected
from the group consisting of (C1-C4JaIkYl, amino, (C1-
C4)alkylamino, [(CrC^alkyl^amino, phenyl and -(C r
C4)alkyI-phenyl, said phenyl being optionally
substituted by one or two substituents independently
selected from halo, cyano, (C1-C4JaIkYl and
(C1-C4JaIkOXy, and -C(O)-R 6 wherein R6 is selected
from the group consisting of (C1-C4JaIkYl, amino, (C1-
C4)alkylamino, [(C r C4)alkyl] 2amino, phenyl and
-(CrCJalkyl-phenyl, said phenyl being optionaly
substituted by one or two substituents independently
selected from halo, cyano, (C1-C4JaIkYl and
(C1-C4JaIkOXy; or R1 and R2 form together with the N
atom to which they are attached a 3-, 4-, 5-, 6- or
7-membered saturated heterocycle wherein one C atom
may be replaced by N, O, S, SO or SO2 and wherein
saidsaturated heterocycle is optionally substituted by
one or two groups independently selected from hydroxy,
halo, =0, (Cr C4)alkyl, (Cr C4)alkoxy, hydroxy(C r
C4)alkyl, (C1- C4)alkoxy(C 1-C4)alkyl, -Sq 2(CrC
4)alkyl, -C(O)(CrC 4)alkyl, amino, (CrCOalkylamino,
-C(O)NH 2, C(O)O(C 1-C4)alkyl and pyrrolidinone; R3
and R4 are each independently selected from hydrogen,
(C3-C6)cycloalkyl, and (Cr C4)alkyl, said (C3-
C6)cycloalkyl and (Cr C4)alkyl being optionally
substituted by amino, (CrC 4)alkylamino, [(C1-
C4)alkyl] 2amino or (C3-C6)cycloalkyl, or R3 and R4
form together with the N atom to which they are
attached a 4-, 5-, 6- or 7-membered saturated
heterocycle wherein one C atom may be replaced by N or
O and wherein said saturated heterocycle is optionally
substituted by (C1-C4)SIkYl 1 [(CrC^alkyl^amino,
amino, (CrC^alkylamino, or -C(O)(C 1-C4)alkyl, said
-C(O)(C 1-C4)alkyl being optionally substituted by
methoxy or ethoxy, Y is selected from CH2, CH(OH), O,
C=O and N, said N being substituted by H, (Cr
C4)alkyl, C(O)(C 1- C4)alkyl or (C1-C4)alkoxy(C
1-C4)alkyl; Z is selected from O, S, SO and SO2; m and
p are both integers which are independently 1, 2 or 3,
with the condition that m+p is equal to or less than 4
so that the ring formed by : is a 4-, 5- or 6-membered
ring; and R is either a group of formula : wherein *
represents the attachment point to Z, L is a straight
chain or branched (C2-C6)alkylene and R7 and R8 are
each independently selected from hydrogen, (CrC
6)alkyl, (C3-C6)cycloalkyl, hydroxy(C r C6)alkyl or R7
and R8 form together with the N atom to which they are
attached a 4-, 5-, 6- or 7-membered saturated
heterocycle wherein one C atom is optionally replaced
by N, O, S, SO or SO2 and wherein said saturated
heterocycle is optionally substituted by one or two
groups independently selected from (C1- C4)alkyl, (Cr
C4)alkoxy, (C1-C4)alkoxy(C 1-C4)alkyl, hydroxy(C
1-C4)alkyl, hydroxy, C(O)O(C r C4)alkyl, -C(O)- (Ci-C
4)alkyl-NH 2, -C(O)NH 2, halo, amino, (Cr
C4)alkylamino and [(d-C^alky^amino, or R is a group of
formula:wherein * represents the attachment point to
Z, the N-containing ring is a 4- to 7-membered
saturated heterocycle, n is an integer equal to 0, 1
or 2 , and R9 represents a substituent selected from
hydrogen, (Cr C4)alkyl, (^dTOXy(C1-C6 alky!) and
(C3-C6)cycioalkyl; het1 is selected from monocyclic or
bicyclic heteroaromatic groups having 5 to 10 ring
members, which contain 1, 2, 3 or 4 heteroatom(s)
selected from nitrogen, oxygen and sulphur and het2 is
selected from monocyclic or bicyclic heteroaromatic
groups having 5 to 10 ring members, which contain 1,
2, 3 or 4 heteroatom(s) selected from nitrogen, oxygen
and sulphur. It has been found that these compounds
are H3 ligands and are thus particularly useful for
the treatment of H3-related diseases such as
neurologic disorders, or inflammatory, respiratory and
allergic diseases, disorders and conditions. In the
present description the following definitions are
used, unless otherwise specified. "halo" denotes a
halogen atom selected from the group consisting of
fluoro, chloro, bromo and iodo. "(C C alkyl" denotes a
saturated, straight-chain or branched hydrocarbon
group having from 1 to x carbon atoms and includes for
example (when x= 4) methyl, ethyl, propyl, i-propyl,
n-butyl, i-butyl, secbutyl and t-butyl and further
(when x=6) pentyl, l-pentyl, n-pentyl and hexyl. This
also applies if the alkyl group carries substituents
or is a substituent for another group, e.g. in
-S-^-C^alkyl, -O-(C 1-C4)alkyl, - SO2-(Cr C4)alkyl,
-SO-(C 1-C4)alkyl, -CH2-O-(C 1-C4)alkyl, -C(O)O(C
1-C4)alkyl, (Cr C4)alkylamino, [(C1- C4)alkyl]2amino,
-(C r C4)alkyl-phenyl, -(C1-C4)alkyl(C
3-C6)cycloalkyl, hydroxy(C 1-C4)alkyl, (C1- 



C4)alkoxy(C r C4)alkyl, -C(O)(C 1-C4)alkyl. "(C r
C4)alkoxy" denotes straight-chain and branched alkoxy
groups and includes for example methoxy, ethoxy,
n-propoxy, i-propoxy, n-butoxy, i-butoxy, sec-butoxy
and t-butoxy. "(C2-C6)alkylene" denotes a divalent
radical derived from straight-chain or branched alkane
containing from 2 to 6 carbon atoms. Examples of
(C2-C6)alkylene radicals are methylene, ethylene ( 1
,2-ethylene or 1,1-ethylene), trimethylene (
1,3-propylene), tetramethylene ( 1,4-butylene),
pentamethylene and hexamethylene. "hydroxytCrCOalkyl"
radicals are alkyl radicals substituted by hydroxy.
They can contain 1 or several hydroxy substituents, if
not stated otherwise. Examples of suitable
hydroxy^-C^alkyl radicals are hydroxymethyl,
1-hydroxyethyl or 2-hydroxyethyl. "(C3-C6)cycloalkyl"
denotes a saturated monocyclic carbocyclic group
having 3 to 6 carbon atoms and includes for example
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.
In the case where the (CrC x)alkyl radicals are
substituted by halo, such radical can contain 1 or
several halogen atoms, if not stated otherwise. Said
halo is preferably a fluoro, a chloro, a bromo or a
iodo, in particular fluoro or chloro. For example in a
fluoro-substituted alkyl radical, a methyl group can
be present as a difluoromethyl or a trifluoromethyl
group."saturated heterocycle" denotes a saturated
monocyclic group having 4 to 7 ring members, which
contains 1 nitrogen atom and optionally a further
heteroatom selected from nitrogen, oxygen and sulphur.
Examples of saturated heterocycles are azetidinyl,
pyrrolidinyl, piperidinyl, morpholinyl, piperazinyl,
oxazepanyl and azepanyl. het1 and het2 are monocyclic
or bicyclic heteroaromatic groups having 5 to 10 ring
members, which contain 1, 2, 3 or 4 heteroatom(s)
selected from nitrogen, oxygen and sulphur. In
particular the heteroaromatic group contains either
(a) 1 to 4 nitrogen atoms, (b) one oxygen atom or one
sulfur atom or (c) 1 oxygen atom or 1 sulfur atom and
1 or 2 nitrogen atoms, het2 is preferably C-linked,
which means that the group is linked to the adjacent
atom by a ring carbon atom het1 can be C-linked or
N-linked. The heteroaryl group can be unsubstituted,
monosubstituted or disubstituted, as indicated in the
definition of X and R2 hereabove for general formula
(1) according to the present invention. Examples of
heteroaryl groups include, but are not limited to
thiophenyl, furanyl, pyrrolyl, pyrazolyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl,
pyranyl, pyridinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, triazinyl, thiadiazinyl, isobenzofuranyl,
benzofuranyl, chromenyl, indolizinyl, isoindolyl,
indolyl, indazolyl, purinyl, quinolinyl, isoquinolyl,
cinnolinyl, phthalazinyl, naphthyridinyl,
quinazolinyl, quinoxalinyl, benzoxazolyl,
benzothiazolyl, benzimidazolyl, benzofuranyl,
benzothiophenyl, pyrrolopyrazinyl, pyrrolopyridinyl,
and imidazopyridinyl. Preferred definitions for het1
and het2 will follow hereafter. In the general formula
( 1) according to the present invention, when a
radical is mono- or poly-substituted, said
substituent(s) can be located at any desired
position(s), unless otherwise stated. Also, when a
radical is polysubstituted, said substituents can be
identical or different, unless otherwise stated.
According to a preferred aspect of the invention, X is
selected from -CN, -CH 2OH, -C(O)OH, -CH2-NR 1R2,
-C(O)NR 3R4, -CH2-het 1 and het1, het1 in both -CH
2-het 1 and het1 being optionally substituted once or
twice by (C1-C4JaIkYl, more preferably X is selected
from -CH 2-NR 1R2, -CONR 3R4, -CH2-het 1 and het1,
het1 in both -CH2-het 1 and het1 being optionally
substituted once or twice by (Cr C4)alkyl, wherein R1,
R2, R3, R4 and het 1 are as previously defined. het 1
is preferably selected from a 5 or 6 membered
monocyclic heteroaromatic group, or a 9 membered
bicyclic heteroaromatic group, each heteroaromatic
group containing 1 to 3 nitrogen atoms, or 1 to 2
nitrogen atoms and 1 oxygen atom, or 1 nitrogen atom
and 1 sulphur atom, and each heteroaromatic group
being optionally substituted once or twice by (CrC
4)alkyl, and preferably, optionally substituted once
or twice by (Cr C2)alkyl. More preferably, X is
thiazolyl, benzimidazolylmethyl-, pyridinyl, oxazolyl,
imidazopyridinylmethyl-, pyrimidinyl, imidazolyl,
imidazolylmethyl- or triazolylmethyl-, said thiazolyl,
benzimidazolylmethyl-, pyridinyl, oxazolyl,
imidazopyridinylmethyl-, pyrimidinyl, imidazolyl,
imidazolylmethyl- and triazolylmethyl- each being
optionally substituted with one methyl group. R1 is
preferably hydrogen, methyl or ethyl. R2 is preferably
selected from the group consisting ofhydrogen, (d-C
bJalkyl optionally substituted by one or two
substituents independently selected from -S-(C 1-
C4)alkyl, -O-(C 1-C4)alkyl, -SO2-(CrC 4)alkyl, and
phenyl, said phenyl being optionally substituted by
one or two substituents independently selected from
halo, hydroxy, cyano, (CrC 4)alkyl and (C1- C4)alkoxy,
(C3-C6)cycloalkyl, het2 optionally substituted by one
or two substituents independently selected from halo,
cyano, (C1-C4)alkyl and (C1-C4JaIkOXy, wherein het2 is
defined as above, -SO2-R5 wherein R5 is selected from
the group consisting of (CrC 4)alkyl, phenyl, and
-(CrC^alkyl-phenyl, wherein said phenyl is optionally
substituted by 1 substituent independently selected
from halo and cyano and -C(O)-R 6 wherein R6 is
selected from the group consisting of (CrC 4)alkyl,
((Ci-C 4)alkyl] 2amino, amino, and -(d-C^alkyl-phenyl,
said phenyl being optionally substituted by one or two
substituents independently selected from halo, cyano,
(CrC 4)alkyl and (C1-C4JaIkOXy. More preferably R2 is
selected from the group consisting of (CrC 3)alkyl
optionally substituted by -O-(CrC )a\ky\, preferably
methoxy, (C3-C5)cycloalkyl, het2, wherein het2 is
preferably selected from the group consisting of 5 or
6 membered monocyclic heteroaromatic ring systems
containing 1 to 2 nitrogen atoms or 1 nitrogen atom
and 1 oxygen atom or 1 nitrogen atom and 1 sulphur
atom, said het2 being optionally substituted by one or
two substituents independently selected from halo,
cyano, (C-|-C4)alkyl and (Cr C4)alkoxy, preferably (Cr
C4)alkyl, SO2-R5 wherein R5 is selected from the group
consisting of (CrC 4)alkyl, [(Ci-C 4)alkyl] 2amino,
phenyl, and -(CrC^alkyl-phenyl, wherein said phenyl is
optionally substituted by 1 substituent independently
selected from halo and cyano and wherein R5 is
preferably (Ci-C 4)alkyl, C(O)-R 6 wherein R6 is
selected from the group consisting of (CrC 4)alkyl,
((C1-C4)alkyl] 2amino, amino, and -(C r
C4)alkyl-phenyl, said phenyl being optionally
substituted by one or two substituents independently
selected from halo, cyano, (Cr C4)alkyl and (Cr
C4)alkoxy, and wherein R6 is preferably (Cr C4)alkyl.
In another aspect of the invention, R2 is preferably
(Ci-C 3)alkyl optionally substituted by methoxy. het2
is preferably selected from the group consisting of 5
or 6 membered monocyclic heteroaromatic ring systems
containing 1 or 2 nitrogen atoms. In another aspect of
the invention, R2 is preferably a pyridazinyl group.
According to a further preferred aspect of the
invention R1 and R2 form together with the N atom to
which they are attached a 4-, 5-, 6- or 7-membered
saturated heterocycle wherein one C atom may be
replaced by N, O, S, SO or SO2 and wherein said
saturated heterocycle is optionally substituted by one
or two groups independently selected from hydroxy,
halo, =0, (C1-C4)alkyl, -(C 1-C4)alkyl(C
3-C6)cycloalkyl, (C1-C4)alkoxy, hydroxy(Cr C4)alkyl,
(C1-C4)alkoxy(C 1-C4)alkyl l -SO2(Cr C4)alkyl, -C(O)(C
1-C4)alkyl, [(C1- C4)alkyl]2amino, -C(O)NH2, C(O)O(C
1-C4)alkyI and pyrrolidinone, more preferably R1 and
R2 form together with the N atom to which they are
attached a 5- or 6-membered saturated heterocycle
selected from optionally substituted by one or two
groups independently selected from hydroxy, fluoro,
hydroxymethyl, methoxymethyl, SO2(C1-C4)alkyl,
-C(O)(CrC 4)alkyl, -CONH2, and pyrrolidinone. Even
more preferably, R1 and R2 form together with the N
atom to which they are attached a morpholinyl group.
Preferably R3 and R4 are each independently selected
from hydrogen and ((VC 4)alkyi or R3 and R4 form
together with the N atom to which they are attached a
4, 5 or 6 membered saturated heterocycle wherein one C
atom may be replaced by N or O and wherein said
saturated heterocycle is optionally substituted by (Cr
C4)alkyl. More preferably, R3 and R4 are selected
independently from hydrogen, methyl and ethyl, or R3
and R4 form together with the N atom to which they are
attached a pyrrolidinyl, piperidinyl, piperazinyl or
azetidinyl ring, (each pyrrolidinyl, piperidinyl,
piperazinyl and azetidinyl ring being optionally
methyl substituted). Preferably, Y is selected from
CH2, CH(OH), O and C=O, more preferably Y is O. 



Preferably, Z is O Preferably m is equal to 1 or 2 and
p is equal to 2, more preferably m and p are both 2.
In one preferred aspect of the invention R is a group
of formula :wherein * represents the attachment point
to Z, L is a (C2-C5)alkylene and R7 and R8 are each
independently selected from hydrogen, (C1-C6)BlKyI,
(C3-C6)cycloalkyl, hydroxy(Ci-C 6)alkyl or R7 and R8
form together with the N atom to which they are
attached a 4-, 5-, 6- or 7-membered saturated
heterocycle wherein one C atom is optionally replaced
by N, O, S, SO or SO2 and wherein said saturated
heterocycle is optionally substituted by one or two
groups independently selected from (C1-C4JaIkVl, (Cr
C4)alkoxy, (C1- C^alkoxyO-VC^alkyl, hydroxy(C
1-C4)alkyl, hydroxy, C(O)O(C r C4)alkyl, -C(O)-(C r
C4)alkyl-NH 2, -C(O)NH 2 and halo. Examples of the 4-,
5-, 6- or 7-membered saturated heterocycle are : Even
more preferably, R7 and R8 form together with the N
atom to which they are attached a morpholinyl or
oxazepanyl group. In another preferred aspect, R7 and
R8 form together with the N atom to which they are
attached a 4-, 5- or 6-membered saturated heterocycle,
optionally substituted by one or two (CrC 4)alkyl,
preferably methyl. In another more preferred aspect,
the saturated heterocycle is a pyrrolidinyl group,
optionally substituted by one or two methyl groups.
Preferably, L is propylene. According to another
preferred aspect of the invention R is a group of
formula:wherein * represents the attachment point to
Z, the N-containing ring is a 4- or 6-membered
saturated heterocycle, n is an integer equal to 0 or
1, and R9 represents a substituent selected from
hydrogen, (C1- C4)alkyl and (C3-C6)cycloalkyl.
Preferably, R9 is isopropyl or cyclobutyl. When one of
the groups in the compound of formula (1) is
substituted by halo, generally fluoro or chloro, in
particular fluoro is preferred. Particularly preferred
compounds of the invention include those in which each
variable in formula ( 1) is selected from the suitable
and/or preferred groups for each variable. Even more
preferable compounds of the invention include those
where each variable in formula (1) is selected from
the more preferred or most preferred groups for each
variable. According to a particular aspect of the
invention the following compounds are excluded from
the invention: compounds of formula (1), wherein Y is
O, Z is O, R is a group of formula : wherein R10 is
hydrogen or (C1-C4JaIkVl1 R11 is (C1-C4JaIkOXy,
hydroxy or N((C 1-C4)alkyl) 2 and X is -CN, - CH2OH,
-CH2-O-(C 1-C4)alkyl, -C(O)OH, -C(O)O(C r C4)alkyl,
-CONR 3R4 or CH2NR1R2 wherein R1 is hydrogen or a
(Ci-C 4)alkyl group and R2 is either hydrogen, (CrC
4)alkyl (optionally substituted by phenyl) or -C(O)(C
1-C4)alkyl. In another emdodiment of the present
invention, there is provided a compound of formula (
1) selected from:
3-(4-{4-[(dimethylamino)methyl]tetrahydro-2H-pyran-4-y
l}phenoxy)-N,N-dimethylpropan-1-amine
1-isopropyl-4-{4-[4-(4-methyl-1
,3-thiazol-2-yl)tetrahydro-2H-pyran-4-yl]phenoxy}piper
idine
4-methyl-2-{4-[4-(4-pyrrolidin-1-ylbutoxy)phenyl]tetra
hydro-2H-pyran-4-yl}-1 ,3-thiazole
2-{4-[4-(4-pyrrolidin-1-ylbutoxy)phenyl]tetrahydro-2H-
pyran-4-yl}-1 ,3-thiazole
4-(4-{3-[ethyl(methyl)amino]propoxy}phenyl)tetrahydro-
2H-pyran-4-carbonitrile
4-[4-(4-pyrrolidin-1-ylbutoxy)phenyl]tetrahydro-2H-pyr
an-4-carboxamide
1-({4-[4-(4-pyrrolidin-1-ylbutoxy)phenyl]tetrahydro-2H
-pyran-4-yl}carbonyl)pyrrolidine
N-ethyl-N',N'-dimethyl-N-({4-[4-(3-pyrrolidin-1-ylprop
oxy)phenyl]tetrahydro-2H-pyran-4-yl}methyl)ethane-
1,2-diamine
1-(4-{4-[4-(azetidin-1-ylcarbonyl)tetrahydro-2H-pyran-
4-yl]phenoxy}butyl)pyrrolidine
N,N-dimethyl-4-[4-(4-pyrrolidin-1-ylbutoxy)phenyl]tetr
ahydro-2H-pyran-4-carboxamide
N-methyl-1-pyridin-2-yl-N-({4-[4-(3-pyrrolidin-1-ylpro
poxy)phenyl]tetrahydro-2H-pyran-4-
yl}methyl)methanamine1-cyclohexyl-N-methyl-N-({4-[4-(3
-pyrrolidi p-1-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-
yl}methyl)methanamine
N,N-dimethyl-1-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl
]tetrahydro-2H-pyran-4-yl}carbonyl)azetidin-3-amine
N,N,N'4rimethyl-N'-({4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}methyl)etha
ne-1 ,2- diamine N,N-dimethyl-1
-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H
-pyran-4-yl}methyl)azetidin-3-amine
N-(3-{4-t4-(aminomethyl)tetrahydro-2H-pyran-4-yl]pheno
xy}propyl)cyclobutanamine
3-{4-[4-(aminomethyl)tetrahydro-2H-pyran-4-yl]phenoxy}
-N-ethyl-N-methylpropan-1-amine
N-cyclobutyl-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-carboxamide
N-cyclopentyl-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]te
trahydro-2H-pyran-4-carboxamide
N-(cyclopropylmethyl)-4-[4-(3-pyrrolidin-1-ylpropoxy)p
henyl]tetrahydro-2H-pyran-4-carboxamide
N-cyclohexyl-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-carboxamide
1-(4-{4-[(2-pyrrolidin-1-ylethyl)thio]phenyl}tetrahydr
o-2H-pyran-4-yl)methanamine N,N-dimethyl-1
-(4-{4-[(2-pyrrolidin-1-ylethyl)thio]phenyl}tetrahydro
-2H-pyran-4-yl)methanamine
1-[3-(4-{4-[(dimethylamino)methyl]tetrahydro-2H-pyran-
4-yl}phenoxy)propyl]pyrrolidin-3-ol
1-[4-(4-{3-[(2R,6S)-2,6-dimethylmorpholin-4-yl]propoxy
}phenyl)tetrahydro-2H-pyran-4-yl]-N,Ndimethylmethanami
ne
1-[(4-{4-[(3-pyrrolidin-1-ylpropyl)thio]phenyl}tetrahy
dro-2H-pyran-4-yl)carbonyl]piperidine
1-[3-({4-[4-(pyrrolidin-1
-ylcarbonyl)tetrahydro-2H-pyran-4-yl]phenyl}thio)propy
l]pyrrolidine
(4-{4-[(3-pyrrolidin-1-ylpropyl)thio]phenyl}tetrahydro
-2H-pyran-4-yl)methanol
N-ethyl-N-({4-[4-(3-thiomorpholin-4-ylpropoxy)phenyl]t
etrahydro-2H-pyran-4-yl}methyl)acetamide
N,N-dimethyl-1-[4-(4-{3-[(3R)-3-methylnnorpholin-4-yl]
propoxy}phenyl)tetrahydro-2H-pyran-4- yl]methanamine
N-^^-^S-pyrrolidin-i-ylpropylJthiojphenylJtetrahydro^H
-pyran^-yOmethyllacetamide
N-[(4-{4-[(3-pyrrolidin-1-ylpropyl)thio]phenyl}tetrahy
dro-2H-pyran-4-yl)methyl]ethanamine
N-methyl-N-[(4-{4-[(3-pyrrolidin-1-ylpropyl)thio]pheny
l}tetrahydro-2H-pyran-4-yl)methyl]ethanamine
N-ethyl-N-[(4-{4-[(3-pyrrolidin-1
-ylpropyl)thio]phenyl}tetrahydro-2H-pyra
p-4-yl)methyl]acetamide
N-methyl-N-({4-[4-(3-thiomorpholin-4-ylpropoxy)phenyl]
tetrahydro-2H-pyran-4-yl}methyl)ethanamine
N-ethyl-N-({4-[4-(3-thiomorpholin-4-ylpropoxy)phenyl]t
etrahydro-2H-pyran-4-yl}methyl)ethanamine
4-(3-{4-[4-(pyrrolidin-1-ylcarbonyl)tetrahydro-2H-pyra
n-4-yl]phenoxy}propyl)thiomorpholine
N-ethyl-N-[(4-{4-[(3-pyrrolidin-1
-ylpropyl)thio]phenyl}tetrahydro-2H-pyra
p-4-yl)methyl]ethanamine
N-({4-[4-(3-thiomorpholin-4-ylpropoxy)phe
pyl]tetrahydro-2H-pyran-4-yl}methyl)pyridin-2-amine
4-[(4-{4-[(1
-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydro-2H-pyra
n-4-yl)methoxy]pyridine
4-[3-(4-{1-[(4-methylpiperazin-1-yl)carbonyl]cyclohexy
l}phenoxy)propyl]morpholine
4-(3-{4-t1-(piperazin-1-ylcarbonyl)cyclohexyl]phenoxy}
propyl)morpholine (4-{4-[(1
-isopropylazetidin-3-yl)methoxy]phenyl}tetrahydro-2H-p
yran-4-yl)methanol
4-[3-(4-{4-[(4-methylpiperazin-1-yl)carbonyl]tetrahydr
o-2H-pyran-4-yl}phenoxy)propyl]morpholine
4-(3-{4-[4-(piperazin-1-ylcarbonyl)tetrahydro-2H-pyran
-4-yl]phenoxy}propyl)morpholine
4-[(4-{4-[(1-isopropylazetidin-3-yl)methoxy]phenyl}tet
rahydro-2H-pyran-4-yl)methoxy]pyridine
4-[(4-{4-[(1-isopropylazetidin-3-yl)methoxy]phenyl}tet
rahydro-2H-pyran-4-yl)carbonyl]morpholine 4-{4-[4-(1
H-imidazol-1-ylmethyl)tetrahydro-2H-pyran-4-yl]phenoxy
}-1 -isopropyIpiperidine
4-[4-(1-methyl-3-pyrrolidin-1-ylpropoxy)phenyl]tetrahy
dro-2H-pyran-4-carbo
pitrile4-(4-{3-[(3R)-3-hydroxypyrrolidin-1-yl]propoxy}
phenyl)tetrahydro-2H-pyran-4-carbonitrile
4-{4-[(1-ethylpiperidin-4-yl)oxy]phenyl}tetrahydro-2H-
pyran-4-carbonitrile
4-{4-[(1-propylpiperidin-4-yl)oxy]phenyl}tetrahydro-2H
-pyran-4-carbonitrile
(3R)-N,N-dimethyl-1-[3-(4-{4-[(methylamino)methyl]tetr
ahydro-2H-pyran-4-yi}phenoxy)propyl]pyrrolidin-3-
amine
N-{[4-(4-{3-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]pro
poxy}phenyl)tetrahydro-2H-pyran-4-yl]methyl}-Nmethylme
thanesulfonamide
(3R)-1-{3-[4-(4-{[(2-methoxyethyl)(methyl)amino]methyl
}tetrahydro-2H-pyran-4-yl)phenoxy]propyl}-N,Ndimethylp
yrrolidin- 3-amine
N-{[4-(4-{3-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]pro
poxy}phenyl)tetrahydro-2H-pyran-4-yl]methyl}-
N,N',N'-trimethylurea (3R)-N,N-dimethyl-1-(3-{4-[4-(1
,3-thiazol-2-yl)tetrahydro-2H-pyran-4-yl]phenoxy}propy
l)pyrrolidin-3-amine
(3R)-N,N-dimethyl-1-(3-{4-[4-(morpholin-4-ylcarbonyl)t
etrahydro-2H-pyran-4-yl]phenoxy}propyl)pyrrolidin-
3-amine
N-{[4-(4-{3-[(3R)-3-(dimethylamino)pyrrolidin-1-yl]pro
poxy}phenyl)tetrahydro-2H-pyran-4-yl]methyl}-Nmethylpy
rimidin- 2-amine 



(3R)-N,N-dimethyl-1-(3-{4-[4-(morpholin-4-ylmethyi)tet
rahydro-2H-pyran-4-yl]phenoxy}propyl)pyrrolidin-3-
amine
1-isopropyl-4-{4-[4-(piperidin-1-ylcarbonyl)tetrahydro
-2H-pyran-4-yl]phenoxy}piperidine
4-[(4-{4-[(1-isopropylpipehdin-4-yl)oxy]phenyl}tetrahy
dro-2H-pyran-4-yl)carbonyl]morpholine
N-isopropyl-4-{4-[(1
-isopropylpiperidin-4-yl)oxy]phenyl}-N-methyltetrahydr
o-2H-pyran-4-carboxamide
N*4*-{4-[4-(3-Pyrrolidin-1-yl-propoxy)-phenyl]-tetrahy
dro-pyran-4-ylmethyl}-pyridine-3,4-diamine
N*2*-{4-[4-(3-Pyrrolidin-1-yl-propoxy)-phenyl]-tetrahy
dro-pyran-4-ylmethyl}-pyridine-2,3-diamine
Particularly preferred compounds of formula ( 1) are
as described in the Examples section hereafter. Where
the salt form is obtained in the Examples, a compound
of the present invention includes the free base
thereof, for example: {4-[4-(3-Pyrrolidin-1
-ylpropoxy)phenyl]tetrahydropyran-4-yl} methylamine,
{4-[4-(3-Piperidin-1-ylpropoxy)phenyl]tetrahydropyran-
4-yl} methylamine, and
Dimethyl-{4-[4-(3-piperidin-1-ylpropoxy)phenyl]tetrahy
dro-pyran-4-ylmethyl}amine. In another embodiment of
the invention, particularly preferred examples are:
{4-[4-(1-lsopropylpiperidin-4-yloxy)phenyl]tetrahydrop
yran-4-ylmethyl}dimethyl-amine
Dimethyl-{4-[4-(4-pyrrolidin-1-ylbutoxy)phenyl]tetrahy
dro-pyran-4-ylmethyl}amine {4-[4-(3-Pyrrolidin-1
-ylpropoxy)phenyl]tetrahydropyran-4-yl} methylamine
Dimethyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]-tetra
hydropyran-4-ylmethyl}amine
{4-[4-(3-Piperidin-1-ylpropoxy)phenyl]tetrahydropyran-
4-yl} methylamine
Dimethyl-{4-[4-(3-piperidin-1-ylpropoxy)phenyl]tetra-h
ydropyran-4-ylmethyl}amine
1-Methyl-4-{4-[4-(3-pyrrolidin-1-yl-propoxy)-phenyl]-t
etrahydro-pyran-4-ylmethyl}-piperazine
(R)-2-Methoxymethyl-1-{4-[4-(3-pyrrolidin-1
-yl-propoxy)-phenyl]-tetrahydro-pyran-4-ylmethyl}-pyrr
olidine
(S)-2-Methoxymethyl-1-{4-[4-(3-pyrrolidin-1-ylpropoxy)
-phenyl]tetrahydropyran-4-ylmethyl}pyrrolidine1-{4-[4-
(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran-4-ylm
ethyl}piperidine
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]-tetrahy
dropyran-4-ylmethyl}amine
isopropyl-methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)pheny
l]-tetrahydropyran-4-ylmethyl}amine
1-{4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyr
an-4-ylmethyl}pyrrolidine
4-{4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyr
an-4-ylmethyl}-morpholine
(2-methoxyethyl)-methyl-{4-[4-(3-pyrroIidi
p-1-ylpropoxy)-phenyl]tetrahydropyran-4-ylmethyl}amine
4-[4-(1-lsopropylpiperidin-4-yloxy)phenyl]tetrahydropy
ran-4-carbonitrile
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carboxylic acid amide
L/-methyl-1-{1-[4-(3-pyrrolidin-1-ylpropoxy)phe
pyl]-cyclohexyl}methanamine
L/-ethyl-L/-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]te
trahydro-2H-pyran-4-yl}methyl)ethanamine
L/-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-
2W-pyran-4-yl}methyl)ethanamine
L/-methyl-L/-({4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]-tetrahydro-2H-pyran-4-yl}methyl)eth
anamine
4-{4-[(1-cyclobutyI-4-piperidinyl)oxy]phenyl}tetrahydr
o-2H-pyran-4-carbonitriie
4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydro
-2H-pyran-4-carboxamide
4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl]- L/
,L/-dimethyltetrahydro-2/-/-pyran-4-carboxamide
4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl]- L/
,L/-diethyltetra-hydro-2/-/-pyran-4-carboxamide
4-{4-[(1
-isopropylpiperidin-4-yl)oxy]phenyl)tetrahydro-2H-pyra
n-4-yl]carbonyl}pyrrolidine
4-methyl-2-[4-(4-(3-pyrrolidin-1-ylpropoxy)phenyl)tetr
ahydro-2/-/-pyran-4-yl]-1 ,3-thiazole
2-[4-(4-(3-pyrrolidin-1
-ylpropoxy)phenyl)tetrahydro-2/-/-pyran-4-yl]-1,3-thia
zole
L/-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetra
hydro-2/-/-pyran-4-yl)methyl]-L/-methylamine
L/-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetra
hydro-2/-/-pyran-4-yl)methyl]-L/-ethylamine
/V-{[4-(4-[(1-isopropy!piperidin-4-yl)oxy]phenyl)tetra
hydro-2/-/-pyran-4-yl]methyl}pyrimidin-2-amine and
L/-{[4-(4-(3-Pyrrolidin-1-ylpropoxy)phenyl)tetrahydro-
2/-/-pyran-4-yl]methyl}pyrimidin-2-amine.
1-(4-{4-[(1-cyclopentylazetidin-3-yl)methoxy]phenyl}te
trahydro-2H-pyran-4-yl)-N,N-dimethylmethanamine
3-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}methyl)-3H-imidazo[4,5-b]pyridine
2-{[methyl({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetr
ahydro-2H-pyran-4-yl}methyl)amino]methyl}phenol
N-methyl-N-({4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}methyl)cycl
opentanamine
2-[methyl({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetra
hydro-2H-pyran-4-yl}methyl)amino]ethanol
N-methyl-N-^-^^S-pyrrolidin-i
-ylpropoxyJphenylltetrahydro^H-pyran^-yllmethyOcyclopr
opanamine
1-(3-{4-[4-(aziridin-1-ylmethyl)tetrahydro-2H-pyran-4-
yl]phenoxy}propyl)pyrrolidine
N-({4-[4-(3-thiomorpholin-4-ylpropoxy)phe
pyl]tetrahydro-2H-pyran-4-yl}methyl)ethanamine
1-(4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}tetrah
ydro-2H-pyran-4-yl)-N,N-dimethylmethanamine
N,N-dimethyl-1-(4-{4-[(3-pyrrolidin-1
-ylpropyl)thio]phenyl}tetrahydro-2H-pyran-4-yl)methana
mine
N-methyl-N-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-yl}methyl)cyclohexanamine
1-[3-({4-[4-(pyrrolidin-1-ylmethyl)tetrahydro-2H-pyran
-4-yl]phenyl}thio)propyl]pyrrolidine
1-({1-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]cyclohexyl}m
ethyl)piperidin-4-ol
1-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}methyl)-1 H-benzimidazole
4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}tetrahydr
o-2H-pyran-4-carboxamide
N-methyl-N-({4-[4-(3-pyrrolidip-
1-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}methyl)hex
an-1-amine
1-cyclopropyl-N-(cyclopropylmethyl)-N-({4-[4-(3-pyrrol
idin-1-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-
yl}methyl)methanamineN-[2-(dimethylamino)ethyl]-N-ethy
l-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-
pyran-4- carboxamide
N-methyl-N-({4-t4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-yl}methyl)butan-1-amine
4-{4-[4-(4,5-dimethyl-1
H-imidazol-2-yl)tetrahydro-2H-pyran-4-yl]phenoxy}-1-is
opropylpiperidine
34[methyl({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetra
hydro-2H-pyran-4-yl}methyl)amino]methyl}phenol
4-[(4-{4-[(1-cyclopentylazetidin-3-yl)methoxy]phenyl}t
etrahydro-2H-pyran-4-yl)methyl]morpholine
N-methyl-N-({4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}methyl)pent
an-1-amine
4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}-N,N-dime
thyltetrahydro-2H-pyran-4-carboxamide
N,N-dimethyl-1-(4-{4-[3-(1
,4-oxazepan-4-yl)propoxy]phenyl}tetrahydro-2H-pyran-4-
yl)methanamine N,3,3-trimethyl-N-({4-[4-(3-pyrrolidip-
1-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}methyl)but
an-1-ami pe
4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}-N-isopro
pyltetrahydro-2H-pyran-4-carboxamide
1-methyl-4-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-yl}methyl)-1,4-diazepane
1-cyclobutyl-4-{4-[4-(1
,3-thiazol-2-yl)tetrahydro-2H-pyran-4-yl]phenoxy}piper
idine N- - i
-cyclobutylpiperidin^-yOoxylphenylltetrahydro^H-pyran^
-yOmethyllpyridin^-amine
N-methyl-1-{4-[4-(3-morpholin-4-ylpropoxy)phenyl]tetra
hydro-2H-pyran-4-yl}methanamine
1-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrah
ydro-2H-pyran-4-yl)carbonyl]-4-methylpiperazine
i-cyclopentyl-N-methyl-N-^-^^S-pyrrolidin-i-ylpropoxyJ
phenylltetrahydro^H-pyran^- yl}methyl)methanamine
4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}-N-ethylt
etrahydro-2H-pyran-4-carboxamide
N-[(4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}tetra
hydro-2H-pyran-4-yl)methyl]pyrimidin-2-amine
N,N-diethyl-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetr
ahydro-2H-pyran-4-carboxamide
4-[(4-{4-[(1-cyclobutylazetidin-3-yl)methoxy]phenyl}te
trahydro-2H-pyran-4-yl)methyl]morpholine
4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}-N-methyl
tetrahydro-2H-pyran-4-carboxamide
1-cyclobutyl-4-{4-[4-(4-methyl-1
,3-thiazol-2-yl)tetrahydro-2H-pyran-4-yl]phenoxy}piper
idine 4-[(4-{4-[(1
-isopropylazetidin-3-yl)methoxy]phenyl}tetrahydro-2H-p
yran-4-yl)methyl]morpholine 1-isopropyl-4-{4-[4-(1
,3-thiazol-2-yl)tetrahydro-2H-pyran-4-yl]phenoxy}piper
idine
1-(4-{4-[(1-cyclobutylazetidin-3-yl)methoxy]phenyl}tet
rahydro-2H-pyran-4-yl)methanamine
1-ethyl-4-({4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}carbonyl)pi
perazine
N-ethyl-N-methyl-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl
]tetrahydro-2H-pyrap-4-carboxamide
1-(4-{4-[(1-isopropylazetidin-3-yl)methoxy]phenyl}tetr
ahydro-2H-pyran-4-yl)methanamine
1-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrah
ydro-2H-pyran-4-yl)methyl]-4-methylpiperazine
1-(cyclopropylmethyl)-4-({4-[4-(3-pyrrolidin-1-ylpropo
xy)phepyl]tetrahydro-2H-pyran-4-yl}methyl)piperazine
N,N-dimethyl-1-{4-[4-(3-morpholin-4-ylpropoxy)phenyl]t
etrahydro-2H-pyran-4-yl}methanamine
N-[2-(dimethylamino)ethyl]-N-methyl-4-[4-(3-pyrrolidin
-1-ylpropoxy)phepyl]tetrahydro-2H-pyran-4- carboxamide
1-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}carbonyl)piperazine
1-ethyl-4-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetr
ahydro-2H-pyran-4-yl}methyl)piperazine
4-[(4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}tetra
hydro-2H-pyran-4-yl)carbonyl]morpholine
N-^^-KI-cyclobutylpiperidin^-yOoxylpheny^tetrahydro^H-
pyran^-yOmethyllpyridin-S-amine 



1-methyl-4-({1-[4-(3-pyrroIidin-1-ylpropoxy)phenyl]cyc
!ohexyl}carbonyl)piperazine
1-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}methyl)-1H-imidazole
N-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrah
ydro-2H-pyrap-4-yl)methyl]pyridin-2-amine1-isopropyl-4
-({4-[4-(3-pyrrolidin-1-y|propoxy)phenyl]tetrahydro-2H
-pyran-4-yl}methyl)piperazine
1-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}methyl)-1 H-imidazo[4,5-c]pyridine
N-({4-[4-(3-piperidin-1 -ylpropoxy)phe
pyl]tetrahydro-2H-pyran-4-yl}methyl)pyridin-2-amine
1-propyl-4-({4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}carbonyl)pi
perazine
N-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}methyl)pyridazin-4-amine
N-ethyl-4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}-N
-methyltetrahydro-2H-pyran-4-carboxamide
1-methyl-4-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-yl}carbonyl)piperazine
1-propyl-4-({4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}methyl)pipe
razine
N-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}methyl)pyridin-2-amine
4-{4-[4-(azetidin-1-ylcarbonyl)tetrahydro-2H-pyran-4-y
l]phenoxy}-1-isopropylpiperidine
1-(2-methoxyethyl)-4-({4-[4-(3-pyrrolidin-1-ylpropoxy)
phenyl]tetrahydro-2H-pyran-4-yl}methyl)piperazine
2-{4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}pyridine
N-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrah
ydro-2H-pyran-4-yl)methyl]pyridazin-4-amine
N-[(4-{4-[(1-isopropylazetidin-3-yl)methoxy]phenyl}tet
rahydro-2H-pyran-4-yl)methyl]pyridin-2-amine
4-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrah
ydro-2H-pyran-4-yl)methyl]morpholine
1-methyl-4-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-yl}carbonyl)-1 ,4-diazepane
4-(3-{4-[4-(morpholin-4-ylmethyl)tetrahydro-2H-pyran-4
-yl]phenoxy}propyl)-1 ,4-oxazepane
1-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}carbonyl)piperidine
1-methyl-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]piperid
ine-4-carbonitrile
1-(3-{4-[4-(pyrrolidin-1-ylcarbonyl)tetrahydro-2H-pyra
n-4-yl]phenoxy}propyl)pyrrolidine
2-(methylthio)-1-({4-[4-(3-pyrrolidin-1-ylpropoxy)phen
yl]tetrahydro-2H-pyran-4-yl}methyl)-1 H-imidazole
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]piperidine-4-car
bonitrile
N-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrah
ydro-2H-pyran-4-yl)methyl]pyridin-3-amine
6-methyl-N-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-yl}methyl)pyridin-3-amine
N-[(4-{4-[(1-ethylpiperidin-4-yl)oxy]phe
pyl}tetrahydro-2H-pyran-4-yl)methyl]pyridin-2-amine
N,N-dimethyl-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-carboxamide
4-({4-[4-(3-pyrrolidin-1-ylpropoxy)phe
pyl]tetrahydro-2H-pyran-4-yl}nnethyl)-4H-1
,2,4-triazole
1-({1-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]cyclohexyl}m
ethyl)piperazine
1-isopropyl-4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]pipe
ridine-4-carbonitrile 5-{4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}-1
,3-oxazole 1-acetyl-4-({1
-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]cyclohexyl}methyl
)piperazine 4-({4-[4-(3-pyrrolidin-1-ylpropoxy)phe
pyl]tetrahydro-2H-pyran-4-yl}methoxy)pyridine
1-acetyl-4-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-yl}methyl)piperazine
N-({4-[4-(4-pyrrolidin-1-ylbutoxy)phenyl]tetrahydro-2H
-pyra p-4-yl}methyl)pyridin-2-amine
1-[3-(4-{4-[(dimethylamino)methyl]tetrahydro-2H-pyran-
4-yl}phenoxy)propyl]-N,N-dimethylazetidin-3-amine
1-(3-{4-[4-(azetidin-1-yIcarbonyl)tetrahydro-2H-pyran-
4-yl]phenoxy}propyl)pyrrolidine
N-^^-^i-cyclobutylazetidin-S-yOmethoxylpheny^tetrahydr
o^H-pyran^-yOmethyllpyridin^-amine
N-{[4-(4-{3-[cyclobutyl(methyl)amino]propoxy}phenyl)te
trahydro-2H-pyran-4-yI]methyl}pyridin-2-amine
N-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2
H-pyran-4-yl}methyl)pyridin-3-amine
4-(3-{4-[4-(morpholin-4-ylmethyl)tetrahydro-2H-pyran-4
-yl]phenoxy}propyl)morpholine
N,N-dimethyl-1-(4-{4-[3-(4-methyl-1
,4-diazepan-1-yl)propoxy]phenyl}tetrahydro-2H-pyran-4-
yl)methanamine1-({4-[4-(3-pyrrolidin-1-ylpropoxy)pheny
l]tetrahydro-2H-pyran-4-yl}methyl)-1H-imidazo[4,5-b]py
ridine
4-({4-[4-(3-azetidin-1-ylpropoxy)phenyl]tetrahydro-2H-
pyran-4-yl}methyl)morpholine
2-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H
-pyran-4-yl}-1H-imidazole
4-(3-{4-[4-(piperazin-1-ylcarbonyl)tetrahydro-2H-pyran
-4-yl]phenoxy}propyl)-1,4-oxazepane
4-[3-(4-{4-[(4-methylpiperazin-1-yl)carbonyl]tetrahydr
o-2H-pyra p-4-yl}phepoxy)propyl]-1,4-oxazepane
4-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H
-pyran-4-yl}pyrimidine
4-methyl-1-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tet
rahydro-2H-pyran-4-yl}methyl)-1H-imidazole
4-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H
-pyra p-4-yl}-1H-imidazole
4-[4-(4-{3-[ethyl(methyl)amino]propoxy}phenyl)tetrahyd
ro-2H-pyran-4-ylmethyl]-morpholine Another embodiment
of the invention is an intermediate as described
herein. Pharmaceutically acceptable salts of the
compounds of formula (1) include the acid addition and
base salts thereof. Suitable acid addition salts are
formed from acids which form non-toxic salts. Examples
include the acetate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate,
camsylate, citrate, edisylate, esylate, formate,
fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate,
naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
saccharate, stearate, succinate, tartrate, tosylate
and trifiuoroacetate salts. Suitable base salts are
formed from bases which form non-toxic salts. Examples
include the aluminium, arginine, benzathine, calcium,
choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium,
tromethamine and zinc salts. Hemisalts of acids and
bases may also be formed, for example, hemisulphate
and hemicalcium salts. For a review on suitable salts,
see "Handbook of Pharmaceutical Salts: Properties,
Selection, and Use" by Stahl and Wermuth (Wiley-VCH,
Weinheim, Germany, 2002). Pharmaceutically acceptable
salts of compounds of formula (1) may be prepared by
one or more of three methods: (i) by reacting the
compound of formula (1) with the desired acid or base;
(ii) by removing an acid- or base-labile protecting
group from a suitable precursor of the compound of
formula (1) or by ring-opening a suitable cyclic
precursor, for example, a lactone or lactam, using the
desired acid or base; or (iii) by converting one salt
of the compound of formula (1) to another by reaction
with an appropriate acid or base or by means of a
suitable ion exchange column.All three reactions are
typically carried out in solution. The resulting salt
may precipitate out and be collected by filtration or
may be recovered by evaporation of the solvent. The
degree of ionisation in the resulting salt may vary
from completely ionised to almost non-ionised. The
compounds of the invention may exist in both
unsolvated and solvated forms. The term 'solvate' is
used herein to describe a molecular complex comprising
the compound of the invention and a stoichiometric
amount of one or more pharmaceutically acceptable
solvent molecules, for example, ethanol. The term
'hydrate' is employed when said solvent is water.
Included within the scope of the invention are
complexes such as clathrates, drug-host inclusion
complexes wherein, in contrast to the aforementioned
solvates, the drug and host are present in
stoichiometric or non-stoichiometric amounts. Also
included are complexes of the drug containing two or
more organic and/or inorganic components which may be
in stoichiometric or non-stoichiometric amounts. The
resulting complexes may be ionised, partially ionised,
or non-ionised. For a review of such complexes, see J
Pharm Sci, 64 (8), 1269-1288 by Haleblian (August
1975). Hereinafter all references to compounds of
formula (1) include references to salts, solvates and
complexes thereof and to solvates and complexes of
salts thereof. The compounds of the invention include
compounds of formula (1) as hereinbefore defined,
including all polymorphs and crystal habits thereof,
prodrugs and isomers thereof (including optical,
geometric and tautomeric isomers) as hereinafter
defined and isotopically-labeled compounds of formula
(1). As indicated, so-called 'pro-drugs' of the
compounds of formula (1) are also within the scope of
the invention. Thus certain derivatives of compounds
of formula (1) which may have little or no
pharmacological activity themselves can, when
administered into or onto the body, be converted into
compounds of formula (1) having the desired activity,
for example, by hydrolytic cleavage. Such derivatives
are referred to as 'prodrugs'. Further information on
the use of prodrugs may be found in 'Pro drugs as
Novel Delivery Systems, Vol. 14, ACS Symposium Series
(T. Higuchi and W. Stella) and 'Bioreversible Carriers
in Drug Design', Pergamon Press, 1987 (ed. E. B Roche,
American Pharmaceutical Association). 



Prodrugs in accordance with the invention can, for
example, be produced by replacing appropriate
functionalities present in the compounds of formula
(1) with certain moieties known to those skilled in
the art as 'pro-moieties' as described, for example,
in "Design of Prodrugs" by H. Bundgaard (Elsevier,
1985). Some examples of prodrugs in accordance with
the invention include: (i) where the compound of
formula (1) contains a carboxylic acid functionality
(-C(O)OH), an ester thereof, for example, a compound
wherein the hydrogen of the carboxylic acid
functionality of the compound of formula (1) is
replaced by (Ci-C 8)alkyl;(ii) where the compound of
formula (1) contains an alcohol functionality (-OH),
an ether thereof, for example, a compound wherein the
hydrogen of the alcohol functionality of the compound
of formula (1) is replaced by (d-C Jalkanoyloxymethyl;
and (iii) where the compound of formula (1) contains a
primary or secondary amino functionality (-NH2 or -
NHR where R  H), an amide thereof, for example, a
compound wherein, as the case may be, one or both
hydrogens of the amino functionality of the compound
of formula (1) is/are replaced by (C1-C10)alkanoyl.
Further examples of replacement groups in accordance
with the foregoing examples and examples of other
prodrug types may be found in the aforementioned
references. Moreover, certain compounds of formula (1)
may themselves act as prodrugs of other compounds of
formula (1). Also included within the scope of the
invention are metabolites of compounds of formula (1),
that is, compounds formed in vivo upon administration
of the drug. Some examples of metabolites in
accordance with the invention include : (i) where the
compound of formula (1) contains a methyl group, an
hydroxymethyl derivative thereof (-CH3(r)-CH2OH): (ii)
where the compound of formula (1) contains an alkoxy
group, an hydroxy derivative thereof (-OR (r)-OH);
(iii) where the compound of formula (1) contains a
tertiary amino group, a secondary amino derivative
thereof (-NRaRb -NHRa or -NHR b) ; (iv) where the
compound of formula (1) contains a secondary amino
group, a primary derivative thereof (-NHRa(r)-NH2) ;
(v) where the compound of formula (1) contains a
phenyl moiety, a phenol derivative thereof (-Ph -
PhOH); and (vi) where the compound of formula (1)
contains an amide group, a carboxylic acid derivative
thereof (-CONRcRd(r) COOH). Compounds of formula (1)
containing one or more asymmetric carbon atoms_can
exist as two or more stereoisomers. Where structural
isomers are interconvertible via a low energy barrier,
tautomeric isomerism ('tautomerism') can occur. This
can take the form of proton tautomehsm in compounds of
formula (1) containing,. for example, an imino, keto,
or oxime group, or so-called valence tautomerism in
compounds which contain an aromatic moiety. It follows
that a single compound may exhibit more than one type
of isomerism. Included within the scope of the present
invention are all stereoisomers, geometric isomers and
tautomeric forms of the compounds of formula (1),
including compounds exhibiting more than one type of
isomerism, and mixtures of one or more thereof. Also
included are acid addition or base salts wherein
thecounterion is optically active, for example,
d-lactate or /-lysine, or racemic, for example,
d/-tartrate or dlarginine. Conventional techniques for
the preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically
pure precursor or resolution of the racemate (or the
racemate of a salt or derivative) using, for example,
chiral high pressure liquid chromatography (HPLC).
Alternatively, the racemate (or a racemic precursor)
may be reacted with a suitable optically active
compound, for example, an alcohol, or, in the case
where the compound of formula (1) contains an acidic
or basic moiety, an acid or base such as tartaric acid
or 1-phenylethylamine. The resulting diastereomeric
mixture may be separated by chromatography and/or
fractional crystallization and one or both of the
diastereoisomers converted to the corresponding pure
enantiomer(s) by means well known to a skilled person.
Chiral compounds of the invention (and chiral
precursors thereof) may be obtained in
enantiomericallyenriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% by volume of
isopropanol, typically from 2% to 20%, and from 0 to
5% by volume of an alkylamine, typically 0.1%
diethylamine. Concentration of the eluate affords the
enriched mixture. Stereoisomeric conglomerates may be
separated by conventional techniques known to those
skilled in the art - see, for example,
"Stereochemistry of Organic Compounds" by E. L. Eliel
(Wiley, New York, 1994). The present invention
includes all pharmaceutically acceptable
isotopically-labelled compounds of formula (1) wherein
one or more atoms are replaced by atoms having the
same atomic number, but an atomic mass or mass number
different from the atomic mass or mass number which
predominates in nature. Examples of isotopes suitable
for inclusion in the compounds of the invention
include isotopes of hydrogen, such as 2H and 3H,
carbon, such as 11C, 13C and 14C, chlorine, such as
36CI, fluorine, such as 18F, iodine, such as 123 I and
125I , nitrogen, such as 13N and 15N, oxygen, such as
15O, 17O and 18O, phosphorus, such as 32P, and
sulphur, such as 35S. Certain isotopically-labelled
compounds of formula (1), for example, those
incorporating a radioactive isotope, are useful in
drug and/or substrate tissue distribution studies. The
radioactive isotopes tritium, i.e. 3H, and carbon-14,
i.e. 14C, are particularly useful for this purpose in
view of their ease of incorporation and ready means of
detection. Substitution with heavier isotopes such as
deuterium, i.e. 2H, may afford certain therapeutic
advantages resulting from greater metabolic stability,
for example, increased in vivo half-life or reduced
dosage requirements, and hence may be preferred in
some circumstances.Substitution with positron emitting
isotopes, such as 11C, 18F, 15O and 13N1 can be useful
in Positron Emission Topography (PET) studies for
examining substrate receptor occupancy.
Isotopically-labeled compounds of formula (1) can
generally be prepared by conventional techniques known
to those skilled in the art or by processes analogous
to those described in the accompanying Examples and
Preparations using an appropriate isotopically-labeled
reagents in place of the non-labeled reagent
previously employed. Pharmaceutically acceptable
solvates in accordance with the invention include
those wherein the solvent of crystallization may be
isotopically substituted, e.g. D2O, db-acetone,
db-DMSO. The phenol and thiophenol derivatives of
formula (1) can be prepared using conventional
procedures such as by the following illustrative
methods in which R, X, Y, Z, m, p, R1, R2, R3, R4, R5,
R6, R7, R8 and R9 are as previously defined unless
otherwise stated. The compounds of formula (1),
wherein X is -CH2NR1R2, may be prepared from compounds
of formula (2) using standard techniques for
functional group interconversion known to those
skilled in the art, for example as described in
Comprehensive Organic Transformations, R.C. Larock,
1st Edition, 1989 VCH Publishers Inc. These techniques
include: 1) Reductive alkylation with aldehydes or
ketones with a reducing agent (e.g. formic acid or
NaHB(OAc)3) in a suitable solvent (e.g.
dichloromethane, tetrahydrofuran), optionally with the
addition of acetic acid, at between room temperature
(about 20C) and reflux; 2) Alkylations with alkyl
halides and a base (e.g. potassium carbonate,
potassium terf-butoxide) in a suitable solvent (e.g.
acetonitrile, tetrahydrofuran) at between room
temperature (about 200C) and reflux; 3) Sulphonylation
with a sulphonyl chloride and a base (e.g.
triethylamine, N-ethyldiisopropylamine) in a suitable
solvent (e.g. dichloromethane) at between room
temperature and reflux; 4) Heteroarylation with a
haloheteroaromatic or heteroaromatic sulphonic acid
compound and a base (e.g. potassium carbonate) in a
suitable solvent (e.g. acetonitrile) at between room
temperature (about 20C) and reflux. Alternatively this
reaction may be performed under microwave radiation,
alternatively using N-ethyldiisopropylamine as base,
optionally in a suitable solvent (e.g.N-methyl
pyrrolidinone, acetonitrile).5) Urea formation with a
dialkylcarbamoyl chloride or a cyanate salt,
optionally in the presence of a base (e.g.
thethylamine) or an acid (e.g. acetic acid) in a
suitable solvent (e.g. dichloromethane or water) at
between room temperature and reflux; 



6) Sulphonyl urea formation with a dialkylsulphamoyl
chloride and a base (e.g. triethylamine) in a suitable
solvent (e.g. dichloromethane) at between room
temperature and reflux; 7) Acylation with an activated
acid (e.g. an acyl chloride or anhydride) and a base
(e.g. triethylamine) in a suitable solvent (e.g.
dichloromethane) at between room temperature and
reflux. 8) By palladium catalysed cross-coupling with
a haloheteroaromatic compound, using a suitable
palladium source (e.g.
ths(dibenzylideneacetone)palladium (O)), optionally in
the presence of a chelating ligand (e.g. BINAP) and in
the presence of a suitable base (e.g. sodium
terf-butoxide) in a solvent (e.g. toluene), at between
room temperature and reflux. These transformations can
be performed sequentially to prepare compounds in
which R1 and R2 are as here above defined. The
compounds of formula (2) may be prepared by reduction
of the corresponding cyano derivatives of formula (3)
: with a suitable reducing agent (e.g. LiAIH4 or
hydrogen gas in the presence of a catalyst such as
PtO2) in a suitable solvent (e.g.
Et2O/dichloromethane, tetrahydrofuran or isopropanol)
at between room temperature and reflux. The compounds
of formula (3) above correspond actually to the
compounds of formula (1) wherein X is a CN group. The
compounds of formula (3) wherein Z is O may be
prepared by alkylation of the corresponding hydroxy
derivatives of formula (4) : with a derivative of
formula R-RLG wherein RLG is a leaving group such as
halo, mesylate or tosylate, in the presence of a base
(e.g. potassium carbonate) and optionally in the
presence of an additive (e.g. potassium iodide) in a
suitable solvent (e.g. dimethylformamide) at between
room temperature and reflux.When R is a group of
formula: as previously defined, then the derivative of
formula R-RLG may be prepared by alkylation of the
corresponding amino derivative of formula NHR7R8 with
a derivative of formula RLG-L-RLG and a base (e.g.
NaOH, Na2CO3, K2CO3, Cs2CO3) , optionally in the
presence of an additive (e.g. potassium iodide) in a
suitable solvent (e.g. N,N-dimethylformamide,
acetonitrile, acetone/H2O) at between room temperature
and reflux. The amino derivative of formula NHR7R8 is
either commercial or made using procedures known to
the skilled person. When R is a group of formula : as
previously defined, then the derivative of formula
R-RLG is either commercial or may be prepared using
literature procedures well-known to the skilled
person. The compounds of formula (4) may be prepared
by deprotection of the corresponding derivatives of
formula (5) wherein Z is O: wherein R is a protecting
group (e.g. methyl, deprotected with BBr3 in
dichloromethane at between O0C and room temperature).
The compounds of formula (5) are either commercial or
may be prepared by double alkylation of the compounds
of formula (6) : wherein Rp is as previously defined,
with the compounds of formula (7) :wherein RLG is as
previously defined, and a base (e.g. NaH), optionally
in the presence of an additive (e.g. potassium iodide)
in a suitable solvent (e.g. N,N-dimethylformamide,
N-methyl pyrrolidinone) at between room temperature
and reflux. The compounds of formula (6) and (7) are
each either commercially available or made using
literature procedures well-known to the skilled
person. Compounds of formula (3), wherein Z represents
S may be prepared from compounds of formula (5)
wherein Z represents S and Rp is Me by a Pummerer
rearrangement, followed by alkylation of the resulting
intermediate with a derivative of formula R-RLG. The
reaction is achieved by treatment of the compound of
formula (5) with a suitable oxidant (e.g.m-CPBA) in a
suitable solvent (e.g. dichloromethane) at 0C to
provide the corresponding sulphide. Treatment of this
intermediate with trifluoroacetic anhydride in the
presence of a suitable base (e.g. 2,6-lutidine) in a
suitable solvent (e.g. acetonitrile) at about -15C,
followed by reaction with R-RLG, in the presence of a
base (e.g. triethylamine, potassium carbonate) in a
suitable solvent (e.g. N,N-dimethylformamide) at
between 00C and room temperature provides the compound
of formula (3). Alternatively, the compounds of
formula (3) wherein Z is O may be prepared by
alkylation of the compounds of formula (4) with the
alcohol derivative of formula ROH, which is either
commercial or made using literature procedures
well-known to the skilled person, using Mitsunobu
reagents such as PPh3 and DIAD in a suitable solvent
(e.g. THF) at between O0C and reflux. Persons skilled
in the art will appreciate that, in order to obtain
compounds of formula (1) in an alternative or more
convenient manner, the individual process steps
mentioned in this section may be performed in a
different order. For example compounds of formula (1)
wherein Z is O and X is -CH2NR1R2, may be prepared by
alkylation of the compounds of formula (8) : with a
derivative of formula R-RLG or ROH as previously
defined, using conditions analogous to those decribed
for the preparation of compounds of formula (3). The
compounds of formula (8) may be prepared by
deprotection of the compounds of formula (9) :wherein
Rp is as previously defined, using conditions
appropriate for the protecting group and the nature of
R1 and R2 (e.g. using NaSMe in dimethylformamide at
13O0C wherein Rp is methyl and R1 and R2 are (Cr
C4)alkyl) . The compounds of formula (9) may be
prepared from the corresponding amino derivatives of
formula (10) using analogous conditions to those
described for the preparation of compounds of formula
(1) from compounds of formula (2). The compounds of
formula (10) may be prepared from compounds of formula
(5) wherein Z is O using analogous reduction
conditions to those described for the preparation of
compounds of formula (2) from compounds of formula
(3). A further example of performing the individual
process steps described in this section in a different
order to obtain compounds of formula (1) in an
alternative or more convenient manner, is the
preparation of compounds of formula (1) wherein Z is O
by double alkylation of the compounds of formula (11)
: with the compounds of formula (7) as previously
defined, using analogous conditions described for the
preparation of compounds of formula (5) from compounds
of formula (6). The compounds of formula (11) may be
prepared from the corresponding hydroxy derivatives of
formula (12) : using analogous conditions described
for the preparation of compounds of formula (3) from
compounds of formula (4). The compounds of formula
(12) are either commercial or made using literature
procedures well-known to the skilled person.A n
example of performing the individual process steps
described in this section in a different order to
obtain compounds of formula (1) wherein Z is O and R
is a group of formula : is the preparation of these
compounds by reaction of the compounds of formula (13)
: wherein RLG is as previously defined, with the amino
derivatives of formula NHR 7R8 using analogous
conditions to those previously described for the
preparation of R-R LG. Alternatively, the same
transformation can be achieved by heating the
compounds of formula (13) with the amino derivatives
of formula NHHIR7R8 and a base (e.g.
diisopropylethylamine) in a suitable solvent (e.g.
Nmethylpyrrolidinone) at 150-200 0C for 5-10 min using
a microwave oven. Alternatively, the compounds of
formula (1) wherein Z is O , X is -CH 2NR1R2 and R1
and R2 are hydrogen or a n optionally substituted (Cr
C4)alkyl o r together with the N atom to which they
are attached form a n optionally substituted A-, 5- or
6-membered saturated heterocycle wherein a C atom may
be replaced by N, O , S , SO or SO2, may be prepared
by reductive amination of the compounds compounds of
formula (14) : with the amino derivative of formula
HNR 1R2 and a reducing agent (e.g. NaHB(OAc) 3) ,
optionally in the presence of a Lewis acid (e.g. Ti(O
1Pr) 4) in a suitable solvent (e.g. EtOH) at between
O0C and reflux. The compounds of formula (14) may be
prepared by reduction of the compounds of formula (3)
wherein Z is O with a reducing agent (e.g.
diisobutylaluminium hydride) in a suitable solvent
(e.g. toluene) at between -78 0C and room temperature
(about 2 00C). Alternatively, the compounds of formula
(14) may be prepared by oxidation of the compounds of
formula 



(1) wherein Z is O and X is -CH 2OH, using an oxidant
(e.g. pyridinium chlorochromate) in a suitable solvent
(e.g. dichloromethane) at between O0C and reflux.The
compounds of formula (1) wherein X is -CH 2OH1 may be
prepared by reduction of the compounds of formula (1)
wherein X is -C(O)O(C r C4)alkyl, with a reducing
agent (e.g. LiAIH4) in a suitable solvent (e.g.
tetrahydrofuran) at between -78C and reflux. The
compounds of formula (1) wherein X is -C(O)O(Ci-C
4)alkyl, may be prepared by esterification of the
compounds of formula (1) wherein X is COOH, using the
standard procedures well-known to the skilled person.
For example, the esterification can be achieved by
using a reagent capable of activating a carboxylic
acid (e.g. thionyl chloride) and HO(C1-C4)alkyl,
optionally in the presence of an additional solvent
(e.g. dichloromethane) at between O0C and reflux. The
compounds of formula (1) wherein X is C(O)OH, may be
prepared by hydrolysis of the compounds of formula (3)
as previously defined with a mineral acid (e.g.
concentrated aqueous HCl), optionally in the presence
of a suitable co-solvent (e.g. dioxane), at between
O0C and reflux. The compounds of formula (1) wherein m
and p are both equal to 2, Z is O and Y is CH(OH), may
be prepared by reduction of the compounds of formula
(1) wherein m and p are both equal to 2 and Y is C=O,
with a reducing agent (e.g. LiAIH4) in a suitable
solvent (e.g. Et2O) at between O0C and reflux. The
compounds of formula (1) wherein m and p are both
equal to 2, Z is O and Y is C=O, may be prepared by
treatment of the compounds of formula ( 15) : with
sodium chloride in a suitable solvent (e.g.
dimethylsulphoxide/water) at between 10O0C and reflux.
The compounds of formula (15) may be prepared by
treatment of the compounds of formula (16) : with a
base (e.g. NaH) in a suitable solvent (e.g.
1,2-dimethoxyethane) at between room temperature and
reflux.The compounds of formula (16) may be prepared
by alkylation of the compounds of formula ( 11) as
previously defined with methyl acrylate and a base
(e.g. benzyltrimethylammonium hydroxide) in a suitable
solvent (e.g. methanol/acetonitrile) at between room
temperature and reflux. The compounds of formula (1)
wherein X is -CONH 2, may be prepared by treatment of
the compounds of formula (3) as previously defined
with polyphosphoric acid or boron trifluoride-acetic
acid complex at between room temperature and 1000C.
The compounds of formula ( 1) wherein X is -CONR 3R4,
may be prepared by reaction of the compounds of
formula (1) wherein X is COOH, sequentially with a
reagent capable of activating a carboxylic acid (e.g.
thionyl chloride,) and then with the amino derivative
of formula HNR3R4, in a suitable solvent (e.g.
dichloromethane) at between O0C and reflux.
Alternatively the acid may be treated with the amine
of formula HNR3R4, in the presence of a coupling agent
(e.g. TBTU, 0-benzotriazol-1 -yl-N,N,N',N'-
tetramethyluronium hexafluorophosphate,
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride), optionally in the presence of a
suitable additive (e.g. 1-hydroxybenzotriazole) and
base (e.g. triethylamine) in a suitable solvent (e.g.
dichloromethane, N,N-dimethylformamide) at room
temperature. Compounds of formula ( 1) wherein X is
CH2NR1R2 may be prepared by reduction of compounds of
formula ( 1) wherein X is -CONR 3R4 and NR1R2 equals
NR3R4, with a reducing agent (e.g. lithium aluminium
hydride) in a suitable solvent (e.g. tetrahydrofuran,
ether) at between room temperature and 500C. The
compounds of formula ( 1) wherein X is -CH 2-O-(CrC
4)alkyl may be prepared by alkylation of the compounds
of formula ( 1) wherein X is -CH 2-OH, with a
derivative of formula RLG(C1-C4)alkyl, wherein RLG is
as previously defined, and a base (e.g. NaH) in a
suitable solvent (e.g. dimethylformamide) at between
room temperature and reflux. The compounds of formula
( 1) wherein X is -CH 2-O-het2 may be prepared by
alkylation of the compounds of formula ( 1) wherein X
is -CH 2-OH, with a derivative of formula RLGHet2, by
palladium catalysed crosscoupling with a
haloheteroaromatic compound, using a suitable
palladium source (e.g.
tris(dibenzylideneacetone)palladium (O)), optionally
in the presence of a chelating ligand (e.g. BINAP) and
in the presence of a suitable base (e.g. sodium
terf-butoxide) in a solvent (e.g. toluene), at between
room temperature and reflux. Compounds of formula (1)
wherein X is het1, may be prepared from compounds of
formula (1) wherein X is COOH, or alternatively from
compounds of formula (3) or (14) using methods known
to those skilled in the art, such as those described
in general heterocyclic texts such as Heterocyclic
Chemistry, J.A. Joule and K. Mills, 4th Edition,
Blackwell publishing, 2000 or Comprehensive
Heterocyclic chemistry I and II, Pergamon Press. For
example, compounds of formula (1) where X is
optionally substituted 2-thiazolyl and Z is O may be
prepared by treating compounds of formula ( 17) :with
a suitable reagent (e.g. bromoacetaldehyde dimethyl
acetal, chloroacetone) and HCI in a suitable solvent
(e.g. EtOH) at reflux. Compounds of formula (17) may
be prepared by reacting compounds of formula (3)
wherein Z is O with diethyldithiophosphate and water
at 600C. Compounds of formula (1) wherein X is
-CH2-het1, and where said het1 is N-linked, may be
prepared from compounds of formula (1) wherein X is
-CH2-NH2 using methods known to those skilled in the
art, such as those described in general heterocyclic
texts such as Heterocyclic Chemistry, J.A. Joule and
K. Mills, 4th Edition, Blackwell publishing, 2000 or
Comprehensive Heterocyclic chemistry I and II,
Pergamon Press. Compounds of formula (1) wherein X is
-CH2-het1, and where said het1 is C-linked, may be
prepared from compounds of formula (1) wherein X is
-COOH by a two step process of CH2 homologation using
the Arndt-Eistert synthesis (Advanced Organic
Chemistry, J. March, 4th edition, Wiley-lnterscience
publication, 1992) followed by standard techniques for
heterocycle construction from a carboxylic acid known
to those skilled in the art. The compounds of formula
(1) and their precursors which contain a sulphide
group can be oxidised to the corresponding sulphoxides
or sulphones using standard techniques well-known to
those skilled in the art, for example as described in
Comprehensive Organic Transformations, R.C. Larock,
1st Edition, 1989 VCH Publishers Inc. It will be
appreciated by those skilled in the art that, certain
compounds of formula (1) may be converted to
alternative compounds of formula (1) using standard
chemical transformations. Examples of these include,
acylation and sulphonation of amine functions (e.g see
examples 166, 229, 230), reductive amination reactions
(e.g. see examples 167, 168), alkylation (e.g. see
example 228) or hydrogenation of halo atoms (e.g. see
examples 202, 203). It will be appreciated by those
skilled in the art that, in the course of carrying out
the processes described above, the functional groups
of intermediate compounds may need to be protected by
protecting groups. These functional groups include
hydroxyl, amino and carboxylic acid. Suitable
protecting groups for hydroxyl include trialkylsilyl
and diarylalkylsilyl (e.g. terf-butyldimethylsilyl,
ferf-butyldiphenylsilyl or trimethylsilyl), alkyl
(e.g. methyl or methoxyethyl) and tetrahydropyranyl.
Suitable protecting groups for amino include
terf-butyloxycarbonyl, 9-fluorenylmethoxycarbonyl or
benzyloxycarbonyl. Suitable [protecting groups for
carboxylic acid include (Ci-C 4)alkyl or benzyl
esters.The protection and deprotection of functional
groups may take place before or after any of the
reaction steps described hereinbefore. The
introduction and removal of protecting groups is fully
described in Protective Groups in Organic Chemistry,
edited by J.W.F. McOmie, Plenum Press (1973),
Protective Groups in Organic Synthesis, 2nd edition,
T.W. Greene & P.G.M. Wutz, Wiley-lnterscience
Publication, 1991) and Protecting Groups, P.J.
Kocienski, Thieme, 1994. Also, the compounds of
formula (1) as well as intermediates for the
preparation thereof, can be purified according to
various well-known methods such as recrystallisation
and chromatography. The compounds of formula (1),
their pharmaceutically acceptable salts and/or derived
forms, are valuable pharmaceutically active compounds,
which are suitable for the therapy and prophylaxis of
numerous disorders in which the histamine H3 receptor
is involved or in which agonism or antagonism of this
receptor may induce benefit. Compounds of the
invention intended for pharmaceutical use may be
administered as crystalline or amorphous products.
They may be obtained, for example, as solid plugs,
powders, or films by methods such as precipitation,
crystallization, freeze drying, spray drying, or
evaporative drying. Microwave or radio frequency
drying may be used for this purpose. They may be
administered alone or in combination with one or more
other compounds of the invention or in combination
with one or more other drugs (or as any combination
thereof). Generally, they will be administered as a
formulation in association with one or more
pharmaceutically acceptable excipients. 



The term 'excipient' is used herein to describe any
ingredient other than the compound(s) of the
invention. The choice of excipient will to a large
extent depend on factors such as the particular mode
of administration, the effect of the excipient on
solubility and stability, and the nature of the dosage
form. According to another aspect of the invention,
there is provided a pharmaceutical composition
including a compound of the formula (1) or a
pharmaceutically acceptable salt and/or solvate
thereof, as defined in any one of the preceding
claims, together with a pharmaceutically acceptable
excipient. Pharmaceutical compositions suitable for
the delivery of compounds of the present invention and
methods for their preparation will be readily apparent
to those skilled in the art. Such compositions and
methods for their preparation may be found, for
example, in Remington's Pharmaceutical Sciences , 19th
Edition (Mack Publishing Company, 1995). The compounds
of the invention may be administered orally. Oral
administration may involve swallowing, so that the
compound enters the gastrointestinal tract, or buccal
or sublingual administration may be employed by which
the compound enters the blood stream directly from the
mouth.Formulations suitable for oral administration
include solid formulations such as tablets, capsules
containing particulates, liquids, or powders, lozenges
(including liquid-filled), chews, multi- and
nano-particulates, gels, solid solution, liposome,
films, ovules, sprays and liquid formulations. Liquid
formulations include suspensions, solutions, syrups
and elixirs. Such formulations may be employed as
fillers in soft or hard capsules and typically
comprise a carrier, for example, water, ethanol,
polyethylene glycol, propylene glycol,
methylcellulose, or a suitable oil, and one or more
emulsifying agents and/or suspending agents. Liquid
formulations may also be prepared by the
reconstitution of a solid, for example, from a sachet.
The compounds of the invention may also be used in
fast-dissolving, fast-disintegrating dosage forms such
as those described in Expert Opinion in Therapeutic
Patents, IJ. (6), 981-986, by Liang and Chen (2001).
For tablet dosage forms, depending on dose, the drug
may make up from 1 weight % to 80 weight % of the
dosage form, more typically from 5 weight % to 60
weight % of the dosage form. In addition to the drug,
tablets generally contain a disintegrant. Examples of
disintegrants include sodium starch glycolate, sodium
carboxymethyl cellulose, calcium carboxymethyl
cellulose, croscarmellose sodium, crospovidone,
polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkyl-substituted
hydroxypropyl cellulose, starch, pregelatinised starch
and sodium alginate. Generally, the disintegrant will
comprise from 1 weight % to 25 weight %, preferably
from 5 weight % to 20 weight % of the dosage form.
Binders are generally used to impart cohesive
qualities to a tablet formulation. Suitable binders
include microcrystalline cellulose, gelatin, sugars,
polyethylene glycol, natural and synthetic gums,
polyvinylpyrrolidone, pregelatinised starch,
hydroxypropyl cellulose and hydroxypropyl
methylcellulose. Tablets may also contain diluents,
such as lactose (monohydrate, spray-dried monohydrate,
anhydrous and the like), mannitol, xylitol, dextrose,
sucrose, sorbitol, microcrystalline cellulose, starch
and dibasic calcium phosphate dihydrate. Tablets may
also optionally comprise surface active agents, such
as sodium lauryl sulfate and polysorbate 80, and
glidants such as silicon dioxide and talc. When
present, surface active agents may comprise from 0.2
weight % to 5 weight % of the tablet, and glidants may
comprise from 0.2 weight % to 1 weight % of the
tablet. Tablets also generally contain lubricants such
as magnesium stearate, calcium stearate, zinc
stearate, sodium stearyl fumarate, and mixtures of
magnesium stearate with sodium lauryl sulphate.
Lubricants generally comprise from 0.25 weight % to 10
weight %, preferably from 0.5 weight % to 3 weight %
of the tablet. Other possible ingredients include
anti-oxidants, colourants, flavouring agents,
preservatives and tastemasking agents.Exemplary
tablets contain up to about 80% drug, from about 10
weight % to about 90 weight % binder, from about 0
weight % to about 85 weight % diluent, from about 2
weight % to about 10 weight % disintegrant, and from
about 0.25 weight % to about 10 weight % lubricant.
Tablet blends may be compressed directly or by roller
to form tablets. Tablet blends or portions of blends
may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tabletting. The
final formulation may comprise one or more layers and
may be coated or uncoated; it may even be
encapsulated. The formulation of tablets is discussed
in Pharmaceutical Dosage Forms: Tablets . Vol. 1, by
H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980). Consumable oral films for human or veterinary
use are typically pliable water-soluble or
water-swellable thin film dosage forms which may be
rapidly dissolving or mucoadhesive and typically
comprise a compound of formula (1), a film-forming
polymer, a binder, a solvent, a humectant, a
plasticiser, a stabiliser or emulsifier, a
viscosity-modifying agent and a solvent. Some
components of the formulation may perform more than
one function. The compound of formula (1) may be
water-soluble or insoluble. A water-soluble compound
typically comprises from 1 weight % to 80 weight %,
more typically from 20 weight % to 50 weight %, of the
solutes. Less soluble compounds may comprise a greater
proportion of the composition, typically up to 88
weight % of the solutes. Alternatively, the compound
of formula (1) may be in the form of multiparticulate
beads. The film-forming polymer may be selected from
natural polysaccharides, proteins, or synthetic
hydrocolloids and is typically present in the range
0.01 to 99 weight %, more typically in the range 30 to
80 weight %. Other possible ingredients include
anti-oxidants, colorants, flavourings and flavour
enhancers, preservatives, salivary stimulating agents,
cooling agents, co-solvents (including oils),
emollients, bulking agents, anti-foaming agents,
surfactants and taste-masking agents. Films in
accordance with the invention are typically prepared
by evaporative drying of thin aqueous films coated
onto a peelable backing support or paper. This may be
done in a drying oven or tunnel, typically a combined
coater dryer, or by freeze-drying or vacuuming. Solid
formulations for oral administration may be formulated
to be immediate and/or modified release. Modified
release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed
release.Suitable modified release formulations for the
purposes of the invention are described in US Patent
No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and
osmotic and coated particles are to be found in
Pharmaceutical Technology On-line , 25(2), 1-14, by
Verma et a/ (2001). The use of chewing gum to achieve
controlled release is described in WO 00/35298. The
compounds of the invention may also be administered
directly into the blood stream, into muscle, or into
an internal organ. Suitable means for parenteral
administration include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular,
intraurethral, intrasternal, intracranial,
intramuscular and subcutaneous. Suitable devices for
parenteral administration include needle (including
microneedle) injectors, needle-free injectors and
infusion techniques. Parenteral formulations are
typically aqueous solutions which may contain
excipients such as salts, carbohydrates and buffering
agents (preferably to a pH of from 3 to 9), but, for
some applications, they may be more suitably
formulated as a sterile non-aqueous solution or as a
dried form to be used in conjunction with a suitable
vehicle such as sterile, pyrogen-free water. The
preparation of parenteral formulations under sterile
conditions, for example, by lyophilisation, may
readily be accomplished using standard pharmaceutical
techniques well known to those skilled in the art. The
solubility of compounds of formula (1) used in the
preparation of parenteral solutions may be increased
by the use of appropriate formulation techniques, such
as the incorporation of solubilityenhancing agents.
Formulations for parenteral administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. Thus compounds of the invention
may be formulated as a solid, semi-solid, or
thixotropic liquid for administration as an implanted
depot providing modified release of the active
compound. Examples of such formulations include
drug-coated stents and poly(cf/-lactic-coglycolic)acid
(PGLA) microspheres. The compounds of the invention
may also be administered topically to the skin or
mucosa, that is, dermally or transdermally. Typical
formulations for this purpose include gels, hydrogels,
lotions, solutions, 



creams, ointments, dusting powders, dressings, foams,
films, skin patches, wafers, implants, sponges,
fibres, bandages and microemulsions. Liposomes may
also be used. Typical carriers include alcohol, water,
mineral oil, liquid petrolatum, white petrolatum,
glycerin, polyethylene glycol and propylene glycol.
Penetration enhancers may be incorporated - see, for
example, J Pharm Sci, 88 (10), 955-958, by Finnin and
Morgan (October 1999). Other means of topical
administration include delivery by electroporation,
iontophoresis, phonophoresis, sonophoresis and
microneedle or needle-free (e.g. Powderject(tm),
Bioject(tm), etc.) injection.Formulations for topical
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted and programmed release. The compounds of the
invention can also be administered intranasally or by
inhalation, typically in the form of a dry powder
(either alone, as a mixture, for example, in a dry
blend with lactose, or as a mixed component particle,
for example, mixed with phospholipids, such as
phosphatidylcholine) from a dry powder inhaler or as
an aerosol spray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using
electrohydrodynamics to produce a fine mist), or
nebuliser, with or without the use of a suitable
propellant, such as 1,1,1,2-tetrafluoroethane or
1,1,1,2,3,3,3-heptafluoropropane. For intranasal use,
the powder may comprise a bioadhesive agent, for
example, chitosan or cyclodextrin. The pressurised
container, pump, spray, atomizer, or nebuliser
contains a solution or suspension of the compound(s)
of the invention comprising, for example, ethanol,
aqueous ethanol, or a suitable alternative agent for
dispersing, solubilising, or extending release of the
active, a propellant(s) as solvent and an optional
surfactant, such as sorbitan trioleate, oleic acid, or
an oligolactic acid. Prior to use in a dry powder or
suspension formulation, the drug product is micronised
to a size suitable for delivery by inhalation
(typically less than 5 microns). This may be achieved
by any appropriate comminuting method, such as spiral
jet milling, fluid bed jet milling, supercritical
fluid processing to form nanoparticles, high pressure
homogenisation, or spray drying. Capsules (made, for
example, from gelatin or
hydroxypropylmethylcellulose), blisters and cartridges
for use in an inhaler or insufflator may be formulated
to contain a powder mix of the compound of the
invention, a suitable powder base such as lactose or
starch and a performance modifier such as /-leucine,
mannitol, or magnesium stearate. The lactose may be
anhydrous or in the form of the monohydrate,
preferably the latter. Other suitable excipients
include dextran, glucose, maltose, sorbitol, xylitol,
fructose, sucrose and trehalose. A suitable solution
formulation for use in an atomiser using
electrohydrodynamics to produce a fine mist may
contain from 1mg to 20mg of the compound of the
invention per actuation and the actuation volume may
vary from 1ml to 100ml. A typical formulation may
comprise a compound of formula (1), propylene glycol,
sterile water, ethanol and sodium chloride.
Alternative solvents which may be used instead of
propylene glycol include glycerol and polyethylene
glycol. Suitable flavours, such as menthol and
levomenthol, or sweeteners, such as saccharin or
saccharin sodium, may be added to those formulations
of the invention intended for inhaled/intranasal
administration. Formulations for inhaled/intranasal
administration may be formulated to be immediate
and/or modified release using, for example, PGLA.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release.In the case of dry powder inhalers
and aerosols, the dosage unit is determined by means
of a valve which delivers a metered amount. Units in
accordance with the invention are typically arranged
to administer a metered dose or "puff' containing from
1 mg to 4000 mg of the compound of formula (1). The
overall daily dose will typically be in the range 1 mg
to 20 mg which may be administered in a single dose
or, more usually, as divided doses throughout the day.
The compounds of the invention may be administered
rectally or vaginally, for example, in the form of a
suppository, pessary, or enema. Cocoa butter is a
traditional suppository base, but various alternatives
may be used as appropriate. Formulations for
rectal/vaginal administration may be formulated to be
immediate and/or modified release. Modified release
formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. The
compounds of the invention may also be administered
directly to the eye or ear, typically in the form of
drops of a micronised suspension or solution in
isotonic, pH-adjusted, sterile saline. Other
formulations suitable for ocular and aural
administration include ointments, biodegradable (e.g.
absorbable gel sponges, collagen) and
non-biodegradable (e.g. silicone) implants, wafers,
lenses and particulate or vesicular systems, such as
niosomes or liposomes. A polymer such as
crossed-linked polyacrylic acid, polyvinylalcohol,
hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose,
or methyl cellulose, or a heteropolysaccharide
polymer, for example, gelan gum, may be incorporated
together with a preservative, such as benzalkonium
chloride. Such formulations may also be delivered by
iontophoresis. Formulations for ocular/aural
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted, or programmed release. The compounds of the
invention may be combined with soluble macromolecular
entities, such as cyclodextrin and suitable
derivatives thereof or polyethylene glycol-containing
polymers, in order to improve their solubility,
dissolution rate, taste-masking, bioavailability
and/or stability for use in any of the aforementioned
modes of administration. Drug-cyclodextrin complexes,
for example, are found to be generally useful for most
dosage forms and administration routes. Both inclusion
and non-inclusion complexes may be used. As an
alternative to direct complexation with the drug, the
cyclodextrin may be used as an auxiliary additive,
i.e. as a carrier, diluent, or solubiliser. Most
commonly used for these purposes are alpha-, beta- and
gammacyclodextrins, examples of which may be found in
International Patent Applications Nos. WO 91/11172, WO
94/02518 and WO 98/55148. Inasmuch as it may desirable
to administer a combination of active compounds, for
example, for the purpose of treating a particular
disease or condition, it is within the scope of the
present invention that twoor more pharmaceutical
compositions, at least one of which contains a
compound in accordance with the invention, may
conveniently be combined in the form of a kit suitable
for coadministration of the compositions. Thus the kit
of the invention comprises two or more separate
pharmaceutical compositions, at least one of which
contains a compound of formula (1) in accordance with
the invention, and means for separately retaining said
compositions, such as a container, divided bottle, or
divided foil packet. An example of such a kit is the
familiar blister pack used for the packaging of
tablets, capsules and the like. The kit of the
invention is particularly suitable for administering
different dosage forms, for example, oral and
parenteral, for administering the separate
compositions at different dosage intervals, or for
titrating the separate compositions against one
another. To assist compliance, the kit typically
comprises directions for administration and may be
provided with a so-called memory aid. For
administration to human patients, the total daily dose
of the compounds of the invention is typically in the
0.001 mg to 2000 mg depending, of course, on the mode
of administration. For example, oral administration
may require a total daily dose of from 1 mg to 2000
mg, while an intravenous dose may only require from
0.01 mg to 100 mg. The total daily dose may be
administered in single or divided doses and may, at
the physician's discretion, fall outside of the
typical range given herein. These dosages are based on
an average human subject having a weight of about 60kg
to 70kg. The physician will readily be able to
determine doses for subjects whose weight falls
outside this range, such as infants and the elderly.
For the avoidance of doubt, references herein to
"treatment" include references to curative, palliative
and prophylactic treatment. According to another
embodiment of the present invention, the compounds of
the formula (1), or pharmaceutically acceptable salts,
derived forms or compositions thereof, can also be
used as a combination with one or more additional
therapeutic agents to be co-administered to a patient
to obtain some particularly desired therapeutic end
result. The second and more additional therapeutic
agents may also be a compound of the formula (1), or a
pharmaceutically acceptable salt, derived forms or
compositions thereof, or one or more histamine H3
receptor ligands known in the art. More typically, the



second and more therapeutic agents will be selected
from a different class of therapeutic agents. As used
herein, the terms "co-administration",
"co-administered" and "in combination with", referring
to the compounds of formula (1) and one or more other
therapeutic agents, is intended to mean, and does
refer to and include the following:  simultaneous
administration of such combination of compound(s) of
formula (1) and therapeutic agent(s) to a patient in
need of treatment, when such components are formulated
together into a single dosage form which releases said
components at substantially the same time to said
patient, substantially simultaneous administration of
such combination of compound(s) of formula (1) and
therapeutic agent(s) to a patient in need of
treatment, when such components are formulated apart
from each other into separate dosage forms which are
taken at substantially the same time by said patient,
whereupon said components are released at
substantially the same time to said patient,
sequential administration of such combination
compound(s) of formula (1) and therapeutic agent(s) to
a patient in need of treatment, when such components
are formulated apart from each other into separate
dosage forms which are taken at consecutive times by
said patient with a significant time interval between
each administration, whereupon said components are
released at substantially different times to said
patient; and  sequential administration of such
combination of compound(s) of formula (1) and
therapeutic agent(s) to a patient in need of
treatment, when such components are formulated
together into a single dosage form which releases said
components in a controlled manner whereupon they are
concurrently, consecutively, and/or overlapingly
administered at the same and/or different times by
said patient, where each part may be administered by
either the same or different route. Suitable examples
of other therapeutic agents which may be used in
combination with the compound(s) of formula (1), or
pharmaceutically acceptable salts, derived forms or
compositions thereof, include, but are by no means
limited to :  Histamine H1 receptor antagonists, for
instance loratidine, desloratidine, fexofenadine and
cetirizine  Histamine H4 receptor antagonists
Histamine H2 receptor antagonists  Leukotriene
antagonists, including antagonists of LTB4, LTC4,
LTD4, and LTE4, in particular Montelukast
Phosphodiesterase inhibitors such as PDE4 inhibitors
or PDE5 inhibitors,  neurotransmitter re-uptake
inhibitors, for instance fluoxetine, sertraline,
paroxetine, ziprasidone  5-Lipoxygenase (5-LO)
inhibitors or 5-lipoxygenase activating protein (FLAP)
antagonists,  ar cc2-adrenoceptor agonist
vasoconstrictor sympathomimetic agents for
decongestant use,  Muscarinic M3 receptor antagonists
or anticholinergic agents,  b2-adrenoceptor agonists,
Theophylline,  Sodium cromoglycate,  COX-1 inhibitors
(NSAIDs) and COX-2 selective inhibitors,  Oral or
inhaled Glucocorticosteroids,  Monoclonal antibodies
active against endogenous inflammatory entities,
Anti-tumor necrosis factor (anti-TNF- a) agents,
Adhesion molecule inhibitors including VLA-4
antagonists,  KmJn-B1- and B2 -receptor antagonists,
Immunosuppressive agents,  Inhibitors of matrix
metalloproteases (MMPs),  Tachykinin NK1, NK2 and NK3
receptor antagonists, Elastase inhibitors,  Adenosine
A2a receptor agonists,  Inhibitors of urokinase,
Compounds that act on dopamine receptors, e.g. D2
agonists,  Modulators of the NFicb pathway, e.g. IKK
inhibitors,  Agents that can be classed as mucolytics
or anti-tussive,  antibiotics,  modulators of cytokine
signalling pathways such as p38 MAP kinase, syk kinase
or JAK kinase inhibitors,  HDAC (histone deacetylase)
inhibitors and  PI3 kinase inhibitors According to the
present invention, combination of the compounds of
formula (1) with :  Histamine Hi receptor antagonists,
for instance loratidine, desloratidine, fexofenadine
and cetirizine  Histamine H4 receptor antagonists
Histamine H2 receptor antagonists  Leukotriene
antagonists, including antagonists of LTB4, LTC4,
LTD4, and LTE4, in particular Montelukast
Phosphodiesterase PDE4 inhibitors  neurotransmitter
re-uptake inhibitors, for instance fluoxetine,
sertraline, paroxetine, ziprasidone are preferred. The
compounds of formula (1) have the ability to interact
with the H3 receptor and thereby have a wide range of
therapeutic applications, as described further below,
because of the essential role which the H3 receptor
plays in the physiology of all mammals. According to
this invention H3 ligands are meant to include H3
receptor antagonists, agonists and inverse agonists.
For the preferred indications to be treated according
to the invention, H3 antagonists are believed to be
most suitable. In another aspect of the invention
there is provided a compound of the formula (1) as
defined in herein, or a pharmaceutically acceptable
salt and/or solvate thereof, for use as a medicament.
A further aspect of the present invention relates to
the compounds of formula (1), or pharmaceutically
acceptable salts, derived forms or compositions
thereof, for use in the treatment of diseases,
disorders, and conditions in which the H3 receptor is
involved. More specifically, the present invention
also concerns the compounds of formula (1), or
pharmaceutically acceptable salts, derived forms or
compositions thereof, for use in the treatment of
diseases, disorders, and conditions selected from the
group consisting of :  diseases of the central nervous
system: sleep disorders, migraine, dyskinesia,
stress-induced anxiety, psychotic disorders, epilepsy,
Cognition deficiency diseases such as Alzheimer's
disease or mild cognitive impairment, depression, mood
disorders, schizophrenia, anxiety disorders,
attention-deficithyperactivity disorder (ADHD),
psychotic disorders, obesity, dizziness, vertigo,
epilepsy, motion sickness  inflammatory diseases
respiratory diseases (adult respiratory distress
syndrome, acute respiratory distress syndrome,
bronchitis, chronic bronchitis, chronic obstructive
pulmonary disease, cystic fibrosis, asthma, emphysema,
rhinitis, chronic sinusitis), allergy, allergy-induced
airway responses, allergic rhinitis, viral rhinitis,
non-allergic rhinitis, perennial and seasonal
rhinitis, nasal congestion, allergic congestion
Female sexual dysfunction including hypoactive sexual
desire disorder, sexual arousal disorder, orgasmic
disorder and sexual pain disorder  Male sexual
dysfunction including male desire disorders, male
erectile dysfunction, male orgasmic disorders such as
premature ejaculation  cardiac dysfunctions such as
myocardial ischaemia and arrythmia  diseases of the
gastrointestinal tract such as inflammatory bowel
disease, Crohn's disease and colitis ulcerosa  cancer
hypotension  pain and  overactive bladder conditions
The compounds of formula (1) of the invention are
particularly suitable for the treatment of allergy,
allergyinduced airway responses, allergic rhinitis,
viral rhinitis, non-allergic rhinitis, perennial and
seasonal rhinitis, nasal congestion, allergic
congestion. A still further aspect of the present
invention also relates to the use of the compounds of
formula (1), or 



pharmaceutically acceptable salts, derived forms or
compositions thereof, for the manufacture of a drug
being a H3 ligand. In particular, the present
inventions concerns the use of the compounds of
formula (1), or pharmaceutically acceptable salts,
derived forms or compositions thereof, for the
manufacture of a drug for the treatment of H3-mediated
diseases and/or conditions, in particular the diseases
and/or conditions listed above. Another aspect of the
invention relates to the use of a compound of formula
(1), or a pharmaceutically acceptable salt, derived
form or composition thereof, for the manufacture of a
medicament for the treatment of female sexual
dysfunction, including hypoactive sexual desire
disorder, sexual arousal disorder, orgasmic disorder
and sexual pain disorder, or for the treatment of male
sexual dysfunction including male desire disorders,
male erectile dysfunction or male orgasmic disorders
such as premature ejaculation. As a consequence, the
present invention provides a particularly interesting
method to treat a mammal, including a human being,
with an effective amount of a compound of formula (1),
or a pharmaceutically acceptable salt, derived form or
composition thereof. More precisely, the present
invention provides a particularly interesting method
for the treatment of a H3-mediated diseases and/or
conditions in amammal, including a human being, in
particular the diseases and/or conditions listed
above, comprising administering to said mammal an
effective amount of a compound of formula ( 1) , its
pharmaceutically acceptable salts and/or derived
forms. EXAMPLES The following examples illustrate the
preparation of phenol and thiophenol derivatives of
the formula (1) APCI atmospheric pressure chemical
ionisation Arbocel(r) filter agent BINAP
2,2'-Bis(diphenylphosphino)-1 ,1'-binaphthyl BOC
terf-butoxycarbonyl br broad GDI carbonyldiimidazole d
chemical shift d doublet D heat DCM dichloromethane
DIAD diisopropyl azodicarboxylate DMF
L/,L/-dimethylformamide DMSO dimethylsulfoxide EDCI
see WSCDI ESI+ electrospray ionisation positive scan
ESI" electrospray ionisation negative scan h hours
HBTU 0-(1
/-/-benzotriazol-1-yl)-L/,L/,L/',L/'-tetramethyluroniu
m hexafluorophosphate HOAT
1-hydroxy-7-azabenzotriazole HOBT
1-hydroxybenzotriazole HPLC high pressure liquid
chromatography Hunig's base Diisopropylethylamine m/z
mass charge ratio min minutes MS mass spectrum NH3
0.88 ammonia aqueous solution NMM L/-methyl morpholine
NMR nuclear magnetic resonance q quartets singlet STAB
sodium triacetoxyborohydride t triplet TBME terf-butyl
methyl ether TBTU 2-(1 H-benzotriazol-1 -yl)-1
,1,3,3-tetramethyluronium tetrafluoroborate Tf
trifluoromethanesulfonyl TFA trifluoroacetic acid THF
tetrahydrofuran TLC thin layer chromatography TosMIC
Tosylmethyl isocyanide WSCDI
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride Intermediate 1:
4-(4-methoxyphenvO-tetrahvdro-2H-pyran-4-carbonitrile
4-Methoxyphenylacetonitrile ( 1Og, 67.9mmol) in DMF
(50ml) was added slowly to a suspension of NaH (5.04g,
150mmol) in DMF (50ml) at 0C under N2. The reaction
was allowed to warm up to room temperature and stirred
for 30 min. The reaction was cooled to 00C and
bis(2-chloroethyl)ether ( 10.7g, 74.7mmol) in DMF (
100ml) was added dropwise over 80 min. The reaction
was allowed to warm up to room temperature and stirred
for 1 hour. The reaction was quenched with water
(200ml) and extracted with ethyl acetate (3x300ml).
The combined organic extracts were washed with water
(2x200ml), brine (200ml), dried over MgSO4, filtered,
washed with ethyl acetate and concentrated in vacuo to
give the title compound ( 17.2g, 100%). Intermediate
2:
4-(4-Hvdroxy-phenyl)-tetrahvdro-pyran-4-carbonitrile
Boron thbromide ( 1M in DCM, 262ml) was added to a
solution of 4-(4-methoxyphenyl)-tetrahydro-2Hpyran-
4-carbonitrile (14.7g, 67.9mmol) in DCM (294ml) at 00C
under N2 keeping the temperature below 5C. The
reaction was allowed to warm to room temperature and
stirred for 48hours. The mixture was cooled to -
10-00C with dry ice acetone and quenched with
saturated aqueous sodium bicarbonate (294ml). The
mixture was allowed to warm to room temperature and
stirred for 1hour. The mixture was separated and the
aqueous extracted with DCM (3x250ml). The combined
organic extracts were dried over MgSO4, filtered,
washed with DCM and concentrated in vacuo to give the
title compound ( 10.8g, 78%). Intermediate 3:
4-(4-Dimethylaminomethyl-tetrahvdro-pyran-4-yl)-phenol
Step 1: To a stirred suspension of LiAIH4 (79g,
2.08mol, 5eq) in THF (900ml) at 0 to 5C under an
atmosphere of nitrogen was added 4-(4-methoxyphenyl)-
tetrahydro-2H-pyran-4-carbonitrile (9Og, 0.414mol) in
THF (900ml) over a 25 minutes maintaining the
temperature at 5 to 100C. The reaction mixture was
allowed to warm to ambient temperature and stirred
until complete. Sodium hydroxide (2N, 850ml) was
addeddropwise, the resulting solids filtered and
washed with THF (2x800ml), the organics concentrated
in vacuo at 400C. The residue was dissolved in EtOAc
(300ml) and dried over MgSO4, filtered and
concentrated in vacuo at 400C to provide
{[4-(4-methoxyphenyl)-tetrahydro-2H-pyran-4-yl]methyl}
amine as a light yellow oil (92g, quantitative). Step
2: To a solution of
{[4-(4-methoxyphenyl)-tetrahydro-2H-pyran-4-yl]methyl}
amine (6Og, 0.271 mol) in H2O (444mL) and AcOH (213ml)
was charged formaldehyde (37%ww solution in H2O, 408
mL) and the mixture cooled to 0 to 5 0C. Sodium
triacetoxyborohydride (345g, 1.626mol, 6eq) was added
portion wise while maintaining the temperature below
12C. The mixture was stirred at ambient temperature
until complete. Sodium hydroxide (2M, 1000ml) was
added slowly and the mixture extracted with DCM
(4x250ml). The organic extracts were dried over MgSO4,
filtered and concentrated in vacuo at 300C to provide
{[4-(4-
methoxyphenyl)-tetrahydro-2H-pyran-4-yi]methyl}dimethy
lamine as a yellow oil (53.5g, 80%). Step 3: To a
suspension of Sodium thiomethoxide (49.2g, 0.702mol,
5eq) in DMF (140ml) was added {[4-
(4methoxyphenyl)-tetrahydro-2H-pyran-4-yl]methyl}dimet
hylamine (35g, 0.140mol) and the resulting mixture was
heated to 1300C. Once complete, allowed to cool to
ambient temperature and saturated aqueous NH4CI
(525ml) was added. The resultant was extracted with
EtOAc (3x500ml), dried over MgSO4, filtered and
concentrated in vacuo at 35C to provide
4-(4-dimethylaminomethyI-tetrahydro-pyran-
4-yl)-phenol (intermediate 3) as a yellow solid
(35.7g, 108%) containing residual DMF and EtOAc.
Intermediate 4:
3-(4-f(dimethylamino)methvntetrahvdro-pyran-4-yl|pheno
l 



Step 1: 3-Methoxyphenylacetonitrile (1Og, 67.9mmol) in
DMF (50ml) was added slowly to a suspension of NaH
(5.04g, 150mmol) in DMF (50ml) at 00C under N2. The
reaction was allowed to warm to room temperature and
stirred for 30mns. The reaction was cooled to 00C and
bis(2-chloroethyl)ether (10.7g, 74.7mmol) in DMF
(100ml) was added dropwise over 80 min. The reaction
was allowed to warm to room temperature and stirred
for 1hour. The reaction was quenched with water
(500ml) and extracted with ethyl acetate (3x1 00ml).
The combined organic extracts were washed with brine
(3x50ml), dried over MgSO4, filtered, washed with
ethyl acetate and concentrated in vacuo. The crude
mixture was purified by column chromatography, eluting
with heptane increasing the polarity to heptaneiethyl
acetate (90 :10), to give 4-
(3-methoxyphenyl)tetrahydro-pyran-4-carbonitrile
(4.1g, 28%). Step 2: To a stirred suspension of LiAIH4
(3.7 g, 96.7 mmol) in diethyl ether (100 mL) cooled at
00C was added dropwise a solution of
4-(3-methoxyphenyl)-tetrahydro-pyran-4-carbonitrile
(4.2 g, 19.3 mmol) in diethyl ether (100 mL). After
being stirred at room temperature for 30 min, the
reaction mixture was refluxed for another 15 min. The
mixture was cooled to 10C and water, sodium hydroxide
(15% w/v in water, 0.48 mL) and water again were
successively added dropwise. After being stirred for
15 min at room temperature, the mixture was filtered
over diatomaceous earth and concentrated. The residue
waspurified with flash chromatography (DCM/MeOH: 95/5)
to provide [4-(3-methoxyphenyl)tetrahydro-pyran-4-
yl]methylamine (4 g, 94%). Step 3: A mixture of
[4-(3-methoxyphenyl)tetrahydro-pyran-4-yl]methylamine
(0.51 g, 2.3 mmol), acetic acid (0.535 mL, 9.2 mmol),
sodium triacetoxyborohydride (0.974 g, 4.6 mmol), 37%
solution of formaldehyde in water (0.55 mL) and DCM
(40 mL) was stirred 72 h at ambient temperature. The
organic phase was washed twice with water.
Concentrated NaOH was added to the aqueous phase (pH
12) and the mixture was extracted twice with
(dichloromethane. The organic extracts were dried over
Na2SO4, filtered and concentrated in vacuo to provide
N-{[4-(3-methoxyphenyl)tetrahydro-pyran-4-yl]methyl}-N
,Ndimethylamine as an oil (0.35 g, 6 1%). Step 4: To a
suspension of Sodium thiomethoxide (0.42 g, 6 mmol) in
DMF (1 .2 mL) was added N-{[4-(3-
methoxyphenyl)tetrahydro-pyran-4-yl]methyl}-N,N-dimeth
ylamine (0.3 g , 1.2 mmol) and the resulting mixture
was heated to 65C for 7 h, allowed to cool to ambient
temperature and quenched with saturated aqueous NH4CI
(6 mL). The mixture was extracted with DCM, dried over
Na2SO4, filtered and concentrated in vacuo to provide
0.25 g of crude product. A mixture of the crude and
HBr (3 mL) was heated to reflux for 1 h. After
cooling, water was added to quench the reaction and
the mixture was basified with NaHCO3 and extracted
with DCM. The organic extracts were dried over Na2SO4
filtered and concentrated. The residue was purified by
flash chromatography (DCM / MeOH ( 10% NH3)) to
provide 3-
{4-[(dimethylamino)methyl]tetrahydro-pyran-4-yl}phenol
(0.1 00 g, 35.5%). General procedure A for the
synthesis of chlorides (R-RLG wherein RLG is
chloride): Amine ( 1eq.) was charged to a reaction
flask followed by acetone (3vol or 20vol), 5M NaOH
solution ( 1.2eq.) and 1-bromo-3-chloropropane ( 1.5
eq. or 3eq.). The reaction was stirred overnight at
room temperature. The phases were separated and the
acetone layer concentrated in vacuo. The aqueous was
acidified with 2M HCI solution to pH 1 (~1 0vol). The
concentrate was diluted with TBME (30vol) and washed
with water ( 15vol). The aqueous was extracted with
TBME (2 x 15ml). The combined TBME was washed with 2M
HCI solution (15ml) and combined with the first acidic
phase. The combined acidic layers were washed with
TBME ( 15vol) and basified to pH 14 with 4M NaOH
solution (~40ml). The aqueous was extracted with TBME
(3 x 30ml). The combined organic layers were dried
over MgSO4, filtered, washed with TBME (5vol) and
concentrated in vacuo to give the required chloride.
General procedure B;
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.1 3mmol), chloride (378mg, 2 ,13mmol), DMF
(10ml), water (17ml) and K2CO3 ( 1.18g, 8.52mmol) was
heated to 1300C. Cooled toambient temperature, water
(40ml) added, extracted with EtOAc (3x25ml) and the
combined organic extracts washed with water (2x25ml).
The organics were dried over MgSO4, filtered and
concentrated in vacuo at 35C. Purification of the
crude material by chromatography on silica, eluant (4%
MeOH, 1% NH3, in DCM) provided the title compounds.
Intermediate 5: 1-(3-Chloro-propyl)-pyrrolidine
Pyrrolidine ( 1Og, 0.14mol), acetone (28ml), 5M NaOH
solution (21 ml) and 1-bromo-3-chloropropane (24.4g,
0.1 5mol) were stirred together under N2 for dhours.
The organic layer was separated and concentrated in
vacuo. The crude product was purified by vacuum
distillation (b.p. 90C/30mbar) to give the title
compound ( 11.7g, 57%) as a colourless oil. Example 1:
Dimethyl-(4-r3-(3-pyrrolidin-1-ylpropoxy)phenylltetrah
vdro-pyran-4-ylmethyl}amine Alkylation of
3-[4-(dimethylamino)methyltetrahydro-2H-pyran-4-yl]phe
nol (0.1 g, 0.425 mmol) with 1-(3-
chloropropyl)pyrrolidine (0.125 g, 0.85 mmol)
according to general procedure B gave the desired
compound after purification by flash chromatography
(0.030 g, 20%). 1H NMR (400MHz, CDCI3) <?7.27-7. 18
(m, 1H), 6.92-6.84(m, 2H), 6.75 (dd, 1H), 4.05 (t,
2H), 3.8-3.7 (m, 2H), 3.55 (t, 2H), 2.65 (t, 2H),
2.6-2.5 (m, 4H), 2.4(s, 2H), 2.1 5-1 .85 (m, 6H), 2.0
(s, 6H), 1.85-1 .75 (m, 4H). Intermediate :
1-(3-Chloro-propyl)-2(R),5(R)-trans-dimethyl-pyrrolidi
ne 2(R),5(RHra s-Dimethyl-pyrrolidine (0.75g,
7.56mmol), acetone ( 15ml, 20vol), 5M NaOH solution (
1 .8ml, 1.2eq.) and 1-bromo-3-chloropropane (3.57g,
22.7mmol, 3eq.) were reacted together according to
general procedure A to give the title compound (0.5g,
38%) as a yellow oil. Example 2:
(4-f4-r3-(2,5-Dimethylpyrrolidin-1-yl)propoxy1phenyl>t
etra-hvdro-pyran-4- ylmethvDdimethylamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(330mg, 1.43mmol), 1-(3-chloro-propyl)-2,5-
frans-dimethyl-pyrrolidine (221 mg, 1.26mmol), DMF
(7.6ml) and K2CO3 (790mg, 5.72mmol) were
reactedtogether according to general procedure B. The
isolated material was subjected to chromatography on
silica, eluant 95:4:1 (DCM, MeOH, NH3) to give the
title compound as a yellow oil ( 180mg, 34%). 1H NMR
(400MHz, CDCI3) <5T.2O (d, 2H), 6.87 (d, 2H),
4.08-3.95 (m, 2H), 3.79-3.70 (m, 2H), 3.59-3.49 (m,
2H), 3.1 1-3.00 (m, 2H), 2.77 (m, 1H), 2.54 (m, 1H),
2.40 (s, 2H), 2.14-1 .81 (m, 8H), 1.96 (s, 6H), 1.44-
1.31 (m, 2H), 0.97 (d, 6H). Intermediate 7:
1-(3-Chloro-propyH-2-methyl-pyrrolidine
2-Methylpyrrolidine (0.9g, 10.6mmol), acetone (18ml,
20vol), 5M NaOH solution (2.50ml) and 1-bromo-3-
chloropropane (5g, 3 1.8mmol, 3eq) were reacted
together according to general procedure A to give the
title compound ( 1g, 59%) as a pale yellow oil.
Example 3:
Dimethyl-(4-f4-r3-(2-methyl-pyrrolidin-1-yl)-propoxy1-
phenylV-tetrahvdro-pyran-4- ylmethvD-amine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.1 3mmol), 1-(3-chloro-propyl)-2-
methyl-pyrrolidine (344mg, 2,13mmol), DMF ( 10ml) and
K2CO3 ( 1.18g, 8.52mmol) were reacted together
according to general procedure B. The isolated
material was subjected to chromatography on silica,
eluant 95:4:1 (DCM, MeOH, NH3) to give the title
compound as a yellow oil (120mg, 16%). 1H NMR (400MHz,
CDCI3) #7.20 (d, 2H), 6.87 (d, 2H), 4.08-3.96 (m, 2H),
3.75 (dt, 2H), 3.55 (td, 2H), 3.1 8 (td, 1H), 2.98 (m,
1H), 2.40 (s, 2H), 2.29 (m, 1H), 2.20 (m, 1H), 2.16-1
.62 (m, 10H), 1.96 (s, 6H), 1.42 (m, 1H), 1.09 (d,
3H). Intermediate 8:
1-(3-Chloro-propyl)-2,6-cis-dimethyl-piperidine Step
1: 2,6-c/s-Dimethyl-piperidine ( 1.Og, 8.83mmol),
K2CO3 ( 1.52g, 1.25eq.) and 3-bromopropanol (6.14g,
44.2mmol, 4vol) were reacted together at 100C for
2hours. The reaction was allowed to cool to room
temperature, diluted with DCM (20ml) and quenched with
2M HCI solution (20ml). The aqueous was extracted with
DCM (2 x 20ml) and basified to pH 14 with 2M NaOH
solution (~1 5ml). The aqueous was extracted with DCM
(3 x 20ml). The combined DCM layers were dried over
MgSO4, filtered washed with DCM and concentrated in
vacuo to give 1-(propan-1
'-ol)-2,6-c/s-dimethyl-piperidine (1.22g, 8 1%) as a
pale yellow oil. Step 2: 1-(Propan-1
'-ol)-2,6-c/s-dimethyl-piperidine (1.22g, 7.12mmol)
was dissolved in DCM (24ml) and cooled to 0-5C under
N2. Thionyl chloride (1 .04ml, 14.25mmol) was added
dropwise. The reaction was allowed towarm to room
temperature and stirred for 30mins. The reaction was
quenched with 2M HCI solution 



(25ml). The aqueous was extracted with DCM (25ml) and
basified to pH 14 with 5M NaOH solution (~25ml). The
aqueous was extracted with TBME (3 x 25ml). The
combined organic layers were dried over MgSO 4,
filtered washed with TBME and concentrated in vacuo to
give the title compound ( 1.26g, 93%) as a yellow oil.
Example 4j
(4-f4-r3-(2,6-Dimethylpiperidin-1-yl)propoxyiphenyl}te
tra-hvdro-pyran-4- ylmethvDdimethyl-amine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.1 3mmol),
1-(3-chloro-propyl)-2,6-c/sdimethyl- piperidine (41
0mg, 2,1 3mmol), DMF ( 10ml) and K2CO3 ( 1.18g,
8.52mmol) were reacted together according to general
procedure B. The isolated material was subjected to
chromatography on silica, eluant 95:4: 1 (DCM, MeOH,
NH3) to give the title compound as a yellow oil
(280mg, 33.9%). 1H NMR (400MHz, CDCI3) d 7.20 (d, 2H),
6.85 (d, 2H), 3.93 (t, 2H), 3.75 (dt, 2H), 3.55 (td,
2H), 2.95 (t, 2H), 2.51-2.36 (m, 2H), 2.40 (s, 2H),
2.14-2.04 (m, 2H), 1.96 (s, 6H), 1.93-1 .82 (m, 4H),
1.74-1 .51 (m, 3H), 1.41-1 .21 (m, 3H), 1.13 (d, 6H).
Intermediate 9: 4-(3-Chloro-propyl)-thiomorpholine
Thiomorpholine (5g, 49mmol), acetone ( 15ml, 3vol), 5M
NaOH solution ( 1 1.8ml) and 1-bromo-3- chloropropane
( 11.6g, 73.5mmol, 1.5eq.) were reacted together
according to general procedure A to give the title
compound (8.5g, 96%) as a pale yellow oil. Example 5j_
DimethvK4-f4-(3-thiomorpholin-4-ylpropoxy)phenv
ptetra-hvdro-pyran-4- ylmethyllamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
( 1OOOmg, 4.25mmol), 4-(3-chloro-propyl)-
thiomorpholine (764mg, 2,1 3mmol), DMF (20ml), and
K2CO3 (2,34g, 17mmol) were reacted togetheraccording
to general procedure B. The isolated material was
subjected to chromatography on silica, eluant
DCM:MeOH:NH 3 (95:5:1) to give the title compound
(320mg, 20%). 1H NMR (400MHz, CDCI3) d 7.20 (d, 2H),
6.86 (d, 2H), 3.99 (t, 2H), 3.75 (dt, 2H), 3.55 (td,
2H), 2.79-2.64 (m, 8H), 2.55 (t, 2H), 2.40 (s, 2H),
2.16-2.04 (m, 2H), 2.01 - 1.82 (m, 4H), 1.97 (s, 6H).
Example 6:
Dimethyl-(4-f4-r3-(1-oxothiomorpholin-4-yl)propoxy1phe
nylVtetrahvdropyran-4- ylmethvDamine
Dimethyl-{4-[4-(3-thiomorpholin-4-ylpropoxy)phenyl]tet
rahydro-pyran-4-ylmethyl}amine (300mg, 0.792mmol) and
TFA (0.99ml) were cooled to 0 to 5 0C and
trifluoro-peracetic acid (4M, 0.77ml) [4M solution
prepared by the addition of 27.5% H2O2 (0.94ml) to TFA
( 1.56ml)] was added and the reaction stirred for six
hours at 0 to 5C. The mixture was diluted with DCM
(6ml), basified with NaOH (2M, 8ml) and extracted with
DCM (2x20ml). The DCM extracts were dried over MgSO4,
filtered and concentrated in vacuo at 35C.
Purification by chromatography on silica, eluant
DCM:MeOH:NH 3 (96:4:1) provided the title compound
(200mg, 6 1%) as a white solid. 1H NMR (400MHz, CDCI3)
7.21 (d, 2H), 6.86 (d, 2H), 4.01 (t, 2H), 3.75 (dt,
2H), 3.55 (td, 2H), 3.1 5-3.02 (m, 2H), 2.93-2.79 (m,
4H), 2.72 (dt, 2H), 2.64 (t, 2H), 2.40 (s, 2H), 2.1
6-1 .82 (m, 6H), 1.97 (s, 6H). Example 7j (4-<4-r3-(1
.1-Dioxo-thiomorpholm-4-yl)propoxy1phenylUetra-hvdro-p
yran-4- ylmethvDdimethyl-amine
Dimethyl-{4-[4-(3-thiomorpholin-4-ylpropoxy)phenyl]tet
rahydro-pyran-4-ylmethyl}amine (300mg, 0.792mmol) and
TFA (0.99ml) were cooled to 0 to 5C and
trifluoro-peracetic acid (4M, 0.77ml) was added and
the reaction allowed to warm to ambient temperature
overnight. The mixture was diluted with DCM (6ml),
basified with NaOH (2M, 8ml) and extracted with DCM
(2x20ml). The DCM extracts were dried over MgSO4,
filtered and concentrated in vacuo at 35C.
Purification by chromatography on silica, eluant
DCM:MeOH:NH 3 (96:4:1) provided the title compound (
15 1mg, 46%) as a white solid.1H NMR (400MHz, CDCI3)
7.22 (d, 2H), 6.85 (d, 2H), 4.01 (t, 2H), 3.75 (dt,
2H), 3.55 (td, 2H), 3.10-2.97 (m, 8H), 2.72 (t, 2H),
2.40 (s, 2H), 2.14-1.82 (m, 6H), 1.97 (s, 6H).
Intermediate 10: 1-(3-Chloro-propy p-piperidin-4-ol
4-Hydroxypiperidine (3g, 30mmol), acetone (60ml,
20vol), 5M NaOH solution (7.2ml) and 1-bromo-3-
chloropropane (14.2g, 90mmol, 3eq.) were reacted
together according to general procedure A to give the
title compound (1.5g, 28%) as a pale yellow oil.
Example 8:
143-r4-(4-Dimethylaminomethyl-tetrahvdro-pyran-4-yl)-p
henoxy1-propyl|-piperidin-4-ol
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.13mmol), 1-(3-chloro-propyl)- piperidin-4-ol
(378mg, 2,13mmol), DMF (10ml) and K2CO3 (1.18g,
8.52mmol) were reacted together according to general
procedure B. The isolated material was dissolved in
EtOAc (30ml), washed with NaOH (2M, 2x20ml) and water
(25ml), dried over MgSO4 filtered and concentrated in
vacuo at 35C to give the title compound (41 1mg, 51%).
1H NMR (400MHz, CDCI3) 7.20 (d, 2H), 6.86 (d, 2H),
4.00 (t, 2H), 3.80-3.65 (m, 3H), 3.55 (td, 2H), 2.85-
2.73 (m, 2H), 2.52 (t, 2H), 2.40 (s, 2H), 2.22-1.82
(m, 10H), 1.97 (s, 6H), 1.66-1.54 (m, 2H), 1.52 (br s,
1H). Intermediate 11:
1-(3-Chloro-propyl)-4-methoxy-piperidine
4-Methoxy-piperidine (1.5g, 13mmol), acetone (30ml,
20vol), 5M NaOH solution (3.13ml) and 1-bromo-3-
chloropropape (6.14g, 39mmol, 3eq.) were reacted
together according to general procedure A to give the
title compound (1.5g, 60%) as a pale yellow oil.
Example 9:
(4-(4-r3-(4-Methoxy-piperidin-1-yl)-propoxyl-phenyl>-t
etrahvdro-pyran-4-ylmethv p- dimethyl-amine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.13mmol), 1-(3-chloro-propyl)-4-
methoxy-piperidine (410mg, 2,13mmol), DMF (10ml) and
K2CO3 (1.18g, 8.52mmol) were reacted togetheraccording
to general procedure B. The isolated material was
subjected to chromatography on silica, eluant 95:4:1
(DCM: MeOH: NH3) to give the title compound as a
yellow oil (415mg, 50%). 1H NMR (400MHz, CDCI3) 7.20
(d, 2H), 6.86 (d, 2H), 4.00 (t, 2H), 3.75 (dt, 2H),
3.55 (td, 2H), 3.34 (s, 3H), 3.22 (m, 1H), 2.83-2.71
(m, 2H), 2.51 (t, 2H), 2.40 (s, 2H), 2.23-1.81 (m,
10H), 1.97 (s, 6H), 1.67- 1.53 (m, 2H). Intermediate
12: 2-ri-(3-Chloro-propyl)-piperidin-4-yll-ethanol
4-Piperidine ethanol (0.9g, 7.5mmol), acetone (18ml,
20vol), 5M NaOH solution (1.8ml) and 1-bromo-3-
chloropropane (3.54g, 22.5mmol, 3eq.) were reacted
together according to general procedure A to give the
title compound (0.6g, 37%) as an orange oil. Example
10:
2-(1-(3-r4-(4-Dimethylaminomethyltetrahvdropyran-4-yl)
phenoxy1propyl>piperidin-4- vhethanol
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(288mg, 1.22mmol), 2-[1-(3-chloro-propyl)-
piperidin-4-yl]-ethanol (252mg, 1.22mmol), DMF (8ml)
and K2CO3 (674mg, 4.88mmol) were reacted together
according to general procedure B. Purification by
chromatography on silica, eluant DCM:MeOH:NH 3
(96:4:1) provided the title compound (180mg, 36%) as
an off white solid. 1H NMR (400MHz, CDCI3) d 7.20 (d,
2H), 6.86 (d, 2H), 3.99 (t, 2H), 3.75 (dt, 2H), 3.70
(t, 2H), 3.55 (td, 2H), 2.98-2.88 (m, 2H), 2.49 (t,
2H), 2.40 (s, 2H), 2.14-1.82 (m, 6H), 1.97 (s, 6H),
1.75-1.15 (m, 10H). Intermediate 13:
1-(3-Chloro-propyl)-4-(2-methoxy-ethyl)-piperidine
Step 1: L/-Boc-4-(2-hydroxy-ethyl)-piperidine (5g,
21.8mmol) in THF (25ml) was added to a suspension of
NaH (1.47g, 43.7mmol) in THF (75ml) at 00C under N2.
The reaction was stirred for 1hour at 0 C and MeI
(2.72ml, 43.7mmol) added slowly. The reaction was
allowed to warm to room temperature and stirred
overnight. The reaction was quenched with water
(100ml) and extracted with DCM (3 x 100ml). The
combined DCM layers were dried over MgSO4, filtered,
washed with DCM and concentrated in vacuo. The crude
reaction (7.5g) was treated with 3M HCI solution in
EtOH (150ml) for 12hours. The reaction was
concentrated in vacuo and azeotroped with toluene (2 x
150ml) to give 4-(2-methoxy-ethyl)-piperidine
hydrochloride (3.5g, 89%) as a pale yellow solid. Step
2: 4-(2-Methoxy-ethyl)-piperidine hydrochloride (1.5g,
8.4mmol), acetone (30ml, 20vol), 5M NaOH solution
(6.03ml, 3.6eq.) and 1-bromo-3-chloropropane (3.96g,
25.1mmol, 3eq.) were reacted together according to
general procedure A to give the title compound ( 1.6g,
88%) as a pale yellow oil.Example 11:
r4-(4-f3-r4-(2-Methoxy-ethyl)-piperidin-1-vn-propoxyVp
henyl)-tetrahvdro-pyran-4- ylmethvp-dimethyl-amine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.1 3mmol), 1-(3-chloro-propyl)-4-(2-
methoxy-ethyl)-piperidi pe (466mg, 2,1 3mmol), DMF
(1OmI) and K2CO3 ( 1.18g, 8.52mmol) were reacted
together according to general procedure B.
Purification by chromatography on silica, eluant
DCM:MeOH:NH 3 (96:4:1 ) provided the title compound
(409mg, 46%) as a yellow oil. 1H NMR (400MHz, CDCI3)
7.20 (d, 2H), 6.86 (d, 2H), 3.99 (t, 2H), 3.75 (dt,
2H), 3.55 (td, 2H), 3.41 (t, 



2H), 3.33 (s, 3H), 2.97-2.86 (m, 2H), 2.49 (t, 2H),
2.40 (s, 2H), 2.1 5-1 .78 (m, 8H), 1.97 (s, 6H),
1.74-1 .17 (m, 7H). Intermediate 14:
i-O-Chloro-propyD-piperidine^-carboxylic acid amide
Piperidine-4-carboxylic acid amide (0.5g, 3.90mmol),
acetone ( 1.5ml, 3vol), 5M NaOH solution ( 1.2OmI,
1.2eq.) and 1-bromo-3-chloropropane (0.50ml, 5.04mmol,
1eq.) were reacted together according to general
procedure A to give the title compound (0.16g, 20%) as
a pale yellow oil. Example 12:
1-f3-r4-(4-Dimethylaminomethyl-tetrahvdro-pyran-4-yl)-
phenoxy1-propyl>-piperidine-4- carboxylic acid amide
4-(4-Dimethylarninomethyl-tetrahydro-pyran-4-yl)-pheno
l (500mg, 2.1 3mmol), 1-(3-chloro-propyl)-
piperidine-4-carboxylic acid amide (436mg, 2,13mmol),
DMF (10ml) and K2CO3 ( 1.18g, 8.52mmol) were reacted
together according to general procedure B. The
isolated material was subjected to chromatography on
silica, eluant 95:4:1 (DCM: MeOH: NH3) to give the
title compound as a white solid (175mg, 20%). 1H NMR
(400MHz, CDCI3) 7.21 (d, 2H), 6.86 (d, 2H), 5.44 (br
s, 1H), 5.25 (br s, 1H), 4.00 (t, 2H), 3.75 (dt, 2H),
3.55 (td, 2H), 3.03-2.93 (m, 2H), 2.51 (t, 2H), 2.40
(s, 2H), 2.22-1 .66 (m, 13H), 1.97 (s,
6H).Intermediate 15:
4-(3-Chloro-propyl)-piperazine-1-carboxylic acid ethyl
ester Piperazine-1-carboxylic acid ethyl ester (3.Og,
18.9mmol), K2CO3 (2.8g, 1.1eq.), DMF (30ml, 10vol) and
1- bromo-3-chloropropane (1.8ml, 18.9mmol, 1eq.) were
reacted together at room temperature overnight. The
reaction was quenched with water (100ml) and extracted
with DCM (3 x 50ml). The combined DCM extracts were
dried over MgSO4, filtered washed with DCM and
concentrated in vacuo to give the title compound
(3.1g, 70%) as a pale yellow oil. Example 13:
(3-r4-(4-Dimethylaminomethyltetrahvdropyran-4-yl)pheno
xyl-propyl)piperazine-1- carboxylic acid ethyl ester
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.13mmol), 4-(3-chloro-propyl)-
piperazine-1-carboxylic acid ethyl ester (499mg,
2,13mmol), DMF (10ml) and K2CO3 (1.18g, 8.52mmol) were
reacted together according to general procedure B.
Purification by chromatography on silica, eluant
(10%MeOH in DCM) the title compound (276mg, 26%). 1H
NMR (400MHz, CDCI3) 7.21 (d, 2H), 6.86 (d, 2H), 4.14
(q, 2H), 4.01 (t, 2H), 3.75 (dt, 2H), 3.60-3.42 (m,
6H), 2.54 (t, 2H), 2.47-2.36 (m, 4H), 2.40 (s, 2H),
2.16-1.82 (m, 6H), 1.97 (s, 6H), 1.26 (t, 3H).
Intermediate 16 : (3-Chloro-propyl)-diethyl-amine
Diethyl-amine (7.27ml, 70mmol), acetone (15ml, 3vol),
5M NaOH solution (16.8ml, 1.2eq.) and 1-bromo-
3-chloropropane (16.5g, 105mmol, 1.5eq.) were reacted
together according to general procedure A to give the
title compound (6.2g, 59%) as a colourless oil.
Example 14:
(3-f4-(4-Dimethylaminomethyltetrahvdropyran-4-yl)pheno
xy1-propyl)diethyl-amine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.13mmol), (3-chloro-propyl)-diethyiamine
(319mg, 2,13mmol), DMF (10ml) and K2CO3 (1.18g,
8.52mmol) were reacted together according to general
procedure B. Purification by chromatography on silica,
eluant (3%EtOH: 1%NH3 in DCM) gave the title compound
as a pale yellow clear oil (160mg, 22%).1H NMR
(400MHz, CDCI3) < 7.20 (d, 2H), 6.86 (d, 2H), 4.00 (t,
2H), 3.75 (dt, 2H), 3.55 (td, 2H), 2.61 (t, 2H), 2.54
(q, 4H), 2.40 (s, 2H), 2.1 5-1 .82 (m, 6H), 1.97 (s,
6H), 1.02 (t, 6H). Intermediate 17:
2-rf3-Chloro-propyl)-ethyl-amino1-ethanol 2-Ethylamino
ethanol (6.2g, 70mmol), acetone ( 18ml, 3vol), 5M NaOH
solution ( 16.8ml, 1.2eq.) and 1-
bromo-3-chloropropane (16. 5g, 105mmol, 1.5eq.) were
reacted together according to general procedure A to
give the title compound (4.5g, 39%) as a colourless
oil. Example 15:
2-((3-r4-(4-Dimethylaminomethyltetrahvdropyran-4-yl)-p
henoxy1propyl}ethylamino) ethanol
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.1 3mmol), 2-[(3-chloro-propyl)-ethylamino]-
ethanol (353mg, 2 ,13mmol), DMF ( 1OmI) and K2CO3 (
1.18g, 8.52mmol) were reacted together according to
general procedure B. The isolated material was
subjected to chromatography on silica, eluant 95:4: 1
(DCM: MeOH: NH3) to give the title compound as a white
solid ( 150mg, 19%). 1H NMR (400MHz, CDCI3) d l 2L (d,
2H), 6.86 (d, 2H), 4.00 (t, 2H), 3.75 (dt, 2H),
3.60-3.49 (m, 4H), 2.68 (t, 2H), 2.62 (t, 2H), 2.59
(q, 2H), 2.40 (s, 2H), 2.14-1 .82 (m, 6H), 1.97 (s,
6H), 1.62 (br s, 1H), 1.03 (t, 3H). Intermediate 18:
(3-Chloro-propyO-isopropyl-methyl-amine
lsopropylmethylamine (4g, 56mmol), acetone (12ml,
3vol), 5M NaOH solution ( 13.44ml, 1.2eq.) and 1-
bromo-3-chloropropane ( 13.22g, 84mmol, 1.5eq.) were
reacted together according to general procedure A to
give the title compound (4.8g, 66%) as a colourless
oil. Example 16:
f3-f4-(4-Dimethylaminomethyltetrahvdropyran-4-yl)pheno
xy1-propyl> isopropylmethylamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(500mg, 2.1 3mmol), (3-chloro-propyl)-isopropylmethyl-
amine (31 8mg, 2,1 3mmol), DMF ( 10ml) and K2CO3 ( 1.1
8g, 8.52mmol) were reacted together according to
general procedure B. Purification by chromatography on
silica, eluant DCM:MeOH:NH 3 (96:3:1) provided the
title compound (200mg, 43%) as a white solid.1H NMR
(400MHz, CDCI3) <?7.20 (d, 2H), 6.87 (d, 2H), 4.00 (t,
2H), 3.75 (dt, 2H), 3.55 (td, 2H), 2.83 (sep, 1H),
2.55 (t, 2H), 2.40 (s, 2H), 2.22 (s, 3H), 2.14-2.05
(m, 2H), 1.96 (s, 6H), 2.00-1 .82 (m, 4H), 1.00 (d,
6H). Intermediate 19: 1-(2-chloro-ethyl)-pyrrolidine
Pyrrolidine ( 10.4g, 0.15mol), acetone (200ml), 5M
NaOH solution (35ml) and 1-bromo-2-chloroethane
(62.9g, 0.44mol) were reacted together according to
general procedure A. The crude mixture was purified by
column chromatography eluting with ethyl acetate to
give the title compound (2.Og, 10%) as a pale yellow
oil. Example 17: Dimethyl-(4-r4-(2-pyrrolidin-1
-ylethoxy)phenvntetrahvdro-pyran-4-ylmethyllamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(389mg, 1.65mmol), 1-(2-chloro-ethyl)-pyrrolidine
(210mg, 1.57mmol), DMF (4.5ml) and K2CO3 (885g,
6.40mmol) was heated to 1300C for 30 minutes. The
mixture was cooled to ambient temperature; water (9ml)
was added and the mixture was extracted with EtOAc (3
x 4.5ml). The organic phase was washed with brine
(10ml), NaOH solution (2M, 10ml) and water (10ml). The
organic layer was dried over MgSO4, filtered and
concentrated in vacuo at 35C and the residue subjected
to chromatography on silica eluting with DCM:MeOH:NH3
(98:1 :1) to give the title compound as a white solid
( 150mg, 27%). 1H NMR (400MHz, CDCI3) < 7.21 (d, 2H),
6.89 (d, 2H), 4.10 (t, 2H), 3.75 (dt, 2H), 3.55 (td,
2H), 2.89 (t, 2H), 2.67-2.58 (m, 4H), 2.40 (s, 2H),
2.13-2.05 (m, 2H), 1.97 (s, 6H), 1.88 (ddd, 2H),
1.84-1 .77 (m, 4H). Intermediate 20:
1-(3-Chloro-2-methyl-propyl)-pyrrolidine Pyrrolidine
(3.Og, 42mmol), acetone (60ml), 5M NaOH solution
(10ml) and 1-bromo-3-chloro-2-methylpropane (21 .7g,
0.1 3mol) were reacted together according to general
procedure A to give the title compound (3.9g, 58%) as
a pale yellow oil. Example 18:
Dimethyl-(4-r4-(2-methyl-3-pyrrolidin-1
-yl-propoxy)-phenyll-tetrahvdro-pyran-4-
ylmethylVamine4-(4-Dimethylaminomethyl-tetrahydro-pyra
n-4-yl)-phenol (0.91 g, 3.87mmol),
1-(3-chloro-2-methyl-propyl)- pyrrolidine (500mg,
3.10mmol), DMF (5ml) and K2CO3 (2.14g, 15.50mmol) were
reacted together according to general procedure B. The
organic phase was washed with 2M NaOH (3 x 20ml),
water (2 x 20ml), dried over MgSO4 fitered and
concentrated in vacuo at 35C. The crude material was
subjected to chromatography on silica eluting with DCM
:MeOH :NH3 (97 :2 :1) to provide the title compound
(464mg, 42%) as a pale yellow oil. 1H NMR (400MHz,
CDCI3) 7.20 (d, 2H), 6.88 (d, 2H), 4.00 (dd, 1H),
3.80-3.70 (m, 3H), 3.55 (td, 2H), 2.59-2.43 (m, 5H),
2.40 (s, 2H), 2.33 (dd, 1H), 2.21-2.04 (m, 3H), 1.97
(s, 6H), 1.88 (ddd, 2H), 1.82-1.70 (m, 4H), 1.08 (d,
3H). Intermediate 21: Methanesulfonic acid
1-isopropyl-piperidin-4-yl ester Step 1:
4-Hydroxypiperidine (2.13g, 21.1mmol), K2CO3 (5.83g,
2eq.), 2-bromopropane (11.2g, 91mmol, 4.3eq.) and MeOH
(21.3ml) were refluxed together overnight. The
reaction was allowed to cool to room temperature and
quenched with 2M HCI solution (40ml) and extracted
with TBME (40ml). The aqueous phase was basified to pH
14 with 2M NaOH solution and extracted with DCM (9 x
50ml). The combined organic extracts were dried over
MgSO4, filtered, washed with DCM and concentrated in
vacuo to give 1- isopropyl-4-hydroxypiperidine (2.41
g, 80%) as a pale yellow oil. Step 2:
1-lsopropyl-4-hydroxypiperidine (1g, 6.98mmol), DCM
(10ml) and triethylamine (1.08ml, 7.68mmol) were 



cooled to 0-5C and mesyl chloride (0.54ml, 6.98mmol)
was added dropwise under N2. The reaction was allowed
to warm to room temperature and stirred for 1hour. The
reaction was quenched with sat. NaHCO3 (20ml) and the
aqueous phase extracted with DCM (2 x 5ml). The
combined organic extracts were dried over MgSO4,
filtered, washed with DCM and concentrated in vacuo to
give the title compound (1.55g, 100%) as a pale yellow
oil. Example 19:
(4-r4-(1-lsopropylpiperidin-4-yloxy)phenvntetrahvdropy
ran-4-ylmethyl>dimethyl-amine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(532mg, 2.26mmol) in DMF (2ml) was added to a solution
of NaH (100mg, 2.5mmol) in DMF (2ml) at room
temperature under N2. The reaction was stirred for 1
hr and a solution of methanesulfonic acid
1-isopropyl-piperidin-4-yI ester (400mg, 1.81mmol) in
DMF (1.3ml) was slowly added. The reaction was heated
to 75C and stirred for 6hrs. The reaction wasallowed
to cool to room temperature and diluted with TBME
(20ml), water (10ml) and 5M NaOH solution (10ml). The
organic layer was washed with 2.5M NaOH (2 x 20ml),
brine (2 x 20ml), dried over MgSO4, filtered and
concentrated in vacuo. The crude reaction was purified
by column chromatography, eluting with DCM :MeOH : NH3
(98 : 1 :1) to give the title compound as a white
crystalline solid (113mg, 17%). 1H NMR (400MHz, CDCI3)
7.20 (d, 2H), 6.87 (d, 2H), 4.27 (m, 1H), 3.75 (dt,
2H), 3.55 (td, 2H), 2.85-2.68 (m, 3H), 2.45-2.32 (m,
2H), 2.40 (s, 2H), 2.14-1.94 (m, 4H), 1.96 (s, 6H),
1.93-1.75 (m, 4H), 1.06 (d, 6H). Intermediate 22:
Methanesulfonic acid i-cvclopentyl-piperidin-4-yl
ester Step 1: 4-Hydroxypiperidine (2.08g, 21.2mmol),
K2CO3 (5.86g, 2eq.), cylopentylbromide (11.51g,
77.6mmol, 3.7eq.) and MeOH (20.8ml) were refluxed
together overnight. The reaction was allowed to cool
to room temperature and quenched with 2M HCI solution
(40ml) and extracted with TBME (40ml). The aqueous
phase was basified to pH 14 with a 2M NaOH solution
and extracted with DCM (4 x 50ml). The combined
organic extracts were dried over MgSO4, filtered,
washed with DCM and concentrated in vacuo to give 1-
cyclopentyl-4-hydroxypipehdine (2.55g, 71%) as a pale
yellow oil. Step 2: i-Cyclopentyl-4-hydroxypiperidine
(1g, 5.91mmol), DCM (10ml) and triethylamine (0.91ml,
6.5mmol) were cooled to 0-50C and mesyl chloride
(0.46ml, 5.91 mmol) was added dropwise under N2. The
reaction was allowed to warm to room temperature and
stirred for 1hour. The reaction was quenched with sat.
NaHCO3 (20ml) and the aqueous phase extracted with DCM
(2 x 5ml). The combined organic extracts were dried
over MgSO4, filtered, washed with DCM and concentrated
in vacuo to give the title compound (1.38g, 95%) as a
pale yellow oil. Example 20;
(4-r4-(1-Cvclopentylpiperidin-4-yloxy)phenvntetrahvdro
pyran-4- ylmethvDdimethylamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(487mg, 2.07mmol) in DMF (2ml) was added to a solution
of NaH (100mg, 2.5mmol) in DMF (2ml) at room
temperature under N2. The reaction was stirred for 1
hr and a solution of methanesulfonic acid
i-cyclopentyl-piperidin-4-yl ester (409mg, 1.65mmol)
in DMF (1.5ml) was slowly added. The reaction was
heated to 75C and stirred for 6hrs. The reaction was
allowed to cool to room temperature and diluted with
TBME (20ml), water (10ml) and 5M NaOH solution(10ml).
The organic layer was washed with 2.5M NaOH (2 x
20ml), brine (2 x 20ml), dried over MgSO4, filtered
and concentrated in vacuo. The crude reaction was
purified by column chromatography, eluting with DCM
:MeOH : NH3 (98 :1 :1) to give the title compound as a
white solid (78mg, 12%). 1H NMR (400MHz, CDCI3) 7.20
(d, 2H), 6.87 (d, 2H), 4.28 (m, 1H), 3.75 (dt, 2H),
3.55 (td, 2H), 2.89-2.76 (m, 2H), 2.52 (p, 1H), 2.40
(s, 2H), 2.37-2.25 (m, 2H), 2.14-1.94 (m, 4H), 1.96
(s, 6H), 1.93-1.77 (m, 6H), 1.76-1 .34 (m, 6H).
Example 21 :
{3-r4-(4-Dimethylaminomethyl-tetrahvdro-pyran-4-yl)-ph
enoxy1-propyl>-isopropylamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(730mg, 3.10mmol), 3-chloro-1-bromopropane (980mg,
6.20mmol), DMF (10ml) and K2CO3 (1.72g, 12.40mmol)
were reacted together according to general procedure
B. Purification by chromatography on silica, eluant
DCM:MeOH (20: 1) provided a mixture of bromo and
chloro phenoxy ether (250mg) which was used in the
next stage. The mixture (250mg) was refluxed with
isopropyl amine (34C) (10ml, 40vol) for 7 days. The
reaction was concentrated in vacuo and partitioned
between 2M NaOH (10ml) and DCM (1OmI). The aqueous
phase was extracted with DCM (3 x 1OmL). The combined
DCM layers were dried over MgSO4, filtered, washed
with DCM and concentrated in vacuo. Purification by
chromatography on silica, eluant DCM :MeOH :NH3 (95 :5
:0) increasing gradually to DCM :MeOH :NH3 (90 :9 :1)
gave the title compound as a pale yellow solid (180mg,
17% over the 2 steps). 1H NMR (400MHz, CDCI3) J7.20
(d, 2H), 6.88 (d, 2H), 4.03 (t, 2H), 3.75 (dt, 2H),
3.59-3.50 (m, 2H), 2.89- 2.76 (m, 3H), 2.40 (s, 2H),
2.15-2.05 (m, 2H), 2.03-1.93 (m, 2H), 1.96 (s, 6H),
1.88 (ddd, 2H), 1.49 (br s, 1H), 1.07 (d, 6H). Example
22:
Dimethyl-(4-r4-(4-pyrrolidin-1-ylbutoxy)phenvntetrahvd
ro-pyran-4-ylmethyl>amine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(1.5g, 6.38mmol), 1-bromo-4-chlorobutane (1.5ml,
12.77mmol), DMF (20ml) and K2CO3 (3.5g, 25.53mmol)
were reacted together according to general procedure
B. Purification of a fraction of the crude (900mg) by
chromatography on alumina, eluant ethyl
acetate:heptanes (12: 88) provided a mixture of bromo
and chloro phenoxy ether (220mg) which was used in the
next stage. The purified mixture (220mg, 0.68mmol) and
pyrrolidine (0.17ml, 2.03mmol) were refluxed in EtOH
(3ml, 15vol) overnight. The reaction was concentrated
in vacuo andpartitioned between 2M NaOH ( 10ml) and
ethyl acetate ( 10ml). The aqueous was extracted with
ethyl acetate (3 x 5mL). The combined ethyl acetate
layers were washed with brine (3 x 5ml), dired over
MgSO4, filtered, washed with ethyl acetate and
concentrated in vacuo. Purification by chromatography
on silica, eluant 95:3:2 (DCM: MeOH: NH3) followed by
a second column eluting with DCM :MeOH :NH3 (96.5 :3
:0.5), gave the title compound as a colourless oil
(134mg, 55%). 1H NMR (400MHz, CDCI3) 7.21 (d, 2H),
6.86 (d, 2H), 3.97 (t, 2H), 3.75 (dt, 2H), 3.59-3.50
(m, 2H), 2.57- 2.45 (m, 6H), 2.40 (s, 2H), 2.14-2.05
(m, 2H), 1.96 (s, 6H), 1.92-1 .65 (m, 10H). General
procedure C:
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(1eq.), alcohol (R-OH) (0.8eq.) and PPh3 (1eq.) were
mixed together in THF ( 10vol) and cooled to 0C under
N2. DIAD ( 1eq.) in THF (10vol) was added slowly to
the reaction and allowed to warm to room temperature
overnight. The reaction was quenched with 2M HCI
solution ( 10vol) and extracted with ethyl acetate (3
x 10vol). The aqueous phase was basified to pH 14 with
NaOH (~30vol) and extracted with ethyl acetate (3 x
10vol). The organic phase was dried over MgSO4,
filtered and concentrated in vacuo at 35C.
Purification of the crude material by chromatography
on silica, eluant ( 10%MeOH in DCM) provided the title
compounds. Intermediate 23:
2.2-Dimethyl-3-pyrrolidin-1-yl-propan-1-ol Pyrrolidine
( 1.82g, 25mmol), K2CO3 (3.Og, 1.04eq.),
3-bromo-2,2-dimethyl-propan-1 -ol (8.45g, 50mmol,
2eq.) were heated together at 900C overnight. The
reaction was allowed to cool to room temperature and
quenched with 2M HCI solution (50ml) and extracted
with TBME (3 x 50ml). The aqueous phase was basified
to pH 14 with 2M NaOH solution and extracted with DCM
(3 x 50ml). The combined organic extracts were dried
over MgSO4, filtered, washed with DCM and concentrated
in vacuo to give the title compound (1.03g, 26%) as a
pale yellow oil. Example 23:
(4-r4-(2.2-Dimethyl-3-pyrrolidin-1-yl-propoxy)-phenyll
-tetra-hvdropyran-4-ylmethyl>- dimethyl-amine
4-(4-Dimethylaminomethyl-tetr (0.28g, 1.19mmol),
2,2-dimethyl-3-pyrroIidin-1 -ylpropan- 1 -ol (0.1 5g,
0.96mmol), PPh3 (0.31 g, 1.19mmol), THF (3ml) and DIAD
(0.24ml, 1.19mmol) werereacted together according to
general procedure C. The crude material was subjected
to chromatography on silica eluting with DCM :MeOH
:NH3 (97 :2 :1) to provide the title compound (85mg,
24%) as an offwhite solid. 1H NMR (400MHz, CDCI3)
J7.23 (d, 2H), 6.91 (d, 2H), 3.84-3.69 (m, 4H),
3.69-3.54 (m, 2H), 2.67-2.56 (m, 4H), 2.50 (s, 2H),
2.44 (s, 2H), 2.18-2.08 (m, 2H), 2.01 (s, 6H), 1.92
(ddd, 2H), 1.79-1.67 (m, 4H), 1.04 (s, 6H).
Intermediate 24: 4-Pyrrolidin-1-yl-butan-2-ol
Pyrrolidine (2ml, 24mmol), THF (20ml) and methyl
vinylketone (2.5ml, 31mmol) were mixed together and
stirred overnight. NaBH4 (1.17g, 31mmol) was added to
the reaction mixture and stirred for 3hours. The
reaction was quenched with water (20ml) and extratcted
with TBME (2 x 20ml). The combined organic extracts
were dried over MgSO4, filtered, washed with TBME and
concentrated in vacuo. The crude product was purified
by column chromatography, eluting with DCM :MeOH :NH3
(94 :5 :1), to give the title compound as a pale
yellow oil ( 1 .3g, 38%). Example 24:
Dimethyl-(4-r4-(1-methyl-3-pyrrolidin-1-ylpropoxy)phen
vn-tetrahvdropyran-4- 



ylmethyllamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
( 1.03g, 4.40mmol), 4-pyrrolidin-1-yl-butan-2-ol
(0.5g, 3.50mmol), PPh3 (1.15g, 4.40mmol), THF (10ml)
and DIAD (0.86ml, 4.40mmol) were reacted together
according to general procedure C. The crude product
was purified by preparative HPLC, eluting with
acetonitrile/water/0.1%TFA as a gradient, to give the
title compound as a yellow oil (125mg, 10%). 1H NMR
(400MHz, CDCI3) 7.19 (d, 2H), 6.86 (d, 2H), 4.43 (m,
1H), 3.75 (dt, 2H), 3.60-3.51 (m, 2H), 2.67-2.46 (m,
6H), 2.40 (s, 2H), 2.14-2.04 (m, 2H), 1.97 (s, 6H),
1.93-1.73 (m, 8H), 1.31 (d, 3H). Intermediate 25:
3-Pyrrolidin-1-yl-butan-1-ol Pyrrolidine (28.1 5g,
0.4mol), toluene (200ml), catalytic p-TsOH (200mg) and
ethyl acetoacetate (2Og, 0.15mol) were refluxed
together in a Dean-Stark apparatus under N2 for
3hours. The reaction was cooled to room temperature
and concentrated in vacuo. NaBH4 (3.1g, 82mmol) was
dissolved in MeOH (50ml) and cooled to 0-50C. A
portion of the previous crude reaction (5g, 27mmol) in
MeOH (25ml) was added to the reaction mixture and
stirred for 72hours. The reaction was quenched with an
aqueous solution of NaOH (1%w/w, 50ml) and
concentrated in vacuo. The aqueous phase was extracted
with TBME (3 x 50ml). The combined organic extracts
were dried over MgSO4, filtered, washed with TBME and
concentrated in vacuo to give a mixture of the title
compound, 3-pyrrolidin-1-yl-butanoic acid ethyl ester
and residual TBME (3.5g). The mixture (3.5g) in THF
(2OmI) was added to a solution of LiALH4 (1M in THF,
33.5ml, 33.5mmol) at 0-50C under N2. The reaction was
allowed to warm to room temperature andstirred for
3hours. The reaction was quenched with an aqueous
solution of NaOH (1%w/w, 50ml) at 0- 5C, filtered and
washed with THF (3 x 20ml). The combined organic
layers were dried over MgSO4, filtered, washed with
THF and concentrated in vacuo to give the title
compound as a yellow oil (2g, 73%). Example 25:
Dimethyl-(4-r4-(3-pyrrolidin-1-yl-butoxy)-phenyll-tetr
ahvdro-pyran-4-ylmethy|>-amine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(925mg, 3.93mmol), 3-pyrrolidin-1-yl-butan-1-ol
(450mg, 3.14mmol), PPh3 (1.03g, 3.93mmol), THF (9ml)
and DIAD (0.77ml, 3.93mmol) were reacted together
according to general procedure C. The crude material
was subjected to chromatography on silica eluting with
DCM :MeOH (99.5 :0.5) to provide the title compound
(268mg, 24%) as a colourless oil. 1H NMR (400MHz,
CDCI3) 7.21 (d, 2H), 6.88 (d, 2H), 4.11-3.97 (m, 2H),
3.75 (dt, 2H), 3.55 (td, 2H), 2.66-2.52 (m, 5H), 2.40
(s, 2H), 2.19-2.05 (m, 3H), 1.96 (s, 6H), 1.93-1.70
(m, 7H), 1.16 (d, 3H). Example 26:
Dimethyl-(4-f4-r2-(1-methylpyrrolidin-2-yl)ethoxyiphen
yl>-tetrahvdropyran-4- ylmethvDamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(405mg, 1.72mmol), 2-(1-methyl-pyrrolidin-2-yl)-
ethanol (178mg, 1.38mmol), PPh3 (451 mg, 1.72mmol),
THF (8ml) and DIAD (348mg, 1.72mmol) were reacted
together according to general procedure C. The crude
product was subjected to chromatography on alumina
eluting with ethyl acetate :heptane (50 :50) to
provide the title compound (130mg, 27%) as a
colourless oil. 1H NMR (400MHz, CDCI3) J7.21 (d, 2H),
6.87 (d, 2H), 4.09-3.95 (m, 2H), 3.75 (dt, 2H), 3.55
(td, 2H), 3.09 (m, 1H), 2.40 (s, 2H), 2.35 (s, 3H),
2.30-1.99 (m, 6H), 1.96 (s, 6H), 1.93-1.63 (m, 6H).
Example 27: 4-r4-(3-Pyrrolidin-1
-yl-propoxy)-phenyll-tetrahvdro-pyran-4-carbonitrile4-
(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonitrile
(2g, 9.86mmol), 1-(3-chloro-propyl)-pyrrolidine
(2.33g, 15.78mmol), DMF (40ml) and K2CO3 (5.45g,
39.44mmol) were reacted together according to general
procedure E. The crude reaction product was diluted
with 2M HCI solution (200ml) and washed with ethyl
acetate (3 x 50ml). The aqueous phase was basified to
pH 14 with 2M NaOH (200ml) and extracted with ethyl
acetate (4 x 50ml). The combined organic extracts were
dried over MgSO4, filtered, washed with ethyl acetate
and concentrated in vacuo to give a white solid. The
solid was slurried in TBME (15ml) and heptane (15ml),
filtered, washed with heptane (8ml) and dried on the
filter for 2 hours to give the title compound as a
white solid (1.6g, 53%). 1H NMR (400MHz, DMSO-d6) S7A3
(d, 2H), 6.99 (d, 2H), 4.08-3.94 (m, 4H), 3.64 (dt,
2H), 2.57-2.47 (m, 2H), 2.46-2.36 (m, 4H), 2.12-1.94
(m, 4H), 1.87 (p, 2H), 1.73-1.62 (m, 4H).
Alternatively,
4-[4-(3-Pyrrolidin-1-yl-propoxy)-phenyl]-tetrahydro-py
ran-4-carbonitrile can be prepared by the following
steps: Step 1: 4-Hydroxybenzylcyanide (20 g, 0.15 mol)
was dissolved in DMF (500 mL) and then K2CO3 (41.4 g,
0.3 mol) and NaI (7.8 g, 0.052 mol) were added
followed by dropwise addition of 3-(1-pyrrolidine)-
propylchloride (26.5 g, 0.18 mol) at 60 0C. Heating
was continued at 90 0C for 3 h and then the mixture
was heated overnight at 60 0C.
3-(1-Pyrrolidine)-propylchloride (10 g, 0.067 mol) was
again added as the reaction was not complete and
heating was continued for a further 6 h. The reaction
mixture was concentrated and taken up in EtOAc. The
organic layer was washed with water, finally with
brine. Crude
[4-(3-pyrrolidin-1-ylpropoxy)phenyl]acetonitrile was
purified by DCM/MeOH 9.5/0.5 over a silica gel column.
Yield: 25.5g (70 %). 1 H-NMR (400 MHz, CDCI3) <J1.77
(m, 4H); 1.98 (m, 2H); 2.50 (m, 4H); 2.59 (t, 2H);
3.66 (s, 2H); 4.00 (t, 2H); 6.87(d, 2H); 7.19(d, 2H).
Step 2: NaH (14.6 g, 0.61 mol) was suspended in DMF
(100 mL).
[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]acetonitrile (25.5
g, 0.10 mol) was dissolved in DMF (100 mL) and added
dropwise to the ice-cooled suspension of NaH. The
reaction mixture was stirred at room temperature for
30 min followed by dropwise addition of 2-
bromoethylether (36.2 g, 0.16 mol) in DMF (200 mL) in
ice-cold condition. The reaction mixture was poured
into ice-cold water. The solid was filtered, washed
with water, dried and the resulting solid was washed
with 5 % EtOAc in hexane to give the title compound
(22 g, 67 %). Example 28:
(4-r4-f3-Pyrrolidin-1-ylpropoxy)phenvntetrahvdropyran-
4-yl> methylamine dihvdrochlorideTo a stirred
suspension of LiAIH4 (1.81g, 47.7mmol, 5eq) in
Et2O/DCM (1:1, 3OmL) at 0 to 5C under a nitrogen
atmosphere was added
4-[4-(3-pyrrolidin-1-yl-propoxy)-phenyl]-tetrahydro-py
ran-4-carbonitrile (3g, 9.55 mmol) in Et2O/DCM (1:1,
3OmL) over 15 minutes maintaining the temperature at 5
to 100C. The reaction mixture was allowed to warm up
to ambient temperature and stirred until complete.
Sodium hydroxide (2N, 15mL) was added dropwise and the
resulting solids were filtered, washed with Et2O/DCM
(1:1, 6 x 5OmL) and concentrated in vacuo at 400C. A
portion of the crude product from the above reaction
(0.5 g, 1.57 mmol) was dissolved in dioxane (5mL) and
4M HCI in dioxane (1.1 8mL) added under N2. The
reaction was stirred for 3 hours and filtered under a
blanket of N2 (hygroscopic), washed with TBME and
dried in the oven at 400C to give the title compound
as a white solid (0.5g 8 1%). 1H NMR (400MHz, DMSO-d6)
11.24 (br s, 1H), 8.00 (br s , 3H), 7.33 (d, 2H), 6.98
(d, 2H), 4.08 (t, 2H), 3.76-3.63 (m, 2H), 3.60-3.46
(m, 2H), 3.45-3.18 (m, 4H), 3.07-2.87 (m, 4H),
2.25-1.77 (m, 10H). Example 29:
Dimethyl-(4-r4-(3-pyrrolidin-1-ylpropoxy)phenvn-tetrah
vdro-pyran-4-ylmethyl>amine To a mixture of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (2.5g, 7.86 mmol), acetic acid
(6ml), and water (12.5ml) was added formaldehyde
(11.5ml) and stirred for 15 minutes. STAB (10g,
4.72mmol) was added portionwise and stirred for one
hour. Sodium hydroxide (2M, 100ml) was added slowly to
attain a pH of 9. The resulting mixture was extracted
with DCM (3x1 00ml) and the combined organic phases
were dried over MgSO4, filtered and concentrated in
vacuo at 35C. The crude mixture was purified by column
chromatography on silica eluting with DCM:MeOH:NH 3
(95:4:1) to give the title compound as a white solid
(1.09g, 40%). 1H NMR (400MHz, CDCI3) 7.21 (d, 2H),
6.87 (d, 2H), 4.02 (t, 2H), 3.75 (dt, 2H), 3.55 (td,
2H), 2.65 (t, 2H), 2.56 (brs, 4H), 2.40 (s, 2H),
2.15-1.74 (m, 10H), 1.97 (s, 6H). Example 30:
4-r4-(3-Piperidin-1-yl-propoxy)-phenvn-tetrahvdro-pyra
n-4-carbonitril eA mixture of
4-(4-hydroxyphenyl)tetrahydro-2H-pyran-4-carbonitrile
( 1.0 g , 5 mmol), 1-(3- chloropropyl)piperidine ( 1.2
g, 7.5 mmol) obtained following the procedure
described in the Patent DD 60557, cesium carbonate (
2.4g, 7.5 mmol), Kl ( 1.2 g, 7.5 mmol) in DMF (50 ml_)
was heated to 700C overnight. After DMF removal under
reduced pressure, the residue was quenched with water
and extracted with DCM. The organic phases were dried
over Na2SO4 filtered and concentrated. The residue was
purified by flash chromatography (50 g silica gel, DCM
/ MeOH) to provide the title compound ( 1.45 g, 88%).
The hydrochloride salt as analytical sample was
prepared with ether/HCI 2M in dichloromethane and
crystallization in ether. 1H NMR (500MHz, CDCI3) d
12.14 (bs, 1H), 7.32 (d, 2H), 6.83(d,2H), 4.07 -3.97
(m, 4H), 3.85 -3.78 (m, 2H), 3.57-3.48 (m, 2H),
3.14-3.07 (m, 2H), 2.67 - 2.56 (m, 2H), 2.45 - 2.36
(m, 2H), 2.32 - 2.1 9 (m, 2H), 2.06 - 1.92 (m, 4H),
1.90-1 .75 (m, 4H), 1.43-1 .32 (m, 1H). Example 31:
(4-r4-(3-Piperidin-1
-ylpropoxy)phenvntetrahvdropyran-4-yl> methylamine 



dihvdrochloride A mixture of
4-[4-(3-piperidin-1-yl-propoxy)-phenyl]-tetrahydro-pyr
an-4-carbonitrile ( 1.45 g, 4.4 mmol), isopropanol (12
mL), concentrated HCI (350 mL), and PtO2 ( 115 mg) was
stirred and hydrogenated to 500C overnight at
atmospheric pressure. The mixture was filtrated over
diatomaceous earth and concentrated. The residue was
dissolved in DCM /MeOH mixture and washed with NaOH (
1 M). The organic layers were dried over Na2SO4
filtered and concentrated, purified by flash
chromatography ( 1O g silica gel, DCM/ MeOH ( 10%
NH3)) to provide the title compound as free base
(0.650 g, 44.5%). This was then converted to the
dihydrochloride salt. 1H NMR (400MHz, DMSO-D6) d 10.66
(bs, 1H), 7.74 (bs, 3H), 7.32 (d, 2H), 6.97 (d, 2H),
4.07 (t, 2H), 3.73-3.65 (m, 2H), 3.47-3.28 (m, 4H),
3.1 8-3.10 (m, 2H), 2.98-2.81 (m, 4H), 2.25-2. 16 (m,
2H), 2.14-2.06 (m, 2H), 1.90-1 .67 (m, 7H), 1.44-1 .31
(m, 1H).Example 32:
Dimethyl-(4-r4-(3-piperidin-1-ylDropoxy)phenylltetrahy
dro-pyran-4-ylmethyllamine dihvdrochloride To (0.50 g,
1.5 mmol) of
{4-[4-(3-Piperidin-1-ylpropoxy)phenyl]tetrahydropyran-
4-yl} methylamine dihydrochloride was added 1.5 mL of
formaldehyde (37% w/w solution in H2O). 1.9 ml. of
formic acid was added and the mixture was heated to
1000C for 1.5 h. After cooling, water was added and
the mixture extracted with ether. NaOH was added to
the aqueous phase and the mixture extracted 3 times
with ether. The organic extracts were washed with
brine, dried over Na2SO4 filtered and concentrated in
vacuo. The residue was purified by flash
chromatography (25 g silica gel, DCM/ MeOH/ 10% NH3) .
This was then converted to the dihydrochloride salt.
1H NMR (400MHz, DMSO-D6) 10.63 (bs, 1H), 9.73 (bs,
1H), 7.43 (d, 2H), 6.99(d, 2H), 4.11-4.03 (t, 2H),
3.76-3.67 (m, 2H), 3.47-3.29 (m, 7H), 3.19-3.11 (m,
2H), 2.92-2.81 (m, 2H), 2.41-2.35 (m, 5H), 2.32-2.16
(m, 4H), 1.95-1.66 (m, 7H), 1.45-1.32 (m, 1H).
Intermediate 26:
i-r-hvdroxyphenvDcvclohexanecarbonitrile To a solution
of 1-(4-methoxyphenyl)cyclohexanecarbonithle (2 g,
9.29 mmol) in DCM (40 mL) at 00C under N2 was added
dropwise BBr3 (2.63 mL, 27.87 mmol). The reaction was
allowed to warm to room temperature and stirred for
48hours. The mixture was stirred for 3 hours at 0"C
and quenched with water (30 mL). The mixture was
separated and the organic layer was washed with a
saturated aqueous solution of NaHCO3 then water. The
combined organic extracts were dried over Na2SO4,
filtered, concentrated in vacuo and purified by column
chromatography on silica gel eluting with DCM:acetone
(97:3) to give the title compound (1.71 g, 91%).
Example 33:
1-r4-(3-pyrrolidin-1-ylpropoxy)phenvncvclohexanecarbon
itrile 1-(4-Hydroxyphenyl)cyclohexanecarbonitrile
(1.70 g, 8.45 mmol), 1-(3-chloro-propyl)-pyrrolidine
(1.87 g, 12.67 mmol), acetone (50 mL), sodium iodide
(0.444 g, 2.96 mmol) and K2CO3 (5.45g, 39.44 mmol)
were heated to 50C overnight. The solvent was
evaporated and the crude product was taken into DCM,
washed with 0.5N NaOH , extracted with 0.5N HCI
solution and washed with DCM. The aqueous layer was
basified with 0.5N NaOH and extracted with DCM. The
combined organic extracts were dried overNa2SO4,
filtered, washed with DCM and concentrated in vacuo to
give a yellowish solid. The solid was slurried in
ether, filtered, washed with ether to give the title
compound as a white solid (1.34 g, 51%). 1H NMR
(400MHz, CDCI3) 7.30 (d, 2H), 6.83 (d, 2H), 3.95 (t,
2H), 2.54 (t, 2H), 2.44 (m, 4H), 2.06 (m, 2H), 1.92
(m, 2H), 1.84-1.58 (m, 12H). Example 34:
N-((1-r4-(3-pyrrolidin-1-ylpropoxy)phenvncvclohexyl}me
thyl)-N,N-dimethylamine Step 1: To a stirred
suspension of LiAIH4 (0.607 g, 16 mmol) in diethyl
ether (15 ml.) cooled at 00C was added dropwise a
solution of i - -
S-pyrrolidin-i-ylpropoxyJphenyllcyclohexanecarbonitril
e ( 1 g, 3.2 mmol) in diethyl ether (10 ml_). After
being stirred at room temperature for 30 min, the
reaction mixture was refluxed for another 30 min. The
mixture was cooled to 00C and water ( 1.38 mL), a 5N
aqueous solution of sodium hydroxide (1.38 mL) and
water (5.52 mL) again were successively added
dropwise. After being stirred for 15 min at room
temperature, the mixture was filtered over
diatomaceous earth and concentrated. The crude
{1-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]cyclohexyl}meth
ylamine (0.961 g, 95%) was used in the next step
without further purification. Step 2: To
{1-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]cyclohexyl}meth
ylamine (0.96 g, 3 mmol) was added formic acid (5 mL)
followed by formaldehyde (37% w/w solution in H2O,
0.915 mL, 33 mmol). The mixture was refluxed for 3 h
and allowed to stir overnight at room temperature. It
was then diluted with DCM, basified to pH 12 with an
aqueous solution of NaOH and the mixture was extracted
with DCM. The organic extracts were dried over Na2SO4,
filtered, concentrated in vacuo and purified by column
chromatography on silica gel eluting with a gradient
of DCM:MeOH:NH 3 (from 99:0:1 to 90:10:1) to provide
the title compound (0.447 g, 43%) as an oil. 1H NMR
(400MHz, CDCI3) 7.18 (d, 2H), 6.78 (d, 2H), 3.94 (t,
2H), 2.55 (t, 2H), 2.45 (m, 4H), 2.22 (m, 2H),
2.06-1.86 (m, 10H), 1.72 (m, 4H), 1.58-1.19 (m, 8H).
Intermediate 27:
4-f4-(3-pyrrolidin-1-ylpropoxy)phenylltetrahydro-2H-py
ran-4-carbaldehvde Step 1: A solution of
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbonitrile (2Og, 0.0636mol) in concentrated
hydrochloric acid (200ml, 10vol) was heated and
stirred at reflux for 16h after which time LC/LCMS
analysis showed the reaction had stalled at 85-90%
conversion. The solution was evaporated to dryness in
vacuo, azeotroped with methanol (200ml, 20vol) and
toluene (2x 200ml, 2x 20vol) to yield 4-
[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-pyra
n-4-carboxylic acid as a beige solid which was used
directly (no NMR data recorded).Step 2; A suspension
of
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carboxylic acid (23.5g, 0.0636mol) in methanol
(235ml, 10vol) was stirred and cooled to 0 to -50C
under nitrogen. Thionyl chloride (9.3ml, 0.1 272mol,
0.40vo!) was charged dropwise over 20minutes,
maintaining the temperature at -5 to +50C. The
resulting slurry was then heated and stirred at reflux
under nitrogen for 16h after which time LC analysis
showed 1.4% by area of acid remaining. The solution
was evaporated to dryness in vacuo at 4O0C to give a
brown sludge. The sludge was dissolved in ethyl
acetate ( 118ml, 5vol) and water (235ml, 10vol) and
the layers separated. The aqueous layer was washed
with ethyl acetate (118ml, 5vol) and basii ed to pH 11
with saturated aqueous potassium carbonate ( 118ml,
5vol). The product was extracted into dichloromethane
(3x 118ml, 3x 5vol) and the combined extracts dried
over magnesium sulfate (23g) and concentrated in vacuo
at 4O0C to yield methyl 4-[4-(3-pyrrolidin-1-
ylpropoxy)phenyl]tetrahydro-2/-/-pyran-4-carboxylate
(21 .7g, 98% from the nitrile) as a cream solid. Step
3: Anhydrous tetrahydrofuran (141 ml, 10vol) was
charged rapidly onto stirred and cooled (0-50C)
lithium aluminium hydride (6.2g, 0.1 634mol, 0.44wt)
under nitrogen. The resulting slurry was cooled to
0-50C and then a solution of methyl
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carboxylate (14. 1g, 0.04058mol) in
tetrahydrofuran (99ml, 7vol) was added dropwise over
30 minutes maintaining 0-50C. On complete addition the
reaction was allowed to warm to room temperature over
30 minutes and stirred at 18-250C for 30 minutes, LC
analysis showed the reaction to be complete. The
mixture was cooled to 0 to 50C, a 1:1 mixture of
tetrahydrofuran and water ( 18.6ml, 1.32vol) was added
very slowly. The mixture was further quenched with 20%
w/v sodium hydroxide solution (6.2ml, 0.44voi) and
water ( 18.6ml, 1.32vol) and the resulting white
suspension stirred vigorously for 30 minutes at
18-250C. The salts were removed by filtration and
rinsed with tetrahydrofuran (3x 150ml). The combined
filtrates were evaporated to dryness at 4O0C to yield
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-p
yran-4-yl}methanol (12.1g, 94%) as a white solid. Step
4: Pyridinium chlorochromate (20.3g, 0.0941 5mol),
1.69wt) was charged to a stirred suspension of celite
(24g, 2wt) and
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/
-pyran-4-yl}methanol ( 12.03g, 0.03766mol) in
dichloromethane (120ml, 10vol) with stirring. The
mixture was stirred at 18-250C for 3.5 hours after
which time LC analysis showed the reaction to be 70%
complete. Magnesium sulphate (12g, 1wt) was added and
the resulting slurry filtered through a pad of
aluminium oxide (activated, basic, Brockmann I,
standard grade, ~ 150 mesh) (481 g, 40wt) eluting with
1% methanol/dichloromethane. Clean fractions were
combined and evaporated to dryness at 4O0C. The
resulting brown solid was stirred in
tertbutylmethylether (120ml, 10vol). Undissolved
residue was removed by filtration and rinsed with
ferfbutylmethyiether (3x120ml, 3x 10vol). The combined
filtrates were evaporated at 4O0C to yield 4-[4-(3- 



pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-pyran-4-
carbaldehyde (6.Og, 50.2%) as a beige waxy solid.
Alternatively,
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbaldehyde can be prepared as follows: To a
solution of
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbonitrile (250 mg, 0.79 mmol) in anhydrous
toluene (2 mL) at -78C was added dropwise a 1.5M
solution of diisobutyl aluminium hydride in toluene (
1.59 mL, 2.38 mmol, 3 equiv). The reaction mixture was
stirred for 2 h at -78C. Ethylacetate was then added
followed by a saturated solution of sodium potassium
tartrate and dichloromethane. After stirring at room
temperature for 1h, the organic layer was separated.
The aqueous layer was extracted three times with
dichloromethane. The combined organic extracts were
dried over sodium sulfate, filtered and concentrated
under reduced pressure to give an 8:2 mixture of the
desired aldehyde and starting nitrile as an orange
oil. General procedure D: A solution of the
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbaldehyde (700mg, 2.205mmol, 1wt) and
secondary amine (NR1R2) (4.21 mmol) in absolute
ethanol (28ml, 40vol) was stirred 18 to 250C under
nitrogen over activated 3A molecular sieves (700mg,
1wt). Titanium (IV) isopropoxide (3.25ml, 11.025mmol,
4.62vol) was added dropwise over 2 minutes. The
resulting solution was stirred at 18 to 250C under
nitrogen for 20 to 24h, over which time precipitation
was observed. Sodium triacetoxyborohydride (3.97g,
0.01 87mol, 5.67wt) was then added in one portion
(Note: not exothermic, but gentle gas evolution was
observed) and the reaction was stirred for 1 to 8h
until LC analysis showed the reaction to be either
complete or stalled at 1-1 0% aldehyde by area). The
reaction mixture was decanted from the sieves and
evaporated to dryness in vacuo at 4O0C.
terf-Butylmethyl ether (28ml, 40vol), 50% w/v
Rochelle's solution (28ml, 40vol) and sat. aqueous
potassium carbonate solution (28ml, 40vol) were added
and the mixture stirred vigorously for 1 to 2h until
two layers were visible (the organic layer was clear,
the aqueous cloudy). The layers were separated and the
aqueous layer re-extracted with fert-butylmethyl ether
(28ml, 40vol). The extracts were combined, washed with
sat. aqueous sodium chloride solution (28ml, 40vol),
dried over magnesium sulfate (700mg, 1wt) and
evaporated in vacuo at 4O0C to yield a viscous oil.
The oil was purified by column chromatography on
silica (2Og, 28.6wt) eluting with DCM(95):MeOH(4):NH
3(1) to remove unreacted aldehyde, alcohol by-product
(typically 1-10% by area) and the excess secondary
amine to yield the pure product as a viscous oil
contaminated by dichloromethane after evaporation. The
oil was dissolved in ethanol (5ml, 7.1vol) and
evaporated to dryness in vacuo at 4O0C, then in a
vacuum oven at 4O0C for 12 to 24h to yield the
required tertiary amine product as a viscous oil or
waxy solid. Example 35:
(1-(4-r4-(3-Pyrrolidin-1-ylpropoxy)phenvntetrahvdropyr
an-4-ylmethyl>piperidin-4-yl)-
methanol4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ro-2/-/-pyran-4-carbaldehyde (700mg, 2.205mmol, 1wt),
4- piperidinemethanol (485mg, 4.21 mmol), absolute
ethanol (28ml, 40vol), activated 3A molecular sieves
(700mg), titanium (IV) isopropoxide (3.25ml,
11.03mmol) and STAB (3.97g, 18.7mmol) was reacted in
accordance with the general procedure D. The isolated
waxy solid was purified by column chromatography on
silica eluting with DCM:MeOH:NH 3 95:4:1 to give the
title compound as a colorless oil (820mg, 72%). 1H NMR
(400MHz, CDCI3) 7.20 (d, 2H), 6.85 (d, 2H), 4.02 (t,
2H), 3.75 (dt, 2H), 3.59-3.46 (m, 2H), 3.42 (d, 2H),
2.63 (t, 2H), 2.53 (brs, 4H), 2.39-2.26 (m, 4H),
2.15-1.03 (m, 18H). Example 36:
1-f4-F4-(3-Pyrrolidin-1-ylpropoxy)phenvntetrahvdropyra
n-4-ylmethyl|piperidin-4-ol
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbaldehyde (420mg, 1.30mmol, 1wt), 4-
hydroxypiperidine (268mg, 2.60mmol), absolute ethanol
(17ml, 40vol), activated 3A molecular sieves (420mg),
titanium (IV) isopropoxide (1.94ml, 4.62vol) and STAB
(2.34g, 11.1mmol) was reacted in accordance with the
general procedure D. The isolated waxy solid was
purified by preparative HPLC, eluting with
acetonitrile/water/0.1%TFA as a gradient, to give the
title compound as a white solid (380mg, 1H NMR
(400MHz, CDCI3) d l 2L (d, 2H), 6.86 (d, 2H), 4.02 (t,
2H), 3.75 (dt, 2H), 3.59-3.47 (m, 2H), 2.63 (t, 2H),
2.53 (br s, 4H), 2.35 (s, 2H), 2.33-2.25 (m, 2H),
2.13-1.96 (m, 6H), 1.93-1.83 (m, 2H), 1.82-1.76 (m,
4H), 1.72-1.59 (m, 3H), 1.47-1.29 (m, 3H). Example 37:
1-f4-r4-(3-Pyrrolidin-1-yl-propoxy)-phenvn-tetrahvdro-
pyran-4-ylmethyl>-piperidine-4- carboxylic acid
amide4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-
2/-/-pyran-4-carbaldehyde (500mg, 1.58mmol),
isonipecotamide (434mg, 3.03mmol), absolute ethapol
(20ml), activated 3A molecular sieves (500mg),
titanium (IV) isopropoxide (2.31ml, 7.88mmol) and STAB
(2.84g, 13.6mmol) were reacted in accordance with the
general procedure D. The isolated crude product was
purified by column chromatography on silica eluting
with DCM:MeOH:NH 3 (97:2:1) to give the title compound
as a colorless solid (400mg, 59%). 1H NMR (400MHz,
CDCI3) 7.20 (d, 2H), 6.85 (d, 2H), 5.45 (br s, 2H),
4.01 (t, 2H), 3.79-3.69 (m, 2H), 3.57-3.46 (m, 2H),
2.63 (t, 2H), 2.53 (br s, 4H), 2.35 (s, 2H), 2.31 (br
s, 1H), 2.14-1.72 (m, 14H), 1.67-1.51 (m, 4H). Example
38:
1-Methyl-444-r4-(3-pyrrolidin-1-yl-propoxy)-phenvn-tet
rahvdro-pyran-4-ylmethyl 'Vpiperazine A solution of
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbaldehyde (500mg, 1.58mmol, 1wt),
1-methylpiperazine (300mg, 2.99mmol), absolute ethanol
(20ml, 40vol), activated 3A molecular sieves (500mg),
titanium (IV) isopropoxide (2.32ml, 7.83mmol) and STAB
(1.43g, 6.73mmol) were reacted in accordance with the
general procedure D. The isolated oil was purified by
column chromatography on silica (2Og, 28.6wt) eluting
with DCM(95):MeOH(4):NH 3(1) to give the title
compound as a clear viscous oil (360mg, 56%). 1H NMR
(400MHz, CDCI3) 7.21 (d, 2H), 6.86 (d, 2H), 4.02 (t,
2H), 3.75 (dt2H), 3.60-3.47 (m, 2H), 2.63 (t, 2H),
2.53 (br s, 4H), 2.38 (s, 2H), 2.34-2.14 (m, 11H),
2.13-1.73 (m, 10H). Example 39:
1-(4-r4-(3-Pyrrolidin-1-ylpropoxy)phenylltetrahvdropyr
an-4-ylmethyl}piperazine4-[4-(3-Pyrrolidin-1-ylpropoxy
)phenyl]tetrahydro-2/-/-pyran-4-carbaldehyde (350mg,
1.103mmol), 4- piperazine-1-carboxylic acid terf-butyl
ester (372mg, 1.98mmol), absolute ethanol (40ml),
activated 3A molecular sieves (350mg), titanium (IV)
isopropoxide (1.62ml, 5.48mmol) and STAB (2.Og,
9.74mmol) were reacted in accordance with the general
procedure D. The isolated crude product was purified
by column chromatography on silica eluting with
DCM:MeOH:NH 3 (98:1 :1) to give a white solid (295mg,
69%). This was re-dissolved in methanol (3.2ml) and
1,4-dioxane (8ml), HCI in dioxane (4M, 1.95ml) was
added. The mixture was stirred overnight and
concentrated in vacuo at 400C. TBME ( 13ml) and NaOH
(2M aqueous) were added to attain a pH of 12-14. The
organic phase was separated and dried over MgSO4 and
concentrated in vacuo at 35C. The crude product was
subjected to chromatography on silica eluting with
DCM:MeOH:NH 3 (94:4:2) to give the title compound as a
yellow oii ( 100mg, 23%). 1H NMR (400MHz, CDCI3) 7.21
(d, 2H), 6.85 (d, 2H), 4.02 (t, 2H), 3.80-3.70 (m,
2H), 3.58-3.46 (m, 2H), 2.73-2.66 (m, 4H), 2.63 (t,
2H), 2.53 (br s, 4H), 2.34 (s, 2H), 2.1 7-1 .48 (m,
15H). Example 40: 1-f4-r4-(3-Pyrrolidin-1
-ylpropoxy)phenvntetrahvdropyran-4-ylmethyl)pyrrolidin
-3-ol
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbaldehyde (350mg, 1.103mmol), 3-
pyrrolidinol (200mg, 2.02mmol), absolute ethanol
(40ml), activated 3A molecular sieves (350mg),
titanium (IV) isopropoxide ( 1.62ml, 5.48mmol) and
STAB (2.Og, 9.74mmol) were reacted in accordance with
the general procedure D. The isolated crude product
was purified by column chromatography on silica
eluting with DCM:MeOH:NH 3 (97:2:1) to give the title
compound as a white solid (390mg, 9 1%). 1H NMR
(400MHz, CDCI3) d 7.20 (d, 2H), 6.87 (d, 2H), 4.1
0-4.01 (m, 3H), 3.81-3.68 (m, 3H), 3.55 (t, 2H),
2.67-2.48 (m, 9H), 2.28-1 .61 (m, 15H). Example 41:
(R)-2-Methoxymethyl-1-f4-r4-(3-pyrrolidin-1
-yl-propoxy)-phenvn-tetrahvdro-pyran-4-
ylmethyll-pyrro
lidine4-[4-(3-PyrroIidin-1-ylpropoxy)phenyl]tetrahydro
-2H-pyran-4-carbaldehyde (500mg, 1.575mmol), (R)-2-
(methoxymethyl)pyrrolidine (347mg, 4.21 mmol),
absolute ethanol (20ml), activated 3A molecular sieves
(500mg), titanium (IV) isopropoxide (2.33ml, 7.88mmol)
and STAB (2.84g, 13.4mmol) were reacted in accordance
with the general procedure D. The isolated waxy solid
was purified by column chromatography on silica
eluting with DCMiMeOHiNH 3 95:14:1 to give the title
compound as a viscous pale yellow oil (390mg, 59%). 1H
NMR (400MHz, CDCI3) 7.18 (d, 2H), 6.86 (d, 2H), 4.02
(t, 2H), 3.85-3.69 (m, 2H), 3.59 (td, 1H), 3.45 (td,
1H), 3.27 (s, 3H), 3.10 (dd, 1H), 3.02 (dd, 1H), 2.94
(d, 1H), 2.63 (t, 2H), 2.58-2.45 (m, 6H), 2.39 (m,1H),
2.21 (m, 1H), 2.07-1.67 (m, 11H), 1.57-1.33 (m, 3H).
Example 42:
(S)-2-Methoxymethyl-1-(4-r4-(3-pyrrolidin-1-ylpropoxy)
-phenylltetrahydropyran-4- ylmethyllpyrrolidine
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbaldehyde (350mg, 1.103mmol), (s)-(+)-2-
(methoxymethyl)pyrrolidine (230mg, 2.00mmol), absolute
ethanol (40ml), activated 3A molecular sieves 



(350mg), titanium (IV) isopropoxide (1.62ml, 5.48mmol)
and STAB (2.Og, 9.74mmol) were reacted in accordance
with the general procedure D. The isolated crude
product was purified by column chromatography on
silica eluting with DCM:MeOH:NH 3 (98:1:1) to give the
title compound as a white solid (330mg, 72%). 1H NMR
(400MHz, CDCI3) 7.18 (d, 2H), 6.86 (d, 2H), 4.02 (t,
2H), 3.84-3.70 (m, 2H), 3.59 (td, 1H), 3.45 (td, 1H),
3.27 (s, 3H), 3.10 (dd, 1H), 3.02 (dd, 1H), 2.94 (d,
1H), 2.63 (t, 2H), 2.59-2.45 (m, 5H), 2.39 (m,1H),
2.21 (m, 1H), 2.06-1.34 (m, 15H). Example 43:
1-(1-(4-r4-(3-Pyrrolidin-1-ylpropoxy)phenvptetrahvdrop
yran-4-ylmethyl)piperidin-4-
vqpyrrolidin-2-one4-[4-(3-Pyrrolidin-1-ylpropoxy)pheny
l]tetrahydro-2/-/-pyran-4-carbaldehyde (400mg,
1.260mmol), 4-(N-2- pyrrolidinone)piperidine
hydrochloride (493mg, 4.407mmol), absolute ethanol
(16ml), activated 3A molecular sieves (400mg),
titanium (IV) isopropoxide (1.86ml, 6.30mmol) and STAB
(2.27g, 10.71mmol) were reacted in accordance with the
general procedure D. The isolated waxy solid was
purified by column chromatography on silica eluting
with DCM(95):MeOH(4):NH 3(1) to give the title
compound as a pale yellow oil (133mg, 22%). 1H NMR
(400MHz, CDCI3) <?7.20 (d, 2H), 6.86 (d, 2H), 4.02 (t,
2H), 3.83-3.71 (m, 3H), 3.52 (dt, 2H), 3.32 (t, 2H),
2.63 (t, 2H), 2.53 (brs, 4H), 2.41-2.30 (m, 6H), 2.18
(dt, 2H), 2.12-1.36 (m, 16H). Example 44:
4-f4-r4-(3-Pyrrolidin-1-yl-propoxy)-phenvn-tetrahvdro-
pyran-4-ylmethyl>- thiomorpholine
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbaldehyde (1.5g, 4.726mmol, 1wt),
thiomorpholine (930mg, 9.027mmol), absolute ethanol
(60ml), activated 3A molecular sieves (1.5g), titanium
(IV) isopropoxide (6.97ml, 23.630mmol) and STAB
(8.51g, 40.15mmol) were reacted in accordance with the
general procedure D. The isolated waxy solid was
purified by column chromatography on silica eluting
with DCM(95):MeOH(4):NH 3(1) to give the title
compound as a pale yellow oil (1.06g, 55%). 1H NMR
(400MHz, CDCI3) 7.20 (d, 2H), 6.86 (d, 2H), 4.02 (t,
2H), 3.75 (dt, 2H), 3.57-3.45 (m, 2H), 2.63 (t, 2H),
2.59-2.39 (m, 12H), 2.36 (s, 2H), 2.14-1.95 (m, 4H),
1.92-1.73 (m, 6H). Example 45:
4-(4-r4-(3-Pyrrolidin-1-ylpropoxy)phenylltetrahvdropyr
an-4-ylmethyl)thiomorpholine- 1-oxideTo a solution of
4-{4-[4-(3-pyrrolidin-1-yl-propoxy)-phenyl]-tetrahydro
-pyran-4-ylmethyl}-thiomorpholine (200mg, 0.494mmol)
in TFA (0.67ml) at 5 to 100C was added dropwise a
solution of trifluoro-peracetic acid [4M solution
prepared by the addition of 27.5% H2O2 (0.94ml) to TFA
(1.56ml)] and stirred at 5 to 100C for 1 hour. The
reaction mixture was diluted with DCM (5ml) and NaOH
(5M solution, 4ml) was added to attain pH14. The
mixture was extracted with DCM ((2x5ml), the combined
DCM extracts were washed with saturated aqueous brine
(10ml), dried over MgSO4, filtered and concentrated in
vacuo. The isolated yellow oil was purified by column
chromatography on silica eluting with
DCM(95):MeOH(4):NH 3(1) to give the title compound as
a yellow oil (165mg, 79%). 1H NMR (400MHz, CDCI3) d
7.20 (d, 2H), 6.87 (d, 2H), 4.02 (t, 2H), 3.81-3.69
(m, 2H), 3.59-3.43 (m, 2H), 2.99-2.82 (m, 2H),
2.76-2.2.59 (m, 6H), 2.53 (br s, 4H), 2.46 (s, 2H),
2.31-1.73 (m, 12H). Example 46;
4-ftW-(3-Pyrrolidin-1-yl-propoxy)-phenvH-tetrahvdro-py
ran-4-ylmethyl>- thiomorpholine 1,1 -dioxide To a
solution of
4-{4-[4-(3-Pyrrolidin-1-yl-propoxy)-phenyl]-tetrahydro
-pyran-4-ylmethyl}-thiomorpholine (230mg, 0.56mmol) in
TFA (0.77ml) at 0 to 5C was added dropwise a solution
of trifluoro-peracetic acid [4M solution prepared by
the addition of 27.5% H2O2 (0.94ml) to TFA ( 1
.56ml)]. The reaction was allowed to warm to room
temperature and stirred overnight. The reaction
mixture was cooled to 0 to 5C, diluted with DCM (5ml)
and quenched with NaOH (5M solution, 5ml) to attain
pH14. The mixture was extracted with DCM (4x5ml), the
combined DCM extracts were dried over MgSO , filtered
and concentrated in vacuo. The isolated yellow oil was
purified by column chromatography on silica eluting
with DCM(95):MeOH(4):NH 3(1) to give the title
compound as a colourless oil (96.6mg, 39%). 1H NMR
(400MHz, CDCI3) d 7.20 (d, 2H), 6.88 (d, 2H), 4.02 (t,
2H), 3.75 (dt, J = 1 1 and 4Hz, 2H), 3.57- 3.45 (m,
2H), 2.89-2.79 (m, 4H), 2.73-2.65 (m, 4H), 2.63 (t,
2H), 2.55 (br s, 4H), 2.53 (s, 2H), 2.22-2.11 (HI,
2H), 2.01 (m, 2H), 1.87-1.73 (m, 6H).Example 47:
4-f4-r4-(3-Pyrrolidin-1-yl-propoxy)phenv
ptetrahvdropyran-4-ylmethyl}piperazine-1- carboxylic
acid ethyl ester
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbaldehyde (500mg, 1.58mmol), ethyl
piperazine-1-carboxylate (471 mg, 3.00mmol), absolute
ethanol (20ml), activated 3A molecular sieves (500mg),
titanium (IV) isopropoxide (2.31ml, 7.88mmol) and STAB
(2.84g, 13.6mmol) were reacted in accordance with the
general procedure D. The isolated crude product was
purified by column chromatography on silica eluting
with DCM:MeOH:NH 3 (97:2:1) to give the title compound
as a white solid containing residual
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbaldehyde (350mg). The material was dissolved
in DCM (14ml) and PS-AMPS (loading 2.04mmor 1g, 23mg)
was added and shaken for 24 hours. The resin was
filtered and the solution concentrated in vacuo at
300C, the crude material was subjected to
chromatography on silica eluting with DCM:MeOH:NH 3
(97:2:1) to give the title compound as a white solid
(130mg, 18%). 1H NMR (400MHz, CDCI3) d 7.20 (d, 2H),
6.86 (d, 2H), 4.08 (q, 2H), 4.02 (t, 2H), 3.79-3.70
(m, 2H), 3.57- 3.47 (m, 2H), 3.27 (br s, 4H), 2.63 (t,
2H), 2.53 (br s, 4H), 2.38 (s, 2H), 2.21-1.73 (m,
14H), 1.21 (t, 3H). Intermediate 28: Piperazine-1
-carboxylic acid amide hydrochloride
4-Piperazine-1-carboxylic acid terf-butyl ester (1.0g,
5.4mmol), acetic acid (3mi) and water (5ml) were mixed
together. Potassium cyanate (2.25g, 27.7mmol) was
added portionwise as a solution in water (5ml) and
stirred for 4 hours, during which time a solid
precipitated. The solid was filtered, re-dissolved in
DCM (20ml), dried over MgSO4, filtered, the filter
cake washed with DCM (5vol) and concentrated in vacuo
to give a white solid (0.38g). The white solid (0.38g)
was dissolved in methanol (3.8ml) and 1,4-dioxane
(0.7ml), 4M HCI in 1,4-dioxane (2.5ml, 10mmol) was
added to the reaction and stirred overnight. The
reaction was concentrated in vacuo to give the title
compound (0.28g, 31% over 2 steps) as a white solid.
Example 48:
4-f4-r4-(3-Pyrrolidin-1-ylpropoxy)phenvntetrahvdropyra
n-4-ylmethyl)piperazine-1- carboxylic acid
amide4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-
2/-/-pyran-4-carbaldehyde (31 7mg, 1mmol),
piperazine-1- carboxylic acid amide hydrochloride
(273mg, 1.65mmol), absolute ethanol ( 12.7ml),
activated 3A molecular sieves (320mg), Et3N (0.278ml),
titanium (IV) isopropoxide ( 1.46ml, 5.20mmol) and
STAB ( 1.8g, 8.5mmol) were reacted in accordance with
the general procedure D. The isolated crude product
was purified by column chromatography on silica
eluting with DCMiIvIeOHiNH 3 (98:1 :1) to give the
title compound as a off white solid (70mg, 16%). 1H
NMR (400MHz, CDCI3) d 7.21 (d, 2H), 6.86 (d, 2H), 4.30
(br s, 2H), 4.02 (t, 2H), 3.80-3.71 (m, 2H), 3.58-3.48
(m, 2H), 3.23-3.1 5 (m, 4H), 2.63 (t, 2H), 2.53 (br s,
4H), 2.40 (s, 2H), 2.1 9-1 .73 (m, 14H). Example 49:
1-f4-r4-(3-Pyrrolidin-1-ylpropoxy)phenvntetrahvdropyra
n-4-ylmethyl}piperidine
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbaldehyde (272 mg, 0.86 mmol), piperidine
(0.161 ml_, 1.63 mmol), absolute ethanol ( 1 1 ml_),
activated 4A molecular sieves, titanium (IV)
isopropoxide ( 1.205 mL, 4.28 mmol) and STAB ( 1.54 g,
7.28 mmol) were reacted in accordance with the general
procedure D. The isolated waxy solid was purified by
column chromatography on silica eluting with a
gradient of DCM:MeOH:NH 3 (from 99:0:1 to 90:9:1 ) to
give the title compound (97.4 mg, 25%). 1H NMR
(400MHz, CDCI3) d 7.21 (d, 2H), 6.85 (d, 2H), 4.02 (t,
2H), 3.77 -3.72 (m, 2H), 3.54 -3.48 (t, 2H), 2.63 (t,
2H), 2.53 (m, 4H), 2.29 (s, 2H), 2.1 3-1 .87 (m, 10H),
1.79 (quint, 4H), 1.41 - 1.36 (m, 4H), 1.30- 1.26 (m,
2H). Example 50: 4.4-difluoro-1
-f4-r4-(3-Pyrrolidin-1-ylpropoxy)phenvntetra-hvdropyra
n-4-
ylmethvDpiperidine4-[4-(3-Pyrrolidin-1-ylpropoxy)pheny
l]tetrahydro-2/-/-pyran-4-carbaldehyde (260 mg, 0.82
mmol), 4,4- difluoropiperidine hydrochloride (323 mg,
2.05 mmol), absolute ethanol (11 mL), activated 4A
molecular sieves, titanium (IV) isopropoxide (1.209
mL, 4.09 mmol) and STAB (1.475 g, 6.96 mmol) were
reacted in accordance with the general procedure D.
The isolated waxy solid was purified by reverse phase
preparative HPLC on a Xterra column eluting with a
gradient of MeCN:H2O:Et3N (from 29.9:70:0.1 to
94.9:5:0.1 in 13 min) to give the title compound (26
mg, 6%). 1H NMR (400MHz, CDCI3) d 7.21(d, 2H), 6.88
(d, 2H), 4.02 (t, 2H), 3.77 -3.73 (m, 2H), 3.53 -3.47
(t, 2H), 2.64 (t, 2H), 2.54 (m, 4H), 2.39 (s, 2H),
2.30-2.24 (m, 6H), 2.13 (d, 2H), 2.02 (m, 2H),
1.90-1.71 (m, 6H). Example 51:
methyl-(4-r4-(3-pyrrolidin-1-ylpropoxy)phenyll-tetrahv
dropyran-4-ylmethyl)amine Step 1: 



To a stirred solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (10.83 g, 34.05 mmol) and
triethylamine (10.31 g, 102.16 mmol) in dry
dichloromethane at 0 0 C was added dropwise a solution
of di-fert-butyldicarbonate (9.65 g, 44.27 mmol) in
dry dichloromethane. Stirring was continued for
another hour at 0 0C and then overnight at room
temperature. The reaction mixture was then diluted
with dichloromethane, washed with water and brine,
dried over Na2SO4 and concentrated under reduced
pressure to provide a crude product. The crude product
was purified by column chromatography on silica gel
(EtOAc-MeOH-Et 3N) to give
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ro-pyran-4- ylmethyl}carbamic acid ferf-butyl ester
(9.80 g, 69 % yield). 1H NMR (400 MHz, CDCI3) d 1.37
(s, 9H); 1.75-1.88 (m, 6H); 1.96-2.07 (m, 4H);
2.48-2.55 (m, 4H); 2.61 (t, 2H); 3.28 (d, 2H);
3.51-3.59 (m, 2H); 3.76-3.80 (m, 2H); 4.01 (t, 2H);
4.15 (brm, 1H); 6.89 (d, 2H); 7.16 (d, 2H). Step 2: To
a stirred solution of LiAIH4 (2.59 g, 68.18 mmol) in
dry THF at 0 0 C was added dropwise a solution of
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ro-pyran-4-ylmethyl}carbamic acid te/t-butyl ester
(9.50 g, 22.72 mmol). The reaction mixture was then
brought to room temperature and finally heated
toreflux for 3 h. The reaction mixture was quenched
with aqueous NaOH solution and filtered over a short
pad of celite, dried over Na2SO and concentrated under
reduced pressure to provide the title compound (7.1 g,
94 % yield). 1H NMR (400 MHz, CDCI3) d 1.71-1.78 (m,
4H); 1.80-1.90 (m, 2H); 1.88-2.02 (m, 2H); 2.06-2.14
(m, 2H); 2.23 (s, 3H); 2.46-2.53 (m, 4H); 2.51-2.63
(m, 4H); 3.47- 3.56 (m, 2H); 3.70-3.77 (m, 2H); 3.99
(t, 2H); 6.86 (d, 2H); 7.17 (d, 2H). Example 52:
methyl-(3-methylsulfanyl-propylH4-r4-(3-pyrrolidin-1-
ylpropoxy)phenvntetrahvdropyran-4-ylmethyl)amine To a
solution of
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ropyran-4-ylmethyl}amine (200 mg, 0.629 mmol) in
dichloroethane (5 mL) under nitrogen atmosphere was
added acetic acid (45 mg, 1.258 mmol), triethylamine
(76 mg, 1.258 mmol) and 3-(methylthio)propanal (108
mg, 1.04 mmol). The mixture was stirred for 30 min and
a solution of NaHB(OAc)3 (236 mg, 1.15 mmol) in
dichloroethane (5 mL) was added. After stirring at
room temperature overnight, the reaction mixture was
filtered over celite, concentrated in vacuo and
purified by column chromatography on silica gel
eluting with DCM:MeOH:NH 3 (94.9:5:0.1) to give the
title compound (29 mg, 7%). 1H NMR (400MHz, CDCI3) d
7.19 (d, 2H), 6.86 H), 4.02 (t, 2H), 3.78 - 3.73 (m,
2H), 3.54 - 3.49 (m, 2H), 2.67 (t, 2H), 2.59 (m, 4H),
2.42 (s, 2H), 2.35 (t, 2H), 2.22 (t, 2H), 2.11 - 2.00
(m, 7H), 1.91-1.86 (m, 5H), 1.85- 1.82 (m, 4H), 1.56
(q, 2H). Example 53:
(3-methanesulfonyl-propyl)-methyl-f4-f4-(3-pyrrolidin-
1 -ylpropoxy) phenvptetrahvdropyran-4-ylmethyl}amine
To a solution of
methyl-(3-methylsulfanyl-propyl)-{4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydropyran-4- ylmethyl}amine
(170 mg, 0.404 mmol) in DCM (10 mL) under nitrogen
atmosphere at 0C was added TFA (0.240 mL, 3.2 mmol)
followed by meta-chloroperbenzoic acid (70% pure, 199
mg, 0.808 mmol). The reaction mixture was stirred
overnight allowing it to warm up to room temperature.
It was quenched with an aqueous solution of Na2S2O3.
The organic layer was separated and washed with an
aqueous solution of NaHCO3. The organic layer was then
dried over sodium sulphate, filtered, concentrated and
purified bycolumn chromatography on silica gel elutipg
with DCM:MeOH:NH 3 (89.9: 10:0.1) to give the title
compound. 1H NMR (400MHz, CDCI3) d 7.1 8 (d, 2H), 6.88
(d, 2H), 4.03 (t, 2H), 3.78 - 3.73 (m, 2H), 3.53 -
3.48 (m, 2H), 2.82 (s, 3H), 2.69-2.73 (m, 2H), 2.65
(m, 2H), 2.55 (m, 4H), 2.47 (s, 2H), 2.22 (t, 2H),
2.12 - 2.09 (m, 2H), 1.89 - 2.05 (m, 5H), 1.68-1 .85
(m, 8H). Example 54: isopropyl-(4-r4-(3-pyrrolidin-1
-ylpropoxy)phenyll-tetrahvdro-pyran-4-ylmethyl)amine
To a solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (400 mg, 1.256 mmol) in
dichloroethane (10 mL) under nitrogen atmosphere was
added acetic acid ( 180.5 mg, 2.76 mmol),
triethylamine (306.4 mg, 2.76 mmol) and acetone (80.2
mg, 1.38 mmol). The mixture was stirred for 1 h at
ambient temperature and NaHB(OAc)3 (601 mg, 2.76 mmol)
was added. After stirring overnight, the reaction
mixture was filtered over celite, concentrated in
vacuo and purified by column chromatography on silica
gel eluting with DCM:MeOH:NH3 (89:1 0:1) to give the
title compound as an oil (282 mg, 60%). 1H NMR (400
MHz, CDCI3) d 7.1 3 (d, 2H), 6.82 (d, 2H), 3.96 (t,
2H), 3.68 (m, 2H), 3.49 (m, 2H), 2.61 (s, 2H), 2.56
(t, 2H), 2.46 (m, 5H), 2.04 (m, 2H), 1.94 (m, 2H),
1.84 (m, 2H), 1.72 (m, 4H), 1.19 (s, 1H), 0.83 (d,
6H). Example 55:
isopropyl-methyl-(4-r4-(3-pyrrolidin-1
-ylpropoxy)phenv p-tetrahydropyran-4- ylmethvDamine To
isopropyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetra
hydropyran-4-ylmethyl}-amine (258 mg, 0.71 mmol) was
added formaldehyde (37% w/w solution in H2O, 1 mL) and
formic acid ( 1.5 mL).The resulting mixture was heated
to 60C overnight. After cooling, H2O and ethyl acetate
were added. The aqueous layer was separated, basified
with 30% NaOH and extracted 3 times with ethyl
acetate. The combined organic extracts were dried over
Na2SO4, filtered and concentrated in vacuo to give the
title compound as an oil (170 mg, 65%).1H NMR (400MHz,
CDCI3) d 7.19 (d, 2H), 6.86 (d, 2H), 4.02 (t, 2H),
3.76 (m, 2H), 3.50 (m, 2H), 2.63 (t, 2H), 2.53 (m,
4H), 2.44 (m, 1H), 2.38 (s, 2H), 2.08 (m, 2H), 2.01
(m, 2H), 1.89 (m, 2H), 1.85 (s, 3H), 1.79 (m, 4H),
0.84 (d, 6H). Example 58:
cvclopentyl-^^-O-pyrrolidin-i-ylpropoxytphenvntetra-hv
dropyran^-ylmethylVamine To a solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)pheny!]tetrahydropyran
-4-yl} methylami pe (254 mg, 0.798 mmol) in
dichloroethane (5 mL) under nitrogen atmosphere were
added acetic acid (37 mg, 1.6 mmol), triethylamine (97
mg, 1.6 mmol) and cyclopentanone (10 mg, 1.19 mmol).
The mixture was stirred for 30 min at ambient
temperature and NaHB(OAc) 3 (204 mg, 1.6 mmol) was
added at 0 C. After stirring overnight, the reaction
mixture was filtered over celite, concentrated in
vacuo and purified by column chromatography on silica
gel eluting with DCM:MeOH:NH 3 (89:10:1) to give the
title compound (226 mg, 58%). 1H NMR (400MHz, CDCI3) d
7.20 (d, 2H), 6.88 H), 4.03 (t, 2H), 3.78-3.73 (m,
2H), 3.59-3.53 (m, 2H), 2.84 (q, 1H), 2.73 (t, 2H),
2.65-2.68 (m, 6H), 2.03-2.12 (m, 4H), 1.84-1.94 (m,
6H), 1.65-1.72 (m, 2H), 1.51- 1.58 (m, 2H), 1.41-1.46
(m, 2H), 1.07-1.16 (m, 2H). Example 57:
1-f4-f4-(3-Pyrrolidin-1-ylpropoxy)phenvHtetrahvdropyra
n-4-ylmethyl>pyrrolidine To a stirred solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyI]tetrahydropyran
-4-yl} methylamine (150 mg, 0.47 mmol) and
1-bromo-4-chloroethane (54.2 mL, 0.47 mmol) in
anhydrous acetonitrile (5 mL) was added potassium
carbonate (65 mg, q .47 mmol). The mixture was heated
to 6O0C overnight then concentrated under reduced
pressure. The crude product was purified by column
chromatography on silica gel eluting with DCM:MeOH:NH
3 (94:5:1) to give the title compound (40 mg, 23 %
yield). 1H NMR (400MHz, CDCI3) d 7.20 (d, 2H), 6.86
(d, 2H), 4.02 (t, 2H), 3.73 -3.78 (m, 2H), 3.57-3.53
(m, 2H), 2.65 -2.61 (m, 4H), 2.53 (m, 4H), 2.20 (m,
4H), 2.1 0 - 1.88 (m, 6H), 1.56 (m, 4H). Example 58:
4-f4-r4-(3-Pyrrolidin-1-ylpropoxy)phenvntetrahvdropyra
n-4-ylmethyl>-morpholineTo a stirred solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (207 mg, 0.65 mmol) and
bis(2-bromoethyl)ether (82 mL, 1.3 mmol) in anhydrous
acetonitrile (10 mL) was added potassium carbonate
(180 mg, 1.3 mmol). The mixture was heated to 6O0C
overnight then concentrated under reduced pressure.
The crude product was purified by column
chromatography on silica gel eluting with DCM:MeOH
(97:3) with 10% NH3 to give the title compound (90 mg,
23 % yield). 1H NMR (400MHZ, CDCL3) d l 2 2 (d, 2H),
6.83 (d, 2H)1 4.04 (m, 2H), 3.73 (m, 2H), 3.51 (m,
6H), 3 (m, 6H), 2.38 (m, 2H), 2.25 (m, 2H), 2.13 -
2.03 (m, 10H), 1.88 (m, 2H). Example 59 :
methyl-phenethyl-(4-r4-(3-pyrrolidin-1-ylpropoxy)pheny
lltetra-hvdropyran-4- ylmethvDamine
Methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ropyran-4-ylmethyl}amine (150 mg, 0.45 mmol) was
treated with (2-bromoethyl)benzene (100 mg, 0.54 mmol)
and potassium carbonate (187 mg, 1.35 mmol) in a
sealed tube under microwave (Smith Personal
Synthesiser) (55C) for 80 min. The reaction mixture
was taken in DCM (10 mL) and water (5 mL). The organic
layer was separated and washed twice with water and
brine. The combined organic extracts were dried over
Na2SO4, filtered, concentrated in vacuo and purified
by column chromatography on silica gel eluting with
DCM:MeOH (90:10) with 10% NH3 to give the title
compound as a colorless oil (41 .4 mg, 20%). 1H NMR
(40OMHz1CDCI3) J7.23 (m, 7H), 6.87 (d, 2H)1 4.00 (t,
2H), 3.66 (m, 2H), 3.51 (m, 2H) 1 3.29 (t, 



2H), 3.20 (t, 2H), 2.62 (t, 2H), 2.51 (m, 6H), 2.10
(m, 2H), 1.99 (m, 2H), 1.90 (m, 2H) 1 1.86 (s, 3H)1
1.78 (m, 4H). Example 60 :
methyl-benzyl-(4-r4-(3-pyrrolidin-1-ylpropoxy)phenvnte
tra-hydropyran-4- ylmethyliamineThis example was
prepared from methyl-{4-[4-(3-pyrrolidi p-
1-ylpropoxy)phenyl]tetrahydropyran-4- ylmethyl}amine
similarly to the procedure used for example 59. 1H NMR
(400MHz, CDCI3) 7.28-7.1 9 (m, 7H), 6.87 (d, 2H), 4.00
(t, 2H), 3.69-3.65 (m, 2H), 3.53-3.48 (t,2H), 3.29 (s,
2H), 2.61 (t, 2H), 2.54-2.50 (m, 6H), 2.10-2.07 (m,
2H), 2.01-1.97 (m, 2H), 1.93-1.88 (m, 2H), 1.86 (s,
3H), 1.78-1.76 (m, 4H). Example 61 : (2-methoxyethv
p-methyl-f4-r4-(3-pyrrolidin-1-ylpropoxy)-phenvntetrah
vdropyran-4- ylmethyllamine To a stirred solution of
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetra-hy
dropyran-4-ylmethyl}amine (150 mg, 0.45 mmol) and
2-bromoethylmethylether (43 mL, 0.45 mmol) in
anhydrous acetonitrile (5 ml_) was added potassium
carbonate (62.4 mg, 0.45 mmol). The mixture was heated
to 6O0C overnight then to 800C for a day and
concentrated under reduced pressure. The crude product
was purified by column chromatography on silica gel
eluting with DCMiMeOH (95:5) with 10% NH3 to give the
title compound as an oil (69 mg, 18% yield). 1H NMR
(400MHz, CDCI3) d 7.20 (d, 2H), 6.86 (d, 2H), 4.02 (t,
2H), 3.78 - 3.48 (m, 4H), 3.29 (t, 2H), 3.27 (s, 3H),
2.67 (t, 2H), 2.59 (m, 4H), 2.48 (s, 2H), 2.39 (t,
2H), 2.11 - 2.00 (m, 4H), 1.98 (s, 3H), 1.92 - 1.85
(m, 2H), 1.84- 1.80 (m, 4H). Example 62:
methyl-pyrvmidin-2-yl-(4-r4-(3-pyrrolidin-1-ylpropoxy)
-phenvn-tetrahvdropyran-4- ylmethvITamine To a
solution of
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ropyran-4-ylmethyl}amine (150 mg, 0.45 mmol) and
2-chloropyrymidine (52 mg, 0.45 mmol) in anhydrous
acetonitrile (5 mL) was added potassium carbonate (62
mg, 0.45 mmol). The mixture was heated to 600C
overnight then refluxed for 2 days, filtered and
concentrated under reduced pressure. The crude product
was purified by column chromatography on silica gel
eluting with DCMiMeOH (97:3) with 10% NH3 to give the
title compound (40 mg, 22% yield). 1H NMR (400MHz,
CDCI3) d 8.24 (m, 2H), 7.20 (d, 2H), 6.88 (d, 2H),
6.42 (m, 1H), 4.02 (m, 2H), 3.80 (m, 4H), 3.52 (t,
2H), 2.59 (m, 9H), 2.01 (m, 8H), 1.79 (s, 3H). Example
63:
N-(4-r4-(3-Pyrrolidin-1-yl-propoxy)-phenyll-tetrahvdro
-pyran-4-ylmethyl)- methanesulfonamideTo a stirred
solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (200 mg, 0.628 mmol) and
triethylamine (106 mL, 0.754 mmol) in anhydrous
dichloromethane (8 mL) under nitrogen atmosphere was
added dropwise a solution of mesyl chloride (58 mL,
0.754 mmol) in anhydrous dichloromethane (2 mL). After
stirring overnight, the reaction mixture was quenched
with a saturated aqueous solution of NaHCO3. The
organic layer was separated and washed with a
saturated aqueous solution of NaHCO3 and water then
dried over magnesium sulphate, filtered and
concentrated under reduced pressure to give the title
compound (140 mg, 56 %). 1H NMR (400MHz, CDCI3) 7.19
(d, 2H), 6.94 (d, 2H), 4.04 (t, 2H), 3.79 (m, 2H),
3.57 (m, 2H), 3.24 (d, 2H), 2.75 (s, 3H), 2.63 (t,
2H), 2.54 (m, 4H), 2.12 (m, 2H), 2.01 (m, 2H), 1.88
(m, 2H), 1.80 (m, 4H). Example 64:
C-Phenyl-N-(4-r4-(3-pyrrolidin-1-yl-propoxy)-phenvn-te
tra-hvdropyran-4-ylmethylV methanesulfonamide To a
stirred solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (200 mg, 0.628 mmol) and
triethylamine (106 mL, 0.754 mmol) in anhydrous
dichloromethane (8 mL) under nitrogen atmosphere was
added dropwise a solution of a-toluenesulfonylchloride
(143 mg, 0.754 mmol) in anhydrous dichloromethane (2
mL). After stirring overnight, the reaction mixture
was quenched with a saturated aqueous solution of
NaHCO3. The organic layer was separated and washed
with water, dried over magnesium sulphate, filtered
and concentrated under reduced pressure to give the
title compound (207 mg, 69 %). 1H NMR (400MHZ, CDCL3)
7.27-7.22 (M, 3H), 7.16-7.14 (M, 2H), 7.07 (D, 2H),
6.83 (D, 2H), 4.05 (S, 2H), 3.95 (T, 2H), 3.68-3.63
(M, 2H), 3.55 (T, 1H), 3.49-3.44 (M, 2H), 3.01 (D,2H),
2.57 (T,2H), 2.47 (S,4H), 2.02-1.93 (M, 4H), 1.78-1.72
(M, 6H). Example 65;
3-Cvano-N-f4-r4-(3-pyrrolidin-1-yl-propoxy)-phenv
p-tetrahvdro-pyran-4-ylmethylV benzenesulfonamideTo a
stirred solution of
{4-[4-(3-pyrroIidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (100 mg, 0.314 mmol) and
triethylamine (0.1 mL, 0.63 mmol) in anhydrous
dichloromethane (3 mL) under nitrogen atmosphere at 0C
was added 3-cyanobenzenesulfonylchloride (100 mg, 0.47
mmol). The reaction mixture was stirred for 2 h
allowing it to warm up to room temperature. It was
then diluted with dichloromethane and quenched with
water. The organic layer was separated and washed with
water, dried over sodium sulfate, filtered and
concentrated under reduced pressure. The crude product
was purified by column chromatography on silica gel
eluting with DCM:MeOH (95:5 to 90:10) to give the
title compound. 1H NMR (400MHz, CDCI3) 7.97 (s, 1H),
7.93-7.91 (d, 1H), 7.83-7.81 (d, 1H), 7.62-7.58 (m,
1H), 7.11- 7.09 (d, 2H), 6.89-6.86 (d, 2H ) ,
4.06-4.03 (m, 3H), 3.77-3.72 (m, 2H), 3.56-3.51 (m,
2H),3.08 (br s,2H), 2.70-2.67 (m, 2H), 3.08 (br s,4H),
2.08-2.01 (m, 4H), 1.85-1.82 (m, 6H). Example 66:
2-Fluoro-N-f4-r4-(3-pyrrolidin-1-yl-propoxy)-phenvn-te
trahvdro-pyran-4-ylmethylV benzenesulfonamide To a
stirred solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (100 mg, 0.314 mmol) and
triethylamine (0.1 mL, 0.63 mmol) in anhydrous
dichloromethane (3 mL) under nitrogen atmosphere at
00C was added 2-fluorobenzenesulfonylchloride (91 mg,
0.47 mmol). The reaction mixture was stirred for 2 h
allowing it to warm up to room temperature. It was
then diluted with dichloromethane and quenched with a
saturated aqueous solution of NaHCO3. The organic
layer was separated and washed with water, dried over
sodium sulfate, filtered and concentrated under
reduced pressure to give the title compound (120 mg,
80%). 1H NMR (400MHz, CDCI3) 7.86-7.82 (t, 1H),
7.58-7.52 (m, 1H), 7.28-7.24 (m, 1H), 7.13-7.12 (m,
3H), 6.90-6.88 (m, 2H), 4.19 (m, 1H), 4.05-4.02 (t,
2H), 3.73-3.70 (m, 2H), 3.56-3.51 (t, 2H), 3.10-3.08
(d, 2H), 2.66-2.62 (t, 2H), 2.54 (m, 4H), 2.06-1.99
(m, 4H), 1.85-1.8 (m, 6H). Example 67:
N-methyl-N-f4-r4-(3-Pyrrolidin-1-yl-propoxy)-phenvn-te
tra-hvdropyran-4-ylmethyl>- methanesulfonamideTo a
stirred solution of
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ropyran-4-ylmethyl}amine (200 mg, 0.60 mmol) and
triethylamine (102 ml_, 0.72 mmol) in anhydrous
dichloromethane (8 mL) under nitrogen atmosphere was
added dropwise a solution of mesyl chloride (56 ml_,
0.72 mmol) in anhydrous dichloromethane (2 mL). After
stirring overnight, the reaction mixture was quenched
with a saturated aqueous solution of NaHCO3. The
organic layer was separated, washed with water then
dried over magnesium sulfate, filtered and
concentrated under reduced pressure to give the title
compound (175 mg, 7 1 %). 1H NMR (400MHz, CDCI3) d
7.22 (d, 2H), 6.92-6.90 (d, 2H), 4.03 (t, 2H),
3.83-3.78 (m, 2H), 3.52 (t, 2H), 3.16 (s, 2H), 2.68
(s, 3H), 2.64 (t, 2H), 2.54 (m, 4H), 2.19-2.15 (m,
5H), 2.05-1.91 (m,4H), 1.81-1.78 (m, 4H). Example 68 :
L/'-fr4-(4-(3-Pyrrolidin-1-yl-propoxy
)-phenyl)tetrahvdro-2H-pyran-4-vnmethylVM,Afdimethylsu
lfamide To a stirred solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (200 mg, 0.628 mmol) and
triethylamine (106 mL, 0.754 mmol) in anhydrous
dichloromethane (8 mL) under nitrogen atmosphere was
added dropwise a solution of dimethylsulfamoyl
chloride (81 mL, 0.754 mmol) in anhydrous
dichloromethane (2 mL). After stirring overnight, the
reaction mixture was quenched with a saturated aqueous
solution of NaHCO3. The organic layer was separated
and washed with water then dried over magnesium
sulfate, filtered and concentrated under reduced
pressure to give the title compound (207 mg, 77 %). 1H
NMR (400MHZ, CDCL3) 7.19 (D, 2H), 6.93-6.91 (D, 2H),
4.05 (T, 2H), 3.78-3.76 (M, 2H), 3.59-3.54 (M, 2H),
3.17-3.15 (D, 2H), 2.76-2.70 (M, 12H), 2.15-2.06 (M,
4H), 1.90-1.87 (M, 6H). Example 69:
N-(4-r4-(3-Pyrrolidin-1
-yl-propoxy)-phenyll-tetrahvdro-pyran-4-ylmethyl)-acet
amideTo a stirred solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (200 mg, 0.628 mmol) and
triethylamine (106 ml_, 0.754 mmol) in anhydrous
dichloromethane (8 mL) under nitrogen atmosphere was
added dropwise a solution of acetyl chloride (54 ml_,
0.754 mmol) in anhydrous dichloromethane (2 mL). After
stirring overnight, the reaction mixture was quenched
with a saturated aqueous solution of NaHCO3. The
organic layer was separated and washed with a
saturated aqueous solution of NaHCO3 and water then
dried over magnesium sulfate, filtered and
concentrated under reduced pressure to give the title
compound (102 mg, 45 %). 



1H NMR (400MHz, CDCI3) 7.18 (d, 2H), 6.94 (d, 2H),
4.97 (s, 1H), 4.05 (t, 2H), 3.80 (m, 2H), 3.59 (m,
2H), 3.46 (d, 2H), 2.66 (t, 2H), 2.57 (m, 4H), 2.03
(m, 4H), 1.80 (m,8H). Example 70:
N-methyl-N-(4-f4-(3-Pyrrolidin-1-yl-propoxy)-phenv
p-tetrahvdro-pyran-4-ylmethyl>- acetamide To a stirred
solution of
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ropyran-4-ylmethyl}amine (200 mg, 0.60 mmol) and
triethylamine (102 mL, 0.72 mmol) in anhydrous
dichloromethane (8 mL) under nitrogen atmosphere was
added dropwise a solution of acetyl chloride (52 mL,
0.72 mmol) in anhydrous dichloromethane (2 mL). After
stirring overnight, the reaction mixture was quenched
with a saturated aqueous solution of NaHCO3. The
organic layer was separated and washed with water then
dried over magnesium sulfate, filtered, concentrated
under reduced pressure and purified by column
chromatography on silica gel eluting with DCM:MeOH
(95:5 to 90:10) to give the title compound (86 mg, 36
%). 1H NMR (400MHz, CDCI3) d Shows rotomers 7.19-7.13
(2d, 2H), 6.91-6.88 (d, 2H), 4.05-4.02 (m, 2H),
3.85-3.80 (m, 2H), 3.56-3.45 (m, 4H), 2.67-2.65 (m,
2H), 2.60-2.56 (m, 4H), 2.32-1.96 (several multiplets,
12H). Example 71:
2-Phenyl-N-(4-f4-(3-pyrrolidin-1-yl-propoxy)-phenvn-te
trahvdro-pyran-4-ylmethylV acetamideTo a stirred
solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (200 mg, 0.63 mmol) and
triethylamine (93 ml_, 0.66 mmol) in anhydrous
dichloromethane (8 mL) under nitrogen atmosphere at
00C was added dropwise a solution of phenylacetyl
chloride (93 ml_, 0.66 mmol) in anhydrous
dichloromethane (2 mL). After stirring for 3 h at 0C,
the reaction mixture was quenched with a saturated
aqueous solution of NaHCO3. The organic layer was
separated and washed with water then dried over
magnesium sulfate, filtered, concentrated under
reduced pressure and purified by column chromatography
on silica gel eluting with DCM:MeOH (98:2) to give the
title compound (34 mg, 12 %). 1H NMR (400MHz, CDCI3)
J7.32-7.31 (m, 3H), 7.12-7.10 (m, 2H), 6.89-6.87 (d,
2H), 6.76-6.74 (d, 2H), 4.91 (t, 1H), 4.02 (t, 2H),
3.79-3.74 (m, 2H), 3.53-3.51 (m, 2H), 3.47 (s, 2H),
3.37-3.35 (d, 2H), 2.62 (m, 6H), 2.08-2.06 (m, 2H),
1.93-1.85 (m, 6H), 1.76-1.74 (m, 2H). Example 72:
1.1-Dimethyl-3-f4-r4-(3-pyrrolidin-1-yl-propoxy)-phenv
n-tetrahvdro-pyran-4-ylmethylV urea To a stirred
solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (200 mg, 0.63 mmol) and
triethylamine (106 mL, 0.754 mmol) in anhydrous
dichloromethane (9 mL) under nitrogen atmosphere was
added dropwise a solution of dimethylcarbamoylchloride
(69 mL, 0.754 mmol) in anhydrous dichloromethane ( 1
mL). After stirring for 3 h at 0C, the reaction
mixture was quenched with a saturated aqueous solution
of NaHCO3. The organic layer was separated and washed
with water then dried over magnesium sulfate,
filtered, concentrated under reduced pressure and
purified by column chromatography on silica gel
eluting with DCM:MeOH (95:5 to 90:10) to give the
title compound (80 mg, 32 %). 1H NMR (400MHz, CDCI3)
7.13 (d, 2H), 6.86 (d, 2H), 3.98 (t, 2H), 3.84 (t,
1H), 3.74 (m, 2H), 3.52 (m, 2H), 3.36 (d, 2H), 2.69
(s, 6H), 2.65 (m, 2H), 2.57 (m, 4H), 2.02-1.95 (m,4H),
1.84-1.78 (m, 6H). Example 73:
1.1,3-Trimethyl-3-f4-r4-(3-pyrrolidin-1-yl-propoxy)-ph
envn-tetrahvdro-pyran-4- ylmethyll-ureaTo a stirred
solution of
methyl-{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahyd
ropyran-4-ylmethyl}amine (200 mg, 0.60 mmol) and
triethylamine (102 mL, 0.72 mmol) in anhydrous
dichloromethane (8 mL) under nitrogen atmosphere was
added dropwise a solution of dimethylcarbamoylchloride
(67 mL, 0.72 mmol) in anhydrous dichloromethane (2
mL). After stirring overnight, the reaction mixture
was quenched with a saturated aqueous solution of
NaHCO 3. The organic layer was separated, washed with
a saturated aqueous solution of NaHCO3 and water then
dried over magnesium sulfate, filtered, concentrated
under reduced pressure and purified by column
chromatography on silica gel eluting with DCMiMeOH
(95:5) followed by DCM:MeOH:NH 3 (90:5:5) to give the
title compound (84 mg, 39 %). 1H NMR (400MHz, CDCI3)
<?7.19 (d, 2H), 6.90-6.88 (d, 2H), 4.03 (t, 2H),
3.81-3.78 (m, 2H), 3.56-3.52 (m, 4H), 2.70 (s, 6H),
2.66 (t, 2H), 2.29 (s, 3H), 2.05-2.01 (m, 4H),
1.86-1.81 (m, 6H). Example 74:
f4-r4-(3-Pyrrolidin-1-yl-propoxy)-phenvn-tetrahvdro-py
ran-4-ylmethyl)-urea To a stirred solution of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (200 mg, 0.63 mmol) and acetic acid
(108 mL, 1.89 mmol) in water (12 mL) was added
portionwise potassium cyanate (153 mg, 1.89 mmol).
After stirring overnight, the reaction mixture was
quenched with a 0.1 N aqueous solution of NaOH. The
organic layer was separated and the aqueous layer
extracted twice with dichloromethane. The combined
organic extracts were dried over magnesium sulfate,
filtered, concentrated under reduced pressure and
purified by column chromatography on silica gel
eluting with DCM:MeOH (95:5) followed by DCM:MeOH
(90:10) and DCM:MeOH:NH 3 (90:5:5) to give the title
compound (25 mg, 1 1 %). 1H NMR (400MHz, CDCI3) 7.18
(d, 2H), 6.92-6.90 (d, 2H), 4.24 (s, 2H), 4.17 (t,
1H), 4.03 (t, 2H), 3.84- 3.79 (m, 2H), 3.61-3.55 (m,
2H), 3.36-3.35 (d, 2H), 2.63 (t, 2H), 2.53 (m, 4H),
2.07-1.97 (m, 4H), 1.88-1.79 (m, 6H). Intermediate 29:
4-aminomethyl-4-r4-(3-pyrrolidip-1-yl-propoxy)-phenvp-
cvclohexanol Step 1: A three-neck reaction vessel was
charged with
[4-(3-pyrrolidin-1-ylpropoxy)phenyl]acetonitrile (7g,
28.6 mmol), benzyltrimethylammonium hydroxide (40% in
methanol, 1.3 mL) in acetonitrile (185 mL).
Thesolution was heated to reflux and methyl acrylate
(25 ml_, 286 mmol) was added dropwise. After refluxing
for 5 hr, the mixture was concentrated to half,
diethyl ether was added and the organics were washed
with 1N HCI and brine, dried over Na2SO4, filtered and
concentrated. The residue was purified by
flashchromatography to provide
4-cyano-4-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-heptan
edioic acid dimethyl ester (8.8 g, 74%). Step 2: To a
solution of
4-cyano-4-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-heptan
edioic acid dimethyl ester (8.8 g, 21.1 mmol) in
1,2-dimethoxyethane (176 mL) was charged portions of
NaH ( 60% dispersion, 2.55 g, 63.4 mmol). The reaction
mixture was heated to reflux. After 4.5 hr, the of
solvent were evaporated and the mixture cooled to 200C
with an ice bath and quenched with water (100 mL), HCI
1N (100 mL). The aqueous layer was extracted with
ether (100 mL). After basification with NaOH the
aqueous phases were extracted with dichloromethane.
The combined organics were washed with water, dried
over Na2SO4, filtrered and concentrated to provide
5-cyano-2-oxo-5-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-
cyclohexanecarboxylic acid methyl ester (6.6 g , 81%)
as an oil. Step 3: To a solution of
5-cyano-2-oxo-5-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-
cyclohexanecarboxylic acid methyl ester (6.6 g, 17
mmol) and dimethylsulfoxide (128 mL) was added water
(8.0 mL) and sodium chloride (6.4 g, 109 mmol). The
reaction mixture was heated to 142-146C. After 5 hr,
the mixture was concentrated and the residue was
dissolved in DCM (120 mL), washed with water (100 mL),
and brine, dried over Na2SO4, filtered and
concentrated. The residue was purified by flash
chromatography (70 g silica gel, eluant : gradient of
DCM/MeOH 95/5 to 90/10) providing
4-oxo-1-[4-(3-pyrrolidin-1-ylpropoxy)-
phenyl]-cyclohexanecarbonitrile as a crystallizing oil
(2.2 g 45.5 %). After crystallization in ether, 0.2g
of analytical sample were obtained. Step 4: To a
stirred suspension of LiAIH4 (0.59 g, 15 mmol, 10 eq)
in diethyl ether (8 mL) was added dropwise at ambient
temperature a solution of
4-oxo-1-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-cyclohex
anecarbonitrile (0.5 g, 1.5 mmol) in diethyl ether (25
mL). The reaction mixture was heated to reflux for 2
h. The reaction mixture was cooled to 00C and,
successively, a solution of water, sodium hydroxide
(15% w/v, 0.68 mL) and water again were carefully
added dropwise. After being stirred for 15 min at room
temperature, the mixture was filtered over
diatomaceous earth and concentrated. The residue was
purified by flash chromatography (10 g silica gel,
DCM/ MeOH (10% NH3 ) to provide the title compound
(0.27 g, 54%) as an oil. Example 75:
4-dimethylaminomethyl-4-r4-(3-pyrrolidin-1-yl-propoxy)
-phenvn-cvclohexanolTo
4-aminomethyl-4-[4-(3-pyrrolidin-1-yl-propoxy)-phenyl]
-cyclohexa pol (0.26 g, 0.78 mmol) was added 0.8 mL of
formaldehyde (37% w/w solution in H2O). 1 ml_ of
formic acid was added and the mixture was heated to
about 1000C for 20 min. After cooling, water was added
and the mixture extracted with ether. NaOH was added
at the aqueous phase and the mixture extracted 3 times
with ether. The organic extracts were washed with
brine, dried over Na2SO4, filtered and concentrated in
vacuo to provide 0.23 g 



of oil. The residue was purified by flash
chromatography (25 g silica gel, DCM/ MeOH (10% NH3)
to provide 0.18 g of product. After trituration with
10 mL hexanes (0.13 g, 46.4%) of title compound were
obtained. 1H NMR (400MHz, CDCI3) <?7.25 (d, 2H),
6.85(d, 2H), 4. (t, 2H), 3.8 (bs, 1H), 2.62 (t, 2H),
2.56-2.49 (m, 4H), 2.39 (s, 2H), 2.08-1.92 (m, 3H),
1.95 (s,6H), 1.85-1.74 (m, 6H), 1.73-1.64 (m, 4H),
1.62-1.52 (m, 2H). General procedure E: Starting
phenol (3.69mmol), chloride (5.90mmol), DMF (15ml) and
K2CO3 (14.83mmol) was heated to 1300C until the
reaction is complete ( 1 to 2 hrs). Cooled to ambient
temperature, water (30ml) was added, extracted with
EtOAc (3x9ml) and the combined organic extracts were
washed with NaOH (2M, 2x25ml). The organics were dried
over MgSO4, filtered and concentrated in vacuo at 35C.
Purification of the crude material by chromatography
on silica, eluant (10%MeOH in DCM) provided the title
compounds. Example 76: 4-f3-(3-Pyrrolidin-1
-ylpropoxy)phenylltetrahvdropyran-4-carbonitrile
4-(3-Hydroxy-phenyl)-tetrahydro-2H-pyran-4-carbonitril
e ( 1.03g, 5.1 Ommol), 1-(3-chloro-propyl)-pyrrolidine
(600mg, 4.08mmol), DMF (6.8ml) and K2CO3 (2.82g,
20.4mmol) were reacted together according to general
procedure E. The organic phase was washed with 2M NaOH
(3 x 50ml), brine (3 x 50ml), dried over MgSO4 fitered
and concentrated in vacuo at 35C. The crude mixture
was slurried in TBME:heptane (1 :20, 10ml). The solid
was filtered, washed with heptane (10ml) and dried on
the filter for 2hours to give the title compound
(0.4g, 31%). 1H NMR (400MHz, CDCI3) d 7.32 (t, 1H),
7.07-6.99 (m, 2H), 6.87 (dd, 1H), 4.11-4.04 (m, 2H),
4.05 (t, 2H), 3.90 (td, 2H), 2.63 (t, 2H), 2.57-2.49
(m, 4H), 2.18-1.97 (m, 6H), 1.84-1.75 (m, 4H).Example
77:
4-f4-r3-(2.5-Dimethylpyrrolidin-1-yl)propoxy1phenylVte
tra-hvdropyran-4-carbonitrile
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbonitrile (318mg, 1.56mmol),
1-(3-chloropropyl)- 2,5-frans-dimethyl-pyrrolidine
(250mg, 1.42mmol), DMF (5ml) and K2CO3 (785mg,
5.70mmol) were reacted together according to general
procedure E. The crude was dissolved in ethyl acetate
(20ml), washed with brine (2 x 10ml), dried over
MgSO4, filtered and concentrated in vacuo to give the
title compound (200mg, 56%) as a light brown solid. 1H
NMR (400MHz, CDCI3), d 7.37 (d, 2H), 6.93 (d, 2H), 4.1
3-3.97 (m, 4H), 3.89 (td, 2H), 3.14-2.98 (m, 2H), 2.76
(m, 1H), 2.55 (m, 1H), 2.1 6-1 .88 (m, 8H), 1.46-1 .30
(m, 2H), 0.97 (d, 6H). Example 78:
4-(4-r3-(2-Methylpyrrolidin-1-yl)-propoxy1-phenylVtetr
a-hydropyran-4-carbonitrile
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbonitrile (315mg, 1.55m moi),
1-(3-chloropropyl)- 2-methyl-pyrrolidine (400mg,
2.48mmol), DMF (6ml) and K2CO3 (833mg, 6.03mmol) were
reacted together according to general procedure E.
Purification by chromatography on silica, eluant
DCM:MeOH:NH3 (92:6:2) provided the title compound
(450mg, 88%) as an orange oil. 1H NMR (400MHz, CDCI3)
, d 7.37 (d, 2H), 6.93 (d, 2H), 4.12-3.99 (m, 4H),
3.89 (td, 2H), 2.35-1 .62 (m, 14H), 1.42 (m, 1H), 1.09
(d, 3H). Example 79:
4-r4-(3-Thiomorpholin-4-ylpropoxy)phenylUetrahvdropyra
p-4-carbonitrile
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbonitrile(750mg, 3.69m mol),
4-(3-chloropropyl)- thiomorpholine (1.06g, 5.91 mmol),
DMF ( 15ml) and K2CO3 (2.05g, 14.83mmol) were reacted
together according to general procedure E.
Purification by chromatography on silica, eluant
DCM:MeOH:NH3 (96:3:1) provided the title compound
(365mg, 29%) as an off white solid.1H NMR (400MHz,
CDCI3) , d 7.37 (d, 2H), 6.93 (d, 2H), 4.12-4.04 (m,
2H), 4.01 (t, 2H), 3.89 (td, 2H), 2.77- 2.64 (m, 8H),
2.54 (t, 2H), 2.16-1.99 (m, 4H), 1.95 (p, 2H). Example
80:
4-(4-r3-(1-Oxo-thiomorpholin-4-yl)-propoxy1-phenyl)-te
tra-hvdropyran-4-carbonitrile Sodium perborate
tetrahydrate (221 mg, 1.43mmol) and glacial acetic
acid (5ml) was heated to 50 to 600C and
4-[4-(3-Thiomorpholin-4-ylpropoxy)phenyl]tetrahydropyr
an-4-carbonitrile (500mg, 1.43mmol) was added in one
portion and the heating was maintained for 3 hours.
The reaction mixture was cooled to ambient temperature
and filtered. The filtrate was added to ice water
(15ml) and extracted with EtOAc (3x5ml), which was
discarded. The aqueous phase was basified to pH 8-9
with 2M sodium hydroxide and extracted with DCM
(3x25ml), dried over MgSO4, filtered and concentrated
in vacuo at 35C. The crude material was subjected to
chromatography on silica eluting with DCM:MeOH:NH 3
(97:2:1 to 92:6:2) to provided the title compound
(300mg, 58%) as a white solid. 1H NMR (400MHz, CDCI3)
, 5 7.38 (d, 2H), 6.92 (d, 2H), 4.11-4.05 (m, 2H),
4.03 (t, 2H), 3.89 (td, 2H), 3.15- 3.03 (m, 2H),
2.94-2.67 (m, 6H), 2.63 (t, 2H), 2.16-1.92 (m, 6H).
Example 81 :
4-(4-r3-(1.1-Dioxo-1l6-thiomorpholin-4-yl)propoxy1-phe
nyl}tetrahvdro-pyran-4- carbonitrile To a solution of
4-[4-(3-Thiomorpholin-4-ylpropoxy)phenyl]tetrahydropyr
an-4-carbonitrile (500mg, 1.44mmol) in TFA (1.65ml) at
0 to 5C was added drop wise a solution of
trifluoro-peracetic acid (4M in TFA, 0.72ml). The
reaction was allowed to warm to room temperature and
stirred for 3 hours. A further portion of
trifluoro-peracetic acid (4M in TFA, 0.097ml) [4M
solution prepared by the addition of 27.5% H2O2
(0.94ml) to TFA (1.56ml)] was added to the reaction
and stirred overnight. The reaction mixture was cooled
to 0 to 5C, diluted with DCM (20ml) and quenched with
NaOH (5M solution, 12ml) to attain pH10. The mixture
was extracted with DCM (3 x 20ml), the combined DCM
extracts were dried over MgSO4, filtered and
concentrated in vacuo. The isolated yellow oil was
purified by column chromatography on basic alumina
eluting with DCM(95):MeOH(4):NH 3(1) to give the title
compound as an off-white solid (230mg, 42%).1H NMR
(400MHz, CDCI3) , d 7.39 (d, 2H), 6.92 (d, 2H),
4.12-4.05 (m, 2H), 4.03 (t, 2H), 3.89 (td, 2H), 3.11-
2.96 (m, 8H), 2.71 (t, 2H), 2.15-1.99 (m, 4H), 1.96
(p, 2H). Example 82: 4-(4-r3-f4-HvdroxyDiperidin-1-v
propoxyiphenvmetrahvdro-pyran-4-carbonitrile
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbonitrile (533mg, 2.62mmol),
1-(3-chloropropyl)- piperidin-4-ol (750mg, 4.22mmol),
DMF (10ml) and K2CO3 (1.44g, 10.42mmol) were reacted
together according to general procedure E.
Purification by chromatography on silica, eluant
DCM:MeOH:NH 3 (92:6:2) provided the title compound
(550mg, 61%) as an off white solid. 1H NMR (400MHz,
CDCI3) , d 7.38 (d, 2H), 6.93 (d, 2H), 4.13-4.04 (m,
2H), 4.02 (t, 2H), 3.89 (td, 2H), 3.70 (m, 1H),
2.87-2.71 (m, 2H), 2.50 (t, 2H), 2.23-1.84 (m, 10H),
1.68-1.49 (m, 3H). Example 83:
4-(4-f3-r4-(2-Hvdroxyethyl)-piperidin-1-vnpropoxy}phen
yl)-tetrahvdro-pyran-4- carbonitrile
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbonitrile ( 185mg, 0.91 mmol), 2-[1-(3-
chloro-propyl)-piperidin-4-yl]-ethanol (300mg,
1.46mmol), DMF (4ml) and K2CO3 (497mg, 3.60mmol) were
reacted together according to general procedure E.
Purification by chromatography on silica, eluant DCM:
MeOH:NH3 (92:6:2) provided the title compound (220mg,
65%) as a pale pink solid. 1H NMR (400MHz, CDCI3) , d
7.37 (d, 2H), 6.93 (d, 2H), 4.11-4.04 (m, 2H), 4.01
(t, 2H), 3.89 (td, 2H), 3.70 (t, 2H), 2.97-2.87 (m,
2H), 2.48 (t, 2H), 2.15-1.88 (m, 8H), 1.77-1.57 (m,
3H), 1.57-1.38 (m, 3H), 1.35-1.21 (m, 2H). Example 84:
1-(3-r4-(4-Cvano-tetrahvdro-pyran-4-yl)-phenoxy1-propy
l}-piperidine-4-carboxylic acid
amide-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2/-/-pyran-4-carbonitrile
(200mg, 0.98mmol), 1-(3-chloropropyl)-
piperidine-4-carboxylic acid amide (200mg, 0.98mmol),
DMF (4ml) and K2CO3 (550mg, 3.98mmol) were reacted
together according to general procedure E. The
reaction mixture was poured onto water (30ml), the
resulting precipitate was filtered and redissolved in
DCM (20ml). The DCM solution was washed with NaOH
solution (2M, 2x5ml) and water (5ml), dried over
MgSO4, filtered and concentrated in vacuo at 35C,
displacing residual DCM with EtOH to provide the title
compound (21 0mg, 58%) as an off white solid. 1H NMR
(400MHz, CDCI3) , d 7.38 (d, 2H), 6.93 (d, 2H), 5.45
(br s, 1H), 5.35 (br s, 1H), 4.12-4.05 (m, 2H), 4.02
(t, 2H), 3.89 (td, 2H), 3.03-2.92 (m, 2H), 2.50 (t,
2H), 2.22-1 .84 (m, 11H), 1.81-1 .67 (m, 2H). Example
85:
4-f3-r4-(4-Cvanotetrahvdropyran-4-yl)-phenoxylpropyl}-
piperazine-1-carboxylic acid ethyl ester
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbonithle (500mg, 2.46mmol),
4-(3-chloropropyl)- piperazine-1 -carboxylic acid
ethyl ester (570mg, 2.43mmol), DMF ( 10ml) and K2CO3 (
1.36g, 9.84mmol) were reacted together according to
general procedure E. The organic phase was washed with
2M NaOH (3.x 20ml), water (2x 20ml), dried over MgSO4
fitered and concentrated in vacuo at 35C. The crude
product was subjected to chromatography on silica
eluting with DCM:MeOH:NH 3 (97:2:1 ) to provide the
title compound (280mg, 28%) as an off white solid. 1H
NMR (400MHz, CDCI3) , d 7.38 (d, 2H), 6.93 (d, 2H),
4.14 (q, 2H), 4.1 1-4.05 (m, 2H), 4.03 (t, 2H), 3.89
(td, 2H), 3.55-3.42 (m, 4H), 2.53 (t, 2H), 2.47-2.36
(m, 4H), 2.1 5-1 .92 (m, 6H), 1.26 (t, 3H).
Intermediate 30:
4-(3-Chloro-propyl)-piperazine-1-carboxylic acid
tert-butyl ester 



4-Piperazine-1-carboxylic acid terf-butyl ester (4.Og,
2 1.5mmol), acetone (80ml, 20vol), 5M NaOH solution
(5.1 6ml, 1.2eq.) and 1-bromo-3-chloropropane ( 10.1
5g, 64.5mmol, 3eq.) were reacted together according to
general procedure A to give the title compound (2.78g,
66%) as a colourless oil. Example 86:
4-f3-r4-(4-Cvano-tetrahvdro-pyran-4-yl)-phenoxy1-propy
lVpiperazine-1 -carboxylic acid tert-butvl
ester4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-
2H-pyran-4-carbonitrile (200mg, 0.99mmol),
4-(3-chloropropyl)- piperazine-1-carboxyiic acid
te/t-butyl ester (203mg, 0.76mmol), DMF (4ml) and
K2CO3 (553g, 4.00mmol) was heated to 70C and work up
according to general procedure E. The organic phase
was washed with 2M NaOH (3.x 20ml), water (2x 20ml),
dried over MgSO4, fitered and concentrate in vacuo at
35C to provided the title compound (272mg, 64%) as an
off white solid. 1H NMR (400MHz, CDCI3) , d 7.38 (d,
2H), 6.93 (d, 2H), 4.11-4.04 (m, 2H), 4.03 (t, 2H),
3.89 (td, 2H), 3.50- 3.37 (m, 4H), 2.53 (t, 2H),
2.45-2.34 (m, 4H), 2.15-2.00 (m, 4H), 1.97 (p, 2H),
1.46 (s, 9H). Example 87:
4-r4-(3-Piperazin-1-ylpropoxy)phenylltetrahvdropyran-4
-carbonitrile
4-{3-[4-(4-Cyano-tetrahydro-pyran-4-yl)-phenoxy]-propy
l}-piperazine-1-carboxylic acid terf-butyl ester
(500mg, 1.16mmol), MeOH (5ml), 1,4-dioxane (1ml) and
HCI in dioxane (4M, 1.8ml) was stirred at ambient
temperature overnight. The reaction mixture was
concentrated in vacuo at 400C, and diluted with TBME
(5ml). Aqueous NaOH (2M solution) was added to attain
a pH of 14 and the mixture separated and extracted
with TBME (2x5ml). The combined organic extracts were
dried over MgSO4, filtered and concentrated in vacuo
to provide title compound as a yellow oil (275mg,
72%). 1H NMR (400MHz, CDCI3) , d 7.38 (d, 2H), 6.93
(d, 2H), 4.11-4.05 (m, 2H), 4.03 (t, 2H), 3.89 (td,
2H), 2.90 (t, 4H), 2.51 (t, 2H), 2.44 (br s, 4H),
2.15-2.00 (m, 4H), 1.97 (m, 2H), 1.74 (br s, 1H).
Example 88:
4-(4-(3-r4-(2-Aminopropionyl)piperazin-1-yllpropoxy>ph
envh-tetrahydropyran-4-
carbonitrile4-[4-(3-Piperazin-1-ylpropoxy)phenyl]tetra
hydropyran-4-carbonitrile (265mg, 0.81 mmol), DCM (
10.6ml), HOBT (120mg, 0.89mmmol), FMoc (L)-aniline
(277mg, 0.89mmol) and EDCI. HCI (171 mg, 0.89mmol)
were stirred at ambient temperature overnight. Water
(1OmI) was added and stirred for one hour, the mixture
was filtered and the organic phase separated and
washed with water ( 10ml), the organic phase was dried
over MgSO4, filtered and concentrated in vacuo at 35C.
The residue was dissolved in DCM (9ml) and piperidine
(86mg, l Ommol) was added, the mixture was stirred at
ambient temperature for one hour. To the reaction
mixture, water (5ml) was added and the organic phase
separated, dried over MgSO 4, filtered and
concentrated in vacuo at 35C. The crude material was
subjected to chromatography on silica eluting with 2%
MeOH in DCM to provide title compound ( 136mg, 42%).
1H NMR (400MHz, CDCI3) , d 7.38 (d, 2H), 6.93 (d, 2H),
4 .11-4.05 (m, 2H), 4.03 (t, 2H), 3.89 (td, 2H), 3.77
(q, 1H), 3.65 (br s, 2H), 3.49 (br s, 2H), 2.55 (t,
2H), 2.45 (br s, 4H), 2.14-2.00 (m, 4H), 1.97 (m, 2H),
1.58 (br s , 2H), 1.25 (d, 3H). Intermediate 31:
2-r(3-Chloro-propyl)-methyl-amino1-ethanol
2-(Methylamino)-ethanol ( 1.Og, 13.3mmol), acetone
(20ml, 20vol), 5M NaOH solution (3.1 9ml, 1.2eq.) and
1-bromo-3-chloropropane (6.28g, 39.9mmol, 3eq.) were
reacted together according to general procedure A to
give the title compound ( 1 .14g, 55%) as a colourless
oil. Example 89;
4-(4-f3-f(2-Hvdroxyethyl)methylamino1propoxy>-phenyl)t
etra-hvdropyran-4- carbonitrile
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbonitrile (800mg, 3.94mmol),
2-[(3-chloropropyl)- methyl-amino]-ethanol (595mg,
3.94mmol), DMF (8ml) and K2CO3 (2.1 8g, 15.76mmol)
were reacted together according to general procedure
E. The organic phase was washed with 2M NaOH (3.x
20ml), water (2x 20ml), dried over MgSO 4 fitered and
concentrated in vacuo at 35C to provided the title
compound (550mg, 44%) as a pale yellow oil. 1H NMR
(400MHz, CDCI3) , d 7.37 (d, 2H), 6.92 (d, 2H), 4.1
1-4.04 (m, 2H), 3.88 (dt, 2H), 3.60 (t, 2H), 2.61 (t,
2H), 2.56 (t, 2H), 2.37 (br s, 1H), 2.29 (s, 3H), 2.1
5-1 .91 (m, 6H) Example 90:
4-r4-(2-Pyrrolidin-1-ylethoxy)phenvntetrahvdropyran-4-
carbonitrile4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetr
ahydro-2/-/-pyran-4-carbonitrile (570mg, 2.82mmol),
1-(2-chloroethyl)- pyrrolidine (300mg, 2.25mmol), DMF
(5.7ml) and K2CO3 (1.56g, 1.13mmol) were reacted
together according to general procedure E. The organic
phase was washed with 2M NaOH (3.x 20ml), water (2x
20ml), dried over MgSO4 fitered and concentrated in
vacuo at 35C. The crude material was subjected to
chromatography on silica eluting with 5% MeOH in DCM
and gradient to 10% MeOH in DCM to provided the title
compound (400mg, 47%) as an off white solid. 1H NMR
(400MHz, CDCI3) , d 7.38 (d, 2H), 6.95 (d, 2H), 4.13
(t, 2H), 4.10-4.03 (m, 2H), 3.89 (td, 2H), 2.92 (t,
2H), 2.64 (brs, 4H), 2.15-1.99 (m, 4H), 1.88-1.76 (m,
4H). Example 91:
4-f4-(2-IVIethyl-3-pyrrolidin-1-ylpropoxy)phenyll-tetr
ahvdro-pyran-4-carbonitrile
4-(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonithle
(790mg, 3.87mmol), 1-(3-chloro-2-methyl-propyl)-
pyrrolidine (500mg, 3.10mmol), DMF (5ml) and K2CO3
(2.14g, 15.50mmol) were reacted together according to
general procedure E. The organic phase was washed with
2M NaOH (3 x 20ml), water (2 x 20ml), dried over
MgSO4, fitered and concentrated in vacuo at 35C to
provide the title compound (979mg, 96%) as a yellow
solid. 1H NMR (400MHz, CDCI3) , d 7.37 (d, 2H), 6.95
(d, 2H), 4.11-4.03 (m, 2H), 4.02 (dd, 1H), 3.89 (td,
2H), 3.77 (dd, 1H), 2.60-2.42 (m, 5H), 2.32 (dd, 1H),
2.22-1.99 (m, 5H), 1.82-1.72 (m, 4H), 1.07 (d, 3H).
Intermediate 32:
1-(3-Chloro-1-methyl-propyl)-pyrrolidine hydrochloride
Step 1: Pyrrolidine (28.15g, 0.4mol), toluene (200ml),
catalytic p-TsOH (200mg) and ethyl acetoacetate (2Og,
0.15mol) were refluxed together with a Dean-Stark
apparatus under N2 for 3hours. The reaction was cooled
to room temperature and concentrated in vacuo. NaBH4
(3.1g, 82mmol) was dissolved in MeOH (50ml) and cooled
to 0-50C. A portion of the previous crude reaction
(5g, 27mmol) in MeOH (25ml) was added to the reaction
mixture and stirred for 72hours. The reaction was
quenched with an aqueous solution of NaOH (1%w/w,
50ml) and concentrated in vacuo. The aqueous was
extratcted with TBME (3 x 50ml). The combined organic
extracts were dried over MgSO4, filtered, washed with
TBME and concentrated in vacuo to give a mixture of
the title compound, 3-pyrrolidin-1-yl-butanoic acid
ethyl esterand residual TBME (3.5g). The mixture
(3.5g) in THF (20ml) was added to a solution of LiALH4
(1M in THF, 33.5ml, 33.5mmol) at 0-50C under N2. The
reaction was allowed to warm to room temperature and
stirred for 3hours. The reaction was quenched with an
aqueous solution of NaOH (1%w/w, 50ml) at 0- 5C,
filtered and washed with THF (3 x 20ml). The combined
organics were dried over MgSO4, filtered, washed with
THF and concentrated in vacuo to give
3-pyrrolidin-1-yl-butan-1-ol as a yellow oil (2g,
73%). Step 2: 3-Pyrrolidin-1-yl-butan-1-ol (1.0g,
7mmol) was dissolved in DCM (20ml). The reaction was
cooled to 0- 5C and thionyl chloride (1.65g, 14mmol)
was added slowly. The reaction was allowed to warm to
room temperature and stirred overnight. The reaction
was concentrated in vacuo and azeotroped with DCM
(20ml) to give the title compound ( 1 .4g, 100%) as a
brown oil. Example 92:
4-r4-(3-Pyrrolidin-1-ylbutoxy)phenvntetrahydropyran-4-
carbonitrile
4-(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonitrile
(1.Og, 4.9mmol), 1-(3-chloro-1-methyl-propyl)-
pyrrolidine (780mg, 3.90mmol), DMF (20ml) and K2CO3
(2.71 g, 19.60mmol) were reacted together according to
general procedure E. The organic phase was washed with
2M NaOH (3 x 20ml), water (2 x 20ml), dried over MgSO4
fitered and concentrated in vacuo at 35C and purified
by preparative HPLC, eluting with
acetonitrile/water/0.1%TFA as a gradient, to provide
the title compound (120mg, 9%) as a yellow oil. 1H NMR
(400MHz, CDCI3) , d 7.38 (d, 2H), 6.93 (d, 2H),
4.15-3.98 (m, 4H), 3.89 (td, 2H), 2.75-2.51 (m, 5H),
2.22-1 .74 (m, 10H), 1.17 (d, 3H). Example 93:
4-(4-r2-(1-Methylpyrrolidin-2-yl)ethoxy1phenyl)tetrahv
dro-pyran-4-carbonitrile
4-(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonitrile (
1.Og, 4.9mmol), 2-(2-chloro-ethyl)-1-methylpyrrolidine
(722mg, 3.90mmol), DMF (20ml) and K2CO3 (2.71 g,
19.60mmol) were reacted together according to general
procedure E. The organic phase was washed with 2M NaOH
(3 x 20ml), water (2 x20ml), dried over MgSO4,fitered
and concentrated in vacuo at 35C and purified by prep
TLC, eluting with DCM :MeOH :NH3 (95 :5 :3), to
provide the title compound (180mg, 15%) as a yellow
oil. 1H NMR (400MHz, CDCI3) , d 7.38 (d, 2H), 6.93 (d,
2H), 4.12-4.03 (m, 4H), 3.89 (td, 2H), 3.08 (m, 1H),
2.35 (s, 3H), 2.29-1.94 (m, 8H), 1.85-1.65 (m, 2H),
1.62-1.50 (m, 2H). Example 94:
4-r4-(1-lsopropylpiperidin-4-yloxy)phenylltetrahvdropy
ran-4-carbonitrile
4-(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonitri!e
(459mg, 2.26mmol) in DMF (2ml) was added to a solution
of NaH (100mg, 2.5mmol) in DMF (2ml) at room
temperature under N2. The reaction was stirred for 1
hr and a solution of methanesulfonic acid
1-isopropyl-piperidin-4-yl ester (400mg, 1.81mmol) in
DMF 



(1.3ml) was slowly added. The reaction was heated to
75C and stirred for 6hrs. The reaction was allowed to
cool to room temperature and diluted with TBME (20ml),
water (10ml) and 5M NaOH solution (10ml). The organic
layer was washed with 2.5M NaOH (2 x 20ml), brine (2 x
20ml), dried over MgSO4, filtered and concentrated in
vacuo. The crude reaction was purified by successive
column chromatography, eluting with DCM :MeOH : NH3
(98 :1 :1) to give the title compound as a pale yellow
solid (116mg, 19%). 1H NMR (400MHz, CDCI3) d 7.37 (d,
2H), 6.93 (d, 2H), 4.30 (m, 1H), 4.12-4.02 (m, 2H),
3.89 (td, 2H), 2.84-2.68 (m, 3H), 2.45-2.34 (m, 2H),
2.15-1.96 (m, 6H), 1.88-1.75 (m, 2H), 1.06 (d, 6H).
Example 95:
4-r4-(1-Cvclopentylpiperidin-4-yloxy)phenylltetrahvdro
pyran-4-carbonitrile
4-(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonitrile
(459mg, 2.26mmol) in DMF (2ml) was added to a solution
of NaH (100mg, 2.5mmol) in DMF (2ml) at room
temperature under N2. The reaction was stirred for 1
hr and a solution of methanesulfonic acid
1-cyclopentyl-piperidin-4-yl ester (447mg, 1.81mmol)
in DMF (1.3ml) was slowly added. The reaction was
heated to 75C and stirred for 6hrs. The reaction was
allowed to cool to room temperature and diluted with
TBME (2OmI), water (10ml) and 5M NaOH solution (10ml).
The organic layer was washed with 2.5M NaOH (2 x
20ml), brine (2 x 20ml), dried over MgSO4, filtered
and concentrated in vacuo. The crude reaction was
purified by successive column chromatography, eluting
with DCM :MeOH : NH3 (98 :1 :1) to give the title
compound as a pale yellow solid (81 mg, 13%).1H NMR
(400MHz, CDCI3) d 7.37 (d, 2H), 6.93 (d, 2H), 4.36 (m,
1H), 4.11-4.04 (m, 2H), 3.89 (td, 2H), 2.91-2.77 (m,
2H), 2.67-2.25 (m, 2H), 2.15-1.99 (m, 7H), 1.95-1.81
(m, 4H), 1.78-1.64 (m, 2H), 1.62-1.39 (m, 4H).
Intermediates 33 and 34:
4-r4-(3-chloro-propoxy)-phenvn-tetrahvdropyran-4-carbo
nitrile and 4-14-
(3-bromo-propoxy)-phenyll-tetrahvdropyran-4-carbonitri
le 4-(4-hydroxy-phenyl)-tetrahydro-pyran-4-carbonit i
le (3.4 g, 16.73 mmol) was taken in DMF (75 ml) and
then Cs2CO3 (4.84 g, 25.095 mmol) was added followed
by dropwise addition of 1-bomo-3-chloroproprane (2.45
ml) at 60 0C. The heating was continued at 60 0C
overnight. First the reaction mixture was concentrated
and quenched by adding water and extracted with ethyl
acetate. The compound was purified by coloumn
chromatography (0-14 %, ethyl acetate-hexane). Yield:
3.3 g (70 % of a 10:3 mixture of chloro and bromo
compound). General procedure F: A mixture of halide
(0.7 mmol), Cs2CO3 (0.350 g, 1.07 mmol), potassium
iodide (0.180 g, 1.07 mmol) and amines (NR7R8) (1.07
mmol) in DMF (7 mL) was heated to 70 C overnight. The
mixture was cooled to ambient temperature, water was
added, and the resulting mixture was extracted with
dichloromethane and the organic extracts were dried
over Na2SO4 filtered and concentrated in vacuo.
Purification of the crude material was carried out
with flash chromatography (20 g silica gel, DCM/ MeOH
gradient). Example 96:
4-r4-(3-morpholino-4-ylpropoxy)phenylltetrahvdropyran-
4-carbonitrile The compound was obtained according the
general procedure F, using morpholine as amine. The
hydrochloride salt as analytical sample was prepared
with ether/HCI 2M in dichloromethane and
crystallization in ether. Yield = 34% 1H NMR (400MHz,
DMSO-D6) d 1.95-2.12 (m, 4H); 2.16-2.25 (m, 2H);
3.01-3.12 (m, 2H); 3.19-3.27 (m, 2H); 3.40-3.48 (m,
2H); 3.60-3.69 (t, 2H); 3.80-3.89 (m, 2H); 3.91-4.03
(m, 4H); 4.08-4.13 (m, 2H); 7.20 (d, 2H); 7.46 (d,
2H); 11.33 (bs, 1H) Example 97:
4-(4-r3-(4-methyl-piperazin-1-yl)-propoxy1phenylUetrah
vdro-pyran-4-carbo nitrileHCI The compound was
obtained according the general procedure F, using
1-methylpiperazine as amine. The hydrochloride salt as
analytical sample was prepared with ether/HCI 1M in
dichloromethane and triturated with pentane. Yield =
57% 1H NMR (400MHz, DMSO-D6) <?1 1.85 (bs, 1H), 7.46
(d, 2H), 7.02 (d, 2H), 4.13 -4.07 (m, 2H), 4.03 -3.96
(m, 2H), 3.84-3.18 (m, 12H), 2.87-2.78 (m, 3H), 2.24
-2.13 (m, 2H), 2.11 - 1.96 (m, 4H). Example 98:
4-(4-F3-(2-methyl-piperidin-1-yl)-propoxy1phenylVtetra
hvdro-pyran-4-carbonitrile The compound was obtained
according the general procedure F, using
2-methylpiperidine as amine. The hydrochloride salt as
analytical sample was prepared with ether/HC1 1M in
dichloromethane and trituration with pentane. Yield =
28% 1H NMR (400MHz, DMSO-D6) 10.22 (bs, 1H), 7.46 (d,
2H), 7.01(d, 2H), 4.13-4.06 (m, 2H), 4.03-3.96 (dd,
2H), 3.69-3.60 (t, 2H), 3.48-3.38 (m, 1H), 3.25-3.06
(m, 3H), 3.01-2.90 (m, 1H), 2.21-1.95 (m, 7H),
1.88-1.57 (m, 5H), 1.56-1.39 (m, 1H), 1.32 (d, 2H),
1.24 (d, 1H). Example 99:
4-f4-r3-(3-methyl-piperidin-1-yl)-propoxy1phenylHetrah
vdro-pyran-4-carbonitrile The compound was obtained
according the general procedure F, using
3-methylpiperidine as amine. The hydrochloride salt as
analytical sample was prepared with ether/HCI 1M in
dichloromethane and trituration with pentane. Yield =
52%1H NMR (400MHz, DMSO-D6) d 10.32 (bs, 1H), 7.46 (d,
2H), 7.01 (d, 2H), 4.11-4.05 (t, 2H), 4.03-3.96 (dd,
2H), 3.69-3.60 (t, 2H), 3.48-3.35 (m, 2H), 3.19-3.11
(m, 2H), 2.82-2.72 (m, 1H), 2.58-2.45 (m, 1H), 2.24-
2.16 (m, 2H), 2.12-1.90 (m, 5H), 1.85-1.70 (m, 3H),
1.12-1.02 (m, 1H), 0.89 (d, 3H). Example 100:
4-(4-r3-(4-methyl-piperidin-1-yl)-propoxyiphenylHetrah
ydro-pyran-4-carbonitrile The compound was obtained
according the general procedure F, using
4-methylpiperidine as amine. The hydrochloride salt as
analytical sample was prepared with ether/HCI 1M in
dichloromethane and trituration with pentane. Yield =
60% 1H NMR: (400MHz, DMSO-D6) d 10.18 (bs, 1H), 7.46
(d, 2H), 7.01 (d, 2H), 4.11-4.05 (t, 2H), 4.03-3.96
(dd, 2H), 3.69-3.60 (t, 2H), 3.49-3.42 (m, 2H),
3.19-3.11 (m, 2H), 2.94-2.83 (m, 2H), 2.22-2.13 (m,
2H), 2.11-1.95 (m, 4H), 1.81-1.73 (m, 2H), 1.65-1.54
(m, 1H), 1.53-1.41 (m, 2H), 0.91 (d, 3H). Example 101
:
4-f4-(3-azepan-1-ylpropoxy)phenvntetrahvdropyran-4-car
bonitrile The compound was obtained according the
general procedure F, using hexamethyleneimine as
amine. The hydrochloride salt as analytical sample was
prepared with ether/HCI 1M in dichloromethane and
trituration with ether. Yield = 9% 1H NMR (400MHz,
DMSO-D6) 10.54 (bs, 1H), 7.41 (d, 2H), 7.01 (d, 2H),
4.11-4.05 (t, 2H), 4.03-3.96 (dd, 2H), 3.69-3.60 (dt,
2H), 3.41-3.30 (m, 2H), 3.24-3.17 (m, 2H), 3.16-3.06
(m, 2H), 2.24-2.16 (m, 2H), 2.12- 1.95 (m, 4H),
1.92-1.76 (m, 4H), 1.72-1.52 (m, 4H). Example 102:
4-f4-r3-(4,4-difluoro-piperidin-1-v
p-propoxylphenylVtetra-hvdropyran-4-carbonitrileThe
compound was obtained according the general procedure
F, using 4,4-difluoropiperidine hydrochloride as amine
(add (C2Hs)3N to obtain the free base ) . The
hydrochloride salt as analytical sample was prepared
with ether/HCI 1M in dichloromethane and trituration
with ether. Yield = 9% 1H NMR : (400MHz, DMSO-D6) d
10.28 (bs, 1H), 7.46 (d, 2H), 7.01 (d, 2H), 4.1 2-4.07
(t, 2H), 4.03-3.96 (dd, 2H), 3.69-3.59 (dt, 4H),
3.33-3.25 (m, 2H), 3.21-3.1 1 (m, 2H), 2.39-2.27 (m,
2H), 2.27-2.1 7 (m, 2H), 2.1 2-1 .95 (m, 4H). Example
103: 4-r4-(5-Pyrrolidin-1
-ylpentyloxy)phenvntetrahvdropyran-4-carbonitrile
4-(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonitrile (
1.5g, 7.39mmol), 1-bromo-4-chlorobutane ( 1.7ml,
14.77mmol), DMF (20ml) and K2CO3 (4.1g, 29.56mmol)
were reacted together according to general procedure
E. Purification by chromatography on silica, eluant
ethyl acetate:heptanes (33:66) provided a mixture of
bromo and chloro phenoxy ether ( 1.3g, 60%) which was
used in the next stage. A portion of the mixture
(0.5g, 1.70mmol) and pyrrolidine (0.42ml, 5.1 1mmol)
were refluxed in EtOH (5ml, 10vol) overnight. The
reaction was concentrated in vacuo and partitioned
between 2M NaOH (10ml) and ethyl acetate ( 10ml). The
aqueous was extracted with ethyl acetate (3 x 1OmL).
The combined ethyl acetate layers were washed with
brine (3 x 10ml), dried over MgSO4, filtered, washed
with ethyl acetate and concentrated in vacuo.
Purification by chromatography on silica, eluant DCM
:MeOH :NH3 (95:4:1 ) increasing gradually to DCM :MeOH
:NH3 (93 :6 :1), gave the title compound as a pale
yellow solid (350mg, 63%). 1H NMR (400MHz, DMSO-Cf6) d
7.38 (d, 2H), 6.92 (d, 2H), 4.1 1-4.03 (m, 2H), 3.99
(t, 2H), 3.89 (td, 2H), 2.58-2.43 (m, 6H), 2.1 5-1 .99
(m, 4H), 1.89-1 .64 (m, 8H). 



Intermediate 35:
1-f4-(3-bromo-propoxy)-phenvn-cyclohexanecarbonitrile
1-(4-Hydroxyphenyl)cyclohexanecarbonitrile (2.0 g, 10
mmol) was taken in acetone (150 mL) and then Cs2CO3
(8.1 g, 25 mmol) was added followed by dropwise
addition of 1,3 dibromopropane (5.1 mL, 50 mmol). The
mixture was heated for 3 h at 70C. After cooling and
filtration, the mixture was concentrated and the
residue was purified by flash chromatography (50 g
silica gel, DCM) to provide the title compound (2.8 g,
87%). Note: presence of allyl derivative as
impurity.General procedure G: A mixture of
1-[4-(3-bromo-propoxy)-phenyl]-cyclohexanecarbonitrile
(0.660 g, 2.0 mmol), amine (NR7R8) (0.26Og1 3.0 mmol),
sodium carbonate (0.320 g, 3 mmol), potassium iodide
(20 mg) and 20 ml. of butanol was heated for 4 h at
100C. After cooling, water was added to quench the
reaction and the mixture was extracted with DCM. The
organics extracts were washed with a saturated aqueous
solution of NaHCO3, water and dried over Na2SO4
filtered and concentrated. The residue was purified by
flash chromatography (DCM and DCM / MeOH ( 10% NH3) to
provide (0.440 g, 67%). Example 104:
1-r4-(3-piperidin-1-yl-propoxy)-phenvn-cvclohexane-car
bonitrile A mixture of
1-[4-(3-bromo-propoxy)-phenyl]-cyclohexanecarbonitrile
(0.660 g, 2.0 mmol), piperidine (0.26Og, 3.0 mmol),
sodium carbonate (0.320 g, 3 mmol), potassium iodide
(20 mg) and 20 mL of butanol was heated for 4 h at
100C according to general procedure G. After cooling,
water was added to quench the reaction and the mixture
was extracted with DCM. The organics extracts were
washed with a saturated aqueous solution of NaHCO3,
water and dried over Na2SO4 filtered and concentrated.
The residue was purified by flash chromatography (DCM
and DCM / MeOH ( 10% NH3) to provide the title
compound (0.440 g, 67%). 1H NMR (400MHz, CDCI3) d l
.Zl (d, 2H), 6.90(d, 2H), 4.00 (t, 2H), 2.49-2.36 (m,
6H), 2.17-2.09 (m, 2H), 1.97 (qt, 2H), 1.88-1 .67 (m,
7H), 1.62-1 .55 (m, 4H), 1.47-1 .40 (m, 2H), 1.32-1
.20 (m, 1H). General procedure H:
4-(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonitrile (
1eq.), alcohol (R-OH) (0.8eq.) and PPh3 ( 1eq.) were
mixed together in THF ( 10vol) and cooled to 0C under
N2. DIAD (1eq.) in THF ( 10vol) was added slowly to
the reaction and allowed to warm to room temperature
overnight. The reaction was quenched with 2M HCI
solution (10vol) and extracted with ethyl acetate (3 x
10vol). The aqueous was basified to pH 14 with NaOH
(~30vol) and extracted with ethyl acetate (3 x 10vol).
The organics were dried over MgSO4, filteredand
concentrated in vacuo at 35 C. Purification of the
crude material by chromatography on silica, eluant
(10%MeOH in DCM) provided the title compounds. Example
105:
4-r4-(2.2-Dimethyl-3-pyrrolidin-1-ylpropoxy)phenylHetr
ahvdro-pyran-4-carbonitrile
4-(4-Hydroxy-phenyl)-tetrahydro-pyran-4-carbonitrile (
1.29g, 6.4mmol), 2,2-dimethyl-3-pyrrolidin-1-ylpropan-
1-ol (0.8g, 5.1mmol), PPh3 (1.67g, 6.4mmol), THF
(16ml) and DIAD (1.25ml, 6.4mmol) were reacted
together according to general procedure H. The crude
material was subjected to chromatography on silica
eluting with DCM :MeOH (98 :2). The resulting solid
was slurried in TBME:heptanes (1:2, 1ml) to provide
the title compound (120mg, 5%) as a white solid. 1H
NMR (400MHz, CDCI3) , d 7.37 (d, 2H), 6.94 (d, 2H),
4.12-4.03 (m, 2H), 3.89 (td, 2H), 3.71 (s, 2H), 2.57
(br s, 4H), 2.47 (s, 2H), 2.15-1.99 (m, 4H), 1.70
(brs, 4H), 1.00 (s, 6H). Example 106:
4-r4-(3-Pyrrolidin-1-ylpropoxy)phenylltetrahvdro-2H-py
ran-4-carboxylic acid amide
4-[4-(3-Pyrrolidin-1-yl-propoxy)-phenyl]-tetrahydro-py
ran-4-carbonitrile (400 mg, 1.27 mmol) was treated
with polyphosphoric acid at 80C overnight. After
allowing the mixture to cool to room temperature,
ethyl acetate and water were added. The organic layer
was separated. The aqueous layer was basified to pH 10
with concentrated NaOH and extracted with DCM. The
combined organic extracts were dried over Na2SO4,
filtered, concentrated in vacuo and purified by column
chromatography on silica gel eluting to give the title
compound (88 mg, 26%). ' 1H NMR (400MHz, CDCI3) 7.29
(d, 2H), 6.91 (d, 2H), 5.64-5.30 (d, 2H), 4.02 (t,
2H), 3.76 (t, 4H), 2.62 (t, 2H), 2.52 (m, 4H),
2.37-2.30 (m, 2H), 2.08-1.96 (m, 4H), 1.81-1.75 (m,
4H). Example 107: 4-r4-(3-Pyrrolidin-1-ylpropoxy)phe
pylUetrahvdro-2H-pyran-4-carboxylic acidA solution of
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carbonitrile (2Og, 0.0636mol) in concentrated
hydrochloric acid (200ml, 10vol) was heated and
stirred at reflux for 16h after which time LC/LCMS
analysis showed the reaction had stalled at 85-90%
conversion. The solution was evaporated to dryness in
vacuo, azeotroped with methanol (200ml, 20vol) and
toluene (2x 200ml, 2x 20vol) to yield title compound
as a beige solid which was used directly. 1H NMR (400
MHz, CDCI3) d 7.18 (d, 2H), 6.96 (d, 2H), 4.1 2 (t,
2H), 3.94-3.84 (m, 2H), 3.74-3.66 (m, 2H), 3.60 (dt,
2H), 3.42 (t, 2H), 2.50-2.44 (m, 2H), 2.26-2.00 (m,
8H), 2.96-2.84 (m, 2H);HRMS (ESI+) 334.201 3 (M+H)+.
Intermediate 36: Methyl
4-f4-(3-pyrrolidin-1-ylpropoxy)phenvntetrahvdro-2H-pyr
an-4-carboxylate A suspension of
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carboxylic acid (23.5g, 0.0636mol) in methanol
(235mi, 10vol) was stirred and cooled to 0 to -50C
under nitrogen. Thionyl chloride (9.3ml, 0.1272mol,
0.40vol) was charged dropwise over 20minut.es,
maintaining the temperature - 5 to +50C. The resulting
slurry was then heated and stirred at reflux under
nitrogen for 16h after which time LC analysis showed
1.4% by area of acid remaining. The solution was
evaporated to dryness in vacuo at 4O0C to give a brown
sludge. The sludge was dissolved in ethyl acetate ( 1
18ml, 5vol) and water (235ml, 10vol) and the layers
separated. The aqueous layer was washed with ethyl
acetate ( 118ml, 5vol) and basified to pH 11 with
saturated aqueous potassium carbonate ( 118ml, 5vol).
The product was extracted into dichloromethane (3x
118ml, 3x 5vol) and the combined extracts dried over
magnesium sulfate (23g, 1wt) and concentrated in vacuo
at 4O0C to yield title compound (21 .7g, 98% from the
nitrile) as a cream solid. Example 108:
(4-r4-(3-Pyrrolidin-1-ylpropoxy)phenvHtetrahvdro-2H-py
ran-4-yl}methanol Anhydrous tetrahydrofuran (141 ml,
10vol) was charged rapidly onto stirred and cooled
(0-50C) lithium aluminium hydride (6.2g, 0.1634mol,
0.44wt) under nitrogen (Note: very exothermic). The
resulting slurrywas cooled to 0-50C and then a
solution of methyl
4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2/-/-
pyran-4-carboxylate (14.1g, 0.04058mol) in
tetrahydrofuran (99ml, 7vol) was added dropwise over
30 minutes maintaining 0-50C. On complete addition the
reaction was allowed to warm to room temperature over
30 minutes and stirred at 18-250C for 30 minutes, LC
analysis showed the reaction to be complete. The
mixture was cooled to 0 to 50C, a 1:1 mixture of
tetrahydrofuran and water (18.6ml, 1.32vol) was added
very slowly (Note: very exothermic, gas evolution,
temperature maintained below 160C, toward the end of
the quench the reaction mixture sets and then becomes
freer with continued stirring.). The mixture was
further quenched with 20% w/v sodium hydroxide
solution (6.2ml, 0.44vol) and water (18.6ml, 1.32vol)
and the resulting white suspension stirred vigorously
for 30 minutes at 18-250C. The slats were removed by
filtration and rinsed with tetrahydrofuran (3x 150ml).
The combined filtrates were evaporated to dryness at
4O0C to yield title compound (12.1g, 94%) as a white
solid. 1H NMR (400MHz, CDCI3) d 7.25 (d, 2H), 6.90 (d,
2H), 4.05 (t, 2H), 3.80 (dt, 2H), 3.55 (td, 2H), 2.60
(t, 2H), 2.62-2.41 (m, 4H), 2.10 (dt, 2H), 2.00 (p,
2H), 2.00-1.85 (m, 2H), 1.95-1.72 (m, 4H). Example
109:
1-r4-(3-pyrrolidin-1-ylpropoxy)phenvncyclo-pentane-car
bonitrile To a suspension of NaH (60%, 0.574 g, 14.35
mmol) in DMF (8 mL) at 0C was added dropwise [4-(3-
pyrrolidin-1-ylpropoxy)phenyl]acetonitrile ( 1 g, 4.10
mmol) in DMF (3 mL). The reaction mixture was stirred
at 00C for 5 min than at room temperature for 30 min.
After cooling to 00C, 1,4-dibromobutane (0.980 mL, 8.2
mmol) in DMF (2 mL) was added dropwise. The reaction
mixture was allowed to warm up to room temperature
then heated to 50 C overnight. It was poured into
ice-cold water and extracted with DCM. The combined
organic extracts were washed with brine, dried over
Na2SO4, filtered and concentrated in vacuo. The crude
mixture was purified by column chromatography, eluting
with a gradient of DCM:MeOH:NH3 (from 99:0:1 to
90:10:1) to give the title compound (0.443 g, 36%). 1H
NMR (400MHz, DMSO-d6) #7.29 (d, 2H), 6.79 (d, 2H),
4.02 (m, 2H), 3.18 (m, 2H), 2.47-2.28 (m, 4H),
2.19-1.75 (m, 11H), 1.19 (m, 3H). Example 110:
4-oxo-1-r4-(3-pyrrolidin-1-ylpropoxy)-phenv
p-cvclohexane-carbonitrileStep 1: A three neck
reaction vessel was charged with
[4-(3-pyrrolidin-1-ylpropoxy)phenyl]acetonitrile (7g,
28.6 mmol), benzyltrimethylammonium hydroxide (40% in
methanol, 1.3 ml.) in acetonitrile (185 ml_). The
solution was heated to reflux and methyl acrylate (25
mL, 286 mmol) was added dropwise. After refluxing for
5 hr, the mixture was concentrated to half, diethyl
ether was added and the organics were washed with HCI
1N and brine, dried over Na2SO4, filtered and
concentrated. The residue was purified by
flashchromatography to provide
4-cyano-4-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-heptan
edioic acid dimethyl ester (8.8 g, 74%). 1H NMR
(400MHz, CDCI3) 7.28 (d, 2H); 6.95 (d, 2H); 4.08-4.0
(m, 2H); 3.6 (s, 6H); 2.68-2.60 (m, 2H); 



2.58-2.45 (m, 6H); 2.40-2.20 (m, 4H); 2.20-2.12 (m,
2H); 2.08-2.0 (m, 2H); 1.80-1.75 (m, 4H) Step 2: To a
solution of
4-cyano-4-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-heptan
edioic acid dimethyl ester (8.8 g, 21.1 mmol) in
1,2-dimethoxyethane (176 mL) was charged portions of
NaH (60% dispersion, 2.55 g, 63.4 mmol). The reaction
mixture was heated to reflux. After 4.5 hr, the 3A of
solvent were evaporated and the mixture cooled to 200C
with an ice bath and quenched with water (100 mL), HCI
1N (100 mL). The aqueous layer was extracted with
ether (100 mL). After basification with NaOH the
aqueous phases were extracted with dichloromethane.
The combined organics were washed with water, dried
over Na2SO4, filtrered and concentrated to provide
5-cyano-2-oxo-5-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-
cyclohexanecarboxylic acid methyl ester (6.6 g , 81%)
as an oil. 1H NMR (400MHz, CDCI3) 12.2 (bs, 1H); 7.33
(d, 2H); 6.95 (d, 2H); 4.08-4.00 (m, 2H); 3.75 (s,
3H); 2.95 (d, 1H); 2.80-2.70 (m, 1H); 2.65-2.60 (m,
2H); 2.50-2.42 (m, 6H); 2.30-2.15 (m, 2H); 2.05-1.95
(m, 2H); 1.90-1 .85 (m, 4H). Step 3: To a solution of
5-cyano-2-oxo-5-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-
cyclohexanecarboxylic acid methyl ester (6.6 g, 17
mmol) and dimethylsulfoxide (128 mL) was added water
(8.0 mL) and sodium chloride (6.4 g, 109 mmol). The
reaction mixture was heated to 142-146C. After 5 hr,
the mixture was concentrated and the residue was
dissolved in DCM (120 mL), washed with water (100 mL),
and brine, dried over Na2SO4, filtered and
concentrated. The residue was purified by flash
chromatography (70 g silica gel, eluant: gradient of
DCM/MeOH 95/5 to 90/10) providing
4-oxo-1-[4-(3-pyrrolidin-1-ylpropoxy)-
phenyl]-cyclohexanecarbonitrile as a crystallizing oil
(2.2 g, 45.5%). After crystallization in ether, 0.2g
of analytical sample were obtained. 1H NMR (400MHz,
CDCI3) 7.32 (d, 2H), 6.88 (d, 2H), 4.1 (t, 2H),
2.95-2.8 (m, 2H), 2.65-2.38 (m, 10H), 2.3-2.15 (m,
2H), 2.0-1.9 (m, 2H), 1.8-1.7 (m, 4H). Example 111:
4-hvdroxy-1-r4-(3-pyrrolidin-1-ylpropoxy)-phenvHcvclo-
hexanecarb onitrileTo a stirred suspension of LiAIH4
(0.070 g, 1.85 mmol, 5 eq) in diethyl ether (1.9 mL)
was added dropwise at 00C a solution of
4-oxo-1-[4-(3-pyrrolidin-1-ylpropoxy)-phenyl]-cyclohex
anecarbonitrile (0.12 g , 0.37 mmol) in diethyl ether
(5.5 mL). The reaction mixture was stirred at ambient
temperature for 4 h .The reaction mixture was cooled
to 0C and, successively, a solution of water, sodium
hydroxide (15% w/v, 0.08 mL) and water again were
carefully dropped. After being stirred for 15 min at
room temperature, the mixture was filtered over
diatomaceous earth and concentrated. The residue was
purified by flash chromatography (10 g silica gel,
DCM/ MeOH (10% NH3) to provide 0.050 g of title
compound. 1H NMR (400MHz,DMSO-D6) 10.6 (bs, 1H), 7.42
(d, 2H), 7(d, 2H), 4.1-3.95 (m, 2H), 3.6-3.2 (m, 5H),
3.03-2.87 (m, 2H), 2.15-1.8 (m, 10H), 1.65-1.5 (m,
2H). Intermediate 37: (/?)-2-Methylpyrrolidine Pure
enantiomers of 2-methyl pyrrolidine can be obtained by
resolution with +/- tartaric acid as described in
Acta. Pharm. Suecica 15, 255-263; 1978. Intermediate
38: 3-r(2fl)-2-Methylpyrrolidin-1-v ppropan-1-ol
3-Bromopropan-1-ol (5.28 mL, 58.4 mmol) was added to a
solution of (R)-2-methylpyrrolidine (7.1 g, 58.4 mmol)
in water (200 mL). KOH (7.53 g, 134 mmol) was then
added and the mixture stirred at ambient temperature
for 48 hours. The reaction mixture was then extracted
with dichloromethane (5 x 80 mL) and ethyl acetate (5
x 80 mL). The combined organic extracts were dried
using MgSO4, filtered and concentrated in vacuo. The
compound was purified by column chromatography on
Biotage(r) silica gel, eluting with
dichloromethane:methanol:ammonia, (90:10:1) to give
the title compound as a pale brown oil (5.44, 65 %).
LCMS (APCI+) 144 (M+H)+. Intermediate 39: frt-Butyl
(3S)-3-methoxypyrrolidine-1-carboxylate Sodium hydride
(80 % dispersion in mineral oil, 940 mg, 0.024 mmol)
was added in two portions at 0 0C to a solution of
terf-butyl (3S)-3-hydroxypyrrolidine-1-carboxylate
(4.00 g, 0.02 mmol). The reaction mixture was allowed
to warm to room temperature and stirred for 1 h before
being cooled once more to 0 0C. Methyl iodide (2.00
mL, 0.032 mmol) was added slowly and the reaction
mixture warmed to room temperature overnight. The
mixture was poured slowly onto 200 mL of ice and
stirred until the ice was fully thawed. The product
was extracted using dichloromethane (2 x 250 mL),
dried (Na2SO4) and concentrated in vacuo. The compound
was purified by column chromatography on Biotage(r)
silica gel, eluting with dichloromethane to give the
product as a colourless oil (2.88 g, 67
%).Intermediate 40: (3S)-3-Methoxypyrrolidine A
solution of trifluoroacetic acid (2.5 ml) in
dichloromethane (5 mL) was added slowly at 0 0C to a
solution of ferf-Butyl
(3S)-3-methoxypyrrolidine-1-carboxylate (2.88 g, mmol)
and the reaction allowed to warm to room temperature
and stirred for 2.5 h. The reaction mixture was
quenched with saturated sodium carbonate solution
(10OmL) and extracted with dichloromethane (2 x
20OmL). The organics were combined, dried over
magnesium sulphate and concentrated in vacuo. The
residue was taken up in dichloromethane (30 mL) and
cooled to 0 0C in an ice bath. Hydrogen chloride gas
was bubbled through the suspension for 1 hour and the
reaction mixture allowed to stir at room temperature
for 48 hours. The reaction mixture was basified with
saturated sodium hydrogencarbonate solution (100 mL)
and extracted with dichloromethane (2 x 20OmL) and
ethyl acetate (3 x 15OmL). The aqueous was
concentrated in vacuo and then extracted with warm
methanol to yield the title product, 2.0Og.
Intermediate 41: (3f?)-1-Benzyl-3-methoxypyrrolidine
(3R)-1-Benzyl-3-methoxypyrrolidine was prepared as
described in the following patent WO 91/08206 and
taken on to the next step as the crude mixture.
Intermediate 42: (3f?)-3-Methoxypyrrolidine A solution
of (3R)-1-Benzyl-3-methoxypyrrolidine (2.35 g, 12.3
mmol) in methanol (50 mL) containing concentrated HCI
( 1 mL) was hydrogenated at ambient temperature at 50
psi in the presence of a catalytic amount of 10 %
Pd(OH)2 on carbon (250 mg, 10% w/w). The reaction
mixture was filtered over celite and rinsed with
dichloromethane (60 mL) and methanol (60 mL) to remove
the catalyst. The organic layer was basified with NaOH
(2.0M, 10 mL) and extracted with diethylether (3 x 30
mL). The aqeous layer was further acidified to pH3
using concentrated HCI, concentrated in vacuo and
azeotroped with toluene to give the product as a
yellow solid which was further used without
purification. Intermediate 43: 2,2-Dimethylpyrrolidine
Step 1: 1-Benzyl-2,2-dimethylpyrrolidine was prepared
according to the procedure described in the following
reference. S. M. Denton and A. Wood, Synlett, 1999,
55. Step 2: A solution of
1-Benzyl-2,2-dimethylpyrrolidine (1.02g, 5.40 mmol) in
ethanol (80 mL) and concentrated HCI (0.5 mL) was
hydrogenated over 20 % Pd(OH)2 (100 mg, 10 % w/w) at
60 psi at ambient temperature for 4 hours. The
reaction mixture was filtered over arbocel to remove
the catalyst and a further 2 mL of concentrated HCI
was added to the crude product. The reaction mixture
was then concentrated in vacuo and azeotropically
dried using toluene to give the product as a brown
solid, which appeared to be slightly hygroscopic (732
mg, 100 %). Intermediate 44:
(2f?,5S)-2.5-Dimethylpyrrolidine The free base of
c/s-2,5-dimethylpyrrolidine was prepared as described
by C. G. Overberger, L. C. Palmer, B. S. Marks and N.
R. Byrd, J. Am. Chem. Soc, 1955, 77, 4100. This was
then acidified using HCI (2.0 M solution in
diethylether) which, upon filtration and subsequent
recrystallisation from acetonitrileand /-propylalcohol
gave the title compound as a white crystalline solid
(5.29 g, 22 %) in a ratio of approximately 10:1 ratio
of cis:trans. Intermediates 45 and 46: i
-M-O-bromo-propoxylphenylicvclohexane-carbonitrile and
1-r4-(3- chloro-propoxy
-phenvp-cvclohexane-carbonitrile K2CO3 (3.02 g, 2 1.9
mmol) was added to a solution of
1-(4-hydroxyphenyl)cyclohexanecarbonitrile (4.0 g,
19.9 mmol) in DMF (50 mL). 1-bromo-3-chloroproprane (
1.97 ml, 19.9 mmol) was then added dropwise and the
reaction heated at 600C overnight. The reaction
mixture was concentrated, quenched by adding water (50
mL), extracted with dichloromethane (2 x 50 mL) and
the organic extracts were dried over Na2SO4, filtered
and concentrated in vacuo. The compound was purified
by column chromatography on Biotage(r) silica gel,
eluting with diethyletherdichloromethane, 50:50 to 0:1
00. Yield: 5.32 g (96 % of a 3:1 mixture of chloro and
bromo compound). Example 112:
1-(4-(3-r(2R)-2-(methoxymethyl)pyrrolidin-1-vnpropoxy)
- phenvOcvclohexanecarbonitrile A ( 1:3) mixture of
1-[4-(3-bromo-propoxy)-phenyl]-cyclohexanecarbonitrile
and 1-[4-(3-chloro-propoxy)- 



phenyl]-cyclohexanecarbonitrile (2.0Og, 7.20 mmol),
Cs2CO3 (2.58 g, 7.20 mmol), potassium iodide (0.20 g,
1.20 mmole) and (R)-(-)-2-(methoxymethyl)pyrrolidine (
1 .07 mL, 8.60 mmol) in NMP (20 mL) was heated to 75 C
overnight. The reaction mixture was cooled to ambient
temperature, concentrated in vacuo, and quenched by
adding water (30 mL). The crude product was extracted
with ethyl acetate (30 x mL) and the organic extracts
were dried over Na2SO filtered and concentrated in
vacuo. The compound was purified by column
chromatography on Biotage(r) silica gel, eluting with
dichloromethane:methanol:ammonia, 100:0:0 to 90:1 0:1
to give the title compound as a brown oil ( 1.39 g,
54%). 1H NMR (400MHz, CDCI3) J7.38 (d, 2H), 6.70 (d,
2H), 4.02 (t, 2H), 3.46-3.38 (m, 1H), 3.36-3.28 (m,
3H), 3.24-3.16 (m, 1H), 3.1 2-3.04 (m, 1H), 2.72-2.58
(m, 1H), 2.52-2.44 (m, 1H), 2.30-2.20 (m, 1H), 2.1
8-2.06 (m, 2H), 1.98 (pentet, 2H), 1.92-1 .60 (m,
12H), 1.36-1 .18 (m, 1H); HRMS (ESI+) 357.2537 (M+H)+.
Example 113: 1-(4-f3-r(3S)-3-methoxypyrrolidin-1
-vnpropoxylphenyl)cyclo-hexanecarbonitrileA (1:3)
mixture of
1-[4-(3-bromo-propoxy)-phenyl]-cyclohexanecarbonitrile
and 1-[4-(3-chloro-propoxy)-
phenyl]-cyclohexanecarbonitrile (200 mg, 0.72 mmol),
L/ ,L/-diisopropylethylamine (251 mL, 1.44 mmol) and
(S)-3-methoxy-pyrrolidine (198 mg, 1.96 mmol) in NMP
(0.5 mL) was heated at 160 0C in the microwave (Smith
Personal Synthesiser) for 400 seconds. The reaction
mixture was quenched with water ( 10 mL) and extracted
with dichloromethane (2 x 10 mL), dried over Na2SO4
filtered and concentrated in vacuo. The compound was
purified by column chromatography on Biotage(r) silica
gel, eluting with dichloromethane:methanol:ammonia,
97:3:0.3 to 95:5:0.5. to give the product as a clear
oil ( 102 mg, 4 1%). 1H NMR (400MHz, CDCI3) J7.36 (d,
2H), 6.90 (d, 2H), 4.02 (t, 2H), 3.96-3.88 (m, 1H),
3.28 (s, 3H), 2.86- 2.52 (m, 6H), 2.1 8-1 .96 (m, 5H),
1.88-1 .66 (m, 8H), 1.38-1 .16 (m, 1H); LCMS (APCI+)
343 (M+H)+. Example 114:
1-(4-(3-r(3f?)-3-methoxypyrrolidin-1-yllpropoxy)phenyl
)-cvclohexanecarbo nitrile A ( 1:3) mixture of
i-^-^-bromo-propoxyJ-phenyri-cyclohexanecarbonitrile
and 1-[4-(3-chloro-propoxy)-
phenyl]-cyclohexanecarbonitrile (200 mg, 0.72 mmol),
L/,L/-diisopropylethylamine (251 mL, 1.44 mmol) and
(R)-3-methoxy-pyrrolidine (198 mg, 1.44 mmol) in NMP
(0.5 mL) was heated at 160 0C in the microwave (Smith
Personal Synthesiser) for 600 seconds. The reaction
mixture was quenched with water (30 mL) and extracted
with ethylacetate (2 x 30 mL), dried over Na2SO4
filtered and concentrated in vacuo. The compound was
purified by column chromatography on Biotage(r) silica
gel, eluting with dichloromethane:methanol:ammonia,
98:2:0.2 to 95:5:0.5 to give a brown oil (37 mg, 11
%). 1H NMR (400MHz, CDCI3) S7.38 (d, 2H), 6.90 (d,
2H), 4.02 (t, 2H), 3.94-3.88 (m, 1H), 3.28 (s, 3H),
2.74- 2.66 (m, 2H), 2.64-2.56 (m, 2H), 2.46 (quintet,
2H), 2.1 7-1 .94 (m, 5H) 1.88-1 .66 (m, 8H) 1.32-1 .18
(m, 1H); HRMS (ESI+) 343.2380 (M+H) +. Example 115:
4-(4-(3-r(2R,5S)-2.5-dimethylpyrrolidin-1-vnpropoxy>-p
henyl)-tetrahvdro-2//-pyran-4- carbonitrileA ( 1:3)
mixture of i
-^S-bromo-propoxyJ-phenyll-cyclohexanecarbonitrile and
1-[4-(3-chloro-propoxy)-
phenyl]-cyclohexanecarbonitrile ( 150 mg, 0.54 mmol),
L/,L/-diisopropylethylamine ( 187 mL, 1.07 mmol) and
(2R,5S)-2,5-dimethylpyrrolidine (145 mg, 1.07 mmol) in
NMP (0.5 mL) was heated at 16O0C in the microwave
(Smith Personal Synthesiser) for 400 seconds then 170
0C for 600 seconds. The reaction mixture was quenched
with NaHCO3 (15 mL) and extracted with ethyl acetate
(2 x 15 mL), dried over Na2SO4 filtered and
concentrated in vacuo. The compound was purified by
column chromatography on Biotage(r) silica gel,
eluting with dichloromethane:methanol:ammonia,
97:3:0.3 to 90:1 0:1 . Yield = 28 % 1H NMR (400MHz,
CDCI3) S7.36 (d, 2H), 6.92 (d, 2H), 4.1 0-4.04 (m,
2H), 4.00 (t, 2H), 3.88 (dt, 2H), 2.72 (t, 2H),
2.64-2.52 (m, 2H), 2.14-1 .98 (m, 4H), 1.94 (pentet,
2H), 1.86-1 .78 (m, 2H), 1.42-1 .28 (m, 2H), 1.10 (d,
6H); HRMS (ESI+) 343.2380 (M+H)+. Example 116:
1-(4-r3-(2,2-dimethylpyrrolidin-1
-yl)propoxy1phenyl)cyclo-hexanecarbonitrile A (1:3)
mixture of
i-^S-bromo-propoxyJ-pheny^-cyclohexanecarbonitrile and
1-[4-(3-chloro-propoxy)-
phenyl]-cyclohexanecarbonitrile ( 150 mg, 0.54 mmol),
L/,L/-diisopropylethylamine (188 mL, 1.08 mmol) and
2,2-dimethyl-pyrrolidine (131 mg, 1.08 mmol) in NMP
(0.5 mL) was heated at 18O0C in the microwave (Smith
Personal Synthesiser) for 600 seconds. The reaction
mixture was quenched with water ( 15 mL) and extracted
with ethyl acetate (2 x 15 mL), dried over Na2SO4
filtered and concentrated in vacuo. The compound was
purified by column chromatography on Biotage(r) silica
gel, eluting with dichloromethane:methanol:ammonia,
98:2:0.2 to 95:5:0.5 to give the title compound as a
brown oil (31 mg, 17 %). 1H NMR (400MHz, CDCI3) ,57.38
(d, 2H), 6.90 (d, 2H), 4.04 (t, 2H), 2.78 (t, 2H),
2.54 (t, 2H), 2.16-2.12 (m, 2H), 1.94 (pentet, 2H),
1.90-1 .64 (m, 11H), 1.20-1 .34 (m, 1H), 0.98 (s, 6H);
HRMS (ESI+) 341 .2588 (M+H)+. Example 117:
1-ri-(4-(3-r(2R)-2-(methoxymethyl)pyrrolidin-1-v
ppropocyyphenvDcvclohexyllmethanamineTo a stirred
suspension of LiAIH4 ( 1.0M in diethyl ether, 13.7 ml,
13.7 mmol) at 0C under an atmosphere of nitrogen was
added 1-(4-{3-[(2R)-2-(methoxymethyl)pyrrolidin-1-
yl]propoxy}phenyl)cyclohexanecarbonitrile (0.980 g,
2.7 mmol) in Et2O (15 mL) over 15 minutes maintaining
the temperature at 5 to 100C. The reaction mixture was
allowed to warm up to ambient temperature for 20
minutes then refluxed for 30 minutes until complete.
The reaction mixture was cooled to 00C, water (0.5 mL)
was added followed by NaOH (2.0M, 1.5 mL) and water
(0.5 mL). Ethyl acetate (5 mL) was added and the
mixture filtered through a short pad of celite,
eluting with ethyl acetate (2 x 15 mL). The organic
washings were dried over Na2SO4 and concentrated in
vacuo. The compound was purified by column
chromatography on Biotage(r) silica gel, eluting with
dichloromethane:methanol:ammonia, 98:2:0.2 to 95:5:0.5
to give the title compound as a clear oil (309 mg, 32
%). 1H NMR (400MHz, CDCI3) d 7.22 (d, 2H), 6.88 (d,
2H), 4.04-3.96 (m, 2H), 3.32 (m, 3H), 3.26-3.20 (m,
1H), 3.1 4-3.04 (m, 1H), 2.74-2.62 (m, 1H), 2.60 (s,
2H), 2.56-2.46 (m, 1H), 2.28 (quartet, 1H), 2.12-1 .98
(m, 4H), 1.96-1 .90 (m, 1H), 1.82-1 .70 (m, 2H),
1.68-1 .46 (m, 8H), 1.36-1 .30 (m, 3H); HRMS (ESI+)
361 .2850 (M+H)+. Example 118:
fri-(4-f3-rf3S)-3-methoxypyrrolidin-1-v
ppropoxy>-phenyl)-cvclohexynmethyl>amine To a stirred
suspension of LiAIH4 (1.0M in diethyl ether, 1.46 ml,
1.46 mmol) at 00C under an atmosphere of nitrogen was
added a solution of
1-(4-{3-[(3S)-3-methoxypyrrolidin-1-
yl]propoxy}phenyl)cyclohexanecarbonitrile (0.1 0 g,
0.29 mmol) in Et2O (2 mL) over 15 minutes maintaining
the temperature at 5 to 100C. The reaction mixture was
allowed to warm up to ambient temperature for 20
minutes then refluxed for 30 minutes until complete.
The reaction mixture was cooled to 00C, water (0.5 ml)
was added dropwise followed by sodium hydroxide (2.0M,
1.5 ml) and water (0.5 ml). Ethyl acetate (5 mL) was
added and the mixture filtered through a short pad of
celite, eluting with ethyl acetate (2 x 15 mL). The
organic washings were dried over Na2SO4 and
concentrated in vacuo. The compoundwas purified by
column chromatography on Biotage(r) silica gel,
eluting with dichloromethane:methanol:ammonia,
97:3:0.3 to 90:1 0:1 to give the title compound as a
clear oil (75 mg, 75 %). 1H NMR (400MHz, CDCI3) 7.20
(d, 2H), 6.86 (d, 2H), 4.02 (t, 2H), 3.94-3.88 (m,
1H), 3.28 (s, 3H), 2.76- 2.68 (m, 2H), 2.58-2.66 (m,
3H), 2.45-2.52 (m, 1H), 2.12-2.04 (m, 3H), 1.98
(pentet, 2H), 1.84-1 .74 (m, 1H), 1.56-1 .44 (m, 5H),
1.38-1 .30 (m, 3H), 1.16-1 .25 (m, 2H); HRMS (ESI+)
347.2693 (M+H)+. Example 119:
L/-methyl-1-(1-r4-(3-pyrrolidin-1-ylpropoxy)phenvncvcl
o-hexyl>methanamine To a stirred solution of
({1-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]cyclo-hexyl}me
thyl)amine (0.60 g, 1.90 mmol) and
L/,L/-diisopropylethylamine (330 ml_, 1.90 mmol) in
dry dichloromethane (6 mL) at 0  C was added dropwise
a solution of di-tert-butyldicarbonate (455 mg, 2.09
mmol) in dry dichloromethane (4 mL). The reaction was
allowed to warm to ambient temperature and stirred for
a further 2 hours. The reaction mixture was
concentrated in vacuo, partitioned between NaHCO3 (20
mL) and dichloromethane (20 mL) and extracted with a
further 20 mL of dichloromethane. The organic layers
were combined, dried over Na2SO4 and concentrated
under reduced pressure to provide the crude product.
The compound was purified by column chromatography on
silica gel, eluting with DCM/MeOH/NH 3 (95:5:0.5) to
give terf-butyl ({i- -
-pyrrolidin-i-ylpropoxyjphenyllcyclohexytymethylj-carb
amate as a clear oil (642 mg, 8 1 %). 1H NMR
complicated by the presence of rotamers. 1H NMR (400
MHz, CDCI3) d 7.24 (d, 2H), 6.90 (d, 2H), 4.1 2 (brs,
1H), 4.02 (t, 2H), 3.24-3.06 (m, 2H), 2.66 (t, 2H)
2.56-2.46 (m, 4H), 2.08-1 .94 (m, 4H), 1.84-1 .72 (m,
4H), 1.62-1 .54 (m, 4H), 1.48-1 .28 (m, 13H) LCMS
(ESI+) 417 (M+H) + 439 (M+Na) +. Step 2: A solution of
terf-butyl
({1-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]cyclohexyl}met
hyl)-carbamate (600 mg, 1.44 mmol) in Et2O (5 mL) was
added dropwise to a stirred solution of LiAIH4 ( 1.0M
solution in Et2O, 4.32 mL, 



4.32 mmol) at O0C. THF (5 mL) was added and the
reaction mixture heated at reflux overnight. Reaction
mixture was cooled to O0C quenched with water (0.5
mL), aqueous NaOH (2.0M, 0.5 mL) and water (0.5 mL).
Dichloromethane and ethyl acetate were added and the
mixture filtered over a short pad of celite, and
concentrated in vacuo. The compound was purified by
column chromatography on Biotage(r) silica gel,
eluting with dichloromethane:methanol:ammonia,
96:4:0.4 to 90:1 0:1 to give the title compound as a
clear oil (230 mg, 48 %). 1H NMR (400 MHz, CDCI3) d
7.16 (d, 2H), 6.88 (d, 2H), 4.02 (t, 2H), 2.64 (t, 2H)
2.54 (s, 2H), 2.50-2.58 (m, 4H), 2.26 (s, 3H),
2.14-2.08 (m, 2H), 1.98 (pentet, 2H), 1.84-1 .76 (m,
4H), 1.68-1 .56 (m, 2H), 1.52- 1.32 (m, 6H); HRMS
(ESI+) 331 .2744 (M+H) +.Example 120:
r(1-(4-r3-f2.2-dimethylpyrrolidin-1-vnpropoxyiphenylVc
vclo-hexyl)methvnamine To a stirred suspension of
LiAIH4 ( 1.0M in diethyl ether, 0.4 ml, 0.40 mmol) at
00C under an atmosphere of nitrogen was added
1-{4-[3-(2,2-dimethylpyrrolidin-1-yl)propoxy]phenyl}cy
clohexanecarbonitrile (27 mg, 0.079 mmol) in Et2O ( 15
mL) over 15 minutes maintaining the temperature at 5
to 10C. The reaction mixture was allowed to warm up to
ambient temperature for 20 minutes then refluxed for
30 minutes until complete. The reaction mixture was
cooled to 00C, water (0.5 mL) was added followed by
NaOH (2.0M, 1.5 mL) and water (0.5 mL). Ethyl acetate
(5 mL) was added and the mixture filtered through a
short pad of celite, eluting with ethyl acetate (2 x
15 mL) and concentrated in vacuo. The compound was
purified by column chromatography on Biotage(r) silica
gel, eluting with dichloromethane:methanol:ammonia,
97:3:0.3 to give the title compound as a clear oil (
10 mg, 37 %). 1H NMR (400 MHz, CDCI3) d 7.22 (d, 2H),
6.84 (d, 2H), 4.02 (t, 2H), 2.86-2.76 (m, 2H), 2.66
(s, 2H), 2.58- 2.50 (m, 2H), 2.1 6-2.06 (m, 2H),
2.00-2.90 (m, 2H), 1.84-1 .72 (m, 2H), 1.70-1 .64 (m,
2H), 1.56-1 .46 (m, 4H), 1.40-1 .32 (m, 4H), 1.02 (s,
6H). HRMS (ESI+) 345.2901 (M+H)+. Example 121 :
yV-ethyl-Af-((4-r4-(3-pyrrolidin-1-ylpropoxy)phenvntet
rahvdro-2tf-pyran-4- vDmethvDethanamine A solution of
L/-ethyl-L/-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]te
trahydro-2H-pyran-4-yl}methyl)acetamide ( 119mg, 0.307
mmol) in tetrahydrofuran (1 mL) was added dropwise at
O0C to a solution of LiAIH4 ( 1.0M in diethylether,
0.614 mL, 0.614 mmol) under an atmosphere of nitrogen.
The reaction mixture was allowed to warm to ambient
temperature overnight. The reaction mixture was cooled
to O0C, water (0.5 mL) was then added dropwise
followed by sodium hydroxide (2.0M, 0.5 mL) and water
(0.5 mL) again. The resulting solid was filtered over
a small pad of celite, washed with DCM ( 100 mL) and
concentrated in vacuo. The compound was purified by
column chromatography on Biotage(r) silica gel,
eluting with dichloromethane:methanol:ammonia,
94.5:5.5:0.55 to 9 1:9:0.9 to give the title compound
as a pale yellow oil (61 mg, 53%).1H NMR (400 MHz,
CDCI3) d 7.1 8 (d, 2H), 6.86 (d, 2H), 4.02 (t, 2H),
3.70-3.78 (m, 2H), 3.48 (dt, 2H), 2.64 (t, 2H),
2.58-2.46 (m, 4H), 2.38 (s, 2H), 2.20 (quartet, 4H),
2.13-1 .96 (m, 4H), 1.92-1 .86 (m, 2H), 1.82-1 .78 (m,
4H), 0.82 (t, 6H); HRMS (ESI+) 375.3006 (M+H)+.
Example 122:
JV-ethyl-M-((4-r4-(3-pyrrolidin-1-ylpropoxy)phenvntetr
ahvdro-2H-pyran-4- yllmethvDacetamide Acetyl chloride
(14 mL, 0.20 mmol) was added dropwise to a solution of
L/-({4-[4-(3-pyrrolidin-1-
ylpropoxy)phenyl]tetrahydro-2/-/-pyran-4-yl}methyl)eth
anamine (70 mg, 0.20 mmol) and triethylamine (28 mL,
0.20 mmol) in THF (0.50 mL) at O0C and the reaction
stirred for 2 hours. The reaction was quenched using
NaHCO 3 ( 10 mL), extracted with dichloromethane (3 x
10 mL) and the organic extracts dried over Na2SO4,
filtered and concentrated in vacuo. The compound was
purified by column chromatography on silica, eluting
with DCM/MeOH/NH 3 (95:5:0.5) to provide the title
compound as a clear oil (33 mg, 42 %). 1H NMR
complicated by the presence of rotamers. 1H NMR (400
MHz, CDCI3) d 7.20-7.1 2 (m, 2H), 6.92-6.86 (m, 2H),
4.06-4.00 (m, 2H), 3.88-3.76 (m, 2H), 2.56-2.48 (m,
2H), 3.42 (s, 2H), 2.66 (t, 2H), 2.58-2.52 (m, 4H),
2.48 (quartet, 2H), 2.08 (s, 3H), 2.06-1 .92 (m, 6H),
1.84-1 .76 (m, 4H), 0.98 (t, 0.6 H) 0.86 (t, 2.4H).
HRMS (ESI+) 389.2799 (M+H) +. Example 123:
L/-methyl-A/-(f4-r4-(3-pyrrolidin-1-ylpropoxy)phenvn-t
etrahvdro-2i Lf-pyran-4- ylknethvPethanesulfonamide
Ethanesulfonyl chloride (43 mL, 0.456 mmol) was added
dropwise to a solution of triethylamine (58 mL, 0.41 8
mmol) and
L/-methyl-1-{1-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]cyc
lohexyl}methanamine (125 mg, 0.38 mmol) in
dichloromethane ( 1 mL) at O0C and the reaction
stirred for 30 minutes. The reaction was quenched with
NaHCO3 (20 mL), extracted using dichloromethane (3 x
10 mL), dried using Na2SO4 and concentrated in vacuo.
The compound was purified by column chromatography on
Biotage(r) silica gel, eluting with
dichloromethane:methanol:ammonia, 98:2:0.2 to 96:4:0.4
to give the title compound as a pale brown oil ( 152
mg, 94%).1H NMR (400 MHz, CDCI3) d 7.24 (d, 2H), 6.90
(d, 2H), 4.04 (t, 2H), 3.84-3.76 (m, 2H), 2.56-2.50
(m, 2H), 3.26 (S, 2H), 2.88 (quartet, 2H), 2.68 (t,
2H), 2.60-2.52 (m, 4H), 2.22 (s, 3H), 2.30-2.1 2 (m,
2H), 2.02 (pentet, 2H), 1.98-1 .90 (m, 2H), 1.86-1 .78
(m, 4H) 1.34 (t, 3H); HRMS (ESI+) 425.2469 (M+H)+.
Example 124: L^methyl- L
((4-r4-(3-pyrrolidm-1-ylpropoxy)phenylHetrahvdro-2H-py
ran-4- yllmethvhpropane-1 -sulfonamide
n-Propylsulfonyl chloride (33 mL, 0.289 mmol) was
added dropwise to a solution of triethylamine (37 ml_,
0.265 mmol) and
L/-methyl-1-{1-[4-(3-pyrroIidin-1-ylpropoxy)phenyl]cyc
lohexyl}methanamine (80 mg, 0.24 mmol) in
dichloromethane ( 1 mL) at O0C and the reaction
stirred for 1 hour. The reaction was quenched with
NaHCO 3 (20 mL), extracted using dichloromethane (3 x
15 mL), dried using Na2SO4 and concentrated in vacuo.
The compound was purified by column chromatography on
Biotage(r) silica gel, elutipg with
dichloromethane:methanol:ammonia, 98:2:0.2 to 92:8:0.8
to give the title compound as a pale brown oil (62 mg,
59%). 1H NMR (400 MHz, CDCI3) d 7.22 (d, 2H), 6.90 (d,
2H), 4.02 (t, 2H), 3.82-3.74 (m, 2H), 3.50 (dt, 2H),
3.20 (s, 2H), 2.74 (dt, 2H), 2.64 (t, 2H), 2.56-2.48
(m, 4H), 2.20 (s, 3H), 2.1 8-2. 12 (m, 2H), 2.02
(pentet, 2H), 1.98-1 .84 (m, 2H), 1.82-1 .68 (m, 6H)
1.00 (t, 3H); HRMS (ESI+) 439.2625 (M+H)+. Example
125:
yV-ethyl-L/-((4-f4-(3-pyrrolidin-1-ylpropoxy)phenvntet
rahvdro-2W-pyran-4- yllmethvDmethanesulfonamide
Methanesulfonyl chloride ( 19 mL, 0.24 mmol) was added
dropwise to a solution of triethylamine (31 mL, 0.22
mmol) and
L/-({4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-
2H-pyran-4-yl}methyl)ethanamine (70 mg, 0.20 mmol) in
dichloromethane (0.5 mL) at O0C then was allowed to
warm to ambient temperature and stirred overnight. The
reaction was quenched with NaHCO 3 ( 10 mL), extracted
using dichloromethane (3 x 15 mL), dried using Na2SO4
and concentrated in vacuo. The compound was purified
by column chromatography on Biotage(r) silica gel,
eluting with dichloromethane:methanol:ammonia,
96.5:3.5:0.35 to 95:5:0.5 to give the title compound
as a pale brown oil (60 mg, 7 1%).1H NMR (400 MHz,
CDCi 3) d 7.24 (d, 2H), 6.90 (d, 2H)14.02 (t, 2H),
3.84-3.72 (m, 2H), 3.50 (dt, 2H), 3.28 (s, 2H),
2.72-2.60 (m, 7H), 2.58-2.52 (m, 4H), 2.16 (m, 2H),
2.04 (pentet, 2H), 1.96-1 .90 (m, 2H), 1.84- 1.76 (m,
4H), 0.90 (t, 3H); HRMS (ESI+) 425.2469 (M+H)+.
Example 126:
Lf-ethyl-L/-((4-r4-(3-pyrrolidin-1-ylpropoxy)phenv
ptetrahvdro-2H-pyran-4- yl)methyl)ethanesulfonamide
Ethanesulfonyl chloride (26 ml_, 0.28 mmol) was added
dropwise to a solution of triethylamine (35 ml_, 0.25
mmol) and L/-({4-[4-(3-pyrrolidin-1
-ylpropoxy)phenyl]tetrahydro-2H-pyran-4-yl}methyl)etha
namine (78 mg, 0.23 mmol) in dichloromethane (0.5 mL)
at O0C allowed to warm to ambient temperature and
stirred overnight. The reaction was quenched with
NaHCO3 ( 10 mL), extracted using dichloromethane (3 x
10 mL), dried using Na2SO4 and concentrated in vacuo.
The compound was purified by column chromatography on
Biotage(r) silica gel, eluting with
dichloromethane:methanol:ammonia, 96.5:3.5:0.35 to
95:5:0.5 to give the title compound as a pale brown
oil (55 mg, 54%). 1H NMR (400 MHz, CDCI3) d 7.24 (d,
2H), 6.90 (d, 2H), 4.02 (t, 2H), 3.84-3.72 (m, 2H),
3.48 (t, 2H), 3.32 (s, 2H), 2.76 (quartet, 2H),
2.72-2.60 (m, 4H), 2.60-2.48 (m, 4H), 2.20-2.08 (m,
2H), 2.04 (pentet, 2H), 1.98-1 .90 (m, 2H), 1.86-1 .76
(m, 4H), 1.30 (t, 3H), 0.88 (t, 3H). HRMS (ESI+)
439.2625 (M+H)+. Example 127:
LW4-r4-(3-pyrrolidin-1-ylpropoxy)phenv
ptetrahvdro-2tf-pyra p-4- vDmethvOethanamine LiAIH4 (
1.0M in diethylether, 4.72 mL, 4.72 mmol) was added
dropwise at O0C to a solution of (L/-{4-[4-(3-
pyrrolidin-1-yl-propoxy)-phenyl]-tetrahydro-pyran-4-yl
methyl}-acetamide (848 mg, 2.36 mmol) in
tetrahydrofuran (2 mL) under an atmosphere of
nitrogen. The reaction mixture was allowed to warm to
ambient temperature for 2 hours then heated to 50C for
10 hours. The reaction mixture was cooled to O0C,
water (3 mL) was added dropwise followed by sodium
hydroxide (2.0M, 6 mL) and water (3 mL). The resulting
solid was filtered over a small pad of celite, washed
with Et2O/DCM (1:1 6 x 50 mL) and concentrated in
vacuo to give the title compound as a pale yellow
solid (635 mg, 78 %).1H NMR (400 MHz, CDCI3) d 7.20
(d, 2H), 6.88 (d, 2H), 4.02 (t, 2H), 3.80-3.68 (m,
2H), 3.55 (dt, 2H), 2.68 



(s, 2H), 2.60 (t, 2H), 2.58-2.42 (m, 6H), 2.1 8-2.08
(m, 2H), 2.00 (pentet, 2H) 1.94-1 .86 (m, 2H), 1.84-1
.76 (m, 4H), 1.92 (t, 3H). HRMS (ESI+) 347.2693
(M+H)+. Example 128:
L/-methyl-LW444-(3-pyrrolidin-1-ylpropoxy)phenv
ptetra-hvdro-2H-pyran-4- yllmethyltethanamine A
solution of LiAIH4 ( 1.0M in diethylether, 1.20 mL,
0.60 mmol) was added dropwise at O0C to a solution of
L/-methyl-L/-{4-[4-(3-pyrrolidin-1-yl-propoxy)-phenyl]
-tetrahydro-pyran-4-ylmethyl}-acetamide (220 mg, 0.60
mmol) in tetrahydrofuran ( 1 mL) under an atmosphere
of nitrogen. The reaction mixture was allowed to warm
to ambient temperature overnight. The reaction mixture
was cooled to O0C, water ( 1 mL) was added dropwise
followed by sodium hydroxide (2.0M, 3 mL) and water (
1 mL). The resulting solid was filtered over a small
pad of celite, washed with DCM ( 150 mL) and
concentrated in vacuo. The compound was purified by
column chromatography on Biotage(r) silica gel,
eluting with dichloromethane:methanol:ammonia,
97.5:2.5:0.25 to 95.5:4.5:0.45 to give the title
compound as a pale yellow oil ( 114 mg, 88%). 1H NMR
(400 MHz, CDCI3) d 7.18 (d, 2H), 6.86 (d, 2H), 4.04
(t, 2H), 3.78-3.70 (m, 2H), 3.52 (dt, 2H), 2.66 (t,
2H), 2.52-2.66 (m, 4H), 2.38 (s, 2H), 2.1 8 (quartet,
2H), 2.00-2.1 2 (m, 4H), 1.92-1 .86 (m, 5H), 1.82-1
.76 (m, 4H), 0.86 (t, 3H); HRMS (ESI+) 361 .2850
(M+H)+. Intermediate 47:
4-(4-(3-r(2S)-2-methylpyrrolidinyllpropoxy)phenyl)-tet
rahvdro-2H-pyran-4- carbonitrile A solution of
4-(4-hydroxy-phenyl)-tetrahydro-pyran-4-carbonitrile
(203 mg, 1.0 mmol) and tri-p- butylphosphine (299 m!_,
1.20 mmol) in toluene (6 mL) were added to a solution
of 3-[(2R)-2- methylpyrrolidin-1-yl]propan-1-ol ( 172
mg, 1.20 mmol) in toluene (6 mL) and tetrahydrofuran
(2 mL) at ambient temperature. 1'1-azobis( L/
,L/-dimethyIformamide) (206 mg, 1.20 mmol) was added
and the reaction heated to 850C overnight. The
reaction mixture was concentrated in vacuo followed by
addition on dichloromethane (30 mL). The organic
solution was then washed with NaOH (2.0M, 2 x 20 mL),
dried with Na2SO4 and concentrated in vacuo. The
compound was purified by column chromatography on
Biotage(r) silica gel, eluting with
dichloromethane:methanol:ammonia, 98:2:0.2 to 96:4:0.4
to give the title compound as a pale yellow oil (70mg,
2 1%). HRMS (ESI+) 329.2224 (M+H)+. Example 129:
4-(4-(3-r(2/?)-2-methylpyrrolidin-1-v
ppropoxy^phenvh-tetra-hvdro-2H-pyran-4- carboxylic
acidA solution of
4-(4-{3-[(2S)~2-methylpyrrolidinyl]propoxy}phenyl)tetr
ahydro-2H-pyran-4-carbonitrile (70 mg, 0.21 mmol) in
concentrated hydrochloric acid ( 1 mL) was heated at
reflux for 3 days. A further 2mL of concentrated
hydrochloric acid was added and the reaction heated at
reflux for a further 2 days. The solution was
evaporated to dryness in vacuo, triturated using
acetone and azeotroped with toluene to give a pale
brown solid (51 mg, 73 %). 1H NMR (400 MHz, CDCI3) d
7.36 (d, 2H), 6.94 (d, 2H), 4.12 (t, 2H), 3.92-3.84
(m, 2H), 3.76-3.46 (m, 6H), 2.54-2.44 (m, 2H),
2.20-2.02 (m, 1H), (m, 8H), (m, 3H); HRMS (ESI+)
348.2170 (M+H)+. Intermediate 48: tert-butyl
4-f4-(4-cvanotetrahvdro-2tf-pyran-4-yl)phenoxy1-1-pipe
ridinecarboxylate terf-Butyl
4-[(methylsulfonyl)oxy]-1-piperidinecarboxylate
(1.35g, 4.93mmol), 4-(4-
hydroxyphenyl)tetrahydro-2H-pyran-4-carbonitrile
(LOOg, 4.93mmol) and potassium carbonate (1.36g,
9.85mmol) were stirred in 10ml DMF at 560C for 28
hours. The reaction mixture was partitioned between
ethyl acetate (50ml) and water (50ml). The ethyl
acetate was dried over Na2SO4 and concentrated under
reduced pressure. The crude product was then purified
by column chromatography on silica gel eluting with 2%
diethylamine in ethylacetate. This only gave a poor
separation, so the impure material was triturated with
diisopropylether (20ml) to give a white powder (1.5g).
This solid was dissolved in diethylether (100ml) and
washed with 2M NaOH (50ml) then with water (50ml). The
diethylether was dried over Na2SO4 and evaporated to
give tert-butyl
4-[4-(4-cyanotetrahydro-2/V-pyran-4-yl)phenoxy]-1-
piperidinecarboxylate as white crystals (740mg, 39%).
Intermediate 49: 4-r4-(4-piperidinyloxy)phenv
ptetrahvdro-2tf-pyran-4-carbonitrile terf-Butyl
4-[4-(4-cyanotetrahydro-2W-pyran-4-yl)phenoxy]-1
-piperidinecarboxylate (720mg) was dissolved in
dichloromethane (50ml) at O0C. TFA (10ml) was added
and the mixture stirred whilst warming to room
temperature over 2 hours. The reaction mixture was
then concentrated in vacuo, and partitioned between
dichloromethane (80ml) and 0.5M NaOH (50ml). The
dichlorormethane solution was dried over Na2SO4 and
evaporated to give
4-[4-(4-piperidinyloxy)phenyl]tetrahydro-2H-pyran-4-ca
rbonitrile as a colurless oil which crystallized on
standing (500mg, 94%). Example 130:
4-f4-f(1-cvclobutyl-4-piperidinyl)oxy1phenyl}tetrahvdr
o-2tf-pyra
p-4-carbonitrile4-[4-(4-Piperidinyloxy)phenyl]tetrahyd
ro-2f/~pyran-4-carbonitrile (130mg, 0.45mmol) and
cyclobutanone (140ml , 1.9mmol) were stirred in THF
(2ml) and acetic acid (26ml, 0.45mmol) at ambient
temperature for 15 mins. Sodium triacetoxyborohydride
(340mg, 1.6mmol) was added and the mixture stirred for
18 hrs. The reaction was quenched by adding 10%
aqueous Na2CO3 (5ml) and then partitioned between
ethyl acetate (50ml) and water (30ml). The organics
were dried over Na2SO4 and evaporated to give a solid
which was purified by column chromatography on silica
gel eluting with dichloromethane:metha pol:ammo pia,
98:2:0.2 to 94:6:0.6 to give the product which was
then crystallized from diisopropylether (5ml) to give
4-{4-[(1-cyclobutyl-4-piperidinyl)oxy]phenyl}tetrahydr
o-2W-pyra p-4- carbonitrile as a white powder (50mg,
33%). 1H NMR (400MHz, CDCI3) d 7.38 (d, 2H), 6.93 (d,
2H), 4.33 (m, 1H), 4.08 (m, 2H), 3.89 (m, 2H), 2.75
(pentet, 1H), 2.62 (m, 2H), 2.20-1.58 (m, 16H) Example
131 :
4-f4-rf1-isopropylpiperidin-4-yl)oxy1phenyl}tetrahvclr
o-2tf-pyran-4-carboxamide
4-[4-(1-lsopropylpiperidin-4-yloxy)phenyl]tetrahydropy
ran-4-carbonitrile (50 mg, 0.152 mmof) was combined
with boron trifluoride-acetic acid complex (500 ml_,
3.6 mmol) and stirred at ambient temperature for 18
hours, followed by 650C for 3 hours. The reaction
mixture was allowed to cool and then basified with
saturated NaHCO3 solution (15 mL). The product was
extracted with dichloromethane (2 x 35 mL). The
combined organic extracts were dried using Na2SO4
filtered and concentrated in vacuo. The compound was
purified by column chromatography on silica gel (15
g), eluting with dichloromethane:methanol:ammonia,
(96:4:0.4) to dichlorornethane:methanol:ammonia,
(90:10:1) to give the title compound as a white solid
(22 mg, 42%). 1H NMR (400 MHz, CD3OD) 7.3 (d, 2H), 6.9
(d, 2H), 4.4 (m, 1H), 3.8 (m, 2H), 3.65 (m, 2H),
2.78-2.85 (m, 3H), 2.5 (m, 2H), 2.4 (d, 2H), 1.95-2.08
(m, 4H), 1.8 (m, 2H), 1.1 (d, 6H) Example 132:
4-(44(1-isopropylpiperidi
p-4-yl)oxyiphenyl}tetrahvdro-2ff-pyran-4-carboxylic
acid4-[4-(1-lsopropylpiperidin-4-yloxy)phenyl]tetrahyd
ropyran-4-carbonitrile (1g, 3 mmol) and concentrated
hydrochloric acid (10 mL) were combined and heated at
reflux for 44 hours. Reaction mixture was concentrated
in vacuo the resulting grey solid was triturated with
acetone (20 mL) to give a cream coloured solid. The
compound was purified using an SCX isolelute column
flushed with methanol (60 mL) and then flushed with 2M
NH3 in methanol (150 mL). The title compound was
isolated as a cream coloured solid (550mg, 52%). 1H
NMR (400 MHz, CD3OD) d I A (d, 2H), 6.9 (d, 2H), 4.4
(m, 1H), 3.85 (m, 2H), 3.65 (m, 2H), 3.4 (m, 1H), 3.2
(m, 2h), 3.03 (m, 2H), 2.5 (m, 2H), 2.0- 1.8 (m, 6H),
1.3 (d, 6H) Example 133:
4-(4-r(1-isopropylpiperidin-4-yl)oxyiphenvn-A/.A/-dime
thyltetrahvdro-2//-pyran-4- carboxamide
4-{4-[(1-lsopropylpiperidin-4-yl)oxy]phenyl}tetrahydro
-2/-/-pyran-4-carboxylic acid (150 mg, 3.9 mmol), O-
(1H-benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (222 mg, 5.8 mmol), dimethylamine
hydrochloride (96mg, 1.1 mmol), pyridine (126uL, 1.56
mmol) were combined and dissolved in dimethylformamide
(2 mL). The reaction mixture was stirred at ambient
temperature for 18 hours. Further
0-(1H-benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (222 mg, 5.8 mmol) and
dimethylamine in ethanol (33%) (500 mL) was added and
the reaction mixture was stirred at ambient
temperature for 18 hours. The reaction mixture was
diluted with water (20 mL) and was then extracted with
ethyl acetate (2 x 40 mL). The combined organic
extracts were dried using Na2SO4, filtered and
concentrated in vacuo. The compound was purified by
column chromatography on silica gel, eluting with
dichloromethane:methanol:ammonia (97:3:0.3) to
dichloromethane:methanol:ammonia (90:10:1) to give a
compound as a clear colourless oil. This was dissolved
in ethyl acetate (70 mL) and washed with saturated
NaHCO3 solution (2 x 10 mL). The organic extract was
dried using Na2SO4, filtered and concentrated in vacuo
to give the title compound as a clear crystaline solid
(72mg, 50%). 1H NMR (400 MHz1CD3OD) <?7.2 (d, 2H),
6.95 (d, 2H), 4.4 (m, 1H), 3.85 (m, 2H), 3.7 (m, 2H),
2.9-2.5 (m, 11H), 2.28 (m, 2H), 2.0 (m, 4H), 1.8 (m,
2H), 1.1 (d, 6H) Example 134:
4-f4-r(1-isopropylpiperidin-4-vhoxyiphenvn-A/,
L/-diethyltetra-hvdro-2H-pyran-4- 



carboxamide4-{4-[(1-lsopropylpiperidin-4-yl)oxy]phenyl
}tetrahydro-2H-pyran-4-carboxylic acid (86mg, 0.2
mol), diethylamine (27 ml_, 0.26 mmol),
O-OH-benzotriazol-i-yO-N.N.N'.N'-tetramethyluronium
hexafluorophosphate (108mg, 0.29 mmol), pyridine (53
uL, 0.66 mmol) were combined and dissolved in
dimethylformamide (1.5 mL). The reaction mixture was
stirred at 6O0C for 5 hours. Further diethylamine was
added (500 ml_). The reaction mixture was stirred at
ambient temperature for 60 hours. The reaction mixture
was diluted with water (25 mL), and extracted with
ethyl acetate (2 x 35 mL). The combined organics were
dried using Na2SO4, filtered and concentrated in
vacuo. The compound was purified by column
chromatography using 15g of silica gel, eluting with
dichloromethane:methanol:ammonia (96:4:0.4) to
dichloromethane:methanol:ammonia (90:10:1) to give the
title compound as a clear yellow oil (10mg, 11%). 1H
NMR (400 MHz, CD3OD) <?7.2 (d, 2H), 6.95 (d, 2H), 4.4
(m, 1H), 3.85-3.7 (m, 4H), 3.3 (m, 2H), 3.05- 2.9 (m,
5H), 2.6 (m, 2H), 2.25 (d, 2H), 2.0 (m, 4H), 1.8 (m,
2H), 1.1 (m, 9H), 0.63(m, 3H) Example 135:
4-f4-r(1-isopropylpiperidin-4-yl)oxyiphenyl)tetrahvdro
-2H-pyran-4- vHcarbonyllpyrrolidine
4-{4-[(1-lsopropylpiperidin-4-yl)oxy]phenyl}tetrahydro
-2/-/-pyran-4-carboxylic acid (93mg, 0.27 mmol) was
supended in dimethylformamide (3mL),
O-(1H-benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (203mg, 0.53 mmol), and
triethylamine (112mL, 0.8 mmol) were added. The
reaction mixture was stirred at ambient temperature
for 1 hour. Pyrrolidine (300mL) was added and the
reaction mixture was stirred at ambient temperature
for 2.5 hours. The reaction mixture was concentrated
in vacuo, then partitioned between saturated NaHCO3
solution (50 mL) and dichloromethane (2 x 75 mL). The
combined organics were dried using Na2SO4, filtered
and concentrated in vacuo. The compound was purified
by column chromatography using 2Og of silica gel,
eluting with dichloromethane:methanol:arnmonia
(96:4:0.4) to dichloromethane:methanol:ammonia
(94:6:0.6) to give the title compound as a clear oil
(34mg, 32%). 1H NMR (400 MHz, CD3OD) J7.2 (d, 2H), 6.9
(d, 2H), 4.4 (m, 1H), 3.85-3.7 (m, 4H), 3.45 (m, 2H),
2.95 (m, 2H), 2.8-2.7 (m, 3H), 2.5 (m, 2H), 2.3 (m,
2H), 2.0 (m, 4H), 1.8-1.7 (m, 4H), 1.6 (m, 2H), 1.1
(d, 6H). Intermediate 50:
4-r4-(3-pyrrolidin-1-ylpropoxy)phenvntetrahvdro-2H-pyr
an-4-carbothioamide4-[4-(3-Pyrrolidin-1-yl-propoxy)-ph
enyl]-tetrahydro-pyran-4-carbonitrile (2g, 6.4 mmol),
diethyl dithiophosphate ( 15 ml_, 8.9 mmol), and water
( 1.5 mL) were combined and stirred at ambient
temperature for 5 hours, 55 0C for 2 hours then 7O0C
for 2 hours. The reaction mixture was diluted with
dichloromethane (10OmL) and basified to pH 8 with a
saturated solution of NaHCO3 in water, and solid
NaHCO3. The layers were separated, and further
dichloromethane (100 mL) was used to extract the
product. The combined organics were dried using Na2SO4
filtered and concentrated in vacuo to leave a yellow
oil. The compound was purified with column
chromatography on 5Og of silica, eluting with
dichloromethane:methanol:ammonia (96:4:0.4) to
dichloromethane:methanol:arnmonia (90:10:1) to give a
clear oil. The clear oil was dissolved in ethyl
acetate ( 150 mL) and washed with 10% Na2CO3 solution.
The organic layer was dried using Na2SO4, filtered and
concentrated in vacuo to give the title compound as a
white solid (0.61 g, 28%). Example 136:
4-methyl-2-r4-(4-(3-pyrrolidin-1-ylpropoxy)phenyl)tetr
ahydro-2//-pyran-4-vn-1 ,3- thiazole
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenylJtetrahydro-2H-py
ran-4-carbothioamide ( 100mg, 0.29 mmol),
chloroacetone (46 mL, 0.57 mmol) and ethanol (5 mL)
were combined and heated at reflux for 18 hours. The
reaction mixture was concentrated in vacuo to give a
cream coloured solid. This was dissolved in
dichloromethane (100 mL) and washed with saturated
NaHCO3 solution (50 mL). The organic extract was dried
using Na2SO4, filtered and concentrated in vacuo. The
compound was purified by column chromatography using
15g of silica gel, eluting with
dichloromethane:methanol:ammonia (97:3:0.3) to
dichloromethane:methanol:ammonia (94:6:0.6) to give
the title compound as a white solid (68mg, 6 1%). 1H
NMR (400 MHz, CDCI3) 7.3 (d, 2H), 6.9 (d, 2H), 6.75
(s, 1H), 4.0 (t, 2H), 3.83 (m, 2H), 3.7 (m, 2H),
2.75-2.58 (m, 8H), 2.4 (s, 3H), 2.35 (m, 2H), 2.03 (m,
2H), 1.8 (m, 4H) Example 137: 2-r4-(4-(3-pyrrolidin-1
-ylpropoxy)prienyl)tetrahvdro-2H-pyran-4-vn-1,3-thiazo
le
4-[4-(3-Pyrrolidin-1-ylpropoxy)phenyl]tetrahydro-2H-py
ran-4-carbothioamide ( 150 mg, 0.43 mmol),
bromoacetaldehyde diethylacetal (67 mL, 0.43 mmol),
concentrated hydrochloric acid (5 drops) andethanol
were combined and heated at reflux for 5 hours. The
reaction mixture was concentrated in vacuo and
partitioned between 10% Na2CO3 (2OmL) and
dichloromethane (2 x 35 mL). The combined organics
were dried using Na2SO4, filtered and concentrated in
vacuo. The compound was purified using column
chromatography using 15g of silica gel, eluting with
dichloromethane:methanol:ammonia (95:5:0.5) to give a
cream coloured solid. This was triturated with 3ml_ of
diethyl ether to give the title compound as a cream
coloured solid (25mg, 16%). 1H NMR (400 MHz, CD3OD)
7.7 (s, 1H), 7.45 (s, 1H), 7.3 (d, 2H), 6.9 (d, 2H),
4.0 (t, 2H), 3.8 (m, 2H), 3.7 (m, 2H), 2.85-2.75 (m,
6H), 2.6 (m, 2H), 2.4 (m, 2H), 2.03 (m , 2H), 1.9 (m,
4H) Intermediate 51:
(4-(4-r(1-isopropylpiperidin-4-yl)oxyTphenyl}tetrahvdr
o-2A/-pyran-4-yl)methylamine To a stirred solution
4-[4-(1-isopropylpiperidin-4-yloxy)phenyl]tetrahydropy
ran-4-carbonitrile (2.5 g, 7.62 mmol) in dry diethyl
ether (15 ml) at 00C was added dropwise a solution of
LiAIH4 ( 1.0M solution in Et2O, 22.87 ml, 22.9 mmol).
Reaction stirred at 00C for 30 mins, then warmed up to
ambient temperature overnight under a nitrogen
atmosphere until complete. The reaction was cooled to
00C, water (0.9 ml) was added dropwise followed by
sodium hydroxide (2.0M, 0.9 ml) and water (2.7 ml).
Dichloromethane (25 ml) and methanol ( 1 ml) were
added and the mixture filtered through a short pad of
arbocel, eluting with 2% methanol in dichloromethane
(200 ml). The organic washings were dried over Na2SO4
and concentrated in vacuo to give the title compound
as an orange oil (2.59 g, 100%). Intermediate 52:
fert-butyl r4-(4-r(1
-isopropylpiperidin-4-yl)oxyiphenyl)tetrahvdro-2H-pyra
n-4- vHmethylcarbamate To a stirred solution of
(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydr
o-2/-/-pyran-4-yl)methylamine (600 mg, 1.81 mmol) and
triethylamine (578 ml. 5.42 mmol) in dichloromethane
(2.5 ml) at 0C, was added dropwise a solution of
di-terf-butyldicarbonate (540 ml , 2.35 mmol) in
dichloromethane (2.5 ml). Solution stirred at 00C for
2 hours then allowed to warm up to ambient temperature
and stirred until reaction complete. Reaction mixture
diluted with dichloromethane (10 ml), washed with
water (3 x 10 ml) then brine (2 x 10 ml). Organic
washings dried over Na2SO4 and concentrated in vacuo.
The compound was purified by column chromatography on
silica gel, eluting with
dichloromethane:methanol:ammonia, 100:0:0 to
96:4:0:0.4 to give the title compound as a foam (532
mg, 68%). Example 138:
L/-r(4-f4-r(1-isopropylpiperidin-4-yl)oxyiphenylUetrah
vdro-2H-pyran-4-yl)methvn- L- methvlamine To a stirred
solution of terf-butyl
[4-(4-[(1-isopropylpiperidin-4-yl)oxy]phenyl)tetrahydr
o-2/7-pyran-4- yrjmethylcarbamate (532 mg, 1.23 mmol)
in THF (3.5 ml) at 00C was added dropwise a solution
of LiAIH4 ( 1.0M solution in Et2O, 3.69 ml, 3.69
mmol). Reaction stirred for 60 hours at ambient
temperature beforea further dropwise addition of
LiAIH4 ( 1.0M solution in Et2O, 0.6 ml, 0.6 mmol).
Heated at 40C until reaction complete. The reaction
was then cooled to 00C, water (0.2 ml) was added
dropwise followed by sodium hydroxide (2.0M, 0.2 ml)
and water (0.6 ml). 1% methanol in dichloromethane (
10ml) was added and the mixture filtered through a
short pad of arbocel, eluting with 1% methanol in
dichloromethane (25 ml). The organic washings were
dried over Na2SO4 and concentrated in vacuo to give
the title compound as a solid (399 mg, 94%). 1H NMR
(400MHz, CDCI3) d 7.20 (d, 2H), 7.88 (d, 2H),
4.22-4.34 (m, 1H), 3.70-3.80 (m, 2H), 3.60-4.01 (d,
2H), 2.70-2.88 (m, 3H), 2.64 (s, 2H), 2.32-2.44 (m,
2H) 2.24 (s, 3H), 2.1 0-2. 18 (M, 2H), 1.99-2.08 (m,
2H), 1.79-1 .96 (m, 4H), 1.03 (d, 6H). Example 139:
L/-ir4-(4-r(1-isopropylpiperidin-4-yl)oxylphenyl)tetra
hvdro-2H-pyran-4-yllmethyl>- L- methylacetamide To a
stirred solution of
L/-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetra
hydro-2/-/-pyran-4-yl)methyl]- L/- methylamine ( 120
mg, 0.347 mmol) and triethylamine (12 1 ml, 0.867
mmol) in dichloromethane ( 1ml) at 00C was added
dropwise acetic anhydride (36 ml, 0.382 mmol). The
reaction mixture was warmed to ambient temperature
until reaction complete. Water ( 1 ml) and
dichloromethane ( 15 ml) added to the reaction, the
extracted with saturated NaHCO3 (2 x 10 ml). Organic
washings were dried over Na2SO4 and concentrated in
vacuo to give the title compound as an oil ( 113 mg,
83%). 1H NMR (400MHz, CDCI3) d 7.1 0-7.22 (2 doublets
due to rotamers, 2H), 6.80 (d, 2H), 4.24-4.38 (m, 1H),
3.79-3.80 (m, 2H), 3.42-3.60 (m, 2H), 2.70-2.90 (m,
3H), 2.39-2.48 (m, 2H), 3.20-3.35 (singlet and doublet
due to rotamers, 3H), 1.75-2.1 0 (m, 11H), 1.10 (d,
6H). 



Example 140: L/-(r4-(4-r(1
-isopropylpiperidin-4-yl)oxy1phenylHetrahvdro-2/7-pyra
n-4-yllmethyl>- L/- methylpropanam ide To a stirred
solution of
L/-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetra
hydro-2H-pyran-4-yl)methyl]- L/- methylamine ( 120 mg,
0.347 mmol) and triethylamine ( 12 1 ml, 0.867 mmol)
in dichloromethane ( 1 ml) at 00C was added dropwise
propionic anhydride (44 ml , 0.382 mmol). Reaction
allowed to warm up toambient temperature until
reaction complete. Water (0.5 ml) and dichloromethane
( 15 ml) added to the reaction. The organic phase was
separated and extracted with saturated NaHCO 3 (3 x 10
ml). Organic washings were dried over Na2SO4 and
concentrated in vacuo to give the title compound as an
oil ( 153 mg, 82%). 1H NMR (400MHz, CD3OD) d 7.20-7.32
(2 doublets due to rotamers, 2H), 7.95 (d, 2H),
3.95-4.05 (m, 1H), 3.76-3.85 (m, 2H), 3.40-3.60
(multiple peaks due to rotamers, 4H), 2.70-2.88
(multiple peaks due to rotamers, 4H), 2.42-2.58 (m,
2H), 2.40 (s, 2H), 2.20-2.38 (m, 2H), 1.52-2.58
(several multiplets, 8H), 1.10 (d, 6H), 0.70-1 .08
(two triplets due to rotamers, 3H). Example 141 :
L/-IT4-(4-r(1-isopropylpiperidin-4-yl)oxy1phenyl)tetra
hvdro-2f/-pyran-4-vnmethyl)- acetamide To a stirred
solution of (4-{4-[(1
-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydro-2/-/-py
ran-4-yl)methylamine (250 mg, 0.753 mmol) and
triethylamine (200 ml. 1.88mmol) in dichloromethane
(2ml) was added dropwise acetic anhydride (78 ml,
0.828 mmol). Reaction left at ambient temperature
until reaction complete. Dichloromethane ( 10 ml)
added to the reaction, the organic phase extracted
with saturated NaHCO3 (3 x 10 ml). Organic washings
were dried over Na2SO4 and concentrated in vacuo to
give the title compound as an oil (203 mg, 72%). 1H
NMR (400MHz, CDCI3) d 7.1 9 (d, 2H), 6.94 (d, 2H),
4.95-5.02 (broad, 1H), 4.24-4.38 (m, 1H), 3.79- 3.88
(m, 2H), 3.52-3.64 (m, 2H), 3.45 (d, 2H), 2.70-2.88
(m, 3H), 2.36-2.45 (m, 2H), 1.98-2. 10 (m, 4H), 1.78-1
.90 (m, 7H), 1.05 (d, 6H). Example 142:
yV-r(4-(4-r(1-isopropylpiperidin-4-yl)oxy1phenylltetra
hvdro-2H-pyran-4-yl)metrivn- L/- ethylamine To a
stirred solution of
L/-{[4-(4-[(1-isopropylpiperidin-4-yl)oxy]phenyl)tetra
hydro-2f/-pyran-4-yl]methyl}- acetamide ( 192 mg, 0.51
3 mmol) in THF ( 1.5 ml) at 0C was added dropwise a
solution of LiAIH4 ( 1.0M solution in Et2O, 1.54 ml,
1.54 mmol). Reaction heated at 400C for 24 hours, then
increased to 5O0C. A further dropwise addition of
LiAIH4 ( 1.0M solution in Et2O, 2 ml, 2 mmol) and
further heating at 500C for 24hours was required for
reaction to reach completion. The reaction was then
cooled to 00C, water (0.15 ml) was added dropwise
followed by sodium hydroxide (2.0M, 0.1 5 ml) and
water (0.45 ml). 1% methanol in dichloromethane ( 15
ml) was added and the mixture filtered through a short
pad of Arbocel(r), eluting with 1% methanol in
dichloromethane (25 ml). The organic washings were
dried over Na2SO4 and concentrated in vacuo ( 185 mg
crude, 82%). The compound was purified by column
chromatography on silica gel, eluting with
dichloromethane:rnethanol:ammonia, 98:2:0.2, to give
the title compound as a white solid (9.9 mg, 4.4%). 1H
NMR (400MHz, CDCI3) d 7.20 (d, 2H), 7.88 (d, 2H),
4.24-4.56 (m, 1H), 3.71-3.82 (m, 2H), 3.52-3.63 (m,
2H), 2.72-2.88 (m, 3H), 2.70 (s, 2H), 2.46-2.52
(quartet, 2H), 2.34-2.42 (m, 2H), 1.78-2. 18 (several
multiplets, 8H), 1.08 (d, 6H), 0.96 (t, 3H). Example
143: /V-fr4-(4-r
-isopropylpiperidin-4-yl)oxylphenyl)tetrahvdro-2W-pyra
n-4-vnmethyl)-JVethylacetamide To a stirred solution
of
L/-[(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetra
hydro-2/-/-pyran-4-yl)methyl]- L/- ethylamine ( 102
mg, 0.283 mmol) and triethylamine (99 ml. 0.708 mmol)
in dichloromethane ( 1 ml) was added dropwise acetic
anhydride (29 ml, 0.312 mmol). Reaction left at
ambient temperature for 4 hours until reaction
complete. Water ( 1 ml) and dichloromethane (10 ml)
added to the reaction, the extracted with saturated
NaHCO3 (2 x 10 ml). Organic washings were dried over
Na2SO4 and concentrated in vacuo to give the title
compound as an oil ( 107mg, 94%). 1H NMR (400MHz,
CD3OD) d 7.20-7.31 (multiplet due to rotamers, 2H),
6.92-7.00 (multiplet due to rotamers, 2H), 4.36-4.46
(m, 1H), 3.70-3.88 (m, 2H), 3.20-3.55 (several peaks
due to rotamers, 4H), 2.78- 2.90 (m, 3H), 2.60, (q,
2H), 2.25-2.52 (multiple peaks due to rotamers, 2H),
1.70-2. 10 (multiple peaks, 11H), 1.10 (d, 6H), 0.80-1
.00 (two triplets due to rotamers, 3H). Example 144:
1-fr4-(4-r(1
-isopropylpiperidin-4-yl)oxy1phenyl)tetrahvdro-2/-/-py
ran-4- yllmethylipyrrolidin-2-oneTo a solution of
(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydr
o-2/Y-pyran-4-yl)methylamine (100 mg, 0.301 mmol) in
toluene (2 ml) was added ethyl-4-bromobutyrate (43 ml
, 0.301 mmol), N1Ndiisopropylethylamine (157 ml ,
0.904 mmol) and potassium iodide (5 mg, 0.030 mmol).
Reaction mixture heated at 800C for 48 hours, then
increased to reflux. Potassium carbonate (83 mg, 0.602
mmol) was added and reaction left at reflux for a
further 24 hours until reaction complete. Reaction
mixture was partitioned between ethyl acetate (20 mi)
and saturated NaHCO3 (10 ml). Organic washings were
dried over Na2SO4 and concentrated in vacuo to give a
brown oil (101 mg crude, 84%). The compound was
purified by column chromatography on silica gel,
eluting with dichloromethane:methanol:ammonia, 100:0:0
to 98:2:0.2, to give the title compound as an oil (7
mg, 6%). 1H NMR (400MHz, CDCI3) d 7.20 (d, 2H), 7.90
(d, 2H), 4.22-4.36 (m, 1H), 4.80-4.90 (m, 2H),
3.52-3.67 (m, 2H), 3.40 (s, 2H), 2.72-3.88 (several
multiplets, 3H), 2.50 (t, 2H), 2.34-2.44 (m, 2H),
2.21-2.30 (t, 2H), 1.60-2.10 (several multiplets,
10H), 1.08 (d, 6H). Example 145:
LKr4-(4-r(1-isopropylpiperidin-4-yl)oxy1phenyl)tetrahv
dro-2H-pyran-4- yllmethyl)pyrimidin-2-amine A mixture
of
(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydr
o-2/-/-pyran-4-yl)methylamine (150 mg, 0.422 mmol),
2-chloropyrimidine (52 mg, 0.422 mmol) and
L/,L/-diisopropylethylamine (161 ml , 0.904 mmol) in
L/-methyl pyrrolidinone (0.5 ml) was heated at 1500C
in the microwave (Smith Personal Synthesiser) for 900
seconds. The reaction mixture was partitioned between
ethyl acetate (10 ml) and saturated NaHCO3 (10 ml).
The organic washings were dried over Na2SO4 and
concentrated in vacuo to give an orange oil. The
compound was purified by column chromatography on
silica gel, eluting with
dichloromethane:methanol:ammonia, 100:0:0 to 96:4:0.4,
to give the title compound as a solid (87 mg, 47%). 1H
NMR (400MHz, CDCI3) d 8.20 (d, 2H), 7.21 (d, 2H), 6.90
(d, 2H), 6.48 (t, 2H), 4.71 (m, 1H), 4.20-4.35 (broad,
1H), 3.80-3.90 (m, 2H), 3.55-3.70 (multiple peaks,
4H), 2.70-2.90 (m, 3H), 2.32-2.49 (m, 2H), 1.78-2.19
(several multiplets, 8H), 1.10 (d, 6H). Example 146:
Lf-fr4-(4-(3-Pyrrolidin-1-ylpropoxy)phenyl)tetrahvdro-
2A/-pyran-4-vnmethyl>pyrimidin- 2-amineA mixture of
{4-[4-(3-pyrrolidin-1-ylpropoxy)phenyl]tetrahydropyran
-4-yl} methylamine (100 mg, 0.314 mmol),
2-chloropyrimidine (50 mg, 0.346 mmol) and
L/,L/-diisopropylethylamine (112 ml, 0.629 mmol) in
Nmethyl pyrrolidinone (0.5 ml) was heated at 1800C in
the microwave (Smith Personal Synthesiser) for 600
seconds. The reaction mixture was partitioned between
ethyl acetate (10 ml) and saturated NaHCO3 (10 ml).
The organic washings were dried over Na2SO4 and
concentrated in vacuo to give an oil. The compound was
purified by column chromatography on , silica gel,
eluting with dichloromethane:methanol:ammonia, 100:0:0
to 88:12:1.2. Compound still impure so purified
further on the Fraction Lynx automated LC system to
give the title compound as a solid (22 mg, 17%) 1H NMR
(400MHz, CDCI3) d 8.30 (brs, 2H), 7.34 (d, 2H), 6.92
(d, 2H), 6.70 (t, 1H), 4.10 (t, 2H), 3.78-3.84 (m,
2H), 3.62-3.72 (multiple peaks, 4H), 3.44-3.55 (m,
2H), 3.40 (m, 2H), 3.04-3.18 (m, 2H), 1.85-2.25
(multiple peaks, 10H). Example 147:
2-fr4-(4-r(1-isopropylpiperidin-4-yl)oxyiphenyl)tetrah
vdro-2H-pyran-4- yllmethyllisothiazolidine 1,1-dioxide
A solution of
(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydr
o-2/-/-pyran-4-yl)methylamine (100mg, 0.30 mmol),
3-chloropropanesulphonyl chloride (51 ml, 0.40 mmol)
and L/,L/-diisopropylethylamine (52ml, 0.30 mmol) in
dichloromethane (2ml) was stirred at room temperature
for 18hrs. The reaction mixture was concentrated in
vacuo and then partitioned between dichloromethane
(10ml) and sodium bicarbonate solution (10ml). The
aqueous layer was extracted with a further 10ml
dichloromethane and the combined organics dried over
sodium sulphate and concentrated in vacuo to give an
oil. This was dissolved in tetrahydrofuran (2ml).
Potassium terf-butoxide (65mg, 0.60 mmol) was added to
the solution and the reaction mixture stirred at 40C
for 18hrs. This was then concentrated in vacuo and
partitioned between diethyl ether (10ml) and water
(10ml). The aqueous layer was extracted with a further
10ml diethyl ether and the combined organics dried
over sodium sulphate and concentrated in vacuo to give
a pale yellow oil. The compound was purified by column
chromatography on Biotage(r) silica gel, eluting with
dichloromethane:methanol:ammonia, 96:4:0.4 to give the
title compound as a pale yellow oil (19mg, 15%).1H NMR
(400 MHz, CDCI3) d 7.20 (d, 2H), 6.90 (d, 2H), 4.26
(m, 2H), 3.80 (m, 2H), 3.58 (m, 2H), 3.1 5 (s, 



2H), 2.99 (t, 2H), 2.80 (m, 2H), 2.75(m, 2H), 2.40 (t,
2H), 2.38 (m, 2H), 2.16 (m, 2H), 2.02 (m, 4H), 1.90
(m, 2H) 1.81 (m, 2H), 1.03 (d, 6H); HRMS (ESI+)
437.2457 (M+H) +. Intermediate 53:
4-f4-r(1-isopropylpiperidin-4-yl)oxyiphenyl}tetrahydro
-2/Y-pyran-4-carbothioamide The title compound (320mg,
74%) was prepared from 4-[4-(1-isopropylpiperidin-4-
yloxy)phenyl]tetrahydropyran-4-carbonitrile and
diethyl dithiophosphate similarly to the procedure
used for intermediate 50. LRMS APCI + m/z 363 [MH]+.
Example 148: 1-isopropyl-4-f4-f4-(1
,3-thiazol-2-ylHetrahvdro-2tf-pyran-4-vnphenoxy>piperi
dine The title compound (320mg, 74%) was prepared from
4-{4-[(1-isopropylpiperidin-4-
yl)oxy]phenyl}tetrahydro-2H-pyran-4-carbothioamide and
bromoacetaldehyde diethylacetal similarly to the
procedure used for example 137. 1H NMR (400 MHz,
CD3OD) d 1.10 (d, 6H), 1.75-1 .80 (m, 2H), 1.98-2.02
(m, 2H), 2.37-2.44 (m, 2H), 2.47- 2.51 (m, 2H),
2.61-2.65 (m, 2H), 2.75-2.84 (m, 3H), 3.66-3.70 (m,
2H), 3.78-3.83 (m, 2H), 4.37 (m, 1H), 6.89 (d, 2H),
7.28 (d, 2H), 7.46 (d, 1H), 7.70 (d, 1H). HRMS ESI+
m/z 387.2090 [MH]+. Microanalysis: Found: C, 67.42; H,
7.83; N, 7.08%. C22H30N2O2S. 0.2H2O requires C, 67.73;
H, 7.85; N, 7.18%. Example 149: 4-(4-f4-(azetidin-1
-ylcarbonyl)tetrahvdro-2/y-pyran-4-vnphenoxy)-1 -
isopropylpiperidine
4-{4-[(1-lsopropylpiperidin-4-yl)oxy]phenyl}tetrahydro
-2H-pyran-4-carboxylic acid (200mg, O.ddmmol),
azetidine hydrochloride (81 mg, 0.87mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (121 mg, 0.63mmol),
1-hydroxybenzotriazole hydrate (97mg, 0.63mmol) and
triethylamine (21 0mL, 1.51 mmol) were stirred in
dichloromethane (8mL) at room temperature for 18
hours. The reaction was diluted with dichloromethane
(6OmL) and washed with aqueous sodium bicarbonate. The
aqueous were extracted again with dichloromethane. The
organics were combined, dried over sodium sulphate,
filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography
onsilica gel eluting with
dichloromethane:methanol:ammonia (96:4:0.5, by volume)
to provide the title compound (97mg, 43%) as a white
solid. 1H NMR (400 MHz, CD3OD) d 1.1 1 (d, 6H), 1.77-1
.82 (m, 2H), 1.88-1 .95 (m, 2H), 2.01-2.08 (m, 4H),
2.26- 2.29 (m, 2H), 2.47-2.52 (m, 2H), 2.76-2.86 (m,
3H), 3.66-3.74 (m, 4H), 3.79-3.82 (m, 2H), 3.92-3.96
(m, 2H), 4.40 (m, 1H), 6.95 (d, 2H), 7.22 (d, 2H).
HRMS ESI+ m/z 387.2634 [MH]+. Example 150:
M-ethyl-4-f4-r(1-isopropylpiperidin-4-yl)oxyiphenylVN-
methyltetrahvdro-2H-pyran-4- carboxamide 0-(1
H-Benzotriazol-1-yl)- L/,L/,L/',L/ -tetramethyluronium
hexafluorophosphate (286mg, 0.75mmol) was added to a
solution of
4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydro
-2H-pyran-4-carboxylic acid (200mg, 0.58mmol) in
L/,L/-dimethylformamide (6mL). Then triethylamine
(243mL, 1.74mmol) was added. The mixture was stirred
at room temperature for 15 minutes. Ethylmethylamine
(500mL, 5.8mmol) was added and the reaction mixture
stirred at room temperature for 18 hours. The reaction
was concentrated in vacuo. The residue was partitioned
between aqueous sodium bicarbonate solution (3OmL) and
ethyl acetate (2x75mL). The organics were combined,
dried over sodium sulphate, filtered and concentrated
under reduced pressure. The crude product was purified
by flash chromatography on silica gel eluting with
dichloromethane:methanol:ammonia (96:4:0.5, by volume)
to provide the title compound (80mg, 35%). 1H NMR (400
MHz, CD3OD) d 1.06-1 .25 (m, 9H), 1.90-2.02 (m, 4H),
2.08-2.1 2 (m, 2H), 2.25-2.28 (m, 2H), 2.58 (m, 2H),
2.87 (m, 3H), 2.95 (m, 2H), 3.09-3. 12 (m, 3H), 3.71
-3.76 (m, 2H), 3.82-3.86 (m, 2H), 4.53 (m, 1H), 6.98
(d, 2H), 7.20 (d, 2H). HRMS ESI+ m/z 389.2791 [MH]+.
Example 151 : 1-r(4-(4-r(1
-isopropylpiperidin-4-yl)oxy1phenylUetrahvdro-2
/-pyran-4-yl)carbonvn-4- methylpiperazine The title
compound (60mg, 48%) was prepared from
4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydro
- 2H-pyran-4-carboxylic acid and L/-methyl piperazine
similarly to the procedure used for example 150.1H NMR
(400 MHz, CDCI3) d 1.05 (d, 6H), 1.79-1 .81 (m, 2H),
2.00-2.03 (m, 7H), 2.1 5 (s, 3H), 2.1 8-2.22 (m, 2H),
2.37-2.42 (m, 2H), 2.77-2.79 (m, 3H), 2.99 (m, 1H),
3.27-3.56 (m, 4H), 3.78 (t, 2H), 3.87-3.89 (m, 2H),
4.28 (m, 1H), 6.88 (d, 2H), 7.14 (d, 2H). HRMS ESI+
m/z 430.3062 [MH]+. Example 152: L/-r(4-f4-r(1
-isopropylpiperidin-4-yl)oxyiphenyl)tetrahydro-2H-Pyra
n-4- yl)methyllpyridin-2-amine
(4-{4-[(1-lsopropylpiperidin-4-yl)oxy]phenyl}tetrahydr
o-2/-/-pyran-4-yl)methylamine (300mg, O. mmol), 2-
bromopyridine (50mL, 0.75mmol),
tris(dibenzylideneacetone)dipalladium(0) ( 15mg, 0.01
8mmol), 2,2'- bis(diphenylphosphino)-1 ,1'-binaphthyl
( 19mg, 0.036mmol) and sodium ferf-butoxide ( 100mg,
1mmol) were heated at 700C in toluene (6ml) for 24
hours under nitrogen. The reaction was partitioned
between aqueous sodium bicarbonate (302ml) and
dichloromethane (2x75ml). The organics were combined,
dried over sodium sulphate, filtered and concentrated
under reduced pressure. The crude product was purified
by flash chromatography on silica gel eluting with
dichloromethane:methanol:ammonia (96:4:0.4, to
94:6:0.6 by volume) to provide the title compound (81
mg, 22%) as a white solid after trituration in diethyl
ether. 1H NMR (400 MHz, CDCI3) d 1.1 1 (d, 6H), 1.86-1
.95 (m, 4H), 2.07-2.1 6 (m, 4H), 2.46-2.51 (m, 2H),
2.82- 2.86 (m, 3H), 3.49 (d, 2H), 3.56-3.61 (m, 2H),
3.80-3.85 (m, 2H), 4.03 (m, 1H), 4.33 (m, 1H)1 6.22
(d, 1H), 6.51 (t, 1H), 6.91 (d, 2H), 7.24 (d, 2H),
7.32 (t, 1H), 8.01 (d, 1H). HRMS ESI+ m/z 4 10.2793
[MH]+. Example 153: A/-r(4-f4-f(1
-isopropylpiperidin-4-yl)oxy1phenyl>tetrahydro-2H-pyra
n-4- yl)methyllpyridin-3-amine The title compound
(20mg, 5%) was prepared from
(4-{4-[(1-isopropylpiperidin-4-yl)oxy]phenyl}tetrahydr
o- 2/-/-pyran-4-yl)methylamine and 3-iodopyridine
similarly to the procedure used for example 152.1H NMR
(400 MHz, CDCI3) d 1.12 (d, 6H), 1.88-1.95 (m, 4H),
2.10-2.21 (m, 4H), 2.51 (m, 2H), 2.83-2.88 (m, 3H),
3.22-3.27 (m, 3H), 3.55-3.59 (m, 2H), 3.77-3.82 (m,
2H), 4.35 (m, 1H), 6.73 (d, 1H), 6.93 (d, 2H), 7.00
(t, 1H), 7.24 (d, 2H), 7.87-7.90 (m, 2H). HRMS ESI+
m/z 410.2791 [MH]+. Intermediate 54:
i-cvclobutylpiperidin-4-ol 4-Hydroxypiperidine (2.41 g
, 23.8mmol), cyclobutanone (5g, 71.4mmol) and acetic
acid (1.36ml, 23.8mmol) were stirred in
tetrahydrofuran (35ml) at 00C for 1.5 hours. Sodium
triacetoxyborohydride (10.1g, 47.7mmol) was then added
at 0C and the reaction mixture stirred at 00C for 1
hour. The mixture was warmed to room temperature and
stirred for 1 hour, then heated to 40C for 18 hours.
The reaction was concentrated in vacuo. The residue
was taken up in water (30ml). The aqueous layer was
basified to pH 9 with ammonia and extracted with
diethyl ether (3x50ml). The organics were combined,
dried over magnesium sulphate, filtered and
concentrated in vacuo. The crude product was purified
by flash chromatography on silica gel eluting with
dichloromethane:methanol:ammonia (100:0:0 to 93:7:0.7
by volume) to provide the title compound (2.47g, 67%)
as an oil. LRMS APCI+ m/z 156 [MH]+. Example 154:
i-r-M-KI-cvclobutylpiperidin^-vQoxyiphenylUetrahvdro-Z
H-pyran^-yll-N.Ndimethylmethanamine
4-(4-Dimethylaminomethyl-tetrahydro-pyran-4-yl)-phenol
(0.75g, 3.19mmol), 1-cyclobutylpiperidin-4-ol (0.45g,
2.90mmol), PPh3 (0.84g, 3.19mmol), THF (10ml) and DIAD
(0.66ml, 3.19mmol) were reacted together similarly to
general procedure C. The crude material was subjected
to chromatography on silica gel eluting with
dichloromethane:methanol:ammonia (98:2:0.2) to provide
the title compound (114mg, 11%) as an off-white solid.
1H NMR (400MHz, CD3OD) d 1.71-1.77 (m, 4H), 1.85-1.90
(m, 4H), 1.94 (s, 6H), 1.99-2.06 (m, 4H), 2.12- 2.16
(m, 2H), 2.20-2.28 (m, 2H), 2.45 (s, 2H), 2.58-2.70
(m, 2H), 2.79 (m, 1H), 3.46-3.53 (m, 2H), 3.72- 3.75
(m, 2H), 4.39 (m, 1H), 6.91 (d, 2H), 7.26 (d, 2H).
HRMS ESI+ m/z 373.2846 [MH]+. Intermediate 55: ethyl
M-fd-cyclobutylpiperidin^-yDoxyiphenyllacetate DIAD
(9.8ml, 47.3mmol) was added dropwise over 10 minutes
to a solution of ethyl-4-hydroxy phenylacetate (7.7g,
42.7mmol), 1-cyclobutylpiperidin-4-ol (6.58g,
42.5mmol) and PPh3 (12.3g, 47mmol) in THF (150ml) at
0C. The reaction mixture was then stirred at room
temperature for 18 hours. The reaction was
concentrated in vacuo. The residue was taken up in
ethyl acetate (150ml). The organic layer 



was washed with water (150ml) and 2N aqueous
hydrochloric acid (50ml) twice. The acid layers
werebasified with sodium carbonate and extracted with
dichloromethane (2x80ml). These organics were
combined, dried over sodium sulphate, filtered and
concentrated in vacuo. The crude product was purified
by flash chromatography on silica gel eluting with
ethyl acetate:pentane:diethylamine (70:30:2 by volume)
to provide the title compound (2.Og, 15%) as a
colourless oil. LRMS APCI + m/z 3 18 [MH]+.
Intermediate 56: ethyl
4-(4-r(1-cvclobutylpiperidin-4-yl)oxy1phenyl}tetrahvdr
o-2H-pyran-4- carboxylate NaH (60% dispersion in oil,
800mg, 20mmol) was added at 00C to a solution of ethyl
{4-[(1- cyclobutylpiperidin-4-yl)oxy]phenyl}acetate
(2g, 6.3mmol) in THF (25ml) and L/-methylpyrrolidinone
(2ml) under nitrogen. The reaction was stirred at 0C
for 15 minutes. Bis(2-bromoethyl)ether ( 1.2ml,
9.54mmol) and potassium iodide (500mg, 3mmol) were
added and the mixture stirred at 00C for 45 minutes.
The reaction was then warmed to room temperature and
stirred for 18 hours. The reaction was cooled to 00C,
quenched with ice and solid carbon dioxide. The
mixture was diluted with water and extracted with
ethyl acetate ( 100ml and 20ml). The combined organic
extracts were dried over sodium sulphate, filtered and
concentrated in vacuo. The crude product was purified
by flash chromatography on silica gel eluting with
ethyl acetate:diethylamine (99:1 by volume) to provide
the title compound (870mg, 36%) as a pale yellow oil.
LRMS APCI + m/z 388 [MH]+. Intermediate 57:
4-f4-r(1-cvclobutylpiperidin-4-yl)oxyiphenyl>tetrahvdr
o-2H-pyran-4-carboxylic acid Sodium hydroxide (200mg,
5mmol) was added to a solution of ethyl
4-{4-[(1-cyclobutylpiperidin-4-
yl)oxy]phenyl}tetrahydro-2H-pyran-4-carboxylate
(870mg, 2.25mmol) in dioxane ( 10ml) and water (2ml).
The reaction mixture was heated to reflux for 16 hours
under nitrogen. The reaction was not complete. More
sodium hydroxide ( 190mg, 4.75mmol) in water (4ml) was
added and the reaction heated at reflux for 18 hours.
2N Hydrochloric acid (5ml, 9.75mmol) was added and the
mixture concentrated in vacuo to a white powder (2.0g)
containing the title compound and sodium chloride.
LRMS APCI + m/z 360 [MH]+. Examples 155-160 The
compounds of the following tabulated Examples of the
general formula were prepared using
4-{4-[(1-cyclobutylpiperidin-4-yl)oxy]phenyl}tetrahydr
o-2H-pyran-4-carboxylic acid and the appropriate
amines similarly to the procedure used for example
149.4-PHENYLAMINO-QUINAZOLIN-B-YL-AMIDES
CROSS-REFERENCE TO RELATED APPLICATIONS Reference is
made to U.S. Application Serial No. 60/568,872, filed
May 6, 2004, the disclosure of which is incorporated
herein by reference in its entirety. FIELD OF THE
INVENTION This invention relates to novel compounds
which act as inhibitors of tyrosine kinases and are
useful in methods of treating, preventing or
inhibiting proliferative diseases, including cancer,
atherosclerosis, restenosis, endometriosis and
psoriasis. Particularly, this invention relates to
novel 4-anilino-6-substituted
alkenoylamino-quinazoline compounds useful in the
treatment of such disorders. BACKGROUND OF THE
INVENTION Substituted
4-phenylamino-quinazolin-6-yl-amides useful in the
treatment of cancer have been described in the art,
including those of U.S. Pat. No. 5,457,105 (Barker),
U.S. Pat. No. 5,760,041 (Wissner et al.), U.S. Pat.
No. 5,770,599 (Gibson), U.S. Pat. No. 5,929,080
(Frost), U.S. Pat. No. 5,955,464 (Barker), U.S. Pat.
No. 6,251,912 (Wissner et al.), U.S. Pat. No.
6,344,455 (Bridges et al.), U.S. Pat. No. 6,344,459
(Bridges et al.), U.S. Pat. No. 6,414,148 (Thomas et
al.), U.S. Pat. No. 5,770,599 (Gibson et al.), U.S.
Pat. Appln. 2002/0173509 (Himmelsbach et al.), and
U.S. Pat. No. 6,323,209 (Frost). There remains a need
for novel and efficacious compounds for the treatment
of proliferative disorders. SUMMARY OF THE INVENTION
This invention comprises quinazoline compounds of
Formula I: wherein: R-i is selected from F, Br, Cl or
I; R2 is selected from H, F, Br, Cl or I; R3 is
selected from:a) C1-C3 straight or branched alkyl,
optionally substituted by halogen; or b)
-(CH2)n-morpholino, -(CH2)n-piperidine,
-(CH2)n-piperazine, -(CH2)npiperazine- N(C r C3
alkyl), -(CH2)n-pyrrolidine, or -(CH2)n-imidazole; n
is an integer from 1 to 4; R4 is -(CH2)m-Het; Het is a
heterocyclic moiety selected from the group of
morpholine, piperidine, piperazine, piperazine-N(C r
C3 alkyl), imidazole, pyrrolidine, azepane,
3,4-dihydro-2H-pyridine, or 3,6-dihydro-2H-pyridine,
wherein each heterocyclic moiety is optionally
substituted by from 1 to 3 groups selected from C1-C3
alkyl, halogen, OH, NH2, NH(C1-C3 alkyl) or N (C1-C3
alkyl)2; m is an integer from 1 to3; and X is O, S or
NH; or a pharmaceutically acceptable salt thereof.
This invention also comprises methods of using the
compounds of this invention to treat, inhibit, prevent
or control the advancement of proliferative diseases
including cancer, restenosis, psoriasis,
atherosclerosis, or endometriosis, with each of the
methods comprising administering a pharmaceutically or
therapeutically effective amount of a compound herein
to a mammal in need thereof. This invention further
comprises pharmaceutical compositions comprising a
pharmaceutically effective amount of a compound of
this invention and one or more pharmaceutically
acceptable excipients and/or carriers. This invention
also comprises synthetic routes and intermediate
compounds useful in the preparation of the compounds
herein. DETAILED DESCRIPTION OF THE INVENTION One
group of compounds of this invention comprises those
described above wherein R1 is a halogen and R2 is
hydrogen. Another comprises compounds wherein R1 is
fluorine and R2 is another halogen. A further group
comprises those in which R-i is 4-fluoro and R2 is
3-chloro. Another group of compounds of this invention
comprises those of Formula II:wherein: R3 is selected
from: a) C1-C3 straight or branched alkyl, optionally
substituted by halogen; or b) -(CH2)q-morpholino,
-(CH2)q-piperidine, -(CH2)q-piperazine,
-(CH2)qpiperazine- N(C r C3 alkyl),
-(CH2)q-pyrrolidine, or -(CH2)q-imidazole; q is an
integer from 1 to 2; R4 is -(CH2)m-Het; Het is a
piperidine, piperazine, piperazine-N^-Cs alkyl),
imidazole, pyrrolidine, azepane or dihydropyridine
group, optionally substituted by 1 or 2 groups
selected from halogen or C1-C3 alkyl; m is an integer
from 1 to3; and X is O, S or NH; or a pharmaceutically
acceptable salt thereof. A further group of compounds
of this invention comprises those of Formula
III:wherein: R3 is C1-C3 straight or branched alkyl,
optionally substituted by halogen; R5 and R6 are
independently selected from H, C1-C3 alkyl, F, Br, I
or Cl; X is O, S or NH; and the dashed lines
designated a and b each indicate an optional double
bond, with the proviso that only a single double bond
a or b exists in one compound; or a pharmaceutically
acceptable salt form thereof. 



A subset of each of the groups of compounds described
herein comprises those in which X is O. Other subsets
include those in which X is NH or S. Another subset of
each group herein comprises compounds in which X is O
and R3 is C1-C3 straight or branched alkyl optionally
substituted by from 1 to 3 halogen atoms. Another
subset includes compounds in which R3 is a
polyfluorinated C2-C3 alkyl, such as
1,1,2,2-tetrafluoroethyl or 2,2,3,3,3-
pentafluoropropyl groups, or perfluorinated C2-C3
alkyl, such as a pentafluoroethyl or heptafluoropropyl
group. It will be understood that the C1-C3 straight
or branched alkyl groups defined as R3 in the groups
herein may be halogenated by one or more halogen
groups, including perhalogenation, i.e. having the
maximum number of halogens allowed by the valence
limitations of the alkyl group (i.e. R3 is
trifluoromethyl, pentafluoroethyl, heptafluoropropyl,
etc.). The compounds of this invention may be used to
inhibit the activity of tyrosine kinases, particularly
including erbB1, erbB2 and erbB4. The compounds of
this invention may be used in methods to treat,
inhibit, prevent or control the advancement of
proliferative diseases including cancer, restenosis,
psoriasis, atherosclerosis, or endometriosis. Cell
proliferative disorders that may be treated by these
methods include cancers, skeletal disorders,
angiogenic or blood vessel proliferative disorders,
fibrotic disorders and mesangial cell proliferative
disorders. Fibrotic proliferative disorders, i.e. the
abnormal formation of extracellular matrices, that may
be treated with these compounds and methods include
atherosclerosis, hepatic cirrhosis and mesangial cell
proliferative disorders (including human renal
diseases, such as glomerulonephritis, diabetic
nephropathy, malignant nephrosclerosis, thrombotic
microangiopathy syndromes, transplant rejection, and
glomerulopathies). Each of the methods described
herein comprise administering to a mammal in need
thereof a pharmaceutically or therapeutically
effective amount of a compound of this invention, or a
pharmaceutically acceptable salt form thereof. This
invention also provides a method for treating or
inhibiting polycystic kidney disease in a mammal, the
method comprising administering to a mammal
experiencing polycystic kidney disease a
pharmaceutically effective amount of a compound of
this invention. This method applies to polycystic
kidney disease of both the autosomal recesive and
autosomal dominant forms.In addition, this invention
also provides a method for treating or inhibiting
colonic polyps in a mammal, the method comprising
administering to a mammal experiencing polycystic
kidney disease a pharmaceutically effective amount of
a compound of this invention. Methods of inhibition of
colonic polyps are understood to include methods which
reduce the rate of growth of colonic polyps. The
methods for treating or inhibiting colonic polyps in
mammals may also include co-administration or cyclic
regimens utilizing additional pharmaceutically
effective agents, such as COX-2 inhibitors including
celecoxib; rofecoxib; valdecoxib; lumiracoxib (also
known as COX-189); LAS-34475; UR-8880; 2-(3,4-
Difluorophenyl)-4-(3-hydroxy-3-methylbutoxy)-5-[4-meth
ylsulfonyl)phenyl]-3(2H)-pyridazinone (ABT-963);
3-[(3-chlorophenyl)[4-(methylsulfonyl)phenyl]methylene
]dihydro-2(3H)-Furanone (BMS-347070); Tilacoxib; The
compound4-[5-(2,4-difluorophenyl)-4,5-dihydro-3-
(trifluoromethyl)-1H-pyrazol-1-yl]-benzenesulfonamide
(also known as E 6087); CS-502 [Chemical Abstracts
Service Registry Number ("CAS Reg. No.") 176429-82-6];
(6aR,10aR)-3-
(1,1-dimethylheptyl)-6a,7,10,10a-tetrahydro-1-hydroxy-
6,6-dimethyl-6H-dibenzo[b,d]pyran-9- carboxylic acid
("CT-3"); CV-247; 2(5H)-Furanone,
5,5-dimethyl-3-(1-methylethoxy)-4-[4-
(methylsulfonyl)phenyl]- ("DFP"); carprofen;
deracoxib; Etoricoxib (tradename ARCOXIA(r) by MERCK &
CO., Inc., Whitehouse Station, New Jersey); GW-406381;
aspirin; Tiracoxib; Meloxicam; Nimesulide;
2-(Acetyloxy)benzoic acid, 3-[(nitrooxy)methyl]phenyl
ester ("NCX- 4016"); Parecoxib (trade name application
pending for DYNASTAT(r) by G. D. Searle & Co., Skokie,
Illinois);
N-Acetyl-L-threonyl-L-prolyl-L-arginyl-D-prolyl-L-glut
aminyl-L-seryl-L-histidyl- L-asparaginyl-L-
s-aspartylglycyl-L- -aspartyl-L-phenylalanyl-L-
s-glutamyl-L- -glutamyl-Lisoleucyl- L-prolyl-L-
s-glutamyl-L- -glutamyl-L-tyrosyl-L-leucyl-L-glutamine
(also known as P54, CAS Reg. No. 130996-28-0);
Rofecoxib (tradename VIOXX(r) by MERCK & CO., Inc.,
Whitehouse Station, New Jersey); RevlMiD;
2,6-Bis(1,1-dimethylethyl)-4-[(E)-(2-ethyl-1,1-
dioxo-5-isothiazolidinylidene)methyI]phenol
("S-2474"); 5(R)-Thio-6-sulfonamide-3(2H)-
benzofuranone ("SVT-2016"); and
N-[3-(Formylamino)-4-oxo-6-phenoxy-4H-1-benzopyran-7-
yl]-methanesulfonamide ("T-614"); or a
pharmaceutically acceptable salt thereof. This
invention also relates to a method for the treatment
of abnormal cell growth in a mammal, including a
human, comprising administering to said mammal an
amount of a compound of the formula 1, as defined
above, or a pharmaceutically acceptable salt, solvate
or prodrug thereof, that is effective in treating
abnormal cell growth. In one embodiment of this
method, the abnormal cell growth is cancer, including,
but not limited to, lung cancer, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or
neck, cutaneous or intraocular melanoma, uterine
cancer, ovarian cancer, rectal cancer, cancer of the
anal region, stomach cancer, colon cancer, breast
cancer, uterine cancer, carcinoma of the fallopian
tubes, carcinoma of the endometrium, carcinoma of the
cervix, carcinoma of the vagina, carcinoma of the
vulva, Hodgkin's Disease, cancer of the esophagus,
cancer of thesmall intestine, cancer of the endocrine
system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland,
sarcoma of soft tissue, cancer of the urethra, cancer
of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, neoplasms of
the central nervous system (CNS), primary CNS
lymphoma, spinal axis tumors, brain stem glioma,
pituitary adenoma, or a combination of one or more of
the foregoing cancers. In one embodiment the method
comprises comprising administering to a mammal an
amount of a compound of formula 1 that is effective in
treating said cancer solid tumor. In one preferred
embodiment the solid tumor is breast, lung, colon,
brain, prostate, stomach, pancreatic, ovarian, skin
(melanoma), endocrine, uterine, testicular, and
bladder cancer. In another embodiment of said method,
said abnormal cell growth is a benign proliferative
disease, including, but not limited to, psoriasis,
benign prostatic hypertrophy or restinosis. This
invention also relates to a method for the treatment
of abnormal cell growth in a mammal which comprises
administering to said mammal an amount of a compound
of formula 1, or a pharmaceutically acceptable salt,
solvate or prodrug thereof, that is effective in
treating abnormal cell growth in combination with an
anti-tumor agent selected from the group consisting of
mitotic inhibitors, alkylating agents,
anti-metabolites, intercalating antibiotics, growth
factor inhibitors, cell cycle inhibitors, enzymes,
topoisomerase inhibitors, biological response
modifiers, antibodies, cytotoxics, anti-hormones, and
anti-androgens. This invention also relates to a
pharmaceutical composition for the treatment of
abnormal cell growth in a mammal, including a human,
comprising an amount of a compound of the formula 1,
as defined above, or a pharmaceutically acceptable
salt, solvate or prodrug thereof, that is effective in
treating abnormal cell growth, and a pharmaceutically
acceptable carrier. In one embodiment of said
composition, said abnormal cell growth is cancer,
including, but not limited to, lung cancer, bone
cancer, pancreatic cancer, skin cancer, cancer of the
head or neck, cutaneous or intraocular melanoma,
uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer,
breast cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, neoplasms of
the central nervous system (CNS), 



primary CNS lymphoma, spinal axis tumors, brain stem
glioma, pituitary adenoma, or acombination of one or
more of the foregoing cancers. In another embodiment
of said pharmaceutical composition, said abnormal cell
growth is a benign proliferative disease, including,
but not limited to, psoriasis, benign prostatic
hypertrophy or restinosis. This invention also relates
to a method for the treatment of abnormal cell growth
in a mammal which comprises administering to said
mammal an amount of a compound of formula 1, or a
pharmaceutically acceptable salt, solvate or prodrug
thereof, that is effective in treating abnormal cell
growth in combination with another anti-tumor agent
selected from the group consisting of mitotic
inhibitors, alkylating agents, anti-metabolites,
intercalating antibiotics, growth factor inhibitors,
cell cycle inhibitors, enzymes, topoisomerase
inhibitors, biological response modifiers, antibodies,
cytotoxics, anti-hormones, and anti-androgens. The
invention also contemplates a pharmaceutical
composition for treating abnormal cell growth wherein
the composition includes a compound of formula 1, as
defined above, or a pharmaceutically acceptable salt,
solvate or prodrug thereof, that is effective in
treating abnormal cell growth, and another anti-tumor
agent selected from the group consisting of mitotic
inhibitors, alkylating agents, anti-metabolites,
intercalating antibiotics, growth factor inhibitors,
cell cycle inhibitors, enzymes, topoisomerase
inhibitors, biological response modifiers, antibodies,
cytotoxics, anti-hormones, and anti-androgens. This
invention also relates to a method for the treatment
of a disorder associated with angiogenesis in a
mammal, including a human, comprising administering to
said mammal an amount of a compound of the formula 1,
as defined above, or a pharmaceutically acceptable
salt, solvate or prodrug thereof, that is effective in
treating said disorder in combination with one or more
anti-tumor agents listed above. Such disorders include
cancerous tumors such as melanoma; ocular disorders
such as age-related macular degeneration, presumed
ocular histoplasmosis syndrome, and retinal
neovascularization from proliferative diabetic
retinopathy; rheumatoid arthritis; bone loss disorders
such as osteoporosis, Paget's disease, humoral
hypercalcemia of malignancy, hypercalcemia from tumors
metastatic to bone, and osteoporosis induced by
glucocorticoid treatment; coronary restenosis; and
certain microbial infections including those
associated with microbial pathogens selected from
adenovirus, hantaviruses, Borrelia burgdorferi,
Yersinia spp., Bordetella pertussis, and group A
Streptococcus. This invention also relates to a method
of (and to a pharmaceutical composition for) treating
abnormal cell growth in a mammal which comprise an
amount of a compound of formula 1, or a
pharmaceutically acceptable salt, solvate or prodrug
thereof, in combination with an amount of one or more
substances selected from anti-angiogenesis agents,
signal transduction inhibitors, and antiproliferative
agents, which amounts are together effective in
treating said abnormal cell growth.Anti-angiogenesis
agents, such as MMP-2 (matrix-metalloprotienase 2)
inhibitors, MMP-9 (matrix-metalloprotienase 9)
inhibitors, and COX-II (cyclooxygenase 11) inhibitors,
can be used in conjunction with a compound of formula
1 in the methods and pharmaceutical compositions
described herein. Examples of useful COX-II inhibitors
include CELEBREX(tm) (celecoxib), Bextra (valdecoxib),
paracoxib, Vioxx (rofecoxib), and Arcoxia
(etoricoxib). Examples of useful matrix
metalloproteinase inhibitors are described in WO
96/33172 (published October 24, 1996), WO 96/27583
(published March 7, 1996), European Patent Application
No. 97304971.1 (filed July 8, 1997), European Patent
Application No. 99308617.2 (filed October 29, 1999),
WO 98/07697 (published February 26, 1998), WO 98/03516
(published January 29, 1998), WO 98/34918 (published
August 13, 1998), WO 98/34915 (published August 13,
1998), WO 98/33768 (published August 6, 1998), WO
98/30566 (published July 16, 1998), European Patent
Publication 606,046 (published July 13, 1994),
European Patent Publication 931,788 (published July
28, 1999), WO 90/05719 (published May 331, 1990), WO
99/52910 (published October 21, 1999), WO 99/52889
(published October 21, 1999), WO 99/29667 (published
June 17, 1999), PCT International Application No.
PCT/IB98/01113 (filed July 21, 1998), European Patent
Application No. 99302232.1 (filed March 25, 1999),
Great Britain patent application number 9912961.1
(filed June 3, 1999), United States Provisional
Application No. 60/148,464 (filed August 12, 1999),
United States Patent 5,863,949 (issued January 26,
1999), United States Patent 5,861,510 (issued January
19, 1999), and European Patent Publication 780,386
(published June 25, 1997), all of which are herein
incorporated by reference in their entirety. Preferred
MMP-2 and MMP-9 inhibitors are those that have little
or no activity inhibiting MMP-1. More preferred, are
those that selectively inhibit MMP-2 and/or MMP-9
relative to the other matrix-metalloproteinases (i.e.
MMP-1, MMP-3, MMP-4, MMP-5, MMP-6, MMP-7, MMP-8, MMP-1
0, MMP-1 1, MMP-1 2, and MMP-13). Some specific
examples of MMP inhibitors useful in combination with
the compounds of the present invention are AG-3340, RO
32-3555, RS 13-0830, and the compounds recited in the
following list:
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoylcyclopentyl)- amino]-propionic acid;
3-exo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8-
oxa-bicyclo[3.2.1]octane-3-carboxylic acid
hydroxyamide; (2R, 3R)
1-[4-(2-chloro-4-fluorobenzyloxy)-
benzenesulfonyl]-3-hydroxy-3-methyl-piperidine-2-carbo
xylic acid hydroxyamide;
4-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-4-carboxylic acid hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoyl-cyclobutyl)- amino]-propionic acid;
4-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-4- carboxylic acid hydroxyamide;
3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahyd
ropyran- 3-carboxylic acid hydroxyamide; (2R, 3R)
1-[4-(4-fluoro-2-methyl-benzyloxy)-
benzenesulfonyO-S-hydroxy-S-methyl-piperidine^-carboxy
lic acid hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1
-hydroxycarbamoyl-1 -methyl-ethyl)-amino]-propionic
acid;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(4-hydroxyca
rbamoyl-tetrahydro-pyran-4-yl)- amino]-propionic acid;
3-exo-3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-8-
oxabicyclo[ 3.2.1]octane-3-carboxylic acid
hydroxyamide;
3-endo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8
-oxa-bicyclo[3.2.1]octane-3- carboxylic acid
hydroxyamide; and
3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahyd
rofuran- 3-carboxylic acid hydroxyamide; and
pharmaceutically acceptable salts, solvates and
prodrugs of said compounds. VEGF inhibitors, for
example, SU-11248, SU-5416 and SU-6668 (Sugen Inc. of
South San Francisco, California, USA), can also be
combined with a compound of formula 1. VEGF inhibitors
are described in, for example in WO 99/24440
(published May 20, 1999), PCT International
Application PCT/IB99/00797 (filed May 3, 1999), in WO
95/21613 (published August 17, 1995), WO 99/61422
(published December 2, 1999), United States Patent
5,834,504 (issued November 10, 1998), WO 98/50356
(published November 12, 1998), United States Patent
5,883,113 (issued March 16, 1999), United States
Patent 5,886,020 (issued March 23, 1999), United
States Patent 5,792,783 (issued August 11, 1998), U.S.
Patent No. US 6,653,308 (issued November 25, 2003), WO
99/10349 (published March 4, 1999), WO 97/32856
(published September 12, 1997), WO 97/22596 (published
June 26, 1997), WO 98/54093 (published December 3,
1998), WO 98/02438 (published January 22, 1998), WO
99/16755 (published April 8, 1999), and WO 98/02437
(published January 22, 1998), all of which are herein
incorporated by reference in their entirety. Other
examples of some specific VEGF inhibitors are IM862
(Cytran Inc. of Kirkland, Washington, USA); Avastin,
an anti-VEGF monoclonal antibody of Genentech, Inc. of
South San Francisco, California; and angiozyme, a
synthetic ribozyme from Ribozyme (Boulder, Colorado)
and Chiron (Emeryville, California). ErbB2 receptor
inhibitors, such as GW-282974 (Glaxo Wellcome pic),
CP-724,714 (Pfizer Inc.), and the monoclonal
antibodies AR-209 (Aronex Pharmaceuticals Inc. of The
Woodlands, Texas, USA) and 2B-1 (Chiron), may be
administered in combination with a compound of formula
1. Such erbB2 inhibitors also include Herceptin, 2C4,
and pertuzumab. Such erbB2 inhibitors include those
described in WO 98/02434 (published January 22, 1998),



WO 99/35146 (published July 15, 1999), WO 99/35132
(published July 15, 1999), WO 98/02437 (published
January 22, 1998), WO 97/13760 (published April 17,
1997), WO 95/19970 (published July 27, 1995), United
States Patent 5,587,458 (issued December 24, 1996),
and United States Patent 5,877,305 (issued March 2,
1999), each of which is herein incorporated by
reference in its entirety. ErbB2 receptor inhibitors
useful in the present invention are also described in
United States Provisional Application No. 60/117,341,
filed January 27, 1999, and in United States
Provisional Application No. 60/1 17,346, filed
January27, 1999, both of which are herein incorporated
by reference in their entirety. Other erbb2 receptor
inhibitors include TAK-165 (Takeda) and GW-572016
(Glaxo-Wellcome). Various other compounds, such as
styrene derivatives, have also been shown to possess
tyrosine kinase inhibitory properties, and some of
tyrosine kinase inhibitors have been identified as
erbB2 receptor inhibitors. More recently, five
European patent publications, namely EP 0 566 226 A 1
(published October 20, 1993), EP 0 602 851 A 1
(published June 22, 1994), EP 0 635 507 A 1 (published
January 25, 1995), EP 0 635 498 A 1 (published January
25, 1995), and EP 0 520 722 A 1 (published December
30, 1992), refer to certain bicyclic derivatives, in
particular quinazoline derivatives, as possessing
anti-cancer properties that result from their tyrosine
kinase inhibitory properties. Also, World Patent
Application WO 92/20642 (published November 26, 1992),
refers to certain bis-mono and bicyclic aryl and
heteroaryl compounds as tyrosine kinase inhibitors
that are useful in inhibiting abnormal cell
proliferation. World Patent Applications WO96/16960
(published June 6, 1996), WO 96/09294 (published March
6, 1996), WO 97/30034 (published August 21, 1997), WO
98/02434 (published January 22, 1998), WO 98/02437
(published January 22, 1998), and WO 98/02438
(published January 22, 1998), also refer to
substituted bicyclic heteroaromatic derivatives as
tyrosine kinase inhibitors that are useful for the
same purpose. Other patent applications that refer to
anti-cancer compounds are World Patent Application
WO00/44728 (published August 3, 2000), EP 1029853A1
(published August 23, 2000), and WO01/98277 (published
December 12, 2001) all of which are incorporated
herein by reference in their entirety. Other
antiproliferative agents that may be used with the
compounds of the present invention include inhibitors
of the enzyme farnesyl protein transferase and
inhibitors of the receptor tyrosine kinase PDGFr,
including the compounds disclosed and claimed in the
following United States patent applications: 09/221946
(filed December 28, 1998); 09/454058 (filed December
2, 1999); 09/501163 (filed February 9, 2000);
09/539930 (filed March 31, 2000); 09/202796 (filed May
22, 1997); 09/384339 (filed August 26, 1999); and
09/383755 (filed August 26, 1999); and the compounds
disclosed and claimed in the following United States
provisional patent applications: 60/168207 (filed
November 30, 1999); 60/1701 19 (filed December 10,
1999); 60/177718 (filed January 21, 2000); 60/168217
(filed November 30, 1999), and 60/200834 (filed May 1,
2000). Each of the foregoing patent applications and
provisional patent applications is herein incorporated
by reference in their entirety. A compound of formula
1 may also be used with other agents useful in
treating abnormal cell growth or cancer, including,
but not limited to, agents capable of enhancing
antitumor immune responses, such as CTLA4 (cytotoxic
lymphocyte antigen 4) antibodies, and other agents
capable of blocking CTLA4; and anti-proliferative
agents such as other farnesyl protein transferase
inhibitors, for example the farnesyl protein
transferase inhibitorsdescribed in the references
cited in the "Background" section, supra. Specific
CTLA4 antibodies that can be used in the present
invention include those described in United States
Provisional Application 60/113,647 (filed December 23,
1998) which is herein incorporated by reference in its
entirety. A compound of formula I may be applied as a
sole therapy or may involve one or more other
anti-tumor substances, for example those selected
from, for example, mitotic inhibitors, for example
vinblastine; alkylating agents, for example
cis-platin, oxaliplatin, carboplatin and
cyclophosphamide; anti-metabolites, for example
5-fluorouracil, capecitabine, cytosine arabinoside and
hydroxyurea, or, for example, one of the preferred
anti-metabolites disclosed in European Patent
Application No. 239362 such as
hJ-(5-[N-(3,4-dihydro-2-methyl-
4-oxoquinazolin-6-ylmethyl)-N-methylamino]-2-thenoyl)-
L-glutamic acid; growth factor inhibitors; cell cycle
inhibitors; intercalating antibiotics, for example
adriamycin and bleomycin; enzymes, for example
interferon; and anti-hormones, for example
anti-estrogens such as Nolvadex (tamoxifen) or, for
example anti-androgens such as Casodex (4'-cyano-3-(4-
fluorophenylsulphonyl)-2-hydroxy-2-methyl-3'-(trifluor
omethyl)propionanilide). The compounds of the present
invention may be used alone or in combination with one
or more of a variety of anti-cancer agents or
supportive care agents. For example, the compounds of
the present invention may be used with cytotoxic
agents, e.g., one or more selected from the group
consisting of a camptothecin, irinotecan HCI
(Camptosar), edotecarin, SU-11248, epirubicin
(Ellence), docetaxel (Taxotere), paclitaxel, rituximab
(Rituxan) bevacizumab (Avastin), imatinib mesylate
(Gleevac), Erbitux, gefitinib (Iressa), and
combinations thereof. The invention also contemplates
the use of the compounds of the present invention
together with hormonal therapy, e.g., exemestane
(Aromasin), Lupron, anastrozole (Arimidex), tamoxifen
citrate (Nolvadex), Trelstar, and combinations
thereof. Further, the invention provides a compound of
the present invention alone or in combination with one
or more supportive care products, e.g., a product
selected from the group consisting of Filgrastim
(Neupogen), ondansetron (Zofran), Fragmin, Procrit,
Aloxi, Emend, or combinations thereof. Such conjoint
treatment may be achieved by way of the simultaneous,
sequential or separate dosing of the individual
components of the treatment. The compounds of the
invention may be used with antitumor agents,
alkylating agents, antimetabolites, antibiotics,
plant-derived antitumor agents, camptothecin
derivatives, tyrosine kinase inhibitors, antibodies,
interferons, and/or biological response modifiers. In
this regard, the following is a non-limiting list of
examples of secondary agents that may be used with the
compounds of the invention.  Alkylating agents
include, but are not limited to, nitrogen mustard
N-oxide, cyclophosphamide, ifosfamide, melphalan,
busulfan, mitobronitol, carboquone, thiotepa,
ranimustine, nimustine, temozolomide, AMD-473,
altretamine, AP-5280, apaziquone,brostallicin,
bendamustine, carmustine, estramustine, fotemustine,
glufosfamide, ifosfamide, KW-2170, mafosfamide, and
mitolactol; platinum-coordinated alkylating compounds
include but are not limited to, cisplatin,
carboplatin, eptaplatin, lobaplatin, nedaplatin,
oxaliplatin or satrplatin;  Antimetabolites include
but are not limited to, methotrexate, 6-
mercaptopurine riboside, mercaptopurine,
5-fiuorouracil (5-FU) alone or in combination with
leucovorin, tegafur, UFT, doxifluridine, carmofur,
cytarabine, cytarabine ocfosfate, enocitabine, S-1,
gemcitabine, fludarabin, 5-azacitidine, capecitabine,
cladribine, clofarabine, decitabine, eflomithine,
ethynylcytidine, cytosine arabinoside, hydroxyurea,
TS-1, melphalan, nelarabine, nolatrexed, ocfosfate,
disodium premetrexed, pentostatin, pelitrexol,
raltitrexed, triapine, trimetrexate, vidarabine,
vincristine, vinorelbine; or for example, one of the
preferred anti-metabolites disclosed in European
Patent Application No. 239362 such as N-(5-[N-(3,4-
dihydro^-methyl-^oxoquinazolin-
q-ylmethyO-N-methylaminoj^-thenoyO-L-glutamic acid;
Antibiotics include but are not limited to:
aclarubicin, actinomycin D, amrubicin, annamycin,
bleomycin, daunorubicin, doxorubicin, elsamitrucin,
epirubicin, galarubicin, idarubicin, mitomycin C,
nemorubicin, neocarzinostatin, peplomycin,
pirarubicin, rebeccamycin, stimalamer, streptozocin,
valrubicin or zinostatin;  Hormonal therapy agents,
e.g., exemestane (Aromasin), Lupron, anastrozole
(Arimidex), doxercalciferol, fadrozole, formestane,
anti-estrogens such as tamoxifen citrate (Nolvadex)
and fulvestrant, Trelstar, toremifene, raloxifene,
lasofoxifene, letrozole (Femara), or anti-androgens
such as bicalutamide, flutamide, mifepristone,
nilutamide, Casodex(r) (41-
cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-methyl-3
'-(trifluoromethyl)propionanilide) and combinations
thereof; 



Plant derived anti-tumor substances include for
example those selected from mitotic inhibitors, for
example vinblastine, docetaxel (Taxotere) and
paclitaxel;  Cytotoxic topoisomerase inhibiting agents
include one or more agents selected from the group
consisting of aclarubicn, amonafide, belotecan,
camptothecin, 10- hydroxycamptothecin,
9-aminocamptothecin, diflomotecan, irinotecan HCI
(Camptosar), edotecarin, epirubicin (Ellence),
etoposide, exatecan, gimatecan, lurtotecan,
mitoxantrone, pirarubicin, pixantrone, rubitecan,
sobuzoxane, SN-38, tafluposide, and topotecan, and
combinations thereof;  Immunologicals include
interferons and numerous other immune enhancing
agents. Interferons include interferon alpha,
interferon alpha-2a, interferon, alpha-2b, interferon
beta, interferon gamma-1a or interferon gamma-n1.
Other agents include filgrastim, lentinan, sizofilan,
TheraCys, ubenimex, WF-10, aldesleukin, alemtuzumab,
BAM- 002, dacarbazine, daclizumab, denileukin,
gemtuzumab ozogamicin, ibritumomab, imiquimod,
lenograstim, lentinan, melanoma vaccine (Corixa),
molgramostim, OncoVAX-CL,sargramostim, tasonermin,
tecleukin, thymalasin, tositumomab, Virulizin, Z-100,
epratuzumab, mitumomab, oregovomab, pemtumomab,
Provenge;  Biological response modifiers are agents
that modify defense mechanisms of living organisms or
biological responses, such as survival, growth, or
differentiation of tissue cells to direct them to have
anti-tumor activity. Such agents include krestin,
lentinan, sizofiran, picibanil, or ubenimex.  Other
anticancer agents include alitretinoin, ampligen,
atrasentan bexarotene, bortezomib. Bosentan,
calcitriol, exisulind, finasteride.fotemustine,
ibandronic acid, miltefosine, mitoxantrone,
l-asparaginase, procarbazine, dacarbazine,
hydroxycarbamide, pegaspargase, pentostatin,
tazarotne, TLK-286, Velcade, Tarceva, or tretinoin;
Other anti-angiogenic compounds include acitretin,
fenretinide, thalidomide, zoledronic acid,
angiostatin, aplidine, cilengtide, combretastatin A-4,
endostatin, halofuginone, rebimastat, removab,
Revlimid, squalamine, ukrain and Vitaxin;
Platinum-coordinated compounds include but are not
limited to, cisplatin, carboplatin, nedaplatin, or
oxaliplatin;  Camptothecin derivatives include but are
not limited to camptothecin, 10- hydroxycamptothecin,
9-aminocamptothecin, irinotecan, SN-38, edotecarin,
and topotecan;  Tyrosine kinase inhibitors are lressa
or SU541 6;  Antibodies include Herceptin, Erbitux,
Avastin, or Rituximab;  Interferons include interferon
alpha, interferon alpha-2a, interferon, alpha-2b,
interferon beta, interferon gamma-1a or interferon
gamma-n1;  Biological response modifiers are agents
that modify defense mechanisms of living organisms or
biological responses, such as survival, growth, or
differentiation of tissue cells to direct them to have
anti-tumor activity. Such agents include krestin,
lentinan, sizofiran, picibanil, or ubenimex; and Other
antitumor agents include mitoxantrone, l-asparaginase,
procarbazine, dacarbazine, hydroxycarbamide,
pentostatin, or tretinoin. "Abnormal cell growth", as
used herein, unless otherwise indicated, refers to
cell growth that is independent of normal regulatory
mechanisms (e.g., loss of contact inhibition). This
includes the abnormal growth of: ( 1 ) tumor cells
(tumors) that proliferate by expressing a mutated
tyrosine kinase or overexpression of a receptor
tyrosine kinase; (2) benign and malignant cells of
other proliferative diseases in which aberrant
tyrosine kinase activation occurs; (4) any tumors that
proliferate by receptor tyrosine kinases; (5) any
tumors that proliferate by aberrant serine/threonine
kinase activation; and (6) benign and malignant cells
of other proliferative diseases in which aberrant
serine/threonine kinase activation occurs..This
invention also provides methods for inhibiting
tyrosine kinases in a mammal, the method comprising
administering to a mammal in need thereof a
pharmaceutically or therapeutically effective amount
of a compound of this invention, or a pharmaceutically
acceptable salt form thereof. More particularly, this
invention further provides a method for irreversibly
inhibiting tyrosine kinases in a mammal. The methods
herein also include methods for irreversibly
inhibiting tyrosine kinases, including EGFR, PDGFR,
c-src, erbB1, erbB2 and erbB4. This invention may also
be characterized as including a method for inhibiting
VEGF secretion in a mammal. A further method comprises
the inhibition of tyrosine phosphorylation of erbB3 in
a mammal. The compounds herein are also useful as
pan-erbB inhibitors, i.e. inhibiting multiple erbB
kinases with each administration. Those skilled in the
art can readily identify patients in need of the
treatments described herein. For instance, those at
higher risk of developing restenosis include
individuals who have undergone angioplasty, bypass or
graft procedures, or been the recipients of other
vascular procedures or trauma. Individuals at greater
risk of developing atherosclerosis include those who
are obese, consume high fat diets, have elevated
cholesterol levels, or have hypertension. The methods
herein are useful in the treatment of mammals
including humans, companion animals such as dogs and
cats, and farm animals, such as horses, sheep, hogs,
goats, cattle, etc. The term "cancer" includes, but is
not limited to, the following cancers: breast; ovary;
cervix; prostate; testis; esophagus; glioblastoma;
neuroblastoma; stomach; skin, keratoacanthoma; lung,
epidermoid carcinoma, large cell carcinoma,
adenocarcinoma, small cell lung; non-small cell lung;
bone; colon, adenocarcinoma, adenoma; pancreas,
adenocarcinoma;thyroid, follicular carcinoma,
undifferentiated carcinoma, papillary carcinoma;
seminoma; melanoma; sarcoma; bladder carcinoma; liver
carcinoma and biliary passages; kidney carcinoma;
myeloid disorders; lymphoid disorders, Hodgkins, hairy
cells;buccal cavity and pharynx (oral), lip, tongue,
mouth, pharynx; small intestine; colonrectum, large
intestine, rectum; brain and central nervous system;
and leukemia. In addition, compounds of this invention
can be used to treat patients in need of inhibition
vascular endothelial growth factor (VEGF) secretion.
Patients in need of inhibition of VEGF secretion
include those having cancer, diabetic retinopathy,
rheumatoid arthritis, psoriasis, restenosis,
atherosclerosis, osteoporosis, endometriosis, persons
undergoing embryo implantation, or persons having
other diseases in which angiogenesis or
neovascularization plays a role. The compounds of the
present invention can be used in methods to inhibit
the tyrosine phosphorylation of erbB1 , erbB2 and
erbB4. Patients in need of inhibition of tyrosine
phosphorylation of erbB1, erbB2 and erbB4 are patients
having or at risk of having thediseases mentioned
herein with regard to the inhibition of EGFR and the
inhibition of VEGF secretion. The compounds herein can
be administered to humans and animals either orally,
rectaily, parenterally (intravenously, intramuscularly
or subcutaneously), intracistemally, intravaginally,
intraperitoneal^, intravesically, locally (powders,
ointments, or drops), or as a buccal or nasal spray.
The compound can be administered alone or as part of a
pharmaceutically acceptable composition that includes
pharmaceutically acceptable excipients. Compositions
suitable for parenteral injection may comprise
physiologically acceptable sterile aqueous or
nonaqueous solutions, dispersions, suspensions or
emulsions, and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Examples
of suitable aqueous and nonaqueous carriers, diluents,
solvents, or vehicles include water, ethanol, polyols
(propyleneglycol, polyethyleneglycol, glycerol, and
the like), suitable mixtures thereof, vegetable oils
(such as olive oil) and injectable organic esters such
as ethyl oleate. Proper fluidity can be maintained,
for example, by the use of a coating such as lecithin,
by the maintenance of the required particle size in
the case of dispersions and by the use of surfactants.
The compounds of this invention may be readily adapted
to aqueous 



formulations. For example,
4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluorophenylamino)-
7-methoxy-quinazolin-6-yl]-amide has an aqueous
solubility of about 10 mg/mL at pH 6.3 and solubility
increases at lower pHs. These compositions may also
contain adjuvants such as preserving, wetting,
emulsifying, and dispensing agents. Prevention of the
action of microorganisms can be ensured by various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, and the
like. It may also be desirable to include isotonic
agents, for example sugars, sodium chloride, and the
like. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of
agents delaying absorption, for example, aluminum
monostearate and gelatin. Solid dosage forms for oral
administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the
active compound is admixed with at least one inert
customary excipient (or carrier) such as sodium
citrate or dicalcium phosphate or (a) fillers or
extenders, as for example, starches, lactose, sucrose,
glucose, mannitol, and silicic acid; (b) binders, as
for example, carboxymethylcellulose, alignates,
gelatin, polyvinylpyrrolidone, sucrose, and acacia;
(c) humectants, as for example, glycerol; (d)
disintegrating agents, as for example, agar-agar,
calcium carbonate, potato or tapioca starch, alginic
acid, certain complex silicates, and sodium carbonate;
(e) solution retarders, as for example paraffin; (f)
absorption accelerators, as for example, quaternary
ammonium compounds; (g) wetting agents, as for
example, cetyl alcohol and glycerol monostearate;(h)
adsorbents, as for example, kaolin and bentonite; and
(i) lubricants, as for example, talc, calcium
stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, or mixtures thereof.
In the case of capsules, tablets, and pills, the
dosage forms may also comprise buffering agents. Solid
compositions of a similar type may also be employed as
fillers in soft- and hard-filled gelatin capsules
using such excipients as lactose or milk sugar, as
well as high molecular weight polyethylene-glycols,
and the like. Solid dosage forms such as tablets,
dragees, capsules, pills, and granules can be prepared
with coatings and shells, such as enteric coatings and
others well known in the art. They may contain
opacifying agents, and can also be of such composition
that they release the active compound in a certain
part of the intestinal tract in a delayed manner.
Examples of embedding compositions that can be used
are polymeric substances and waxes. The active
compound can also be in micro-encapsulated form, if
appropriate, with one or more of the above-mentioned
excipients. Liquid dosage forms for oral
administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, and
elixirs. In addition to the active compound, the
liquid dosage forms may contain inert diluents
commonly used in the art, such as water or other
solvents, solubilizing agents and emulsifiers, as for
example, ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propyleneglycol, 1,3-butyleneglycol,
dimethylformamide, oils, in particular, cottonseed
oil, groundnut oil, corn germ oil, olive oil, castor
oil and sesame oil, glycerol, tetrahydrofurfuryl
alcohol, polyethyleneglycols and fatty acid esters of
sorbitan or mixtures of these substances, and the
like. Besides such inert diluents, the composition can
also include adjuvants, such as wetting agents,
emulsifying and suspending agents, sweetening,
flavoring, and perfuming agents. Suspensions, in
addition to the active compound, may contain
suspending agents, as for example, ethoxylated
isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, microcrystalline cellulose, aluminum
metahydroxide, bentonite, agar-agar and tragacanth, or
mixtures of these substances, and the like.
Compositions for rectal administrations are preferably
suppositories which can be prepared by mixing the
compounds of the present invention with suitable
non-irritating excipients or carriers such as cocoa
butter, polyethyleneglycol or a suppository wax, which
are solid at ordinary temperatures but liquid at body
temperature and therefore, melt in the rectum or
vaginal cavity and release the active component.
Dosage forms for topical administration include
ointments, powders, sprays, and inhalants. The active
component is admixed under sterile conditions with a
physiologicallyacceptable carrier and any
preservatives, buffers, or propellents as may be
required. Ophthalmic formulations, eye ointments,
powders, and solutions are also contemplated as being
within the scope of this invention. This invention
also comprises pharmaceutically or therapeutically
acceptable salts, esters, amides and prodrug forms of
the compounds of this invention. The terms
"pharmaceutically acceptable salts, esters, amides,
and prodrugs" as used herein refer to those
carboxylate salts, amino acid addition salts, esters,
amides, and prodrugs of the compound of the present
invention which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues
of patients without undue toxicity, irritation,
allergic response, and the like, commensurate with a
reasonable benefit/risk ratio, and effective for their
intended use, as well as the zwitterionic forms, where
possible, of the compounds of the invention. The term
"salts" refers to the relatively non-toxic, inorganic
and organic acid addition salts of compounds of the
present invention. These salts can be prepared in situ
during the final isolation and purification of the
compound or by separately reacting the purified
compound in its free base form with a suitable organic
or inorganic acid and isolating the salt thus formed.
Representative salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, nitrate, acetate,
oxalate, valerate, oleate, palmitate, stearate,
laurate, borate, benzoate, lactate, phosphate,
tosylate, citrate, maleate, fumarate, succinate,
tartrate, naphthylate, mesylate, glucoheptonate,
lactobionate and laurylsulphonate salts, and the like.
These may include cations based on the alkali and
alkaline earth metals, such as sodium, lithium,
potassium, calcium, magnesium, and the like, as well
as non-toxic ammonium, quaternary ammonium, and amine
cations including, but not limited to ammonium,
tetramethylammonium, tetraethylammonium, methylamine,
dimethylamine, trimethylamine, triethylamine,
ethylamine and the like (see, for example, S.M. Berge,
et al., "Pharmaceutical Salts," J. Pharm. Sci., 1977;
66:1 -19 which is incorporated herein by reference).
Examples of pharmaceutically acceptable, non-toxic
esters of the compounds of this invention include C
|-CQ alkyl esters wherein the alkyl group is a
straight or branched chain. Acceptable esters also
include C5-C7 cycloalkyl esters as well as arylalkyl
esters such as, but not limited to benzyl. C-1-C4
alkyl esters are preferred. Esters of the compound of
the present invention may be prepared according to
conventional methods. Examples of pharmaceutically
acceptable, non-toxic amides of the compound of this
invention include amides derived from ammonia, primary
C-\ -CQ alkyl amines and secondary C-| -Cg dialkyl
amines wherein the alkyl groups are straight or
branched chain. In the case of secondary amines, the
amine may also be in the form of a 5- or 6-membered
heterocycle containing one nitrogen atom. Amides
derived from ammonia, C -C alkyl primary aminesand
C-|-C2 dialkyl secondary amines are preferred. Amides
of the compound of the invention may be prepared
according to conventional methods. The term "prodrug"
refers to compounds that are rapidly transformed in
vivo to yield the parent compound of the above
formulas, for example, by hydrolysis in blood. A
thorough discussion is provided in T. Higuchi and V.
Stella, "Pro-drugs as Novel Delivery Systems," Vol. 14
of the A.C.S. Symposium Series, and in Bioreversible
Carriers in Drug Design, ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987,
both of which are incorporated herein by reference.
The compound of the present invention can be
administered to a patient at pharmaceutically or
therapeutically effective dosage levels in the range
of about 0.1 to about 1,000 mg per day. For a normal
human adult having a body weight of about 70 kg, a
dosage in the range of about 0.01 to about 100 mg per
kilogram of body weight per day is sufficient. 



The specific dosage used, however, can vary. For
example, the dosage can depend on a number of factors
including the requirements of the patient, the
severity of the condition being treated, and the
pharmacological activity of the compound being used.
The determination of optimum dosages for a particular
patient is well known to those skilled in the art. One
dosage regimen in humans comprises administration of a
compound of this invention, such as 4-
piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazoli
n-6-yl]- amide or a pharmaceutically acceptable salt,
ester or amide form thereof, at a dosage range of from
about 500 mg to about 1,000 mg per day in a single or
divided doses. Pharmaceutically useful compositions
for use in this regimen may comprise individual dosage
forms containing 100 mg, 200 mg, 250 mg, 500 mg or
1,000 mg of the active compound and one or more
pharmaceutically acceptable carriers or excipients.
The invention compounds can be formulated in
conventional manners to provide convenient dosage
forms for delivery to mammals by various routes,
including oral, parenteral (i.e., subcutaneous,
intravenous, and intramuscular), transdermal, e.g.,
slow release skin patch or cream, as well as by slow
release delivery devices such as osmotic pumps,
suppositories, and buccal seals. The following
non-limiting examples further illustrate how the
compounds of this invention may be readily formulated.
100 mg Tablet Formulation Per Tablet (g) Per 10,000
Tablets (g) 0.10 4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro- 1000
4-fluoro-phenylamino)-7-methoxy-quinazolin-
6-yl]-amide 0.080 Lactose 800 0.010 Corn starch (for
mix) 100 0.008 Corn starch (for paste) 80Per Tablet
(g) Per 10,000 Tablets (g) 0.148 1480 0.002 Magnesium
stearate ( 1%) 20 0.150 1500 The active agent of this
invention, lactose, and corn starch (for mix) are
blended to uniformity. The corn starch (for paste) is
suspended in 600 ml. of water and heated with stirring
to form a paste. This paste is used to granulate the
mixed powders. The wet granules are passed through a
No. 8 hand screen and dried at 800C. The dry granules
are then passed through a No. 16 screen. The mixture
is lubricated with 1% magnesium stearate and
compressed into tablets in a conventional tableting
machine. The tablets are useful for treating cancers
such as breast, prostate, lung, ovarian, colon,
pancreatic, melanoma, esophageal, brain, Kaposi's
sarcoma, and lymphomas. Preparation of Oral Suspension
Ingredient Amount 4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7- 500 mg
methoxy-quinazolin-6-yl]-amide Sorbitol solution (70%
N.F.) 40 mL Sodium benzoate 150 mg Saccharin 10 mg
Cherry flavor 50 mg Distilled water qs 100 mL The
sorbitol solution is added to 40 mL of distilled
water, and the pyrido pyrimidine is suspended therein.
The saccharin, sodium benzoate, and flavoring are
added and dissolved. The volume is adjusted to 100 mL
with distilled water. Each milliliter of syrup
contains 5 mg of invention compound. Preparation of
Parenteral Solution In a solution of 70O mL of
propylene glycol and 20O mL of water for injection is
suspended 20.O g of 4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fIuoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide with stirring. After
suspension is complete, the pH is adjusted to 5.5 with
hydrochloric acid, and the volume is made up to 1000
mL with water for injection. The formulation is
sterilized, filled into 5.0 mL ampoules, each
containing 2.0 mL (representing 40 mg of invention
compound) and sealed under nitrogen. Suppositories A
mixture of 400 mg of 4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluorophenylamino)-
7-methoxy-quinazolin-6-yl]-amide, and 600 mg of
theobroma oil is stirred at 600C to uniformity. The
mixture is cooled and allowed to harden in a tapered
mold to provide a 1 g suppository.Slow Release
Formulation Five hundred milligrams of
4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluorophenylamino)-
7-methoxy-quinazolin-6-yl]-amide is converted to a
hydrochloride salt and placed into an Oros osmotic
pump for controlled release for treatment of
atherosclerosis. Skin Patch Formulation One hundred
milligrams of 4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluorophenylamino)-
7-methoxy-quinazolin-6-yl]-amide is admixed with 100
mg of propylene glycol monolaurate in a
polydimethylsiloxane adhesive. The mixture is layered
onto an elastic film made with an adhesive formulation
of polybutene, polyisobutylene, and propylene glycol
monolaurate. The layers are placed between 2 layers of
polyurethane film. A release liner is attached to the
adhesive surface, and is removed prior to application
to a skin surface. The propylene glycol monolaurate
serves as a permeation-enhancing agent. The compound
of the present invention can exist in unsolvated as
well as solvated forms with pharmaceutically
acceptable solvents such as water, ethanol, and the
like. In general, the solvated forms are considered
equivalent to the unsolvated forms for the purposes of
the present invention. It is intended that the
compound in question be either synthetically produced
or biologically produced, such as through metabolism.
A pharmaceutically or therapeutically effective amount
of a compound herein will be understood to be an
amount sufficient to inhibit the activity of the
proteins and phosphorylation mechanisms described
herein in a mammal to a degree that limits, inhibits
or prevents the progress and development of the
proliferative disease or other tyrosine kinasemediated
malady in question. A pharmaceutically or
therapeutically effective amount, in reference to the
treatment, inhibition, prevention or control of the
advancement of a cell proliferative disorder may also
be understood to be an amount sufficient to bring
about cell death, inhibit the growth of cells causing
the disorder, relieve discomfort due to the disorder,
or the prolong the life of a patient experiencing the
disorder. Non-limiting examples of compounds
representing the scope of this invention include:
4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methylsulfanylquin
azolin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-methylaminoquinazo
lin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-isopropoxyquinazol
in- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-bromo-phenylamino)-7-methoxy-quinazolin-6-
yl]-amide;4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-ethoxyquinazolin-
6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-propoxyquinazolin-
6-yl]-amide; 4-(4-Fluoro-piperidin-1-yl)-but-2-enoic
acid [4-(3-chloro-4-fluoro-phenylamino)-7- 



methoxy-quinazolin-6-yl]-amide;
4-(3-Fluoro-piperidin-1-yl)-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenyIamino)-7-
methoxy-quinazolin-6-yl]-amide;
4-(2-Fluoro-piperidin-1 -yl)-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;
4-Morpholin-4-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]-amide; 4-Azepan-1 -yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
trifluoromethoxy-quinazolin-6-yl]-amide; 4-Piperidin-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-fluoromethoxyquina
zolin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-fluoroethoxyquinaz
olin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(2-fluoroethylsulf
anyl)- quinazolin-6-yl]-amide; 4-Piperidin-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-trifluoroethoxyqui
nazolin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-difluoroethoxyquin
azolin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-(3-morpholin-4-
yl-propoxy)-quinazolin-6-yl]-amide; 4-Piperidin-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(2-piperidin-1-yle
thoxy)- quinazolin-6-yl]-amide;
4-(3,4-Dihydro-2H-pyridin-1 -yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]amide;
4-(3,4-Dihydro-2H-pyridin-1 -yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
ethoxy-quinazolin-6-yl]amide;
4-(3,4-Dihydro-2H-pyridin-1-yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
methylsulfanyl-quinazolin-6-yl]amide;
4-(3,4-Dihydro-2H-pyridin-1 -yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
fluoroethoxy-quinazolin-6-yl]amide;
4-(3,6-Dihydro-2H-pyridin-1 -yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]amide;
4-(3,6-Dihydro-2H-pyridin-1-yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]amide;
4-(3,6-Dihydro-2H-pyridin-1 -yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
fluoroethoxy-quinazolin-6-yl]amide;
4-(3,6-Dihydro-2H-pyridin-1 -yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
methylsufanyl-quinazolin-6-yl]amide; 4-Piperazin-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]amide; 4-(4-Methyl-piperazin-1-yl)-but-2-enoic
acid [4(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]amide; 4-lmidazol-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]amide; 4-Pyrrolidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methylsulfanylquin
azolin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-methylaminoquinazo
lin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-isopropoxyquinazol
in- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-bromo-phenylamino)-7-methoxy-quinazolin-6-
yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-ethoxyquinazolin-
6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-propoxyquinazolin-
6-yl]-amide; 5-(4-Fluoro-piperidin-1-yl)-pent-2-enoic
acid [4-(3-chloro-4-fluoro-phenylamino)-7- methoxy-qu
inazolin-6-yl]-am ide;
5-(3-Fluoro-piperidin-1-yl)-pent-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;5-(2-Fluoro-piperidin-1
-yl)-pent-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;
5-Morpholin-4-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]-amide; 5-Azepan-1-yl-pent-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
trifluoromethoxy-quinazolin-6-yl]-amide; 5-Piperidin-1
-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-fluoromethoxyquina
zolin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-fluoroethoxyquinaz
olin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(2-fluoroethylsulf
anyl)- quinazolin-6-yl]-amide; 5-Piperidin-1
-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-trifluoroethoxyqui
nazolin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-difluoroethoxyquin
azolin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-(3-morpholin-4-
yl-propoxy)-quinazolin-6-yl]-amide; 5-Piperidin-1
-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(2-piperidin-1 -
yl-ethoxy)-quinazol in-6-yl]-am ide; 6-Piperidin-1
-yl-hex-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide; 6-Piperidin-1 -yl-hex-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methylsulfanylqui
nazolin- 6-yl]-amide; 6-Piperidin-1 -yl-hex-2-enoic
acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methylaminoquinaz
olin- 6-yl]-amide; 6-Piperidin-1 -yl-hex-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-ethoxyquinazolin-
6-yI]-amide; and 6-Piperidin-1 -yl-hex-2-enoic acid
[4-(3-chloro-4-f
luoro-phenylamino)-7-fluoroethoxyquinazolin-
6-yl]-amide; or a pharmaceutically acceptable salt
form thereof. Compounds of this invention may be
prepared using methods and materials known in the art.
Compounds of this invention wherein X is oxygen may be
prepared as illustrated in the following Scheme 1,
wherein the 4-position aniline group is represented a
4-fluoro-3- 



chloro aniline group.Scheme 1 10 11 12
4-Chloro-7-fluoro-6-nitroquinazoline (7) can be
prepared by methods similar to those described in
J.Med. Chem. 1996, 39, 918-928. Generally,
2-amino-4-fluoro-benzoic acid (1) can be reacted with
formamidine (2) and acetic acid (3) in the presence of
2-methoxyethanol to provide
7-Fluoro-3H-quinazolin-4-one (4). The
7-fluoro-3H-quinazolin-4-one (4) can then be nitrated
to 7-fluoro-6-nitro-3H-quinazolin-4-one (5), which can
be treated with thionyl chloride to yield
4-chloro-6-nitro-7-fluoro-3H-quinazoline (6). The
4-chloro-quinazoline compound (6) can be combined with
a desirably substituted aniline, represented above by
4- fluoro-3-chloro-aniline, in the presence of a
tertiary amine and isopropanol to provide the 4-
anilino-6-nitro-7-fluoro-quinazoline (7).The
4-anilino-6-nitro-7-fluoro-quinazoline (7) may be
reacted with an alcohol of the formula R3OH, wherein
R3 is as defined above, to yield the 7-alkoxylated
compound (8). Reduction of the 6-nitro compound (8)
provides the 6-amino analog (9). The 6-position amino
compound (9) may be reacted with a haloalkenoyl
chloride (12), such as a 4-bromo-but-2-enoyl chloride,
5-bromo-pent-2-enoyl chloride, 4-chloro-but-2-enoyl
chloride, or 5-chloro-pent-2-enoyl chloride, to
provide an alkenoic acid[4-anilino]-7-
alkoxylated-quinazolin-6-yl-amide (13). Haloalkenoyl
chloride agents useful in this scheme may be prepared
by methods known in the art, such as the treatment of
a relevant haloalkenoic acid, represented by
bromoalkenoic acid ester (10), with a primary alcohol,
yielding the corresponding haloalkenoic acid (11),
which may in turn be treated with oxalyl chloride to
provide the desired haloalkenoyl chloride (12).
Finally, the quinazoline-6-alkanoic acid compound (13)
may be treated with a cyclic amine, such as
piperidine, piperazine, etc., to provide the desired
final compound (14). It will be understood that
compounds herein having the 7-position alkoxy groups
can be prepared as above using an alcohol of the
formula R3OH, wherein R3 is an alkyl group as defined
herein, known in the art including, but not limited
to, methanol, ethanol, propanol, isopropanol,
fluoromethanol, chloromethanol, difluoromethanol,
dichloromethanol, trifluoromethanol,
trichloromethanol, 1-fluoroethanol, 2-fluroethanol,
2-chloroethanol, 2- iodoethanol, 2-bromoethanol,
1,1-difluoroethanol, 2,2-difluoroethanol,
2,2-dichloroethanol, 1,2,2-trifluorethanol,
2,2,2-trifluorethanol, 1,1,2,2-tetrafluorethanol,
pentafluoroethanol, 3- fluoro-1 -propanol,
2,3-difluoro-1 -propanol, 3,3-difluoro-1 -propanol,
2,3,3-trifluoro-1 -propanol, 3,3,3-trifluoro-1
-propanol, 1, 1 ,3-trifluoro-1 -propanol,
1,2,2,3-tetrafluoro-1 -propanol, 2,3,3,3-
tetrafluoro-propanol, 2,2,3,3, 3-pentafluoro-1
-propanol, 1,2,3,3, 3-pentafluoro-1 -propanol, 1,1
,2,3,3,3-hexafluoro-1 -propanol, heptafluoro-1
-propanol, 2-fluoro-2-propanol, 1,1 ,difluoro-2-
propanol, 1,3-difluoro-2-propanol,
1-fluoro-2-propanol, 1,1,1-trifluoro-2-propanol,
1,1,3,3- tetrafluoro-2-propanol, 1, 1
,3,3,3-pentafluoro-2-propanol, 1, 1
,2,3,3-hexafluoro-2-propanol, 1,1 ,1
,3,3,3-hexafluoro-2-propanol, 1,1,1
,2,3,3,3,-heptafluoro-2-propanol, etc. Within the
scope of this invention are useful intermediate
compounds of the formula: wherein: Y is NO2, NH2, or
the moiety halo-(CH 2)m-CH=CH-C(O)-NH 2-; halo is F,
Cl, Br or I; m is an integer from 1 to 3;R3 is
selected from: a) a mono-, di- or tri-halogenated
methyl group; b) C2-C3 straight or branched alkyl,
optionally substituted by halogen; or c)
-(CH2)n-morpholino, -(CH2)n-piperidine,
-(CH2)n-piperazine, -(CH2)npiperazine- N(CrC 3 alkyl),
-(CH2)n-pyrrolidine, or -(CH2)n-imidazole. These
compounds specifically include those of the formulae
above wherein R3 is an ethane, propane, isopropane,
fluoromethane, chloromethane, difluoromethane,
dichloromethane, trifluoromethane, trichloromethane,
1-fluoroethane, 2-fluroethane, 2- chloroethane,
2-iodoethane, 2-bromoethane, 1,1-difluoroethane,
2,2-difluoroethane, 2,2- dichloroethane,
1,2,2-trifluorethane, 2,2,2-trifluorethane,
1,1,2,2-tetrafluorethane, pentafluoroethane,
3-fluoro-1 -propane, 2,3-difluoro-1 -propane,
3,3-difluoro-1 -propane, 2,3,3- trifluoro-1 -propane,
3,3,3-trifluoro-1 -propane, 1,1,3-trifluoro-1
-propane, 1,2,2,3-tetrafluoro-1 - propane,
2,3,3,3-tetrafluoro-propane, 2,2,3,3,3-pentafluoro-1
-propane, 1,2,3,3,3-pentafluoro- 1-propane,
1,1,2,3,3,3-hexafluoro-1-propane, heptafluoro-1
-propane, 2-fluoro-2-propane, 1,1,difluoro-2-propane,
1,3-difluoro-2-propane, 1-fluoro-2-propane,
1,1,1-trifluoro-2-propane, 1,1
,3,3-tetrafluoro-2-propane, 1,1
,3,3,3-pentafluoro-2-propane, 1,1,2,3,3-hexafluoro-2-
propane, 1,1,1,3,3,3-hexafluoro-2-propane, or
1,1,1,2,3,3,3,-heptafluoro-2-propane group. Compounds
of this invention wherein X is sulfur may be prepared
as illustrated in the following Scheme 1 by replacing
the alcohol R3OH reacted with the
(3-Chloro-4-fluorophenyl)-(
7-halo-6-nitro-3,4-dihydro-quinolin-4-yl)-amine
(Compound 7) with an appropriate alkylthiol of the
formula R3SH, wherein R3 is as defined herein. Useful
alkylthiol compounds of the formula R3SH include, but
are not limited to, methanethiol, ethanethiol,
1-propanediol, 2-propanethiol, fluoromethanethiol,
2-fluoroethanethiol, 2,2-difluoro-ethanethiol, 2,2,2-
trifluoro-ethanethiol, etc. Similarly, compounds of
this invention wherein X is -NH- may be prepared as
illustrated in the following Scheme 1 by replacing the
alcohol R3OH reacted with the (3-
Chloro-4-fluoro-phenyl)-(7-halo-6-nitro-3,4-dihydro-qu
inolin-4-yl)-amine (Compound 7) with an appropriate
alkylamine of the formula R3NH, wherein R3 is as
defined herein. Useful alkylamines include, but are
not limited to, methylamine, ethylamine, propylamine,
isopropylamine, 1-fluoromethylamine,
1,1-difluoromethylamine, 1,1,1-trifluoromethylamine,
2- fluoroethylamine, 2,2-difluoroethylamine,
2,2,2-trifluoroethylamine, 3-fluoropropylamine, 3,3-
difluoropropylamine, 3,3,3-trifluoropropylamine,
2,3,3-tetrafluoropropylamine, 2,2,3,3,3-
pentafluoropropylamine, 1, 1
,2,2,3,3,3-heptafIuoropropylamine, etc. Piperidine
compounds useful in the preparing R4 groups in the
compounds of this invention include, but are not
limited to piperidine, 2-Fluoro-piperidine,
3-Fluoro-piperidine, 4- Fluoro-piperidine,
4-Bromo-piperidine, 4-Chloro-piperidine,
2-Hydroxy-piperidine, 3-Hydroxypiperidine,
2-Methyl-piperidine, 3-Methyl-piperidine,
4-Methyl-piperidine, 4-Ethyl-piperidine,
4-Propyl-piperidine, 2-Amino-piperidine,
3-Amino-piperidine, 4-Amino-piperidine,
2-Methylpiperidine, 2,3-Dimethyl-piperidine,
3,3-Dimethyl-piperidine, 2,4-Dimethyl-piperidine, 2,5-
Dimethyl-piperidine, 2,6-Dimethyl-piperidine,
3,5-Dimethyl-piperidine, 2-Methyl-5-ethylpiperidine,
3-Methyl-4-hydroxy-piperine,
2,6-Dimethyl-4-hydroxy-piperidine, 2,5-Dimethyl-4-
hydroxy-piperidine,2,3-Dimethyl-4-hydroxy-piperidine,
3,3-Difluoro-piperidine, 4,4-Difluoropiperidine,
4,4-Dihydroxy-piperidine, 2,4,6-Trimethyl-piperidine,
etc. Example 1 4-Piperidin-1 -yl-but-2-enoic acid
r4-(3-chloro-4-fluoro-phenylamino)-7-(2-fluoroethoxy)-
quinazolin-6-yll-amide
7-fluoro-6-nitro-4-chloroquinazoline (14.73,g, 65
mmol) was combined with 3-choro-4- fluoroaniline (9.49
g, 65 mmol) and triethylamine (10 ml_, 72 mmol) in 150
mL of isopropanol. The reaction was stirred at room
temperature for 1.5 hours, resulting in a yellow
slurry. The solid was collected by filtration, rinsing
with isopropanol and then water. The solid was dried
in a 4O0C vacuum oven overnight to give 19.83 g (91%)
of the product as an orange solid. MS (APCI, m/z,
M+1): 337.0 NaH (60% in mineral oil, 3.55g, 88 mmol)
was added, in portions, to a solution of 2-
fluoroethanol (5.19 g, 80 mmol) in 200 mL THF. The
reaction was stirred for 60 minutes at room
temperature. To the reaction was added
7-fluoro-6-nitro-4-(3-chloro-4-
fluoroaniline)quinazoline (18.1 1g, 54 mmol) as a
solid, rinsing with THF. The reaction was heated to
65C for 26 hours. The reaction was cooled to room
temperature and quenched with water. THF was removed
in vacuo. The resulting residue was sonicated briefly
in water then the solid collected by filtration. The
solid was triturated with MeOH, filtered and dried in
a 4O0C vacuum oven overnight to 12.63 g of the
product. Additional product was obtained by
concentrating the MeOH filtrate to dryness and
chromatography eluting with 50% EtOAc/hex. 



The isolated material was triturated with MeOH (2X),
filtered and dried. 3.90 g Total yield: 16.53 g, 81%
MS (APCI, m/z, M+1):
381.07-(2-fluoroethoxy)-6-nitro-4-(3-chloro-4-fIuoroan
iline)quinazoline (0.845 g, 2.2 mmol) in 50 mL THF was
hydrogenated with Raney nickel (0.5 g) as the catalyst
over 15 hours. The catalyst was filtered off and the
filtrate was evaporated to give 0.77 g of product.
(99%) MS (APCI, m/z, M+1): 351.2 Methyl
4-bromocrotonate (85%, 20 mL, 144 mmol) was hydrolyzed
with Ba(OH)2 in EtOH/H20 as described in J.Med.Chem.
2001, 44(17), 2729-2734. MS (APCl, m/z, M-1): 163.0 To
a solution of 4-bromocrotonic acid (4.17g, 25 mmol) in
CH2CI2 (20 mL) was added oxalyl chloride (33 mL, 38
mmoL) and several drops of DMF. The reaction was
stirred at room temperature for 1.5 hours. The solvent
and excess reagent was removed in vacuo. The resulting
residue was dissolved in 10 mL THF and added to a 00C
mixture of 6-amino-7-
(2-fluoroethoxy)-4-(3-chloro-4-fluoroaniline)quinazoli
ne (5.28 g, 15 mmol) and triethylamine (5.2 mL, 37
mmol). The reaction was stirred at 00C for 1 hour.
Water was added to the reaction and the THF removed in
vacuo. The product was extracted into CH2CI2 (400 mL).
The organic layer was dried over MgSO4, filtered and
concentrated. The crude material was chromatographed
on silica gel eluting with 0-4% MeOH/CH2CI2. An
isolated gold foam was isolated. Yield: 4.58 g, 61% MS
(APCI, m/z, M-1): 497.1 Piperidine (0.75 mL, 6.7 mmol)
was added to a solution of the above compound (3.35 g,
6.7 mmol) and TEA (2.80 mL, 20 mmol) in 10 mL DMA at
00C. The reaction was stirred at 00C for 17 hours.
Water was added to the reaction until a precipitate
was evident. The reaction was sonicated for 40 minutes
and the liquid decanted. The residue was dissolved in
CH2CI2, dried over MgSO4, filtered and concentrated.
The material was chromatographed on silica gel eluting
with 4-10% MeOH/CH2CI2. The isolated residue was
triturated with acetonitrile (2X) and collected by
filtration. Impurity found: Michael addition of
piperidine (2.2% in first trituration of
acetonitrile). Additional material can be obtained
from the acetonitrile filtrates. Yield: 0.95 g, 27% MS
(APCI, m/z, M+1): 502.3Example 2 4-Piperidin-1
-yl-but-2-enoic acid
r4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yll-amide (Synthetic Route No. The title compound
and other 7-methoxy analogs of this invention can be
prepared as described in Example 1 by replacing the
2-fluoroethanol used in Example 1 with stoichiometric
amount of methanol. Example 3
N-r4-(3-Chloro-4-fluoro-phenylamino)-7-methoxy-quinazo
lin-6-yl |-3-piperidin-1-ylacrylamide (Synthetic Route
No. 2) An alternative synthetic route for compounds of
this invention involves preparing the 6-position
substituent chain as a Het-alkenoyl chloride as
depicted in Scheme 2, below. Scheme 29 14 It will be
understood that other compounds within this invention
may be prepared using Het-butenoyl halide,
Het-pentenoyl halide and Het-hexenoyl halide groups of
the formula: wherein R4 is as described herein and
halo represents F, Cl, Br or I, preferably Cl or Br.
One specific group of these Het-alkenoyl halides
includes those compounds in which halo is Cl or Br, R4
is -(CH2)m-Het, m is an integer from 1 to 3, and Het
is piperidine or the substituted piperidine moieties
disclosed above. Example 4 4-Piperidin-1
-yl-but-2-enoic acid
r4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yli-amide (Synthetic Route No. 3) Scheme 3
HNO3/H2SO4 8 1.36%3-Chloro-4-fluoro-phenylamine 15
(50.31, 345.6 mmole) and 3,4-Dimethoxybenzaldehyde 16
(57.43g, 345.6 mmole) were mixed in 500 ml of IPA and
cooled in an icewater. The glacial acetic acid was
added (20.76 g, 345.6 mole) and then sodium
cyanoborohydride in one portion. The reaction was
stirred at room temperature (RT) for 24 hrs. 250 mL of
10% NaOH was added dropwise at RT after the reaction
was completed. Themixture was stirred for hr. The
slurry was then filtered and washed with IPA and dried
in vacuo. The mass weight 88.75 g (17, 87%). Compounds
6 (3g, 13.18 mmole) and 17 (3.9 g, 13.18 mmole) were
combined in CH3CN (25 mL) and heated for one hr. Mass
spectroscopy indicated no starting material. Saturated
K2CO3 was added and the reaction was extracted 3X with
EtOAc. The organic layers were combined, washed with
brine and concentrated in vacuo to give 6.48g of 7
(78.4%). Compound 7 (72.76 g, 149.4 mmole) was added
to a cool solution of NaOMe in 1.5 L of dry MeOH under
N2. The cooling bath was removed and the mixture was
heated to reflux and stirred for 1 hr. The reaction
was cooled to room temperature and quenched with water
until the product precipitated out. The solid was
filtered and washed with water and hexanes. The
product was slurred in refluxing EtOAc and filtered
hot to provide 68.75 g of yellow soled 8 (73%).
Compound 8 (63.62 g, 127.5 mole) was hydrogenated
using Raney/Ni as catalyst to obtain 43.82 g of 9
(100%). Oxalyl chloride (6.5 g, 51.18 mmole) was added
slowly to a suspension of 13 (10.5 g, 51.2 mmole) in
200 ml of dichloromethane containing 8 drops of DMF,
after the reaction become homogeneous, the solvent was
removed and the residual light yellow solid was
slurred in 200 ml of DMAC and 9 (20 g, 42.65 mmole)
was added gradually as a solid. The reaction was
stirred for 15 min. and poured slowly into 1N NaOH.
The mixture was extrated 3X EtOAc. The combined
organic layers were washed with brine, filtered and
concentrated in vacuo to obtain 28.4 g (100%) 10.
Compound 10 (13.07 g, 21.08 mmole) was dissolved in
trifluoroacetic acid (TFA) (74 g, 649 mmole) and
heated to 30Cfor 24 hrs. The reaction was cooled to RT
and poured gradually into a cooled 1N NaOH-brine
solution. Precipitate formed and filtered and washed
with 3X water then dried. Recrystalized from toluene
to obtain pure N-[4-(3-Chloro-4-fluorophenylamino)-
7-methoxy-quinazolin-6-yl]-3-piperidin-1-yl-acrylamide
(9.90 g, 89%). From the example above, it will be
understood that this invention includes useful
intermediate compounds of the formula: wherein Y is
NH2, NO2 or the moiety R4-(CH2 1 -CH=CH-C(O)-NH2-; and
m is an integer from 1 to 3; R3 is selected from: a)
C1-C3 straight or branched alkyl, optionally
substituted by halogen; orb) -(CH2)n-morpholino,
-(CH2)p-piperidine, -(CH2)n-piperazine, -(CH2),,-
piperazine-N (C1-C3 alkyl), -(CH2)n-pyrrolidine, or
-(CH2)n-imidazole; n is an integer from 1 to 4; R4 is
-(CH2)m-Het; Het is a heterocyclic moiety selected
from the group of morpholine, piperidine, piperazine,
piperazine-N(Ci-C 3 alkyl), imidazole, pyrrolidine,
azepane, 3,4-dihydro-2H-pyridine, or
3,6-dihydro-2H-pyridine, wherein each heterocyclic
moiety is optionally substituted by from 1 to 3 groups
selected from C1-C3 alkyl, halogen, OH, NH2, NH(C1-C3
alkyl) or N (C1-C3 alkyl)2; m is an integer from 1
to3; and X is O, S or NH. Example 5 



4-Piperidin-1 -yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-v p-amide (Synthetic Route No. 4) Scheme 4 17.97g
(92.4%), 16.75g (94.49%), 99.5% HPLC A% 100% HPLC
A%(3-Chloro-4-fluoro-phenyl-(7-methoxy-6-nitro-quinazo
line-4-yl)-amine ( 1) ( 17.26g, .0495mmol) was
slurried in 350 ml acetic anhydride under nitrogen and
warmed and maintained at 900C for 24hrs and cooled
gradually to RT. Pale colored slurry exists. Cooled to
00C for 1hr. The solids were filtered and the flask
and cake were washed with 2x50ml IPA. The product, N-
-Chloro^-fluoro-phenyO-N-^-methoxy-
-nitro-quinazoline^-yO-acetamide (2), was dried in
vacuum oven at 600C for 24 hrs. Mass: 17.97g (92.4%).
HPLC: 99.45%, rt=1 3.705 min. Raney Ni (5.Og) was
slurried in MeOH, followed by THF to remove water.
N-(3-
Chloro-4-fluoro-phenyl)-N-(7-methoxy-6-nitro-quinazoli
ne-4-yl)-acetamide (2) (19.2g, 49mmol) was slurried in
THF (500ml) and charged to a reactor. The reaction was
heated to 6O0C and pressurized with hydrogen to 60
psi. After almost 17 hrs, an additional 10.0g of the
catalyst was charged and the reaction was complete by
38 hrs. Filter reaction and wash with THF. The solids
were concentrated on rotavap and the solvent was
exchanged to hexanes. A pale yellow solid precipitated
upon addition of hexanes. The solvent was removed
under vacuum to distill any remaining THF. Filtered
and washed with copious amounts of hexanes. The
product,
N-(6-Amino-7-methoxy-quinazolin-4-yl)-N-(3-chloro-4-fl
uoro-phenyl)-acetamide (3), was dried in vacuum oven
at 7O0C for 24 hours. Mass is 16.75g (94.49%). HPLC:
tm (100%). Oxyalyl chloride was added to a solution of
DMF (60 mg), 4-piperidin-1-yl-but-2-enoic acid in 40
ml DCM at room temperature and the reaction was
stirred for one hour. The solvent was evaporated under
vacuum and the resulting solid slurried in 150 ml
DMAC. The
N-(6-amino-7-methoxy-quinazolin-4-yl)-N-(3-chloro-4-fl
uoro-phenyl)-acetamide (3) was added to the reaction
mixture as a solid. The reaction was completed after
45 minutes. The mixture was then added dropwise to 300
ml 2N NaOH and the aqueous layer was extracted into
EtOAc. The combined organic layer was concentrated to
100 ml and stirred for 2 days at room temperature. 300
ml ethyl ether and 100 ml of 2N NaOH were added and
the solid that precipitated out was collected by
filtration. The final product was recrystallized from
ethylene chloride to obtain 5.5 g pure product. As
noted above, the Raney nickel catalyst may be treated
prior to use with an alcohol, such as methanol or
ethanol, then washed with THF prior to use. Additional
catalysts for use with this reaction include platinum
on carbon or palladium on carbon catalysts, preferably
in the presence of 1-4 equivalents of acetic acid. It
will be understood that the removal of the acetyl
group on compound (5) to provide compound (6), above,
may be accomplished by methods known in the art,
including both basic and acidic conditions. Removal
under acidic conditions may be accomplished utilizing,
among other acids known in the art, acetic acid or
methanesulfonic acid. Within the scope of this
invention are useful intermediate compounds of the
formula:wherein Y is NH2, NO2 or the moiety
R4-(CH2)m-CH=CH-C(O)-NH2-; and m is an integer from 1
to 3; R3 is selected from: a) C1-C3 straight or
branched alkyl, optionally substituted by halogen; or
b) -(CH2)p-morpholino, -(CH2)n-piperidine,
-(CH2)n-piperazine, -(CH2)npiperazine- N(C C3 alkyl),
-(CH2)n-pyrrolidine, or -(CH2)n-imidazole; n is an
integer from 1 to 4; R4 is -(CH2)m-Het; Het is a
heterocyclic moiety selected from the group of
morpholine, piperidine, piperazine, piperazine-N(CrC 3
alkyl), imidazole, pyrrolidine, azepane,
3,4-dihydro-2H-pyridine, or 3,6-dihydro-2H-pyridine,
wherein each heterocyclic moiety is optionally
substituted by from 1 to 3 groups selected from C1-C3
alkyl, halogen, OH, NH2, NH(C1-C3 alkyl) or N (C1-C3
alkyl)2; m is an integer from 1 to3; and X is O, S or
NH. Examples of these include
N-(3-chloro-4-fluoro-phenyl)-N-(7-methoxy-6-nitroquina
zolin- 4-yl)-acetamide,
N-(6-amino-7-methoxy-quinazolin-4-yl)-N-(3-chloro-4-fl
uorophenyl)- acetamide and
N-{4-[acetyl-(3-chloro-4-fluoro-phenyl)-amino]-7-metho
xy-quinazolin- 6-yl}-3-piperidin-1-yl-acrylamide.
Example 6 4-Piperidine-1 -yl-but-2-enoic acid
r4-(3-chloro-4-fluoro-phenylamino)-7-(2,2-difluoroetho
xy)- auinazolin-6-vn-amide 0.6 g 60% NaH was added in
portions to a solution of 1.23 g 2,2-difluoroethanol
in 20 ml THF and stirred at room temperature for 15
minutes. 2.02 g
(3-Chloro-4-fluoro-phenyl)-(7-fluoro-6-nitro-quinazoli
ne-4-yl)-amine was added as a solid and the mixture
was heated to 65C for 1 hour, then cooled to room
temperature. Water was added and the THF was removed
under vacuum. The mixture was sonicated and the
resulting solids collected by filtration and dried
under vacuum overnight to give 2.93 g of crude
(3-Chloro-4-fluoro-phenyl)-
[7-(2,2-difluoro-ethoxy)-6-nitro-quinazolin-4-yl]-amin
e. The crude
(3-Chloro-4-fluoro-phenyl)-[7-(2,2-difluoro-ethoxy)-6-
nitro-quinazolin-4-yl]- amine was dissolved in THF and
reduced using Raney nickel catalyst to yield
N4-(3-Chloro-4-
fluoro-phenyl)-7-(2,2-difluoro-ethoxy)-quinazoline-4,6
-diamine. 0.45 g Bromo-but-2-enoic acid was dissolved
in 10 ml CH2CI2 along with 2 drops DMF. 0.47 ml oxalyl
chloride was added at room temperature and stirred
overnight. The mixture was evaporated to dryness to
yield 4-Bromo-but-2-enoyl chloride. 0.5 g
N4-(3-Chloro-4-fluoro-phenyl)-7-(2,2-difluoro-ethoxy)-
quinazoline-4,6-diamine was dissolved in 10 ml THF and
1.2 ml N,N-Diisopropyl-ethylamine (DIEA) and 0.48 g 4-
Bromo-but-2-enoyl chloride were added and the mixture
was stirred at room temperature for 2 hours. 0.27 ml
piperidine was added and stirred at room temperature
overnight. An additional 0.7 ml piperidine was added
and the mixture heated to 700C. After 3 hours the
reaction mixture was poured into water, the solids
were extracted with ethyl acetate, washed with water
and brine, dried over NaSO4 and flash chromatographed
under 0-4% methanol in chloroform to yield 0.2 g
4-Piperidine-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-
7-(2,2-difluoro-ethoxy)-quinazolin-6-yl]-amide. MS
(M+H)+ @520. Example 7 4-Piperidin-1-yl-but-2-enoic
acid
r4-(3-chloro-4-fluoro-phenylamino)-7-(3-morpholin-4-
yl-propoxyVquinazolin- -vp-amide Step 1:
4-Piperidin-1-yl-but-2-enoic acid methyl ester Methyl
4-bromocrotonate (2 g, 11.2 mmol) was dissolved in
dichloromethane (20 ml_) and cooled to 00C. Piperidine
(1.11 mL, 11.2 mmol) was added slowly. The mixture was
stirred at 00C for 1 hour. The solvent was removed in
vacuo. The crude material was used as is. MS m/z 184
(M+1).Step 2: 4-Piperidin-1 -yl-but-2-enoic acid -HCl
4-Piperidin-1-yl-but-2-enoic acid methyl ester (2.05
g, 11.2 mmol) and concentrated hydrochloric acid (10
mL) were combined in dioxanes (30 ml_) and heated to
reflux overnight. The mixture was concentrated in
vacuo. The residue was crystallized from IPA to yield
the desired product (390 mg, 17%). 400 MHz 1H NMR
(DMSOd 6) d 6.80 (dt, 1H, J = 15.6, 7.1 Hz), 6.14 (d,
1H, J = 15.6 Hz), 3.85 (d, 1H, J = 7.1 Hz), 2.89 (m,
4H), 1.54 (m, 6H). MS m/z 170 (M+1). Step 3:
4-Piperidin-1-yl-but-2-enoyl chloride The HCI salt of
4-Piperidin-1 -yl-but-2-enoic acid (250 mg, 1.48 mmol)
was dissolved in dichloromethane (15 mL).
Dimethylformamide (3 drops) was added. Oxaiyl chloride
(155 



ml_, 1.77 mmol) was added slowly and the reaction was
stirred at room temperature for 1 hour. The mixture
was concentrated under reduced pressure and the
residue was used as is. Step 4:
4-Piperidin-1-yl-but-2-enoic acid
r4-(3-chloro-4-fluoro-phenylamino)-7-(3-
morpholin^-yl-propoxyV auinazolin-e-v p-amide
N*4*-(3-Chloro-4-fluoro-phenyl)-7-(3-morpholin-4-yl-pr
opoxy)-quinazoline-4,6-diamine (510 mg, 1.18 mmol) and
DIPEA (620 mL, 3.55 mmol) were combined in
tetrahydrofuran (10 mL) and cooled to 0C.
4-Piperidin-1-yl-but-2-enoyl chloride (278 mg, 1.48
mmol) was added and the reaction stirred at 0C for 2
hours. The mixture was quenched with ethyl acetate,
dried with MgSO4 and concentrated. The residue was
purified using chromatography on silica eluting with
15%-20% MeOH in CH2CI2 to yield the desired product
(20 mg). 400 MHz 1H NMR (DMSO-d 6) d 8.82 (s, 1H),
8.50 (s, 1H), 8.11 (dd, 1H, J = 6.9, 2.6 Hz), 7.77 (m,
1H), 7.40 (t, 1H, J = 9.0 Hz), 7.25 (s, 1H), 6.76 (m,
1H), 6.53 (m, 1H), 4.23 (t, 2H, J = 6.0 Hz), 3.55 (m,
4H), 3.08 (m, 2H), 2.40 (m, 10H), 1.96 (m, 2H), 1.29
(m, 6H). MS m/z 584 (M+1). Example 8
4-(3-Fluoro-piperidin-1 -vD-but-2-enoic acid
r4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yrj-amide 99 mg
3-Fluoro-piperidine hydrochloride, 300 mg
4-Chloro-but-2-enoic acid [4-(3-
chloro-4-fluoro-phenylamino)-7-methoxy-quinazolin-6-yl
]-amide and 0.37 ml of DIEA were dissolved in 5 ml THF
stirred at 7O0C overnight. The mixture was then
diluted with ethyl acetate, washed with water and
brine and dried over Na2SO4. The resulting solids were
flashchromatographed with 0-4% methanol in chloroform
to give 275 mg of 4-(3-Fluoro-piperidin-1-
yl)-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazoli
n-6-yl]-amide. (M+H)+ @488. Example 9
4-(4-Fluoro-piperidin-1 -vp-but-2-enoic acid
f4-(3-chloro-4-fluoro-phenylamino ')-7-
methoxy-quinazolin-6-v p-amide 131 mg of
4-Fluoro-piperidine hydrobromide was added to 300 mg
of 4-Chloro-but-2- enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazoli
n-6-yl]-amide and 0.37 ml of DIEA were dissolved in 5
ml THF stirred at 700C overnight. The mixture was then
diluted with ethyl acetate, washed with water and
brine and dried over Na2SO4. The resulting solids were
flash chromatographed with 0-4% methanol in chloroform
to give 189.4 mg of 4-(4-
Fluoro-piperidin-1-yl)-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide. (M+H)+ @ 488. Example 10 4-Azepan-1
-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yll-amid e
(3-Chloro-4-fluoro-phenyl)-(7-fluoro-6-nitro-quinazoli
n-4-yl)-amine was suspended in 100 ml methanol and 2
ml 50% NaOH in water was added and the mixture was
heated at 7O0C for 2 hours. The mixture was then
poured into water and stirred vigorously for 30
minutes, then filtered and washed with water and dried
under vacuum at 600C overnight to give 7.2 g of
(3-Chloro-4-fluoro-phenyl)-(7-methoxy-6-nitro-quinazol
in-4-yl)-amine. 7.1 g of
(3-Chloro-4-fluoro-phenyl)-(7-methoxy-6-nitro-quinazol
in-4-yl)-amine was reduced using Raney nickel catalyst
in THF, then filtered and evaporated to give 6.4 g
N4-(3-Chloro-4-fluoro-phenyl)-7-methoxy-quinazoline-4,
6-diamine (99% yield). This product was reacted with
4-Chloro-but-2-enoyl chloride as described in Scheme 1
to provide 4-Chloro-but- 2-enoic acid
^-(S-chloro^-fluoro-phenylaminoJ-T-methoxy-quinazolin-
d-ylJ-amide. 300 g of 4-Chloro-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide and 78 mg azepane were dissolved in 5 ml
THF and purged with nitrogen. 0.25 ml DIEA was added
and the mixture was stirred at 700C for 2 days. The
mixture was then diluted with 20 ml ethyl acetate,
washed with water and brine and dried over Na2SO4. The
resulting solids were flash chromatographed with 0-4%
methanol in chloroform. The product was dissolved in
CH2CI2 and treated with excess HCI and ether, then
evaporated to dryness to give 115 mg of
4-Azepan-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluorophenylamino)-
7-methoxy-quinazolin-6-yl]-amide (33% yield). (M+H)+
@484. Example 1 1 - ELISA-based erbB Kinase Assay
ErbB1 , erbB2 and erbB4 cytoplasmic fusion proteins
were made by cloning the erbB1 sequence (Met-668 to
Ala1211), erbB2 ( lle-675 to Val-1256) and erbB4
sequence (Gly-259 to Gly-690) into the baculoviral
vector pFastBac using Polymerase Chain Reaction (PCR).
Proteins were expressed in Baculovirus-infected Sf9
insect cells as Glutathione STransferase (GST) fusion
proteins. The proteins were purified by affinity
chromatography using glutathione sepharose beads.
Inhibition of erbB tyrosine kinase activity was
assessed using an ELISA-based receptor tyrosine kinase
assay. Kinase reactions (50 mM HEPES, pH 7.4, 125 mM
NaCI, 10 mM MgCI2 100 mM sodium orthovanadate, 2mM
dithiothreitol, 20 uM ATP, test compound or vehicle
control and 1-5 nM GST-erbB per 50 uL reaction) were
run in 96-well plates coated with 0.25 mg/ml
poly-Glu-Tyr (Sigma). The reactions were incubated for
6 minutes at room temperature while shaking. Kinase
reactions were stopped by removal of reaction mixture,
then wells were washed with wash buffer comprising 3%
Bovine Serum Albumin and 0.1% Tween 20 in Phosphate
Buffered Saline (PBS). Phosphorylated tyrosine
residues were detected by adding 0.2 mg/ml
anti-phosphotyrosine antibody (Oncogene Ab-4; 50
mL/well) coupled to Horse Radish Peroxidase (HRP) for
25 minutes while shaking at room temperature. The
antibody was removed, and plates were washed (3% BSA
and 0.1% Tween 20 in PBS). HRP substrate
3,3',5,5'-tetramethylbenzidene (SureBlueTMB,
Kirkegaard & Perry Labs) was added (50 mL per well)
and incubated for 10-20 minutes while shaking at room
temperature. The TMB reaction was stopped with the
addition of 50 mL stop solution (0.09 N H2SO4). The
signal was quantified by measuring absorbance at 450
nm. IC50 values were determined for test compounds
using Microsoft Excel.ComDOund ErbB1 IC n (nIV ErbB2
1C (nM)ErbB4 IC (nlvn Example No. 1 6.44 77.5 Example
No. 2 6.9 16.7 83.67 Example No. 6 9.87 244.39 154
Example No. 7 11.35 84.05 61.5 Example No. 8 45.34
212.11 233.8 Example No. 9 18.08 247.12 147 Example
No. 10 12.13 85.98 41.33WHAT IS CLAIMED: 1. A compound
of the formula wherein: R1 is selected from F, Br, Cl
or I; R2 is selected from H, F, Br, Cl or I; R3 is
selected from: a) C1-C3 straight or branched alkyl,
optionally substituted by one or more halogens; or b)
-(CH2)n-morpholino, -(CH2)n-piperidine,
-(CH2)n-piperazine, -(CH2)npiperazine- N(Cr C3 alkyl),
-(CH2)n-pyrrolidine, or -(CH2)n-imidazole; n is an
integer from 1 to 4; R4 is -(CH2)m-Het; Het is a
heterocyclic moiety selected from the group of
morpholine, piperidine, piperazine, piperazine-N CrCs
alkyl), imidazole, pyrrolidine, azepane,
3,4-dihydro-2H-pyridine, or 3,6-dihydro-2H-pyridine,
wherein each heterocyclic moiety is optionally
substituted by from 1 to 3 groups selected from C1-C3
alkyl, halogen, OH, NH2, NH(C1-C3 alkyl) or N (C1-C3
alkyl)2; m is an integer from 1 to3; and 



X is O, S or NH; or a pharmaceutically acceptable salt
thereof. 2. A compound of Claim 1 of the
formula:wherein: R3 is selected from: a) Ci-C3
straight or branched alkyl, optionally substituted by
one or more halogens; or b) -(CH2)q-morpholino,
-(CH2)q-piperidine, -(CH2)q-piperazine,
-(CH2)qpiperazine- N(C 1-C3 alkyl),
-(CH2)q-pyrrolidine, or-(CH 2)q-imidazole; q is an
integer from 1 to 2; R4 is -(CH2)m-Het; Het is a
piperidine, piperazine, piperazine-N(CrC 3 alkyl),
imidazole, pyrrolidine, azepane or dihydropyridine
group, optionally substituted by 1 or 2 groups
selected from halogen or C1-C3 alkyl; m is an integer
from 1 to3; and X is O, S or NH; or a pharmaceutically
acceptable salt thereof. 3. A compound according to
any one of the preceding claims of the
formula:wherein: R3 is Ci-C 3 straight or branched
alkyl, optionally substituted by one or more halogens;
R5 and R6 are independently selected from H, C1-C3
alkyl, F, Br, I or Cl; X is O, S or NH; and the dashed
lines designated a and b each indicate an optional
double bond, with the proviso that only a single
double bond a or b exists in one compound; or a
pharmaceutically acceptable salt form thereof. 4. A
compound according to any one of the preceding claims
in which X is O and R3 is C1-C3 straight or branched
alkyl optionally substituted by from 1 to 3 halogen
atoms. 5. A compound selected from the group of:
4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methylsulfanylquin
azolin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-methylaminoquinazo
lin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-isopropoxyquinazol
in- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-bromo-phenylamino)-7-methoxy-quinazolin-6-
yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-ethoxyquinazolin-
6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fIuoro-phenylamino)-7-propoxyquinazolin-
6-yl]-amide; 4-(4-Fluoro-piperidin-1 -yl)-but-2-enoic
acid [4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;4-(3-Fluoro-piperidin-1
-yl)-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;
4-(2-Fluoro-piperidin-1-yl)-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;
4-Morpholin-4-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]-amide; 4-Azepan-1 -yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
trifluoromethoxy-quinazolin-6-yl]-amide; 4-Piperidin-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-fluoromethoxyquina
zolin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-fluoroethoxyquinaz
olin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(2-fluoroethylsulf
anyl)- quinazolin-6-yl]-amide; 4-Piperidin-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenyIamino)-7-trifluoroethoxyqui
nazolin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-difluoroethoxyquin
azolin- 6-yl]-amide; 4-Piperidin-1 -yl-but-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-(3-morpholin-4-
yl-propoxy)-quinazolin-6-yl]-amide; 4-Piperidin-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(2-piperidin-1-yle
thoxy)- quinazolin-6-yl]-amide;
4-(3,4-Dihydro-2H-pyridin-1-yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]amide;
4-(3,6-Dihydro-2H-pyridin-1-yl)-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]amide; 4-Piperazin-1
-yl-but-2-enoic acid
[4(3-chloro-4-fIuoro-phenylamino)-7-methoxyquinazolin-
6-yl]amide; 4-(4-Methyl-piperazin-1 -yl)-but-2-enoic
acid [4(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]amide; 4-lmidazol-1
-yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]amide; 4-Pyrrolidin-1 -yl-but-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]amide;5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-ch!oro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methylsulfanylquin
azolin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-methylaminoquinazo
lin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-isopropoxyquinazol
in- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-bromo-phenylamino)-7-methoxy-quinazolin-6-
yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-ethoxyquinazolin-
6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-propoxyquinazolin-
6-yl]-amide; 5-(4-Fluoro-piperidin-1-yl)-pent-2-enoic
acid [4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;
5-(3-Fluoro-piperidin-1-yl)-pent-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;
5-(2-Fluoro-piperidin-1 -yl)-pent-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-
methoxy-quinazolin-6-yl]-amide;
5-Morpholin-4-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin-
6-yl]-amide; 5-Azepan-1 -yl-pent-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7- 



trifluoromethoxy-quinazolin-6-yl]-amide; 5-Piperidin-1
-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenyIamino)-7-fluoromethoxyquina
zolin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-fluoroethoxyquinaz
olin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(2-fluoroethylsulf
anyl)- quinazolin-6-yl]-amide; 5-Piperidin-1
-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-trifluoroethoxyqui
nazolin- 6-yl]-amide; 5-Piperidin-1 -yl-pent-2-enoic
acid
[4(3-chloro-4-fluoro-phenylamino)-7-difluoroethoxyquin
azolin- 6-yl]-amide;5-Piperidin-1-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(3-morpholin-4-
yl-propoxy)-quinazolin-6-yl]-amide;
5-Piperidin-1-yl-pent-2-enoic acid
[4(3-chloro-4-fluoro-phenylamino)-7-(2-piperidin-1-
yl-ethoxy)-quinazolin-6-yl]-amide;
6-Piperidin-1-yl-hex-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide; 6-Piperidin-1-yl-hex-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methylsulfanylqui
nazolin- 6-yl]-amide; 6-Piperidin-1-yl-hex-2-enoic
acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methylaminoquinaz
olin- 6-yl]-amide; 6-Piperidin-1 -yl-hex-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-ethoxyquinazolin-
6-yl]-amide; or 6-Piperidin-1 -yl-hex-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-fluoroethoxyquina
zolin- 6-yl]-amide; or a pharmaceutically acceptable
salt form thereof. 6. A pharmaceutical composition
comprising a pharmaceutically effective amount of a
compound of Claim 1 and a pharmaceutically acceptable
carrier. 7. A pharmaceutical composition comprising a
pharmaceutically effective amount of
4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxyquinazolin
- 6-yl]-amide, or a pharmaceutically acceptable salt,
ester or amide form thereof, and a pharmaceutically
acceptable carrier. 8. A method of treating
proliferative disorders in a mammal, the method
comprising administering to a mammal in need thereof a
pharmaceutically effective amount of a compound of
Claim 1 or a pharmaceutically acceptable salt, ester
or amide form thereof. 9. A method of treating
proliferative disorders in a mammal, the method
comprising administering to a mammal in need thereof a
pharmaceutically effective amount of 4-Piperidin-1
-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazoli
n-6- yl]-amide or a pharmaceutically acceptable salt,
ester or amide form thereof: 10. A method of treating
breast cancer in a mammal, the method comprising
administering to a mammal in need thereof a
pharmaceutically effective amount of APiperidin- 1
-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazoli
n-6-yl]- amide or a pharmaceutically acceptable salt,
ester or amide form thereof. 1 1 . A method of
treating colon cancer in a mammal, the method
comprising administering to a mammal in need thereof a
pharmaceutically effective amount of APiperidin- 1
-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazoli
n-6-yl]- amide or a pharmaceutically acceptable salt,
ester or amide form thereof.12. A method of treating
non-small cell lung cancer in a mammal, the method
comprising administering to a mammal in need thereof a
pharmaceutically effective amount of
4-Piperidin-1-yl-but-2-enoic acid
[4-(3-chloro-4-fluoro-phenylamino)-7-methoxy-quinazoli
n-6- yl]-amide or a pharmaceutically acceptable salt,
ester or amide form thereof. 13. A compound of the
formula: wherein R4 is as defined in Claim 1 and halo
represents F, Cl, Br or I. 14. A compound of the
formulae: wherein: Y is NH2, NO2 or the moiety
R4-(CH2)m-CH=CH-C(O)-NH2-; and m is an integer from 1
to 3; R3 is selected from: a) C1-C3 straight or
branched alkyl, optionally substituted by halogen; or
b) -(CH2)n-morpholino, -(CH2)n-piperidine,
-(CH2)n-piperazine, -(CH2)npiperazine- N(C-i-C3
alkyl), -(CH2)n-pyrrolidine, or -(CH2)n-imidazole; n
is an integer from 1 to 4; R4 is -(CH2)m-Het; Het is a
heterocyclic moiety selected from the group of
morpholine, piperidine, piperazine, alkyl), imidazole,
pyrrolidine, azepane, 3,4-dihydro-2H-pyridine, or
3,6-dihydro-2H-pyridine, wherein each heterocyclic
moiety is optionally substituted by from 1 to 3 groups
selected from C1-C3 alkyl, halogen, OH, NH2, NH(C1-C3
alkyl) or N (C1-C3 alkyl)2; m is an integer from 1
to3; and X is O, S or NH. 15. A compound of the
formula:wherein: Y is NO2, NH2, or the moiety
halo-(CH2)m-CH=CH-C(O)-NH 2-; halo is F, Cl, Br or I;
m is an integer from 1 to 3; R3 is selected from: a) a
mono-, di- or tri-halogenated methyl group; b) C2-C3
straight or branched alkyl, optionally substituted by
halogen; or c) -(CH2)n-morpholino, -(CH2)n-piperidine,
-(CH2)n-piperazine, -(CH2)npiperazine- N(C r C3
alkyl), -(CH2)n-pyrrolidine, or -(CH2)n-imidazole. 


