
Compounds Comprising a Cyclobutoxy Group The present
invention relates to compounds comprising a
cyclobutoxy group, processes for preparing them,
pharmaceutical compositions comprising said compounds
and their use as pharmaceuticals. The histamine H3
receptor has been known for several years and
identified pharmacologically in 1983 by Arrang, J.M.
et al. (Nature 1983, 302, 832-837). Since the cloning
of the human histamine H3 receptor in 1999, histamine
H3 receptors have been successively cloned by sequence
homology from a variety of species, including rat,
guinea pig, mouse and monkey. Histamine H -receptor
agonists, antagonists and inverse agonists have shown
potential therapeutic applications as described in the
literature, for example by Stark, H. in Exp. Opin.
Ther. Patents 2003, 13, 851-865, and by Leurs R. et
al. in Nature Review Drug Discovery 2005, 4 , 107-120.
The histamine H3 receptor is predominantly expressed
in the mammalian central nervous system but can also
be found in the autonomic nervous system. Evidence has
been shown that the histamine H3 receptor displays
high constitutive activity, which activity occurs in
the absence of endogenous histamine or of a H3-
receptor agonist. Thus, a histamine l-13-receptor
antagonist and/or inverse agonist could inhibit this
activity. The general pharmacology of histamine H3
receptor, including l-13-receptor subtypes, has been
reviewed by Hancock, A.A in Life Sci. 2003, 73,
3043-3072. The histamine H3 receptor is not only
considered as a presynaptic autoreceptor on
histaminergic neurons, but also as a heteroreceptor on
non-histaminergic neurons (Barnes, W. et al., Eur. J.
Pharmacol. 2001 , 431 , 215-221). Indeed, the
histamine H3 receptor has been shown to regulate the
release of histamine but also of other important
neurotransmitters, including acetylcholine, dopamine,
serotonin, norepinephrin and g-aminobutyric acid
(GABA). Thus, the histamine H3 receptor is of current
interest for the development of new therapeutics and
the literature suggests that novel histamine
H3-receptor antagonists or inverse agonists may be
useful for the treatment and prevention of diseases or
pathological conditions of the central nervous system
including Mild Cognitive Impairment (MCI), Alzheimer's
disease, learning and memory disorders, cognitive
disorders, attention deficit disorder (ADD),
attention-deficit hyperactivity disorder (ADHD),
Parkinson's disease, schizophrenia, dementia,
depression, epilepsy, seizures or convulsions,
sleep/wake disorders, narcolepsy, pain and/or obesity.
H3-receptor ligands alone or in combination with an
acetylcholinesterase inhibitor may also be useful in
the treatment of cholinergic-deficit disorders,
MildCognitive Impairment and Alzheimer's disease as
reported by Morisset, S. et al. in Eur. J. Pharmacol.
1996, 315, R1-R2. H3-receptor ligands, alone or in
combination with a histamine H- -receptor antagonist
may be useful for the treatment of upper airway
allergic disorders, as reported by McLeod, R. et al.
in J. Pharmacol. Exp. Ther. 2003, 305, 1037-1044.
l-13-receptor ligands, alone or in combination with a
serotonine reuptake inhibitor may be useful for the
treatment of depression, as reported by Keith, J.M. et
al in Bioorg. Med. Chem. Lett. 2007, 17, 702-706. As
described in international patent application WO
02/072093, H3-receptor ligands alone or in combination
with a muscarinic receptor ligand and particularly
with a muscarinic M2-receptor antagonist, may be
useful for the treatment of cognitive disorders,
Alzheimer's disease, attention-deficit hyperactivity
disorder. H -receptor ligands may also be useful in
the treatment of sleep/wake and arousal/vigilance
disorders such as hypersomnia, and narcolepsy
according to Passani, M.B.et al. in Trends Pharmacol.
Sci. 2004, 25(12), 618-625. In general, l-13-receptor
ligands, and particularly l-13-receptor antagonists or
inverse agonists may be useful in the treatment of all
types of cognitive-related disorders as reviewed by
Hancock, A.A and Fox, G.B. in Expert Opin. Invest.
Drugs 2004, 13, 1237-1248. In particular, histamine
l-13-receptor antagonists or inverse agonists may be
useful in the treatment of cognitive dysfunctions in
diseases such as Mild Cognitive Impairment, dementia,
Alzheimer's disease, Parkinson's disease, Down's
syndrome as well as in the treatment of
attention-deficit hyperactivity disorder (ADHD) as
nonpsychostimulant agents (see for example Witkin,
J.M. et al., Pharmacol. Ther. 2004, 103(1), 1-20).
H3-receptor antagonists or inverse agonists may also
be useful in the treatment of psychotic disorders such
as schizophrenia, migraine, eating disorders such as
obesity, inflammation, pain, anxiety, stress,
depression and cardiovascular disorders, in particular
acute myocardial infarction. There is therefore a need
to manufacture new compounds which can potentially act
as H3-receptor ligands. Early literature reports (e.g.
AIi, S.M. et al., J. Med. Chem. 1999, 42, 903-909 and
Stark, H. et al., Drugs Fut. 1996, 2 1, 507-520)
describe that an imidazole function is essential for
high affinity histamine ^-receptor ligands; this is
confirmed, for example, by United States patents US
6,506,756B2, US 6,518,287B2, US 6,528,522B2 and US
6,762, 186B2 which relate to substituted imidazole
compounds that have H3- receptor antagonist or dual
histamine H-| -receptor and H3-receptor antagonist
activity.International patent application WO 02/12214
relates to non-imidazole aryloxyalkylamines for the
treatment of disorders and conditions mediated by the
histamine receptor. International patent application
WO 02/076925 relates to non-imidazole aryl alkylamines
compounds as histamine H3 receptor antagonists.
International patent application WO 2004/037800
describes a class of arylalkoxy amine derivatives as
H3 ligands. International patent application WO
2006/136924 describes a class of phenoxycyclobutyl
derivatives as l-13-receptor antagonists. US patent
application US 2005/171 181 discloses
cyclobutyl-arylamines as H3- receptor modulators.
International patent applications WO 2006/132914 and
WO 2007/038074 describe cyclobutyl amine derivatives
as l-13-receptor modulators. International patent
application WO 2008/128919 discloses compounds
comprising a cyclobutoxy group. European patent
application n 08001308.9 discloses
4-[(trans-3-piperidin-1-
ylcyclobutyl)sulfanyl]benzamide,
4-[(trans-3-piperidin-1 -
ylcyclobutyljsulfanyllbenzenecarbothioamide,
N-(4-chloropyridin-3-yl)-4-[(trans-3-
piperidin-1-ylcyclobutyl)oxy]benzamide and related
cyclobutyloxybenzamide as synthetic intermediates
involved in the preparation of l-13-receptor ligands.
International patent application n PCT/EP2009/050719
discloses N-(2-
oxoazepan-3-yl)-4-{[trans-3-(piperidin-1-yl)cyclobutyl
]oxy}benzamide and N-(3-
aminopyridin-4-yl)-4-{[trans-3-(piperidin-1
-yl)cyclobutyl]oxy}benzamide and related
cyclobutyloxybenzamide as synthetic intermediates
involved in the preparation of H3- receptor ligands.
It has now surprisingly been found that compounds of
formula (I) may act as l-13-receptor ligands and
therefore may demonstrate therapeutic properties for
one or 



more pathologies mentioned below. The present
invention relates to compounds of formula (I),
geometrical isomers, enantiomers, diastereoisomers,
pharmaceutically acceptable salts and all possible
mixtures thereof, wherein A is a substituted or
unsubstituted amino group which is linked to the
cyclobutyl group via an amino nitrogen;A1 is CH,
C-halogen, C-alkoxy or N; Y is O or S; B is a
substituted or unsubstituted amino group which is
linked to the carbonyl or thiocarbonyl group via an
amino nitrogen; X is O or S; and R is hydrogen or
C-|_6 alkyl or halogen or C-| _6 alkoxy. Particularly,
the present invention relates to compounds of formula
(I) different from
N-(2-oxoazepan-3-yl)-4-{[trans-3-(piperidin-1-yl)cyclo
butyl]oxy}benzamide. More particularly, the present
invention relates to compounds of formula (I) wherein
when X is O and Y is O, B is different from a group of
formula (IX), wherein R is selected from the group
comprising or consisting of sulfonyl, amino,
substituted or unsubstituted C-|_g alkyl, substituted
or unsubstituted C2-6 alkenyl, substituted or
unsubstituted C2-6 alkynyl, substituted or
unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted C3.8
cycloalkyl, substituted or unsubstituted 3-8-membered
heterocycloalkyl, acyl, substituted or unsubstituted
C-|_g-alkyl aryl, substituted or unsubstituted C-i.
-alkyl heteroaryl, substituted or unsubstituted
C2-6-alkenyl aryl, substituted or unsubstituted
C2.Qalkenyl heteroaryl, substituted or unsubstituted
C2-6-alkynyl aryl, substituted or unsubstituted
C2-6-alkynyl heteroaryl, substituted or unsubstituted
C-| _6-alkyl cycloalkyl, substituted or unsubstituted
Ci. -alkyl heterocycloalkyl, substituted or
unsubstituted C2-6-alkenyl cycloalkyl, substituted or
unsubstituted C2-6-alkenyl heterocycloalkyl,
substituted or unsubstituted C2-6-alkynyl cycloalkyl,
substituted or unsubstituted C2-6-alkynyl
heterocycloalkyl, alkoxycarbonyl, aminocarbonyl,
substituted or unsubstituted C-i. -alkyl carboxy,
substituted or unsubstituted C-i. -alkyl acyl,
substituted or unsubstituted aryl acyl, substituted or
unsubstituted heteroaryl acyl, substituted or
unsubstituted C3_8-(hetero)cycloalkyl acyl,
substituted or unsubstituted C-|_6-alkyl acyloxy,
substituted or unsubstituted C- .g-alkyl alkoxy,
substituted or unsubstituted C-i. -alkyl
alkoxycarbonyl, substituted or unsubstituted C-i_
-alkyl aminocarbonyl, substituted or unsubstituted -|
_g-alkyl acylamino, acylamino, acylaminocarbonyl,
ureido, substituted or unsubstituted C-|_g-alkyl
ureido, substituted or unsubstituted C-|.g-alkyl
carbamate, substituted or unsubstituted C-| .g-alkyl
amino,substituted or unsubstituted C-|_6-alkyl
sulfonyloxy, substituted or unsubstituted C .Qalkyl
sulfonyl, substituted or unsubstituted C^g-alkyl
sulfinyl, substituted or unsubstituted C-\.Q-a\ky\
sulfanyl, substituted or unsubstituted C- .g-alkyl
sulfonylamino, aminosulfonyl, substituted or
unsubstituted C-| _b-alkyl aminosulfonyl, hydroxy,
substituted or unsubstituted C-i. -alkyl hydroxy,
phosphonate, substituted or unsubstituted C-i. -alkyl
phosphonate, halogen, cyano, carboxy, oxo and thioxo;
R7 is Cl or NH2 ; and n is equal to O, 1, 2 or 3 .
Even more particularly, the present invention relates
to compounds of formula (I) wherein B is an amino
group different from -NH . In a particular embodiment,
the present invention relates to compounds of formula
(I), geometrical isomers, enantiomers,
diastereoisomers, pharmaceutically acceptable salts
and all possible mixtures thereof, wherein A is a
substituted or unsubstituted amino group which is
linked to the cyclobutyl group via an amino nitrogen;
A1 is CH, C-halogen, C-alkoxy or N; Y is O or S; B is
a substituted or unsubstituted cyclic amino group
which is linked to the carbonyl or thiocarbonyl group
via an amino nitrogen; X is O or S; and R1 is hydrogen
or C-|_6 alkyl or halogen or C .Q alkoxy. The term
"alkyl", as used herein, is a group which represents
saturated, monovalent hydrocarbon radicals having
straight (unbranched) or branched moieties, or
combinations thereof, and containing 1-8 carbon atoms,
preferably 1-6 carbon atoms; more preferably alkyl
groups have 1-4 carbon atoms. "Alkyl" groups according
to the present invention may be unsubstituted or
substituted. Examples of alkyl groups according to the
present invention are methyl, ethyl, n-propyl and
isopropyl. Preferred alkyl group is isopropyl. "Alkyl"
groups may be substituted by one or more substituents
including halogen. The term "halogen", as used herein,
represents a fluorine, chlorine, bromine, or iodine
atom. Preferred halogen according to the present
invention is fluorine.The term "hydroxy", as used
herein, represents a group of formula -OH. The term
"hydrogen", as used herein encompasses all isotopic
forms of hydrogen atom The term "C-i. -alkyl hydroxy",
as used herein, refers to an alkyl as defined above
substituted by one or more "hydroxy". The term "C3.8
cycloalkyl", as used herein, represents a monovalent
group of 3 to 8 carbon atoms derived from a saturated
cyclic hydrocarbon. Examples of C3.8 cycloalkyl groups
according to the present invention are cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.
Preferred C3.8 cycloalkyl is cyclobutyl. The term
"C3.8 cycloalkenyl", as used herein, represents a
monovalent group of 3 to 8 carbon atoms derived from a
partially unsaturated cyclic hydrocarbon. The term
"C-|_b-alkyl cycloalkyl", as used herein, refers to a
C-| _6 alkyl having a cycloalkyl substitutent as
defined here above. The term "alkylene", as used
herein, represents a group of formula -(CH2) X- in
which x is comprised between 2 and 6 , preferably
comprised between 3 and 6 . The term "methylene" as
used herein represents a group of formula -CH2-. The
term "C2-6 alkenyl" refers to alkenyl groups
preferably having from 2 to 6 carbon atoms and having
at least 1 or 2 sites of alkenyl unsaturation. The
term "C2-6 alkynyl" refers to alkynyl groups
preferably having from 2 to 6 carbon atoms and having
at least 1 to 2 sites of alkynyl unsaturation. The
term "aryl" as used herein, refers to an unsaturated
aromatic carbocyclic group of from 6 to 14 carbon
atoms having a single ring (e.g. phenyl) or multiple
condensed rings {e.g. naphthyl). The "aryl" groups may
be unsubstituted or substituted by 1 to 4 substituents
independently selected from halogen, C-1.4 alkyl or
C1.4 alkoxy as defined herein. The term "C-| _ -alkyl
aryl", as used herein, refers to a C-| _6 alkyl having
an aryl substituent as defined hereabove. The term
"heteroaryl" as used herein represents an aryl group
as defined here above wherein one or more of the
carbon atoms have been replaced by one or more 



heteroatoms selected from O, S or N. The term
"C-|_6-alkyl heteroaryl" refers to a C-|_6 alkyl
having a heteroaryl substituent as defined here above.
The term "C2-6 a lkenyl aryl", as used herein, refers
to a C2-6 alkenyl substituted by an aryl as defined
here above. The term "C2-6-a |k enyl heteroaryl", as
used herein, refers to a C2-6 alkenyl substituted by a
heteroaryl as defined here above. The term "C2-6 a
lkynyl aryl", as used herein, refers to a C2-6 alkynyl
substituted by an aryl as defined here above.The term
"C2-6-alkynyl heteroaryl", as used herein, refers to a
C2-6 alkynyl substituted by a heteroaryl as defined
here above. The term "alkoxy", as used herein,
represents a group of formula -ORa wherein Ra is an
alkyl or an aryl group, as defined above. The term
"C-|_6-alkyl alkoxy", as used herein, refers to a C1.5
alkyl group having an alkoxy substituent as defined
hereabove. The term "carbonyl", as used herein
represents a group of formula -C(=O)-. The term
"thiocarbonyl", as used herein represents a group of
formula -C(=S)-. The term "acyl", as used herein,
represents a group of formula -C(=O)Rb wherein Rb is
C-| _ alkyl, C-i. -alkyl hydroxy, C- .Q-alkyl amino or
C-| _ -alkyl aminocarbonyl, as defined herein. The
term "C-|_6-alkyl acyl" as used herein refers to a C-|
_ alkyl having an acyl substituent as defined here
above. The term "3-8-membered heterocycloalkyl" as
used herein represents a C3.8 cycloalkyl as defined
here above wherein one, two or three carbon atoms are
replaced by one, two or three atoms selected from O, S
or N. The heterocycloalkyl may be unsubstituted or
substituted by any suitable group including, but not
limited to, one or more, typically one, two or three,
moieties selected from alkyl, halogen, hydroxy,
carbonyl, amino, C3.8 cycloalkyl and C-|.g-alkyl
hydroxy as defined herein. Examples of 3-8-membered
heterocycloalkyl according to the present invention
are morpholinyl, 4,4-difluoropiperidinyl, piperidinyl,
4-isopropylpiperazinyl, 4- hydroxypiperidinyl,
thiomorpholinyl, 1,1-dioxidothiomorpholinyl,
pyrrolidinyl, 3,3- difluoropyrrolidinyl,
4-acetylpiperazinyl, 2-methylpyrrolidinyl,
(2S)-2-methylpyrrolidinyl, (2R)-2-methylpyrrolidinyl,
3-hydroxyazetidinyl, 4-oxoimidazolidinyl, 2-
(methoxymethyl)pyrrolidinyl, 4-hydroxyisoxazolidinyl,
1,3-thiazolidinyl, 3- oxopyrazolidinyl,
1,4-oxazepanyl, 4-carbamoylpiperidinyl and
4-oxopiperidinyl. The term "C3_8-(hetero)cycloalkyl
acyl" as used herein refers to a 3-8- membered
heterocycloalkyl group having an acyl substituent as
defined here above. An example of a
"C3_8-(hetero)cycloalkyl acyl" is 4-acetylpiperazinyl.
The term "C-|_6-alkyl heterocycloalkyl", as used
herein, refers to a C-|_6 alkyl substituted by a
heterocycloalkyl as defined here above. The term
"C2-6~alkenyl heterocycloalkyl", as used herein,
refers to a C2-6- alkenyl substituted by a
heterocycloalkyl as defined here above. The term
"C2-6-alkynyl cycloalkyl", as used herein, refers to a
C2-6 alkynyl substituted by a cycloalkyl as defined
here above. The term "C2-6-alkynyl heterocycloalkyl",
as used herein, refers to a C2-6- alkynyl substituted
by a heterocycloalkyl as defined here above.The term
"aryl acyl" as used herein refers to an aryl group
having an acyl substituent as defined here above. The
term "heteroaryl acyl" as used herein refers to an
heteroaryl group having an acyl substituent as defined
here above. The term "amino group", as used herein,
represents a group of formula -NRcRd wherein Rc and Rd
are independently hydrogen, "C-|_6 alkyl", "C2-6
alkenyl", "C2-6 alkynyl", "C3.8 cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "C-i. -alkyl
cycloalkyl" or "C-).6-alkyl heterocycloalkyl" groups;
or a cyclic group of formula -NRcRd wherein Rc and Rd
are linked together with N, preferably to form a 3 to
8 membered, more preferably a 5 to 7 membered
heterocycloalkyl, as defined herein. Examples of
"amino group" according to the present invention are
morpholin-4- yl, 4,4-difluoropiperidin-1-yl,
piperidin-1-yl, 4-isopropylpiperazin-1-yl, 4-
hydroxypiperazin-1-yl, thiomorpholin-4-yl,
pyrrolidin-1-yl, 1,1-dioxidothiomorpholin-4-yl,
3,3-difluoropyrrolidin-1-yl, 3-hydroxyazetidin-1-yl,
4-acetylpiperazin-1-yl, (3- chloropyridin-4-yl)amino,
(2,2,2-trifluoroethyl)amino, 2-methylpyrrolidin-1-yl,
(2S)-2- methylpyrrolidin-1-yl,
(2R)-2-methylpyrrolidin-1-yl, 4-oxoimidazolidin-1-yl,
2- (methoxymethyl)pyrrolidin-i-yl,
4-hydroxyisoxazolidin-2-yl, 1,3-thiazolidin-3-yl, 3-
oxopyrazolidin-1-yl, 1,4-oxazepan-4-yl,
4-carbamoylpiperidin-1-yl and 4-oxopiperidin-1- yi-
The term "C-|_ -alkyl amino", as used herein,
represents a C-|_6 alkyl group substituted by an amino
group as defined above. The term "carbamoyl" as used
herein refers to a group of formula -C(O)NH2. The term
"aminocarbonyl" as used herein refers to a group of
formula -C(O)NR cRd wherein Rc and Rd are as defined
here above for the amino group. The term "C-|_b-alkyl
aminocarbonyl" as used herein, refers to a C-| _6
alkyl substituted by an aminocarbonyl as defined
hereabove. The term "C3_8-cycloalkyl amino", as used
herein, represents a C3.8 cycloalkyl group substituted
by an amino group as defined above. The term
"acylamino", as used herein refers to a group of
formula -NRcC(O)Rd wherein Rc and Rd are as defined
hereabove for the amino group. The term "C-i. -alkyl
acylamino", as used herein refers to a C-|_6 alkyl
substituted by an acylamino as defined hereabove. The
term "carboxy", as used herein represents a group of
formula -COOH. The term "C-i. -alkyl carboxy", as used
herein refers to a C-| _6 alkyl substituted by a
carboxy group. The term "cyano", as used herein
represents a group of formula -CN. The term
"alkoxycarbonyl" refers to the group -C(O)ORQ wherein
R9 includes "C-|_5 alkyl", "C2-6 alkenyl", "C2-6
alkynyl", "C3.8 cycloalkyl", "heterocycloalkyl",
"aryl","heteroaryl", "C-|_6-alkyl aryl" or
"C-|_6-alkyl heteroaryl", "C2-6-alkyl cycloalkyl", "C
.Qalkyl heterocycloalkyl". Examples of alkoxycarbonyl
according to the present invention are
tert-butoxycarbonyl and methoxycarbonyl. The term "C-|
.b-alkyl alkoxycarbonyl" refers to a C-| _6 alkyl
having an alkoxycarbonyl as defined here above as
substituent. The term "acyloxy" as used herein refers
to a group of formula -0C(=0)R b wherein R is as
defined here above for acyl group. The term
"C-j.g-alkyl acyloxy" as used herein refers to a C .Q
alkyl substituted by an acyloxy as defined here above.
The term "acylaminocarbonyl" refers to the group
-C(O)NR n C(O)R' wherein Rn and R' represent
independently hydrogen, "C-|_6 alkyl", "C2-6 alkenyl",
"C2-6 alkynyl", "c 3-8 cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "C-|_6-alkyl
aryl" or "C-i. -alkyl heteroaryl", "C2-6-alkyl
cycloalkyl", "C-| _6-alkyl heterocycloalkyl". The term
"ureido" as used herein refers to a group of formula
-NR C(O)NR 0R wherein R' is as defined here above for
Rc or Rd , and Rc and Rd are as defined here above for
the amino group. R' is typically hydrogen or C-1.4
alkyl. The term "C-|.g-alkyl ureido" as used herein
refers to a C-| _6 alkyl substituted by an ureido as
defined here above. 



The term "carbamate", as used herein, refers to a
group of formula -NR C(O)ORd wherein R and Rd are as
defined here above for the amino group. The term "C-|
.g-alkyl carbamate" as used herein refers to a C-] .5
alkyl substituted by a carbamate as defined here
above. The term "oxo" as used herein refers to =0. The
term "thioxo" as used herein refers to =S. The term
"sulfonyl" as used herein refers to a group of formula
"-502-R^" wherein Rk is selected from H, "aryl",
"heteroaryl", "C-|_6 alkyl", "C-|-6 alkyl" substituted
with halogens, e.g., an -SO2-CF3 group, "C2-6
alkenyl", "C2-6 alkynyl", "C3.8 cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "C-i. -alkyl
aryl" or "C-| _6-alkyl heteroaryl", "C2-6-alkenyl
aryl", "C2-6-alkenyl heteroaryl", "C2-6-alkynyl aryl",
"C2-6- alkynyl heteroaryl", "C-| _ -alkyl cycloalkyl"
or "C-| _6-alkyl heterocycloalkyl". The term
"C-|_6-alkyl sulfonyl" as used herein refers to a
C-|_6 alkyl substituted by a sulfonyl as defined here
above. The term "sulfonyloxy" as used herein refers to
a group of formula "-OSO2-R k " wherein R is defined
as here above for sulfonyl group. The term "C-i.
-alkyl sulfonyloxy" as used herein refers to a C-|_6
alkyl substituted by a sulfonyloxy as defined here
above.The term "aminosulfonyl" as used herein refers
to a group of formula -SC>2-NRcRd wherein Rc and Rd
are as defined here above for the amino group. The
term "C-|_6-alkyl aminosulfonyl" as used herein refers
to a \ .Q alkyl substituted by an aminosulfonyl as
defined here above. The term "sulfinyl" as used herein
refers to a group "-S(O)-R k " wherein Rk is as
defined here above for sulfonyl group. The term
"C-|_6-alkyl sulfinyl" as used herein refers to a
C-|_6 alkyl substituted by a sulfinyl as defined here
above. The term "sulfanyl" as used herein refers to a
group of formula -S-R where R is as defined here above
for sulfonyl group. The term "C-|. b-alkyl sulfanyl"
as used herein refers to a C-|_6 alkyl substituted by
a sulfanyl as defined here above. The term
"sulfonylamino" as used herein refers to a group
-NRCSC>2-R wherein R is defined as here above for
sulfonyl group and Rc is defined as here above for
amino group. The term "C-j. b-alkyl sulfonylamino" as
used herein refers to a C-| _6 alkyl substituted by a
sulfonylamino as defined here above. The term
"phosphonate" as used herein refers to a group of
formula -P(O)- (ORm )2 wherein Rm is an alkyl group as
defined herein. The term "C-j. -alkyl phosphonate"
refers to a C-|_6 alkyl group substituted by a
"phosphonate" as described here above. Unless
otherwise constrained by the definition of the
individual substituents, all the above set out groups
may be "substituted" or unsubstituted". "Substituted
or unsubstituted" as used herein, unless otherwise
constrained by the definition of the individual
substituents, shall mean that the above set out
groups, like "C-|_5 alkyl", "C2-6 alkenyl", "C2-6
alkynyl", "aryl" and "heteroaryl" etc... may
optionally be substituted with from 1 to 5
substituents selected from the group consisting of
"C-|_6 alkyl", "C2-6 alkenyl", "C2-6 alkynyl",
"cycloalkyl", "heterocycloalkyl", "C-|_6-alkyl
heterocycloalkyl", "amino", "halogen", "hydroxy" and
the like. In one embodiment according to the present
invention, A represents a group of formula -NR2 R3
wherein R2 and R3 are independently substituted or
unsubstituted C-|_6 alkyl, substituted or
unsubstituted C2-6 alkenyl, substituted or
unsubstituted C2-6 alkynyl, substituted or
unsubstituted C3.8 cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted C-| _6-alkyl aryl, substituted or
unsubstituted Ci_g-alkyl heteroaryl, substituted or
unsubstituted C-i. -alkyl cycloalkyl or substituted or
unsubstituted C-| _6-alkyl heterocycloalkyl groups; or
A is a 3 to 8 membered substituted or unsubstituted
heterocycloalkyl linked to the cyclobutyl group via a
nitrogen atom.In another embodiment according to the
present invention, A is a group -NR2R3 wherein R and R
are independently substituted or unsubstituted C-|_g
alkyl; or A is a 3 to 8 membered substituted or
unsubstituted heterocycloalkyl linked to the
cyclobutyl group via a nitrogen atom. In a particular
embodiment according to the present invention, A is a
3 to 8 membered heterocycloalkyl linked to the
cyclobutyl group via a nitrogen atom. In another
particular embodiment according to the present
invention, A represents a 3 to 8 membered
heterocycloalkyl selected from the groups comprising
or consisting of substituted or unsubstituted
piperidin-1-yl, substituted or unsubstituted
morpholin-4-yl, substituted or unsubstituted
pyrrolidin-1-yl, substituted or unsubstituted
piperazin-1-yl, substituted or unsubstituted
azepan-1-yl or substituted or unsubstituted
thiomorpholin-4-yl. In one particular embodiment
according to the present invention, A is selected from
substituted or unsubstituted piperidin-1-yl, and
substituted or unsubstituted pyrrolidin-1-yl. In
another particular embodiment, A is piperidin-1-yl,
2-methylpyrrolidin-1-yl, (2R)-2-methylpyrrolidin-1-yl
or (2S)-2-methylpyrrolidin-1-yl. Generally, A1 may be
CH, C-F, C-Cl, C-O-CH3 or N. In a particular
embodiment, A is CH, C-F or C-Cl. In another
particular embodiment, A is CH. In one embodiment
according to the present invention, B represents a
group of formula -NR4R wherein R4 and R are
independently hydrogen, substituted or unsubstituted
C-|.b alkyl, substituted or unsubsituted aryl or
substituted or unsubstituted heteroaryl, provided that
at least one of R4 and R5 is different from hydrogen.
Typical examples of such -NR4 R groups are
(3-chloropyridin-4-yl)amino,
(4-aminopyridin-3-yl)amino and
(2,2,2-trifluoroethyl)amino. In another embodiment
according to the present invention, B is a 3 to 8
membered substituted or unsubstituted heterocycloalkyl
linked to the carbonyl or thiocarbonyl group via a
nitrogen atom. In another particular embodiment
according to the present invention, B represents a 3
to 8 membered heterocycloalkyl selected from the
groups comprising or consisting of substituted or
unsubstituted piperidin-1-yl, substituted or
unsubstituted morpholin-4-yl, substituted or
unsubstituted pyrrolidin-1-yl, substituted or
unsubstituted piperazin-1-yl, substituted or
unsubstituted thiomorpholin-4-yl, substituted or
unsubstituted azetidin-1-yl, substituted or
unsubstituted imidazolidin-1-yl, substituted or
unsubstituted isoxazolidin-2-yl, substituted or
unsubstituted 1,3-thiazolidin-3-yl, substituted or
unsubstituted pyrazolidin-1-yl and substituted or
unsubstituted 1,4- oxazepan-4-yl.Typical examples of B
according to the invention include morpholin-4-yl,
4,4- difluoropiperidin-1-yl, piperidin-1-yl,
4-isopropylpiperazin1-yl, 4-hydroxypiperazin-1-yl,
thiomorpholin-4-yl, pyrrolidin-1-yl,
1,1-dioxidothiomorpholin-4-yl, 3,3-difluoropyrrolidin-
1-yl, 3-hydroxyazetidin-1-yl, 4-acetylpiperazin-1-yl,
4-oxoimidazolidin-1-yl, 2-
(methoxymethyl)pyrrolidin-i-yl,
4-hydroxyisoxazolidin-2-yl, 1,3-thiazolidin-3-yl, 3-
oxopyrazolidin-1-yl, 4-hydroxyoxazolidin-2-yl,
1,4-oxazepan-4-yl, 4-carbamoylpiperidin- 1-yl and
4-oxopiperidin-1-yl. In one particular embodiment
according to the present invention, B is selected from
substituted or unsubstituted piperidin-1-yl,
substituted or unsubstituted morpholin- 



4-yl, substituted or unsubstituted pyrrolidin-1-yl or
substituted or unsubstituted 1,4- oxazepan-4-yl. In
another particular embodiment according to the present
invention, B is selected from substituted or
unsubstituted piperidin-1-yl and substituted or
unsubstituted morpholin-4-yl. In a particular
embodiment according of the present invention, X is O.
In another particular embodiment according of the
present invention, X is S. In a particular embodiment
according to the invention, Y is O. In another
particular embodiment according of the present
invention, Y is S. In one embodiment according to the
present invention, R is hydrogen, C-| _6 alkoxy or
halogen. In another embodiment according to the
present invention, R is hydrogen, methoxy, chlorine or
fluorine. In a particular embodiment according to the
present invention, R 1 is hydrogen. In a particular
embodiment, the present invention relates to compounds
of formula (I), geometrical isomers, enantiomers,
diastereoisomers, pharmaceutically acceptable salts
and all possible mixtures thereof, wherein A is a 3 to
8 membered substituted or unsubstituted
heterocycloalkyl linked to the cyclobutyl group via a
nitrogen atom; A1 is CH, C-Cl, C-F or C-O-CH3 ; Y is
O; B is a 3 to 8 membered substituted or unsubstituted
heterocycloalkyl linked to the carbonyl group via a
nitrogen atom; or B is a group of formula -NR4R5
wherein Rand R5 are independently hydrogen,
substituted or unsubstituted C-|_6 alkyl, substituted
or unsubstituted aryl or substituted or unsubstituted
heteroaryl, provided that at least one of R4 and R5 is
different from hydrogen. X is O; and R is hydrogen,
chlorine, fluorine or methoxy. In another particular
embodiment, the present invention relates to compounds
of formula (I), geometrical isomers, enantiomers,
diastereoisomers, pharmaceutically acceptable salts
and all possible mixtures thereof, wherein A is a 3 to
8 membered heterocycloalkyl selected from the groups
comprising or consisting of substituted or
unsubstituted piperidin-1-yl, substituted or
unsubstituted morpholin-4-yl, substituted or
unsubstituted pyrrolidin-1-yl, substituted or
unsubstituted piperazin-1-yl, substituted or
unsubstituted azepan-1-yl or substituted or
unsubstituted thiomorpholin-4-yl; A1 is CH, C-Cl, C-F
or C-O-CH3 ; Y is O; B is a 3 to 8 membered
heterocycloalkyl selected from the groups comprising
or consisting of substituted or unsubstituted
piperidin-1-yl, substituted or unsubstituted
morpholin-4-yl, substituted or unsubstituted
pyrrolidin-1-yl, substituted or unsubstituted
piperazin-1-yl, substituted or unsubstituted
thiomorpholin-4-yl, substituted or unsubstituted
azetidin-1-yl, substituted or unsubstituted
imidazolidin-1-yl, substituted or unsubstituted
isoxazolidin-2-yl, substituted or unsubstituted
1,3-thiazolidin-3-yl, substituted or unsubstituted
pyrazolidin-1-yl and substituted or unsubstituted 1,4-
oxazepan-4-yl.X is O; and R is hydrogen, chlorine,
fluorine or methoxy. In another particular embodiment,
the present invention relates to compounds of formula
(I), geometrical isomers, enantiomers,
diastereoisomers, pharmaceutically acceptable salts
and all possible mixtures thereof,wherein A is a 3 to
8 membered heterocycloalkyl selected from the groups
comprising or consisting of substituted or
unsubstituted piperidin-1-yl or substituted or
unsubstituted pyrrolidin-1-yl; A1 is CH; Y is O; B is
a 3 to 8 membered heterocycloalkyl selected from the
groups comprising or consisting of substituted or
unsubstituted piperidin-1-yl or substituted or
unsubstituted morpholin-4-yl; X is O; and R is
hydrogen. In one aspect, the present invention relates
to compounds of formula (Ia), geometrical isomers,
enantiomers, diastereoisomers, pharmaceutically
acceptable salts and all possible mixtures thereof,
wherein A, A , B, X, Y and R1 are as herein defined.
Embodiments described hereinabove for A, A1 , X, Y, B
and R1 in compounds of formula (I) also apply to A, A
, X, Y, B and R in compounds of formula (Ia). In
another aspect, the present invention relates to
compounds of formula (Ib), geometrical isomers,
enantiomers, diastereoisomers, pharmaceutically
acceptable salts and all possible mixtures thereof,
(Ib)wherein X and R are as herein defined; and B is a
substituted or unsubstituted 3-8 membered
heterocycloalkyl which is linked to the carbonyl via
an amino nitrogen. Embodiments described hereinabove
for R and X in compounds of formula (I) also apply to
R and X in compounds of formula (Ib). In another
aspect, the present invention relates to compounds of
formula (Ic), geometrical isomers, enantiomers,
diastereoisomers, pharmaceutically acceptable salts
and all possible mixtures thereof, wherein X and R are
as herein defined; and B is a substituted or
unsubstituted 3-8 membered heterocycloalkyl which is
linked to the carbonyl via an amino nitrogen.
Embodiments described hereinabove for R and X in
compounds of formula (I) also apply to R and X in
compounds of formula (Ic). According to a specific
embodiment of compounds of formula (I), (Ib) and (Ic),
the A and X groups attached to the cyclobutyl in the
A-cyclobutyl-X moiety are in trans configuration.
Examples of compounds according to the present
invention are:
4-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}mo
rpholine; 4,4-difluoro-1 -{4-[(trans-3-piperidin-1
-ylcyclobutyl)oxy]benzoyl}piperidine;
1-{trans-3-[4-(piperidin-1-ylcarbonyl)phenoxy]cyclobut
yl}piperidine;
1-isopropyl-4-{4-[(trans-3-piperidin-1-ylcyclobutyl)ox
y]benzoyl}piperazine;
1-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}pi
peridin-4-ol;
4-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}th
iomorpholine; 1-{trans-3-[4-(pyrrolidin-1
-ylcarbonyl)phenoxy]cyclobutyl}piperidine;
4-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}th
iomorpholine 1, 1-dioxide;
1-(trans-3-{4-[(3,3-difluoropyrrolidin-1-yl)carbonyl]p
henoxy}cyclobutyl)piperidine;
1-acetyl-4-{4-[(trans-3-piperidin-1
-ylcyclobutyl)oxy]benzoyl}piperazine; and
1-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}az
etidin-3-ol;
4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]-N-(2,2,2-tri
fluoroethyl)benzamide;
4-[4-({trans-3-[(2R)-2-methylpyrrolidin-1-yl]cyclobuty
l}oxy)benzoyl]morpholine;4- 



[4-({trans-3-[(2S)-2-methylpyrrolidin-1-yl]cyclobutyl}
oxy)benzoyl]morpholine;
4-(4-{[trans-3-(2-methylpyrrolidin-1-yl)cyclobutyl]oxy
}benzoyl)morpholine;
4-{[4-({trans-3-[(2S)-2-methylpyrrolidin-1-
yllcyclobutyljoxyjphenyljcarbonothioyljmorpholine;
4-{3-chloro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}morpholine;
1-{2-chloro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}imidazolidin-4-one;
4-{2-fluoro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}morpholine;
1-[trans-3-(3-chloro-4-{[2-(methoxymethyl)pyrrolidin-1
- yl]carbonyl}phenoxy)cyclobutyl]piperidine;
2-{3-chloro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}isoxazolidin-4-ol;
1-{trans-3-[3-chloro-4-(1,3-thiazolidin-3-
ylcarbonyl)phenoxy]cyclobutyl}piperidine;
1-{4-[(trans-3-piperidin-1
-ylcyclobutyl)oxy]benzoyl}pyrazolidin-3-one;
2-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}is
oxazolidin-4-ol;
4-{3-chloro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}-1 ,4-oxazepane;
1-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}pi
peridine-4-carboxamide;
1-{trans-3-[3-chloro-4-(pyrrolidin-1-ylcarbonyl)phenox
y]cyclobutyl}piperidine;
4-{2-fluoro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}-1 ,4-oxazepane;
1-[trans-3-(4-{[2-(methoxymethyl)pyrrolidin-1 -
yl]carbonyl}phenoxy)cyclobutyl]piperidine;
4-{2-chloro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}-1,4-oxazepane;
2-{2-chloro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}isoxazolidin-4-ol;
HS-fluoro^-Ktrans-S-piperidin-i-ylcyclobutyOoxyJbenzoy
lJpiperidin^-one; Htrans-S-^-O
.S-thiazolidin-S-ylcarbonyOphenoxylcyclobutylJpiperidi
ne;
i^-chloro^-I^rans-S-piperidin-i-ylcyclobutyOoxyJbenzoy
lJpiperidine^- carboxamide;
1-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}im
idazolidin-4-one;
1-[trans-3-(3-fluoro-4-{[2-(methoxymethyl)pyrrolidin-1
- yl]carbonyl}phenoxy)cyclobutyl]piperidine;
i-IS-methoxy^-I^rans-S-piperidin-i-ylcyclobutyOoxylben
zoylJimidazolidin^- one;
4-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}-1
,4-oxazepane;
4-{2-chloro-4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]b
enzoyl}morpholine;
1-{trans-3-[3-fluoro-4-(1,3-thiazolidin-3-
ylcarbonyl)phenoxy]cyclobutyl}piperidine;
4-{4-[(trans-3-piperidin-1-ylcyclobutyl)thio]benzoyl}m
orpholine;
and1-{4-[(trans-3-piperidin-1-ylcyclobutyl)thio]benzoy
l}piperidin-4-one. The compounds of the present
invention are histamine l-13-receptor ligands. In one
embodiment they are histamine l-13-receptor
antagonists; in another embodiment they are histamine
l-13-receptor inverse agonists. In one embodiment,
compounds of the present invention have particularly
favorable drug properties, i.e. they have a good
affinity to the l-13-receptor while having a low
affinity towards other receptors or proteins; they
have favorable pharmacokinetics and pharmacodynamics
while having few side effects, e.g. toxicity such as
cardiotoxicity. One of many methods known to determine
the cardiovascular risk of drug compounds is to assess
the binding of a test compound to hERG channels.
Compounds of the present invention display a
particular low affinity on hERG channels. Moreover,
preferred compounds according to the present invention
exhibit good brain H3 receptor occupancy. The
"pharmaceutically acceptable salts" according to the
invention include therapeutically active, non-toxic
acid salt forms which the compounds of formula (I) are
able to form. The acid addition salt form of a
compound of formula (I) that occurs in its free form
as a base can be obtained by treating the free base
with an appropriate acid such as an inorganic acid,
for example, a hydrochloric, hydrobromic, sulfuric,
nitric, phosphoric and the like; or an organic acid,
such as, for example, acetic, trifluoroacetic,
hydroxyacetic, propanoic, lactic, pyruvic, malonic,
succinic, maleic, fumaric, malic, tartaric, citric,
methanesulfonic, ethanesulfonic, benzenesulfonic,
p-toluenesulfonic, cyclamic, salicylic,
p-aminosalicylic, palmoic, and the like. Conversely
said salt forms can be converted into the free forms
by treatment with an appropriate base. Compounds of
the formula (I) and their salts can be in the form of
a solvate, which is included within the scope of the
present invention. Such solvates include for example
hydrates, alcoholates and the like. Some of the
compounds of formula (I) and some of their
intermediates have at least one stereogenic center in
their structure. This stereogenic center may be
present in a R or a S configuration, said R and S
notation is used in correspondence with the rules
described in Pure Appl. Chem. 1976, 45, 11-30. The
invention also relates to all stereoisomeric forms
such as enantiomeric and diastereomeric forms of the
compounds of formula (I) or mixtures thereof
(including all possible mixtures of
stereoisomers).With respect to the present invention
reference to a compound or compounds is intended to
encompass that compound in each of its possible
isomeric forms and mixtures thereof, unless the
particular isomeric form is referred to specifically.
The expression "enantiomerically pure" as used herein
refers to compounds which have an enantiomeric excess
(ee) greater 95 %. Compounds according to the present
invention may exist in different polymorphic forms.
Although not explicitly indicated in the above
formula, such forms are included within the scope of
the present invention. The invention also includes
within its scope pro-drug forms of the compounds of
formula (I) and its various sub-scopes and sub-groups.
The term "prodrug" as used herein includes compound
forms which are rapidly transformed in vivo to the
parent compound according to the invention, for
example, by hydrolysis in blood. Prodrugs are
compounds bearing groups which are removed by
biotransformation prior to exhibiting their
pharmacological action. Such groups include moieties
which are readily cleaved in vivo from the compound
bearing it, which compound after cleavage remains or
becomes pharmacologically active. Metabolically
cleavable groups form a class of groups well known to
practitioners of the art. They include, but are not
limited to such groups as alkanoyl (i.e. acetyl,
propionyl, butyryl, and the like), unsubstituted and
substituted carbocyclic aroyl (such as benzoyl,
substituted benzoyl and 1- and 2-naphthoyl),
alkoxycarbonyl (such as ethoxycarbonyl), trialklysilyl
(such as trimethyl- and triethylsilyl), monoesters
formed with dicarboxylic acids (such as succinyl),
phosphate, sulfate, sulfonate, sulfonyl, sulfinyl and
the like. The compounds bearing the metabolically
cleavable groups have the advantage that they may
exhibit improved bioavailability as a result of
enhanced solubility and/or rate of absorption
conferred upon the parent compound by virtue of the
presence of the metabolically cleavable group. T.
Higuchi and V. Stella, "Pro-drugs as Novel Delivery
System", Vol. 14 of the A.C.S. Symposium Series;
"Bioreversible Carriers in Drug Design", ed. Edward B.
Roche, American Pharmaceutical Association and
Pergamon Press, 1987. 



Compounds of formula (I) according to the invention
may be prepared according to conventional methods
known to the person skilled in the art of synthetic
organic chemistry. A. According to one embodiment,
compounds of formula (I) wherein Y is O, may be
prepared by aminocarbonylation of a compound of
formula (II) according to the equationwherein Hal is
iodine or bromine, Y is O, A, A , R , X and B having
the same definition as in the general formula above
for compounds of formula (I). This reaction may be
carried out in the presence of a carbon monoxide
source such as molybdenum hexacarbonyl, a suitable
catalyst such as palladium acetate, and a base such as
1,8-diazabicyclo[5.4.0]undec-7-ene in a solvent such
as dry tetrahydrofuran, and under microwave
irradiation according to the method described by
Letavic M. et al. in Tetrahedron Lett., 2007, 48,
2339-2343, or according to any other method known to
the man skilled in the art. Alternatively, compounds
of formula (I) may be prepared from compounds of
formula (II) by lithium-halogen exchange in the
presence of butyllithium or other lithiumreleasing
agents known to the man skilled in the art, followed
by treatment with carbon dioxide or ethyl
chloroformate or any other suitable reagent known to
the man skilled in the art. The resulting carboxylic
acids or esters are then easily converted to the
desired amides by any method know to the man skilled
in the art. A.1. Some compounds of formula (II)
wherein A is CH or C-halogen may be prepared by
reaction of a compound of formula (IV) with a compound
of formula (III) according to the equation (IV) (II)
wherein A is CH or C-halogen, A, R and X having the
same definition as in the general formula above for
compounds of formula (I). This reaction may be carried
out in the presence of a base, for example sodium
hydride, in a solvent, for example
N,N-dimethylacetamide, under an inert atmosphere, at a
temperature ranging from 50 C to 80 C, or in any other
conditions that the man skilled in the art will deem
appropriate, and according to conventional methods
known to him. Compounds of formula (IV) may be
commercially available or prepared according to any
conventional methods known to the man skilled in the
art.Compounds of formula (III) may be prepared by
reaction of a compound of formula (V) with
p-toluenesulfonyl chloride according to the equation
wherein X is O and A has the same definition as
described above for compounds of formula (I). This
reaction may be carried out using a base such as
triethylamine or Nmethylimidazole, in a solvent such
as dichloromethane, at a temperature ranging from 0 C
to 25C, under an inert atmosphere (argon or nitrogen),
or according to any conventional method known by the
man skilled in the art. Compounds of formula (V)
wherein X is O may be prepared from compounds of
formula (Vl), according to the equation wherein X is O
and A has the same definition as described above for
compounds of formula (I). This reaction may be carried
out using a reductive agent such as sodium
borohydride, in a protic solvent such as ethanol, at a
temperature ranging from 0 C to 60 C, or according to
any conventional method known by the man skilled in
the art. Compounds of formula (V) wherein X is S may
be prepared from compound of formula (III) according
to the equation: wherein X is S and A has the same
definition as described above for compounds of formula
I . This reaction may be carried out according to the
method described by Oh, C - H. and Sho, J.-H. in Eur.
J. Med. Chem. 2006, 4 1, 50-55, i.e., using
triphenylmethylthiol in the presence of a base (e.g.,
sodium hydride) and an inert solvent (e.g.,
dimethylformamide), at a temperature ranging from 0 C
to 100 C, under an inert atmosphere (argon or
nitrogen), followed by deprotection of the
triphenylmethyl groupusing a trifluoroacetic
acid/triethylsilane reductive system. Alternatively,
this reaction scheme may be performed according to any
other conventional method known by the man skilled in
the art. Compounds of formula (Vl) may be commercially
available or prepared from cyclobutane-1 ,3-dione
(VII) by reaction with an amine of formula AH,
according to the equation wherein A has the same
definition as described above for compounds of formula
I . This reaction may be carried out in a solvent such
as dioxane, at a temperature ranging from 00C to 600C,
or according to any conventional method known by the
man skilled in the art. Cyclobutan-1 ,3-dione is
commercially available or may be prepared according to
any conventional method known to the person skilled in
the art. A.2. Some compounds of formula (II) wherein A
is N may be prepared by reaction of a compound of
formula (VIII) with a compound of formula (V)
according to the equation (VIIl) (II) wherein A is N,
A, R and X having the same definition as in the
general formula above for compounds of formula (I).
This reaction may be carried out in the presence of a
base such as potassium tert-butylate, in a solvent
such as N,Ndimethylacetamide, between 25 and 1200C, or
according to any other method known to the person
skilled in the art. B. According to another
embodiment, some compounds of formula (I) where Y is S
may be prepared by thionation of the parent carbonyl
compounds of formula (I) wherein Y is O. This reaction
may be performed with Lawesson's reagent in
tetrahydrofuran or according to any other methods
known to the man skilled in the art.Examples of
synthetic intermediates used for the synthesis of
compounds of formula (I) according to the present
invention are: N-cyclohexylcyclohexanaminium
3-oxocyclobut-1-en-1-olate;
3-piperidin-1-ylcyclobut-2-en-1-one; cis-3-piperidin-1
-ylcyclobutanol; cis-3-piperidin-1 -ylcyclobutyl
4-methylbenzenesulfonate;
1-[trans-3-(4-iodophenoxy)cyclobutyl]piperidine;
3-(2-methylpyrrolidin-1-yl)cyclobut-2-en-1 -one;
cis-3-(2-methylpyrrolidin-1-yl)cyclobutanol;
cis-3-(2-methylpyrrolidin-1-yl)cyclobutyl
4-methylbenzenesulfonate;
1-[trans-3-(4-iodophenoxy)cyclobutyl]-2-methylpyrrolid
ine;
(2S)-1-[trans-3-(4-iodophenoxy)cyclobutyl]-2-methylpyr
rolidine;
(2R)-1-[trans-3-(4-iodophenoxy)cyclobutyl]-2-methylpyr
rolidine; cis-3-(piperidin-1 -yl)cyclobutyl
4-bromobenzenesulfonate;
4-{[trans-3-(piperidin-1-yl)cyclobutyl]sulfanyl}benzoi
c acid;
1-[trans-3-(4-bromophenoxy)cyclobutyl]piperidine;
1-[trans-3-(4-bromo-2-fluorophenoxy)cyclobutyl]piperid
ine;
1-[trans-3-(4-bromo-2-methoxyphenoxy)cyclobutyl]piperi
dine;
1-[trans-3-(4-bromo-2-chlorophenoxy)cyclobutyl]piperid
ine;
1-[trans-3-(4-bromo-3-fluorophenoxy)cyclobutyl]piperid
ine;
1-[trans-3-(4-bromo-3-chlorophenoxy)cyclobutyl]piperid
ine; 



4-{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}benzoic
acid;
3-fluoro-4-{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}be
nzoic acid;
3-methoxy-4-{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}b
enzoic acid;
3-chloro-4-{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}be
nzoic acid;
2-fluoro-4-{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}be
nzoic acid; and
2-chloro-4-{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}be
nzoic acid. It has now been found that compounds of
formula (I) according to the present invention and
their pharmaceutically acceptable salts are useful in
a variety of medical disorders. For example, the
compounds according to the invention are useful for
the treatment and prevention of diseases or
pathological conditions of the central nervous system
including mild-cognitive impairments, Alzheimer's
disease, learning and memory disorders, cognitive
disorders, attention deficit disorder,
attention-deficit hyperactivity disorder, Parkinson's
disease, schizophrenia, dementia, depression,
epilepsy, seizures, convulsions, sleep/wake and
arousal/vigilance disorders such as hypersomnia and
narcolepsy, pain and/or obesity.Furthermore, compounds
according to the invention alone or in combination
with an antiepileptic drug (AED) may be useful in the
treatment of epilepsy, seizure or convulsions. It is
known from literature that the combination of
l-13-receptor ligands with an AED may produce additive
synergistic effects on efficacy with reduced
side-effects such as decreased vigilance, sedation or
cognitive problems. Furthermore, compounds of general
formula (I) alone or in combination with a histamine
H-| antagonist may also be used for the treatment of
upper airway allergic disorders. In a particular
embodiment of the present invention, compounds of
general formula (I), alone or in combination with
muscarinic receptor ligands and particularly with a
muscarinic M2 antagonist, may be useful for the
treatment of cognitive disorders, Alzheimer's disease,
and attention-deficit hyperactivity disorder.
Particularly, compounds of general formula (I)
displaying NO-donor properties, alone or in
combination with a nitric oxide (NO) releasing agent
may be useful in the treatment of cognitive
dysfunctions. Compounds of general formula (I) may
also be used in the treatment and prevention of
multiple sclerosis (MS). Usually, compounds of general
formula (I) may be used in the treatment and
prevention of all types of cognitive-related
disorders. In one embodiment, compounds of general
formula (I) may be used for the treatment and
prevention of cognitive dysfunctions in diseases such
as mild cognitive impairment, dementia, Alzheimer's
disease, Parkinson's disease, Down's syndrome as well
as for the treatment of attention-deficit
hyperactivity disorder. In another embodiment,
compounds of general formula (I) may also be used for
the treatment and prevention of psychotic disorders,
such as schizophrenia; or for the treatment of eating
disorders, such as obesity; or for the treatment of
inflammation and pain disorders; or for the treatment
of anxiety, stress and depression; or for the
treatment of cardiovascular disorders, for example,
myocardial infarction; or for the treatment and
prevention of multiple sclerosis (MS). Pain disorders
include neuropathic pain, such as associated with
diabetic neuropathy, post-herpetic neuralgia;
trigeminal neuralgia, posttraumatic peripheral
neuropathy, phantom limb pain, with cancer and
neuropathies induced by treatment with antineoplastic
agents, pain due to nerve damage associated with
demyelinating disease such as multiple sclerosis,
neuropathy associated with HIV, post-operative pain;
corneal pain, obstetrics pain (pain relief during
delivery or after caesarean section), visceral pain,
inflammatory pain such as associated to rheumatoid
arthritis; low-back pain/sciatica; carpal tunnel
syndrome, allodynic pain such as fibromyalgia;chronic
pain associated with Complex Regional Pain Syndrome
(CRPS) and chronic muscle pain such as, yet not
limited to, that associated with back spasm. In a
particular embodiment, compounds of formula (I) may be
used for the treatment and prevention neuropathic
pain. In one embodiment, compounds of formula (I)
according to the present invention may be used as a
medicament. In another embodiment, compounds of
formula (I) according to the present invention may be
used for the treatment or prevention of mild-cognitive
impairement, Alzheimer's disease, learning and memory
disorders, attention-deficit hyperactivity disorder,
Parkinson's disease, schizophrenia, dementia,
depression, epilepsy, seizures, convulsions,
sleep/wake disorders, cognitive dysfunctions,
narcolepsy, hypersomnia, obesity, upper airway
allergic disorders, Down's syndrome, anxiety, stress,
cardiovascular disorders, inflammation, pain
disorders, particularly neuropathic pain, or multiple
sclerosis. In a particular embodiment, compounds of
formula (I) according to the present invention may be
used for the treatment of mild cognitive impairment,
dementia, Alzheimer's disease, Parkinson's disease,
Down's syndrome as well as for the treatment of
attention-deficit hyperactivity disorder. In a further
embodiment, the present invention concerns the use of
a compound of formula (I) or a pharmaceutically
acceptable salt thereof or of a pharmaceutical
composition comprising an effective amount of said
compound for the manufacture of a medicament for the
treatment and prevention of mild-cognitive
impairement, Alzheimer's disease, learning and memory
disorders, attention-deficit hyperactivity disorder,
Parkinson's disease, schizophrenia, dementia,
depression, epilepsy, seizures, convulsions,
sleep/wake disorders, cognitive dysfunctions,
narcolepsy, hypersomnia, obesity, upper airway
allergic disorders, Down's syndrome, anxiety, stress,
cardiovascular disorders, inflammation, pain
disorders, particularly neuropathic pain, or multiple
sclerosis. In another embodiment, the present
invention concerns the use of a compound of formula
(I) or a pharmaceutically acceptable salt thereof or a
pharmaceutical composition comprising an effective
amount of said compound for the manufacture of a
medicament for the treatment of cognitive dysfunctions
in diseases such as mild cognitive impairment,
dementia, Alzheimer's disease, Parkinson's disease,
Down's syndrome as well as for the treatment of
attention-deficit hyperactivity disorder. The methods
of the invention comprise administration to a mammal
(preferably human) suffering from above mentioned
conditions or disorders, of a compound according to
the invention in an amount sufficient to alleviate or
prevent the disorder or condition.The compound is
conveniently administered in any suitable unit dosage
form, including but not limited to one containing 3 to
3000 mg of active ingredient per unit dosage form. The
term "treatment" as used herein includes curative
treatment and prophylactic treatment. By "curative" is
meant efficacy in treating a current symptomatic
episode of a disorder or condition. By "prophylactic"
is meant prevention of the occurrence or recurrence of
a disorder or condition. The term "cognitive
disorders" as used herein refers to disturbances of
cognition, which encompasses perception, learning and
reasoning or in other terms the 



physiological (mental/neuronal) process of selectively
acquiring, storing, and recalling information. The
term "attention-deficit hyperactivity disorder" (ADHD)
as used herein refers to a problem with
inattentiveness, over-activity, impulsivity, or a
combination of these. For these problems to be
diagnosed as ADHD, they must be out of the normal
range for the child's age and development. The term
"attention-deficit disorder" (ADD) is also commonly
used for the same disorder. The term "Alzheimer's
disease" (AD) as used herein refers to a progressive,
neurodegenerative disease characterized in the brain
by abnormal clumps (amyloid plaques) and tangled
bundles of fibers (neurofibrillary tangles) composed
of misplaced proteins. Age is the most important risk
factor for AD; the number of people with the disease
doubles every 5 years beyond age 65. Three genes have
been discovered that cause early onset (familial) AD.
Other genetic mutations that cause excessive
accumulation of amyloid protein are associated with
age-related (sporadic) AD. Symptoms of AD include
memory loss, language deterioration, impaired ability
to mentally manipulate visual information, poor
judgment, confusion, restlessness, and mood swings.
Eventually AD destroys cognition, personality, and the
ability to function. The early symptoms of AD, which
include forgetfulness and loss of concentration, are
often missed because they resemble natural signs of
aging. The term "Parkinson's disease" (PD) as used
herein refers to a group of conditions called motor
system disorders, which are the result of the loss of
dopamineproducing brain cells. The four primary
symptoms of PD are tremor, or trembling in hands,
arms, legs, jaw, and face; rigidity, or stiffness of
the limbs and trunk; bradykinesia, or slowness of
movement; and postural instability, or impaired
balance and coordination. As these symptoms become
more pronounced, patients may have difficulty walking,
talking, or completing other simple tasks. PD usually
affects people over the age of 50. Early symptoms of
PD are subtle and occur gradually. In somepeople the
disease progresses more quickly than in others. As the
disease progresses, the shaking, or tremor, which
affects the majority of PD patients may begin to
interfere with daily activities. Other symptoms may
include depression and other emotional changes;
difficulty in swallowing, chewing, and speaking;
urinary problems or constipation; skin problems; and
sleep disruptions. The term "Down's syndrome" as used
herein refers to a chromosome abnormality, usually due
to an extra copy of the 2 1s chromosome. This
syndrome, usually but not always results in mental
retardation and other conditions. The term "mental
retardation" refers to a below-average general
intellectual function with associated deficits in
adaptive behavior that occurs before age 18. The term
"mild-cognitive impairment" as used herein refers to a
transitional stage of cognitive impairment between
normal aging and early Alzheimer's disease. It refers
particularly to a clinical state of individuals who
are memory impaired but are otherwise functioning well
and do not meet clinical criteria for dementia. The
term "obesity" as used herein refers to a body mass
index (BMI) which is greater than 30 kg/rri . The term
"dementia" as used herein refers to a group of
symptoms involving progressive impairment of brain
function. American Geriatrics Society refers to
dementia as a condition of declining mental abilities,
especially memory. The person will have problems doing
things he or she used to be able to do, like keep the
check book, drive a car safely, or plan a meal. He or
she will often have problems finding the right words
and may become confused when given too many things to
do at once. The person with dementia may also change
in personality, becoming aggressive, paranoid, or
depressed. The term "schizophrenia" as used herein
refers to a group of psychotic disorders characterized
by disturbances in thought, perception, attention,
affect, behavior, and communication that last longer
than 6 months. It is a disease that makes it difficult
for a person to tell the difference between real and
unreal experiences, to think logically, to have normal
emotional responses to others, and to behave normally
in social situations. The term "anxiety" as used
herein refers to a feeling of apprehension or fear.
Anxiety is often accompanied by physical symptoms,
including twitching or trembling, muscle tension,
headaches, sweating, dry mouth, difficulty swallowing
and/or abdominal pain. The term "narcolepsy" as used
herein refers to a sleep disorder associated with
uncontrollable sleepiness and frequent daytime
sleeping. The term "depression" as used herein refers
to a disturbance of mood and is characterized by a
loss of interest or pleasure in normal everyday
activities. Peoplewho are depressed may feel "down in
the dumps" for weeks, months, or even years at a time.
Some of the following symptoms may be symptoms of
depression : persistent sad, anxious, or "empty" mood;
feelings of hopelessness, pessimism; feelings of
guilt, worthlessness, helplessness; loss of interest
or pleasure in hobbies and activities that were once
enjoyed, including sex; decreased energy, fatigue,
being "slowed down"; difficulty concentrating,
remembering, making decisions; insomnia, early-morning
awakening, or oversleeping; appetite and/or weight
loss or overeating and weight gain; thoughts of death
or suicide; suicide attempts; restlessness,
irritability; persistent physical symptoms that do not
respond to treatment, such as headaches, digestive
disorders, and chronic pain. The term "epilepsy" as
used herein refers a brain disorder in which clusters
of nerve cells, or neurons, in the brain sometimes
signal abnormally. In epilepsy, the normal pattern of
neuronal activity becomes disturbed, causing strange
sensations, emotions, and behavior or sometimes
convulsions, muscle spasms, and loss of consciousness.
Epilepsy is a disorder with many possible causes.
Anything that disturbs the normal pattern of neuron
activity - from illness to brain damage to abnormal
brain development - can lead to seizures. Epilepsy may
develop because of an abnormality in brain wiring, an
imbalance of nerve signaling chemicals called
neurotransmitters, or some combination of these
factors. Having a seizure does not necessarily mean
that a person has epilepsy. Only when a person has had
two or more seizures is he or she considered to have
epilepsy. The term "seizure" as used herein refers to
a transient alteration of behaviour due to the
disordered, synchronous, and rhythmic firing of
populations of brain neurones. The term "migraine" as
used herein means a disorder characterised by
recurrent attacks of headache that vary widely in
intensity, frequency, and duration. The pain of a
migraine headache is often described as an intense
pulsing or throbbing pain in one area of the head. It
is often accompanied by extreme sensitivity to light
and sound, nausea, and vomiting. Some individuals can
predict the onset of a migraine because it is preceded
by an "aura," visual disturbances that appear as
flashing lights, zig-zag lines or a temporary loss of
vision. People with migraine tend to have recurring
attacks triggered by a lack of food or sleep, exposure
to light or hormonal irregularities (only in women).
Anxiety, stress, or relaxation after stress can also
be triggers. For many years, scientists believed that
migraines were linked to the dilation and constriction
of blood vessels in the head. Investigators now
believe that migraine is caused by inherited
abnormalities in genes that control the activities of
certain cell 



populations in the brain. The International Headache
Society (IHS, 1988) classifiesmigraine with aura
(classical migraine) and migraine without aura (common
migraine) as the major types of migraine. The term
"multiple sclerosis" (MS) as used herein is a chronic
disease of the central nervous system in which gradual
destruction of myelin occurs in patches throughout the
brain or spinal cord or both, interfering with the
nerve pathways. As more and more nerves are affected,
a patient experiences a progressive interference with
functions that are controlled by the nervous system
such as vision, speech, walking, writing, and memory.
Activity in any of the above-mentioned indications can
of course be determined by carrying out suitable
clinical trials in a manner known to a person skilled
in the relevant art for the particular indication
and/or in the design of clinical trials in general.
For treating diseases, compounds of formula (I) or
their pharmaceutically acceptable salts may be
employed at an effective daily dosage and administered
in the form of a pharmaceutical composition.
Therefore, another embodiment of the present invention
concerns a pharmaceutical composition comprising an
effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt thereof in
combination with a pharmaceutically acceptable diluent
or carrier. To prepare a pharmaceutical composition
according to the invention, one or more of the
compounds of formula (I) or a pharmaceutically
acceptable salt thereof is intimately admixed with a
pharmaceutical diluent or carrier according to
conventional pharmaceutical compounding techniques
known to the skilled practitioner. Suitable diluents
and carriers may take a wide variety of forms
depending on the desired route of administration,
e.g., oral, rectal, parenteral or intranasal.
Pharmaceutical compositions comprising compounds
according to the invention can, for example, be
administered orally, parenterally, i.e.,
intravenously, intramuscularly or subcutaneously,
intrathecal^, by inhalation or intranasally.
Pharmaceutical compositions suitable for oral
administration can be solids or liquids and can, for
example, be in the form of tablets, pills, dragees,
gelatin capsules, solutions, syrups, chewing-gums and
the like. To this end the active ingredient may be
mixed with an inert diluent or a non toxic
pharmaceutically acceptable carrier such as starch or
lactose. Optionally, these pharmaceutical compositions
can also contain a binder such as microcrystalline
cellulose, gum tragacanth or gelatine, a disintegrant
such as alginic acid, a lubricant such as magnesium
stearate, a glidant such as colloidal silicon dioxide,
a sweetener such as sucrose or saccharin, or colouring
agents or a flavouring agent such as peppermint or
methyl salicylate.The invention also contemplates
compositions which can release the active substance in
a controlled manner. Pharmaceutical compositions which
can be used for parenteral administration are in
conventional form such as aqueous or oily solutions or
suspensions generally contained in ampoules,
disposable syringes, glass or plastics vials or
infusion containers. In addition to the active
ingredient, these solutions or suspensions can
optionally also contain a sterile diluent such as
water for injection, a physiological saline solution,
oils, polyethylene glycols, glycerine, propylene
glycol or other synthetic solvents, antibacterial
agents such as benzyl alcohol, antioxidants such as
ascorbic acid or sodium bisulphite, chelating agents
such as ethylene diamine-tetra-acetic acid, buffers
such as acetates, citrates or phosphates and agents
for adjusting the osmolarity, such as sodium chloride
or dextrose. These pharmaceutical forms are prepared
using methods which are routinely used by pharmacists.
The amount of active ingredient in the pharmaceutical
compositions can fall within a wide range of
concentrations and depends on a variety of factors
such as the patient's sex, age, weight and medical
condition, as well as on the method of administration.
Thus the quantity of compound of formula (I) in
compositions for oral administration is at least 0.5 %
by weight and can be up to 80 % by weight with respect
to the total weight of the composition. For the
preferred oral compositions, the daily dosage is in
the range 3 to 3000 milligrams (mg) of compounds of
formula (I). In compositions for parenteral
administration, the quantity of compound of formula
(I) present is at least 0.5 % by weight and can be up
to 33 % by weight with respect to the total weight of
the composition. For the preferred parenteral
compositions, the dosage unit is in the range 3 mg to
3000 mg of compounds of formula (I). The daily dose
can fall within a wide range of dosage units of
compound of formula (I) and is generally in the range
3 to 3000 mg. However, it should be understood that
the specific doses can be adapted to particular cases
depending on the individual requirements, at the
physician's discretion. The following examples
illustrate how the compounds covered by formula (I)
may be synthesized. They are provided for illustrative
purposes only and are not intended, nor should they be
construed, as limiting the invention in any manner.
Those skilled in the art will appreciate that routine
variations and modifications of the following examples
can be made without exceeding the spirit or scope of
the invention. NMR spectra are recorded on a BRUKER
AVANCE 400 NMR Spectrometer fitted with a Linux
workstation running XWIN NMR 3.5 software and a 5 mm
inverse1H/BB probehead, or BRUKER DRX 400 NMR fitted
with a SG Fuel running XWIN NMR 2.6 software and a 5
mm inverse geometry 1H/ 13C/ 19 F triple probehead.
The compound is studied in ds-dimethylsulfoxide (or
d3-chloroform) solution at a probe temperature of 313
K or 300 K and at a concentration of 10 mg/ml. The
instrument is locked on the deuterium signal of d
-dimethylsulfoxide (or d3-chloroform). Chemical shifts
are given in ppm downfield from TMS
(tetramethylsilane) taken as internal standard. HPLC
analyses are performed using one of the following
systems: - an Agilent 1100 series HPLC system mounted
with an INERTSIL ODS 3 C18, DP 5 mm, 250 X 4.6 mm
column. The gradient runs from 100 % solvent A
(acetonitrile, water, phosphoric acid (5/95/0.001 ,
v/v/v)) to 100 % solvent B (acetonitrile, water,
phosphoric acid (95/5/0.001 , v/v/v)) in 6 min with a
hold at 100 % B of 4 min. The flow rate is set at 2.5
ml/min. The chromatography is carried out at 35C. - a
HP 1090 series HPLC system mounted with a HPLC Waters
Symetry C18, 250 X 4.6 mm column. The gradient runs
from 100 % solvent A (methanol, water, phosphoric acid
(15/85/0.001 M, v/v/M)) to 100 % solvent B (methanol,
water, phosphoric acid (85/15/0.001 M, v/v/M)) in 10
min with a hold at 100 % B of 10 min. The flow rate is
set at 1 ml/min. The chromatography is carried out at
40 C. Mass spectrometric measurements in LC/MS mode
are performed as follows: HPLC conditions Analyses are
performed using a WATERS Alliance HPLC system mounted
with an INERTSIL ODS 3 , DP 5 mm, 250 X 4.6 mm column.
The gradient runs from 100 % solvent A (acetonitrile,
water, trifluoroacetic acid (10/90/0.1 , v/v/v)) to
100 % solvent B (acetonitrile, water, trifluoroacetic
acid (90/10/0.1 , v/v/v)) in 7 min with a hold at 100
% B of 4 min. The flow rate is set at 2.5 ml/min and a
split of 1/25 is used just before API source. 



S conditions Samples are dissolved in
acetonitrile/water, 70/30, v/v at the concentration of
about 250 mg/ml. API spectra (+ or -) are performed
using a FINNIGAN LCQ ion trap mass spectrometer. APCI
source operated at 450 C and the capillary heater at
160C. ESI source operated at 3.5 kV and the capillary
heater at 210 C. Mass spectrometric measurements in
DIP/EI mode are performed as follows: samples are
vaporized by heating the probe from 50C to 250C in 5
min. El (Electron Impact) spectra are recorded using a
FINNIGAN TSQ 700 tandem quadrupole mass spectrometer.
The source temperature is set at 150 C. Mass
spectrometric measurements on a TSQ 700 tandem
quadrupole mass spectrometer (Finnigan MAT) in GC/MS
mode are performed with a gas chromatograph model 3400
(Varian) fitted with a split/splitless injector and a
DB-5MSfused-silica column (15 m x 0.25 mm I .D., 1 mm)
from J&W Scientific. Helium (purity 99.999 %) is used
as carrier gas. The injector (CTC A200S autosampler)
and the transfer line operate at 290 and 250 0C,
respectively. Sample ( 1 ml) is injected in splitless
mode and the oven temperature is programmed as
follows: 500C for 5 min., increasing to 280C (23C/min)
and holding for 10 min. The TSQ 700 spectrometer
operates in electron impact (El) or chemical
ionization (CI/CH4) mode (mass range 33 - 800, scan
time 1.00 sec). The source temperature is set at
1500C. High resolution mass spectrometry measurements
are run on a Waters LCT Time of flight mass
spectrometer equipped with an ESI source and a Waters
Acquity UPLC (column: BEH C18 ( 1 .7mm, 2.1 x 50 mm))
with diode array detector. The gradient runs from 98 %
solvent A (aqueous ammonium formate (63 mg/l), 30%
aqueous ammonia (50 ml/l)) to 95 % acetonitrile and
back in 6 min. The source parameters are as follows:
ESI capillary voltage 2.5 kV, cone voltage 135 V,
source block temperature 135C, desolvation temperature
3500C, cone gas flow 20 L/Hr (Nitrogen), desolvation
Gas flow 800 L/Hr. The detector is set with a flight
tube at 7.2 KV and an MCP detector at 2,500 V.
Specific rotation is recorded on a Perkin-Elmer 341
polarimeter. The angle of rotation is recorded at 25C
on 1 % solutions in methanol, at 589 nm. Melting
points are determined on a Bchi 535 or 545
Tottoli-type fusionometre, and are not corrected, or
by the onset temperature on a Perkin Elmer DSC 7 .
Preparative chromatographic separations are performed
on silicagel 60 Merck, particle size 15-40 mm,
reference 1.151 11.9025, using Novasep axial
compression columns (80 mm i.d.), flow rates between
70 and 150 ml/min. Amount of silicagel and solvent
mixtures as described in individual procedures.
Reverse phase separations are carried out using 500 g
of either Kromasil C18 10 mm silicagel (acidic or
neutral conditions) or Phenomenex Gemini C18 10 mM
(basic conditions) in 8-cm ID columns with a flow rate
of 150 ml/min. Products are detected at 215 nm unless
otherwise specified. Preparative Chiral
Chromatographic separations are performed on a DAICEL
Chiralpak AD 20 mm, 100* 500 mm column using an
in-house build instrument with various mixtures of
lower alcohols and C5 to C8 linear, branched or cyclic
alkanes at  350 ml/min. Solvent mixtures as described
in individual procedures. Experiments requiring
microwave irradiation are performed on a Biotage
Initiator Sixty microwave oven upgraded with version
2.0 of the operating software. Experiments are run to
reach the required temperature as quickly as possible
(maximum irradiation power: 400 W, no external
cooling).Example 1. Synthesis of
1-{trans-3-[4-(piperidin-1-ylcarbonyl)phenoxy]
cyclobutyl}piperidine 3. 1. 1 Synthesis of
S-piperidin-i-ylcyclobut^-en-i-one a2. Trifluoroacetic
acid (64 ml, 0.825 mol, 1. 1 eq) is added over 10
minutes to a stirred suspension of
N-cyclohexylcyclohexanaminium
3-oxocyclobut-1-en-1-olate a 1 (200 g , 0.75 mol, 1
eq) in dioxane ( 1 I). After 4 hours stirring at room
temperature, the resulting suspension is filtered and
washed with dioxane (300 ml). The filtrate is then
stirred at room temperature and treated dropwise with
piperidine (96 ml, 0.975 mol, 1.3 eq) while
maintaining the temperature below 30 C throughout the
addition (20 minutes) with a water bath. The dioxane
is then removed under reduced pressure and the
resulting oil is taken up in dichloromethane (400 ml).
The organic layer is washed with a 1N aqueous
hydrochloric acid solution (400 ml), water (400 ml),
an aqueous saturated solution of sodium
hydrogencarbonate (400 ml) and brine (400 ml). The
organic layer is dried over magnesium sulfate and
concentrated to yield 90.7 g of a red solid. The solid
is then purified by chromatography over silicagel
(dichloromethane/methanol/ammonia 98:1 .8:0.2) to
afford 74.8 g of 3-piperidin-1- ylcyclobut-2-en-1-one
a2. Yield: 66 %. 1H NMR (CDCI3 ) d: 4.47 (s, 1 H),
3.22 (m, 4 H), 2.95 (s, 2 H), 1.53 (m, 6 H). 1.2
Synthesis of cis-3-piperidin-1-ylcyclobutanol a3. A
solution of S-piperidin-i-ylcyclobut^-en-i-one a2 (10
g , 66.1 mmol, 1 eq) in ethanol (200 ml) is treated
with portions of sodium borohydride (8.76 g , 231
mmol, 3.5 eq). At the end of the addition, the mixture
is stirred at 50 C for 12 h , cooled down to 20C and
treated with acetone (20 ml). The solvents are removed
under reduced pressure to afford a yellow oil which is
diluted with ethyl acetate (200 ml). This organiclayer
is washed with an aqueous saturated solution of sodium
hydrogencarbonate (100 ml), water (100 ml) and brine
(100 ml), then concentrated under reduced pressure.
The residual oil is purified by chromatography over
silicagel, (dichloromethane/methanol/ammonia
95:4.5:0.5) to afford 8 g of cis-3-piperidin-1-
ylcyclobutanol a3 as a white solid. Yield: 78 %. 1H
NMR (CDCI3 ) d: 3.81 (m, 3 H), 2.38 (m, 2 H), 2.06 (m,
4 H), 1.69 (m, 2 H), 1.43 (m, 4 H), 1.29 (bs, 2 H).
1.3 Synthesis of cis-3-piperidin-1 -ylcyclobutyl
4-methylbenzenesulfonate a4. A solution of
cis-S-piperidin-i-ylcyclobutanol a3 ( 1 .0 g , 6.44
mmol, 1.0 eq) and L/-methylimidazole ( 1 .03 ml, 12.88
mmol, 2.0 eq) in dichloromethane (10 ml) is treated
with p-toluenesulfonyl chloride (2.1 g, 10.95 mmol,
1.7 eq). The mixture is stirred at 20 C for 48 h ,
washed with an aqueous saturated solution of sodium
hydrogencarbonate (10 ml), dried over magnesium
sulfate and concentrated to afford 1.8 g of a red oil.
This oil is purified by chromatography over silicagel
(dichloromethane/methanol/ammonia 99:0.9:0.1) to yield
1. 1 g of cis-3-piperidin-1- ylcyclobutyl
4-methylbenzenesulfonate a4 as an orange solid. Yield:
55 %. LC-MS (MH+ ) : 310. 1.4 Synthesis of
1-[trans-3-(4-iodophenoxy)cyclobutyl]piperidine a5. A
solution of para-iodophenol (15.46 g , 70.29 mmol, 1.5
eq) in dry N,Ndimethylacetamide (65 ml) is treated
with sodium hydride (60% dispersion in mineral oil,
3.37 g , 84.35 mmol, 1.8 eq) under an argon
atmosphere. After 30 minutes, cis-3- piperidin-1
-ylcyclobutyl 4-methylbenzenesulfonate a4 (14.5 g ,
46.86 mmol, 1 eq) is added and the mixture is stirred
at 80 C overnight. The mixture is concentrated under
reduced pressure, diluted with ethyl acetate (200 ml)
and washed twice with an aqueous saturated solution of
sodium hydrogencarbonate. The organic layer is then
dried over magnesium sulfate and concentrated under
reduced pressure. The residue is purified by
chromatography over silicagel (dichloromethane/ethanol
98:2 to 93:7) to 



afford 11.5 g of
1-[trans-3-(4-iodophenoxy)cyclobutyl]piperidine a5 as
an orange oil. Yield: 69 %. LC-MS (MH+ ) : 358. 1.5
Synthesis of
1-{trans-3-[4-(piperidin-1-ylcarbonyl)phenoxy]cyclobut
yl}piperidine 3 . 1,8-Diazabicyclo[5.4.0]undec-7-ene
(0.92 ml, 6.17 mmol, 3.15 eq) is added to a solution
of 1-[trans-3-(4-iodophenoxy)cyclobutyl]piperidine a5
(0.7g, 1.96 mmol, 1 eq),piperidine (0.58 ml, 5.88
mmol, 3 eq), palladium acetate (88 mg, 0.39mmol, 0.2
eq), molybdenumhexacarbonyl (569 mg, 2.16 mmol, 1.1
eq) and 200 mg of molecular sieves at 0 C. The mixture
is stirred under micro-wave irradiation at 125C during
20 minutes, filtered over celite and concentrated
under reduced pressure. The residue is taken up in
dichloromethane and washed three times with water, and
once with a saturated aqueous solution of sodium
chloride. The organic layer is dried over magnesium
sulfate and concentrated under reduced pressure. The
crude residue is taken up into ethyl acetate and
filtered. The supernatant is concentrated and purified
by chromatography over silicagel
(dichloromethane/methanol/ammonia 97:2.7:0.3) to give
263 mg of Htrans-S-
-tiperidin-i-ylcarbonyOphenoxylcyclobutylJpiperidine 3
as a pink solid. Yield: 40 %. LC-MS (MH+ ) : 343.
Compounds 1 , 2 , 4 , 5 , 6 , 7 , 8 , 9 , 10, 11, 12,
13 and 14 may be synthesized according to the same
method. Example 2. Synthesis of
4-(4-{[trans-3-(2-methylpyrrolidin-1-
yl)cyclobutyl]oxy}benzoyl)morpholine 17 and
4-{[4-({trans-3-[(2S)-2-
methylpyrrolidin-1-yl]cyclobutyl}oxy)phenyl]carbonothi
oyl}morpholine 18. 2.1 Synthesis of
3-(2-methylpyrrolidin-1-yl)cyclobut-2-en-1-one a6.
Trifluoroacetic acid (15.75 ml, 0.207 mol, 1. 1 eq) is
added over 10 minutes to a stirred suspension of
N-cyclohexylcyclohexanaminium
3-oxocyclobut-1-en-1-olate(50 g , 0.19 mol, 1 eq) in
dioxane (250 ml). After 20 hours stirring at room
temperature, the resulting suspension is filtered and
washed with dioxane (40 ml). The filtrate is stirred
at room temperature and treated dropwise with
2-methylpyrrolidine (20 g , 0.245 mol, 1.3 eq) while
maintaining the temperature below 30 C throughout the
addition (20 minutes) with a water bath. The mixture
is then allowed to stir 24 h at 20 C. The dioxane is
removed under reduced pressure and the resulting oil
is purified by chromatography over silicagel
(dichloromethane/methanol/ammonia 98:1 .8:0.2) to
afford 7.256 g of
3-(2-methylpyrrolidin-1-yl)cyclobut-2-en-1-one a6 as a
yellow oil. Yield: 25 %. RMN 1H (CDCI3): d 4.55 (d, J
= 6.8 Hz, 1 H), 3.94 (m, 1 H), 3.81 (m, 1 H), 3.53 (m,
2 H), 3.35 (m), 3.32 (m, 1 H), 3.18 (s, 1 H), 1.74 (m,
1 H), 1.26 (dd, J = 9.2, 6.6 Hz, 3 H). 2.2 Synthesis
of cis-3-(2-methylpyrrolidin-1 -yl)cyclobutanol a7. A
solution of aqueous sodium hydroxide (46%, 1.5 ml, 0.5
eq) in methanol (85 ml) is treated with sodium
borohydride (6.2 g , 0.16 mol, 3.4 eq), then a
solution of
3-(2-methylpyrrolidin-1-yl)cyclobut-2-en-1-one a6
(7.26 g , 78 mmol, 1 eq) in methanol (40 ml) is added
dropwise over 20 minutes. The mixture is stirred at
20C for 1h30, then at 56C overnight and concentrated
under reduced pressure. The residual paste is
dissolved in water (40 ml) and extracted with
dichloromethane (2 x 40 ml, then 20 ml). The organic
layers are pooled, washed with a 10% aqueous solution
of sodium hydroxide (30 ml) and dried over magnesium
sulphate. After concentration, the residual oil (6.35
g) still contains the starting material. It is then
resubmitted to the abovementioned reacting conditions
and treated in the same way to afford crude cis-3-(2-
methylpyrrolidin-1-yl)cyclobutanol a7 as an oil (5.35
g). This compound is used in the next step without any
further purification. 2.3 Synthesis of
cis-3-(2-methylpyrrolidin-1-yl)cyclobutyl
4-methylbenzenesulfonate a8. A solution of
cis-3-(2-methylpyrrolidin-1-yl)cyclobutanol a7 (2.67 g
, 17.2 mmol, 1.0 eq) and L/-methylimidazole (1.51 ml,
19 mmol, 1.1 eq) in ethyl acetate (45 ml) is treated
with p-toluenesulfonyl chloride (3.94 g , 20.7 mmol,
1.2 eq). The mixture is stirred at 20 C for 2 h and
treated with a saturated aqueous solution of ammonium
chloride (45 ml). The aqueous phase is extracted with
dichloromethane (90 ml), the organic phase is dried
over magnesium sulfate and concentrated under vaduum
to afford 3.45 g of a red oil. This oil is purified
(twice) by chromatography over silicagel (gradient:
dichloromethane/methanol 98:2 to 90:10) to afford 2.27
g of cis-3-(2- methylpyrrolidin-1-yl)cyclobutyl
4-methylbenzenesulfonate a8 as an orange solid.Yield:
42 %. LC-MS (MH+ ): 310. 2.4 Synthesis of
1-[trans-3-(4-iodophenoxy)cyclobutyl]-2-methylpyrrolid
ine a9. A solution of para-iodophenol (2.035 g , 9.2
mmol, 1.5 eq) in dry N,Ndimethylacetamide (100 ml) is
treated with sodium hydride (60% dispersion in mineral
oil, 444 mg, 11 mmol, 1.8 eq) under an argon
atmosphere. After 30 minutes, cis-3-(2-
methylpyrrolidin-1-yl)cyclobutyl
4-methylbenzenesulfonate ad ( 1 .908 g , 6.2 mmol, 1
eq) is added and the mixture is stirred at 600C
overnight. The mixture is diluted with ethyl acetate
(800 ml) and washed twice with a saturated aqueous
solution of sodium chloride. The organic layer is
dried over magnesium sulfate and concentrated under
reduced pressure. The residue is purified by
chromatography over silicagel (gradient:
dichloromethane/methanol/ammonia 98/1.8/0.2 to 90/9/1)
to afford 890 mg of 1-[trans-
3-(4-iodophenoxy)cyclobutyl]-2-methylpyrrolidine a9 as
an orange oil. Yield: 69 %. LC-MS (MH+ ) : 358.
(2S)-1-[trans-3-(4-iodophenoxy)cyclobutyl]-2-methylpyr
rolidine a10 and (2R)-1-
[trans-3-(4-iodophenoxy)cyclobutyl]-2-methylpyrrolidin
e a11 are obtained by chiral chromatography of the
racemic mixture a9 (chiralcel OJ-H; isopropanol/
benzene/diethylamine 10/90/1 ) . 2.5 Synthesis of
4-(4-{[trans-3-(2-methylpyrrolidin-1-
yl)cyclobutyl]oxy}benzoyl)morpholine 17.
1,8-Diazabicyclo[5.4.0]undec-7-ene (666 mg, 4.4 mmol,
2.5 eq) is added to a solution of
1-[trans-3-(4-iodophenoxy)cyclobutyl]-2-methylpyrrolid
ine a9 (625 mg, 1.7 mmol, 1 eq), morpholine (381 mg,
4.4 mmol, 2.5 eq), palladium acetate (78 mg, 0.3 mmol,
0.2 eq), molybdenumhexacarbonyl (508 mg, 1.9 mmol, 1.1
eq) and molecular sieves (220 mg) at 00C. The mixture
is stirred under micro-wave irradiation at 105C during
20 minutes, filtered over celite and concentrated
under reduced pressure. The residue is taken up in
ethyl acetate (100 ml) and washed with water (50 ml).
The aqueous phase is back-extracted with ethyl
acetate. The pooled organic layers are dried over
magnesium sulfate and concentrated under reduced
pressure. The residue is purified by chromatography
over silicagel (dichloromethane/methanol/ammonia
90:9:1) to afford 100 mg of a yellow oil. This oil is
purified further by reverse phase HPLC (gradient:
water/acetonitrile/8% ammonium carbonate from 85:5:10
to 5:95:0) to give 6 1.4 mg of
4-(4-{[trans-3-(2-methylpyrrolidin-1-yl)cyclobutyl]oxy
}benzoyl) morpholine 17 as a yellow oil. Yield: 10
%.LC-MS (MH+ ) : 343.
4-[4-({trans-3-[(2R)-2-methylpyrrolidin-1-yl]cyclobuty
l}oxy)benzoyl]morpholine 15 and
4-[4-({trans-3-[(2S)-2-methylpyrrolidin-
1-yl]cyclobutyl}oxy)benzoyl]morpholine 



16 may be synthesized according to the same method.
2.6 Synthesis of
4-{[4-({trans-3-[(2S)-2-methylpyrrolidin-1-
yllcyclobutyljoxyjphenyljcarbonothioyljmorpholine 18.
A solution of 4-(4-{[trans-3-(2-methylpyrrolidin-1-
yl)cyclobutyl]oxy}benzoyl)morpholine 17 in
tetrahydrofuran (2 ml) is treated with Lawesson's
reagent ( 1 .5 eq, 0.3 mmol, 116.2 mg). The reaction
mixture is stirred at 20 C for 12 h, filtered and the
resulting solution is filtered over Statosphere
PL-SO3H acidic resin (0.6 mmol). The resin is rinsed
with tetrahydrofuran and the combined organic phases
are concentrated under reduced pressure. The resulting
solid is purified by reverse phase HPLC (gradient:
water/acetonitrile/8% ammonium carbonate 85:5:10 to
5:95:0) to afford 16 mg of a yellow oil. Yield: 54 %.
LC-MS (MH+ ) : 361 . Example 3. Synthesis of
4-{4-[(trans-3-piperidin-1-ylcyclobutyl)thio]benzoyl}
morpholine 43. 3.1 Synthesis of
cis-3-(piperidin-1-yl)cyclobutyl
4-bromobenzenesulfonate a12. A solution of
cis-S-piperidin-i-ylcyclobutanol a3 (310 mg, 2 mmol, 1
eq.) in ethyl acetate (10 ml) is treated with
4-bromobenzenesulfonyl chloride (613 mg, 2.4 mmol, 1.2
eq) and N-methylimidazole (240 ml , 3 mmol, 1.5 eq).
The mixture is stirred for 12 h at room temperature.
The reaction mixture is filtered and the precipitate
is rinsed with ethyl acetate. The solid is dissolved
in ethyl acetate and washed with saturated sodium
hydrogencarbonate and saturated ammonium chloride. The
organic phase is dried overmagnesium sulphate to yield
543 mg of cis-3-(piperidin-1-yl)cyclobutyl 4-
bromobenzenesulfonate a12 as a yellow oil. Yield: 72
%. LC-MS (MH+ ) : 374/376. 3.2 Synthesis of
4-{[trans-3-(piperidin-1-yl)cyclobutyl]sulfanyl}benzoi
c acid a13. A solution of 4-mercaptobenzoic acid (0.73
g , 4.71 mmol, 2.25 eq) in dry N,Ndimethylformamide
(30 ml) is treated with sodium thiosulfate (0.7 g ,
4.03 mmol, 1.93 eq) over molecular sieves (4A beads,
0.53 g) for 1 hour. Sodium hydride (60% dispersion in
oil, 0.24 g , 6.02 mmol, 2.87 eq) is added, then
cis-3-(piperidin-1- yl)cyclobutyl
4-bromobenzenesulfonate a12 (0.78 g , 2.09 mmol, 1 eq)
and the mixture is stirred 2 h at 20 C and 12 h at 50
C. The mixture is concentrated to dryness. The
resulting solid is triturated in ethyl acetate (25
ml), acetonitrile (2 x 25 ml) and dichloromethane (25
ml). The solid is then taken up in methanol (3 x 20
ml) and filtered. The methanol phases are pooled and
concentrated to dryness. The resulting solid is then
purified by chromatography over silicagel (gradient:
dichloromethane/methanol 100:0 to 0:100) to afford
0.56 g of 4-{[trans-3-(piperidin-1-
yl)cyclobutyl]sulfanyl}benzoic acid a13. Yield: 99 %.
LC-MS (MH+ ) : 292. 3.3 Synthesis of
4-{4-[(trans-3-piperidin-1-ylcyclobutyl)thio]benzoyl}
morpholine 43. A solution of O-benzotriazol-1-yl-
L/,L/,L/',L/-tetramethyluronium tetrafluoroborate
(1.36 g , 4.25 mmol, 2.6 eq)) in
L/,L/-dimethylformamide (20 ml) is treated with
4-{[trans-
3-(piperidin-1-yl)cyclobutyl]sulfanyl}benzoic acid a13
(0.45 g , 1.6 mmol, 1 eq) and stirred 10 minutes at
20C. A mixture of diisopropylethylamine (0.5 ml, 3.02
mmol, 1.89 eq) and morpholine (0.3 ml, 3.44 mmol, 2.15
eq) is then added. The resulting mixture is stirred at
20 C for 48 h , concentrated to 5 ml and treated with
1N hydrochloric acid (5 ml). The mixture is filtered
and the solid washed with ethyl acetate (2 x 10 ml).
The liquid phases are brought to pH 10 with potassium
carbonate and the aqueous phase is extracted with
ethyl acetate (3 x 25 ml). The combined organic layers
are washed with water (2 x 25 ml), with brine (30 ml)
and dried over magnesium sulphate. The organic phase
is concentrated to dryness and the residual solid is
purifed by by chromatography over silicagel (gradient:
dichloromethane/methanol 100:0:0 to 90:9:1) to afford
4-{4-[(trans-3-piperidin-1-ylcyclobutyl)thio]benzoyl}
morpholine 43. Yield: 17 %. LC-MS (MH+ ) : 361
.1-{4-[(trans-3-piperidin-1-ylcyclobutyl)thio]benzoyl}
piperidin-4-one 44 may be synthesized according to the
same method. Example 4. Synthesis of
1-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}
piperidine-4-carboxamide 28. 4.1 Synthesis of
1-[trans-3-(4-bromophenoxy)cyclobutyl]piperidine a14.
To a solution of para-bromophenol (2.5 mmol) in dry
THF (30 ml) is added 15- Crown-5 (990 ml , 5 mmol, 2
eq) followed by 4A molecular sieves (2.1 g). The
mixture is stirred at 30 C for 30 minutes under an
argon atmosphere. Sodium hydride 60% dispersion in
mineral oil (210 mg, 5.25 mmol, 2.1 eq) is added
slowly during a period of 1 hour. The mixture is then
heated at 6O0C for an additional hour and
cis-3-(piperidin-1- yl)cyclobutyl
4-bromobenzenesulfonate a12 (1029 mg, 2.75 mmol, 1. 1
eq) is added. The mixture is stirred at reflux during
6 days. The mixture is cooled, filtered on celite and
concentrated under vacuum. Ethyl acetate (250 ml) is
added and the organic layer is washed twice with 2M
NaOH (50 ml), brine (50 ml), dried over magnesium
sulfate and concentrated under reduced pressure. The
residue is purified by chromatography over silicagel
(gradient: dichloromethane/methanol 100:0 to 95:5) to
afford 1-[trans-3-
(4-bromophenoxy)cyclobutyl]piperidine a14. Yield: 8 1
%. LC-MS (MH+ ) : 310-312. The following compounds may
be prepared according to the same method:4.2 Synthesis
of 4-{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}benzoic
acid a20. A solution of
1-[trans-3-(4-bromophenoxy)cyclobutyl]piperidine a14 (
1 .4 mmol, 1 eq) in hexane (10 ml) at -70c is treated
with butyllithium (2.5 M in hexane, 1.68 ml, 4.2 mmol,
3 eq) under an argon atmosphere. After 45 minutes of
reaction, a large excess of solid carbon dioxide is
added and the reaction temperature is allowed to reach
slowly room temperature. The mixture is stirred 1 hour
at room temperature, then water (2 ml) is added and
the mixture is concentrated under reduced pressure.
The residue is purified by basic reverse phase
chromatography (gradient: acetonitrile/water/ ammonium
carbonate 5/95/0.1 to 95/5/0.1 , 12 min) to afford
4-{[trans-3-(piperidin-1- yl)cyclobutyl]oxy}benzoic
acid a20. Yield: 66 %. LC-MS (MH+ ) : 276.
3-fluoro-4-{[^ra/?s-3-(piperidin-1-yl)cyclobutyl]oxy}b
enzoic acid a21 may be synthesized according to the
same method. Yield: 32 %. LC-MS (MH+ ) : 294.
Alternative method: synthesis of
3-methoxy-4-{[trans-3-(piperidin-1-
yl)cyclobutyl]oxy}benzoic acid a22. A solution of
1-[trans-3-(4-bromo-2-methoxyphenoxy)cyclobutyl]piperi
dine a16 (0.5 mmol) in dry tetrahydrofuran (10 ml) at
-70 C is treated with butyllithium (2.5M in hexane,
240 ml , 0.6 mmol ,1 .2 eq) under an argon atmosphere.
After 1 hour of reaction, ethyl chloroformate (57.4 ml
, 0.6 mmol, 1.2 eq) is added and after 15 minutes at
-70c the reaction temperature is allowed to reach
slowly room temperature. Then saturated potassium
carbonate (10 ml) and ethyl acetate (30 ml) are added
and the product is extracted. The organic layer is
washed with brine (10 ml), dried over magnesium 



sulfate and concentrated under reduced pressure. The
residue is diluted in a mixture of methanol and water
( 1 .5 ml:0.5 ml) and sodium hydroxide (2M, 300 ml ,
0.6mmol, 1.2 eq) is added. The mixture is stirred one
night at room temperature. The residue is concentrated
under reduced pressure. The residue is purified by
chromatography over silica gel (gradient:
dichloromethane/methanol 100:0 to 60/40) to afford
3-methoxy-4-
{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}benzoic acid
a22. Yield: 33 %. LC-MS (MH+ ) : 306. The following
compounds may be prepared according to the same
method:4.3 Synthesis of
1-{4-[(trans-3-piperidin-1-ylcyclobutyl)oxy]benzoyl}pi
peridine-4- carboxamide 28. A solution of
4-{[trans-3-(piperidin-1-yl)cyclobutyl]oxy}benzoic
acid a20 (40 mg, 145 mmol) in DMF (500 ml) is treated
with piperidine-4-carboxamide (20.5 mg, 160 mmol, 1.1
eq), O-benzotriazol-1-yl-N,N,N\N'-tetramethyluronium
tetrafluoroborate (49 mg, 152.5 mmol, 1.05 eq) and
diisopropylethylamine (75.9 ml , 435 mM, 3 eq). After
1 day at room temperature, saturated sodium carbonate
(2 ml) and ethyl acetate (2 ml) are added. The product
is extracted and the aqueous phase extracted again
with ethyl acetate (2 ml). The organic layers are
washed with brine ( 1 ml) and concentrated under
reduced pressure. The residue is purified by basic
reverse phase chromatography (gradient:
acetonitrile/water/ammonium hydrogenocarbonate
5/95/0.1 to 95/5/01 , 12 min) to afford 33.9 mg of
1-{4-[(trans-3-piperidin-1-
ylcyclobutyl)oxy]benzoyl}piperidine-4-carboxamide 28.
Yield: 6 1 %. LC-MS (MH+ ) : 385. Compounds 19, 20,
21, 22, 23, 24, 25, 26, 27, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 4 1 and 42 may be synthesized
according to the same method. Table I indicates the
IUPAC name of the compound, the ion peak observed in
mass spectrometry, the H NMR description and melting
point.Table I K)GOIDENTIFYING MULTI-COMPONENT CARRIER
CELLS TECHNICAL FIELD This invention relates to radio
communication systems and more particularly to
measurement of received signal power in such systems.
BACKGROUND In forthcoming evolutions of cellular radio
communication system standards, such as Long Term
Evolution (LTE) and High-Speed Packet Access (HSPA),
the maximum data rate will surely be higher than in
previous systems. Higher data rates typically require
larger system channel bandwidths. For an IMT advanced
system (i.e., a "fourth generation" (4G) mobile
communication system), bandwidths of 100 megahertz
(MHz) and larger are being considered. LTE and HSPA
are sometimes called "third generation" communication
systems and are currently being standardized by the
Third Generation Partnership Project (3GPP). The LTE
specifications can be seen as an evolution of the
current wideband code division multiple access (WCDMA)
specifications. An IMT advanced communication system
uses an internet protocol (IP) multimedia subsystem
(IMS) of an LTE, HSPA, or other communication system
for IMS multimedia telephony (IMT). The 3GPP
promulgates the LTE, HSPA, WCDMA, and IMT
specifications, and specifications that standardize
other kinds of cellular wireless communication
systems. An LTE system uses orthogonal frequency
division multiplex (OFDM) as a multiple access
technique (called OFDMA) in the downlink (DL) from
system nodes to user equipments (UEs). An LTE system
has channel bandwidths ranging from 1.25 MHz to 20
MHz, and supports data rates up to 100 megabits per
second (Mb/s) on the largestbandwidth channels. One
type of physical channel defined for the LTE downlink
is the physical downlink shared channel (PDSCH), which
conveys information from higher layers in the LTE
protocol stack and is mapped to one or more specific
transport channels. The PDSCH and other LTE channels
are described in 3GPP Technical Specification (TS)
36.21 1 V8.1 .0, Physical Channels and Modulation
(Release 8) (Nov. 2007), among other specifications.
In an OFDMA communication system like LTE, the data
stream to be transmitted is portioned among a number
of narrowband subcarhers that are transmitted in
parallel. In general, a resource block devoted to a
particular UE is a particular number of particular
subcarriers used for a particular period of time. A
resource block is made up ofresource elements, each of
which is a particular subcarrier used for a smaller
period of time. Different groups of subcarriers can be
used at different times for different users. Because
each subcarrier is narrowband, each subcarrier
experiences mainly flat fading, which makes it easier
for a UE to demodulate each subcarrier. Like many
modern communication systems, DL transmissions in an
LTE system are organized into frames of 10
milliseconds (ms) duration, and each frame typically
includes twenty successive time slots. OFDMA
communication systems are described in the literature,
for example, U.S. Patent Application Publication No.
US 2008/0031368 A 1 by B. Lindoff et al. FIG. 1
depicts a typical cellular communication system 10.
Radio network controllers (RNCs) 12, 14 control
various radio network functions, including for example
radio access bearer setup, diversity handover, etc. In
general, each RNC directs calls to and from a UE, such
as a mobile station (MS), mobile phone, or other
remote terminal, via appropriate base station(s)
(BSs), which communicate with each other through DL
(or forward) and uplink (UL, or reverse) channels. In
FIG. 1, RNC 12 is shown coupled to BSs 16, 18, 20, and
RNC 14 is shown coupled to BSs 22, 24, 26. Each BS, or
Node B in 3G vocabulary, serves a geographical area
that is divided into one or more cell(s). In FIG. 1,
BS 26 is shown as having five antenna sectors S1- S5,
which can be said to make up the cell of the BS 26,
although a sector or other area served by signals from
a BS can also be called a cell. In addition, a BS may
use more than one antenna to transmit signals to a UE.
The BSs are typically coupled to their corresponding
RNCs by dedicated telephone lines, optical fiber
links, microwave links, etc. The RNCs 12, 14 are
connected with external networks such as the public
switched telephone network (PSTN), the internet, etc.
through one or more core network nodes, such as a
mobile switching center (not shown) and/or a packet
radio service node (not shown). It should be
understood that the arrangement of functionalities
depicted in FIG. 1 can be modified in LTE and other
communication systems. For example, the functionality
of the RNCs 12, 14 can be moved to the Node Bs 22, 24,
26, and other functionalities can be moved to other
nodes in the network. It will also be understood that
a base station can use multiple transmit antennas to
transmit information into a cell/sector/area, and
those different transmit antennas can send respective,
different pilot signals. Fast and efficient cell
search and received signal power measurements are
important for a UE to get and stay connected to a
suitable cell, which can be called a"serving cell",
and to be handed over from one serving cell to
another. In current LTE specifications, handover
decisions are based on measurements of reference
signal received power (RSRP), which can be defined as
the average UE-received signal power of reference
signals or symbols (RS) transmitted by a Node B. A UE
measures RSRP on its serving cell as well as on
neighboring cells that the UE has detected as a result
of a specified cell search procedure. The RS, or
pilots, are transmitted from each Node B at known
frequencies and 



time instants, and are used by UEs for synchronization
and other purposes besides handover. Such reference
signals and symbols are described for example in
Section 7.1 .1 .2.2 of 3GPP Technical Report (TR)
25.814 V7.0.0, Physical Layer Aspects for Evolved
Universal Terrestrial Radio Access (UTRA) (Release 7),
June 2006, and Sections 6.1 0 and 6.1 1 of 3GPP TS
36.21 1 cited above. RS are transmitted from each of
possibly 1, 2, or 4 transmit antennas of a Node B on
particular resource elements (REs) that can be
conveniently represented on a frequency-vs.-time plane
as depicted in FIG. 2 . It will be understood that the
arrangement of FIG. 2 is just an example and that
other arrangements can be used. FIG. 2 shows two
successive time slots, indicated by the vertical solid
lines, which can be called a sub-frame in an LTE
system. The frequency range depicted in FIG. 2
includes about twenty-six subcarriers, only nine of
which are explicitly indicated. RS transmitted by a
first transmit (TX) antenna of a Node B are denoted R
and by a possible second TX antenna in the node are
denoted by S. In FIG. 2, RS are depicted as
transmitted on every sixth subcarrier in OFDM symbol 0
and OFDM symbol 3 or 4 (depending on whether the
symbols have long or short cyclic prefixes) in every
slot. Also in FIG. 2, the RSs in symbols 3 or 4 are
offset by three subcarriers relative to the RS in OFDM
symbol 0, the first OFDM symbol in a slot. Besides
reference signals, synchronization signals are needed
during cell search. LTE uses a hierarchical cell
search scheme similar to WCDMA in which
synchronization acquisition and cell group identifier
are obtained from different synchronization channel
(SCH) signals. Thus, a primary synchronization channel
(P-SCH) signal and a secondary synchronization channel
(S-SCH) signal are defined with a pre-defined
structure in Section 6.1 1 of 3GPP TS 36.21 1. For
example, P-SCH and S-SCH signals can be transmitted on
particular subcarriers in particular time slots.
Primary and secondary synchronization signals are
described in U.S. Patent Application No.12/024,765
filed on February 1, 2008, by R. Baldemair et al. for
"Improved Synchronization for Chirp Sequences".
Problems can arise in such communication systems
because the radio spectrum is a limited resource that
must be shared by many systems and operators. For
example, it is difficult to find unused continuous
blocks of radio frequency (RF) spectrum that are at
least 100-MHz wide. One way to solve such problems is
to aggregate contiguous and non-contiguous blocks of
RF spectrum and thereby - from a baseband point of
view - obtain a large enough system RF bandwidth. FIG.
3 depicts such RF spectrum aggregation, showing two
non-contiguous blocks of 20 MHz and one block of 10
MHz, which is contiguous with one of the 20-MHz
blocks, aggregated for a total RF bandwidth of 50 MHz.
As seen in FIG. 3, the aggregated blocks can be
contiguous or non-contiguous, and the artisan will
understand that the blocks shown are compliant with
the LTE (3GPP Release 8, or Rel-8) specifications. One
benefit of RF aggregation is that it is possible to
obtain system RF bandwidths that are large enough to
support data rates of one gigabit per second (Gb/s)
and even higher, which is a throughput requirement for
4G communication systems like the IMT-advanced system.
Furthermore, RF aggregation makes it possible to adapt
the aggregated blocks of RF spectrum to a current
communication situation and geographical position,
thus giving a communication system desirable
flexibility. The simple RF aggregation described above
can even be modified by introducing multi-carrier
aggregation, which is to say, aggregation of segments
of RF spectrum that are available on different radio
carrier signals. Such carrier signals would be
carriers in the same cell, for example, an LTE cell,
and such a cell can be said to have a "multicomponent
carrier" or to be a "multi-carrier cell". A
"multi-carrier" LTE UE would simultaneously receive
multiple LTE carrier signals that have different
frequencies and different bandwidths. Current cell
search techniques in LTE and other communication
systems can handle only single-carrier cells, i.e.,
systems where each cell identity (ID) is associated
with a continuous segment of RF bandwidth. After a UE
has detected a cell ID on a certain carrier frequency,
the UE has, by definition in the current techniques,
determined a cell and its cell ID. Thus, if a cell is
a multi-carrier cell and a UE has detected a cell ID
on a carrier frequency, current cell search techniques
say nothing about how to detect acell ID or cell IDs
belonging to other carriers having other frequencies
in the same multicarrier cell. One solution to this
short-coming is to have the current serving cell
inform the UE about suitable carrier frequencies and
cell IDs on neighboring cells, which is to say that
the UE can receive a list of neighbor cells.
Nevertheless, that solution is undesirable, as it was
in previous cellular communication systems, because it
requires extensive cell planning and site
coordination, which are typically expensive tasks, and
uses system resources for transmitting the
neighbor-cell lists. Therefore, there is a need for
methods and apparatus describing how to detect cells
and do measurements on cells in a multi-component
carrier cellular system without the need for
neighbor-cell lists. SUMMARY In accordance with
aspects of this invention, there is provided a method
of searching for a cell having a multi-component
carrier in a radio communication system. The method
includes receiving a signal transmitted by the cell on
a carrier frequency having a first predetermined
frequency; determining a first cell ID based on the
received signal according to a cell search procedure
carried out on received signals at the first
predetermined frequency; reading extended
synchronization information about multicomponent
carriers that is broadcast by the cell on first
predetermined frequency, wherein the extended
synchronization information includes a second cell ID
associated with a second predetermined carrier
frequency; based on the extended synchronization
information, carrying out a cell search procedure on
received signals at the second predetermined carrier
frequency in order to determine the cell having the
second cell ID; and if the second cell ID is detected,
measuring powers of received signals at the first and
second predetermined frequencies. Also in accordance
with aspects of this invention, there is provided an
apparatus in a receiver for searching for a cell
having a multi-component carrier in a radio
communication system. The apparatus includes a device
for receiving a signal transmitted by the cell on a
carrier frequency having a first predetermined
frequency; and an electronic processing device
configured to determine a first cell ID based on the
received signal according to a cell search procedure
carried out on received signals at the first
predetermined frequency. The electronic processing
device is further configured to read extended
synchronization information about multi-component
carriers that is broadcast by the cell on the first
predetermined frequency; the extended
synchronizationinformation includes a second cell ID
associated with a second predetermined carrier
frequency; and based on the extended synchronization
information, the electronic processing device is
further configured to carry out a cell search
procedure on received signals at the second
predetermined carrier frequency in order to determine
the cell having the second cell ID. Also in accordance
with aspects of this invention, there is provided a
method of enabling searching for a cell having a
multi-component carrier in a radio communication
system. The method includes generating a signal to be
transmitted by the cell on a carrier frequency having
a first predetermined frequency. The signal includes a
first cell 



ID and extended synchronization information about
multi-component carriers, and the extended
synchronization information includes a second cell ID
associated with a second predetermined carrier
frequency. Also in accordance with aspects of this
invention, there is provided an apparatus for a
transmitter of a cell having a multi-component carrier
in a radio communication system. The apparatus
includes at least first and second synchronization
signal generators; and a control unit configured to
provide and receive control and other signals to and
from the at least first and second sync signal
generators. The first and second generators include
respective first and second cell ID information in
extended information included in first and second
synchronization signals produced by the at least first
and second generators; and the first and second cell
ID information correspond to respective component
carriers of the multi-component carrier. BRIEF
DESCRIPTION OF THE DRAWINGS The several features,
objects, and advantages of this invention will be
understood by reading this description in conjunction
with the drawings, in which: FIG. 1 depicts a cellular
communication system; FIG. 2 depicts reference signals
in a communication system that uses orthogonal
frequency division multiple access; FIG. 3 depicts
aggregation of radio frequency spectrum; FIGs. 4A, 4B
depict communication systems having single-component
and multicomponent carriers, respectively; FIG. 5 is a
flow chart of a method of generating and informing
component carrier cell identity information; FIG. 6 is
flow chart of improved cell search methods for a
multi-component carrier;FIG. 7 is a block diagram of a
portion of a receiver in a cellular communication
system; FIG. 8 depicts an example of an arrangement of
symbols for an extended synchronization information
channel; and FIG. 9 is a block diagram of a portion of
a transmitter in a multi-component carrier cell.
DETAILED DESCRIPTION This description focusses on an
example communication system in which multicarrier
cells have two component carriers, but the artisan
will understand that the invention in general covers
systems in which multi-carrier cells have an integer N
component carriers, where N > 1. FIG. 4A is another
representation of the communication system 10 depicted
in FIG. 1. In the typical LTE/HSPA system 10, a UE 130
is connected to a cell 100 on a carrier having a
frequency f 1. The UE 130, on a regular basis, carries
out a specified cell search procedure for identifying
cells on the same carrier frequency f 1 . This is
usually called intra-frequency cell search. After a
new cell on frequency f 1 is detected, for example
cell 110, by detecting the cell ID for cell 110, and
measurements indicate that the detected cell is more
suitable as a serving cell than the cell 100, the UE
undergoes handover (HO) to the new cell 110. If there
is no more suitable cell on that carrier frequency and
the UE is going out of its serving cell's coverage
area (as depicted by the arrow), the UE recognizes a
need to carry out a specified inter-frequency cell
search procedure and signal measurements. The network
10 typically informs the UE 130 about other carrier
frequencies to search on, e.g., carrier frequency f2
that in this example is used by cell 120. In other
words, the UE 130 receives a neighbor-cell list
transmitted by the cells 100, 110, and after the UE
finds a new suitable cell 120 on the carrier frequency
f2, an inter-frequency HO takes place. FIG. 4B depicts
a multi-component carrier communication system 10B,
which is a modification of the typical
single-component carrier system 10 . It will be
understood that the system 10B can include legacy
single-component carrier cells at the same cell sites
but on different carrier frequencies as
multi-component carrier cells. In FIG. 4B for example,
the cell site 300 can have two legacy cells having
respective cell IDs on respective carrier frequencies
f 1, f2; cell sites 3 10, 320 are arranged in a
similar way. A multi-carrier UE 330 in the system 10B
carries out cell search and measurements in order to
be able to handle mobility.With current cell search
techniques, after the UE 330 has determined a cell ID
on a carrier frequency, the UE has detected a cell,
but for cells having multi-component carriers, e.g.,
sites 300, 3 10, 320, when the UE 330 has detected a
cell ID on, say, frequency f 1, the current cell
search techniques do not specify how to detect the
cell ID(s) belonging to the same multi-component
carrier on another carrier frequency, say, frequency
f2. FIG. 5 is a flow chart of a method of generating
and informing component carrier cell ID information
that can be used in a communication system 1OB such as
that depicted in FIG. 4B. The method associates
different cell IDs on different carrier frequencies,
such as cell IDs of legacy LTE or HSPA cells, with a
multi-component carrier cell ID (i.e., component
carriers belonging to the same multi-carrier cell). In
the example network 10B depicted in FIG. 4B, legacy
cells use different carrier frequencies, e.g.,
frequencies f 1 , f2, and a multi-component carrier
cell comprises, for example, two such cells placed at
the same site (e.g., sites 300, 310, 320). The
arrangement of FIG. 4B is depicted in FIG. 5 by block
500, which shows that there is a cell ID a on
frequency f 1 and a cell ID b on frequency f2. In
order for the multi-carrier UE 330 to find cell ID b
at frequency f2 when doing cell search on carrier
frequency f 1, the cell a broadcasts on frequency f 1
extended synchronization information (step 5 10) that
includes information about cell ID b on carrier
frequency f2. In a similar way, the cell b broadcasts
(step 5 10) on frequency f2 extended synchronization
information that includes information about cell ID a
on carrier frequency f 1 in order for the UE 330 to
find cell ID a at frequency f 1 when doing cell search
on carrier frequency f2. The extended synchronization
signal information can be sent on any suitable logical
and physical channels transmitted by the cells, and
such methods are described in more detail below. In
step 520, the UE 330 determines that it is in a
multi-component carrier cell, with cell ID a on
frequency f 1 and cell ID b on frequency f2, by
detecting the extended synchronization information.
The UE can then carry out an improved cell search
procedure that uses the extended synchronization
information. FIG. 6 is flow chart of a multi-carrier
cell search method for a multi-component carrier that
can be carried out by a UE 330. The UE is connected to
a cell on a certain carrier frequency, say, frequency
f 1, and in step 600, the UE does a cell search
according to any known technique on frequency f 1 . In
step 610, the UE's cell search locates a cell having
cell ID a, and in step 620, the UE reads any extended
synchronization information about possible
multi-component carriers that may bebroadcast by the
cell on frequency f 1 . As explained above, the
extended synchronization information can include the
cell ID b at carrier frequency f2. Based on the
extended synchronization information, the UE, on a
regular basis, does a cell search on frequency f2 in
order to detect the cell having cell ID b (step 630).
If the UE determines cell ID b (Yes in step 640), the
UE has detected a multi-component carrier cell (step
650) and performs appropriate received-signal
measurements on frequencies f 1 and f2 (e.g., the UE
measures RSRP, RSRQ, etc.) on a regular basis and
reports the measurements to the network (step 660).
RSRQ (reference signal received quality) is usually
defined as the ratio L/c RSRP/RSSI, where N is the
integer number of resource blocks (RBs) of the carrier
RSSI measurement bandwidth, and RSSI is the 



received signal strength indication. The measurements
in the numerator and denominator are made over the
same set of resource blocks. The received-signal
measurements are done according to any known
techniques on each component carrier and then combined
to determine a combined RSRP (or similar) measurement.
For example, the combination can be a weighted sum as
follows: RSRP_MC = a* RSRP_cell_ID_a + ( 1 - a)*
RSRP_cell_ID_b in which RSRP_MC is the combined RSRP
of a multi-carrier cell, a is a weight factor,
RSRP_cell_ID_a is the measured RSRP of cell ID a on
frequency f 1 in this example, and RSRP_cell_ID_b is
the measured RSRP of cell ID b on frequency f2 in this
example. The weight factor a can be 0.5 (i.e., the
component carrier RSRPs are arithmetically averaged),
but the weight factor a can also vary, leading to
different contributions by the different component
carriers. Furthermore, the weight factor a can be
determined either by the network or by the UE, and can
for instance be a function of the measurement cycle on
the different component carriers (which can be a
function of discontinuous reception (DRX) cycles set
on an anchor carrier relative to extended component
carriers, etc.). A UE typically allocates a large
amount of its receiver resources to the anchor
carrier, i.e., the carrier (or carriers) on which the
UE receives control information, and so the UE
typically makes more accurate measurements on the
"always on" anchor carrier. On other component
carriers - for power saving - the UE only needs to
listen (and do measurements) a fraction of the time
(i.e., in the DRX cycles), and so the UE typically
makes less accurate measurements on the other,
nonanchor, component carriers. Accordingly, a lower
weight factor may be given to such other carriers.An
advantage of having the weight factor a determined by
the network is that the network has control of the
amount of RSRP originating from different component
carriers, and hence can make better hand-over
decisions by using this information and its knowledge
of the current load situation. The network also can
decide which component carrier should be the anchor
carrier. Having the weight factor a determined by the
UE mainly addresses power-consumption issues. The UE
might put lower weights on some carriers and then not
need to allocate so much receiver resources for
measurements on those carriers. It is currently
believed that having the weight factor a determined by
the network is preferable. The description above is
based on the assumption that a UE does not start to do
measurements on a new cell until all component carrier
cell IDs have been detected, but that is not
necessary. As depicted in FIG. 6, a cell search method
can optionally include step 6 15, by which the UE
starts to measure (and report) RSRP on already
detected component cell IDs even if not all component
carriers have been detected. The other steps of the
procedure (steps 600-660) are the same as described
above. In its reporting (step 615 or step 660) to a
Node B, the UE can also optionally include information
about the number of component carriers that have been
detected. Such information can be used by the network
in the HO decision process. For example, the UE can
send its measurement reports as radio resource control
(RRC) measurement reports according to the well known
procedures used in HSPA/WCDMA and LTE for such
messages. In this case, the usual RRC measurement
reports are readily extended to include information
covering the multi-carrier components. In addition,
the UE can report one or both of RSRP and RSRQ for
each component carrier in respective RRC messages, but
an RRC message can include a vector representation of
RSRP and/or RSRQ measurements of plural component
carriers. The artisan will understand that a vector
representation of, for example, RSRP is simply an
ordered array of individual component carrier RSRPs.
FIG. 7 is a block diagram of a portion 700 of a UE
that can implement the methods described above. It
will be appreciated that the functional blocks
depicted in FIG. 7 can be combined and re-arranged in
a variety of equivalent ways, and that many of the
functions can be performed by one or more suitably
programmed digital signal processors or other known
electronic circuits. As depicted in FIG. 7, a UE
receives a DL radio signal through an antenna 702 and
typically down-converts the received radio signal to
an analog baseband signal in afront end receiver (Fe
RX) 704. The baseband signal is spectrally shaped by
an analog filter 706 that has a bandwidth BWo, and the
shaped baseband signal generated by the filter 706 is
converted from analog to digital form by an
analog-to-digital converter (ADC) 708. The digitized
baseband signal is further spectrally shaped by a
digital filter 7 10 that has a bandwidth BWSync, which
corresponds to the bandwidth of synchronization
signals (OFDM symbols) included in the DL signal. The
shaped signal generated by the filter 7 10 is provided
to a cell search unit 7 12 that carries out one or
more methods of searching for cells as specified for
the particular communication system, e.g., LTE, and as
described above. Typically, such methods involve
detecting predetermined primary and/or secondary
synchronization channel (P/S-SCH) signals in the
received signal. The digitized baseband signal is also
provided by the ADC 708 to a digital filter 714 that
has the bandwidth BWo, and the filtered digital
baseband signal is provided to a processor 7 16 that
implements a fast Fourier transform (FFT) or other
suitable spectral decomposition algorithm that
generates a frequency-domain (spectral) representation
of the baseband signal. The cell search unit 7 12
exchanges suitable timing signals with the processor 7
16 for each candidate cell ID, i.e., each cell whose
signal power (e.g., RSSI, RSRP) will be measured. The
cell search unit 7 12 also provides cell
identifications and REs corresponding to RSs for each
candidate cell to a channel estimation unit 7 18,
which also receives timing signals from the processor
716 and generates a channel estimate Hj j for each of
several subcarriers i and cells j . For example, the
unit 7 18 can generate the channel estimates based on
control signals provided by a control unit 720. The
estimator 718 provides the channel estimates Hj to a
symbol detector 722 and further processing in the UE
(not shown), and also to a signal power estimation
unit 724 that generates received signal power
measurements (e.g., estimates of RSSI, RSRP, RSRQ,
received subcarrier power Sj, signal to interference
ratio (SIR), etc.). The estimator 724 can generate
such estimates in various ways that are known. The
power estimates generated by the estimator 724 are
typically also used in further signal processing in
the UE. The artisan will understand that the extended
synchronization information can be carried by any
suitable messages at any agreed time/place in a
logical synchronization channel transmitted by a
multi-carrier cell. The information elements that are
included inextended synchronization information can
indicate a number (e.g., in a range of 0 to N) of
extra component carriers, the frequencies those extra
component carriers have (e.g., radio channel numbers),
and possibly also cell ID numbers on respective extra
component carriers. Those and other desired items of
information are encoded into respective suitable
numbers of bits (information elements) that can be
included in messages on an existing channel, such as
the shared data channel PDSCH in LTE Rel-8 compliant
communication systems or as messages placed at
specific time-frequency positions on a new extended
synchronization channel. Using a PDSCH, the extended
synchronization information is transported as control
information over a data channel at positions where the
PDSCH is transmitted. A new extended synchronization
channel can be substantially similar to the P-SCH or
S-SCH in LTE Rel-8 systems, with its symbols located,
for instance, a predetermined number of OFDM symbols
after (or before) the P-SCH symbols. 



FIG. 8 depicts an example of an arrangement of the
symbols in an extended synchronization channel
(E-SCH). Like FIG. 2, FIG. 8 shows sub-frames and a
portion of the subcarrier frequency range with RSs in
an LTE system. The first OFDM symbol in a slot is
symbol 0 . P-SCH and S-SCH symbols are transmitted in
the middle six resource blocks in sub-frames 0 and 5,
OFDM symbols 5, 6 (assuming the operation with the
long cyclic prefix and frequency-division duplex
(FDD)). As described above, the extended
synchronization information can be transmitted an
integer number m of OFDM symbols after the P-SCH, and
as depicted in FIG. 8, m = 3 . FIG. 9 is a block
diagram of a portion of a transmitter 900 of a cell,
such as multicarrier cells 300, 310, 320, that can
form and transmit the extended synchronization channel
for the methods described above. It will be
appreciated that the functional blocks depicted in
FIG. 9 can be combined and re-arranged in a variety of
equivalent ways, and that many of the functions can be
performed by one or more suitably programmed digital
signal processors and other known electronic circuits.
The transmitter 900 is operated by a control unit 902,
which typically and advantageously is a suitably
programmed digital signal processor. The control unit
902 typically provides and receives control and other
signals from various devices in the transmitter 900,
but for simplicity is shown providing respective cell
IDs to a sync signal generator 904 and a sync signal
generator 914. The generators 904, 914 include the
respective cell IDs, e.g., cell ID a and cell ID b
described above, in extended information included in
P-SCH and/or S-SCH signals that are provided by the
generators 904, 914 torespective multiplexers 906,
916, which combine the P-SCH and/or S-SCH signals with
other data to be transmitted. The combined information
streams produced by the multiplexers 906, 9 16 are
converted by respective OFDM modulators 908, 9 18 into
modulation symbols that are provided to respective
transmitter front-ends (Fe TX) 9 10, 920, which
impress the modulation symbols on respective carrier
signals having frequencies f-| , f2- The modulated
carrier signals are transmitted through respective
antennas 912, 922. The methods and apparatus described
in this application make it possible for a UE or other
mobile device to connect - in an easy way -
single-component carrier cell IDs to a multi-component
carrier cell ID, and therefore to carry out cell
search in multicarrier systems. Furthermore, there is
no need for coordinated cell ID planning on different
carriers in a multi-component carrier system and also
no need for neighboringcell lists, reducing the need
for extensive cell planning. It will be appreciated
that procedures described above are carried out
repetitively as necessary, for example, to respond to
the time-varying nature of communication signals
exchanged by transmitters and receivers. To facilitate
understanding, many aspects of this invention are
described in terms of sequences of actions that can be
performed by, for example, elements of a programmable
computer system. It will be recognized that various
actions could be performed by specialized circuits
(e.g., discrete logic gates interconnected to perform
a specialized function or application-specific
integrated circuits), by program instructions executed
by one or more processors, or by a combination of
both. Wireless transceivers implementing embodiments
of this invention can be included in, for example,
mobile telephones, pagers, headsets, laptop computers
and other mobile terminals, base stations, and the
like. Moreover, this invention can additionally be
considered to be embodied entirely within any form of
computer-readable storage medium having stored therein
an appropriate set of instructions for use by or in
connection with an instruction-execution system,
apparatus, or device, such as a computer-based system,
processor-containing system, or other system that can
fetch instructions from a medium and execute the
instructions. As used here, a "computer-readable
medium" can be any means that can contain, store,
communicate, or transport the program for use by or in
connection with the instruction-execution system,
apparatus, or device. The computer-readable mediumcan
be, for example but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, device, or medium.
More specific examples (a non-exhaustive list) of the
computer-readable medium include an electrical
connection having one or more wires, a portable
computer diskette, a random-access memory (RAM), a
read-only memory (ROM), an erasable programmable
read-only memory (EPROM or Flash memory), and an
optical fiber. Thus, the invention may be embodied in
many different forms, not all of which are described
above, and all such forms are contemplated to be
within the scope of the invention. For each of the
various aspects of the invention, any such form may be
referred to as "logic configured to" perform a
described action, or alternatively as "logic that"
performs a described action. It is emphasized that the
terms "comprises" and "comprising", when used in this
application, specify the presence of stated features,
integers, steps, or components and do not preclude the
presence or addition of one or more other features,
integers, steps, components, or groups thereof. The
particular embodiments described above are merely
illustrative and should not be considered restrictive
in any way. The scope of the invention is determined
by the following claims, and all variations and
equivalents that fall within the range of the claims
are intended to be embraced therein.CLAIMS: 1. A
method of searching for a cell having a
multi-component carrier in a radio communication
system, comprising: receiving a signal transmitted by
the cell on a carrier frequency having a first
predetermined frequency; determining a first cell
identity (ID) based on the received signal according
to a cell search procedure carried out on received
signals at the first predetermined frequency; reading
extended synchronization information about
multi-component carriers that is broadcast by the cell
on the first predetermined frequency, wherein the
extended synchronization information includes a second
cell ID associated with a second predetermined carrier
frequency; and based on the extended synchronization
information, carrying out a cell search procedure on
received signals at the second predetermined carrier
frequency in order to determine the cell having the
second cell ID. 2 . The method of claim 1, further
comprising, if the second cell ID is detected,
measuring powers of received signals at the first and
second predetermined frequencies. 3 . The method of
claim 2, further comprising transmitting a report of
the measured powers of received signals at the first
and second predetermined frequencies. 4 . The method
of claim 2, further comprising forming a weighted
combination of the measured powers of received signals
at the first and second predetermined frequencies. 5 .
The method of claim 4, wherein the weighted
combination is a weighted sum according to: RSRP_MC =
a* RSRP_cell_ID_a + ( 1 - a)* RSRP_cell_ID_b in which
RSRP_MC is the weighted combination, a is a weight
factor, RSRP_cell_ID_a is the measured power of
received signals at the first predetermined frequency,
and RSRP_cell_ID_b is the measured power of received
signals at the second predetermined carrier
frequency.6 . The method of claim 5, wherein the
weight factor a is 0.5. 



7 . The method of claim 5, wherein the weight factor a
is a function of a measurement cycle on different
component carriers. 8 . The method of claim 1, further
comprising measuring a received power at the first
predetermined frequency before detecting a component
carrier signal having the second predetermined carrier
frequency. 9 . The method of claim 1, further
comprising transmitting information about a number of
component carriers that have been detected. 10 . The
method of claim 1, wherein the extended
synchronization information is carried by at least one
message at a predetermined time on a predetermined
sub-carrier in a logical synchronization channel. 11.
The method of claim 10, wherein the extended
synchronization information includes at least an
information element that indicates a number of extra
component carriers and an information element that
indicates frequencies of indicated extra component
carriers. 12 . The method of claim 11, wherein the
frequencies of indicated extra component carriers are
indicated by radio channel numbers. 13 . The method of
claim 11, wherein the extended synchronization
information further includes cell identification
numbers on respective extra component carriers. 14.
The method of claim 10, wherein the logical
synchronization channel is transmitted on a physical
downlink shared channel (PDSCH). 15 . An apparatus in
a receiver for searching for a cell having a
multi-component carrier in a radio communication
system, comprising: a device for receiving a signal
transmitted by the cell on a carrier frequency having
a first predetermined frequency; andan electronic
processing device configured to determine a first cell
identity (ID) based on the received signal according
to a cell search procedure carried out on received
signals at the first predetermined frequency; wherein
the electronic processing device is further configured
to read extended synchronization information about
multi-component carriers that is broadcast by the cell
on the first predetermined frequency; the extended
synchronization information includes a second cell ID
associated with a second predetermined carrier
frequency; and based on the extended synchronization
information, the electronic processing device is
further configured to carry out a cell search
procedure on received signals at the second
predetermined carrier frequency in order to determine
the cell having the second cell ID. 16 . The apparatus
of claim 15, further comprising a device configured to
measure, if the second cell ID is detected, powers of
received signals at the first and second predetermined
frequencies. 17 . The apparatus of claim 16, wherein
the electronic processing device is further configured
to determine a report of the measured powers of
received signals at the first and second predetermined
frequencies. 18 . The apparatus of claim 16, wherein
the electronic processing device is further configured
to form a weighted combination of the measured powers
of received signals at the first and second
predetermined frequencies. 19 . The apparatus of claim
18, wherein the weighted combination is a weighted sum
according to: RSRP_MC = a* RSRP_cell_ID_a + ( 1 - a)*
RSRP_cell_ID_b in which RSRP_MC is the weighted
combination, a is a weight factor, RSRP_cell_ID_a is
the measured power of received signals at the first
predetermined frequency, and RSRP_cell_ID_b is the
measured power of received signals at the second
predetermined carrier frequency. 20. The apparatus of
claim 15, further comprising further comprising a
device configured to measure a received power at the
first predetermined frequency before a component
carrier signal having the second predetermined carrier
frequency is detected.2 1. A method of enabling
searching for a cell having a multi-component carrier
in a radio communication system, comprising:
generating a signal to be transmitted by the cell on a
carrier frequency having a first predetermined
frequency, wherein the signal includes a first cell
identity (ID) and extended synchronization information
about multi-component carriers; and the extended
synchronization information includes a second cell ID
associated with a second predetermined carrier
frequency. 22. The method of claim 2 1, wherein the
extended synchronization information is carried by at
least one message at a predetermined time on a
predetermined sub-carrier in a logical synchronization
channel. 23. The method of claim 22, wherein the
extended synchronization information includes at least
an information element that indicates a number of
extra component carriers and an information element
that indicates frequencies of indicated extra
component carriers. 24. The method of claim 23,
wherein the frequencies of indicated extra component
carriers are indicated by radio channel numbers. 25.
The method of claim 23, wherein the extended
synchronization information further includes cell
identification numbers on respective extra component
carriers. 26. An apparatus for a transmitter of a cell
having a multi-component carrier in a radio
communication system, comprising: at least first and
second synchronization signal generators; and a
control unit configured to provide and receive control
and other signals to and from the at least first and
second sync signal generators; wherein the first and
second generators include respective first and second
cell identification (ID) information in extended
information included in first and second
synchronization signals produced by the at least first
and second generators; and the first and second cell
ID information correspond to respective component
carriers of the multi-component carrier.27. The
apparatus of claim 26, further comprising a device
configured to impress the first and second
synchronization signals on respective component
carriers. 28. The apparatus of claim 27, wherein each
of the first and second synchronization information is
carried by at least one message at a predetermined
time on a predetermined sub-carrier in a logical
synchronization channel. 29. The apparatus of claim
28, wherein each of the first and second
synchronization information includes at least an
information element that indicates a number of extra
component carriers and an information element that
indicates frequencies of indicated extra component
carriers 30. The apparatus of claim 29, wherein
frequencies of indicated extra component carriers are
indicated by radio channel numbers. 3 1. The apparatus
of claim 27, wherein the extended information further
includes cell identification numbers on respective
extra component carriers. 


