
SUBSTITUTED IMIDAZOLES AND THEIR USE AS PESTICIDES
This invention relates to imidazoles having
parasiticidal properties. The compounds of interest
are substituted imidazoles and, more particularly, the
invention relates to alpha substituted 2-benzyl
imidazoles. There is a need for improved antiparasitic
agents for use with mammals, including humans and
animals, and in particular there is a need for
improved insecticides and acaricides. Furthermore
there is a need for improved topical products with
convenient administration and which contain one or
more of such antiparasitic agents which can be used to
effectively treat ectoparasites, such as insects and
acarids, and particularly aracids such as mites and
ticks. Such products would be particularly useful for
the treatment of companion animals, such as cats, dogs
and horses, and livestock, such as cattle. There is
equally a need for agents to control parasitic
infestations in animal hosts other than mammals,
including insects such as bees, which are susceptible
to parasites such as varroa mites. The compounds
currently available for insecticidal and acaricidal
treatment of companion animals and livestock do not
always demonstrate good activity, good speed of
action, or a long duration of action. Most treatments
contain hazardous chemicals that can have serious
consequences when either used too often or when used
in excess of recommended quantities. Many products
have toxic side effects and some are lethal to cats
when accidentally ingested. They are not always
suitable for use as a topical or spot-on formulation
and some topical and spot-on formulations are
disadvantaged by common side effects in animals and
owners. Persons applying these insecticidal and
acaricidal agents are advised to limit their exposure
to the chemicals by wearing gloves and avoiding
inhalation of the chemical vapours. Pet collars and
tags have been utilised to overcome some problems, but
these are susceptible to chewing and therefore are
disadvantageous since the compound may be accidentally
orally ingested. Thus, treatments currently achieve
varying degrees of success depending on a variety of
factors including toxicity and the method of
administration. In some cases toxicity may be
attributed to their non-selective activity at various
receptors. In addition it has recently been shown that
some current agents are becoming ineffective as the
parasites develop resistance. The present invention
overcomes one or more of the various disadvantages of,
or improves upon, the properties of existing
compounds. In particular the present invention
develops some new alpha substituted 2-benzyl
imidazoles which demonstrate such properties.
Heterocyclic derivatives have been disclosed in the
prior art as having insecticidal and acaricidal
activity against agricultural pests, for example
International patent application publication no. WO
03/092374. Generic disclosures also exist In the prior
art of heterocyclic derivatives which optionally
encompass alpha substituted 2-benzyl imidazoles. For
example, international patent application publication
no. WO 2005/0071 88 describes a generic structure,
which optionally encompasses alpha substituted
2-benzyl imidazoles for the inhibition of the hatching
of an ectoparasite egg; international patent
application publication no. WO 2004/1 03959 describes
a generic structure which optionally encompasses
alphasubstituted 2-benzyl imidazoles for use as
antibacterial agents; international patent
applications publication nos WO 01/00586 and WO
99/28300 both describe a generic structure which
optionally encompasses alpha substituted 2-benzyl
imidazoles and discloses their adrenergic activity;
and US patent US 6,103,733 describes a generic
structure which optionally encompasses alpha
substituted 2- benzyl imidazoles for increasing blood
serum and HDL cholesterol levels. However, none of
this prior art exemplifies any alpha substituted
2-benzyl imidazoles, nor does the prior art indicate
that such compounds would be useful against a spectrum
of parasites relevant to companion animals and
livestock or against the range of ectoparasite
lifecycle stages. Thus, it is an aim of the present
invention to overcome one or more of the various
disadvantages of, or improve on the properties of,
known compounds. In particular it is an aim of the
invention to develop some new alpha substituted
2-benzyl substituted imidazoles. It is a further aim
that such new compounds have the same or improved
activity when compared to the prior art compounds
against parasites. It is another aim of the present
invention to develop compounds which have a similar or
decreased toxicity profile when compared to the prior
art compounds. It is yet another aim to develop
compounds which demonstrate selectivity for the
octopaminergic receptor, a known invertebrate
neurotransmitter, over the ubiquitous animal
adrenergic receptor. Furthermore, it is an aim of the
invention to reduce the exposure of both humans and
animals to the treatment by developing compounds which
can be dosed as a low volume spot-on or topical
application. The compounds of the present invention
have especially good ability to control arthropods as
shown by the results of tests demonstrating their
potency and efficacy. In particular, the compounds of
the present invention are active against ticks and
they are able to prevent ticks from attaching to, and
feeding from, the host animal. It is yet another aim
of the present invention to provide compounds which
have good speed of action when compared to those of
the prior art and hence an improved efficacy against
the transmission of tick borne diseases. It is also
desirable that the compounds of the present invention
should have one or more of the same or improved
duration of action, an improved pharmacokinetic
profile, improved safety, improved persistence,
improved solubility or other improved physicochemical
and formulation properties such as good spreading
after topical application compared to those of the
prior art. Thus, according to the present invention,
there is provided a compound of formula (I): Formula
(I)wherein: R1, R2, R3, R4, R5 are independently
selected from the group consisting of hydrogen, cyano,
nitro, halo, hydroxy, C14 alkyl optionally substituted
by one or more hydroxy groups, C3.6 cycioalkyl
optionally substituted by one or more Ci -4 alkyl or
halo groups, Ci 4 alkoxy, Ci 4 haloalkyl, C1.4
haloalkoxy, phenyl, amino, NRxRy, and S(O)nR10; R6 is
selected from the group consisting of hydrogen,
-C0.2alkyleneR7, -Ci.2alkylene0R 7, -C0.
2alkyleneC(O)R7, -C1.2alkyleneOC(O)R7,
-C1.2alkyleneOC(O)OR 7, -C0-2alkyleneC(O)OR7, -C1.
2alkyleneN(H)C(O)R7, -C1.2alkyleneN(R7)C(O)R7
-C0.2alkyleneC(O)NHR 7, -C0-2alkyleneC(O)NR 15R16, -C1
2alkyleneNHC(O)NR15R16, -C1-2alkyleneNR7C(O)NR15R1s,
-C^alkyleneOCtOJNHR 7, -C1. 2alkylene0C(0)NR 1sR16,
-CQ.2alkyleneCH=N(R7) , -C1.2alkyleneP(=O)(NR
1sR16)(NR1sR16), -C0. 2alkyleneSi(R7)3, and
-C0.2alkyleneS(O) nR10 ; where the C0.2alkylene or
C1.2alkylene of R6 may, where chemically possible,
optionally be substituted by one or more substituents
selected from the group consisting of C1-6 alkyl, C3.5
cycioalkyl, C14 alkylene(C 3. 6 cycioalkyl), C0-6
alkylenephenyl, which C0.2alkylene or C).2alkylene
substituent may in turn be optionally further
substituted, where chemically possible, by one or more
substituents selected from the group consisting of
hydrogen, cyano, nitro, halo, formyl, oxo, hydroxy,
C(O)OH, C alkyl, C14 alkyleneC3.6 cycioalkyl, C1.4
alkoxy, C1.4 alkyleneC 14 alkyoxy, -C(O)OC1-4 alkyl,
C1 4 haloalkyl, C1 4 haloalkoxy, amino, C1.4
alkylamino, C14 dialkylamino, and S(O)nR10 ; where
each R7, R15 and R16 , where chemically possible, is
independently selected from the group consisting of
hydrogen, C1 alkyl, C2.6 alkenyl, C2.e alkynyl, C3-8
cycioalkyl, C1 alkylene(C3.6 cycioalkyl), C14
alkyleneC14 alkoxy, C1-6 haloalkyl, C0-6
alkylenephenyl, C0.6 alkylenenaphthyl, C0.6
alkylene(tetrahydronaphthyl), and C0-2 alkylene(Het),
where Het is selected from oxetanyl,
tetrahydropyranyl, piperidinyl, morpholinyl, furyl,
pyridyl, benzofuranyl, benzothiazolyl, indolyl, 2,3-
benzodioxolyl, 2,3-dihydro-1 ,4-benzodioxinyl, indolyl
and 1,5-naphthyridinyl; or R15 and R16 together with
the nitrogen to which they are attached may form a
three to seven - membered saturated or unsaturated
heterocyclic ring optionally containing one or more
further N, O or S atoms or SO2 groups; where each of
the above R7, R15 or R16 groups may independently
include one or more optional substituents where
chemically possible selected from hydrogen, cyano,
nitro, halo, formyl, oxo, hydroxy, C(O)OH, Ci-4 alkyl,
C2 4 alkenyl, C2 alkynyl, C3-6 cycioalkyl, C1
alkyleneC 3.6 cycioalkyl, C14 alkoxy, C14 alkyleneC14
alkyoxy, C14 alkoxyC 14 alkoxy, Ci 4 alkanoyl,
-C(O)OCi 4 alkyl, Ci 4 haloalkyl, C3.6 halocycloalkyl,
C14 haloalkoxy, C14 haloalkanoyl, -C(O)OC14 haloalkyl,
phenyl, 4-halophenyl, 4- alkoxyphenyi, 2-cyanophenyl,
phenoxy, 4-halophenoxy, benzyloxy, 4-halobenzyloxy,
benzoyl, pyrazolyl, triazolyl, 2-halo-4-pyrimidinyl,
2-phenylethyl, amino, C14 alkylamino, C14
dialkylamino, C(O)N(C14 alkyl)2, N(C14 alkylene)C(O)(
C14 alkyl) and S(O)nR10;R8 and R9 are independently
selected from the group consisting of hydrogen, C-,.4
alkyl, C1.4 alkoxy, C1 haloalkyl, Ci 4 haloalkoxy and
C0 alkylenephenyl but with the proviso that R8 and R9
are not both hydrogen; where each of R8 and R9 may
independently include one or more optional
substituents where chemically possible selected from
hydrogen, cyano, halo, hydroxy, C alkyl, C3.
cycloalkyl, d .4 alkoxy, -C(O)OC 1 alkyl, C1.4
haloalkyl, C1 haloalkoxy, and S(O) nR10; or R8 and R9
together with the carbon to which they are attached
may form a three to six membered carbocyclic,
saturated ring, which ring is optionally substituted
with one or more substituents selected from the group
consisting of halo, Ci_2 alkyl, Ci 2 alkoxy, C|.2
haloalkyl, C1-2 haloalkoxy; R1 1 and R12 are
independently selected from the group consisting of
hydrogen, halo, cyano, C1.4 alkyl, C1- 4 alkoxy, C1-4
haloalkyl, and C1 haloalkoxy; where Rx and Ry are
independently selected from hydrogen, C1.4 alkyl, C1.4
haloalkyl, and S(O) nR10; each n is independently 0, 1
or 2; and each R10 is independently hydrogen, hydroxy,
C1 alkyl, C 4 haloalkyl, 4-halophenyl, amino, Ci. s
alkyl amino and di C 6 alkyl amino; or a
pharmaceutically acceptable salt or a prodrug thereof.
In particular, there is provided a compound of formula
(I): Formula (I) wherein: R1, R2, R3, R4, R5 are
independently selected from the group consisting of
hydrogen, cyano, nitro, halo, hydroxy, C1.4 alkyl,
C3.6 cycloalkyl, C alkoxy, C1 4 haloalkyl, Ci -4
haloalkoxy, amino, NRxRy, and S(O) nR10; R6 is
selected from the group consisting of hydrogen,
-C0-2alkyleneR 7, -C1-2alkylene0R 7, -C0.
2alkyleneC(O)R 7, -C1-2alkyleneOC(O)R 7, -Ci.
2alkyleneOC(O)OR 7, -C0.2alkyleneC(O)OR 7, -C1.
2alkyleneN(H)C(O)R 7, -Ci. 2alkyleneN(R 7)C(O)R 7,
-C0.2alkyleneC(O)NHR 7, -C0.2alkyleneC(O)NR 15R16,
-C1. 2alkyleneNHC(O)NR 15R16 , -Ci- 2alkyleneNR
7C(O)NR 15R16, -C^alkyleneOC^NHR 7,
C1.2alkylene0C(0)NR 15R16, -C0.2alkyleneCH=N(R 7),
-C1.2alkyleneP(=O)(NR 15R1B)(NR 15R18), -C0.
2alkyleneSi(R 7)3, and -C0.2alkyleneS(O) nR10 ; where
the C0.2alkylene or C^alkylene of R6 may, where
chemically possible, optionally be substituted by one
or more substituents selected from the group
consisting of C 6 alkyl, G3.6 cycloalkyl, C 4
alkylene(C 3. 6 cycloalkyl), C0.6 alkylenephenyl,
which Co.2alkylene or d^alkylene substituent may in
turn be optionally further substituted, where
chemically possible, by one or more substituents
selected from the group consisting of hydrogen, cyano,
nitro, halo, formyl, oxo, hydroxy, C(O)OH, C1.4 alkyl,
C1.4 alkyleneC 3.6 cycloalkyl, C1 4 alkoxy, C1.4
alkyleneQ. 4 alkyoxy, -C(O)OCi -4 alkyl, C1 4
haloalkyl, C1 4 haloalkoxy, amino, C alkylamino, C1
dialkylamino, and S(O) nR10; where each R7, R15 and
R16 , where chemically possible, is independently
selected from the group consisting of hydrogen, C 8
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3.8 cycloalkyl, C1
alkylene(C 3.e cycloalkyl), C alkyleneC- i-4 alkoxy,
C1-6 haloalkyl, C0.6 alkylenephenyl; or R15 and R16
together with the nitrogen to which they are attached
may form a three to seven - membered saturated or
unsaturated heterocyclic ring optionally containing
one or more further N, O or S atoms; where each of the
above R7, R15 or R16 groups may independently include
one or more optional substituents where chemically
possible selected from hydrogen, cyano, nitro, halo,
formyl, oxo, hydroxy, C(O)OH, C1.4 alkyl, C2.4
alkenyl, C2.4 alkynyl, C3.6 cycloalkyl, C1 4 alkyleneC
3.6 cycloalkyl, C1-4 alkoxy, C1-4 alkyleneC^ alkyoxy,
C1 alkanoyl, -C(O)OCi -4 alkyl, C1 haloalkyl, C3.6
halocycloalkyl, C1-4 haloalkoxy, C1 haloalkanoyl,
-C(O)OCL 4 haloalkyl, phenyl, 4-halophenyl,
4-alkoxyphenyl, amino, Ci. 4 alkylamino, C1. 4
dialkylamino, C(O)N(C 1-4 alkyl) 2, N(C 1
alkylene)C(O)( C1 4 alkyl) and S(O) nR10; R8 and R9
are independently selected from the group consisting
of hydrogen, C1-4 alkyl, Ci. 4 alkoxy, C1 haloalkyl,
C1-4 haloalkoxy and C0 alkylenephenyl but with the
proviso that R8 and R9 are not both hydrogen; where
each of R8 and R9 may independently include one or
more optional substituents where chemically possible
selected from hydrogen, cyano, halo, hydroxy, C1-4
alkyl, C3.6 cycloalkyl, C 4 alkoxy, -C(O)OCL 4 alkyl,
Ci -4 haloalkyl, C1-4 haloalkoxy, and S(O) nR10; or R8
and R9 together with the carbon to which they are
attached may form a three to six membered carbocyclic,
saturated ring, which ring is optionally substituted
with one or more substituents selected from the group
consisting of halo, Ci -2 alkyl, C 2 alkoxy, C-|.2
haloalkyl, C1-2 haloalkoxy; R11 and R12 are
independently selected from the group consisting of
hydrogen, halo, cyano, C alkyl, C1. 4 alkoxy, C1
haloalkyl, and C 4 haloalkoxy; where Rx and Ry are
independently selected from hydrogen, C1.4 alkyl, C1-4
haloalkyl, and S(O) nR10;each n is independently 0, 1
or 2; and each R10 is independently hydrogen, hydroxy,
C1 alkyl, C1 haloalkyl, amino, Ci.6 alkyl amino and di
C-i-6 alkyl amino; or a pharmaceutically acceptable
salt or a prodrug thereof. In the definition of R1,
R2, R3, R4 and R5, "Ci-4 alkyl optionally substituted
by one or more hydroxy groups" means an alkyl group
with between one and four carbon atoms, which may be
unsubstituted or may be substituted at any available
position with a hydroxy group. For reasons of chemical
stability, it is preferred that no carbon atom should
be substituted with more than one hydroxy group.
Accordingly, alkyl groups with up to four hydroxy
substituents are foreseen. Preferred are alkyl groups
with no more than two hydroxy substituents. Examples
include hydroxymethyl, 1-hydroxyethyl, 2-hydroxyethyl,
1,2- dihydroxyethyl and 2,3-dihydroxypropyl. In the
definition of R1, R2, R3, R4 and R5, "C3.e cycloalkyl
optionally substituted by one or more Ci.4 alkyl or
halo groups" means a cycloalkyl group with between
three and six carbon atoms in the ring, which may be
unsubstituted or may be substituted at any available
position with an alkyl group of between one and four
carbon atoms or a halogen atom. In the case of alkyl
substituents, it is preferred that not more than four
such substituents be present, and more preferred that
not more than two such substituents be 



present. Examples include 1-methylcyclopropyl,
2,5-dimethylcyclopentyl and 4-fe/t-butylcyclohexyl. In
the case of halo substituents, any degree of
substitution up to complete substitution is foreseen.
In the case of cyclohexyl therefore, up to eleven halo
substituents may be present. While each halo group may
be independently selected, it may be preferred to have
all halo substituents the same. Preferably the halo is
chloro or fluoro. Geminal disubstitution at any
methylene position may be preferred ver
monosubstitution. Examples include
2,2-dichlorocyclopropyl and perfluorocyclohexyl.
Substitution with both alkyl and halo groups is also
foreseen. An example is 2,2-difluoro-1
-methylcyclobutyl. Preferably, each of R1, R2, R3, R4,
R5 are independently selected from hydrogen, halo eg
chloro or fluoro, Ci-4 alkyl eg methyl or ethyl, C3 4
cycloalkyl eg cyclopropyl, Ci-4 alkoxy eg methoxy or
ethoxy, C-, haloalkyl eg trifluoromethyl,
trifluoroethyl, Ci -4 haloalkoxy eg trifluoromethoxy
or trifluoroethoxy, and S(O)nR10 where n is 0 and R10
is preferably selected from Ci.4 alkyl such as methyl
or ethyl or Ci_4 haloalkyl such as trifluoromethyl or
trifluoroethyl to form for example trifluoromethylthio
or trifluoroethylthio. More preferably each of R1, R2,
R3, R4, R5 are independently selected from hydrogen,
halo eg chloro, alkyl eg methyl or ethyl, C1 alkoxy eg
methoxy or ethoxy, and C-|.4 haloalkyl eg
trifluoromethyl, trifluoroethyl. Most preferably each
of R1, R2, R3, R4, R5 are independently selected from
hydrogen, and Ci.4 alkyl eg methyl or ethyl. Most
preferably two of R1, R2, R3, R4, and R5 are
independently selected from C-M alkyl eg methyl or
ethyl, preferably methyl, and three of R1, R2, R3, R4,
and R5 are H. Even more preferably R1 and R2 are
selected from d .4 alkyl eg methyl or ethyl,
preferably methyl, and R3, R4 and R5 are H.Further
suitable compounds include those where at least one of
R1, R2, R3, R4, and R5 is independently selected from
C1 haloalkyl eg trifluoromethyl, trifiuoroethyl,
preferably trifluoromethyl, with the others of R1, R2,
R3, R4, and R5 being H. Preferably R2 is C1 4
haloalkyl eg trifluoromethyl, trifiuoroethyl
preferably trifiuoroethyl, with the others of R1, R3,
R4, and R5 being H. Other suitable compounds include
those where at least one of R1, R2, R3, R4, and R5 is
independently selected from Ci -4 alkoxy eg methoxy or
ethoxy preferably methoxy, with the others of R1, R2,
R3, R*, and R5 being H. Preferably R2 and R3 are
selected from C alkoxy eg methoxy or ethoxy preferably
methoxy, and R1, R4 and R5 are H. Other suitable
compounds include those where at least one of R1, R2,
R3, R4, and R5 is independently selected from halo eg
chloro or fluoro, with the others of R1, R2, R3, R4,
and R5 being H. Other suitable compounds include those
where at least one of R1, R2, R3, R4, and R5 is
independently selected from halo eg chloro or fluoro,
and another one of R1, R2, R3, R4, and R5 is
independently selected from C,.4 alkyl eg methyl or
ethyl, with the others of R1, R2, R3, R4, and R5 being
H. Most preferred compounds are those where R1 and R2
are methyl and R3, R4, and R5 are hydrogen. Preferably
R6 is selected from the group consisting of hydrogen;
-C0-2alkyleneR 7; -Ci -2alkylene0R 7; -C1-
2alkyleneOC(O)R 7; -C,.2alkyleneOC(O)OR 7;
-C0.2alkyleneC(O)OR 7; -C1.2alkyleneOC(O)NHR 7; -C1-
2alkyle pe0C(0)NR 15R1s; and -C0.2alkyleneS(O) nR10 .
More preferably R6 is selected from the group
consisting of hydrogen; -C0.2alkyleneR7; -d^alkyleneOR
7; -C1.2alkyleneOC(O)R 7; -C1. 2alkyleneOC(O)OR 7; and
-C0.2alkyleneC(O)OR 7. Even more preferably R6 is
selected from the group consisting of hydrogen;
-C0.2alkyleneR 7; -C-i-aalkyleneOCCOJR7 and
-C0.2alkyleneC(O)OR 7. Most preferably R6 is hydrogen.
Preferably R7, R15 and R16 are, where chemically
possible, independently selected from the group
consisting of hydrogen; Ci. 8 alkyl for example
methyl, ethyl, n-propyl, isopropyl, butyl, isobutyl,
tert-butyl, n-pentyl, n-hexyl; C3.3 cycloalkyl for
example cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl; C1.4 alkylene(C 3.6 cycloalkyl) for
example cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyi, cyclobutylethyl, cyclopentylmethyl,
cyclopentylethyl, cyclohexylmethyl, cyclohexylethyl;
Ci 6 haloalkyl for example fluoromethyl,
trifluoromethyl, chloromethyl, fluoroethyl,
chloroethyl, trifiuoroethyl and trifluoropropyl; and
C0-6 alkylphenyl for example phenyl, phenylmethyl and
phenylethyl. More preferably R7, R15 and R16 are,
where chemically possible, independently selected from
the group consisting of hydrogen; C1 alkyl for example
methyl, ethyl, n-propyl, isopropyl, butyl, tert-butyl,
n-pentyl, n-hexyl; C1-4 alkylene(C 3.6 cycloalkyl) for
example cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyi, cyclobutylethyl, cyclopentylmethyl,
cyclopentylethyl, cyclohexylmethyl, cyclohexylethyl.
Even more preferably R7, R15 and R16 are, where
chemically possible, independently selected from the
group consisting of hydrogen and C1-4 alkyl for
example methyl, ethyl, propyl, isopropyl, n-butyl and
tert-butyl.Further suitable compounds include those
where R7, R15 and R16 are, where chemically possible,
optionally substituted with one or more substituents
selected from the group consisting of halo for example
fluoro or chloro, C1.4 alkyl for example methyl or
ethyl preferably methyl, C3.6 cycloalkyl, for example
cyclopropyl, cyclobutyl or cyclopentyl preferably
cyclopentyl, C1-4 alkoxy for example methoxy or
ethoxy, Ci.4 haloalkyl for example fluoromethyl,
chloromethyl, trifluoromethyl, fluoroethyl,
chloroethyl or trifluoroethyl, preferably trif
luoroethyl or trifluoromethyl, and S(O)nR10 for
example methylsulphonyl or dimethyl amido sulphonyl.
Examples of R7, R15 and R16 groups which have then
been so substituted include for example branched alkyl
groups such as 2-methylbutyl, 3-methylbutyl,
substituted sulphonyl groups such as
methylsulphonylmethyl, methylsulphonylethyl,
dimethylamidosulphonylmethyl and
dimethylamidosulphonylethyl and substituted phenyl
groups such as 4-chlorophenyl, 4-nitrophenyl, 4-
fluorophenyl, 4-methoxyphenyl, 2,4-dichlorophenyl,
4-chlorophenylmethyl, 4-nitrophenylmethyl, 4-
fluorophenylmethyl, 4-methoxyphenyl methyl,
2,4-dichlorophenylmethyl, 4-chlorophenylethyl, 4-nitro
phenyl ethyl, 4-fluorophenylethyl,
4-methoxyphenylethyl, and 2,4 -dichlorophenylethyl.
Suitably when R1B and R16 together with the nitrogen
to which they are attached form a three to seven -
membered saturated or unsaturated heterocyclic ring
optionally containing one or more further N, O or S
atoms it is preferred that the ring is a five or six
membered ring, is saturated and comprises one further
heteroatom selected from N, O or S. Suitable examples
of such rings include pyrrolidinyl, pyrazolidinyl,
imidazolinyl, thiazolidinyl, isoxazolidinyl,
piperidinyl, piperazinyl, morpholinyl, or
thiomorpholinyl. Preferred rings include pyrrolidinyl,
thiazolidinyl, morpholinyl, or thiomorpholinyl. Such
rings may optionally be further substituted with one
or more groups, preferably selected from the group
consisting of oxo, C(O)OH, halo for example fluoro or
chloro, and C1-4 alkyl for example methyl or ethyl
preferably methyl. For example any heterocyclic
sulphur atoms may be optionally substituted with one
or more oxo groups to form for example 1,1
-dioxothiazolidinyl or 1,1-dioxothiomorpholinyl
substitutents. Suitable compounds include those where,
when the R6 group comprises a one carbon alkylene
moiety, that said alkylene moiety is optionally
substituted with one or two substituents. Further
suitable compounds also include those where, when the
R6 group comprises a two carbon alkylene moiety, that
said alkylene moiety is optionally substituted with
one, two, three or four substituents which may be
independently orientated on either the alpha or beta
carbon positions with respect to the imidazole
nitrogen to which the R6 substitutent is bound.
Suitably when the C0.2alkylene or Ci. 2alkylene of R6
is substituted with one or more substitutents it is
preferred that such substituents are independently
selected from the group consisting of hydrogen; C1
alkyl for example methyl or ethyl; C3.6 cycloalkyl for
example cyclopropyl; Ci 4 alkyleneC 3.6 cycloalkyl for
example cyclopropylmethyl or cyclopropylethyl; C 4
alkoxy for example methoxy or ethoxy; C1-4 alkyleneCi-
4 alkyoxy for example methoxy methyl, methoxy ethyl,
ethoxy methyl or ethoxy ethyl; C1 haloalkyl for
example fluoromethyl, triflurom ethyl, fluoroethyl or
1,1 ,1 -trifluoroethyl; phenyl, benzyl and 4-
trifluoromethylbenzyl. More preferably such
substituents are independently chosen from the group
consisting of hydrogen; cyclopropyl; alkyleneC3.s
cycloalkyl for example cyclopropylmethyl or
cyclopropylethyl; C1-4 haloalkyl for example
fluoromethyl, trifluromethyl, fluoroethyl or 1,1,1
-trifluoroethyl; and phenyl.Suitable compounds include
those where R6 is selected from the group consisting
of -C0.2alkyleneR 7, preferably where R6 is CH2R7, and
where R7 is selected from the group consisting of C1.8
alkyl for example methyl, ethyl, n-propyl, isopropyl,
butyl, tert-butyl; C3.8 cycloalkyl for example
cyclopropyl, cyclobutyl, cyclopentyl; Ci. 6 haloalkyl
for example trifluoromethyl, and trifluoroethyl; and
C0.B alkylenephenyl for example phenyl which is
optionally substituted to form for example 4-methoxy
phenyl, 4- trifluoromethylphenyl. Further suitable
compounds also include those where Rd is selected from
the group consisting of -C0-_alkyleneR7, preferably
where R6 does not comprise an additional alkylene
moiety (ie is C0alkyleneR 7) 7, and where R7 is
selected from the group consisting of C 8 alkyl for
example methyl, ethyl, n-propyl, isopropyl, butyl,
tert-butyl, preferably methyl and ethyl; C3.8
cycloalkyl for example cyclopropyl, cyclobutyl,
cyclopentyl, preferably cyclopropyl; C1 6 haloalkyl
for example trifluoromethyl, and trifluoroethyl; and
C0-S alkylenephenyl for example phenyl which is
optionally substituted to form for example 4-methoxy
phenyl, 4-trif!uoromethylphenyl. A further group of
suitable compounds include those where R6 is selected
from the group consisting of - preferably where R6 is
CH2OR7, and where R7 is selected from the group
consisting of C-i 8 alkyl for example methyl, ethyl,
n-propyl, isopropyl, butyl, tert-butyl. Examples of
such so substituted R6 groups include methoxymethyl,
ethoxymethyl, methoxyethyl, ethoxyethyl,
propoxymethyl, propoxyethyl, isopropoxyethyl,
butoxymethyl, seo-butoxyoxymethyl, isobutoxymethyl,
tert-butoxymethyl, butoxyethyl, seobutoxyoxyethyl,
isobutoxyethyl, terf-butoxyethyl, pentyloxymethyl,
pentyloxyethyl, hexyloxymethyl, hexyloxyethyl. A still
further group of suitable compounds include those
where R6 is selected from the group consisting of
-C1-2alkyleneOC(O)R 7, preferably where R6 is
CH2OC(O)R7, and where R7 is d -8 alkyl for example
methyl, ethyl, n-propyl, isopropyl, butyl, tert-butyl,
which R7 in turn may be optionally further
substituted. Examples of such so substituted R6 groups
include acetyloxymethyl, acetyloxyethyl,
propionyloxymethyl, propionyloxyethyl,
butyryloxymethyl, butyryloxyethyl,
isobutyryloxymethyl, isobutyryloxyethyl,
pentanoyloxymethyl, pentanoyloxyethyl,
2-methylbutyryloxymethyl, 2-methylbutyryloxyethyl,
3-methylbutyryloxymethyl,
3-methylbutyrylcarbonyloxy)ethyl,
2,2-dimethylpropionyloxymethyl,
2,2-dimethylpropionyloxyethyl hexanoyloxymethyl,
hexanoyloxyethyl, heptanoyloxymethyl,
heptanoyloxyethyl. Further suitable examples of
compounds where R6 is selected from the group
consisting of -Ci -2alkyleneOC(O)R 7, preferably where
R6 is CH2OC(O)R7, also include those where R7 is C1.4
alkylene(C 3.6 cycloalkyl) for example
cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl,
cyclobutylethyl, cyclopentylmethyl, cyclopentylethyl,
cyclopentylpropyl, cyclohexylmethyl, and
cyclcohexylethyl. Examples of such so substituted R6
groups include cyclopropylacetyloxymethyl,
cyclopropylpropionyloxymethyl,
cyclobutylacetyloxymethyl,
cyclobutylpropionyloxymethyl,
cyclopentylacetyloxymethyl,
cyclopentylpropionyloxymethyl,
cyclopentylbutyryloxymethyl,
cyclohexylacetyloxymethyl, and
cyclcohexylpropionyloxymethyl,
cyclopropylacetyloxyethyl,
cyclopropylpropionyloxyethyl,
cyclobutylacetyloxyethyl, cyclobutylpropionyloxyethyl,
cyclopentylacetyloxyethyl,
cyclopentylpropionyloxyethyl,
cyclopentylbutyryloxyethyl, cyclohexylacetyloxyethyl,
and cyclcohexylpropionyioxyethyl. Preferably R8 is
3-cyclopentylpropionyloxymethyl. It is preferred that
in such compounds R7 is preferably C 8 alkyl, more
preferably ethyl or tert-butyl, and most preferably
tert-butyl.A yet further group of suitable compounds
include those where R6 is selected from the group
consisting of -Ci.2alkyleneOC(O)OR7, preferably where
R6 is CH2OC(O)OR7, and where R7 is Ci.8 alkyl for
example methyl, ethyl, n-propyl, isopropyl, butyl,
tert-butyl, which may in turn be optionally further
substituted. Examples of such so substituted R6 groups
include methoxycarbonyloxymethyl,
methoxycarbonyloxyethyl, ethoxycarbonyloxymethyl,
ethoxycarbonyloxyethyl, propoxycarbonyloxymethyl,
propoxycarbonyloxyethyl, isopropoxycarbonyloxymethyl,
isopropoxycarbonyloxyethyl, butoxycarbonyloxymethyl,
butoxycarbonyloxyethyl, isobutoxycarbonyloxymethyl,
isobutoxycarbonyloxyethyl, pentyloxycarbonyloxymethyl,
pentyloxycarbonyloxyethyl,
2-methylbutoxycarbonyloxymethyl,
2-methylbutoxycarbonyloxyethyl,
3-methylbutoxycarbonyloxymethyl,
3-methylbutoxycarbonyloxyethyl,
2,2-dimethylpropoxycarbonyloxymethyl,
2,2-dimethylpropoxycarbonyloxyethyl,
hexyloxycarbonyloxymethyl, hexyloxycarbonyloxyethyl.
Further suitable examples of compounds where R6 is
selected from the group consisting of -C1.
2alkylene0C(0)0R 7, preferably where R6 is
CH2OC(O)OR7, also include those where R7 is selected
from the group consisting of C3-6 cycloalkyl for
example cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl; C1-4 alkylene(C3.6 cycloalkyl) for example
cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl,
cyclobutylethyl, cyclopentylm ethyl, cyclopentylethyl,
cyclohexylmethyl, cyclohexylethyl; Ci.6 haloalkyl for
example trifluoromethyl, and 2,2,2-trifluoroethyl; and
C0.6 alkylphenyl for example phenyl which is
optionally further substituted to form for example
4-methoxyphenyl,
4-trifluoromethylphenyl4-methoxybenzyl. . Examples of
such so substituted R6 groups include
cyclopropyloxycarbonyloxymethyl,
cyclobutyloxycarbonyloxymethyl,
cyclopentyloxycarbonyloxymethyl or
cyclohexyloxycarbonyloxymethyl
cyclopropyloxycarbonyloxyethyl,
cyclobutyloxycarbonyloxyethyl,
cyclopentyloxycarbonyloxyethyl or
cyclohexyloxycarbonyloxyethyl; C1 alkylene(C3.6
cycloalkyl) for example
cyclopropylmethyloxycarbonyloxym ethyl,
cyclopropylethyloxycarbonyloxymethyl,
cyclobutylmethyloxycarbonyloxymethyl,
cyclobutylethyloxycarbonyloxymethyl,
cyclopentylmethyloxycarbonyloxymethyl,
cyclopentylethyloxycarbonyloxymethyl,
cyclohexylmethyloxycarbonyloxymethyl,
cyclohexylethyloxycarbonyloxymethyl,
cyclopropylmethyloxycarbonyloxyethyl,
cyclopropylethyloxycarbonyloxyethyl,
cyclobutylmethyloxycarbonyloxyethyl,
cyclobutylethyloxycarbonyloxyethyl,
cyclopentylmethyloxycarbonyloxyethyl,
cyclopentylethyloxycarbonyloxyethyl,
cyciohexylmethyloxycarbonyloxyethyl,
cyclohexylethyloxycarbonyloxyethyl; C1-6 haloalkyl for
example trifluoromethyloxycarbonyloxymethyl, and
2,2,2-trifluoroethyloxycarbonyloxymethyl,
trifluoromethyloxycarbonyloxyethyl, and
2,2,2-trifluoroethyloxycarbonyloxyethyl; and C0-6
alkylphenyl for example phenyloxycarbonyloxymethyl
which is optionally further substituted to form for
example 4-methoxyphenyloxycarbonyloxymethyl,
Atrifluoromethylphenyloxycarbonyloxymethyl,
4-methoxybenzyloxycarbonyloxymethyl. A still yet
further group of suitable compounds include those
where R6 is selected from the group consisting of
-C0.2alkyleneC(O)OR 7, preferably where R6 is C(O)OR7,
and where R7 is C1-S alkyl for example methyl, ethyl,
n-propyl, isopropyl, butyl, tert-butyl, which may in
turn be optionally further substituted. Examples of
such so substituted R6 groups include methoxycarbopyl,
methoxycarbonylmethyl, methoxycarbonylethyl,
ethoxycarbonyl, ethoxycarbonylmethyl,
ethoxycarbonylethyl, propoxycarbonyl,
propoxycarbonylmethyl, propoxycarbonylethyl,
isopropoxycarbonyl, isopropoxycarbonylmethyl,
isopropoxycarbonylethyl, butoxycarbonyl,
butoxycarbonylmethyl, butoxycarbonylethyl,
isobutoxycarbonyl, isobutoxycarbonylmethyl,
isobutoxycarbonylethyl, pentyloxycarbonyl,
pentyloxycarbonylmethyl, pentyloxycarbonylethyl,
2-methylbutoxycarbonyl, 2-methylbutoxycarbonylmethyl,
2-methylbutoxycarbonylethyl, 3-methylbutoxycarbonyl,
3-methylbutoxycarbonylmethyl,
3-methylbutoxycarbonylethyl, 2,2
-dimethylpropoxycarbonyl, 2,2
-dimethylpropoxycarbonylmethyl,
2,2-dimethylpropoxycarbonylethyl, hexyloxycarbonyl,
hexyloxycarbonylmethyl, hexyloxycarbonylethyl. Further
suitable examples of compounds include those where R6
is selected from the group consisting of
-Ca.2alkyleneC(O)OR 7, 



preferably where R6 is C(O)OR7, also include those
where R7 is selected from the group consisting of C0.6
alkylphenyl for example phenyl which in turn is
optionally substituted to form for example 4-methoxy
phenyl, 4-trifluoromethyl phenyl. Examples of such so
substituted R6 groups include phenyloxycarbonyl,
phenyloxycarbonylmethyl, phenyloxycarbonylethyl. An
even further group of suitable compounds include those
where Rd is selected from the group consisting of -C1.
alkyleneOC(O)NHR 7, preferably where R6 is CH2OC(O)NHR
7, and where R7 is selected from the group consisting
of Ci 8 alkyl for example methyl, ethyl, n-propyl,
isopropyl, butyl, tert-butyl; C3.6 cycloalkyl for
example cyclopropyl, cyclobutyl, cyclopentyl or
cyclahexyl; C1 haloalkyl for example trifluoromethyl,
and trifluoroethyl; and C0-6 alkylphenyl for example
phenyl, phenylmethyl or phenylethyl which CQ.6
alkylphenyl is optionally substituted to form for
example 4-methoxyphenyl, 4-trifluoromethylphenyl, 2,
4-dichlorophenyl, 4-methoxyphenylmethyl,
4-trifluoromethylphenylmethyl, 2,
4-dichlorophenylmethyl, 4-methoxyphenylethyl,
4-trifluoromethylphenylethyl, or 2,
4-dichlorophenylethyl. Preferred are those compounds
where R6 is selected from the group consisting of
hydrogen, -C0. 2alkyleneR7 and -C1.aalkyleneOC(O)R 7
and where R7 is selected from the group consisting of
Ci-8 alkyl. Even more preferred compounds are those
where R6 is hydrogen. Preferably, each R8 and R9 are
independently selected from the group consisting of
hydrogen; C1 alkyl eg methyl or ethyl, preferably
methyl; Ci 4 haloalkyl for example trifluoromethyl,
trichloromethyl, trichloroethyl or trifluoroethyl,
preferably trifluoromethyl; C1-4 alkoxy for example
methoxy or ethoxy, preferably methoxy; and C0-4
alkylenephenyl for example phenyl, phenylmethyl or
phenylethyl, but with the proviso that R8 and R9 are
not both hydrogen. More preferably each R8 and R9 are
independently selected from the group consisting of
hydrogen and C1 alkyl eg methyl or ethyl, preferably
methyl but again with the proviso that R8 and R9 are
not both hydrogen. Most preferably R8 is methyl and R9
is hydrogen. Suitably when either one or more of R8 or
R9 are phenyl, the phenyl group is optionally
substituted with one or more substitutents selected
from the group consisting of fluoro, chloro, methoxy
or trifluoromethyl. Suitably when R8 and R9 together
with the carbon to which they are attached may form a
three to six membered carbocyclic, saturated ring it
is preferred that the ring is a three membered ring.
Preferably each of R11 and R12 are independently
selected from the group consisting of hydrogen, Ci -2
alkyl eg methyl or ethyl, preferably methyl, and C1-2
alkoxy for example methoxy or ethoxy, preferably
methoxy. More preferably at least one of R11 and R12
is hydrogen. Most preferably both of R11 and R12 are
hydrogen.A further group of suitable compounds of the
present invention are those of formula (LV) where:
each of R1, R2, R3, R4, R5 are independently selected
from hydrogen and C1-4 alkyl eg methyl or ethyl,
preferably methyl; each R8 and R9 are independently
selected from the group consisting of hydrogen and
C,.4 alkyl eg methyl or ethyl, preferably methyl; and
each R11 and R12 are hydrogen or a pharmaceutically
acceptable salt or a prodrug thereof. Preferably, in
compounds of formula (LV): R1, R2 and Rb are selected
from C1 alkyl eg methyl or ethyl, preferably methyl,
R3, R4, R5 and R9 are H. It will be understood that
throughout the application all references to formula
(I) apply equally to compounds of the formula (LV).
Furthermore, it will be understood that all the
suitable groups and preferences applied to R1 - R12 ,
Ra, Rb and n for formula (I) apply equally to
compounds of the formula (LV). A further group of
preferred compounds are the compounds of formula
(XXXX) Formula (XXXX) wherein R1 to R5 are selected
from hydrogen, halo, Ci -4 alkyl, C1 haloalkyl and CN,
and R8 is C1-3 alkyl. Preferably, at least two of R1
to Re are hydrogen, and more preferably at least three
of R1 to R5 are hydrogen. Preferably, the groups from
R1 to R5 that are not hydrogen are selected from
chloro, fluoro, methyl, ethyl, difluoromethyl and
trifluoromethyl, and more preferably from fluoro,
chloro and methyl. Preferably R8 is methyl or ethyl,
and more preferably R8 is methyl. A further group of
preferred compounds are the compounds of formula
(XXXXI) Formula (XXXXI) wherein R1 to R5 are selected
from hydrogen, halo, C 4 alkyl, CM haloalkyl and CN,
R7 is phenyl optionally substituted by one or more
groups selected from cyano, nitro, halo, formyl,
hydroxy, C(O)OH, C1-4 alkyl, C2.4 alkenyl, C2.4
alkynyl, C3.6 cycloalkyl, C1 alkyleneC3.6 cycloalkyl,
C 4 alkoxy, -C(O)OC1-4alkyl, CV 4 haloalkyl, Ci.4
haloalkoxy, pyrazolyl, triazolyl, amino, C1
alkylamino, and C1 dialkylamino, and R8 is C1 3 alkyl.
Preferably, at least two of R1 to R5 are hydrogen, and
more preferably at least three of R1 to R5 are
hydrogen. Preferably, the groups from R1 to R5 that
are not hydrogen are selected from chloro, fluoro,
methyl, ethyl, difluoromethyl and trifluoromethyl, and
more preferably from fluoro, chloro and methyl.
Preferably R7 is phenyl optionally substituted by one
or two groups selected from cyano, chloro, fluoro,
hydroxy, C1 alkyl, C 3 alkoxy and Ci-2 haloalkyl.
Preferably R8 is methyl or ethyl, and more preferably
R8 is methyl. A further group of preferred compounds
are the compounds of formula (XXXXII) Formula (XXXXII)
wherein R1 to R5 are selected from hydrogen, halo, Ci
-4 alkyl, C1 haloalkyl and CN, R7 is selected from Ci
-3alkylenephenyl optionally substituted by on the
phenyl ring by one or more groups selected from cyano,
halo, hydroxy, C(O)OH, Ci -4 alkyl, C3.6 cycloalkyl,
C1-4 alkyleneC3.6 cycloalkyl, C1-4 alkoxy, - C(0)0d- 4
alkyl, Ci -4 haloalkyl, and C1 4 haloalkoxy, Ci.8
alkyl optionally substituted by one or two C1 alkoxy
groups, C3.6 cycloalkyl, Ci.3alkyleneC3.6cycloalkyl,
and Ci.6 haloalkyl, and R8 is Ci 3 alkyl. Preferably,
at least two of R1 to R5 are hydrogen, and more
preferably at least three of R1 to R5 are hydrogen.
Preferably, the groups from R1 to R5 that are not
hydrogen are selected from chloro, fluoro, methyl,
ethyl, difluoromethyl and trifluoromethyl, and more
preferably from fluoro, chloro and methyl. Preferably
R7 is C alky! or Ci.shaloalkyl. Preferably R8 is
methyl or ethyl, and more preferably R8 is methyl. A
further group of preferred compounds are the compounds
of formula (XXXXIII) Formula (XXXXIII) wherein R1 to
R5 are selected from hydrogen, halo, C-i.4 alkyl, C1
haloalkyl and CN, R7 is selected from
Ci.3alkylenephenyl optionally substituted by on the
phenyl ring by one or more groups selected from cyano,
halo, hydroxy, C(O)OH, C 4 alkyl, C3-6 cycloalkyl,
C1-4 alkyleneC3.6 cycloalkyl, C1- alkoxy, - C(O)OCi-4
alkyl, C1-4 haloalkyl, and C1-4.haloalkoxy, C1 8 alkyl
optionally substituted by one or two C1 4 alkoxy
groups, C3.6 cycloalkyl, C^alkyleneCs-ecycloalkyl, and
C 6 haloalkyl, and R8 is C1-3 alkyl.Preferably, at
least two of R1 to R5 are hydrogen, and more
preferably at least three of R1 to R5 are hydrogen.
Preferably, the groups from R1 to R5 that are not
hydrogen are selected from chloro, fluoro, methyl,
ethyl, difluoromethyl and trifluoromethyl, and more
preferably from fluoro, chloro and methyl. Preferably
R7 is C alky! or Ct .bhaloalkyl. Preferably R8 is
methyl or ethyl, and more preferably R8 is methyl. A
further group of preferred compounds are the compounds
of formula (XXXXIV) Formula (XXXXIV) wherein R1 to R5
are selected from hydrogen, halo, Ci 4 alkyl, C1
haloalkyl and CN, R7 is selected from optionally
substituted by on the phenyl ring by one or more
groups selected from cyano, halo, hydroxy, C(O)OH, C1
alkyl, C3.6 cycloalkyl, C1 alkyleneC3_6 cycloalkyl, C
4 alkoxy, - C(O)OCi-4 alkyl, C1.4 haloalkyl, and C1-4
haloalkoxy, C1- alkyl optionally substituted by one or
two C 4 alkoxy groups, C3.6 cycloalkyl, and C1
haloalkyl, and R8 is C-,.3 alkyl. Preferably, at least
two of R1 to R5 are hydrogen, and more preferably at
least three of R1 to R5 are hydrogen. Preferably, the
groups from R1 to Rs that are not hydrogen are
selected from chloro, fluoro, methyl, ethyl,
difluoromethyl and trifluoromethyl, and more
preferably from fluoro, chloro and methyl. Preferably
R7 is alkyl or C haloalkyl, and more preferably R7 is
isobutyl. Preferably R8 is methyl or ethyl, and more
preferably R8 is methyl. Preferred individual
compounds of the invention are selected from the
compounds of the Examples described herein. More
preferred individual compounds of the invention are
selected from:
2-[(2,3-dimethylphenyl)(methoxy)methyl]-1 H-imidazole;
2-[1-(2,5-dimethylphenyl)ethyl]-1 H-imidazole;
2-[1-(2,4-dimethylphenyl)ethyl]-1 H-imidazole;
2-[1-(3,4-dimethylphenyl)ethyl]-1 H-imidazole; 2-{1
-[2-(trifluoromethyl)phenyl]ethyl}-1 H-imidazole;
(2,3-dimethylphenyl)(1H-imidazol-2-yl)methanol;
2-[1-(2,3-dimethylphenyl)ethyl]-1 H-imidazole; {2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1 -yl}methyl
pivalate; {2-[1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1 -yl}methyl propionate; {2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1 -yljmethyl
3-methylbutanoate; {2-[1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1 -yljmethyl butyrate;{2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1 -yl}methyl
3-cyclopentylpropanoate; {2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-im idazol-1 -yl}methyl
heptapoate; {2-[1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1 -yljmethyl pentanoate 2-[1
-(4-chloro-3-methylpher\yl)ethyl]-1 H-imidazole 2-[1
-(3,5-dimethylphenyl)ethyl]-1 H-imidazole
1-benzyl-2-[1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazole {2-[1 -(2,3-dimethylphenyl)ethyl]-1 H-im
idazol-1 -yl}methyl 4-methoxybenzyl carbonate
1-(cyclopropylmethyl)-2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazole
2-[1-(2,3-dimethylphenyl)ethyl]-1-methyl-1 H-imidazole
cyclopropylmethyl {2-[1-(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1 -yljmethyl carbonate
{2-[1-(2,3-dimethylphenyl)ethyl]-1 H-im idazol-1
-yljmethyl 3-methylbutyl carbonate
{2-[1-(2,3-dimethylphenyl)ethyl]-1 H-im idazol-1
-yljmethyl isopropyl carbonate cyclobutyl {2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1 -yljmethyl
carbonate {2-[1-(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1-ylJmethyl 2,2,2-trifluoroethyl carbonate
2-[1-(2,3-dimethylphenyl)ethyl]-1 -ethyl- 1H-imidazole
2-[1 -(2,3-dimethylphenyl)ethyl]-1
-(4-methoxybenzyl)-1 H-imidazole
2-[1-(2,3-dimethylphenyl)ethyl]-1-(methoxymethyl)-1
H-imidazole 2-[1 -(2,3-dimethy[phenyl)ethyl]-1
-[4-(trifluoromethyl)benzyl]-1 H-imidazole
4-fluorophenyf
2-[1-(2,3-dimethylphenyl)ethyl3-1H-imidazole-1-carboxy
late isobutyl 2-[1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazole-1 -carboxylate isopropyl 2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazole-1
-carboxylate 2-[1 -(3-methylphenyl)ethyl]-1
H-imidazole or a pharmaceutically acceptable salt or
prodrug thereof. More preferred individual compounds
of the present invention are selected from:
2-[1-(2,3-dimethylphenyl)ethyl]-1 H-imidazole; 2-[(1
S)-1 -(2,3-dimethyiphenyl)ethyl]-1 H-imidazole; 2-[(1
fl)-1 -(2,3-dimethylphenyl)ethyl]-1 H-imidazole; {2-[1
-(2,3-dimethylpheny))ethyl]-1 H-imidazol-1 -yljmethyl
pivalate; {2-[(1 S)-1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1 -yljmethylpivalate; {2-[(1 R)-1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1
-yljmethylpivalate; {2-[1
-(2,3-dimethylphenyl)ethylJ-1H-imidazol-1 -yljmethyl
propionate;
{2-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazol-1-yl}meth
yl 3-methylbutanoate;
{2-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazol-1-yl}meth
yl butyrate; {2-[1-(2,3-dimethylphenyl)ethyl]-1 H-im
idazol-1 -yljmethyl 3-cyclopentylpropanoate; {2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1 -yljmethyl
heptanoate; {2-[1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1 -yljmethyl pentanoate 2-{1
-[2-(trifluoromethyl)phenyl]ethyl}-1 H-imidazole; 2-[1
-(2,5-dimethylphenyl)ethyl]-1 H-imidazole 2-[1
-(4-chloro-3-methylphenyl)ethyl]-1 H-imidazole 2-[1
-(3,5-dimethylphenyl)ethyl]-1 H-imidazole
1-benzyl-2-[1-(2,3-dimethylphenyl)ethyl]-1
H-imidazole{2-[1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1 -yljmethyl 4-methoxybenzyl carbonate
1-(cyclopropylmethyl)-2-[1
-(2,3-dimethylphenyl)ethyl]-1 W-imidazole 2-[1
-(2,3-dimethylphenyl)ethyl]-1 -methyl-1 /-/-imidazole
cyclopropylmethyl
{2-[1-(2,3-dimethylphenyl)ethyl]-1/V-imidazol-1-yl}met
hyl carbonate {2-[1 -(2,3-dimethylphenyl)ethyl]-1
H-imidazol-1 -yljmethyl 3-methylbutyl carbonate
{2-[1-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1
-yljmethyl isopropyl carbonate cyclobutyl
{2-[1-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-i
-yljmethyl carbonate {2-[1
-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1 -yljmethyl
2,2,2-trifluoroethyl carbonate
2-[1-(2,3-dimethylphenyl)ethyl]-1-ethyl-1H-imidazole
2-[1-(2,3-dimethylphenyl)ethyl]-1-(4-methoxybenzyl)~1H
-imidazole
2-[1-(2,3-dimethylphenyl)ethyl]-1-(methoxymethyl)-1H-i
midazole 2-[1 -(2,3-dimethylphenyl)ethyl]-1
-[4-(trifluoromethyl)benzyl]-1 H-imidazole
4-fluorophenyl
2-[1-(2,3-dimethy!phenyl)ethyl]-1/-/-imidazole-1-carbo
xylate isobutyl 2-[1 -(2,3-dimethylphenyl)ethy!]-1
H-imidazole-1 -carboxylate isopropyl
2-[1-(2,3-dimethylphenyl)ethyl]-1 H-imidazole-1
-carboxylate 2-[1-(3-methylphenyl)ethyl]-1f/-imidazole
or a pharmaceutically acceptable salt or prodrug
thereof. Even more preferred compounds of the present
invention are
2-[1-(2,3-dimethylphenyl)ethyl]-1Himidazole, and
{2-[1-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1
-yljmethyl pivalate, or a pharmaceutically acceptable
salt or prodrug thereof. The most preferred compound
of the present invention is
2-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazole, or a
pharmaceutically acceptable salt or prodrug thereof. 



Included within the scope of the present invention are
all stereoisomers such as enantiomers and
diasteromers, all geometric isomers and tautomeric
forms of the compounds of formula (I), including
compounds exhibiting more than one type of isomerism,
and mixtures of one or more thereof. Also included are
acid addition or base salts wherein the counterion is
optically active, for example, D-lactate or L-lysine,
or racemic, for example, DL-tartrate or DL-arginine.
It is to be understood that compounds of formula (I)
may contain one or more asymmetric carbon atoms, thus
compounds of the invention can exist as two or more
stereoisomers. In particular it will be understood
that when R3 and R9 are different substitutents a
stereocentre exists at the carbon atom to which they
are attached - the benzylic carbon. Suitable compounds
for use in this invention include those where the
absolute stereochemistry at the benzylic carbon has
the "S configuration". Further suitable compounds for
use in this invention include those where the absolute
stereochemistry at the benzylic carbon has the "R
configuration". Such stereoisomers can be resolved and
identified by one skilled in the art using known
techniques.The present invention includes the
individual stereoisomers of the compounds of formula
(I) together with mixtures thereof. Preferred
compounds of formula (I) include those of formula (IA)
and formula (IB) which possess the stereochemistry
shown below. It will be understood that throughout the
application all references to formula (I) apply
equally to compounds of the formulae (IA) and (IB).
Furthermore, it will be understood that all the
suitable groups and preferences applied to R1 - R12 ,
Ra, Rb and n for formula (I) apply equally to
compounds of the formulae (IA) and (IB). In one
particular embodiment of the invention preferred
compounds are those of the formula (IA). In one
particular embodiment of the invention preferred
compounds are those of the formula (IB). Preferred
compounds of the present invention include
2-[(1S)-1-(2,3-dimethylphenyl)ethyl]-1H-imidazole,
2-[(1 fl)-1 -(2,3-dimethylphenyl)ethyl]-1 H-imidazole,
{2-[(1 S)-1~(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1
- yl}methylpivalate,
{2-[(1R)-1-(2,3-dimethylphenyl)ethyl]-1 H-imidazol-1
-yljmethylpivalate or a pharmaceutically acceptable
salt or prodrug thereof. Even more preferred compounds
of the present invention are 2-[(1
S)-1-(2,3-dimethylphenyl)ethyl]-1Himidazole,
2-[(1fl)-1-(2,3-dimethylphenyl)ethyl]-1 H-imidazole,
or a pharmaceutically acceptable salt or prodrug
thereof with the formulae shown below. Most preferred
is 2-[(1 S)-1-(2,3-dimethylphenyl)ethyl]-1
H-imidazole. Geometric isomers may be separated by
conventional techniques well known to those skilled in
the art, for example, chromatography and fractional
crystallisation. Conventional techniques for the
preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically
pure precursor, stereoselective synthesis from a
prochiral precursor or resolution of the racemate (or
the racemate of a salt or derivative) using, for
example, fractional crystallization or chiral high
pressure liquid chromatography (HPLC). Reference is
made herein to "Enantiomers,Racemates and Resolutions"
J. Jacques and A. Collet, published by Wiley, NY, 1981
; and "Handbook of Chiral Chemicals" chapter 8, Eds D.
Ager and M. Dekker, ISBN:0-8247-1 058-4.
Alternatively, the racemate (or a racemic precursor)
may be reacted with a suitable optically active
compound, for example, an alcohol, or, in the case
where the compound of formula (I) contains an acidic
or basic moiety, an acid or base such as tartaric acid
or 1-phenylethylamine. The resulting diastereomeric
mixture may be separated by chromatography and/or
fractional crystallization and one or both of the
diastereoisomers converted to the corresponding pure
enantiomer(s) by means well known to a skilled person.
Chiral compounds of the invention (and chiral
precursors thereof) may be obtained in
enantiomericallyenriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% isopropanol,
typically from 2 to 20%, and from 0 to 5% of an
alkylamine, typically 0.1% diethylamine. Concentration
of the eluant affords the enriched mixture.
Stereoisomeric conglomerates may be separated by
conventional techniques known to those skilled in the
art - see, for example, "Stereochemistry of Organic
Compounds" by E L Eliel (Wiley, New York, 1994). In
the compounds according to formula (I) the term 'halo'
means a group selected from fluoro, chloro, bromo or
iodo. Alkyl, alkylene, alkenyl, alkynyl and alkoxy
groups, containing the requisite number of carbon
atoms, can be unbranched or branched. Examples of
alkyl include methyl, ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, sbutyl and t-butyl. Examples of
alkoxy include methoxy, ethoxy, n-propoxy, i-propoxy,
n-butoxy, i-butoxy, sbutoxy and t-butoxy. Examples of
alkylene include -CH 2-, -CH(CH3)- and -C2H4- .
Examples of cycloalkyl include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.
For the avoidance of doubt, it will be understood that
throughout the application all references to
pharmaceutically acceptable compounds includes
references to veterinarily acceptable compounds or
agriculturally acceptable compounds. Furthermore it
will be understood that throughout the application all
references to pharmaceutical activity includes
references to veterinary activity or agricultural
activity. Pharmaceutically acceptable salts of the
compounds of formula (I) include the acid addition and
base salts thereof. Suitable acid addition salts are
formed from acids, which form non-toxic salts.
Examples include the acetate, aspartate, benzoate,
besylate, bicarbonate/carbonate, bisulphate/sulphate,
borate, camsylate, citrate, edisylate, esylate,
formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate,
naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
saccharate, stearate, succinate, tartrate, tosylate
and trifluoroacetate salts. Suitable base salts are
formed from bases which form non-toxic salts. Examples
include the aluminium, arginine,benzathine, calcium,
choline, diethylamine, diolamine, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodium,
tromethamine and zinc salts. The pharmaceutically,
veterinarily and agriculturally acceptable acid
addition salts of certain of the compounds of formula
(I) may also be prepared in a conventional manner. For
example, a solution of a free base may be treated with
the appropriate acid, either neat or in a suitable
solvent, and the resulting salt isolated either by
filtration or by evaporation under reduced pressure of
the reaction solvent. For a review on suitable salts,
see "Handbook of Pharmaceutical Salts: Properties,
Selection, and Use" by Stahl and Wermuth (Wiley-VCH,
Weinheim, Germany, 2002). The compounds of the
invention may exist in both unsolvated and solvated
forms. The term 'solvate' is used herein to describe a
molecular complex comprising the compound of the
invention and one or more pharmaceutically acceptable
solvent molecules, for example, ethanol. The term
'hydrate' is employed when said solvent is water.
Pharmaceutically acceptable solvates in accordance
with the invention include those wherein the solvent
of crystallization may be isotopically substituted,
e.g. D2O, d6-acetone, d6-DMSO. Hereinafter and
throughout the application all references to compounds
of formula (I) include references to salts, solvates
and complexes thereof and to solvates and complexes of
salts thereof. As stated, the invention includes all
polymorphs of the compounds of formula (I) as
hereinbefore defined. Included within the scope of the
invention are complexes such as clathrates, drug-host
inclusion complexes wherein, in contrast to the
aforementioned solvates, the drug and host are present
in stoichiometric or non-stoichiometric amounts. Also
included are complexes of the drug containing two or
more organic and/or inorganic components which may be
in stoichiometric or non-stoichiometric amounts. The
resulting complexes may be ionised, partially ionised,
or non-ionised. For a review of such complexes, see J
Pharm Sci, 64 (8), 1269-1288 by Haleblian (August
1975). The present invention includes all
pharmaceutically acceptable isotopically-labelled
compounds of formula (I) wherein one or more atoms are
replaced by atoms having the same atomic number, but
an atomic mass or mass number different from the
atomic mass or mass number usually found in nature.
Examples of isotopes suitable for inclusion in the
compounds of the invention include isotopes of
hydrogen, such as 2H and 3H, carbon, such as 11C, 13C
and 14C, chlorine, such as 36CI, fluorine, such as
18F, iodine, such as 123I and 125I, nitrogen, such as
13N and 15N, oxygen, such as 150 , 17O and 18O,
phosphorus, such as 32P, and sulphur, such as 35S.
Within the scope of the invention are so-called
'prodrugs1of the compounds of formula (I). Thus
certain derivatives of compounds of formula (I) which
may have little or no pharmacological activity
themselves can, when administered into or onto the
body of an animal, be converted by the host or
parasite into compounds of formula (I) having the
desired activity, for example, by hydrolytic or
enzymatic cleavage.Such derivatives are referred to as
'prodrugs'. It will be appreciated that certain
compounds of formula (I) may themselves act as
pro-drugs of other compounds of formula (I). Further
information on the use of prodrugs may be found in
'Pro-drugs as Novel Delivery Systems, Vol. 14, ACS
Symposium Series (T Higuchi and W Stella) and
Bioreversible Carriers in Drug Design', Pergamon
Press, 1987 (ed. E B Roche, American Pharmaceutical
Association). Prodrugs in accordance with the
invention can, for example, be produced by replacing
appropriate functionalities present in the compounds
of formula (I) with certain moieties known to those
skilled in the art as 'pro-moieties' as described, for
example, in "Design of Prodrugs" by H Bundgaard
(Elsevier, 1985). Some examples of prodrugs in
accordance with the invention include: (i) where the
compound of formula (I) contains a carboxylic acid
functionality (-COOH), an ester thereof, for example,
replacement of the hydrogen with (CrC 8)alkyl; (ii)
where the compound of formula (I) contains an alcohol
functionality (-OH), an ether thereof, for example,
replacement of the hydrogen with (CrC
6)alkanoyloxymethyl; and (iii) where the compound of
formula (I) contains a primary or secondary amino
functionality (-NH2 or -NHR where R  H), an amide
thereof, for example, replacement of one or both
hydrogens with (C1- Cio)alkanoyl. Prodrugs in
accordance with the invention can, for example, be
produced by reacting compounds of formula (I) wherein
R6 is H with certain moieties known to those skilled
in the art as 'pro-drug moieties' as described, for
example, in "Design of Prodrugs" by H Bundgaard
(Elsevier, 1985); "Design and application of
prodrugs," Textbook of Drug Design and Discovery, (3rd
Edition), 2002, 410-458, (Taylor and Francis Ltd.,
London); and references therein. Examples of
substituents include: alkyl amines, aryl amines,
amides, ureas, carbamates, carbonates, imines,
enamines, imides, sulfenamides, and sulfonamides. The
hydrocarbon portion of these groups contain C1-6
alkyl, phenyl, heteroaryl such as pyridyl,
C2-balkenyl, and C3 cycloalkyl; wherein each of the
above groups may include one or more optional
substituents where chemically possible independently
selected from: halo; hydroxy; C1-6 alkyl, C1. b
haloalkyl and C1 alkoxy. Further examples of
replacement groups in accordance with the foregoing
example and examples of other prodrug types may be
found in the aforementioned references. A prodrug that
is administered to a test animal and metabolized by
the host according to the invention can be readily
identified by sampling a body fluid for a compound of
formula (I). Finally, certain compounds of formula (I)
may themselves act as prodrugs of other compounds of
formula (I).In a further aspect, the present invention
provides processes for the preparation of a compound
of formula (I), or a pharmaceutically, veterinarily or
agriculturally acceptable salt thereof, or a
pharmaceutically, veterinarily or agriculturally
acceptable solvate (including hydrate) of either
entity, as illustrated below. The following processes
are illustrative of the general synthetic procedures
which may be adopted in order to obtain the compounds
of the invention. It will be apparent to those skilled
in the art that sensitive functional groups may need
to be protected and deprotected during synthesis of a
compound of the invention. This may be achieved by
conventional methods, for example as described in
"Protective Groups in Organic Synthesis" by TW Greene
and PGM Wuts, John Wiley & Sons lnc (1999), and
references therein. Thus, when one or more of R1 R2,
R3, R4, R5, R6, R7, R8, R9,R10 , R1 1 R12 , R15 and
R1S contain reactive functional groups then additional
protection may be provided according to standard
procedures during the synthesis of compounds of
formula (I). In the processes described below, for all
synthetic precursors used in the synthesis of
compounds of formula (I), the definitions of R1, R2,
R3, R4, R5, R6, R7, R8, R9, R10 R11 R12, R15 and R16,
wherein R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11
R12 ,R15 and R16 , are as defined for formula (I), are
intended to optionally include suitably protected
variants, P1, P2, P3, P4, P5, P6, P7, P8, P9, P10 ,
P11 P12 , P15 and P16. Such suitable protecting groups
for these functionalities are described in the
references listed below and the use of these
protecting groups where needed is specifically
intended to fall within the scope of the processes
described in the present invention for producing
compounds of formula (I) and its precursors. When
suitable protecting groups are used, then these will
need to be removed to yield compounds of formula (I).
Deprotection can be effected according to standard
procedures including those described in the references
listed below. When R6 is a protecting group it is
preferred that it is chosen from benzyl,
pmethoxybenzyl, diethoxymethyl, allyl and trityl.
Compounds of formula (I) may be obtained from other
compounds of formula (I) by standard procedures such
as electrophilic or nucleophilic substitution,
organometallic catalysed cross coupling reactions and
functional group interconversions known to those
skilled in the art. For example, compounds of formula
(I) in which one or more of R1, R2, R3, R4 and R5 are
CO2R0 wherein Rc = alkyl, may be transformed into
compounds of formula (I) in which one or more of R1,
R2, R3, R4 and R5 are CO2Rd wherein Rd = NH2 upon
treatment with ammonium hydroxide at 850C for 2 h.
Similarly compounds of formula (I) wherein one or more
of R1, R2, R3, R4 and R5 are CO2Rd wherein R = NH2
upon treatment with a dehydrating agent such as
thionyl chloride at low temperatures in an anhydrous
solvent such as N,Ndimethylformamide produce the
corresponding nitrile compound. Compounds of formula
(I), wherein R8 is C1-C4 alkyl, R9, R11 and R12 are
hydrogen and R6 is hydrogen or alkyl and R1, R2, R3,
R4 and R5 are as defined previouslymay be synthesised
from compounds of formula (II) using standard
hydrogenation procedures. For example, compounds of
formula (II) wherein Ra is hydrogen, and Rb is
hydrogen or alkyl may be reduced to compounds of
formula (I) in a suitable protic solvent such as
methanol or propan-2-ol under a hydrogen atmosphere at
temperatures up to 6O0C and elevated pressure up to
300 psi in the presence of 10% palladium on carbon or
Freiborg activated 10% palladium on carbon for up to
72 h. Compounds of formula (I) in which one or more of
R1, R2, R3, R4 and Rs are optionally halo, and the 



remainder of R1, R2, R3, R4 and R5 are as previously
defined, may be accessed from compounds of formula
(II) in which one or more of R1, R2, R3, R4 and R5 are
optionally halo by hydrogenation procedures. Thus,
compounds of formula (II) may be reduced to give
compounds of formula (I) under a hydrogen atmosphere
at temperatures up to 6O0C and elevated pressure up to
200psi in the presence of 10% palladium on carbon and
a chelating agent such as zinc bromide in a standard
protic solvent such as methanol or propan-2-ol.
Alternatively, compounds of formula (I) may be
obtained from compounds of formula (II) by transfer
hydrogenation conditions. For example, ammonium
formate or formic acid or ammonium formate in the
presence of formic acid may be used to generate an in
situ source of hydrogen which when in the presence of
a hydrogenation catalyst such as 10% palladium on
carbon in an alcoholic solvent such as propan-2-ol,
for 2 - 3 hours at temperatures up to 800C can be used
to effect the transformation of compounds of formula
(II) to compounds of formula (I). Optionally reactions
using formic acid as the hydrogen source may be
performed without alcoholic solvents. Stereoselective
hydrogenations may be performed to yield a preferred
stereoisomer using chiral catalysts, in accordance
with standard organic chemistry textbooks or
literature precedent. For example there are many known
homogeneous and heterogeneous catalytic methods using
transition metals such as palladium, rhodium and
ruthenium. One particularly preferred catalyst is
bis(norbornadiene)rhodium(l) tetrafluoroborate.
Enantiopure ligands that have been utilised to effect
enantioselective hydrogenations have been referenced
in the literature and illustrative examples of
homochiral ligands include phospholanes such as Duphos
and its analogues, ferrocenyl ligands such as
Josiphos, 1-[(R)-2-
diphenylphosphino)ferrocenyl]ethyldi-trf-butylphosphin
e, biphenyl ligands such as (+/-)-2,2'-
Bis(diphenylphosphino)-1,1'-binaphthalene (BINAP) and
miscellaneous ligands such as Prophos, Diamp, Bicp,
Monophos. References providing details of
enantioselective hydrogenations include Y. Yamanori,
T. Imamoto, Reviews on Heteroatom Chemistry, 1999, 20,
227; T. Clark, C. Landis, Tetrahedron : Asymmetry,
2004, 15, 14, 2123; H. Blaser, Topics in Catalysis,
2002, 19, 1, 3; H. Blaser et al, Synthetic Methods of
organometallic and inorganic chemistry, 2002, 10, 78;
Pure and Applied Chemistry, 1999, 71, 8, 1531; Pure
and Applied Chemistry, 1998, 70, 8, 1477; U. Berens et
al, Speciality Chemicals, 2000, 20,6, 210; M. T.
Reetz, Pure and Applied Chemistry, 1999, 7 1, 8, 1503;
D. J. Bayston et al, Speciality Chemicals, 1998, 18, 5
, 224; C. Saluzzo and M. Lemaire, Advanced Synthesis
and Catalysis, 2002, 344, 9, 915; H. Kumobayashi,
Synlett, 2001, (Spec Issue) 1055. Thus,
enantiomerically enriched compounds of formula (I) may
be obtained from achiral compounds of formula (II) by
stereoselective hydrogenation. For example, compounds
of formula (II) wherein Ra is hydrogen, and Rb is
hydrogen or alkyl may be reduced to compounds of
formula (I) in a suitable protic solvent such as
methanol under a hydrogen atmosphere at ambient
temperatures and elevated pressure up to 60 psi in the
presence of a rhodium catalyst such as
bis(norbornadiene)rhodium(l) tetrafluoroborate and
chiral ligand such as
1-[(R)-2-diphenylphosphino)ferrocenyl]ethyldi-ferf-but
ylphosphine to give optically enriched compounds of
formula (I). Chiral resolution can be utilitsed to
enhance the enantiomeric purity of compounds of
formula (I). For example, an acid salt can be
enantioselectively formed upon addition of an
enantiomerically pure chiral acid such as
di-p-toluoyl-L-tartaric acid in a suitable protic
solvent such as methanol. Using this process one
enantiomer preferentially forms a crystalline salt
which can be removed by filtration whereas the other
enantiomer remains in the mother liquor. Upon
separately basifying the salt and mother liquor with a
suitable base such as sodium hydroxide (1N), the
enantiomers are resolved to give separated optically
enriched compounds of formula (I). Alternatively,
racemic compounds of formula (I) may be resolved using
chiral HPLC procedures, known to those skilled in the
art, to give enantiomerically pure compounds of
formula (I). Compounds of formula (II) wherein R6 is a
protecting group such as benzyl or substituted benzyl
e.g. pmethoxybenzyl, may be deprotected and reduced
under hydrogenation conditions to give compounds of
formula (I) wherein R6 is hydrogen. (H) Imidazole ring
formation can also be utilised to access compounds of
formula (I), other synthetic methods are precedented
in textbooks and the literature. One illustrative
example is from desirably substituted
phenylacetonitrile reactants, for example a compound
such as 2-(2,3-dimethylphenyl)propanenitrile may be
reacted with an appropriately substituted
ethylenediamine for example, the p-toluenesulfonic
acid salt of ethylenediamine at elevated temperatures
ranging from 140-180C to form the compound of formula
(I) wherein R1, R2 and R8 are methyl and R3, R4, R5,
R6 and R9, R11 and R12 are hydrogen. Another example
of imidazole ring formation is from the reaction of
suitably 2-substituted 2-aryl-1,1- dibromoethenes and
an appropriately substituted ethylenediamine at room
temperature to give theintermediate 2-substituted
2-arylmethylimidazoline. Standard oxidation procedures
such as Swem oxidation can transform the intermediate
2-substituted 2-arylmethylimidazoline into compounds
of formula (DCompounds of formula (II) may be prepared
by Wittig chemistry by the reaction of a compound of
formula (X) with the appropriate alkylphosphonium
salt-derived phosphorus ylid. For example treatment of
a methyltriphenylphosphonium halide with a strong base
in a suitable solvent, followed by the addition of
(X), will produce a compound of formula (II) wherein
both Ra and Rb are hydrogen. Preferably the base
reagent is a solution of n-butyllithium in hexane, the
solvent is ether or tetrahydrofuran and the reaction
is conducted at from about room temperature to about
35C. Compounds of formula (II) may undergo functional
group interconversion into other compounds of formula
(II). For example, wherein one or more of R1, R2, R3,
R4 and R5 are bromo or iodo, and R6 is protected with
a suitable protecting group such as benzyl, palladium
catalysed coupling reactions such as Stille, Heck and
Suzuki coupling reactions may be effected. For
example, treatment of such organohalide compounds of
formula (II) with a suitable boronic acid such as an
alkyl or aryl boronic acid, in an inert solvent such
as toluene, in the presence of a suitable base such as
potassium phosphate, a suitable phosphine ligand such
as tricyclohexylphosphine and palladium acetate under
an inert atmosphere at elevated temperatures up to 120
0C for up to 18 h provides the corresponding alkylated
or arylated compound of formula (II). Similarly,
compounds of formula (II) wherein one or more of R1,
R2, R3, R4 and R5 are bromo or iodo, and R6 is
protected with a suitable protecting group such as
benzyl, may undergo transmetallation reaction with a
palladium catalyst such as [1,1-
bis(diphenylphosphino)ferrocene]palladium (II)
chloride followed by cross coupling with a suitable
boronic anhydride such as trialkylboroxine under an
inert atmosphere, in the presence of a mild base such
as sodium carbonate and a suitable inert solvent such
as dioxane and water at elevated temperatures up to
12O0C. Alternatively, compounds of formula (II)
wherein one or more of R1, R2, R3, R4 and R5 are bromo
or iodo, and R6 is protected with a suitable
protecting group such as benzyl, may undergo
nucleophilic substitution reactions. For example,
nitrile compounds may be formed upon treatment of such
a halo compound of formula (II) in a polar solvent
such as /V,L/-dimethylacetamide with a cyanide source
such as copper cyanide at temperatures up to 1500C for
3 days to give the corresponding compound of formula
(II) wherein one or more of R1, R2, R3, R4 and R5 are
cyano, and R6 is protected with a suitable protecting
group such as benzyl. Nitrile compounds of formula
(II) may also be formed from the corresponding halo
compound of formula (II) upon treatment with a cyanide
source such as sodium cyanide in the presence of a
suitable transmetallating agent such as nickel bromide
in a polar solvent such as Nmethylpyrrolidinone and
heating in a 150 W microwave at up to 15O0C for 5 min.
Nitrile compounds of formula (II) may also be formed
from the corresponding halo compound of formula (II)
from the reaction of a suitable cyanide source such as
potassium hexacyanoferrate, a transmetallating agent
such as copper iodide, a salt such as potassium
iodide, and a coordinating agent such as
dimethylethylenediamine in a polar solvent such as
L/-methylpyrrolidinone under an inert atmosphere at
elevated temperatures up to 1400C for up to 60
hours.Compounds of formula (II) may be prepared from
compounds of formula (III) by standard dehydration
conditions, optionally R6 may be a suitable protecting
group e.g. benzyl, or substituted benzyl. (III) Thus,
dehydration may be effected under acidic conditions.
For example compounds of formula (III) may be treated
with an inorganic acid such as hydrochloric acid (4 -
6N) or concentrated sulphuric acid, for up to 72 h,
optionally in an organic miscible solvent such as
acetonitrile, optionally at elevated temperatures up
to 600C. Alternatively, dehydration may result from
heating compounds of formula (III) at reflux with an
organic acid such as trifluoroacetic acid or
p-toluenesulphonic acid in an aprotic solvent such as
toluene. Otherwise, compounds of formula (III) may be
dehydrated using Eaton's reagent, typically stirring
at room temperature for several hours neat or in a
polar solvent such as methanol. Dehydration may also
be effected by treating a compound of formula (III)
with thionyl chloride in a polar solvent such as
acetonitrile. Compounds of formula (III) may be used
to directly access compounds of formula (I) upon
treatment with Pearlman's catalyst in a suitable
protic solvent such as methanol under a hydrogen
atmosphere, in cases wherein R6 is a benzylic
protecting group a deprotected compound of formula (I)
will be obtained wherein R6 is hydrogen.
Alternatively, compounds of formula (III) wherein R6
is a protecting group such as benzyl may be
deprotected, dehydrated and reduced simultaneously by
hydrogenation under acidic conditions. For example,
upon treatment of compounds of formula (III) with a
hydrogen source such as ammonium formate in the
presence of an acid such as formic acid and 10%
palladium on carbon, optionally for up to 72 h,
compounds of formula (I) wherein R6 is hydrogen are
obtained. Compounds of formula (II) may be obtained by
dehydrohalogenation procedures, known to the skilled
man, from compounds of formula (III) for example by
standard chlorination followed by dehydrochlorination
procedures. Alternatively, compounds of formula (II)
can be obtained by transition metal catalysed
cross-coupling reactions by utilizing methods known in
the literature. For these reactions, it may be
necessary to protect the basic imidazole, optionally
R6 may include a suitable protecting group such as
diethoxymethyl. Thus, suitably protected
organozincates such as compounds of formula (V),
wherein X is halo for example chloro or bromo, can be
coupled with suitably substituted styrenes such as
compounds of formula (IV) wherein Y is a group
suitable for transmetallation such as OTf, Cl, Br or I
in the presence of a palladium catalyst such as
Pd(PPh3)3. Standard deprotection of compounds of
formula (II) wherein R6 is a suitable protecting group
provides compounds of formula (II) in which R6 is
hydrogen. For example, when R6 is diethoxymethyl
treatment with an organic acid such as trifluoroacetic
acid or an inorganic acid such as hydrochloric acid
providescompound (II) wherein R6 is hydrogen.
Similarly, deprotection of compounds of formula (II)
wherein Rb is a benzyl moiety protecting group may
easily be effected by hydrogenation. (IV) (V)
Compounds of formula (III) wherein R6 is a protecting
group can be formed by 1,2-addition of a suitably
protected organometallic compound (Vl) to the
corresponding ketone (VII) where chemically feasible
for example wherein R1, R2, R3, R4 and R5 may be
chosen independently from alkyl, chloro, and Ra and Rb
may be chosen from alkyl. (VII) (Vl) For example,
compound (Vl) may be reacted with ketone (VII) in an
aprotic solvent such as tetrahydrofuran at
temperatures typically ranging from -80 to O0C to give
compounds of formula (III), which can be readily
deprotected to give a compound of formula (III)
wherein R6 is H if desired. Alternative organometallic
chemistry may be utilized to yield a compound of
formula (III), wherein R6 is a suitable protecting
group such as benzyl, when an organometallic compound
of formula (VIII), wherein X may be a halo e.g. chloro
or bromo, is added to a ketone of formula (IX) wherein
R6 is a protecting group. (VIIl) (IX) Similarly,
compounds of formula (III) wherein R6 is optionally a
suitable protecting group such as benzyl may also be
accessed by organometallic addition to a protected
ketone (X), suitable organometallic reagents include
Grignard reagents and organolithium reagents. For
example, a Grignard reagent such as methylmagnesium
chloride may be added to a solution of compound (X) in
an anhydrous, aprotic solvent such as tetrahydrofuran,
toluene or diethyl ether at -10-0C for up to 4 h to
provide compounds of formula (III) wherein Ra and Rb
are H.(X) Compounds of formula (III) wherein R6 is a
protecting group such as benzyl may be deprotected
using standard hydrogenation conditions such as 10%
palladium on carbon in a protic solvent at elevated
pressure and temperature to give deprotected compounds
of formula (III) wherein R6 is hydrogen. Deprotecting
compounds of formula (III) in a stepwise manner,
before dehydration to produce compounds of formula
(II), allows compounds of formula (II) to be
stereoselective^ reduced to give compounds of formula
(I) if desired. Compounds of formula (IV), (V), (Vl),
(VII), (VIII), and (IX) may readily be accessed by
utilisation of literature methods or simple
modifications thereof as would be routinely employed
by a skilled man. For example, compounds of formula
(V) can be prepared by stirring a 1-protected
imidazole with nbutyllithium at reduced temperature,
typically -60 to -20 0C followed by the addition of
zinc chloride and allowing to warm to room
temperature. For example, compound (Vl) may be
obtained in situ by treatment of a protected imidazole
reactant, with an organolithium reagent such as
n-butylithium in an aprotic solvent such as
tetrahydrofuran at reduced temperatures typically
ranging from -80 to O0C. Suitable protecting groups
include diethoxymethyl. For example, compounds of
formula (IX) may be synthesised by acylating a
suitably substituted imidazole using acid chlorides.
Thus, heating for several hours a suitable acid
chloride with a 1-protected imidazole in the presence
of a mild base such as triethylamine provides
compounds of formula (IX). Compounds of formula (VII)
may be accessed in a number of ways. Some methods
utilise simple precursors as detailed below.Compounds
of formula (VII) may be prepared by the addition of a
chelating agent such as Fe(acac)3 and a Grignard
reagent such as methylmagnesium bromide to a suitably
substituted acid chloride (Xl) at reduced
temperatures, typically -20 0C in a suitable aprotic
solvent. Acid chlorides (Xl) may be prepared by the
reaction of the corresponding benzoic acid (XII) with
thionyl chloride or oxalyl chloride, at elevated
temperatures, typically 1000C for several hours.
Compounds of formula (VII) may also be prepared by
reaction of an acid anhydride such as acetic
anhydride, with a phenyl Grignard reactant (XIII) in
an aprotic solvent. Alternatively, amides, or acid 



chlorides may be used in place of the acid anhydride.
Compounds of formula (XIII) may be formed in situ by
reacting a suitable bromobenzene derivative with
magnesium turnings in an anhydrous, aprotic solvent
such as tetrahydrofuran. Similarly, compounds of
formula (VIl) may be prepared by reacting a Grignard
reactant e.g. methylmagnesium bromide with an amide
e.g. a suitably substituted benzoylmorpholine (XIV) at
reflux in a suitable solvent such as tetrahydrofuran.
Compounds of formula (VII) may also be obtained from
reaction of a suitable benzoic acid (XII) with an
organolithium reactant, for example methyllithium, at
reduced temperatures in an anhydrous aprotic solvent
such as tetrahydrofuran.Compounds of formula (VII) may
be obtained by Friedel Crafts acylation of suitably
functionalized phenyl moieties. For example, a
functionalized phenyl reactant can be treated with a
Lewis acid such as aluminium chloride, in the presence
of a suitable acylating agent such as acetyl chloride,
in an aprotic solvent such as dichloromethane at room
temperature for up to 18 h to give the desired
compounds of formula (VII). Alternatively compounds of
formula (VlI) may by obtained in a two step procedure
from a suitably substituted halobenzene, preferably
bromo or iodo benzene. For example a bromobenzene
compound may be transmetallated with an organometallic
reagent such as n-butyllithium in an anhydrous, apolar
solvent such as tetrahydrofuran at low temperatures
down to -8O0C followed by electrophilic quenching with
an aldehyde to give the corresponding secondary
alcohol which may be oxidized under standard
conditions, for example using Dess Martin periodinane,
to give compounds of formula (VII) wherein Ra is
selected from H, C^alkyl, or Co^alkylenephenyl and Rb
= Ci.4alkyl, or Co^alkylenephenyl. Compounds of
formula (VIl) may also be formed from the
corresponding aryliodide and boronic acids using
palladium chemistry in a carbon monoxide atmosphere.
Thus, heating aryliodides with carbon monoxide,
methylboronic acid and palladium tetrakis
triphenylphosphine provides compounds of formula (VII)
wherein Ra and Rbare H. Compounds of formula (VII) may
undergo standard chemical reactions and functional
group interonversion reactions known to the skilled
man to give other compounds of formula (VII). Thus,
compounds of formula (VII) may be chlorinated using
standard reagents such as Selectafluor(tm) and sodium
chloride. Also, suitably substituted halo compounds of
formula (VII) may undergo standard palladium catalysed
cross coupling reactions such as Suzuki, StHIe, Heck
reactions to give a variety of standard products. For
example, bromo or iodo compounds of formula (VII) may
undergo alkylation and arylation reactions via Suzuki
coupling reactions upon treatment with an organoborane
e.g. triethyl borane in the presence of
[1,1-bis(diphenylphosphino)ferocene]palladium (II)
chloride, and potassium carbonate in an aprotic
solvent such as /V,L/-dimethylformamide to give alkyl
or aryl substituted compounds of formula (VII).
Compounds of formula (X) may be obtained from the
reaction of acid chlorides of formula (Xl) and
imidazoles of formula (XV) wherein R6 is a suitable
protecting group in a suitable aprotic solvent such as
toluene or acetonitrile in the presence of a mild base
such as triethylamine at temperatures ranging from -
10-130C. Suitably functionalised acid chlorides of
formula (Xl) may be synthesized from the corresponding
acid upon treatment with thionyl chloride at 800C for
- 1 hour. Alternatively, acid chlorides may be
synthesized from carboxylic acids upon treatment with
oxalyl chloride in an aprotic solvent such as toluene
at roomtemperature for up to 4 hours. Suitably
functionalized acids may be obtained by utlising
standard literature procedures available to the
skilled man, thus substituents may be introduced via
electrophilic or nucleophilic substitution or cross
coupling reactions or via functional group
interconversion. Compounds of formula (X) can also be
synthesized by oxidation of compounds of formula (XVI)
by suitable oxidising agents, wherein R6 is hydrogen
or a suitable protecting group. One such oxidation may
include Dess Martin oxidation conditions. For example,
a compound of formula (X), may be prepared by stirring
the corresponding compound of formula (XVI) at room
temperature with Dess-Martin Periodinane in a suitable
polar solvent such as dichloromethane. Compounds of
formula (XVI) may be formed by the 1,2-addition of a
suitably protected organometallic compound to a
suitable aldehyde. Thus reaction of an organolithium
compound of formula (Vl) and a corresponding aldehyde
of formula (XVII), in an anhydrous, aprotic solvent
such as tetrahydrofuran at temperatures ranging from
-80-0 0C provides compounds of formula (XVI). It is to
be understood that precursors to compounds of formula
(I) and compounds of formula (I) themselves may
undergo functional group interconversion in order to
deliver alternative compounds of formula (I). For
example compounds of formula (I) wherein R6 is
hydrogen may be reacted with alkylating agents of the
formula L-CQ.2alkyleneR7, L-Ci.2alkylene0R 7,
L-C^alkylene^GOR 7, L-C^alkyleneOC^R 7,
L-C1.2alkyleneOC(O)OR 7, L-C1-2alkyleneC(O)OR7,
L-C1.2alkyleneN(H)C(O)R 7, L-C1.2alkyleneN(R7)C(O)R7,
L-C1-2alkyleneC(O)NHR 7, L-d-aalkyleneNHC^JNR^R 16 ,
L-C1-2alkyleneNR7C(O)NR15R16 , L-C1. 2alkyleneC(O)NR
15R16, L-d.aalkyleneOCtONHR 7,
L-C1-2alkyleneOC(O)NR15R16, to provide compounds
wherein R6 is -C0-2alkyleneR7, -C^alkyleneOR 7,
-C1-2alkyleneC(O)R7, -C1.2alkyleneOC(O)R7, -C1-
2alkylene0C(0)0R 7, -C1.2alkyleneC(O)OR7,
-C1-2alkyleneN(H)C(O)R 7, -C1.2alkyleneN(R7)C(O)R7,
-C1- 2alkyleneC(O)NHR 7, -C^alkyleneNHCtONR^R 16,
-C^alkyleneNR^CONR^R 16, -C1. 2alkyleneC(O)NR 15R16,
-C^alkyleneOqCONHR 7, -C^alkyleneOC^NR^R 16 L is a
suitable leaving group such as Cl, Br, I, or a
sulfonate such as trifluoromethanesulfonate. For
example compounds of formula (I) wherein R6 is
hydrogen may be reacted with alkylating agents in the
presence of a mild base such as cesium carbonate,
potassium carbonate, triethylamine, or
diisopropylethylamine, in an aprotic solvent such as
acetone, 1-methyl-2-pyrrolidinone, dichloromethane,
tetrahydrofuran, acetonitrile or N,Ndimethylformamide
optionally in the presence of a salt such as sodium
iodide. Generally the alkylation reaction will proceed
for up to 72 h at room temperature, optionally the
reaction may be heated to reflux or may be microwaved
at 200W for up to 1 h.Alkylating agents of the form
CI-CH2OC(O)R7 may be produced from the reaction of the
acid chloride CIC(O)R7 with paraformaldehyde in the
presence of a Lewis acid such as zinc chloride at
temperatures up to 8O0C for 2-3 hours. Under
alkylating conditions such reagents give compounds of
formula (I) wherein R6 is CH2OC(O)R7. Alkylating
agents of the form L- CH OC(O)OR7may be produced from
the reaction of the alcohol HOR7 with chloromethyl
chloroformate in an aprotic solvent such as
dichloromethane at temperatures ranging from O0C to
room temperature. Under alkylating conditions such
reagents give compounds of formula (I) wherein R6 is
CH2OC(O)OR7. Alkylating agents of the form L-
CH2OC(O)NHR7, may be produced from the reaction of the
amine R7NH2 with chloromethyl chloroformate in an
aprotic solvent such as dichloromethane at
temperatures ranging from -1O0C to room temperature.
Under alkylating conditions such reagents give
compounds of formula (I) wherein R6 is CH2OC(O) NHR7.
Alkylating agents of the form L- CH2OC(O)NR15R16, may
be produced from the reaction of the amine R15R16NH
with chloromethyl chloroformate in an aprotic solvent
such as dichloromethane optionally in the presence of
a mild base such as diisopropylethylamine at
temperatures ranging from -O0C to room temperature.
Under alkylating conditions such reagents give
compounds of formula (I) wherein R6 is CH2OC(O)NR15R16
. Compounds of formula (I) wherein R6 is hydrogen may
be reacted with acylating agents of the formula
ClC(O)R7, 0[OC(O)R 7 2, CIC(O)OR7, ClC(O)NHR7,
CIC(O)NR15R16 , to provide compounds wherein R6 is
-C(O)R7, -OC(O)R7, -C(O)OR7, -C(O)NHR7, -C(O)NR15R16.
For example compounds of formula (I) wherein R8 is
hydrogen may be reacted with acylating agents in the
presence of a mild base such as triethylamine, or
pyridine in an aprotic solvent such as
dichloromethane, tetrahdyrofuran or acetonitrile at
temperatures ranging from room temperature to 10O0C
for between 1 and 36 h. It is possible to form the
acylating agent CIC(O)OR7 in situ. Thus a compound of
formula (I) wherein R6 is hydrogen, may be reacted
with phosgene or diphosgene in an anhydrous solvent
such as dichloromethane or acetonitrile in the
presence of a mild base such as pyridine in the
presence of an alcohol R7OH at ambient temperature to
give the compound of formula (I) wherein R6 is
C(O)OR7. Compounds of formula (I) wherein R6 is
hydrogen may be reacted with phosphorylating agents of
the formula CI-P(=O)[N(R7)2(R7)2] to give compounds of
formula (I) wherein R6 is P(=O)[N(R7)2(R7)2]. For
example reaction with a corresponding
bis(dialkylamino)phosphoryl chloride e.g.
bis(dimethylamino)phosphoryl chloride in an aprotic
solvent such as dichloromethane. Compounds of formula
(I) wherein R6 is hydrogen may be reacted with
silating agents of the formula Cl- Si(R7) to give
compounds of formula (I) wherein R6 is Si(R7)3 For
example reaction with a corresponding alkylsilane or
arylsilane e.g. chlorotrimethylsilane in an aprotic
solvent such as dichloromethane or
tetrahydrofuran.Compounds of formula (I) wherein R6 is
hydrogen may be reacted with sulphonating agents of
the formula CI-S(=O)2R10 to give compounds of formula
(I) wherein R6 is S(=O)2R10. For example reaction with
a corresponding sulphonyl chloride e.g.
methanesulphonyl chloride in an aprotic solvent such
as dichloromethane, optionally with a weak base such
as triethylamine. Compounds of formula (I) wherein R6
is hydrogen may be reacted with cyanogen bromide in an
aprotic solvent such as dichloromethane, optionally
with a weak base such as diisopropylethylamine to give
compounds of formula (I) wherein R6 is CN. Compounds
of formula (III) may be alkylated to give compounds of
formula (I) wherein R9 is C1-C4 alkoxy. Thus,
treatment of compounds of formula (III) with a strong
base such as sodium hydride in an aprotic solvent such
as tetrahydrofuran followed by addition of an
alkylating agent will provide compounds of formula (I)
wherein R9 is C1-C4 alkoxy. Compounds of formula (II)
may be cyclopropanated to give compounds of formula
(I) wherein R8 and R9 together form a cyclopropyl
ring. Compounds of formula (II) may be reacted with a
carbenoid species, CRdRe. For example, when Rd=Re=F, a
reactive species such as trimethylsilyl
difluoro(fluorosulfonyl)acetate (TFDA) may be reacted
with a compound of formula (II), with an optional
apolar solvent at elevated temperature in the presence
of sodium fluoride to yield a product of formula (I)
after deprotection, wherein the cyclopropyl ring is
substituted with fluoro. Other specific methods
include treatment of chloroform with base, preferably
under phase transfer catalysis conditions, thermolysis
of a suitable organometallic precursor such as an aryl
trifluoromethyl, trichloromethyl, or
phenyl(trifluoromethyl) mercury derivative or
treatment with a diazoalkane in the presence of a
transition metal catalyst and treatment with a
diazoalkane in the absence of a transition metal
catalyst followed by thermolysis of the intermediate
pyrazoline, or generation from a sulphur ylid.
Moreover, persons skilled in the art will be aware of
variations of, and alternatives to, the processes
described which allow the compounds defined by formula
(I) to be obtained. It will also be appreciated by
persons skilled in the art that, within certain of the
processes described, the order of the synthetic steps
employed may be varied and will depend inter alia on
factors such as the nature of other functional groups
present in a particular substrate, the availability of
key intermediates, and the protecting group strategy
(if any) to be adopted. Clearly, such factors will
also influence the choice of reagent for use in the
said synthetic steps. The skilled person will
appreciate that the compounds of the invention could
be made by methods other than those herein described,
by adaptation of the methods herein described and/or
adaptation of methods known in the art, for example
the art described herein, or using standard textbooks
such as "Comprehensive Organic Transformations - A
Guide to Functional Group Transformations", RC Larock,
Wiley-VCH (1999 or later editions).It is to be
understood that the synthetic transformation methods
mentioned herein are exemplary only and they may be
carried out in various different sequences in order
that the desired compounds can be efficiently
assembled. The skilled chemist will exercise his
judgement and skill as to the most efficient sequence
of reactions for synthesis of a given target compound.
Further examples of replacement groups in accordance
with the foregoing examples and examples of other
prodrug types may be found in the aforementioned
references. The present invention also relates to
intermediates of formula (LX) below: Formula (LX)
where: R1 - R1 , Ra, Rb, and n are all as defined for
formula (I) above or a pharmaceutical salt or a
prodrug thereof. With reference to formula (LX),
suitably R1 and R2 are selected from C1-4 alkyl and
R3, R4 and R5 are hydrogen. The present invention also
relates to intermediates of formula (LXV) below:
Formula (LXV) where: R1 - R12 , Ra, Rb, and n are all
as defined for formula (I) above and where Pg is a
chemical protecting group or a pharmaceutical salt or
a prodrug thereof. With reference to formula (LXV),
suitably R1 and R2 are selected from C1 alkyl and R3,
R4 and R5 are hydrogen. The present invention also
relates to intermediates of formula (LXX) below:
Formula (LXX) where: R1 - R12 , Ra, Rb, and n are all
as defined for formula (I) above and where Pg is a
chemical protecting group or a pharmaceutical salt or
a prodrug thereof. With reference to formula (LXX),
suitably R1 and R2 are selected from C1 alkyl and R3,
R4 and R5 are hydrogen.It will be understood that
throughout the application all references to formula
(I) apply equally to compounds of the formulas (LX),
(LXV) and (LXX) above. Furthermore, it will be
understood that all the suitable groups and
preferences applied to R1 - R12 , Ra, Rb, and n for
formula (I) apply equally to compounds of the formulas
(LX), (LXV) and (LXX) above. Finally, certain
compounds of formula (I) may themselves act as
intermediates in the preparation of other compounds of
formula (I). One of ordinary skill in the art would
understand that Pg in the formulas (LX), (LXV) and
(LXX) above can represent a wide range of possible
protecting group and the specific group required will
depend on the final compounds to be made and can be
readily selected by one of ordinary skill. Preferred
protecting groups include benzyl, para-methoxybenzyl,
allyl, trityl, or 1, 1-diethoxymethyl, preferably
benzyl. 



This invention also relates to a pharmaceutical
composition comprising a compound of formula (I), or a
pharmaceutically acceptable salt thereof, or a
pharmaceutically acceptable solvate of either entity,
together with a pharmaceutically acceptable diluent or
carrier, which may be adapted for oral, parenteral or
topical administration. Pharmaceutical compositions
suitable for the delivery of compounds of the present
invention and methods for their preparation will be
readily apparent to those skilled in the art. Such
compositions and methods for their preparation may be
found, for example, in 'Remington's Pharmaceutical
Sciences', 19th Edition (Mack Publishing Company,
1995). Compounds of the invention intended for
pharmaceutical use may be administered as crystalline
or amorphous products. They may be obtained, for
example, as solid plugs, powders, or films by methods
such as precipitation, crystallization, freeze drying,
or spray drying, or evaporative drying. Microwave or
radio frequency drying may be used for this purpose.
The methods by which the compounds may be administered
include oral administration by capsule, bolus, tablet,
powders, lozenges, chews, multi and nanoparticulates,
gels, solid solution, films, sprays, or liquid
formulation. Liquid forms include suspensions,
solutions, syrups, drenches and elixirs. Such
formulations may be employed as fillers in soft or
hard capsules and typically comprise a carrier, for
example, water, ethanol, polyethylene glycol,
propylene glycol, methylcellulose, or a suitable oil,
and one or more emulsifying agents and/or suspending
agents. Liquid formulations may also be prepared by
the reconstitution of a solid, for example, from a
sachet. Oral drenches are commonly prepared by
dissolving or suspending the active ingredient in a
suitable medium. Compounds of the present invention
may be administered alone or in combination with one
or more other compounds of the invention or in
combination with one or more other drugs (or as any
combination thereof). The compounds may be
administered alone or in a formulation appropriate to
the specific useenvisaged, the particular species of
host mammal being treated and the parasite involved.
Generally, they will be administered as a formulation
in association with one or more pharmaceutically
acceptable excipients. The term "excipient" is used
herein to describe any ingredient other than the
compound(s) of the invention. The choice of excipient
will to a large extent depend on factors such as the
particular mode of administration, the effect of the
excipient on solubility and stability, and the nature
of the dosage form. Thus compositions useful for oral
administration may be prepared by mixing the active
ingredient with a suitable finely divided diluent
and/or disintegrating agent and/or binder, and/or
lubricant etc. Other possible ingredients include
anti-oxidants, colourants, flavouring agents,
preservatives and taste-masking agents. For oral
dosage forms, depending on dose, the drug may make up
from 1 wt% to 80 wt% of the dosage form, more
typically from 5 wt% to 60 wt% of the dosage form.
Examples of disintegrants include sodium starch
glycolate, sodium carboxymethyl cellulose, calcium
carboxymethyl cellulose, croscarmellose sodium,
crospovidone, polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkylsubstituted
hydroxypropyl cellulose, starch, pregelatinised starch
and sodium alginate. Generally, the disintegrant will
comprise from 1 wt% to 25 wt%, preferably from 5 wt%
to 20 wt% of the dosage form. Binders are generally
used to impart cohesive qualities to a tablet
formulation. Suitable binders include microcrystalline
cellulose, gelatin, sugars, polyethylene glycol,
natural and synthetic gums, polyvinylpyrrolidone,
pregelatinised starch, hydroxypropyl cellulose and
hydroxypropyl methylcellulose. Examples of diluents
include lactose (monohydrate, spray-dried monohydrate,
anhydrous and the like), mannitol, xylitol, dextrose,
sucrose, sorbitol, microcrystalline cellulose, starch
and dibasic calcium phosphate dihydrate. Oral
formulations may also optionally comprise surface
active agents, such as sodium lauryl sulfate and
polysorbate 80, and glidants such as silicon dioxide
and talc. When present, surface active agents may
comprise from 0.2 wt% to 5 wt% of the tablet, and
glidants may comprise from 0.2 wt% to 1 wt% of the
tablet. Lubricants include magnesium stearate, calcium
stearate, zinc stearate, sodium stearyl fumarate, and
mixtures of magnesium stearate with sodium lauryl
sulphate. Lubricants generally comprise from 0.25 wt%
to 10 wt%, preferably from 0.5 wt% to 3 wt% of the
tablet. Exemplary tablets contain up to about 80%
drug, from about 10 wt% to about 90 wt% binder, from
about 0 wt% to about 85 wt% diluent, from about 2 wt%
to about 10 wt% disintegrant, and from about 0.25 wt%
to about 10 wt% lubricant. The formulation of tablets
is discussed in "Pharmaceutical Dosage Forms: Tablets,
Vol. 1", by H. Lieberman and L. Lachman, Marcel
Dekker, N.Y., 1980 (ISBN 0-8247-691 8-X).The compounds
may be administered topically to the skin or mucosa,
that is dermally or transdermally. This is a preferred
method of administration and as such it is desirable
to develop active compounds, which are particularly
suited to such formulations. Typical formulations for
this purpose include pour-on, spot-on, dip, spray,
mousse, shampoo, powder formulation, gels, hydrogels,
lotions, solutions, creams, ointments, dusting
powders, dressings, foams, films, skin patches,
wafers, implants, sponges, fibres, bandages and
microemulsions. Liposomes may also be used. Typical
carriers include alcohol, water, mineral oil, liquid
petrolatum, white petrolatum, glycerin, polyethylene
glycol and propylene glycol. Penetration enhancers may
be incorporated - see, for example, J Pharm Sci, 88
(10), 955-958 by Finnin and Morgan (October 1999).
Pour-on or spot-on formulations may be prepared by
dissolving the active ingredient in an acceptable
liquid carrier vehicle such as butyl digol, liquid
paraffin or a non-volatile ester, optionally with the
addition of a volatile component such as propan-2-ol.
Alternatively, pour-on, spot-on or spray formulations
can be prepared by encapsulation, to leave a residue
of active agent on the surface of the animal, this
effect may ensure that the compounds of formula (I)
have increased persistence of action and are more
durable, for example they may be more waterfast.
Agents may be added to the formulations of the present
invention to improve the persistence of such
formulations on the surface of the animal to which
they are applied, for example to improve their
persistence on the coat of the animal. It is
particularly preferred to include such agents in a
formulation which is to be applied as a pour-on or
spot-on formulation. Examples of such agents acrylic
copolymers and in particular fluorinated acrylic
copolymers. A particular suitable reagent is
Foraperle(tm) (Redline Products Inc, Texas, USA).
Certain topical formulations may include unpalatable
additives to minimize accidental oral exposure.
Injectable formulations may be prepared in the form of
a sterile solution, which may contain other
substances, for example enough salts or glucose to
make the solution isotonic with blood. Acceptable
liquid carriers include vegetable oils such as sesame
oil, glycerides such as triacetin, esters such as
benzyl benzoate, isopropyl myristate and fatty acid
derivatives of propylene glycol, as well as organic
solvents such as pyrrolidin-2-one and glycerol formal.
The formulations are prepared by dissolving or
suspending the active ingredient in the liquid carrier
such that the final formulation contains from 0.01 to
10% by weight of the active ingredient. Alternatively,
the compounds can be administered parenterally, or by
injection directly into the blood stream, muscle or
into an internal organ. Suitable means for parenteral
administration include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular,
intraurethral, intrasternal, intracranial,
intramuscular and subcutaneous. Suitable devices for
parenteral administration include needle (including
microneedle) injectors, needle-free injectors and
infusion techniques. Parenteral formulations are
typically aqueous solutions which may contain
excipients such as salts, carbohydrates and buffering
agents (preferably to a pH of from 3 to 9), but, for
some applications, they may be more suitably
formulated as a sterile non-aqueous solution or as
powdered a dried form to be used in conjunction with a
suitable vehicle such as sterile, pyrogen-free water.
The preparation of parenteral formulations under
sterile conditions, for example, by lyophilisation,
may readily be accomplished usingstandard
pharmaceutical techniques well known to those skilled
in the art. The solubility of compounds of formula (I)
used in the preparation of parenteral solutions may be
increased by the use of appropriate formulation
techniques, such as the incorporation of
solubility-enhancing agents. Such formulations are
prepared in a conventional manner in accordance with
standard medicinal or veterinary practice. These
formulations will vary with regard to the weight of
active compound contained therein, depending on the
species of host animal to be treated, the severity and
type of infection and the body weight of the host. For
parenteral, topical and oral administration, typical
dose ranges of the active ingredient are 0.01 to 100
mg per kg of body weight of the animal. Preferably the
range is 0.1 to 10mg per kg. Formulations may be
immediate and/or modified controlled release.
Controlled release formulations include modified
release formulations including delayed-, sustained-,
pulsed-, controlled, targeted, or programmed release.
Suitable modified release formulations for the
purposes of the invention are described in US Patent
No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and
osmotic and coated particles are to be found in Verma
etal, Pharmaceutical Technology On-line, 25(2), 1-14
(2001). The use of chewing gum to achieve controlled
release is described in WO 00/35298. Alternatively,
compounds of the invention may be formulated as a
solid, semi-solid, or thixotropic liquid for
administration as an implanted depot providing
modified release of the active compound. Examples of
such formulations include drug-coated stents and PGLA
microspheres. As an alternative the compounds may be
administered to a non-human animal with the feedstuff
and for this purpose a concentrated feed additive or
premix may be prepared for mixing with the normal
animal feed. All the aforementioned aqueous
dispersions or emulsions or spraying mixtures can be
applied, for example, to crops by any suitable means,
chiefly by spraying, at rates which are generally of
the order of about 100 to about 1,200 liters of
spraying mixture per hectare, but may be higher or
lower (eg. low or ultra-low volume) depending upon the
need or application technique. The compounds or
compositions according to the invention are
conveniently applied to vegetation and in particular
to roots or leaves having pests to be eliminated.
Another method of application of the compounds or
compositions according to the invention is by
chemigation, that is to say, the addition of a
formulation containing the active ingredient to
irrigation water. This irrigation may be sprinkler
irrigation for foliar pesticides or it can be ground
irrigation or underground irrigation for soil or for
systemic pesticides. The concentrated suspensions,
which can for example be applied by spraying, are
prepared so as to produce a stable fluid product which
does not settle (fine grinding) and usually contain
from about 10 to about 75% by weight of active
ingredient, from about 0.5 to about 30% of
surface-active agents, from about 0.1 to about 10% of
thixotropic agents, from about 0 to about 30% of
suitable additives, such as anti-foam ing agents,
corrosion inhibitors, stabilizers, penetrating agents,
adhesives and, as the carrier,water or an organic
liquid in which the active ingredient is poorly
soluble or insoluble. Some organic solids or inorganic
salts may be dissolved in the carrier to help prevent
settling or as antifreezes for water. The wettable
powers (or powder for spraying) are usually prepared
so that they contain from about 10 to about 80% by
weight of active ingredient, from about 20 to about
90% of a solid carrier, from about 0 to about 5% of a
wetting agent, from about 3 to about 10% of a
dispersing agent and, when necessary, from about 0 to
about 80% of one or more stabilizers and/Or other
additives, such as penetrating agents, adhesives,
anti-caking agents, colorants, or the like. To obtain
these wettable powders, the active ingredient(s)
is(are) thoroughly mixed in a suitable blender with
additional substances which may be impregnated on the
porous filler and is(are) ground using a mill or other
suitable grinder. This produces wettable powders, the
wettability and the suspendability of which are
advantageous. They may be suspended in water to give
any desired concentration and this suspension can be
employed very advantageously in particular for
application to plant foliage. The "water dispersible
granules (WG)" (granules which are readily dispersible
in water) have compositions which are substantially
close to that of the wettable powders. They may be
prepared by granulation of formulations described for
the wettable powders, either by a wet route
(contacting finely divided active ingredient with the
inert filler and a little water, e.g. 1 to 20% by
weight, or with an aqueous solution of a dispersing
agent or binder, followed by drying and screening), or
by a dry route (compacting followed by grinding and
screening). Depending on the method of application or
the nature of the composition or use thereof, the
rates and concentrations of the formulated
compositions may vary according. Generally speaking,
the compositions for application to control arthropod,
plant nematode, helminth or protozoan pests usually
contain from about 0.00001 % to about 95%, more
particularly from about 0.0005% to about 50% by weight
of one or more compounds of formula (I), or
pesticidally acceptable salts thereof, or of total
active ingredients (that is to say the compound of
formula (I), or a pesticidally acceptable salt
thereof, together with: other substances toxic to
arthropods or plant nematodes, anthelmintics,
anticoccidials, synergists, trace elements or
stabilizers). The actual compositions employed and
their rate of application will be selected to achieve
the desired effect(s) by the farmer, livestock
producer, medical or veterinary practitioner, pest
control operator or other person skilled in the art.
The compounds of the invention may be combined with
soluble macromolecular entities, such as cyclodext p'n
and suitable derivatives thereof or polyethylene
glycol-containing polymers, in order to improve their
solubility, dissolution rate, taste-masking,
bioavailability and/or stability for use in any of the
aforementioned modes of administration.
Drug-cyclodextrin complexes, for example, are found to
be generally useful for most dosage forms and
administration routes. Both inclusion and
non-inclusion complexes may be used. As an alternative
to direct complexation with the drug, the cyclodextrin
may be used as an auxiliary additive, i.e. as a
carrier, diluent, or solubiliser. Most commonly used
for these purposes are alpha-, beta- and
gammacyclodextri ps, examples of which may be found in
International Patent Applications Nos. WO 91/11 172,
WO 94/02518 and WO 98/55148. Compounds of the
invention can also be mixed with one or more
biologically active compounds or agents including
insecticides, acaricides, anthelmintics, fungicides,
nematocides, antiprotozoals, bactericides, growth
regulators, entomopathogenic bacteria, viruses or
fungi to form a multi-component pesticide giving an
even broader spectrum of pharmaceutical, veterinary or
agricultural utility. Thus, the present invention also
pertains to a composition comprising a biologically
effective amount of compounds of the invention and an
effective amount of at least one additional
biologically active compound or agent and can further
comprise one or more of surfactant, a solid diluent or
a liquid diluent. Specific further active compounds
include those described in International Patent
Application No WOO 2005/090313, at pages 39 to 44. 



It be may desirable to administer a combination of
active compounds, for example, for the purpose of
treating a particular disease or condition, it is
within the scope of the present invention that two or
more pharmaceutical compositions, at least one of
which contains a compound in accordance with the
invention, may conveniently be combined in the form of
a kit suitable for coadministration of the
compositions. Thus the kit of the invention comprises
two or more separate pharmaceutical compositions, at
least one of which contains a compound of formula (I)
in accordance with the invention, and means for
separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An
example of such a kit is the familiar blister pack
used for the packaging of tablets, capsules and the
like. The kit of the invention is particularly
suitable for administering different dosage forms, for
example, oral and parenteral, for administering the
separate compositions at different dosage intervals,
or for titrating the separate compositions against one
another. To assist compliance, the kit typically
comprises directions for administration and may be
provided with a so-called memory aid. The compounds of
the invention, i.e. those of formula (I), possess
parasiticidal activity in humans, animals, insects and
plants. They are particularly useful in the treatment
of ectoparasites. This invention also relates to a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, or a pharmaceutically
acceptable solvate of either entity, or a
pharmaceutical composition containing any of the
foregoing, for use as a medicament. A further aspect
of this invention relates to the use of a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable solvate of
either entity, for the manufacture of a medicament for
the treatment of a parasitic infestation. In one
embodiment this invention is useful for the
manufacture of a medicament for the treatment of a
parasitic infestation in humans.In one embodiment this
invention is useful for the manufacture of a
medicament for the treatment of a parasitic
infestation in animals. In one embodiment this
invention is useful for the manufacture of a
medicament for the treatment of a parasitic
infestation in insects. In one embodiment this
invention is useful for the manufacture of a
medicament for the treatment of a parasitic
infestation in plants. An even further aspect of this
invention relates to a method of treating a parasitic
infestation in a mammal which comprises treating said
mammal with an effective amount of a compound of
formula (I), or a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable solvate of
either entity, or a pharmaceutical composition
containing any of the foregoing. A yet further aspect
of this invention relates to a method of preventing a
parasitic infestation in a mammal which comprises
treating said mammal with an effective amount of a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, or a pharmaceutically
acceptable solvate of either entity, or a
pharmaceutical composition containing any of the
foregoing. In a still further embodiment this
invention also relates to a method of controlling
disease transmission in a mammal which comprises
treating said mammal with an effective amount of a
compound of formula (I), or a pharmaceutically
acceptable salt thereof, or a pharmaceutically
acceptable solvate of either entity, or a
pharmaceutical composition containing any of the
foregoing. According to another aspect of the present
invention, there is provided a method for the control
of arthropod, plant nematode or helminth pests at a
locus which comprises the treatment of the locus (e.g.
by application or administration) with an effective
amount of a compound of general formula (I), or a
pesticidally acceptable salt thereof. For the
avoidance of doubt, references herein to "treatment"
as used herein includes references to curative,
palliative and prophylactic treatment, references to
"control" (of parasites and / or pests etc.) include
kill, repel, expel, incapacitate, deter, eliminate,
alleviate, minimise, eradicate. The compounds of the
invention have utility in the control of arthropod
pests. They may, in particular, be used in the fields
of veterinary medicine, livestock husbandry and the
maintenance of public health: against arthropods which
are parasitic internally or externally upon
vertebrates, particularly warm-blooded vertebrates,
including man and domestic animals such as dogs, cats,
cattle, sheep, goats, equines, swine, poultry and fish
for example Acarina, including ticks (e.g. Ixodes
spp., Boophilus spp. e.g. Boophilus microplus,
Amblyomma spp., Hyalomma spp., Rhipicephalus spp. e.g.
Rhipicephalus appendiculatus, Haemaphysalis spp.,
Dermacentor spp., Ornithodorus spp. (e.g. Omithodorus
moubata), mites (e.g. Damalinia spp., Dermanyssus
gallinae, Sarcoptes spp. e.g. Sarcoptes scabiei,
Psoroptes spp., Chorioptes spp., Demodex spp.,
Eutrombicula spp.), specific further arthropod pests
include thosedescribed in International Patent
Application No WO 2005/090313; Diptera (e.g. Aedes
spp., Anopheles spp., Muscidae spp. e.g. Stomoxys
calcitrans and Haematobia irritans, Hypoderma spp.,
Gastrophilus spp., Simulium spp.); Hemiptera (e.g.
Triatoma spp.); Phthiraptera (e.g. Damalinia spp.,
Linognathus spp.); Siphonaptera (e.g. Ctenocephalides
spp.); Dictyoptera (e.g. Periplaneta spp., Blatella
spp.) and Hymenoptera (e.g. Manomorium pharaonis). The
compounds of the present invention also have utility
in the field of control of plant pests, soil
inhabiting pests and other environmental pests. The
present invention is particularly useful in the
control of arthropod pests in mammals, in particular
humans and animals. Preferably this invention is
useful in the control of arthropod pests in animals
which includes livestock such as cattle, sheep, goats,
equines, swine and companion animals such as dogs and
cats. The compounds of the invention are of particular
value in the control of arthropods which are injurious
to, or spread or act as vectors of diseases in, man
and domestic animals, for example those hereinbefore
mentioned, and more especially in the control of
ticks, mites, lice, fleas, midges and biting, nuisance
and myiasis flies. They are particularly useful in
controlling arthropods which are present inside
domestic host animals or which feed in or on the skin
or suck the blood of the animal, for which purpose
they may be administered orally, parenterally,
percutaneously or topically. The compounds of the
invention are of value for the treatment and control
of the various lifecycle stages of parasites including
egg, nymph, larvae, juvenile and adult stages.
According to another aspect of the present invention,
there is provided a method for the control of
arthropod pests of insects which comprises treatment
of the insect with an effective amount of a compound
of general formula (I), or a pesticidally acceptable
salt thereof. Compounds of the present invention may
also be used for the treatment of infections caused by
mites, and in particular varoaa mites. In particular
compounds of the present invention may also be used
for the treatment of varoaa mite infection in bees.
According to another aspect of the present invention,
there is provided a method for the control of
arthropod pests of plants which comprises treatment of
the plant with an effective amount of a compound of
general formula (I), or a pesticidally acceptable salt
thereof. The compounds of the invention also have
utility in the control of arthropod pests of plants.
The active compound is generally applied to the locus
at which the arthropod infestation is to be controlled
at a rate of about 0.005 kg to about 25 kg of active
compound per hectare (ha) of locus treated, preferably
0.02 to 2 kg/ha. Under ideal conditions, depending on
the pest to be controlled, the lower rate may offer
adequate protection. On the other hand, adverse
weather conditions and other factors may require that
the active ingredient be used in higher proportions.
For foliar application, a rate of 0.01 to 1 kg/ha may
be used. Preferably, the locus is the plant surface,
or the soil around the plant to be treated. According
to another aspect of the present invention, there is
provided a method for the protection of timber which
comprises treatment of the timber with an effective
amount of a compound of generalformula (I), or a
pesticidally acceptable salt thereof. Compounds of the
present invention are also valuable in the protection
of timber (standing, felled, converted, stored or
structural) from attack by sawflies or beetles or
termites. They have applications in the protection of
stored products such as grains, fruits, nuts, spices
and tobacco, whether whole, milled or compounded into
products, from moth, beetle and mite attack. Also
protected are stored animal products such as skins,
hair, wool and feathers in natural or converted form
(e.g. as carpets or textiles) from moth and beetle
attack; also stored meat and fish from beetle, mite
and fly attack. Solid or liquid compositions for
application topically to timber, stored products or
household goods usually contain from about 0.00005% to
about 90%, more particularly from about 0.001 % to
about 10%, by weight of one or more compounds of
formula (I) or pesticidally acceptable salts thereof.
The liquid compositions of this invention may, in
addition to normal agricultural use applications be
used for example to treat substrates or sites infested
or liable to infestation by arthropods (or other pests
controlled by compounds of this invention) including
premises, outdoor or indoor storage or processing
areas, containers or equipment or standing or running
water. The present invention also relates to a method
of cleaning animals in good health comprising the
application to the animal of compound of formula (I)
or a veterinarily acceptable salt. The purpose of such
cleaning is to reduce or eliminate the infestation of
humans with parasites carried by the animal and to
improve the environment in which humans inhabit. The
biological activity of the compounds was tested using
one or more of the test methods outlined below. In
vitro tick assay Application of octopamine agonists to
acarids for example, ticks, causes distinct
behavioural changes compared to untreated control
ticks. Treated ticks become agitated and move
constantly, this prevents ticks attaching and feeding
on a host animal to which the compound has been
applied. Normal behaviour of ticks is to go into
stasis when all other external stimuli are removed.
Agitation and movement can be measured in vitro in the
laboratory to predict efficacy and potency in vivo.
The assay was run using unfed Rhipicephalus sanguineus
(brown dog tick) and precoated glass vials with an
inner surface area of 34.5cm2. Each compound was
tested in duplicate. Compound (345mg) was dissolved in
isopropyl alcohol (500ml) and delivered to each vial.
The vials were placed on a tilting roller in a fume
hood for 2 hours to allow the isopropyl alcohol to
evaporate giving a compound concentration for each
vial of 10mg/cm2. Five R.sanguineus (male and female)
were added to each coated vial and the vial sealed
with a firm wad of cotton wool. Vials were then kept,
undisturbed, on the bench at room temperature.
Observation and recordings of activity were taken at
24, 48 and 72 hours after addition of ticks to the
vials. The ED10O value was determined as the lowest
dose at which all five ticks were seen moving around
inside the vial.Octopamine activity One skilled in the
art could determine agonist activity of compounds
against insect octopamine receptors expressed in CHO
cells by adapting the methods described in B.
Maqueira, H. Chatwin, P. D. Evans, J. Neurochemistry,
2005, 94, 2, 547. Compound activity can be measured as
an increase in cAMP by various methods known to a
skilled person and can be recorded as %Vmax (Vmax =
maximal octopamine response) and EC50. Adrenergic
activity Methods from literature procedures were
simply adapted, as could be readily performed by one
skilled in the art, in order to determine cc2
adrenergic activity of the compounds. Suitable
procedures include those described in J J. Meana, F.
Barturen, J. A. Garcia-Sevilla, Journal of
Neurochemistry, 1989, 1210; and D. J. Loftus, J. M.
Stolk, D. C. U'Pritchard, Life Sciences, 1984, 35,
610. EXAMPLES The following Examples illustrate the
preparation of compounds of the formula (I). In the
following Examples, structures are depicted as
follows: Unless specified otherwise, the wedge and
dashed bonds indicate absolute stereochemistry as
drawn at this chiral centre, a wiggly bond indicates
that the absolute stereochemistry is unknown but the
compound is a single stereoisomer at this chiral
centre. Straight bonds emanating from a chiral centre
indicate that the stereoisomers are not resolved and a
mixture of stereoisomers is present. When the source
of a simple precursor is unspecified these compounds
may be obtained from commercial suppliers or according
to literature procedures. The following is a list of
commercial suppliers for such compounds:
Sigma-Aldrich, P O Box 14508, St. Louis, MO1 63178,
USA Lancaster Synthesis Ltd., Newgate, White Lund,
Morecambe, Lancashire, LA3 3BN, UK Maybridge,
Trevillett, Tintagel, Cornwall, PL34 OHW, UK
Fluorochem Ltd., Wesley Street, Old Glossop,
Derbyshire, SK13 7RY, UK ASDI Inc, 601 Interchange
Blvd., Newark, DE, 19711, USA Alfa Aesar, 26 Parkridge
Road, Ward Hill, MA, 01835, USA Bionet Research Ltd.,
Highfield Industrial Estate, Camelford, Cornwall, PL32
9QZ, UK Acros Organics, Janssens Pharmaceuticalaan 3A,
Geel, 2440, BelgiumApin Chemicals Ltd., 3D Milton
Park, Abingdon, Oxfordshire, 0X14 4RU, UK Pfaltz &
Bauer, Inc., 172 East Aurora Street, Waterbury, CT
06708, USA Trans World Chemicals, Inc., 14674
Southlawn Lane, Rockville, MD 20850, USA Peakdale
Molecular Ltd., Peakdale Science Park, Sheffield Road,
Chapel-en-le-Frith, High Peak, SK23 OPG, UK TCI
America, 921 1 N. Harborgate Street, Portland, OR
97203, USA Fluka Chemie GmbH, lndustriestrasse 25,
P.O. Box 260, CH-9471 Buchs, Switzerland JRD
Fluorochemicals Ltd., Unit 11, Mole Business Park,
Leatherhead, Surrey, KT22 7BA, UK Instruments used In
the following experimental details, nuclear magnetic
resonance spectral data were obtained using Varian
Inova 300, Varian Inova 400, Varian Mercury 400,
Varian Unityplus 400, Bruker AC 300MHz, Bruker AM
250MHz or Varian T60 MHz spectrometers, the observed
chemical shifts being consistent with the proposed
structures. N.m.r chemical shifts are quoted in p.p.m
downfield from tetramethylsilane. Mass spectral data
were obtained on a Finnigan ThermoQuest Aqa, a Waters
micromass ZQ, Bruker APEX Il FT-MS or a Hewlett
Packard GCMS System Model 5971 spectrometer. The
calculated and observed ions quoted refer to the
isotopic composition of lowest mass. HPLC means high
performance liquid chromatography. Analytical HPLC
data was collected on a HP1 100 Series HPLC system.
Preparative HPLC data was collected using a Gilson
Preparative HPCL system. 



CHN microanalysis data were collected using Exeter
Analytical CE 440 instruments by Warwick Analytical
Service, (University of Warwick Science Park, Barclays
Venture Centre, Sir William Lyons Road, Coventry, CV4
7EZ). Optical rotation data was collected using a
Perkin Elmer Polarimeter 341 by Warwick analytical
Service, (University of Warwick Science Park, Barclays
Venture Centre, Sir William Lyons Road, Coventry, CV4
7EZ). Example 1
2-n-(2.3-Dimethylphenyl)ethvn-1W-imidazole A solution
of the compound of Preparation 194 ( 1 1.0 g, 38.1
mmol) and palladium(ll) hydroxide (1.10 g, 7.83 mmol)
in methanol (100 ml) was heated to 60C at a pressure
of 300 psi under a hydrogen atmosphere for 18 h. The
reaction mixture was then filtered and concentrated in
vacuo and the residue was re-crystallised from hot
acetonitrile (50 ml) to give the title compound (3.27
g). Experimental MH+ 201.3; expected 201.11H-NMR
(CD3OD): 1.50 - 1.55 (3H), 2.15 -2.20 (3H), 2.20 -
2.25 (3H), 4.40 - 4.50 (1H), 6.80 - 6.85 (1H), 6.90 -
6.92 (2H), 6.95 - 7.00 (2H) Rhip. Funct. ED10O mg/cm2
0.1 Alternative synthesis A solution of the compound
of Preparation 1 (72 mg, 0.36 mmol) in methanol (5 ml)
was hydrogenated at 100 psi and 60sC using palladium
(10 wt % on carbon, 10 mg), overnight. The mixture was
filtered and the filtrate concentrated in vacuo. The
residue was dissolved in methanol (1 ml) and
diethylamine (2-3 drops, 1 ml) and purified by
automated preparative liquid chromatography (Gilson
system, 150 mm x 30 mm LUNA C18(2) 10mm column, 40 ml
/ min) using an acetonitrile : water gradient [30:70
to 98:2]. The appropriate fractions were concentrated
in vacuo to give the title compound (26 mg).
Experimental MH+ 201 .2; expected 201 .1 1H-NMR
(d6-DMSO): 1.65 - 1.72 (3H), 2.13 -2.18 (3H), 2.24 -
2.31 (3H), 4.43 - 4.52 ( 1 H), 6.89 - 6.92 (2H), 7.00
- 7.03 ( 1H), 7.03 - 7.1 1 (2H) Alternative synthesis
To a mixture of the compound of Preparation 1 ( 1.0 g,
3.26 mmol) and ammonium formate (1.0 g, 15.9 mmol) in
formic acid (20 ml) was added palladium (10% wt % on
carbon, 1.0 g). The reaction mixture was heated at
1000C for 72 h, filtered and concentrated in vacuo.
The residue was triturated with methanol : ethyl
acetate [ 1 :9] to give the title compound (200 mg).
Experimental MH+ 201 .3; expected 201 .1 1H-NMR
(CD3OD): 1.65 - 1.70 (3H), 2.20 - 2.25 (3H), 2.25 -
2.30 (3H), 4.80 - 4.90 (1H), 6.80 - 6.85 (1H), 7.00 -
7.10 (2H), 7.35 - 7.40 (2H) Alternative synthesis A
mixture of the crude compound of Preparation 13 (500
mg, 2.3 mmol) and palladium (10 wt % on carbon, 223
mg) in formic acid (10 ml) was heated at reflux for 36
h. The reaction mixture was filtered and the filtrate
was concentrated in vacuo to give the crude title
compound Experimental MH+ 201.3; expected 201.1
Example 2 2-11 -r2-Methyl-3-ftrif
luoromethvDDhenvnethvi i -imidazole A mixture of the
compound of Preparation 148 (2.0 g, 5.8 mmol) and
palladium (10 wt % on carbon, 500 mg) in methanol (25
ml) was heated at 60C under a hydrogen atmosphere (150
psi) for 24 h. The mixture was filtered through
Arbocel(r) and the filtrate was concentrated in
vacuo.The residue was purified by flash chromatography
(silica), eluting with methanol. The appropriate
fractions were combined and concentrated to give the
title compound (11 mg). 1H-NMR (CD3OD): 1.58 - 1.62
(3H), 2.40 - 2.43 (3H), 4.56 - 4.62 (1H), 6.90 - 6.94
(2H), 7.21 - 7.29 (2H), 7.47 - 7.51 (1H) Experimental
MH+ 255.3; expected 255.1 Rhip. Funct. ED100 mg/cm2 =
>1 Example 3 2-ri- p
/Y-lmidazol-2-vnethvp-6-methylbenzonitrile To a
solution of the compound of Preparation 167 (50 mg,
0.17 mmol) in 2-propanol (2 ml) was added ammonium
formate (105 mg, 1.67 mmol) and palladium (10 wt % on
carbon, 36 mg). The reaction mixture was heated at
80C, under nitrogen, for 2 h and then cooled. The
mixture was filtered through Arbocel(r), washing
through with 2-propanol, and the filtrate was
concentrated in vacuo. The residue was dissolved in
acetonitrile : water (9:1, 4 ml) and purified by
automated preparative liquid chromatography (Gilson
system, 150 mm x 30 mm LUNA C18(2) 10 mm column, 40 ml
/ min) using an acetonitrile : water gradient [30:70
(20 min) to 95:5 (21 min)]. The appropriate fractions
were combined and concentrated to give the title
compound (8 mg). Experimental MH+ 212.1; expected
212.1 1H-NMR (d6-Acetone): 1.64 - 1.66 (3H), 2.50 -
2.51 (3H), 4.59 - 4.61 (1H), 6.90 - 7.05 (2H), 7.19 -
7.21 (1 H), 7.23 - 7.25 (1H), 7.42 - 7.45 ( 1H) Rhip.
Funct. ED100 mg/cm2 = 0.3 Similarly prepared were
:Example 4 1H-NMR (CDCI3): 1.14 - 1.21 (3H), 1.62 -
1.70 (3H), 2.53 - 2.62 (2H), 4.15 - 4.22 (1H), 6.80 -
6.85 (2H), 6.97 - 7.02 (2H), 7.02 - 7.07 (1H), 7.15 -
7.21 (1H) Example 5 1H-NMR (d6-DMSO): 0.58 - 0.62
(2H), 0.83 - 0.87 (2H), 1.50 - 1.54 (3H), 1.80 - 1.84
(1H), 4.03 - 4.05 (1 H), 6.80 - 6.88 (3H), 6.95 - 6.98
(3H), 7.10 - 7.14 ( 1H)Example 6 1H-NMR (CD3OD): 1.68
- 1.74 (3H), 4.25 - 4.34 (1 H), 6.95 - 6.97 (2H), 7.1
9 - 7.21 ( 1 H), 7.27 - 7.45 (6H), 7.55 - 7.59 (2H)
Example 7 1H-NMR (d6-DMSO): 1.42 - 1.50 (3H), 2.15 -
2.20 (3H), 4.37 - 4.41 (1H), 6.71 - 6.75 (1H), 6.89 -
6.98 (3H), 7.03 - 7.06 ( 1H) Example 8 1H-NMR (CD3OD):
1.61 1.65 (3H), 2.39 - 2.42 (3H), 4.51 - 4.58 (1H),
6.94 - 6.98 (2H), 7.32 - 7.36 (2H), 7.37 - 7.41 (1H)
Example 9 1H-NMR (d6-Acetone): 1.1 1 - 1.19 (3H), 1.55
- 1.59 (3H), 2.26 - 2.28 (3H), 2.60 - 2.68 (2H), 4.45
- 4.52 (1H), 6.89 - 6.93 (2H), 6.97 - 7.01 (3H)
Example 10 1H-NMR (CDCI3) : 1.65 - 1.71 (3H), 2.35 -
2.38 (3H), 4.1 9 - 4.24 ( 1H), 6.98 - 7.00 (2H), 7.28
- 7.34 (3H) Example 11 1H-NMR (d6-AcQtone): 1.60 -
1.63 (3H), 2.58 - 2.59 (3H), 4.55 - 4.50 ( 1 H), 6.90
- 6.95 (2H), 7.29 - 7.33 (1H), 7.50 - 7.60 (2H)
Example 12 1H-NMR (CDCI3) : 1.70 - 1.75 (3H), 2.32 -
2.34 (3H), 4.54 - 4.60 (1H), 6.91 - 6.93 (2H), 7.21 -
7.25 (3H) Example 13
1-Benzyl-2-{1-r3-(difluoromethyl)phenvnethyl>-1H-imida
zole To a solution of the compound of Preparation 142
(100 mg, 0.32 mmol) in 2-propanol (4 ml) was added
ammonium formate (406 mg, 6.44 mmol) and palladium (10
wt % on carbon, 137 mg). The reaction mixture was
heated at 800C, under nitrogen, for 18 h and then
cooled. The mixture was filtered through Arbocel(r),
washing through with 2-propanol, and the filtrate was
concentrated in vacuo. The residue was dissolved in
acetonitrile : water (9:1, 4 ml) and purified by
automated preparative liquid chromatography (Gilson
system, 100 mm x 30 mm LUNA C18(2) 5 mm column, 40 ml
/ min) using an acetonitrile : water gradient [40:60
(20 min) to 95:5 (25 min)]. The appropriate fractions
were combined and concentrated to give the title
compound (8 mg). Experimental MH+ 313.4; expected
313.21H-NMR (d6-Acetone): 1.58 - 1.61 (3H), 4.25 -
4.31 (1H), 4.99 - 5.03 (1H), 5.10 - 5.14 (1H), 6.80 -
6.82 (1H), 6.94 - 6.98 (3H), 7.00 - 7.02 (1H), 7.20 -
7.25 (3H), 7.38 - 7.41 (4H) Rhip. Funct. ED10Omg/cm 2
> 1 Similarly prepared was : Example 14 1H-NMR
(CD3OD): 1.59 - 1.62 (3H), 2.30 - 2.31 (3H), 4.54 -
4.59 (1H), 6.80 - 6.83 (3H), 6.88 - 6.90 (1H), 7.00 -
7.02 (2H), 7.15 - 7.17 (1H) 17.18 - 7.20 (2H), 7.26 -
7.27 (1H) Example 15 2-p -(2-Methyl-3-propylphenvHethv
p-1M-imidazole To a solution of the compound of
Preparation 136 (720 mg, 2.3 mmol) in 2-propanol (20
ml) was added ammonium formate ( 1 .0 g, 20 mmol) and
palladium (10 wt % on carbon, 300 mg). The reaction
mixture was heated at 8O0C, under nitrogen, for 72 h
and then cooled. The mixture was filtered through
Arbocel(r), washing through with 2-propanol, and the
filtrate was concentrated in vacuo. The residue was
dissolved in acetonitrile (2 ml) and diethylamide (2-3
drops) and purified by automated preparative liquid
chromatography (Gilson system, 150 mm x 50 mm LUNA
C18(2) AX 5 mm column, 40 ml / min) using an
acetonitrile : water gradient [40:60 (15 min) to 95:5
(15.5 min)]. The appropriate fractions were combined
and concentrated to give the title compound (74 mg).
Experimental MH+ 229.3; expected 229.21H-NMR
(d6-Acetone): 0.95 - 1.00 (3H), 1.51 - 1.60 (5H), 2.13
- 2.15 (3H)1 2.58 - 2.61 (2H), 4.47 - 4.52 (1H), 6.85
- 6.90 (2H), 6.96 - 7.00 (3H) Rhip. Funct. ED10O
mg/cm2= <=10 Example 16
2-(1-r2-(Trifluoromethyl)phenyllethyl)-1W-imidazole A
mixture of the compound of Preparation 51 (212 mg,
0.88 mmol) and palladium (10 wt % on carbon, 500 mg)
in methanol (10 ml) was heated at 600C under a
hydrogen atmosphere (150 psi) for 60 h. The mixture
was filtered through Arbocel(r) and the filtrate was
concentrated in vacuo. The residue was dissolved in
methanol (2 ml) diethylamine (2-3 drops) and purified
by automated preparative liquid chromatography (Gilson
system, 150 mm x 50 mm LUNA C18(2) 10mm column, 40 ml
/ min) using an acetonitrile : water gradient [35:65
to 95:5]. The appropriate fractions were concentrated
in vacuo to give the title compound (58 mg).
Experimental MH+ 241 .3; expected 241 .1 1H-NMR
(CD3OD): 1.60 - 1.66 (3H), 4.53 - 4.61 (1H), 6.88 -
6.95 (2H), 7.31 - 7.39 (2H), 7.48 - 7.53 (1H), 7.62 -
7.68 (1H) Rhip. Funct. ED10O mg/cm2 = 3 Similarly
prepared were :NOVEL THIOPHENE DERIVATIVES AS
S1P1/EDG1 RECEPTOR AGONISTS Field of the invention The
present invention relates to S 1P1/EDG1 receptor
agonists of Formula (I) and their use as active
ingredients in the preparation of pharmaceutical
compositions. The invention also concerns related
aspects including processes for the preparation of the
compounds, pharmaceutical compositions containing a
compound of the Formula (I), and their use as
compounds improving vascular function and as
immunomodulating agents, either alone or in
combination with other active compounds or therapies.
A further aspect of the invention relates to novel
compounds of Formulae (II) and (III) that serve as
intermediates to prepare compounds of Formula (I).
Background of the invention The human immune system is
designed to defend the body against foreign
microorganisms and substances that cause infection or
disease. Complex regulatory mechanisms ensure that the
immune response is targeted against the intruding
substance or organism and not against the host. In
some cases, these control mechanisms are unregulated
and autoimmune responses can develop. A consequence of
the uncontrolled inflammatory response is severe
organ, cell, tissue or joint damage. With current
treatment, the whole immune system is usually
suppressed and the body s ability to react to
infections is also severely compromised. Typical drugs
in this class include azathioprine, chlorambucil,
cyclophosphamide, cyclosporin, or methotrexate.
Corticosteroids which reduce inflammation and suppress
the immune response, may cause side effects when used
in long term treatment. Nonsteroidal anti-infammatory
drugs (NSAIDs) can reduce pain and inflammation,
however, they exhibit considerable side effects.
Alternative treatments include agents that activate or
block cytokine signaling.Orally active compounds with
immunomodulating properties, without compromising
immune responses and with reduced side effects would
significantly improve current treatments of
uncontrolled inflammatory disease. In the field of
organ transplantation the host immune response must be
suppressed to prevent organ rejection. Organ
transplant recipients can experience some rejection
even when they are taking immunosuppressive drugs.
Rejection occurs most frequently in the first few
weeks after transplantation, but rejection episodes
can also happen months or even years after
transplantation. Combinations of up to three or four
medications are commonly used to give maximum
protection against rejection while minimizing side
effects. Current standard drugs used to treat the
rejection of transplanted organs interfere with
discrete intracellular pathways in the activation of
T-type or B-type white blood cells. Examples of such
drugs are cyclosporin, daclizumab, basiliximab,
everolimus, or FK506, which interfere with cytokine
release or signaling; azathioprine or leflunomide,
which inhibit nucleotide synthesis; or
15-deoxyspergualin, an inhibitor of leukocyte
differentiation. The beneficial effects of broad
immunosuppressive therapies relate to their effects; 



however, the generalized immunosuppression which these
drugs produce diminishes the immune system's defense
against infection and malignancies. Furthermore,
standard immunosuppressive drugs are often used at
high dosages and can cause or accelerate organ damage.
Description of the invention The present invention
provides novel compounds of Formula (I) that are
agonists for the G protein-coupled receptor S 1P1/EDG1
and have a powerful and longlasting immunosuppressive
effect which is achieved by reducing the number of
circulating and infiltrating T- and B-lymphocytes,
without affecting their maturation, memory, or
expansion. The reduction of circulating T- /
B-lymphocytes as a result of S 1P1/EDG1 agonism,
possibly in combination with the observed improvement
of endothelial cell layer function associated with S
1P1/EDG1 activation, makes such compounds useful to
treat uncontrolled inflammatory disease and to improve
vascular functionality.The compounds of the present
invention can be utilized alone or in combination with
standard drugs inhibiting T-cell activation, to
provide a new immunosuppressive therapy with a reduced
propensity for infections when compared to standard
immunosuppressive therapy. Furthermore, the compounds
of the present invention can be used in combination
with reduced dosages of traditional immunosuppressant
therapies, to provide on the one hand effective
immunosuppressive activity, while on the other hand
reducing end organ damage associated with higher doses
of standard immunosuppressive drugs. The observation
of improved endothelial cell layer function associated
with S 1P1/EDG1 activation provides additional
benefits of compounds to improve vascular function.
The nucleotide sequence and the amino acid sequence
for the human S 1P1/EDG1 receptor are known in the art
and are published in e.g.: HIa, T., and Maciag, T. J.
Biol Chem. 265 (1990), 9308-931 3; WO 91/1 5583
published 17 October 1991 ; WO 99/46277 published 16
September 1999. The potency and efficacy of the
compounds of Formula (I) are assessed using a GTPgS
assay to determine EC5O values and by measuring the
circulating lymphocytes in the rat after oral
administration, respectively (see in Examples). The
general terms used hereinbefore and hereinafter
preferably have, within this disclosure, the following
meanings, unless otherwise indicated: Where the plural
form is used for compounds, salts, pharmaceutical
compositions, diseases and the like, this is intended
to mean also a single compound, salt, or the like. Any
reference hereinbefore or hereinafter to a compound of
Formula (I), (II) or (III) is to be understood as
referring also to salts, especially pharmaceutically
acceptable salts, of a compound of Formula (I), (II)
or (III), as appropriate and expedient.The term Ci
-4-alkyl, alone or in combination with other groups,
means saturated, branched or preferably straight chain
groups with one to four carbon atoms, preferably one
to three carbon atoms. Examples of Ci-4-alkyl groups
are methyl, ethyl, n-propyl, /so-propyl, n-butyl,
/so-butyl, sec-butyl, and te/t-butyl. The term
Ci.4-alkoxy, alone or in combination with other
groups, means an R-Ogroup, wherein R is a Ci-4-alkyl.
Preferred examples of Ci -4-alkoxy groups are methoxy,
ethoxy, propoxy, iso-propoxy, /so-butoxy, sec-butoxy
and te/t-butoxy. The term hydroxy-C2-4-alkoxy means a
straight or branched alkoxy chain bearing a hydroxy
group whereby there are at least two carbon atoms
between the hydroxy group and the oxygen of the
C2-4-alkoxy group. Examples of hydroxy-C2-4-alkoxy
groups are 2-hydroxy-ethoxy, 3-hydroxy-propoxy,
2-hydroxy-propoxy, 4-hydroxybutoxy,
3-hydroxy-1-methyl-propoxy, and 3-hydroxy-butoxy. The
term Ci -4-alkylamino or di-(Ci -4-alkyl)amino, alone
or in combination with other groups, means an R'-NH-
or an R'-NR"- group, wherein R' and R" are each
independently a Ci-4-alkyl group. Preferred examples
of Ci-4-alkylamino or di-(Ci -4- alkyl)amino groups
are methylamino, ethylamino, N,N-dimethylamino, and
Nmethyl- N-ethyl-amino. The term halogen means fluoro,
chloro, bromo or iodo, preferably fluoro or chloro.
Salts are preferably the pharmaceutically acceptable
salts of the compounds of Formula (I). Salt-forming
groups are groups or radicals having basic or acidic
properties. Compounds having at least one basic group
or at least one basic radical, for ex ample amino, a
secondary amino group not forming a peptide bond or a
pyridyl radical, may form acid addition salts, for
example with inorganic acids. When several basic
groups are present mono- or poly-acid addition salts
may be formed.Compounds having acidic groups, such as
a carboxy group or a phenolic hydroxy group, may form
metal or ammonium salts, such as alkali metal or
alkaline earth metal salts, for example sodium,
potassium, magnesium or calcium salts, or ammonium
salts with ammonia or suitable organic amines, such as
tertiary monoamines, for example thethylamine or
tri-(2-hydroxyethyl)-amine, or heterocyclic bases, for
example /V-ethyl-piperidine or
L/,L/'-dimethylpiperazine. Mixtures of salts are
possible. Compounds having both acidic and basic
groups can form internal salts. For the purposes of
isolation or purification, as well as in the case of
compounds that are used further as intermediates, it
is also possible to use pharmaceutically unacceptable
salts, e.g. the picrates. Only pharmaceutically
acceptable, non-toxic salts may be used for
therapeutic purposes, however, and those salts are
therefore preferred. The expression pharmaceutically
acceptable salts encompasses either salts with
inorganic acids or organic acids like hydrochloric
acid, hydrobromic acid, hydroiodic acid, sulfuric
acid, sulfamic acid, phosphoric acid, nitric acid,
phosphorous acid, nitrous acid, citric acid, formic
acid, acetic acid, oxalic acid, maleic acid, lactic
acid, tartaric acid, fumaric acid, benzoic acid,
mandelic acid, cinnamic acid, palmoic acid, stearic
acid, glutamic acid, aspartic acid, methanesulfonic
acid, ethanesulfonic acid, ethanedisulfonic acid,
p-toluenesulfonic acid, salicylic acid, succinic acid,
trifluoroacetic acid, and the like that are non toxic
to living organisms or, in case the compound of
Formula (I), (II) or (III) is acidic in nature, with
an inorganic base like an alkali or earth alkali base,
e.g. sodium hydroxide, potassium hydroxide, calcium
hydroxide and the like. For other examples of
pharmaceutically acceptable salts, reference can be
made to "Salt selection for basic drugs", Int. J.
Pharm. ( 1986), 33, 201 -21 7 . The compounds of
Formula (I) and (III) may contain one or more
stereogenic or asymmetric centers, such as one or more
asymmetric carbon atoms. Substituents at a double bond
or a ring may be present in cis- or trans-form (E- or
Z-form) unlessindicated otherwise. The compounds of
Formula (I) and (III) may thus be present as mixtures
of stereoisomers or preferably as pure stereoisomers.
Mixtures of stereoisomers may be separated in a manner
known to a person skilled in the art. i) The invention
relates to novel thiophene compounds of the Formula
(I), Formula (I) wherein A represents *-CO-CH=CH-,
*-CO-CH2CH2- , ^CO-CH 2-NH-, wherein the asterisks
indicate the bond that is linked to the thiophene
group of Formula (I); R1 represents hydrogen, methyl,
or thfluoromethyl; R2 represents n-propyl, isobutyl,
or cyclopropylmethyl; R3 represents hydrogen, methyl,
trifluoromethyl, ethyl, n-propyl, isopropyl, or
isobutyl; R4 represents hydrogen, Ci -4-alkyl,
methoxy, or halogen; R5 represents hydrogen, Ci
-4-alkyl, Ci-4-alkoxy, or halogen;R6 represents
hydroxy-Ci -4-alkyl, di-(hydroxy-Ci -4-alkyl)-Ci
-4-alkyl, 2,3- dihydroxypropyl, -CH2-(CH 2)n-NR6 1R62
, -CH2-(CH 2)n-NHCOR64, -CH2-(CH 2)n- NHSO2R63, -(CH
2)k-(CHR 65)p-CHR 66-CONR 6 1R62 , -(CH 2)nCH(OH)-CH
2-NR6 1R62 , -(CH 2)nCH(OH)-CH 2-NHCOR 64 , -(CH
2)nCH(OH)-CH 2-NHSO 2R63, -CO-NHR 6 1 , hydroxy,
hydroxy-C 2-4-alkoxy, di-(hydroxy-Ci -4-alkyl)-Ci
-4-alkoxy, 1-glyceryl, 2,3- dihydroxypropoxy,
2-hydroxy-3-methoxy-propoxy, -OCH 2-(CH 2)m-NR6 1R62 ,
-OCH 2- (CH2)m-NHCOR 64 , -OCH 2-(CH 2)m-NHSO 2R63,
-OCH 2-CH(OH)-CH 2-NR6 1R62, -OCH 2- CH(OH)-CH 2-NHCOR
64 , -OCH 2-CH(OH)-CH 2-NHSO 2R63, -NR6 1R62 , -NHCO-R
64 , or -SO2NH-R6 1 ; R6 1 represents hydrogen,
methyl, ethyl, 2-hydroxyethyl, 2-hydroxy-1
-hydroxymethylethyl, 2,3-dihydroxy-propyl, 2-Ci
-4-alkoxyethyl, 3-hydroxypropyl, 3-Ci -4-
alkoxypropyl, 2-aminoethyl, 2-(Ci -4-alkylamino)ethyl,
2-(di-(Ci -4-alkyl)amino)ethyl, carboxymethyl,
Ci-4-alkylcarboxymethyl, 2-carboxyethyl, or 2-(Ci -4-
alkylcarboxy)ethyl; R62 represents hydrogen, or
methyl; R63 represents methyl, ethyl, 2-hydroxyethyl,
2-methoxyethyl, methylamino, ethylamino, or
dimethylamino; R64 represents hydroxymethyl,
aminomethyl, methylaminomethyl, dimethylaminomethyl,
2-aminoethyl, or 2-methylamino-ethyl; R65 represents
hydrogen; R66 represents hydrogen or hydroxy; and in
case R66 represents hydroxy, R65 may in addition
represent hydroxy; m represents the integer 1 or 2; n
represents O, 1, or 2; k represents O; p represents
Oor 1; andin case p represents 1, k may in addition
represent 1; and R7 represents hydrogen, Ci -4-alkyl,
or halogen; and salts thereof. ii) The present
invention also relates to thiophene derivatives
according to embodiment i), wherein R6 represents
hydroxy-Ci -4-alkyl, di-(hydroxy-Ci -4-alkyl)-Ci-
4-alkyl, 2,3-dihydroxypropyl, -CH2-(CH2)n-NR6 1R62 ,
-CH2-(CH2)H-NHCOR64 , -CH2- (CH2) -NHSO2R63,
-(CH2)k-(CHR65)p-CHR66-CONR6 1R62 , -(CH2)nCH(OH)-CH
2- NR6 1R62 , -(CH2)nCH(OH)-CH 2-NHCOR64,
-(CH2)nCH(OH)-CH 2-NHSO2R63, -CONHR6 1, hydroxy,
hydroxy-C 2-4-alkoxy, di-(hydroxy-Ci -4-alkyl)-Ci
-4-alkoxy, 1-glyceryl, 2-hydroxy-3-methoxy-propoxy,
-OCH2-(CH2)m-NR6 1R62 , -OCH2-(CH2)m-NHCOR64 ,
-OCH2-(CH2)m-NHSO2R63, -OCH2-CH(OH)-CH 2-NR6 1R62 ,
-OCH2-CH(OH)-CH 2- NHCOR64 , -OCH 2-CH(OH)-CH 2-NHSO
2R63, -NR6 1R62 , -NHCO-R64, or -SO2NH-R6 1. iii) A
particular embodiment of the invention relates to
thiophene derivatives according to embodiment i) or
ii), wherein A represents *-CO-CH2-CH2- , wherein the
asterisks indicate the bond that is linked to the
thiophene group of Formula (I). iv) Another particular
embodiment of the invention relates to thiophene
derivatives according to embodiment i) or ii), wherein
A represents *-CO-CH2-CH2- , wherein the asterisk
indicates the bond that is linked to the thiophene
group of Formula (I). v) Another particular embodiment
of the invention relates to thiophene derivatives
according to embodiment i) or ii), wherein A
representswherein the asterisk indicates the bond that
is linked to the thiophene group of Formula (I). vi)
Another particular embodiment of the invention relates
to thiophene derivatives according to embodiment i) o
r ii), wherein A represents vii) Another particular
embodiment of the invention relates to thiophene
derivatives according to any one of the embodiments i)
to vi), wherein R1 represents hydrogen o r methyl.
viii) Another particular embodiment of the invention
relates to thiophene derivatives according to any one
of the embodiments i) to vi), wherein R1 represents
hydrogen. ix) Another particular embodiment of the
invention relates to thiophene derivatives according
to any one of the embodiments i) to vi), wherein R1
represents a methyl group. x ) A preferred embodiment
of the invention relates to thiophene derivatives
according to any one of the embodiments i) to ix),
wherein R2 represents a n isobutyl group. xi) Another
preferred embodiment of the invention relates to
thiophene derivatives aaccccoorrddiinngg ttoo aannyy
oonnee ooff the embodiments i) to x), wherein R3
represents methyl, ethyl, n-propyl, o r isobutyl. xii)
Another preferred embodiment of the invention relates
to thiophene derivatives according to any one of the
embodiments i) to x), wherein R3 represents a methyl
group.xiii) Another preferred embodiment of the
invention relates to thiophene derivatives 



according to any one of the embodiments i) to xii),
wherein R4 represents methoxy, and R5 and R7 represent
hydrogen, o r wherein R4 represents hydrogen and R5
represents methyl, ethyl, o r methoxy and R7
represents methyl, ethyl o r halogen. xiv) Another
preferred embodiment of the invention relates to
thiophene derivatives aaccccoorrddiinngg ttoo aannyy
oonnee off tthhee eemmbbooddiimmeennttss ii)) ttoo
xii), wherein R4 represents a methoxy group, and R5
and R7 represent hydrogen. xv) Another preferred
embodiment of the invention relates to thiophene
derivatives according to any one of the embodiments i)
to xii), wherein R4 represents hydrogen, and R5 and R7
represent a methyl group. xvi) Another preferred
embodiment of the invention relates to thiophene
derivatives aaccccoorrddiinngg ttoo aannyy oonnee ooff
tthhee eemmbbooddiimmeenntts i) to xii), wherein R4
represents hydrogen, and R5 and R7 represent a n ethyl
group. xvii) A particularly preferred embodiment of
the invention relates to thiophene derivatives
according to any one of the embodiments i) to xii),
wherein R4 represents hydrogen, R5 represents a methyl
group, and R7 represents a n ethyl group. xviii)
Another preferred embodiment of the invention relates
to thiophene derivatives according to any one of the
embodiments i) to xii), wherein R4 represents
hydrogen, R5 represents a methoxy group, and R7
represents a chlorine atom. xix) Another preferred
embodiment of the invention relates to thiophene
derivatives according to any one of the embodiments i)
to xii), wherein R4 represents hydrogen, R5 represents
a methyl group, and R7 represents a chlorine atom. xx)
Another preferred embodiment of the invention relates
to thiophene derivatives according to any one of the
embodiments i) to xix), wherein R6 represents -(CH 2
)k- (CHR 65 )P-CHR 66-CONR 6 1R62 .xxi) A particularly
preferred embodiment of the invention relates to
thiophene derivatives according to any one of the
embodiments i) to xix), wherein R6 represents -(CH
2)k-(CHR 65 )p-CHR 66-CONR 6 1R62 , wherein k
represents 0 , p represents 1, and R65 and R66
represent hydrogen. xxii) A preferred embodiment of
the invention relates to thiophene derivatives
according to any one of the embodiments i) to xix),
wherein R6 represents -OCH 2- CH(OH)-CH 2-NHCOR 64 .
xxiii) A particularly preferred embodiment of the
invention relates to thiophene derivatives according
to any one of the embodiments i) to xix), wherein R6
represents -OCH 2 -CH(OH)-CH 2-NHCOR 64 , wherein R64
represents hydroxymethyl. xxiv) A particular
embodiment of the invention relates to thiophene
derivatives aaccccoorrddiinngg ttoo aannyy oonnee of
the embodiments i) and iii) to xix), wherein R6
represents 2,3-dihydroxypropoxy. xxv) Another
particular embodiment of the invention relates to
thiophene derivatives according to any one of the
embodiments ii) to xix), wherein R6 represents 1-
glyceryl. xxvi) A n especially preferred embodiment of
the invention relates to thiophene derivatives
according to embodiment i), wherein A represents
*-CO-CH=CH-, *-CO-CH 2C H2- , wherein the asterisks
indicate the bond that is linked to the thiophene
group of Formula (I); R1 represents hydrogen o r
methyl; R2 represents n-propyl o r isobutyl; R3
represents hydrogen, methyl, ethyl, n-propyl,
isopropyl, o r isobutyl;R4 represents hydrogen or
methoxy; R5 represents hydrogen, Ci -4-alkyl, or
Ci-4-alkoxy; R6 represents hydroxy;
hydroxy-C2-4-alkoxy; 2,3-dihydroxypropoxy;
-OCH2-(CH2)m- NHCOR64 ; -OCH2-CH(OH)-CH2-NR6 1R62 ;
-OCH 2-CH(OH)-CH 2-NHCOR 64 ; -OCH2-
CH(OH)-CH2-NHSO2R63; or -CH2-CH2-CONHR', wherein R' is
2-hydroxyethyl, 2- hydroxy-1 -hydroxymethyl-ethyl,
hydroxycarbonylmethyl, or methoxycarbonylmethyl; R6 1
and R62 represent hydrogen; R63 represents methyl; R64
represents hydroxymethyl, methylaminomethyl, or
2-methylamino-ethyl; m represents the integer 1 or 2;
and R7 represents hydrogen, Ci -4-alkyl, or halogen.
xxvii) Another especially preferred embodiment of the
invention relates to thiophene derivatives according
to embodiment ii), wherein A represents *-CO-CH=CH-,
*-CO-CH2CH2- , wherein the asterisks indicate the bond
that is linked to the thiophene group of Formula (I);
R1 represents hydrogen or methyl; R2 represents
n-propyl or isobutyl; R3 represents hydrogen, methyl,
ethyl, n-propyl, isopropyl, or isobutyl; R4 represents
hydrogen or methoxy; R5 represents hydrogen or
Ci-4-alkyl; R6 represents hydroxy,
hydroxy-C2-4-alkoxy, 1-glyceryl, -OCH2-(CH2)m-NHCOR64
, -OCH2-CH(OH)-CH2-NR6 1R62 , or -OCH 2-CH(OH)-CH
2-NHCOR 64 ; R6 1 and R62 represent hydrogen; R64
represents hydroxymethyl, methylaminomethyl, or
2-methylamino-ethyl; m represents the integer 2; and
R7 represents hydrogen or Ci-4-alkyl.xxviii) A
preferred embodiment of the invention relates to
thiophene derivatives according to embodiment i) or
ii), wherein R1 represents hydrogen or methyl, R2
represents isobutyl, R3 represents hydrogen or methyl,
R4 represents hydrogen, R5 and R7 represent
Ci-4-alkyl, R6 represents -OCH 2-CH(OH)-CH 2-NHCOR 64
, and A represents N- N O- N N-O wherein the asterisks
indicate the bond that is linked to the thiophene
group of Formula (I). xxix) Especially preferred
thiophene compounds according to Formula (I) are:
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-3-propyl-thiophen-2-yl)- propenone;
1-(3,4-diisobutyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dime
thyl-phenyl)- propenone;
1-(3,4-diisobutyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dime
thyl-phenyl)-propan-1 - one;
3-[4-((S)-2,3-dihydroxy-propoxy)-3,5-dimethyl-phenyl]-
1 -(4-isobutyl-3-propylthiophen- 2-yl)-propan-1 -one;
3-[4-((S)-2,3-dihydroxy-propoxy)-3,5-dimethyl-phenyl]-
1 -(4-isobutyl-3,5- dimethyl-thiophen-2-yl)-propan-1
-one;
2-hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-5-methyl-th
iophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenoxy}-propyl)-ace
tamide;
N-(3-{2-ethyl-4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)
-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide;
N-(3-{2-ethyl-4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)
-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide;
2-hydroxy-N-(2-hydroxy-3-{4-[3-(4-isobutyl-3-propyl-th
iophen-2-yl)-3-oxopropyl]-
2,6-dimethyl-phenoxy}-propyl)-acetamide;
N-(3-{4-[3-(3,4-diisobutyl-thiophen-2-yl)-3-oxo-propyl
]-2,6-dimethyl-phenoxy}-
2-hydroxy-propyl)-2-hydroxy-acetamide;
2-hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-methyl-th
iophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenoxy}-propyl)-ace
tamide;
N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-y
l)-[1 ,2,4]oxadiazol-3- yl
-dimethyl-phenoxyj-propyl^-methylamino-acetamide;
2-hydroxy-N-(3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-y
l)-[1 ,2,4]oxadiazol-3-
yl]-2,6-dimethyl-phenoxy}-propyl)-acetannide;
3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6- dimethyl-phenoxy}-propane-1
,2-diol; 3-{4-[5-(3-ethyl-4-isobutyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenoxy}- propane-1
,2-diol;
3-{4-[5-(4-isobutyl-3-propyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenoxy}- propane-1
,2-diol; 3-{4-[5-(3,4-diisobutyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenoxy}- propane-1
,2-diol;
2-hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-methyl-th
iophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide;
N-(3-{4-[5-(3-ethyl-4-isobutyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetanni
de;
2-hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-propyl-th
iophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide; N- - -CS^-diisobutyl-thiophen^-yO-ti
.S^loxadiazol^-yll^.e-dimethylphenoxy}-
2-hydroxy-propyl)-2-hydroxy-acetamide;
3-{4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-3-methoxyphenoxy}- propane-1
,2-diol;
2-hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-5-methyl-th
iophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-3-methoxy-phenoxy}-propyl)-acetan
nide; and
2-hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3,5-dimethy
l-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide. xxx) Further especially preferred thiophene
compounds according to Formula (I) are:
N-((S)-3-{2,6-diethyl-4-[5-(4-isobutyl-5-methyl-thioph
en-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-phenoxy}-2-hydroxy-propyl)-2-hydr
oxy-acetamide;
N-((S)-3-{2-chloro-4-[5-(4-isobutyl-5-methyl-thiophen-
2-yl)-[1 ,2,4]oxadiazol-3-
yl]-6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acet
amide;
N-((R)-3-{2-chloro-4-[5-(4-isobutyl-5-methyl-thiophen-
2-yl)-[1 ,2,4]oxadiazol-
3-yl]-6-nnethyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-a
cetannide;
3-{2-ethyl-4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-6-
methyl-phenyl}-N-(2-hydroxy-ethyl)-propionannide;
2-hydroxy-N-((S)-2-hydroxy-3-{4-[5-(4-isobutyl-5-methy
l-thiophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide;
2-hydroxy-N-((R)-2-hydroxy-3-{4-[5-(4-isobutyl-5-methy
l-thiophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide;
N-((R)-3-{2-ethyl-4-[5-(4-isobutyl-5-methyl-thiophen-2
-yl)-[1 ,3,4]oxadiazol-2-
yl]-6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acet
annide;
N-((S)-3-{2-ethyl-4-[5-(4-isobutyl-5-methyl-thiophen-2
-yl)-[1 ,3,4]oxadiazol-2-
yl]-6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acet
annide; N-(2-hydroxy-1
-hydroxymethyl-ethyl)-3-{4-[5-(4-isobutyl-5-nnethyl-th
iophen-2- yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenyl}-propionanni
de;
2-hydroxy-N-((S)-2-hydroxy-3-{4-[5-(4-isobutyl-3-methy
l-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide;
2-hydroxy-N-((R)-2-hydroxy-3-{4-[5-(4-isobutyl-3-methy
l-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide;
N-((S)-3-{2-ethyl-4-[5-(4-isobutyl-3-methyl-thiophen-2
-yl)-[1 ,2,4]oxadiazol-3-
yl]-6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acet
annide; N- R - -ethyl -
^-isobutyl-S-methyl-thiophen^-yO-ti ^^loxadiazol-Syl]-
6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetanni
de;
N-((S)-3-{2-chloro-4-[5-(4-isobutyl-3-methyl-thiophen-
2-yl)-[1 ,2,4]oxadiazol-3-
yl]-6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acet
annide;
N-((R)-3-{2-chloro-4-[5-(4-isobutyl-3-methyl-thiophen-
2-yl)-[1 ,2,4]oxadiazol-
3-yl]-6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-ac
etannide;
N-((S)-3-{2,6-diethyl-4-[5-(4-isobutyl-3-methyl-thioph
en-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-phenoxy}-2-hydroxy-propyl)-2-hydr
oxy-acetamide;
N-((R)-3-{2,6-diethyl-4-[5-(4-isobutyl-3-methyl-thioph
en-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-phenoxy}-2-hydroxy-propyl)-2-hydr
oxy-acetamide;
N-((S)-3-{2-ethyl-4-[5-(4-isobutyl-3-methyl-thiophen-2
-yl)-[1 ,3,4]oxadiazol-2-
yl]-6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acet
annide;
N-((R)-3-{2-ethyl-4-[5-(4-isobutyl-3-methyl-thiophen-2
-yl)-[1 ,3,4]oxadiazol-2-
yl]-6-nnethyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-ace
tannide;
2-hydroxy-N-((S)-2-hydroxy-3-{4-[3-(4-isobutyl-3-methy
l-thiophen-2-yl)- [ 1
,2,4]oxadiazol-5-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide;
2-hydroxy-N-((R)-2-hydroxy-3-{4-[3-(4-isobutyl-3-methy
l-thiophen-2-yl)- [ 1
,2,4]oxadiazol-5-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide; 



2-hydroxy-N-((S)-2-hydroxy-3-{4-[3-(4-isobutyl-3,5-dim
ethyl-thiophen-2-yl)-3-
oxo-propyl]-2,6-dimethyl-phenoxy}-propyl)-acetannide;
2-hydroxy-N-((R)-2-hydroxy-3-{4-[3-(4-isobutyl-3,5-dim
ethyl-thiophen-2-yl)-3-
oxo-propyl]-2,6-dimethyl-phenoxy}-propyl)-acetamide;
N-((S)-3-{2-ethyl-4-[3-(4-isobutyl-3,5-dimethyl-thioph
en-2-yl)-3-oxo-propyl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetannide
;
N-((R)-3-{2-ethyl-4-[3-(4-isobutyl-3,5-dimethyl-thioph
en-2-yl)-3-oxo-propyl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetannide
;
N-((S)-3-{2-chloro-4-[5-(4-isobutyl-3,5-dimethyl-thiop
hen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-6-methyl-phenoxy}-2-hydroxy-propy
l)-2-hydroxy-acetannide;
N-((R)-3-{2-chloro-4-[5-(4-isobutyl-3,5-dimethyl-thiop
hen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-6-methyl-phenoxy}-2-hydroxy-propy
l)-2-hydroxy-acetannide;
2-hydroxy-N-((S)-2-hydroxy-3-{4-[5-(4-isobutyl-3,5-dim
ethyl-thiophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide;
2-hydroxy-N-((R)-2-hydroxy-3-{4-[5-(4-isobutyl-3,5-dim
ethyl-thiophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide;
N-((R)-3-{2-ethyl-4-[5-(4-isobutyl-3,5-dimethyl-thioph
en-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-6-methyl-phenoxy}-2-hydroxy-propy
l)-2-hydroxy-acetannide; and
N-((S)-3-{2-ethyl-4-[5-(4-isobutyl-3,5-dimethyl-thioph
en-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-6-methyl-phenoxy}-2-hydroxy-propy
l)-2-hydroxy-acetannide. xxxi) A further aspect of the
invention relates to novel compounds of Formula
(II)Formula (II) wherein R1 and R3 are as defined for
Formula (I) above, and R8 represents -COOH, -COOCH3,
-COOCH2CH3, or -CN; and salts thereof. xxxii) A
further aspect of the invention relates to novel
compounds of Formula Formula (III) wherein A, R1, R2,
R3, R4, R5, R65, R66 , R7, k and p are as defined for
Formula (I) above; and salts thereof. The compounds of
Formula (I) and their pharmaceutically acceptable
salts can be used as medicaments, e.g. in the form of
pharmaceutical compositions for enteral, parental or
topical administration. They can be administered, for
example, perorally, e.g. in the form of tablets,
coated tablets, dragees, hard and soft gelatine
capsules, solutions, emulsions or suspensions,
rectally, e.g. in the form of
suppositories,parenterally, e.g. in the form of
injection solutions or infusion solutions, or
topically, e.g. in the form of ointments, creams or
oils. The production of the pharmaceutical
compositions can be effected in a manner which will be
familiar to any person skilled in the art (see for
example Mark Gibson, Editor, Pharmaceutical
Preformulation and Formulation, IHS Health Group,
Englewood, CO, USA, 2001 ; Remington, The Science and
Practice of Pharmacy, 20th Edition, Philadelphia
College of Pharmacy and Science) by bringing the
described compounds of Formula (I) or their
pharmaceutically acceptable salts, optionally in
combination with other therapeutically valuable
substances, into a galenical administration form
together with suitable, non-toxic, inert,
pharmaceutically acceptable solid or liquid carrier
materials and, if desired, usual pharmaceutical
adjuvants. The pharmaceutical compositions comprising
a compound of Formula (I) are useful for the
prevention and/or treatment of diseases or disorders
associated with an activated immune system. Such
diseases or disorders are selected from the group
consisting of rejection of transplanted organs, tissue
or cells; graft-versus-host diseases brought about by
transplantation; autoimmune syndromes including
rheumatoid arthritis; systemic lupus erythematosus;
antiphospholipid syndrome; Hashimoto's thyroiditis;
lymphocytic thyroiditis; multiple sclerosis;
myasthenia gravis; type I diabetes; uveitis;
episcleritis; sclehtis; Kawasaki's disease,
uveo-retinitis; posterior uveitis; uveitis associated
with Behcet's disease; uveomeningitis syndrome;
allergic encephalomyelitis; chronic allograft
vasculopathy; post-infectious autoimmune diseases
including rheumatic fever and post-infectious
glomerulonephritis; inflammatory and
hyperproliferative skin diseases; psoriasis; psoriatic
arthritis; atopic dermatitis; myopathy; myositis;
osteomyelitis; contact dermatitis; eczematous
dermatitis; seborrhoeic dermatitis; lichen planus;
pemphigus; bullous pemphigoid; epidermolysis bullosa;
urticaria; angioedema; vasculitis; erythema; cutaneous
eosinophilia; acne; scleroderma; alopecia areata;
keratoconjunctivitis; vernal conjunctivitis;
keratitis; herpetic keratitis; dystrophia epithelialis
corneae; cornealleukoma; ocular pemphigus; Mooren's
ulcer; ulcerative keratitis; scleritis; Graves'
ophthalmopathy; Vogt-Koyanagi-Harada syndrome;
sarcoidosis; pollen allergies; reversible obstructive
airway disease; bronchial asthma; allergic asthma;
intrinsic asthma; extrinsic asthma; dust asthma;
chronic or inveterate asthma; late asthma and airway
hyper-responsiveness; bronchiolitis; bronchitis;
endometriosis; orchitis; gastric ulcers; ischemic
bowel diseases; inflammatory bowel diseases;
necrotizing enterocolitis; intestinal lesions
associated with thermal burns; coeliac disease;
proctitis; eosinophilic gastroenteritis; mastocytosis;
Crohn's disease; ulcerative colitis; vascular damage
caused by ischemic diseases and thrombosis;
atherosclerosis; fatty heart; myocarditis; cardiac
infarction; aortitis syndrome; cachexia due to viral
disease; vascular thrombosis; migraine; rhinitis;
eczema; interstitial nephritis; IgA-induced
nephropathy; Goodpasture's syndrome; hemolyticuremic
syndrome; diabetic nephropathy; glomerulosclerosis;
glomerulonephritis; tubulointerstitial nephritis;
interstitial cystitis; multiple myositis;
Guillain-Barre syndrome; Meniere's disease;
polyneuritis; multiple neuritis; myelitis;
mononeuritis; radiculopathy; hyperthyroidism;
Basedow's disease; thyrotoxicosis; pure red cell
aplasia; aplastic anemia; hypoplastic anemia;
idiopathic thrombocytopenic purpura; autoimmune
hemolytic anemia; autoimmune thrombocytopenia;
agranulocytosis; pernicious anemia; megaloblastic
anemia; anerythroplasia; osteoporosis; fibroid lung;
idiopathic interstitial pneumonia; dermatomyositis;
leukoderma vulgaris; ichthyosis vulgaris; photoallergy
sensitivity; cutaneous T cell lymphoma; polyarteritis
nodosa; Huntington's chorea; Sydenham's chorea;
myocardosis; myocarditis; scleroderma; Wegener's
granuloma; Sjogren's syndrome; adiposis; eosinophilic
fascitis; lesions of gingiva, periodontium, alveolar
bone, substantia ossea dentis; male pattern alopecia
or alopecia senilis; muscular dystrophy; pyoderma;
Sezary's syndrome; hypophysitis; chronic adrenal
insufficiency; Addison's disease; ischemia-reperfusion
injury of organs which occurs upon preservation;
endotoxin shock; pseudomembranous colitis; colitis
caused by drug or radiation; ischemic acute renal
insufficiency; chronic renal insufficiency; lung
cancer; malignancy of lymphoid origin; acute or
chronic lymphocytic leukemias; lymphoma; pulmonary
emphysema; cataracta; siderosis; retinitis pigmentosa;
senile macular degeneration; vitreal scarring; corneal
alkali burn; dermatitis erythema; ballous dermatitis;
cement dermatitis; gingivitis; periodontitis; sepsis;
pancreatitis;peripheral artery disease;
carcinogenesis; solid cancer tumors; metastasis of
carcinoma; hypobaropathy; autoimmune hepatitis;
primary biliary cirrhosis; sclerosing cholangitis;
partial liver resection; acute liver necrosis;
cirrhosis; alcoholic cirrhosis; hepatic failure;
fulminant hepatic failure; late-onset hepatic failure;
and "acute-on-chronic" liver failure. Preferred
diseases or disorders to be treated and/or prevented
with the compounds of Formula (I) are selected from
the group consisting of rejection of transplanted
organs such as kidney, liver, heart, lung, pancreas,
cornea, and skin; graft-versushost diseases brought
about by stem cell transplantation; autoimmune
syndromes including rheumatoid arthritis, multiple
sclerosis, inflammatory bowel diseases such as Crohn's
disease and ulcerative colitis, psoriasis, psoriatic
arthritis, thyroiditis such as Hashimoto's
thyroiditis, uveo-retinitis; atopic diseases such as
rhinitis, conjunctivitis, dermatitis; asthma; type I
diabetes; post-infectious autoimmune diseases
including rheumatic fever and post-infectious
glomerulonephritis; solid cancers and tumor
metastasis. Particularly preferred diseases or
disorders to be treated and/or prevented with the
compounds of Formula (I) are selected from the group
consisting of rejection of transplanted organs
selected from kidney, liver, heart and lung;
graft-versus-host diseases brought about by stem cell
transplantation; autoimmune syndromes selected from
rheumatoid arthritis, multiple sclerosis, psoriasis,
psoriatic arthritis, Crohn's disease, and Hashimoto's
thyroiditis; and atopic dermatitis. The present
invention also relates to a method for the prevention
or treatment of a disease or disorder mentioned herein
comprising administering to a subject a
pharmaceutically active amount of a compound of
Formula (I). Furthermore, compounds of the Formula (I)
are also useful, in combination with one or several
immunomodulating agents, for the prevention and/or
treatment of the diseases and disorders mentioned
herein. According to a preferred embodiment of the
invention, said agents are selected from the group
consisting of immunosuppressants, corticosteroids,
NSAID's, cytotoxic drugs, adhesion moleculeinhibitors,
cytokines, cytokine inhibitors, cytokine receptor
antagonists and recombinant cytokine receptors. The
present invention also relates to the use of a
compound of Formula (I) for the preparation of a
pharmaceutical composition, optionally for use in
combination with one or several immunomodulating
agents, for the prevention or treatment of the
diseases and disorders mentioned herein. The present
invention also relates to pro-drugs of a compound of
Formula (I) that convert in vivo to the compound of
Formula (I) as such. Any reference to a compound of
Formula (I) is therefore to be understood as referring
also to the corresponding pro-drugs of the compound of
Formula (I), as appropriate and expedient. The
compounds of Formula (I) can be manufactured by the
methods given below, by the methods given in the
Examples or by analogous methods. Optimum reaction
conditions may vary with the particular reactants or
solvents used, but such conditions can be determined
by a person skilled in the art by routine optimisation
procedures. Compounds of the Formula (I) of the
present invention can be prepared according to the
general sequence of reactions outlined below. Only a
few of the synthetic possibilities leading to
compounds of Formula (I) are described. Structure 1
Structure 2 Structure 3 In case A represents
-CO-CH2-CH2- , the compounds of Formula (I) may be
prepared by reacting a compound of Structure 1 with a
compound of Structure 2under Grignard conditions,
preferably at temperatures below rt. The Grignard
reagent of Structure 2 is prepared according to
standard methodology. The functional groups present in
the residues R4 to R7 may require temporary protection
or may even be introduced in additional steps that
follow the Grignard reaction. The Weinreb amide
compound of Structure 1 is prepared by treating a
compound of Structure 3 with N,O-dimethylhydroxylamine
hydrochloride in the presence of a coupling reagent
such as EDC, DCC, etc. (M. Mentzel, H. M. R. Hoffmann,
NMethoxy N-methyl amides (Weinreb amides) in modern
organic synthesis, Journal fuer Praktische
Chemie/Chemiker-Zeitung 339 ( 1997), 5 17-524; J.
Singh, N. Satyamurthi, I . S. Aidhen, The growing
synthetic utility of Weinreb's amide, Journal fuer
Praktische Chemie (Weinheim, Germany) 342 (2000)
340-347; V. K. Khlestkin, D. G. Mazhukin, Recent
advances in the application of
N,O-dialkylhydroxylamines in organic chemistry,
Current Organic Chemistry 7 (2003), 967-993).
Structure 4 Structure 5 In case A represents
-CO-CH=CH-, the compounds of Formula (I) may be
prepared by reacting a compound of Structure 4 with a
compound of Structure 5 in the presence of a base or
an acid. Compounds of Formula (I) wherein A represents
-CO-CH2-CH2- may also be prepared by reacting a
compound of Formula (I) wherein A represents
-CO-CH=CH- (Structure 6) with hydrogen in the presence
of a catalyst such as Pd/C, Pt/C, PtO2, etc. in a
solvent such as ethanol, methanol, THF, etc.Compounds
of the Formula (I) wherein A represents -CO-CH2-NH-
may be prepared by reacting a compound of Structure 7
with a compound of Structure 8 in the presence or
absence of a base such as K2CO3, Na2CO3,
K-tert.butoxide, NaOH, NaH, thethylamine, DIPEA, etc.
in a solvent such as acetone, DMF, THF, dioxane, etc.,
or mixtures thereof. The compounds of Structure 7 can
be prepared by reacting a compound of Structure 4 with
a brominating agent such as 



phenyltrimethylammoniumbromid dibromide,
benzylthmethylammonium-tribromid, triphenylphosphine
dibromide, etc. in a solvent such as DCM, chloroform,
THF, diethyl ether, methanol, ethanol, etc., or
mixtures thereof. Structure 7 Structure 8 A compound
of Structure 4 may be prepared by treating a compound
of Structure 3 with MeLi in a solvent such as diethyl
ether, THF, and dioxane, at temperatures between -20
and 50 C. Alternatively, a compound of Structure 4 may
be prepared by reacting a compound of Structure 1 with
methylmagnesium bromide. Compounds of Formula (I)
which represent a 5-thiophen-2-yl-[1 ,2,4]oxadiazole
derivative, are prepared by reacting a compound of
Structure 9 in a solvent such as xylene, toluene,
benzene, pyridine, DMF, dichloromethane, acetic acid,
trifluoroacetic acid, etc. at rt or elevated
temperatures in the presence or absence of auxiliaries
such as acids (e.g. TFA, acetic acid, HCI, etc.),
bases (e.g. NaH, NaOAc,Na2CO3, K2CO3, triethylamine,
etc.), tetraalkylammonium salts, or water removing
agents (e.g. oxalyl chloride, a carboxylic acid
anhydride, POCI3, PCI5, P4Oi0, molecular sieves, etc.)
(Lit: e.g. A. R. Gangloff, J. Litvak, E. J. Shelton,
D. Sperandio, V. R. Wang, K. D. Rice, Tetrahedron
Lett. 42 (2001 ) , 1441-1443; T. Suzuki, K. Iwaoka, N.
Imanishi, Y. Nagakura, K. Miyta, H. Nakahara, M. Ohta,
T. Mase, Chem. Pharm. Bull. 47 (1999), 120-122; R. F.
Poulain, A. L. Tartar, B. P. Deprez, Tetrahedron Lett.
42 (2001 ) , 1495-1498; R. M. Srivastava, F. J. S.
Oliveira, D. S. Machado, R. M. Souto-Maior, Synthetic
Commun. 29 (1999), 1437-1450; E. O. John, J. M.
Shreeve, Inorganic Chemistry 27 ( 1988), 3 100-31 04;
B. Kaboudin, K. Navaee, Heterocycles 60 (2003),
2287-2292). Compounds of Structure 9 may be prepared
by reacting a compound of Structure 3 with a compound
of Structure 10 in a solvent such as DMF, THF, etc. in
the presence or absence of one ore more coupling
agents such as TBTU, DCC, EDC, HBTU, HOBt, CDI, etc.
and in the presence or absence of a base such as
triethylamine, Hnig's base, NaH, K2CO3, etc. (Lit:
e.g. A. Hamze, J.-F. Hernandez, P. Fulcrand, J.
Martinez, J. Org. Chem. 68 (2003) 731 6-7321 ; and the
literature cited above).Structure 3 Structure 10
Compounds of Formula (I) which represent a
5-thiophen-2-yl-[1 ,3,4]oxadiazole or a
3-thiophen-2-yl-[1 ,2,4]oxadiazole derivative are
prepared in an analogous fashion (Lit. e.g. C. T.
Brain, J . M. Paul, Y. Loong, P. J. Oakley,
Tetrahedron Lett. 40 (1999) 3275-3278). Hence,
compounds of Formula (I) which represent a
3-thiophen-2-yl- [ 1 ,2,4]oxadiazole derivative are
prepared by reacting a compound of Structure 11 with a
compound of Structure 12 . Structure 11 Structure 12
Compounds of Structure 10 and 11 may be prepared by
reacting a compound of Structure 13 and 14,
respectively, with hydroxylamine or one of its salts
in a solvent such as methanol, ethanol, pyridine, etc.
in the presence or absence of a base such as Na2CO3,
K2CO3, triethylamine, etc. (Lit: e.g. T. Suzuki, K.
Iwaoka, N. Imanishi, Y. Nagakura, K. Miyta, H.
Nakahara, M. Ohta, T. Mase, Chem. Pharm. Bull. 47
(1999), 120-1 22; J. Cui, D. Crich, D. Wink, M. Lam, A
. L. Rheingold, D. A . Case, W. T. Fu, Y . Zhou, M.
Rao, A. J. Olson, M. E. Johnson, Bioorg. Med. Chem. 11
(2003), 3379- 3392; R. Miller, F. Lang, Z. J. Song, D.
Zewge, WO 2004/035538 (Merck & Co., Inc., USA); B.
Kaboudin, K. Navaee, Heterocycles 60 (2003),
2287-2292).Structure 13 Structure 14 Depending on the
nature of the functionalities present in the residues
R4 to R7 in Structures 2, 5, 6, 8, 9, 10 and 12, these
functionalities may require temporary protection.
Appropriate protecting groups are known to a person
skilled in the art and include e.g. a benzyl or a
thalkylsilyl group to protect an alcohol, a ketal to
protect a diol, etc. These protecting groups may be
employed according to standard methodology (e.g. T. W.
Greene, P. G. M. Wuts, Protective Groups in Organic
Synthesis, 3rd Edition, Wiley New York, 1991 ; P. J.
Kocienski, Protecting Groups, Thieme Stuttgart, 1994).
Alternatively, the desired residues R4 to R7 may also
be introduced in later steps that follow the reaction
of a compound of Structure 1, 4, 7, 3, and 11 with a
suitable precursor of a compound of Structure 2, 5, 8,
10 and 12, respectively. The compounds of Structure 2,
5, 8, 12, and 13 or their precursors are either
commercially available or are prepared according to
procedures known to a person skilled in the art. A
compound of Formula (I), wherein R6 represents
-(CH2)k-(CHR65)p-CHR66- CONR6 1R62 may be prepared by
reacting a compound of Formula (III) with the
appropriate amine in the presence of a coupling
reagent such as TBTU, EDC, etc. The compounds of
Formula (III) are prepared in analogy to the
procedures outlined above for the preparation of
compounds of Formula (I). COOEt, CN Structure 15A
compound of Structure 3 may be prepared by reacting a
compound of Structure 15 with an aqueous base such as
aq. NaOH, aq. LiOH, aq. KOH, etc. or an acid such as
aq. HCI, TFA, etc. in a solvent such as water,
ethanol, methanol, THF, etc. or mixtures thereof.
Structure 16 Structure 15 The compounds of Structure
15 are prepared by treating a compound of Structure 16
with a non-aqueous base such as NaOMe, NaOEt, KOtBu,
DBU, etc. in a solvent such as methanol, ethanol, THF,
DMF, etc. or mixtures thereof, preferably at elevated
temperatures. The compounds of Structure 16 are
prepared by treating a compound of Structure 17 with a
mercaptoacetic acid ester or mercaptoacetonithle,
which can be generated in situ from thioacetic acid
S-cyanomethyl ester, in the presence of a base such a
NaH, NaOEt, NaOMe, K tert.-butoxide, etc. in THF,
dioxane, DMF, ethanol, methanol, etc. or mixtures
thereof. In addition, the compounds of Structure 3 may
also be prepared in a one-pot three step procedure
starting from a compound of Structure 17 following the
above reaction sequence. Structure 16The compounds of
Structure 17 are prepared by reacting a compound of
Structure 18 with a chlorinating agent such as
oxalylchloride or CCI4/PPh 3 in a solvent such as DCM,
CHCI3, THF, etc. (Lit. e.g. R. E. Mewshaw, Tetrahedron
Lett. 30 ( 1989), 3753-3756; F. A. Lakhvich, T. S.
Khlebnikova, A. A. Akhrem, Zhurnal Organicheskoi
Khimii 25 ( 1989), 2541 -2549; S. A. Popov, A. V.
Tkachev, Synthetic Communications (2001 ) , 31(2),
233-243). Structure 18 Structure 19 The compounds of
Structure 16 may also be obtained by reacting a
compound of Structure 18 with e.g.
trifluoromethanesulfonic acid anhydride in DCM in the
presence of a base to give a compound of Structure 19
(Lit. e.g. G. T. Crisp, A. G. Meyer, J. Org. Chem. 57
( 1992) 6972-6975; R. M. Keenan, et al. J. Med. Chem.
35 ( 1992) 3858-3872) which is then converted to a
compound of Structure 16 by treatment with a
mercaptoacetic acid ester or mercaptoacetonitrile as
described above. The compounds of Structure 18 may be
prepared by acylating a compound of Structure 20 with
an appropriate acylating agent such as ethyl or methyl
formate, methyl or ethyl acetate, methyl or ethyl
propionate, chloroformate, acetyl chloride, etc. in
the presence of a base such as K-tert. butylate,
NaOMe, NaH, LDA, etc. in a solvent such as THF,
toluene, EtOH etc. at temperatures between 0 and 600C.
(Lit. e.g. Ch. Kashima, S. Shibata, H. Yokoyama, T.
Nishio, Journal of HeterocyclicChemistry 40 (2003),
773-782; I . Yavari, Issa, M. Bayat, Tetrahedron 59
(2003), 2001-2005; J. P. Konopelski, J. Lin, P. J.
Wenzel, H. Deng, G. I . Elliott, B. S. Gerstenberger,
Organic Letters 4 (2002) 4121 -41 24; C. Wiles, P.
Watts, S. J. Haswell, E. Pombo-Villar, Tetrahedron
Letters 43 (2002), 2945-2948; R. Faure, A. Frideling,
J.-P. GaIy, I . Alkorta, J. Elguero, Heterocycles 57
(2002) 307-31 6; via imine: M. Hammadi, D. Villemin,
Synthetic Communications 26 ( 1996) 2901 -2904).
Structure 20 Structure 18 The compounds of Structure
18 may also be prepared by alkylation of the
appropriate dicarbonyl compound of Structure 2 1 under
conditions known to a person skilled in the art.
Structure 2 1 The compounds of Structure 20 and 2 1
are either commercially available or are prepared
according to procedures known to a person skilled in
the art. Compounds of Structure 17, wherein R3
represents hydrogen may also be prepared by reacting a
compound of Structure 20 containing the desired
residue R1 under Vilsmeyer conditions with POCI3/DMF
in a solvent such as DCM (e.g. G. Alvernhe, D. Greif,
B. Langlois, A. Laurent, I . Le Drean, M. Pulst, A.
Selmi, M. Weissenfels, Bull. Soc. Chim. Fr. 131 (1994)
167-172).Examples The following examples illustrate
the invention but do not at all limit the scope
thereof. All temperatures are stated in 0C. Compounds
are characterized by 1H-NMR (300 MHz) or 13C-NMR (75
MHz) (Varian Oxford; chemical shifts are given in ppm
relative to the solvent used; multiplicities: s =
singlet, d = doublet, t = triplet; p = pentuplet, hex
= hexet, hept = heptet, m = multiplet, br = broad,
coupling constants are given in Hz); by LC-MS
(Finnigan Navigator with HP 1100 Binary Pump and DAD,
column: 4.6x50 mm, Zorbax SB-AQ, 5 mm, 120 A,
gradient: 5-95% acetonitrile in water, 1 min, with
0.04% thfluoroacetic acid, flow: 4.5 mL/min), tR is
given in min; by TLC (TLC-plates from Merck, Silica
gel 60 F2S4) ; or by melting point. Compounds are
purified by preparative HPLC (column: X-terra RP1 8,
50x1 9 mm, 5 mm, gradient: 10-95% acetonitrile in
water containing 0.5 % of formic acid) or by MPLC
(Labomatic MD-80-100 pump, Linear UVIS-201 detector,
column: 350x1 8 mm, Labogel-RP-1 8-5s-1 00, gradient:
10% methanol in water to 100% methanol). Abbreviations
(as used herein): aq. aqueous atm atmosphere
Boc-sarcosine N-tert. butyloxycarbonyl-sarcosine BSA
bovine serum albumin Bu butyl CC column chromatography
CDI carbonyl diimidazole DBU
1,8-diazabicylo[5.4.0]undec-7-en DCC dicyclohexyl
carbodiimide DCM dichloromethane DIPEA
diisopropyl-ethylamine, Hnig's base,
ethyl-diisopropylamine DMF dimethylformamide DMSO
dimethylsulfoxide DPPP
1,3-bis-(diphenylphosphino)-propaneEA ethyl acetate
EDC N-(3-dinnethylanninopropyl)-N'-ethyl-carbodiinnide
Et ethyl EtOH ethanol h hour(s) HBTU
O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluroniunn
hexafluorophosphate HOBt 1-hydroxybenzotriazole HPLC
high performance liquid chromatography HV high vacuum
conditions KOtBu potassium tert-butoxide LC-MS liquid
chromatography - mass spectrometry LDA lithium
diisopropyl amide Me methyl MeOH methanol min
minute(s) MPLC medium pressure liquid chromatography
NaOAc sodium acetate NMO N-methyl-morpholine-N-oxide
OAc acetate Ph phenyl prep. preparative rt room
temperature sat. saturated 



S 1P sphingosine 1-phosphate TBTU 2-(1
H-benzotriazole-1 -yl)-1 ,2,3,3-tetramethyluronium
tetrafluoroborate Tf trifluoromethylsulfonyl TFA
trifluoroacetic acid THF tetrahydrofuran TLC thin
layer chromatography tR retention time given in
minutesIntermediate A1 a) Phosphorusoxychloride (53.7
g, 350 mmol) is slowly added to DMF (60 ml_) stirred
at 5C. Upon complete addition, the clear solution is
stirred for further 30 min at 5C before
5-methyl-2-hexanone (20 g, 175 mmol) is added
dropwise. The yellow solution is stirred for 30 min at
0 C, then for 90 min at rt. The mixture becomes warm
(40 C) and a thick suspension forms. The mixture is
cooled to 25C and stirring is continued for 1 h before
it is poured into an aq. solution of NaOAc (80 g)/ice
mixture. The mixture is extracted twice with diethyl
ether. The organic extracts are washed with water,
combined, dried over MgSO4, filtered and evaporated to
give crude 3-chloro-2-isobutyl-but-2-enal (35.4 g) as
a yellow oil, LCMS: tR = 0.97 min. b) Sodium ( 10.7 g,
467 mmol) is dissolved in ethanol (500 ml_) and the
resulting solution is diluted with THF (100 ml_)
before mercapto-acetic acid ethyl ester (33.7 g, 280
mmol) dissolved in THF (70 ml_) is slowly added at 5C.
The mixture is stirred at rt for 1 h before a solution
of 3-chloro-2-isobutyl-but-2-enal (30 g, 187 mmol) in
THF ( 100 ml_) is slowly added at 8C. The resulting
yellow suspension is stirred at rt for 16 h. The
reaction mixture is diluted with diethyl ether (500
ml_) and is washed with dilute aq. NaOCI solution,
followed by aq. 1N HCI and water. The organic extract
is dried over MgSO4, filtered and evaporated. The
remaining orange oil is dissolved in ethanol ( 150
ml_) and 2N aq. LiOH (50 mL) is added. The mixture is
stirred for 16 h at 50 C, acidified with 2 N aq. HCI
and extracted with EA. The organic extract is dried
over MgSO4, filtered and evaporated. The crude product
is recrystallized from EA/heptane to give
4-isobutyl-5-methyl-thiophene-2-carboxylic acid ( 10.5
g) as colourless crystals; LC-MS: tR = 0.92 min, [M+1
+CH3CN] = 240.1 6; 1H NMR (CDCI3) : d 7.59 (s, 1H),
2.40-2.37 (m, 5H), 1.84 (hept, J = 7.0 Hz, 1H), 0.90
(d, J = 7.0 Hz, 6H).Intermediate A2 At -78C,
tert.-butyllithium (20 ml_, 1.5 M in pentane) is
slowly added to a solution of
4-isobutyl-5-methyl-thiophene-2-carboxylic acid (2.0
g, 10.1 mmol) in THF ( 100 ml_). The mixture turns
dark. The mixture is stirred at -78C for 15 min, then
a solution of iodoethane (6.1 8 g, 39.6 mmol) in THF (
10 ml_) is added. The mixture is stirred for 1 h at
-78C. Further iodoethane (6.1 8 g, 39.6 mmol) is added
and the mixture allowed to warm to rt over a period of
15 h. The reaction is quenched by adding 1 M aq.
NaH2PO4 (20 ml_) and 1 N aq. HCI (50 ml_) and the
mixture is extracted with chloroform (1x100 ml_, 3x30
ml_). The combined organic extracts are dried over
MgSO4, filtered and evaporated. The crude product is
purified by MPLC on silica gel eluting with a gradient
of EA in hexane to give 3-ethyl-4-isobutyl-5-
methyl-thiophene-2-carboxylic acid ( 1 .29 g) as a
yellow solid; LC-MS: tR = 1.00 min, [M+1 +CH3CN] =
268.29; 1H NMR (CDCI3) : d 2.92 (q, J = 7.0 Hz, 2H),
2.40 (s, 3H), 2.37 (d, J = 7.6 Hz, 2H), 1.80 (n, J =
7.0 Hz, 1H), 1.15 (t, J = 7.6 Hz, 3H), 0.92 (d, J =
7.0 Hz, 6H). Intermediate A3 a) To a solution of KOtBu
(50 g, 446 mmol) in THF (400 mL) is added during 30
min ethylformate (92 g, 1.25 mol). Strong gas
evolution occurs. The mixture is cooled during the
addition with a water bath at 10 C. After complete
addition, the mixture is stirred until the gas
evolution ceases ( 15 min). The mixture is cooled with
ice at 0 C and a mixture of 5-methyl-2-hexanone (34.25
g, 300 mmol) and ethylformate (41 g,0.55 mol) is added
slowly during 30 min. The mixture is stirred for 15 h,
diluted with EA (500 ml_) and washed with 1 N aq. HCI
(100 ml_), 1 M aq. NaH2PO4 solution ( 100 ml_) and
brine ( 100 ml_). The organic extract is dried (MgSO4)
, filtered and evaporated to give crude
4-hydroxy-3-isobutyl-but-3-en-2-one (28 g) which is
used without further purification; LC-MS: tR = 0.80
min, [M+1] = 143.39. b) To a solution of
4-hydroxy-3-isobutyl-but-3-en-2-one (28 g, 197 mmol)
in chloroform (350 ml_) a soution of oxalylchlohde
(44.3 g, 349 mmol) in chloroform (50 ml_) is added
slowly during 5 min. The resulting dark brown mixture
is stirred at rt for 2 h before it is cooled to 00C
and treated with ice ( 100 g) followed by 1 N aq. NaOH
( 100 ml_). When the quite violent gas evolution
ceases the phases are separated (the still acidic aq.
phase is discarded). The organic phase is washed with
1N aq. NaOH (3 x 75 ml_) and 1 N aq. NaH2PO4 (75 ml_),
dried (MgSO4) , filtered and evaporated to give crude
4-chloro-3-isobutyl-but-3-en-2-one (31 .6 g) as a dark
brown oil; LC-MS: tR = 0.97 min. c) KOtBu (44.2 g, 394
mmol) is added portionwise to ethanol (200 mL). The
mixture is stirred for 30 min at 200C to dissolve all
KOtBu. Mercapto-acetic acid ethyl ester (47.3 g, 394
mmol) is added and the temperature is maintained at
200C. This solution is slowly added at 20C to a
solution of the crude 4-chloro-3-isobutyl-but-3-
en-2-one (31 .6 g, 197 mmol) in THF (350 mL). The
mixture is stirred at rt for 15 h before sodium
ethylate ( 13.4 g, 197 mmol) is added and stirring is
continued at reflux for 1 h. The mixture is cooled to
rt, and the solvents are evaporated on a rotavap. The
residue is diluted with diethyl ether (500 mL), washed
with 1 M aq. NaH2PO4 (200 mL), 1 N aq. NaOH (2x1 00
mL), sat. aq. NaHCO3 (35 mL) containing 10% aq. NaOCI
(15 mL) and brine ( 100 mL), dried over Na2SO4,
filtered and evaporated. The resulting residue (36.3
g) is dissolved in EtOH (250 mL), 2 N aq. LiOH ( 100
mL) is added, and the mixture is stirred at rt for 48
h before it is extracted with diethyl ether (1x400 mL,
2x1 50 mL). The organic extracts are washed with 1 N
aq. NaOH (3x100 mL). The aq. extracts are carefully
acidified with 25% aq. HCI and then extracted with DCM
(3x1 50 mL). The combined DCM extracts are dried over
MgSO4, filtered and evaporated. The crude product is
purified by crystallisation from acetonitrile (150 mL)
at 4C to give
4-isobutyl-3-methyl-thiophene-2-carboxylic acid ( 16.0
g) as a beige-brown crystalline powder; LC-MS: tR =
0.95 min; 1H NMR (CD3OD): d 7.21 (s, 1H), 2.43 (s,
3H), 2.42 (d, J = 7.0 Hz, 2H), 1.83 (n, J = 7.0 Hz,
1H), 0.92 (d, J = 7.0 Hz, 6H). Intermediate A4 To a
solution of 4-isobutyl-3-methyl-thiophene-2-carboxylic
acid (991 mg, 5.0 mmol) in THF (30 ml_), tert.-BuLi
(7.3 ml_, 11 mmol, 1.5 M in pentane) is slowly added
at -78C. The mixture is stirred at -78C for 1 h, then
iodomethane ( 1 .6 ml_, 25.7 mmol) is added. The
mixture is stirred and is allowed to warm to rt over a
period of 15 h before the reaction is quenched with 1
N aq. HCI (50 ml_) and extracted with DCM (1x1 00 ml_,
2x50 ml_). The combined organic extracts are dried
(MgSO4) , filtered and evaporated. The residue is
purified by CC on silica gel eluting with a gradient
of EA in hexane to give
3-ethyl-4-isobutyl-thiophene-2-carboxylic acid (325
mg) as a yellow solid; LC-MS: tR = 0.98 min, 1H NMR
(CD3OD): d 7.22 (s, 1H), 2.94 (q, J = 7.6 Hz, 2H),
2.42 (d, J = 7.0 Hz, 2H), 1.86 (hept, J = 7.0 Hz, 1H),
1.1 1 (t, J = 7.6 Hz, 3H), 0.93 (d, J = 7.0 Hz, 6H).
Intermediate A5
4-lsobutyl-3-propyl-thiophene-2-carboxylic acid is
prepared in analogy to Intermediate A4; LC-MS: tR =
1.02 min, 1H NMR (CD3OD): d 7.20 (s, 1H), 2.92-2.86
(m, 2H), 2.42 (d, J = 7.0 Hz, 2H), 1.92-1 .76 (m, 1H),
1.58-1 .45 (m, 2H), 0.95 (t, J = 7.6 Hz, 3H), 0.94 (d,
J = 7.0 Hz, 6H).Intermediate A6
3,4-Diisobutyl-thiophene-2-carboxylic acid is prepared
in analogy to Intermediate A4; LC-MS: tR = 1.04 min,
1H NMR (CD3OD): d 7.24 (s, 1H), 2.86 (d, J = 6.9 Hz,
2H), 2.43 (d, J = 7.5 Hz, 2H), 1.96-1 .78 (m, 2H),
0.93 (d, J = 6.2 Hz, 6H), 0.89 (d, J = 6.9 Hz, 6H).
Intermediate A7 a) To a slurry of Mg turnings (3.89 g,
160 mmol) in dry diethyl ether ( 150 ml_), a solution
of isoamylbromide (24.59 g, 163 mmol) in diethyl ether
(20 ml_) is slowly added. As soon as the reaction
starts, the mixture is cooled if necessary with a
water bath. After complete addition, the mixture is
stirred for 30 min, and is then added slowly to a
cooled (00C) mixture of isobutyronitrile (34.65 g, 501
mmol) and CuBr ( 1 .15 g, 8.0 mmol) in diethyl ether
(50 ml_) and THF (50 ml_). After complete addition (30
min) the mixture is stirred at rt for 1 h before 1 N
aq. NaH2PO4 (50 ml_) and 1N aq. HCI ( 100 ml_) is
added. Stirring is continued at rt for 15 min. The
phases are separated and the aq. phase is extracted
with additional diethyl ether ( 100 ml_). The combined
organic extracts are washed with aq. 1N aq. HCI (2 x
50 ml_), sat. aq. NH4CI/sat. aq. NaHCO3 1:1 (2 x 50
ml_) and brine (50 ml_), dried over Na2SO4, filtered
and evaporated to give crude 2,6-dimethyl-heptan-3-one
(20.1 g) as an oil.b) To a solution of KOtBu ( 15.6 g,
139 mmol) in THF (200 ml_) is added ethylformate (27.4
g, 370 mmol). During the addition, the mixture is
cooled with a water bath to 100C. Strong gas evolution
occurs. The mixture is stirred until the gas evolution
ceases (5 min) and is then cooled to -5C. To this
mixture a solution of 2,6-dimethyl-heptan-3-one (20 g,
141 mmol) and ethylformate ( 13.7 g, 185 mmol) in THF
(20 ml_) is added slowly during 30 min. The reaction
mixture is stirred for 2 h and allowed to slowly warm
to rt. The reaction is diluted with diethyl ether (200
ml_) and washed with 1 N aq. HCI (2 x 100 ml_). The
organic extract is dried (Na2SO4) , filtered and
evaporated to give
1-hydroxy-2-isobutyl-4-methyl-pent-1 -en-3-one (7.35
g) as a brown resin; LC-MS: tR = 0.91 min, [M+1] = 17
1 .21 . c) Over a period of 20 min, a solution of
oxalylchloride (6.5 ml_, 9.6 g, 75.6 mmol) in
chloroform ( 10 ml_) is added slowly to a solution of
1-hydroxy-2-isobutyl-4-methylpent- 1 -en-3-one (7.35
g, 43.2 mmol) in chloroform ( 100 ml_) cooled to -
100C. The mixture is stirred for further 30 min,
quenched with ice ( 100 g) and 1 N aq. NaOH ( 100
ml_). When the quite violent gas evolution ceases the
phases are separated. The organic phase is washed with
1 N aq. NaOH (3 x 75 ml_) and 1 N aq. NaH2PO4 (75
ml_), dried (MgSO4) , filtered and evaporated to give
crude 1-chloro-2-isobutyl-4- methyl-pent-1 -en-3-one
(14.2 g) as a brown oil. d) Mercapto-acetic acid ethyl
ester (9.86 g, 82.1 mmol) is slowly added to a
solution of KOtBu (9.50 g, 84.7 mmol) in ethanol (50
ml_) cooled to 10-1 50C. The mixture is diluted with
THF ( 100 ml_) before a solution of the crude
1-chloro-2-isobutyl-4- methyl-pent-1 -en-3-one
(corresponds to 8.1 g, 43 mmol) in THF (50 ml_) is
added. The reaction mixture is stirred at 40C for 15
h, then at reflux for further 20 h, and at 35C for 48
h. The mixture is diluted with ether (300 ml_) and
washed with 1N aq. NaOH (3 x 100 ml_), 1 M aq. KHSO4 (
100 ml_) and brine ( 100 ml_). The organic phase is
dried (Na SO4) , filtered and evaporated. The
resulting residue is dissolved in ethanol (30 ml_), 2
N aq. LiOH (30 mL) is added, and the mixture is
stirred at reflux for 48 h. The mixture is extracted
with diethyl ether, then the aq. phase is acidified
with 25% aq. HCI and extracted with DCM. The organic
extracts are dried (MgSO4) , filtered and evaporated.
The brown oil is diluted in acetonitrile (5 mL) and
allowed to crystallize at 4C. The crystalline material
is collected, washed withacetonitrile and dried to
afford pure
4-isobutyl-3-isopropyl-thiophene-2-carboxylic acid (98
mg) as pale yellow crystals; 1H NMR (CD3OD): d 7.16
(s, 1H), 3.68 (hept, J = 7.0 Hz, 1H), 2.48 (d, J = 7.6
Hz, 2H), 1.84 (hept, J = 7.0 Hz, 1H), 1.34 (d, J = 7.0
Hz, 6H), 0.92 (d, J = 6.4 Hz, 6H). Intermediate A8 a)
1-Chloro-4-methyl-2-propyl-pent-1 -en-3-one is
prepared starting from 2-methylheptan- 3-one in
analogy to the preparation of Intermediate A7. b)
1-Chloro-4-methyl-2-propyl-pent-1 -en-3-one (29.7 g,
170 mmol) is reacted with mercaptoacetic acid ethyl
ester (40.9 g, 340 mmol) in analogy to the procedure
given for Intermediate A7 to give
3-isopropyl-4-propyl-thiophene-2-carboxylic acid ( 1
1.0 g) as colourless crystals; 1H NMR (CD3OD): d 7.21
(s, 1H), 3.83 (hept, J = 7.0 Hz, 1H), 2.60 (t, J = 7.6
Hz, 2H), 1.70-1 .56 (m, 2H), 1.33 (d, J = 7.6 Hz, 6H),
0.99 (t, J = 7.6 Hz, 3H). Intermediate A9
4-lsobutyl-3,5-dimethyl-thiophene-2-carboxylic acid is
prepared from 4-isobutyl-5-
methyl-thiophene-2-carboxylic acid in analogy to
Intermediate A2; LC-MS: tR = 0.97 min, [M+1 +CH3CN] =
254.26; 1H NMR(CDCI 3) : d 2.46 (s, 3H), 2.39 (s, 3H),
2.36 (d, J = 7.0 Hz, 2H), 1.78 (hept, J = 7.0 Hz, 1H),
0.91 (d, J = 7.0 Hz, 6H).Intermediate B1
1-(4-lsobutyl-5-methyl-thiophen-2-yl)-ethanone is
obtained by treating 4-isobutyl-5-
methyl-thiophene-2-carboxylic acid with methyllithium
in analogy to the procedure described for Intermediate
B2; LC-MS: tR = 1.02 min, [M+1] = 197.01 .
Intermediate B2 



To a solution of
4-isobutyl-3-methyl-thiophene-2-carboxylic acid (2.44
g, 12.3 mmol) in diethyl ether (50 ml_), a solution of
methyllithium (23.1 ml_, 1.6 M solution in diethyl
ether) is slowly added at 20-23 0C. The resulting
suspension is stirred at rt for 30 min before another
portion of methyllithium (2.3 ml_) is added. Stirring
is continued for further 30 min before the mixture is
poured into vigorously stirred 1 N. aq. NH4CI (400
ml_). The organic phase is separated and the aq. phase
is extracted again with diethyl ether. The combined
organic extracts are dried over Na2SO4, filtered and
evaporated to leave
1-(4-isobutyl-3-methyl-thiophen-2-yl)-ethanone (2.34
g) as pale yellow oil; LC-MS: tR = 1.03 min, [M+1] =
197.20; 1H NMR (CDCI3) : d 7.08 (s, 1H), 2.52 (s, 3H),
2.46 (s, 3H), 2.42 (d, J = 7.0 Hz, 2H), 1.82 (n, J =
7.0 Hz, 1H), 0.92 (d, J = 6.4 Hz, 6H). Intermediate
B31-(4-lsobutyl-3-propyl-thiophen-2-yl)-ethanone is
obtained by treating 4-isobutyl-3-
propyl-thiophene-2-carboxylic acid with methyllithium
in analogy to the procedure described for Intermediate
B2; LC-MS: tR = 1.1 1 min, [M+1] = 225.30; 1H NMR
(CDCI3) : d 7.08 (s, 1H), 2.92-2.85 (m, 2H), 2.51 (s,
3H), 2.42 (d, J = 7.0 Hz, 2H), 1.86 (hept, J = 7.0 Hz,
1H), 1.55-1 .43 (m, 2H), 0.99 (t, J = 7.0 Hz, 3H),
0.94 (d, J = 7.0 Hz, 6H). Intermediate B4
1-(3,4-Diisobutyl-thiophen-2-yl)-ethanone is obtained
by treating 3,4-diisobutylthiophene- 2-carboxylic acid
with methyllithium in analogy to the procedure
described for Intermediate B2; LC-MS: tR = 1.12 min,
[M+1] = 239.22; 1H NMR (CDCI3) : d 7.08 (s, 1H), 2.84
(d, J = 7.0 Hz, 2H), 2.50 (s, 3H), 2.41 (d, J = 6.4
Hz, 2H), 1.94-1 .78 (m, 2H), 0.93 (d, J = 6.4 Hz, 6H),
0.90 (d, J = 6.4 Hz, 6H). Intermediate
B51-(4-lsobutyl-3,5-dimethyl-thiophen-2-yl)-ethanone
is obtained by treating 4-
isobutyl-3,5-dimethyl-thiophene-2-carboxylic acid with
methyllithium in analogy to the procedure described
for Intermediate B2; LC-MS: tR = 1.07 min, [M+1] = 2
11.22; 1H NMR (CDCI3) : d 0.90 (d, J = 6.4 Hz, 6 H),
1.77 (hept, J = 7.0 Hz, 1H), 2.37 (d, J = 7.3 Hz, 2
H), 2.39 (s, 3 H), 2.45 (s, 3 H), 2.47 (s, 3 H).
Intermediate C1 Intermediate A 1 ( 10.0 g, 50.4 mmol)
is dissolved in CHCI3 (100 ml_) and thionylchloride (
15 ml_) is added at rt. The mixture is stirred at
reflux for 2 h. The mixture is evaporated to provide
the crude acid chloride ( 1 1.2 g). A part of this
material (6.5 g, 30 mmol) is dissolved in DCM (200
ml_) and then added to a cold (00C) solution of
hydrazine (90 ml_, 1 M in THF). The mixture is stirred
and warmed to rt over a period of 15 h before it is
diluted with diethyl ether ( 150 ml_) and washed with
1M aq. HCI (75 ml_, then 5 x 50 ml_). The combined aq.
extracts are washed with ether (50 ml_), basified with
33% aq. KOH and extracted with DCM (5 x 50 ml_). The
organic DCM extracts are dried over Na2SO4, filtered
and evaporated to give 4-
isobutyl-5-methyl-thiophene-2-carboxylic acid
hydrazide (6.24 g) as a white solid; LC-MS: tR = 0.75
min, [M+1] = 2 13.1 2; 1H NMR (D6-DMSO): d 0.85 (d, J
= 6.7 Hz, 6 H), 1.76 (hept, J = 6.7 Hz, 1H), 2.26-2.34
(m, 5 H), 4.34 (s, 2 H), 7.41 (s, 1 H), 9.52 (s, 1 H).
Intermediate
C24-lsobutyl-3-methyl-thiophene-2-carboxylic acid
hydrazide is prepared in analogy to Intermediate C 1
from Intermediate A3; LC-MS: tR = 0.75 min, [M+1] = 2
13.20; 1H NMR (CDCI3) : 0.91 (d, J = 6.4 Hz, 6 H),
1.81 (hept, J = 6.4 Hz, 1 H), 2.38 (d, J = 6.1 Hz, 2
H), 2.40 (s, 3 H), 4.04 (d, J = 2.3 Hz, 2 H), 6.94 (s,
1 H), 7.03 (s br, 1 H). Intermediate C3
4-lsobutyl-3,5-dimethyl-thiophene-2-carboxylic acid
hydrazide is prepared in analogy to Intermediate C 1
from Intermediate A9; LC-MS: tR = 0.78 min, [M+1] =
227.03. Intermediate D1 To a solution of
4-isobutyl-5-methyl-thiophene-2-carboxylic acid (126
mg, 637 mmol) in DCM (5 ml_), DIPEA (249 mg, 1.93
mmol) is added followed TBTU (202 mg, 628 mmol). The
mixture is stirred at rt for 30 min before
3-[2-ethyl-4-(Nhydroxycarbamimidoyl)-
6-methyl-phenyl]-propionic acid ( 159 mg, 637 mmol) is
added. The ixture is stirred at rt for 16 h before it
is diluted with DCM, washed with 1 N aq. HCI solution,
dried over Na2SO4, filtered and concentrated. The
residue is dissolved in toluene (20 mL) and the
reaction mixture is stirred at 1100C for 18 h. The
solvent is evaporated and the crude product is
purified by CC on silica geleluting with DCM
containing 5% of methanol to give
3-{2-ethyl-4-[5-(4-isobutyl-5-
methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-6-methyl-phenyl}-propionic acid
(41 mg) as a beige solid; LC-MS: tR = 1.17 min, [M+1]
+ = 4 13.30; 1H NMR (CDCI3) : d 0.94 (d, J = 6.4 Hz, 6
H), 1.30 (t, J = 7.6 Hz, 3 H), 1.84-1 .96 (m, 1 H),
2.43 (s, 3 H), 2.45 (s, 3 H), 2.46-2.60 (m, 4 H), 2.75
(q, J = 7.3 Hz, 2 H), 3.02-3.12 (m, 2 H), 7.66 (s, 1
H), 7.79 (s, 1H), 7.81 (s, 1 H). Intermediate D2 To a
solution of
4-(2-tert-butoxycarbonyl-ethyl)-3,5-dimethyl-benzoic
acid (763 mg, 3.59 mmol) in DCM ( 18 ml_), DIPEA (542
mg, 4.20 mmol) is added followed by TBTU ( 1 .27 g,
3.95 mmol). The mixture is stirred for 15 min before
Intermediate C 1 ( 1 .0 g, 3.59 mmol) is added.
Stirring is continued at rt for 16 h. The mixture is
diluted with diethyl ether, washed with 1 N aq. NaOH
solution, then 1 N aq. HCI solution followed by brine,
dried over Na2SO4, and filtered. The solvent is
evaporated to give
3-{4-[N'-(4-isobutyl-5-methyl-thiophene-2-carbonyl)-
hydrazinocarbonyl]-2,6-dimethyl-phenyl}-propionic acid
( 1 .66 g) as a colourless foam; LC-MS: tR = 1.09 min,
[M+1] = 473.48. To a solution of this material in THF
( 15 mL) Burgess reagent ( 1 .26 g, 5.27 mmol) is
added. The mixture is heated to 1100C for 3 min in a
microwave oven. The mixture is cooled to rt, diluted
with diethyl ether and washed with 1 N aq. NaOH. The
organic extract is dried over Na SO4, filtered and
concentrated to give
3-{4-[5-(4-isobutyl-5-methyl-thiophen-2- yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenyl}-propionic
acid methyl ester ( 1 .26 g) as a yellow oil that
slowly solidifies; LC-MS: tR = 1.24 min, [M+1] =
455.21 . A suspension of this ester in formic acid (20
mL) is stirred at rt for 3 h. The formic acid is
evaporated and the residue is purified by CC on silica
gel eluting with DCM containing 5% of methanol to give
3-{4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenyl}-propionic
acid as a pale yellow solid; LCMS: tR = 1.07 min,
[M+1] = 399.1 6.Intermediate D3
3-{4-[5-(4-lsobutyl-5-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-3-methoxy-phenyl}- propionic acid
is prepared in analogy to Intermediate D2 starting
from Intermediate C 1 and
4-(2-tert-butoxycarbonyl-ethyl)-2-methoxy-benzoic
acid; LC-MS: tR = 1.18 min, [M+1] = 4 15.37.
Intermediate D4
3-{4-[5-(4-lsobutyl-3-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenylj- propionic
acid is prepared in analogy to Intermediate D2
starting from Intermediate C2 and
4-(2-tert-butoxycarbonyl-ethyl)-2-methoxy-benzoic
acid; LCMS: tR = 1.10 min, [M+1] = 399.41 .
Intermediate D5
3-{4-[5-(4-lsobutyl-3,5-dimethyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenylj- propionic
acid is prepared in analogy to Intermediate D2
starting from Intermediate C3 and
4-(2-tert-butoxycarbonyl-ethyl)-2-methoxy-benzoic
acid; LCMS: tR = 1.13 min, [M+1] = 4
13.39.Intermediate E1 a)
4-lsobutyl-3-methyl-thiophene-2-carbonitrile is
obtained by reacting 4-chloro-3-
isobutyl-but-3-en-2-one with thioacetic acid
S-cyanomethyl ester in the presence of NaOEt as
described in step c) for Intermediate A3. The crude
product is purified by CC on silica gel eluting with
heptane:EA 6:1 ; LC-MS: tR = 1.03 min; 1H NMR (CDCI3)
: d 0.92 (d, J = 6.4 Hz, 12 H), 1.78-1 .90 (m, 1 H),
2.34 (s, 3 H), 2.40 (d, J = 7.3 Hz, 2 H), 7.1 1 (s, 1
H). b) To a solution of
4-isobutyl-3-methyl-thiophene-2-carbonitrile (2.1 0 g,
11.7 mmol) in methanol (50 ml_), NaHCO ( 1 .38 g, 16.4
mmol) followed by hydroxylamine hydrochloride (977 mg,
14.1 mmol) is added. The mixture is stirred at 600C
for 20 h before it is filtered. The solvent of the
filtrate is evaporated and the remaining residue is
dried under HV go give
N-hydroxy-4-isobutyl-3-methyl-thiophene-2-
carboxamidine (3.0 g) as a yellow solid; LC-MS: tR =
0.67 min. 4,N-Dihydroxy-3,5-dimethyl-benzamidine The
title compound is prepared from commercially available
4-hydroxy-3,5- dimethyl-benzonitrile according to
literature procedures (e.g. E. Meyer, A. C. Joussef,
H. Gallardo, Synthesis 2003, 899-905); 1H NMR (CD3OD):
d 7.20 (s, 2H), 2.20 (s, 6H).
3-Ethyl-4,N-dihydroxy-5-methyl-benzamidineThe title
compound is prepared from commercially available
2-ethyl-6-methylphenol following literature procedures
(G. Trapani, A. Latrofa, M. Franco, C. Altomare, E.
Sanna, M. Usala, G. Biggio, G. Liso, J. Med. Chem. 4 1
( 1998) 1846- 1854; A. K. Chakraborti, G. Kaur,
Tetrahedron 55 ( 1999) 13265-13268; E. Meyer, A. C.
Joussef, H. Gallardo, Synthesis 2003, 899-905); LC-MS:
tR = 0.55 min; 1H NMR (D6-DMSO): d 9.25 (s br, 1H),
7.21 (s, 2H), 5.56 (s, 2H), 2.55 (q, J = 7.6 Hz, 2H),
2.1 5 (s, 3H), 1.10 (t, J = 7.6 Hz, 3H).
3,5-Diethyl-4,N-dihydroxy-benzamidine The title
compound is prepared from commercially available
2,6-diethylaniline following literature procedures (G.
G. Ecke, J. P. Napolitano, A. H. Filbey, A. J. Kolka,
J. Org. Chem. 22 ( 1957) 639-642; and literature cited
for 3-ethyl-4,Ndihydroxy- 5-methyl-benzamidine).
4-Allyloxy-N-hydroxy-2-methoxy-benzamidine The title
compound is prepared from commercially available
4-hydroxy-2-methoxybenzaldehyde following literature
procedures (references cited for 3-Ethyl-4,Ndihydroxy-
5-methyl-benzamidine); LC-MS: tR = 0.64 min, [M+1]+ =
223.24; 1H NMR(D6-DMSO): d 9.33 (s br, 1H), 7.30 (d, J
=8.2 Hz, 1H), 6.60 (d, J = 2.3 Hz, 1H), 6.50 (dd, J =
2.3, 8.2 Hz, 1H), 6.10-5.94 (m, 1H), 5.50 (s, 2H),
5.40 (d, J = 17.0 Hz, 1H), 5.24 (d, J = 10.6 Hz, 1H),
4.57 (d, J = 4.7 Hz, 2H), 3.76 (s, 3H).
3-Chloro-4,N-dihydroxy-5-methyl-benzamidine a) To a
solution of 2-chlro-6-methyl-phenol ( 10.0 g, 70 mmol)
in thfluoroacetic acid (30 ml_), hexamethylene
tetraamine (9.81 g, 70 mmol) is added portionwise. The
mixture is heated to 700C and stirred for 18 h. The
mixture is cooled with an ice bath, then stirred at rt
for 72 h. The mixture is diluted with water and
extracted three times with diethyl ether. The combined
organic extracts are dried over Na2SO4, filtered and
concentrated. The crude product is purified by CC on
silica gel eluting with heptane:EA 4:1 to give
3-chloro-4-hydroxy-5-methyl-benzaldehyde (2.79 g) as a
beige solid, LC-MS: tR = 0.82 min. b)
3-Chloro-4,N-dihydroxy-5-methyl-benzamidine is
prepared from the above aldehyde following literature
procedures (A. K. Chakraborti, G. Kaur, Tetrahedron 55
( 1999) 13265-1 3268; E. Meyer, A. C. Joussef, H.
Gallardo, Synthesis 2003, 899- 905), LC-MS: tR = 0.48
min, [M+1] = 201 .1 7; 1H NMR (CD3OD): d 2.21 (s, 3
H), 7.22 (d, J = 2.1 Hz, 1 H), 7.37 (d, J = 2.1 Hz, 1
H). 3-Chloro-4,N-dihydroxy-5-methoxy-benzamidine
3-Chloro-4,N-dihydroxy-5-methoxy-benzamidine is
prepared from 3-chloro-4- hydroxy-5-methoxy
benzaldehyde following literature procedures (A. K.
Chakraborti, G. Kaur, Tetrahedron 55 ( 1999) 13265-1
3268; E. Meyer, A. C.Joussef, H. Gallardo, Synthesis
2003, 899-905), LC-MS: tR = 0.48 min, [M+1] = 2 17.21
; 1H NMR (CD3OD): d 3.90 (s, 3 H), 7.1 6 (d, J = 1.8
Hz, 1H), 7.23 (d, J = 1.8 Hz, 1 H).
4-(2-tert-Butoxycarbonyl-ethyl)-3,5-dimethyl-benzoic
acid a) To an ice-cooled solution of
4-hydroxy-3,5-dimethyl-benzoic acid methyl ester (7.52
g, 4 1.7 mmol) in DCM (250 ml_) and pyridine ( 10
ml_), trifluoromethanesulfonic acid anhydride ( 13.0
g, 45.9 mmol) is added over a period of 20 min. Upon
complete addition, the ice bath is removed and the
reaction is stirred for further 1 h at rt. The mixture
is diluted with DCM (150 ml_), washed with 10% aq.
citric acid solution followed by brine, dried over
MgSO4, filtered and evaporated. The residue is
purified by flash chromatography on silica gel eluting
with heptane:EA 9:1 to give
3,5-dimethyl-4-thfluoromethanesulfonyloxy-benzoic acid
methyl ester ( 1 1.8 g) as colourless fine needles;
LC-MS: tR = 1.08 min. b) To a stirred solution of the
above triflate ( 11.8 g, 37.8 mmol) in dry DMF ( 155
mL) is sequentially added triethylamine (7.6 g, 75.6
mmol), tert.-butyl acrylate (48.4 g, 378 mmol), DPPP
(779 mg, 1.89 mmol) and Pd(OAc) 2 (424 mg, 1.89 mmol)
under nitrogen. The mixture is stirred at 115C for 18
h before another portion of DPPP ( 160 mg, 0.39 mmol)
and Pd(OAc) 2 (80 mg, 0.36 mmol) is added. Stirring is
continued for 4 h at 115C before the mixture is cooled
to rt, diluted with diethyl 



ether (350 mL) and washed with 1 N aq. HCI, followed
by sat. aq. NaHCO solution. The organic extract is
dried over MgSO4, filtered and evaporated. The residue
is purified by flash chromatography on silica gel
eluting with heptane:EA 4:1 to give 4-
(2-tert-butoxycarbonyl-vinyl)-3,5-dimethyl-benzoic
acid methyl ester ( 11.21 g) as a colourless solid;
LC-MS: tR = 1.09 min. c) To a solution of
4-(2-tert-butoxycarbonyl-vinyl)-3,5-dimethyl-benzoic
acid methyl ester ( 11.2 g, 38.6 mmol) in ethanol (50
mL) and THF (50 mL), Pd/C ( 1 .0 g, 10% Pd) is added.
The mixture is stirred for 16 h at rt under 2.5 bar of
H2. The catalyst isfiltered off and the filtrate is
concentrated and dried under HV to give
4-(2-tertbutoxycarbonyl- ethyl)-3,5-dimethyl-benzoic
acid methyl ester ( 10.8 g) as a colourless oil;
LC-MS: tR = 1.08 min. d) To a solution of
4-(2-tert-butoxycarbonyl-ethyl)-3,5-dimethyl-benzoic
acid methyl ester ( 10.8 g, 37.0 mmol) in ethanol (
100 ml_) a 2 M aq. solution of LiOH (50 mL) is added
at 00C. The turbid mixture is stirred at 00C for 30
min, then at rt for 4 h. The mixture is diluted with
10% aq. citric acid solution and extracted three times
with diethyl ether. The combined organic extracts are
dried over MgSO4, filtered and concentrated. The solid
residue is suspended in diethyl ether /heptane,
stirred at rt, and filtered. The slurry procedure in
diethyl ether/heptane is repeated. The solid material
is collected and dried under HV to give
4-(2-tert-butoxycarbonyl-ethyl)-3,5- dimethyl-benzoic
acid (5.09 g) as a white crystalline powder; LC-MS: tR
= 0.95 min, [M+1]+ = 279.14; 1H NMR (CDCI3) : d 1.47
(s, 9 H), 2.30-2.40 (m, 2 H), 2.39 (s, 6 H), 2.94-3.03
(m, 2 H), 7.75 (s, 2 H).
4-(2-tert-Butoxycarbonyl-ethyl)-2-methoxy-benzoic acid
The title compound is prepared in analogy to
4-(2-tert-butoxycarbonyl-ethyl)-3,5- dimethyl-benzoic
acid starting from 4-hydroxy-2-methoxy-benzoic acid
methyl ester; LC-MS: tR = 0.94 min, [M+1]+ = 281 .23;
1H NMR (CDCI3) : d 1.34 (s, 9 H), 2.40-2.47 (m, 2 H),
2.76-2.85 (m, 2 H), 3.83 (s, 3 H), 7.21 -7.28 (dd, J =
7.6, 3.2 Hz, 1 H), 7.41 -7.49 (m, 2 H).
3-[2-Ethyl-4-(N-hydroxycarbamimidoyl)-6-methyl-phenyl]
-propionic acida) To an ice-cooled solution of
5-ethyl-4-hydroxy-3-methylbenzaldehyde ( 10.0 g, 60.9
mmol) in DCM (50 ml_) and pyridine ( 15 ml_),
thfluoromethanesulfonic acid anhydride ( 18.9 g, 67
mmol) is added over a period of 20 min. Upon complete
addition, the ice bath is removed and the reaction is
stirred for further 2 h at rt. The mixture is diluted
with DCM ( 150 ml_), washed three times with water,
dried over MgSO4, filtered and evaporated. The residue
is purified by flash chromatography on silica gel
eluting with heptane:EA 9:1 to give
thfluoro-methanesulfonic acid 2-ethyl-
4-formyl-6-methyl-phenyl ester ( 10.75 g) as a pale
yellow oil; LC-MS: tR = 1.07 min; 1H NMR (CDCI3) : d
9.98 (s, 1H), 7.70 (s, 1H), 7.66 (s, 1H), 2.85 (q, J =
10.1 Hz, 2H), 2.48 (s, 3H), 1.30 (t, J = 10.2 Hz, 3H).
b) To a stirred solution of the above triflate ( 10.7
g, 36.1 mmol) in dry DMF (75 ml_) is sequentially
added thethylamine (7.3 g, 72.2 mmol), methyl acrylate
(31 .1 g, 361 mmol), DPPP (81 9 mg, 1.99 mmol) and
Pd(OAc) 2 (405 mg, 1.81 mmol) under nitrogen. The
mixture is stirred at 115C for 5 h, cooled to rt,
diluted with diethyl ether (350 ml_) and washed twice
with 1 N aq. HCI and once with sat. aq. NaHCO
solution. The organic extract is dried over MgSO4,
filtered and evaporated. The residue is purified by
flash chromatography on silica gel eluting with
heptane:EA 19:1 to give
3-(2-ethyl-4-formyl-6-methyl-phenyl)-acrylic acid
methyl ester (5.93 g) as a colourless liquid; LC-MS:
tR = 0.99 min. c) A suspension of
3-(2-ethyl-4-formyl-6-methyl-phenyl)-acrylic acid
methyl ester (5.93 g, 25.53 mmol) in methanol (140 mL)
and 2 N aq. NaOH (45 mL) is stirred at rt for 1 h. The
methanol is evaporated and the aq. solution is
extracted twice with DCM. The aq. layer is acidified
with 37% aq. HCI. The precipitate that forms is
collected, washed with water and dried. The product is
further purified by recrystallisation from EA ( 100
mL) to give 3-(2-ethyl-4-formyl-6-methyl-phenyl)-
acrylic acid (4.2 g) as yellow crystals; LC-MS: tR =
0.87 min. d) To a solution of
3-(2-ethyl-4-formyl-6-methyl-phenyl)-acrylic acid
(2.75 g, 12.6 mmol) and DIPEA ( 1 .8 g, 13.8 mmol) in
ethanol (80 mL), Pd/C (275 mg, 10% Pd, moistened with
50% water) is added. The mixture is stirred for 16 h
at rt under 1 atm of H2. The catalyst is filtered off
and the filtrate is concentrated. The residue
isdissolved in EA, washed with 2 N aq. HCI, followed
by 1 N aq. HCI and brine. The organic extract is dried
over Na2SO4, filtered and evaporated to give
3-(2-ethyl-4- hydroxymethyl-6-methyl-phenyl)-propionic
acid (2.8 g) as a white solid; LC-MS: tR = 0.76 min.
e) A solution of
3-(2-ethyl-4-hydroxymethyl-6-methyl-phenyl)-propionic
acid (2.8 g, 12.6 mmol) in acetic acid (50 ml_) is
treated with MnO (3.9 g, 45.4 mmol) and the resulting
mixture is stirred at 800C for 4 h. The mixture is
filtered and the filtrate is concentrated. The crude
product is purified by CC on silica gel eluting with
DCM to give
3-(2-ethyl-4-formyl-6-methyl-phenyl)-propionic acid (
1 .76 g) as a beige solid; LC-MS: tR = 0.86 min. f) A
solution of
3-(2-ethyl-4-formyl-6-methyl-phenyl)-propionic acid (
1 .67 g, 7.58 mmol) and hydroxylamine hydrochloride
(780 mg, 11.36 mmol) in 1-methyl-2- pyrrolidone is
heated to 800C for 30 min in the microwave (300 W,
active cooling during irradiation). The reaction
mixture is diluted with diethyl ether and washed with
water and brine. The organic extract is dried over
Na2SO4, filtered and evaporated to give
3-(4-cyano-2-ethyl-6-methyl-phenyl)-propionic acid ( 1
.55 g) as a beige solid; LC-MS: tR = 0.89 min, 1H NMR
(D6-DMSO): d 12.25 (s, 1H), 7.45 (s, 2H), 2.91 -2.84
(m, 2H), 2.67-2.59 (m, 2H), 2.35-2.30 (m, 5H), 1.14
(t, J = 7.6 Hz, 3H). g) Potassium tert. butoxide (2.71
g, 24.1 mmol) is carefully dissolved in methanol (25
mL). To this solution hydroxylamine hydrochloride ( 1
.44 g, 20.7 mmol) followed by
3-(4-cyano-2-ethyl-6-methyl-phenyl)-propionic acid ( 1
.50 g, 6.90 mmol) dissolved in methanol (7.5 mL) is
added. The mixture is refluxed for 8 h and the solvent
is evaporated. The residue is dissolved in 2 N aq. HCI
and extracted with EA. The pH of the aq. phase is
adjusted to pH 5 by adding sat. aq. NaHCO3 and the
mixture is extracted three times with EA. The combined
organic extracts are dried over Na2SO4, filtered,
evaporated and dried to give
3-[2-ethyl-4-(Nhydroxycarbamimidoyl)-
6-methyl-phenyl]-propionic acid ( 1 .4 g) as a white
solid; LCMS: tR = 0.60 min, [M+1]+ = 251 .1 7
.4-Benzyloxy-3,5-dimethyl-benzoic acid hydrazide
4-Benzyloxy-3,5-dimethyl-benzoic acid (5.37 g, 20.9
mmol) is dissolved in CHCI3 (75 ml_) and
thionylchlohde ( 10 ml_) is added at rt. The mixture
is stirred at reflux for 2 h. The mixture is
evaporated to provide the crude acid chloride (5.62
g). A part of this material (2.75 g, 10 mmol) is
dissolved in THF ( 10 ml_) and cooled to -78C before
it is treated with hydrazine (25 ml_, 1 M solution in
THF). The mixture is warmed to rt over a period of 15
h. The mixture is diluted with ether ( 150 ml_) and
washed with 1M aq. HCI (75 ml_, then 5 x 50 ml_). The
combined aq. extracts are washed with ether (50 ml_),
basified with 33% aq. KOH and extracted with DCM (5 x
50 ml_). The DCM extracts are dried over Na2SO4,
filtered and evaporated to give
4-benzyloxy-3,5-dimethyl-benzoic acid hydrazide ( 1
.29 g) as a white solid, LC-MS: tR = 0.78 min, [M+1]+
= 271 .19; 1H NMR (CDCI3) : d 2.30 (s, 6 H), 3.86 (s
br, 2H), 4.82 (s, 2 H), 7.33-7.49 (m, 7 H), 7.56 (s
br, 1 H). 4-Benzyloxy-3-ethyl-5-methyl-benzoic acid a)
3-Ethyl-4-hydroxy-5-methyl-benzaldehyde is prepared
from commercially available 2-ethyl-6-methyl-phenol
following literature procedures (G. Trapani, A.
Latrofa, M. Franco, C. Altomare, E. Sanna, M. Usala,
G. Biggio, G. Liso, J. Med. Chem. 4 1 ( 1998)
1846-1854; A. K. Chakraborti, G. Kaur, Tetrahedron 55
( 1999) 13265-1 3268; E. Meyer, A. C. Joussef, H.
Gallardo, Synthesis 2003, 899-905); 1H NMR (CDCI3) : d
9.83 (s, 1H), 7.58-7.53 (m, 2H), 5.30 (s br, 1H), 2.69
(q, J = 7.6 Hz, 2H), 2.32 (s, 3H), 1.28 (t, J = 7.6
Hz, 3H).b) To a suspension of K2CO3 (21 g, 152 mmol)
in acetone (200 ml_), 3-ethyl-4-
hydroxy-5-methyl-benzaldehyde (5.0 g, 30.5 mmol)
followed by benzyl bromide (7.87 g, 45.7 mmol) is
added. The suspension is refluxed for 16 h before it
is filtered. The filtrate is concetrated and the crude
product is purified by CC on silica gel eluting with
heptane:EA 4:1 to give
4-benzyloxy-3-ethyl-5-methyl-benzaldehyde (5.04 g) as
colourless oil; LC-MS: tR = 1.09 min, [IVM] + =
255.25. c) To a solution of
4-benzyloxy-3-ethyl-5-methyl-benzaldehyde (5.0 g, 19.7
mmol) in acetone (200 ml_), KMnO4 (4.66 g, 29.5 mmol)
is added. The dark violet solution becomes slightly
warm and turns dark brown. The mixture is stirred at
rt for 90 min before the solvent is evaporated. The
residue is treated with 10% aq. citric acid soluiton
(200 ml_) and brine (200 ml_) and extracted four times
with DCM (4x200 ml_). The combined organic extracts
are dried over MgSO4, filtered and concentrated. The
crude product is purified by CC on silica gel eluting
with heptane:EA 1:1 to give
4-benzyloxy-3-ethyl-5-methyl-benzoic acid (3.70 g) as
a white solid; LC-MS: tR = 0.98 min, [M+1 +CH3CN]+ = 3
11.97. Example 1 To a solution of
1-(4-isobutyl-5-methyl-thiophen-2-yl)-ethanone ( 1 .52
g, 7.74 mmol) and 3,5-dimethyl-4-hydroxybenzaldehyde (
1 .75 g, 11.6 mmol) in ethanol (40 mL), 5 N HCI in
isopropanol ( 10 mL) is added. The reaction mixture
turns dark red to brownish black and a precipitate
forms. The mixture is stirred at rt for 4 h before it
is diluted with diethyl ether and washed with sat. aq.
NaHCO3:1 N aq. NaOH 1:1 (3x50 mL). The organic extract
is dried over MgSO4, filtered and evaporated. The
crude product is purified by MPLC on reversed phase
silica gel to give 3-(4-
hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-5-methyl-thiophen-2-yl)-propenone (482
mg) as an almost black solid; LC-MS: tR = 1.12 min,
[M+1] = 329.1 0.Example 2
3-(4-Hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-3-nnethyl-thiophen-2-yl)-propenone is
obtained as a yellow powder in analogy to Example 1
starting from 1-(4-isobutyl-
3-methyl-thiophen-2-yl)-ethanone; LC-MS: tR = 1.13
min, [M+1] = 329.20; 1H NMR (D6-DMSO): d 7.52 (s, 1H),
7.51 (d, J = 15.2 Hz, 1H), 7.36 (s, 2H), 7.20 (d, J =
15.8 Hz, 1H), 4.07 (s br, 1H), 2.45 (s, 3H), 2.42 (d,
J = 7.0 Hz, 2H), 2.1 8 (s, 6H), 1.82 (hept, J = 7.0
1H), 0.88 (d, J = 7.0 Hz, 6H). Example 3
3-(4-Hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-3-propyl-thiophen-2-yl)-propenone is
obtained as a yellow powder in analogy to Example 1
starting from 1-(4-isobutyl-
3-propyl-thiophen-2-yl)-ethanone; LC-MS: tR = 1.16
min, [M+1] = 357.27. Example 4
1-(3,4-Diisobutyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dime
thyl-phenyl)-propenone is obtained as a yellow solid
in analogy to Example 1 starting from
1-(3,4-diisobutylthiophen- 2-yl)-ethanone; LC-MS: tR =
1.18 min, [M+1] = 371 .29. Example
53-(4-Hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-3-methyl-thiophen-2-yl)-propan-1- one is
obtained as on orange oil upon hydrogenation of
3-(4-hydroxy-3,5-dimethylphenyl)- 1
-(4-isobutyl-3-methyl-thiophen-2-yl)-propenone in
analogy to Example 7; LC-MS: tR = 1.1 1 min, [M+1] =
331 .3. Example 6 3-(4-Hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-3-propyl-thiophen-2-yl)-propan-1 - one is
prepared from
3-(4-hydroxy-3,5-dimethyl-phenyl)-1-(4-isobutyl-3-prop
ylthiophen- 2-yl)-propenone in analogy to Example 7;
LC-MS: tR = 1.16 min, [M+1] = 359.39. Example 7 To a
solution of
1-(3,4-diisobutyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dime
thyl-phenyl)- propenone (699 mg, 1.88 mmol) in
methanol (15 ml_) and THF ( 15 mL), Pd/C ( 150 mg, 10%
Pd) is added. The slurry is stirred at rt under 3 bar
of H2. The mixture is filtered and the filtrate is
evaporated. The crude product is purified by CC on
silica gel eluting with heptane/EA 5:1 to 3:1 to give
1-(3,4-diisobutyl-thiophen-2-yl)-3-(4-
hydroxy-3,5-dimethyl-phenyl)-propan-1 -one (178 mg) as
a brown oil; LC-MS: tR =1.18 min, [M+1] = 373.35; 1H
NMR (CDCI3) : d 7.08 (s, 1H), 6.85 (s, 2H), 4.77 (s
br, 1H), 3.1 5-3.06 (m, 2H), 2.96-2.83 (m, 4H), 2.43
(d, J = 7.0 Hz, 2H), 2.23 (s, 6H), 1.96-1 .80 (m, 2H),
0.94 (d, J = 6.4 Hz, 6H), 0.91 (d, J = 6.4 Hz, 6H).
Example 8 To a solution of
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-3-propyl-thiophen- 2-yl)-propan-1 -one (
108 mg, 0.301 mmol) in isopropanol (5 ml_), 3 N aq.
NaOH (3 ml_) followed by (S)-3-chloro-1 ,2-propanediol
( 167 mg, 1.51 mmol) is added. The mixture is stirred
at 700C for 4 h. After 4, 5, 6, 7 and 8 h an
additional portion of (S)- 3-chloro-1 ,2-propanediol
(5x97 mg, 0.878 mmol) is added. After the last
addition, stirring is continued at 600C for 16 h. The
mixture is diluted with water and extracted with
diethyl ether. The organic extract is dried over
MgSO4, filtered and evaporated. The crude product is
purified by prep. HPLC to give
3-[4-((S)-2,3-dihydroxypropoxy)- 



3,5-dimethyl-phenyl]-1
-(4-isobutyl-3-propyl-thiophen-2-yl)-propan-1 -one (
18 mg) as an almost colourless resin; LC-MS: tR = 1.09
min, [M+1] = 433.40; 1H NMR (CDCI3) : d 7.08 (s, 1H),
6.87 (s, 2H), 4.1 1-4.03 (m, 1H), 3.90-3.70 (m, 4H),
3.14-3.06 (m, 2H), 2.94-2.82 (m, 4H), 2.60 (s br, 2H),
2.40 (d, J = 7.0 Hz, 2H), 2.24 8s, 6H), 1.90-1 .78 (m,
1H), 1.56-1 .46 (m, 2H), 1.00 8t, J = 7.0 Hz, 3H),
0.93 (d, J = 6.4 Hz, 6H). Example 9a) A mixture of
acetylacetone (2.5 g, 25 mmol), K2CO3 (3.45 g, 25
mmol) and 3- bromo-2-nnethylpropene (2.5 ml_, 25 mmol)
in acetone (80 ml_) is stirred at 50 C for 3 days. The
mixture is filtered, the filtercake washed with few
acetone and the filtrate evaporated to give 2.48 g of
3-(2-methyl-allyl)-pentane-2,4-dione as a dark oil
that is used without further purification in
subsequent steps; LC-MS: tR = 0.87 min, [IVM] + =
155.26. b) A solution of
3-(2-methyl-allyl)-pentane-2,4-dione (2.48 g, 16 mmol)
in DCM ( 10 ml_) is cooled at -78C and DIPEA ( 17 ml_,
98 mmol) is slowly added. The mixture is stirred for
0.5 h at -78C, then a solution of
thfluoromethanesulfonic anhydride (3.18 ml_, 19.3
mmol) in DCM ( 15 ml_) is slowly added keeping the
temperature at below -65C. The red-brown solution is
stirred for 0.5 h at -78C and then quenched with ice
(50 g) and diethyl ether (200 ml_). The phases are
separated, the organic phase washed with 1M aq. KHSO4
solution and brine, dried with Na2SO4, filtered and
evaporated. The residue is purified by reversed phase
MPLC (H2O-MeOH gradient) to give 1.16 g of
thfluoromethanesulfonic acid 2-acetyl-1
,4-dimethyl-penta- 1,4-dienyl ester; LC-MS: tR = 1.03
min, [M+1]+ = 287.01 . c) Sodium hydride (60% in
petrolether, 404 mg, 10 mmol) is washed with dry
pentane (3 x 10 mL), then dry THF (30 mL) is added and
the suspension is cooled at 0 C. A solution of
mercaptoacetic acid ethyl ester (0.445 mL, 4 mmol) in
THF (4 mL) is slowly added. After stirring for 0.5 h
at 0 C a solution of thfluoromethanesulfonic acid
2-acetyl-1 ,4-dimethyl-penta-1 ,4-dienyl ester ( 1 .16
g, 4 mmol) in THF (4 mL) is slowly added. The mixture
is stirred at 0 C for 0.5 h, then slowly warmed to rt
during 15 h. The reaction mixture is partioned between
H2O (75 mL) and DCM (100 mL), the aq. phase is
basified with 1M aq. NaOH (50 mL) and extracted with
DCM (50 mL). The combined organic extracts are dried
(Na2SO4) , filtered and evaporated. The crude product
is purified by reversed phase MPLC (H2O-MeOH gradient)
to give 450 mg of
3,5-dimethyl-4-(2-methyl-allyl)-thiophene-2-
carboxylic acid ethyl ester; LC-MS: tR = 1.10 min,
[M+1]+ = 239.05. d) To a solution of
3,5-dimethyl-4-(2-methyl-allyl)-thiophene-2-carboxylic
acid ethyl ester (978 mg, 4.1 mmol) in ethanol (20 mL)
is added 3M aq. LiOH ( 10 mL) and themixture is
stirred at 600C for 1 h. The mixture is partitioned
between DCM (100 ml_) and 1M aq. HCI (75 ml_). The aq.
phase is re-extracted with DCM (2 x 50 ml_). The
combined organic extracts are dried (MgSO4) , filtered
and evaporated to give 653 mg of
3,5-dimethyl-4-(2-methyl-allyl)-thiophene-2-carboxylic
acid as a light yellow powder; LC-MS: tR = 0.94 min,
[M+1 +CH3CN]+ = 252.04; 1H NMR (CDCI3) : d 11.50 (br.
s, 1H), 4.75 (s, 1H), 4.39 (s, 1H), 3.1 7 (s, 2H),
2.42 (s, 3H), 2.37 (s, 3H), 1.75 (s, 3H). e) To a
solution of
3,5-dimethyl-4-(2-methyl-allyl)-thiophene-2-carboxylic
acid (475 mg, 2.26 mmol) in diethyl ether ( 15 ml_), a
solution of methyl lithium (3.0 ml_, 1.6 M in diethyl
ether) is added at rt. The mixture is stirred at rt
for 1 h before another portion of methyllithium (0.45
ml_) is added. Stirring is continued for 1 h. The
reaction is quenched by the addition of 1 N aq.
NaH2PO4 solution. The mixture is diluted with diethyl
ether, washed with 1 N aq. NaOH, dried over Na SO4 and
evaporated to give
1-[3,5-dimethyl-4-(2-methyl-allyl)-thiophen-2-yl]-etha
none (395 mg) as a yellow oil; LC-MS: tR = 1.03 min,
[M+1] = 209.14. f) A solution of
1-[3,5-dimethyl-4-(2-methyl-allyl)-thiophen-2-yl]-etha
none (395 mg, 1.9 mmol) and
4-hydroxy-3,5-dimethyl-benzaldehyde (427 mg, 2.84
mmol) in ethanol (10 mL) and 5 N HCI in isopropanol (5
mL) is stirred at rt for 2 h. The dark solution is
diluted with diethyl ether ( 100 mL) and washed with a
mixture of sat. aq. NaHCO3 and 1M aq. NaOH ( 1 :1 , 3
x 35 mL). The organic phase is dried (Na2SO4) ,
filtered and evaporated. The residue is purified by
reversed phase MPLC (H2OMeOH) to give
1-[3,5-dimethyl-4-(2-methyl-allyl)-thiophen-2-yl]-3-(4
-hydroxy-3,5- dimethyl-phenyl)-propenone (661 mg) as a
yellow solid; LC-MS: tR = 1.13 min, [M+1] = 341 .1 5 .
g) A solution of
1-[3,5-dimethyl-4-(2-methyl-allyl)-thiophen-2-yl]-3-(4
-hydroxy-3,5- dimethyl-phenyl)-propenone (38.5 mg, 0.1
1 mmol) in methanol (5 mL) is treated with Pd/C ( 10
mg, 10% Pd) and the resulting slurry is stirred at rt
for 2 h under 1 bar of H2. The catalyst is filtered
off and the filtrate purified by TLC (SiO2,
EA-heptane) to give
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-3,5-dimethyl-thiophen-2-yl)- propan-1
-one ( 18 mg) as a yellow oil; LC-MS: tR = 1.14 min,
[M+1]+ = 345.12; 1HNMR (CDCI3) : d 6.78 (s, 2H), 2.97
(t, J = 7.4 Hz, 2H), 2.82 (t, J = 7.4 Hz, 2H), 2.39
(s, 3H), 2.32-2.28 (m, 5H), 2.15 (s, 6H), 0.84 (d, J =
6.4 Hz, 6H). Example 10
3-[4-((S)-2,3-Dihydroxy-propoxy)-3,5-dimethyl-phenyl]-
1 -(4-isobutyl-3,5-dimethylthiophen- 2-yl)-propan-1
-one is prepared from
3-(4-hydroxy-3,5-dimethyl-phenyl)-1 -
(4-isobutyl-3,5-dimethyl-thiophen-2-yl)-propan-1 -one
in analogy to Example 8; LC-MS: tR = 1.06 min, [M+1] =
419.22. Example 11 rac-1
-Amino-3-{2-ethyl-4-[5-(4-isobutyl-5-methyl-thiophen-2
-yl)-[1 ,2,4]oxadiazol-3-
yl]-6-methyl-phenoxy}-propan-2-ol is prepared from
4-isobutyl-5-methyl-thiophene- 2-carboxylic acid and
3-ethyl-4-hydroxy-5-methyl benzaldehyde in analogy to
Example 22; LC-MS: tR = 0.91 min, [M+1] = 430.30.
Example 12 To a solution of
3-(4-hydroxy-3,5-dimethyl-phenyl)-1
-(4-isobutyl-3-methyl-thiophen- 2-yl)-propan-1 -one
(31 7 mg, 0.96 mmol) in isopropanol ( 10 mL), 3 N aq.
NaOH (2.5ml_) followed by epichlorohydrine (284 mg,
3.07 mmol) is added. The dark red mixture is stirred
at rt for 16 h before it is diluted with sat. aq.
NaHCO3 and extracted twice with diethyl ether. The
organic extracts are washed with water, dried over
Na2SO4, filtered and evaporated to give crude
3-(3,5-dimethyl-4- oxiranylmethoxy-phenyl)-1
-(4-isobutyl-3-methyl-thiophen-2-yl)-propan-1 -one
(339 mg) as a yellow oil. The material is dissolved in
7 N NH3 in methanol (7.5 ml_) and the resulting
solution is stirred in an autoklave at 65C for 2.5 h.
The solvent is removed in vacuo and the residue is
dried under HV to leave rac-3-[4-(3-amino-2-
hydroxy-propoxy)-3,5-dimethyl-phenyl]-1
-(4-isobutyl-3-methyl-thiophen-2-yl)- propan-1 -one
(353 mg) as an orange oil; LC-MS: tR = 0.88 min, [M+1]
= 404.20; 1H NMR (CDCI3) : d 7.06 (s, 1H), 6.88 (s,
2H), 3.98-3.90 (m 1H), 3.85-3.73 (m, 2H), 3.1 5-3.07
(m, 2H), 3.00-2.84 (m, 4H), 2.47 (s, 3H), 2.42 (d, J =
7.6 Hz, 2H), 2.25 (s, 6H), 1.83 (hept, J = 7.0 Hz,
1H), 0.92 (d, J = 6.4 Hz, 6H). Example 13
rac-3-[4-(3-Amino-2-hydroxy-propoxy)-3,5-dimethyl-phen
yl]-1 -(4-isobutyl-3-propylthiophen- 2-yl)-propan-1
-one is prepared from
3-(4-hydroxy-3,5-dimethyl-phenyl)-1 -
(4-isobutyl-3-propyl-thiophen-2-yl)-propan-1 -one in
analogy to Example 12; LC-MS: tR = 0.92 min, [M+1] =
432.39. Example 14
rac-3-[4-(3-Amino-2-hydroxy-propoxy)-3,5-dimethyl-phen
yl]-1 -(3,4-diisobutylthiophen- 2-yl)-propan-1 -one is
prepared from
1-(3,4-diisobutyl-thiophen-2-yl)-3-(4-hydroxy-3,5-dime
thyl-phenyl)-propan-1 -one in analogy to Example 12;
LC-MS: tR = 0.93 min, [M+1] = 446.34. Example 15
rac-2-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-5-methy
l-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenoxy}-propyl)-ace
tannide is prepared from rac-1
-amino-3-{4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-
dimethyl-phenoxy}-propan-2-ol in analogy to Example
17; LC-MS: tR = 1.02 min, [M+1] = 474.31 . Example 16
rac-N-(3-{2-Ethyl-4-[5-(4-isobutyl-5-methyl-thiophen-2
-yl)-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide
is prepared from rac-1 -
amino-3-{2-ethyl-4-[5-(4-isobutyl-5-methyl-thiophen-2-
yl)-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-propan-2-ol in analogy to Example 17;
LC-MS: tR = 1.04 min, [M+1] = 488.30. Example 17To a
solution of
rac-3-[4-(3-amino-2-hydroxy-propoxy)-3,5-dimethyl-phen
yl]-1 -(4- isobutyl-3-methyl-thiophen-2-yl)-propan-1
-one (353 mg, 0.876 mmol) in DCM ( 10 ml_), glycolic
acid (127 mg, 1.67 mmol) followed by DIPEA (521 mg,
4.03 mmol) and TBTU (439 mg, 1.37 mmol) is added and
the reaction mixture is stirred at rt for 16 h. The
mixture is diluted with DCM and washed twice with
water. The aq. washings are extracted three times with
DCM. The combined organic extracts are dried over
MgSO4, filtered and evaporated. The crude product is
purified by CC on silica gel eluting with EA
containing 0 to 100% of MeOH to give racemic
2-hydroxy-
N-(2-hydroxy-3-{4-[3-(4-isobutyl-3-methyl-thiophen-2-y
l)-3-oxo-propyl]-2,6-dimethylphenoxy}-
propyl)-acetamide ( 160 mg) as a beige solid; LC-MS:
tR = 0.99 min, [M+1] = 462.40; 1H NMR (D6-DMSO): d
7.66 (t, J = 5.9 Hz, 1H), 7.45 8s, 1H), 6.86 (s, 2H),
5.63 (s br, 1H), 5.26 (s br, 1H), 3.91 -3.83 (m, 1H),
3.79 (s, 2H), 3.63-3.55 (m, 2H), 3.45-3.36 (m, 1H),
3.22-3.12 (m 1H), .310-3.04 (m, 2H), 2.80-2.73 (m,
2H), 2.40- 2.37 (m, 5H), 2.15 (s, 6H), 1.76 (n, J =
7.0 Hz, 1H), 0.85 (d, J = 6.4 Hz, 6H). Example 18
rac-N-(3-{2-Ethyl-4-[5-(4-isobutyl-3-methyl-thiophen-2
-yl)-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide
is prepared from rac-3-[4-
(3-amino-2-hydroxy-propoxy)-3-ethyl-5-methyl-phenyl]-1
-(4-isobutyl-3-methylthiophen- 2-yl)-propan-1 -one in
analogy to Example 17; LC-MS: tR = 1.04 min, [M+1] =
488.29. Example
19rac-2-Hydroxy-N-(2-hydroxy-3-{4-[3-(4-isobutyl-3-pro
pyl-thiophen-2-yl)-3-oxopropyl]-
2,6-dimethyl-phenoxy}-propyl)-acetannide is prepared
from rac-3-[4-(3-
amino-2-hydroxy-propoxy)-3,5-dimethyl-phenyl]-1
-(4-isobutyl-3-propyl-thiophen-2- yl)-propan-1 -one in
analogy to Example 17; LC-MS: tR = 1.05 min, [M+1 ] =
490.40. Example 20
rac-N-(3-{4-[3-(3,4-Diisobutyl-thiophen-2-yl)-3-oxo-pr
opyl]-2,6-dimethyl-phenoxy}-2-
hydroxy-propyl)-2-hydroxy-acetamide is prepared from
rac-3-[4-(3-amino-2-
hydroxy-propoxy)-3,5-dimethyl-phenyl]-1
-(3,4-diisobutyl-thiophen-2-yl)-propan-1 - one in
analogy to Example 17; LC-MS: tR = 1.07 min, [M+1] =
504.35. Example 2 1 a) A solution of
4-isobutyl-3-methyl-thiophene-2-carboxylic acid ( 1
.78 g, 9.0 mmol), DIPEA (3.78 g, 29.2 mmol) and TBTU
(3.21 g, 10.0 mmol) in DMF (20 ml_) is stirred at rt
for 15 min before
4,N-dihydroxy-3,5-dimethyl-benzamidine ( 1 .80 g, 10.0
mmol) is added. The mixture is stirred for 15 h at rt.
The solvent is evaporated and the residue taken up in
EA (100 mL) and sat. aq. Na2CO3 ( 100 mL). The phases
are separated and the aq. phase is extracted with
additional EA (2 x 75 mL). Thecombined organic
extracts are washed with sat. aq. Na2CO3 (50 ml_) and
brine (50 ml_), dried (Na2SO4) , filtered and
evaporated. The brown residue is suspended in CHCI3
(50 ml_) and filtered. The solid is washed with CHCI3
(25 ml_) and dried to give
4-isobutyl-3-methyl-thiophene-2-carboxylic acid
(4,N-dihydroxy-3,5-dimethylbenzamidine) ester (2.34 g)
as a beige powder; LC-MS: tR = 1.02 min, [M+1] = 361
.49; 1H NMR (D6-DMSO): d 8.66 (s br, 1H), 7.45 (s,
1H), 7.33 (s, 2H), 6.43 (s br, 2H), 2.42-2.39 (m, 5H),
2.1 8 (s, 6H), 1.80 (hept, J = 7.0 Hz, 1H), 0.88 (d, J
= 7.0 Hz, 6H). b)
4-lsobutyl-3-methyl-thiophene-2-carboxylic acid
(4,N-dihydroxy-3,5-dimethylbenzamidine) ester ( 1 .85
g, 5.1 3 mmol) is suspended in dry toluene and the
mixture is heated at reflux in a Dean-Stark apparatus
for 15 h. The mixture is filtered and the filtrate is
evaporated. The residue is purified by CC on silica
gel eluting with a gradient of EA in heptane to give
4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenol (668 mg) as a
light yellow powder; LCMS: tR = 1.16 min, [M+1] =
343.1 9; 1H NMR (CDCI3) : d 7.79 (s, 2H), 7.1 7 8s,
1H), 5.27 (s, 1H), 2.61 (s, 3H), 2.47 (d, J = 7.0 Hz,
2H), 2.31 (s, 6H), 1.88 (hept, J = 7.0 Hz, 1H), 0.95
(d, J = 7.0 Hz, 6H). a) To a solution of
4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]- 2,6-dimethyl-phenol (51 5 mg,
1.50 mmol) in isopropanol (20 mL), 3 N aq. NaOH (5 mL)
followed by epichlorohydrine (473 mg, 5.1 2 mmol) is
added and the mixture is stirred at rt for 15 h.
Another portion of epichlorohydrine (473 mg, 5.1 2
mmol) is added and stirring is continued for 24 h. The
mixture is diluted with sat. aq. Na2CO3 and is then
extracted with DCM (4x75 mL). The combined organic
extracts are 



dried (Na2SO4) , filtered and evaporated. The residue
is purified by CC on silica gel eluting with
heptane:EA 4:1 to give
rac-3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-5-(4-iso
butyl-3-methyl-thiophen-2-yl)-[1 ,2,4]oxadiazole (382
mg) as a white powder; LC-MS: tR = 1.22 min, [M+1] =
399.28. b) A suspension of
rac-3-(3,5-dimethyl-4-oxiranylmethoxy-phenyl)-5-(4-iso
butyl-3- methyl-thiophen-2-yl)-[1 ,2,4]oxadiazole (382
mg, 0.959 mmol) in 7 N NH3 in MeOH ( 10 ml_) and THF
(5 ml_) is stirred at 600C for 15 h. The mixture is
diluted with 1M aq. NaOH (30 ml_) and extracted with
DCM (4 x 75 ml_). The combined organic extracts are
dried (Na2SO4) , filtered and evaporated to give
rac-1-amino-3-{4-[5-(4-
isobutyl-3-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenoxy}-
propan-2-ol (41 9 mg) as a pale yellow solid; LC-MS:
tR = 0.90 min, [M+1] = 4 16.42. Example 23
rac-2-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-methy
l-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenoxy}-propyl)-ace
tamide is prepared from rac-1
-amino-3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-
dimethyl-phenoxy}-propan-2-ol in analogy to Example
17; LC-MS: tR = 1.04 min, [M+1] = 474.1 9; 1H NMR
(D6-DMSO): d 7.71 (s, 2H), 7.68 (t br, J = 6 Hz, 1H),
7.62 (s, 2H), 5.54 (t, J = 5 Hz, 1H), 5.28 (d, J = 5.3
Hz, 1H), 3.96-3.88 (m, 1H), 3.81 (d, J = 5 Hz, 2H),
3.79-3.66 (m, 2H), 3.46-3.36 (m, 1H), 3.28-3.1 7 (m,
1H), 2.58 (s, 3H), 2.31 (s, 6H), 1.85 (hept, J = 7.0
Hz, 1H), 0.90 (d, J = 6.4 Hz, 6H). Example 24 A
solution of
rac-1-amino-3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl
)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenoxy}-propan-2-ol
(100 mg, 0.241 mmol) inDCM ( 1 ml_) is added to a
stirred solution of Boc-sarcosine (60 mg, 0.317 mmol),
DIPEA (38 mg, 0.292 mmol) and TBTU (85 mg, 0.265 mmol)
in DCM (5 ml_). The mixture is stirred at rt for 1 h,
diluted with DCM (50 ml_) and washed with sat. aq.
Na2CO3 (2 x 20 ml_). The organic extract is dried
(Na2SO4) , filtered and evaporated. The residue
dissolved in 4M HCI in dioxane ( 10 ml_) and stirred
for 1 h. The mixture is diluted with DCM (75 ml_) and
washed with 1 N aq. NaOH (50 ml_). The aq. phase is
extracted with DCM (3 x 30 ml_). The combined organic
extracts are dried (Na2SO4) , filtered and evaporated.
The residue is purified on prep. TLC plates with DCM
containig 10% of 7 N NH3 in MeOH to give
rac-N-(2-hydroxy-3-{4-[5-(4-
isobutyl-3-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenoxy}-
propyl)-2-methylamino-acetamide (89 mg) as a white
powder; LC-MS: tR = 0.89 min, [M+1] = 487.26; 1H NMR
(D6-DMSO): d 7.85 (t, J = 6 Hz, 1H), 7.70 (s, 2H),
7.65 (s, 1H), 5.27 (d br, J = 5 Hz, 1H), 3.93-3.85 (m,
1H), 3.76-3.65 (m, 2H), 3.43- 3.35 (m, 1H), 3.24-3.14
(m, 1H), 3.02 (s, 2H), 2.54 (s, 3H), 2.45 (d, J = 6.4
Hz, 2H), 2.30 (s, 6H), 2.20 (s, 3H), 1.83 (hept, J =
7.0 Hz, 1H), 0.88 (d, J = 7.0 Hz, 6H). Example 25
rac-N-(2-Hydroxy-3-{4-[5-(4-isobutyl-3-methyl-thiophen
-2-yl)-[1 ,2,4]oxadiazol-3-yl]-
2,6-dimethyl-phenoxy}-propyl)-3-methylamino-propionami
de is prepared from rac-1 -
amino-3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-
dimethyl-phenoxy}-propan-2-ol in analogy to Example
24; LC-MS: tR = 0.90 min, [M+1] = 501 .36. Example
263-{4-[5-(4-lsobutyl-3-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-dimethylphenoxy}- propan-1
-ol is prepared by alkylating
3-(4-hydroxy-3,5-dimethyl-phenyl)-
1-(4-isobutyl-3-methyl-thiophen-2-yl)-propan-1 -one
with 3-bromo-propan-1 -ol following the alkylation
procedure in Example 12; LC-MS: tR = 1.17 min, [M+1] =
401 .26.
2-Hydroxy-N-(3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-y
l)-[1 ,2,4]oxadiazol-3-yl]-2,6-
dimethyl-phenoxy}-propyl)-acetamide is prepared from
3-{4-[5-(4-isobutyl-3-methylthiophen- 2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenoxy}-propan-1
-ol following the procedure given in Example 35;
LC-MS: tR = 1.14 min, [M+1] = 458.26. Example 28 a)
4-Allyloxy-3,5-dimethyl-benzoic acid (Moffett, R.B.;
Seay, P.H.; J. Med. Pharm. Chem. ( 1960) 2201 -221 2)
(620 mg, 3 mmol), tert.-butylcarbazate (475 mg, 3.6
mmol) and NEt3 0.5 mL) are dissolved in DMF ( 10 mL)
and TBTU ( 1 .15 g, 3.6 mmol) is added at 00C. The
mixture is stirred for 2 h at 00C to rt, quenched into
ether (200 mL) and washed with 1M aq. HCI (2 x 50 mL),
1M aq. NaOH (2 x 50 mL) and brine (50 mL). The organic
phase is dried (MgSO4) , filtered and evaporated. The
residue is dissolved in dioxane (10 mL) and 4M HCI in
dioxane (4 mL) is added. The mixture is stirred at rt
for 15 h; the mixture is diluted with dry diethyl
ether ( 10 mL), the precipitate filtered, washed with
dry diethyl ether (10 mL) and dried in vacuo to give
487 mg of 4-allyloxy-3,5-dimethyl-benzoic acid
hydrazide hydrochloride as a white powder; LC-MS: tR =
0.69 min, [M+1]+ = 221 .21 .b) A solution of
4-isobutyl-3-methyl-thiophene-2-carboxylic acid ( 100
mg, 0.5 mmol), 4-allyloxy-3,5-dinnethyl-benzoic acid
hydrazide hydrochloride (192 mg, 0.75 mmol) and NEt3
(0.28 ml_) in DMF (10 ml_) is cooled at 00C and TBTU
(200 mg, 0.6 mmol) is added. The mixture is stirred
for 15 h while warming from 00C to rt. The mixture is
diluted with diethyl ether (50 ml_) and washed with 1M
aq. NaOH (2 x 20 ml_), 1M aq. HCI (2 x 20 ml_) and
brine (10 ml_). The organic phase is dried (Na2SO4) ,
filtered and evaporated to give 160 mg of
4-allyloxy-3,5-dimethyl-benzoic acid
N'-(4-isobutyl-3-methyl-thiophene-2-carbonyl)-hydrazid
e; LC-MS: tR = 1.05 min, [M+1]+ = 400.83. c) A
solution of 4-allyloxy-3,5-dimethyl-benzoic acid
N'-(4-isobutyl-3-methylthiophene-
2-carbonyl)-hydrazide (160 mg, 0.4 mmol) and
(methoxycarbonylsulfamoyl) thethylammonium hydroxide
(350 mg, 1.27 mmol) in dry THF (5 ml_) is heated at
1100C in a microwave oven for 6 min. The mixture is
poured into diethyl ether ( 10 ml_) and washed with 1M
aq. HCI ( 10 ml_). The aq. phase is re-extracted with
ether ( 10 ml_). The combined organic extracts are
dried (Na2SO4) , filtered and evaporated to give 18 1
mg of crude
2-(4-allyloxy-3,5-dimethyl-phenyl)-5-(4-isobutyl-
3-methyl-thiophen-2-yl)-[1 ,3,4]oxadiazole; LC-MS: tR
= 1.23 min, [M+1]+ = 383.35. d) To a solution of
2-(4-allyloxy-3,5-dimethyl-phenyl)-5-(4-isobutyl-3-met
hylthiophen- 2-yl)-[1 ,3,4]oxadiazole ( 18 1 mg crude,
0.4 mmol) in a mixture of acetone and water (15:1 .5
mL) are added N-methylmorpholine-N-oxide (250 mg, 1.85
mmol) and, subsequently, 2.5 % OsO4 in tert.-butanol
(0.1 mL). The mixture is stirred at rt for 36 h. The
mixture is quenched into diethyl ether (75 mL) and
washed with 1M aq. NaOH (50 mL), 1M aq. HCI (30 mL)
and brine (20 mL). The organic phase is dried (Na2SO4)
, filtered and evaporated. The residue is purified by
TLC (SiO2, EAheptane) to give 118 mg of
3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}-propane-1
,2-diol as a white powder; LC-MS: tR = 1.00 min,
[M+1]+ = 4 17.28; 1H NMR (D6-DMSO): d, 7.70 (s, 2 H)
7.51 (s, 1 H), 4.96 (d, J = 5.0 Hz, 1 H), 4.63 (t, J =
5.6 Hz, 1 H), 3.68-3.89 (m, 3 H), 3.47 (t, J = 5.6 Hz,
2 H), 2.51 (s, 3 H), 2.45 (m, 2 H), 2.33 (s, 6 H),
1.85 (m, 1 H), 0.90 (d, J = 6.7 Hz, 6 H).Example 29
a^-IS-ta-Ethyl^-isobutyl-thiophen^-ylVII
.a.^oxadiazol^-yll^.e-dimethylphenoxy}- propane-1
,2-diol is prepared from
3-ethyl-4-isobutyl-thiophene-2- carboxylic acid in
analogy to Example 28; LC-MS: tR = 1.04 min, [M+1] =
431 .28. Example 30
3-{4-[5-(4-lsobutyl-3-propyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenoxy}- propane-1
,2-diol is prepared from
4-isobutyl-3-propyl-thiophene-2- carboxylic acid in
analogy to Example 28; LC-MS: tR = 1.08 min, [M+1] =
445.26. Example 3 1
3-{4-[5-(3,4-Diisobutyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}- propane-1
,2-diol is prepared from
3,4-diisobutyl-thiophene-2-carboxylic acid in analogy
to Example 28; LC-MS: tR = 1.09 min, [M+1] = 459.23.
Example
323-{4-[5-(3-Ethyl-4-isobutyl-5-methyl-thiophen-2-yl)-
[1 ,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-propane-1 ,2-diol is prepared from
3-ethyl-4-isobutyl-5-methylthiophene- 2-carboxylic
acid in analogy to Example 28; LC-MS: tR = 1.07 min,
[M+1] = 445.38. Example 33
3-{4-[5-(4-lsobutyl-3-isopropyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenoxy}- propane-1
,2-diol is prepared from
4-isobutyl-3-isopropyl-thiophene-2- carboxylic acid in
analogy to Example 28; LC-MS: tR = 1.06 min, [M+1] =
445.26. Example 34
3-{4-[5-(3-lsopropyl-4-propyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenoxy}- propane-1
,2-diol is prepared from
3-isopropyl-4-propyl-thiophene-2- carboxylic acid in
analogy to Example 28; LC-MS: tR = 1.03 min, [M+1] =
431 .3. Example 35 To a solution of
3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]- 2,6-dimethyl-phenoxy}-propane-1
,2-diol (90 mg, 0.22 mmol) in THF (4 mL) are added
NEt3 (0.14 mL) and, subsequently,
methanesulfonlychloride (0.02 mL, 0.26 mmol). The
mixture is stirred at rt for 3 h. A solution of NH3 in
MeOH (7M, 4 mL) isadded and the mixture is heated at
60 C for 15 h. The mixture is evaporated, 1M aq. NaOH
(3 ml_) is added and the mixture is extracted with EA
(2 x 20 ml_). The organic extracts are dried (Na2SO4)
, filtered and evaporated to give crude 1-amino-
3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-
dimethylphenoxy}-propan-2-ol; LC-MS: tR = 0.86 min,
[IVM] + = 4 16.32. Example 36
1-Amino-3-{4-[5-(3-ethyl-4-isobutyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-propan-2-ol is prepared from
3-{4-[5-(3-ethyl-4-isobutylthiophen- 2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}-propane-1
,2-diol in analogy to Example 35; LC-MS: tR = 0.87
min, [M+1] = 430.31 . Example 37
1-Amino-3-{4-[5-(4-isobutyl-3-propyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-propan-2-ol is prepared from
3-{4-[5-(4-isobutyl-3-propylthiophen- 2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}-propane-1
,2-diol in analogy to Example 35; LC-MS: tR = 0.90
min, [M+1] = 444.26. Example 38 i -Amino-S^-t
-CS^-diisobutyl-thiophen^-yO-ti oxadiazol -yl
e-dimethylphenoxy}- propan-2-ol is prepared from
3-{4-[5-(3,4-diisobutyl-thiophen-2-yl)-[ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenoxy}-propane-1
,2-diol in analogy to Example 35; LC-MS: tR = 0.91
min, [M+1] = 458.25; 1H NMR (CD3OD): 7.71 (s, 2 H),
7.36 (s, 1 H), 4.05-4.1 7 (m, 1 H), 4.01 (s, 2 H),
3.80-3.92 (m, 2 H), 3.63 (dd, J = 13.5, 4.4 Hz, 1H),
3.44 (dd, J = 13.8, 7.3 Hz, 1 H), 2.94 (d, J = 7.3 Hz,
2 H), 2.50 (d, J = 7.3 Hz, 2 H), 2.37 (s, 6 H),
1.86-2.05 (m, 2 H), 0.96 (m, 12 H). Example 39
1-Amino-3-{4-[5-(4-isobutyl-3-isopropyl-thiophen-2-yl)
-[1 ,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-propan-2-ol is prepared from
3-{4-[5-(4-isobutyl-3-isopropylthiophen- 2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}-propane-1
,2-diol in analogy to Example 35; LC-MS: tR = 0.89
min, [M+1] = 444.34. Example 40 To a solution of crude
1-amino-3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)- [
1 ,3,4]oxadiazol-2-yl]-2,6-dimethyl
phenoxy}-propan-2-ol (0.22 mmol) in DMF ( 1 mL) are
added glycolic acid (25 mg), DIPEA (0.1 mL) and
finally TBTU (60 mg). The mixture is stirred for 15 h
at rt, evaporated and the residue purified by TLC
(SiO2, EA) to give
2-hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-methyl-th
iophen-2- yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}-propyl)-ace
tamide ( 1 .8 mg); LCMS: tR = 0.97 min, [M+1]+ =
474.26. Example 4 1N- -
-CS-Ethyl^-isobutyl-thiophen^-yO-ti
.S^loxadiazol^-yll^.e-dimethylphenoxy}-
2-hydroxy-propyl)-2-hydroxy-acetamide is prepared from
1-amino-3-{4-[5- (3-ethyl-4-isobutyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}-
propan-2-ol in analogy to Example 40; LC-MS: tR = 1.00
min, [M+1] = 488.28. Example 42
2-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-propyl-th
iophen-2-yl)-[1 ,3,4]oxadiazol-
2-yl]-2,6-dimethyl-phenoxy}-propyl)-acetamide is
prepared from 1-amino-3-{4-[5-(4-
isobutyl-3-propyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}-
propan-2-ol in analogy to Example 40; LC-MS: tR = 1.03
min, [M+1] = 502.26. Example 43 N- -
-CS^-Diisobutyl-thiophen^-yO-ti
.S^loxadiazol^-yll^.e-dimethylphenoxy}-
2-hydroxy-propyl)-2-hydroxy-acetamide is prepared from
1-amino-3-{4-[5- (3,4-diisobutyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenoxy}-propan-
2-ol in analogy to Example 40; LC-MS: tR = 1.05 min,
[M+1] = 5 16.37. Example
442-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-isoprop
yl-thiophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide is prepared from 1- 



amino-3-{4-[5-(4-isobutyl-3-isopropyl-thiophen-2-yl)-[
1 ,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-propan-2-ol in analogy to Example
40; LC-MS: tR = 1.02 min, [M+1] = 502.3. Example 45 a)
To a mixture of
4-isobutyl-5-methyl-thiophene-2-carboxylic acid (505
mg, 2.55 mmol),
4-allyloxy-N-hydroxy-2-methoxy-benzamidine (61 1 mg,
2.75 mmol) and DIPEA (377 mg, 2.92 mmol) in DMF ( 10
ml_) is added TBTU (882 mg, 2.75 mmol). The mixture is
stirred at rt for 15 h before it is diluted with
diethyl ether (100 ml_) and washed with 1 N aq. NaOH
(2x30 ml_), 1 M aq. KHSO4 (30 ml_) and brine (30 ml_).
The organic extract is dried (Na2SO4) , filtered and
evaporated. The yellow oily residue is dissolved in
dry toluene ( 10 ml_) and heated at 150 C for 20 min
in a microwave oven. The mixture is poured into
diethyl ether ( 100 ml_) and washed with brine (75
ml_). The organic extract is dried (Na2SO4) , filtered
and evaporated to give
3-(4-allyloxy-2-methoxy-phenyl)-5-(4-isobutyl-5-methyl
-thiophen-2-yl)- [ 1 ,2,4]oxadiazole (609 mg) as a
yellow solid; LC-MS: tR = 1.19 min, [M+1] = 385.23. b)
To a solution of
3-(4-allyloxy-2-methoxy-phenyl)-5-(4-isobutyl-5-methyl
-thiophen- 2-yl)-[1 ,2,4]oxadiazole (609 mg, 1.59
mmol) in acetone ( 15 mL) and water ( 1 .5 mL), NMO
(750 mg, 5.55 mmol) and OsO4 (0.1 mL, 2.5 % solution
in tert.butanol, 8 mmol) is added. The mixture is
stirred at rt for 48 h. The mixture is diluted with
water (50 mL) and extracted with EA ( 100 mL, 2x 50
mL). The combined organic extracts are dried (Na2SO4)
, filtered and evaporated. The residue is purified by
CC on silica gel eluting with EA to give
rac-3-{4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-3-methoxy-phenoxy}-pro-pane-1
,2-diol (480 mg) as a pale yellow solid; LC-MS: tR =
0.99 min, [M+1] = 4 19.19; 1H NMR (CD3OD): d 7.96 (d,
J= 8.8 Hz, 1H), 7.66 (s, 1H), 6.72-6.60 (m, 2H),
4.20-3.98 (m, 3H), 3.93 (s, 3H), 3.74-3.64 (m, 2H),
2.50-2.40 (m, 5H), 1.90 (hept, J = 7.0 Hz, 1H), 0.94
(d, J = 6.4 Hz, 6H). Example 46 To a solution of
rac-3-{4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3- yl]-3-methoxy-phenoxy}-propane-1
,2-diol (400 mg, 0.956 mmol) and DIPEA (257 mg, 1.99
mmol) in THF (40 ml_), methanesulfonylchlohde (125 mg,
1.095 mmol) dissolved in THF ( 10 ml_) is added at -
100C. The reaction is allowed to warm to rt and is
stirred for 15 h. Another portion of
methanesulfonylchloride (30 mg, 0.258 mmol) in THF (2
ml_) and DIPEA (128 mg, 0.993 mmol) is added and
stirring is continued for 24 h. The mixture is
evaporated and the residue is dissolved in 7 N NH3 in
MeOH ( 17 ml_). The resulting solution is stirred at
700C for 5 h before it is evaporated. The remaining
residue is dissolved in DMF ( 15 ml_) and glycolic
acid ( 1 10 mg, 1.45 mmol), DIPEA (257 mg, 1.99 mmol)
and TBTU (370 mg, 1.15 mmol) is added. The mixture is
stirred at rt for 5 h, evaporated and the residue is
purified on prep. TLC plates with EA to give
2-hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-5-
methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-3-methoxy-phenoxy}-propyl)-acetam
ide ( 135 mg) as colourless foam; LC-MS: tR = 0.95
min, [M+1] = 476.29; 1H NMR (Deacetone): d 7.92 (d, J
= 8.8 Hz, 1H), 7.71 (s, 1H), 7.57 (s br, 1H), 6.77 (d,
J = 2.3 Hz, 1H), 6.71 (dd, J = 2.3, 8.8 Hz, 1H),
4.74-4.67 (m, 2H), 4.1 5-4.07 (m, 3H), 3.99 (d, J =
5.0 Hz, 2H), 3.93 (s, 3H), 3.66-3.57 (m, 1H),
3.48-3.39 (m, 1H), 2.52 (d, J = 7.0 Hz, 2H), 2.49 (s,
3H), 1.95 (hept, J = 7.0 Hz, 1H), 0.95 (d, J = 6.4 Hz,
6H). Example
47rac-3-{4-[5-(4-lsobutyl-3-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-3-methoxyphenoxy}- propane-1
,2-diol is prepared from
4-isobutyl-3-methyl-thiophene-2- carboxylic acid and
4-allyloxy-N-hydroxy-2-methoxy-benzamidine in analogy
to Example 45; LC-MS: tR = 1.00 min, [M+1] = 4 19.20.
Example 48
rac-2-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-methy
l-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-3-methoxy-phenoxy}-propyl)-acetam
ide is prepared from rac-
3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-3-methoxyphenoxy}- propane-1
,2-diol in analogy to Example 46; LC-MS: tR = 0.96
min, [M+1] = 476.31 . Example 49
4-[5-(4-lsobutyl-3,5-dimethyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-dimethylphenol is prepared
from 4-isobutyl-3,5-dimethyl-thiophene-2-carboxylic
acid and 4,N-dihydroxy-3,5-dimethyl-benzamidine in
analogy to Example 2 1; LC-MS: tR = 1.20 min, [M+1] =
357.35; 1H NMR (D6-DMSO): d 8.91 (s, 1H), 7.60 (s,
2H), 2.53 (s, 3H), 2.44-2.40 (m, 5H), 2.23 (s, 6H),
1.81 - 1 .72 (m, 1H), 0.89 (d, J = 6.4 Hz, 6H).Example
50
rac-2-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3,5-din
nethyl-thiophen-2-yl)- [ 1
,2,4]oxadiazol-3-yl]-2,6-dinnethyl-phenoxy}-propyl)-ac
etannide is prepared from 4-
[5-(4-isobutyl-3,5-dimethyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-dimethyl-phenol in analogy to
the procedures described in Examples 22 and 17; LC-MS:
tR = 1.05 min, [M+1] = 488.09; 1H NMR (D6-DMSO): d
7.70 (s, 2H), 7.68 (t br, J = 4 Hz, 1H), 5.53 (t, J =
5.9 Hz, 1H), 5.27 (d, J = 5.3 Hz, 1H), 3.97-3.87 (m,
1H), 3.81 (d, J = 5.9 Hz, 2H), 3.80-3.68 (m, 2H),
3.46-3.37 (m, 1H), 3.28-3.19 (m, 1H), 2.54 (s, 3H),
2.44-2.39 (m, 5H), 2.30 (s, 6H), 1.83-1 .72 (m, 1H),
0.89 (d, J = 7.0 Hz, 6H). Example 5 1
2-Ethyl-4-[5-(4-isobutyl-3,5-dimethyl-thiophen-2-yl)-[
1 ,2,4]oxadiazol-3-yl]-6-methylphenol is prepared in
analogy to Example 2 1 starting from
4-isobutyl-3,5-dimethylthiophene- 2-carboxylic acid
and 4,N-dihydroxy-3-ethyl-5-methyl-benzamidine; LCMS:
tR = 1.20 min, [M+1] = 371 .04. Example
522,6-Diethyl-4-[5-(4-isobutyl-3,5-dimethyl-thiophen-2
-yl)-[1 ,2,4]oxadiazol-3-yl]-phenol is prepared from
4-isobutyl-3,5-dimethyl-thiophene-2-carboxylic acid
and 4,Ndihydroxy- 3,5-diethyl-benzamidine in analogy
to Example 2 1; LC-MS: tR = 1.24 min, [M+1] = 385.28.
Example 53
rac-N-(3-{2-Ethyl-4-[5-(4-isobutyl-3,5-dimethyl-thioph
en-2-yl)-[1 ,2,4]oxadiazol-3-yl]-
6-methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamid
e is prepared from 4-[5-
(4-isobutyl-3,5-dimethyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2-ethyl-6-methylphenol in analogy
to the procedures described in Examples 22 and 17;
LC-MS: tR = 1.10 min, [M+1] = 502.32. Example 54
N-(3-{2,6-Diethyl-4-[5-(4-isobutyl-3,5-dimethyl-thioph
en-2-yl)-[1 ,2,4]oxadiazol-3-yl]-
phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide is
prepared from 4-[5-(4-isobutyl-
3,5-dimethyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-2,6-diethyl-phenol in analogy to
the procedures described in Examples 22 and 17; LC-MS:
tR = 1.10 min, [M+1] = 5 16.42. Example
55rac-N-(3-{2,6-Diethyl-4-[5-(4-isobutyl-5-methyl-thio
phen-2-yl)-[1 ,2,4]oxadiazol-3-yl]-
phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide is
prepared starting from Intermediate A 1 and
3,5-diethyl-4-N-dihydroxy-benzamidine following the
procedures described in Examples 2 1, 22 and 17;
LC-MS: tR = 1.09 min, [M+1] = 502.36. Example 56
rac-N-(3-{2-Chloro-4-[5-(4-isobutyl-5-methyl-thiophen-
2-yl)-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide
is prepared starting from Intermediate A 1 and
3-chloro-4,N-dihydroxy-5-methyl-benzamidine following
the procedures described in Examples 2 1, 22 and 17;
LC-MS: tR = 1.07 min, [M+1] = 494.44. Example 57
rac-N-(3-{2-Chloro-4-[5-(4-isobutyl-5-methyl-thiophen-
2-yl)-[1 ,2,4]oxadiazol-3-yl]-6-
methoxy-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide
is prepared starting from Intermediate A 1 and
3-chloro-4,N-dihydroxy-5-methoxy-benzamidine following
the procedures described in Examples 2 1, 22 and 17;
LC-MS: tR = 1.06 min, [M+1] = 5 10.40. Example 58To a
solution of
3-{2-ethyl-4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol- 3-yl]-6-methyl-phenyl}-propionic acid
(42 mg, 100 mmol) and DIPEA (39 mg, 300 mmol) in DCM
(2 ml_), TBTU (32 mg, 100 mmol) followed by
ethanolamine ( 18 mg, 300 mmol) is added. The mixture
is stirred at 00C for 16 h before it is diluted with
EA, washed with 1 N aq. NaOH solution, dried over
Na2SO4 and filtered. The solvent is evaporated and the
residue is dried under HV to give 3-{2-ethyl-4-[5-(4-
isobutyl-5-methyl-thiophen-2-yl)-[1
,2,4]oxadiazol-3-yl]-6-methyl-phenyl}-N-(2-
hydroxy-ethyl)-propionamide (39 mg) as a beige solid;
LC-MS: tR = 1.10 min, [M+1] = 456.47. To a solution of
Intermediate A 1 (291 mg, 1.47 mmol) in DCM ( 10 ml_),
DIPEA (573 mg, 4.44 mmol) and TBTU (474 mg, 1.48 mmol)
is added. The mixture is stirred for 15 min before
4-benzyloxy-3,5-dimethyl-benzoic acid hydrazide (396
mg, 1.47 mmol) is added. Stirring is continued at rt
for 16 h. The mixture is diluted with diethyl ether,
washed twice with 1 N aq. NaOH solution, once with 1 N
aq. HCI solution, dried over Na2SO4, and filtered. The
solvent is evaporated to give 4-
benzyloxy-3,5-dimethyl-benzoic acid
N'-(4-isobutyl-5-methyl-thiophene-2-carbonyl)-
hydrazide (371 mg) as a beige solid; LC-MS: tR = 1.07
min, [M+1] = 451 .40. To a solution of this material
in THF (5 mL), Burgess reagent (305 mg, 1.28 mmol) is
added. The mixture is heated to 1100C for 5 min in a
microwave oven. The mixture is cooled to rt, diluted
with diethyl ether and washed with brine. The organic
extract is dried over Na SO4, filtered and
concentrated to give
2-(4-benzyloxy-3,5-dimethylphenyl)-
5-(4-isobutyl-5-methyl-thiophen-2-yl)-[1
,3,4]oxadiazole (348 mg) as an orange oil; LC-MS: tR =
1.26 min, [M+1] = 433.40. This material is dissolved
inTHF:ethanol 1:1 (20 ml_) and treated with a
suspension of Pd/C ( 100 mg, 10% Pd) in ethanol. The
mixture is stirred at rt for 3 h under 1 bar or H2.
The catalyst is removed by filtration and the filtrate
is evaporated to give
4-[5-(4-isobutyl-5-methylthiophen- 2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenol (274 mg) as a
grey solid, LC-MS: tR = 1.12 min, [M+1] = 343.25.
Example 60 rac-1
-Amino-3-{4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-propan-2-ol is prepared starting
from Example 59 in analogy to Example 22; LC-MS: tR =
0.85 min, [M+1] = 4 16.21 . Example 6 1
rac-2-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-5-methy
l-thiophen-2-yl)-[1 ,3,4]oxadiazol-
2-yl]-2,6-dimethyl-phenoxy}-propyl)-acetamide is
obtained as a beige solid starting from Example 60 in
analogy to Example 17; LC-MS: tR = 0.97 min, [M+1] =
474.32. Examples 62 to 64Starting from Intermediate C
1 and 4-benzyloxy-3-ethyl-5-methyl-benzoic acid, the
following examples are prepared following the
procedures given for Examples 59, 22 and 17 using
either racemic or enantiomehcally pure
epichlorohydrine: Example 62 13C NMR (D6-DMSO): d
13.87, 15.53, 16.77, 22.83, 22.90, 29.82, 37.1 6,
42.14, 62.09, 69.24, 75.96, 119.41 , 120.07, 126.1 8,
127.88, 132.82, 133.24, 138.68, 139.74, 139.94,
158.80, 160.73, 163.72, 172.62. Example 65
N-(2-Hydroxy-ethyl)-3-{4-[5-(4-isobutyl-5-methyl-thiop
hen-2-yl)-[1 ,3,4]oxadiazol-2-
yl]-2,6-dimethyl-phenyl}-propionamide is prepared
starting from Intermediate D2 and ethanolamine in
analogy to Example 58; LC-MS: tR = 1.00 min, [M+1] =
488.42; 1H NMR (D6-DMSO): d 0.88 (d, J = 6.4 Hz, 6 H),
1.87 (hept, J = 6.4 Hz, 1H), 2.22 (m, 2 H), 2.38 (s, 6
H), 2.39-2.45 (m, 5 H), 2.80-2.91 (m, 2 H), 3.1 1 (q,
J = 5.9 Hz, 2 H), 3.34-3.42 (m, 2 H), 4.65 (t, J = 5.3
Hz, 1 H), 7.65 (s, 1 H), 7.68 (s, 2 H), 7.90 (t, J =
5.6 Hz, 1 H). Example 66N-(2-Hydroxy-1
-hydroxymethyl-ethyl)-3-{4-[5-(4-isobutyl-5-nnethyl-th
iophen-2-yl)- [ 1
,3,4]oxadiazol-2-yl]-2,6-dinnethyl-phenyl}-propionanni
de is prepared starting from Intermediate D2 and
2-amino-propane-1 ,3-diol in analogy to Example 58;
LC-MS: tR = 0.96 min, [M+1] = 472.25. Example 67
(3-{4-[5-(4-lsobutyl-5-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethylphenyl}-
propionylamino)-acetic acid methyl ester is prepared
starting from Intermediate D2 and glycine methyl ester
in analogy to Example 58; LC-MS: tR = 1.10 min, [M+1]
= 470.41 . Example 68 A solution of
(3-{4-[5-(4-isobutyl-5-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenyl}-propionylamino)-acetic acid methyl
ester in THF ( 1 mL), MeOH ( 1 



mL) and 2 N aq. LiOH solution (0.25 mL) is stirred at
rt for 4 h. The precipitate that formes is collected,
washed with water and dried under HV to give
(3-{4-[5-(4- isobutyl-5-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenyl}-
propionylamino)-acetic acid (9 mg) as a white powder;
LC-MS: tR = 0.99 min, [M+1] = 456.1 7.Example 69
N-(2-Hydroxy-ethyl)-3-{4-[5-(4-isobutyl-5-methyl-thiop
hen-2-yl)-[1 ,3,4]oxadiazol-2-
yl]-3-nnethoxy-phenyl}-propionannide is prepared in
analogy to Example 58 starting from Intermediate D3
and ethanolamine; LC-MS: tR = 0.99 min, [M+1] =
444.35; 1H NMR (CDCI3) : d 0.88 (d, J = 6.7 Hz, 6 H),
1.83 (hept, J = 6.7 Hz, 1 H), 2.34-2.41 (m, 5 H), 2.46
(t, J = 7.6 Hz, 2 H), 2.95 (t, J = 7.3 Hz, 2 H),
3.28-3.37 (m, 2 H), 3.57- 3.63 (m, 2 H), 3.84 (s, 3
H), 5.98 (t, J = 5.3 Hz, 1 H), 7.18-7.21 (m, 1 H),
7.44-7.52 (m, 3 H). Example 70
(S)-2-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-methy
l-thiophen-2-yl)-[1 ,2,4]oxadiazol-
3-yl]-2,6-dimethyl-phenoxy}-propyl)-acetamide is
prepared following the procedures given in Examples 22
and 17 using (R)-epichlorohydhne and starting from
Example 2 1; LC-MS: tR = 1.05 min, [M+1] = 474.1 0.
Example 7 1
(R)-2-Hydroxy-N-(2-hydroxy-3-{4-[5-(4-isobutyl-3-methy
l-thiophen-2-yl)-[1 ,2,4]oxadiazol-
3-yl]-2,6-dimethyl-phenoxy}-propyl)-acetamide is
prepared following theprocedures given in Examples 22
and 17 using (S)-epichlorohydrine and starting from
Example 2 1; LC-MS: tR = 1.05 min, [M+1 ] = 474.37.
Example 72
(S)-N-(3-{2-Ethyl-4-[5-(4-isobutyl-3-methyl-thiophen-2
-yl)-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide
is prepared following the procedures given in Examples
2 1, 22 and 17 starting from Intermediate A3 and 3-
ethyl-4,N-dihydroxy-5-methyl-benzamidine; LC-MS: tR =
1.07 min, [M+1] = 488.1 6 . Example 73
(R)-N-(3-{2-Ethyl-4-[5-(4-isobutyl-3-methyl-thiophen-2
-yl)-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide
is prepared following the procedures given in Examples
2 1, 22 and 17 starting from Intermediate A3 and 3-
ethyl-4,N-dihydroxy-5-methyl-benzamidine; LC-MS: tR =
1.07 min, [M+1] = 488.1 6 . Example 74
rac-N-(3-{2-Chloro-4-[5-(4-isobutyl-3-methyl-thiophen-
2-yl)-[1 ,2,4]oxadiazol-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide
is prepared following the procedures given in Examples
2 1, 22 and 17 starting from Intermediate A3 and 3-
chloro-4,N-dihydroxy-5-methyl-benzamidine; LC-MS: tR =
1.07 min, [M+1] = 493.43.Example 75
rac-N-(3-{2-Chloro-4-[5-(4-isobutyl-3-methyl-thiophen-
2-yl)-[1 ,2,4]oxadiazol-3-yl]-6-
nnethoxy-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetanni
de is prepared following the procedures given in
Examples 2 1, 22 and 17 starting from Intermediate A3
and 3-chloro-4,N-dihydroxy-5-methoxy-benzamidine;
LC-MS: tR = 1.06 min, [M+1] = 5 10.38. Example 76
rac-N-(3-{2,6-Diethyl-4-[5-(4-isobutyl-3-methyl-thioph
en-2-yl)-[1 ,2,4]oxadiazol-3-yl]-
phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide is
prepared following the procedures given in Examples 2
1, 22 and 17 starting from Intermediate A3 and 3,5-
diethyl-4,N-dihydroxy-benzamidine; LC-MS: tR = 1.07
min, [M+1] = 503.25. Example 77
4-[5-(4-lsobutyl-3-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]-2,6-dimethyl-phenol is prepared
in analogy to Example 59 starting from Intermediate
A3; LC-MS: tR = 1.1 2 min, [M+1] = 343.21 ; 1H NMR
(CD3OD): d 0.97 (d, J = 6.7 Hz, 6 H), 1.84-1 .96 (m, 1
H), 2.30 (s, 6 H), 2.52 (d, J = 7.0 Hz, 2 H), 2.56 (s,
3 H), 7.32 (s, 1 H), 7.66 (s, 2 H).Example 78
Alkylation of Example 77 with 2-bromoethanol following
the procedure given in Example 12 gives
2-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]- 2,6-dimethyl-phenoxyJ-ethanol;
LC-MS: tR = 1.09 min, [M+1] = 387.30. Example 79
Alkylation of Example 77 with 3-bromopropanol
following the procedure given in Example 12 gives
3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)-[1
,3,4]oxadiazol-2-yl]- 2,6-dimethyl-phenoxy}-propan-1
-ol; LC-MS: tR = 1.12 min, [M+1] = 401 .30.
2-Hydroxy-N-(2-{4-[5-(4-isobutyl-3-methyl-thiophen-2-y
l)-[1 ,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-ethyl)-acetamide is obtained from
Example 78 following the reaction sequence described
in Example 35; LC-MS: tR = 1.05 min, [M+1] = 444.30.
Example 8
12-Hydroxy-N-(3-{4-[5-(4-isobutyl-3-methyl-thiophen-2-
yl)-[1 ,3,4]oxadiazol-2-yl]-2,6-
dimethyl-phenoxy}-propyl)-acetannide is obtained from
Example 79 following the reaction sequence described
in Example 35; LC-MS: tR = 1.07 min, [M+1] = 458.30.
Example 82
N-(3-{2-Ethyl-4-[5-(4-isobutyl-3-methyl-thiophen-2-yl)
-[1 ,3,4]oxadiazol-2-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide
is prepared from Intermediate C2 and
4-benzyloxy-3-ethyl-5-methyl-benzoic acid following
the procedures given for Examples 59, 22 and 17;
LC-MS: tR = 1.00 min, [M+1] = 488.45. Examples 83 to
85 Starting from Intermediate D4 the following
examples are prepared in analogy to previous
examples:Example 86
2-Hydroxy-N-(2-hydroxy-3-{4-[3-(4-isobutyl-3-methyl-th
iophen-2-yl)-[1 ,2,4]oxadiazol-
5-yl]-2,6-dimethyl-phenoxy}-propyl)-acetamide is
prepared starting from Intermediate E 1 and
3,5-dimethyl-4-hydroxy-benzoic acid following the
procedures given in Examples 2 1, 22 and 17; LC-MS: tR
= 1.05 min, [M+1] = 474.26; 1H NMR (D6-DMSO): d 0.90
(d, J = 6.7 Hz, 6 H), 1.78-1 .90 (m, 1 H), 2.33 (s, 6
H), 3.68-3.84 (m, 4 H), 3.87-3.97 (m, 1 H), 4.06-4.1 2
(m, 1 H), 5.25-5.31 (m, 1 H), 5.53 (t, J = 5.6 Hz, 1
H), 7.45 (s, 1 H), 7.68 (t, J = 5.9 Hz), 7.83 (s, 2 H)
(some signals under solvent resonance). Example 87
rac-3-[4-(3-Amino-2-hydroxy-propoxy)-3,5-dimethyl-phen
yl]-1 -(4-isobutyl-3,5-
dimethyl-thiophen-2-yl)-propan-1 -one is produced
starting from Example 9 following the procedures given
in Example 22; LC-MS: tR = 0.87 min, [M+1] = 4 18.27.
Example 88 To a solution of
rac-3-[4-(3-amino-2-hydroxy-propoxy)-3,5-dimethyl-phen
yl]-1 -(4-
isobutyl-3,5-dimethyl-thiophen-2-yl)-propan-1 -one
(545 mg, 1.31 mmol) in DCM (27 mL), DIPEA (270 mg,
2.09 mmol) is added. The mixture is cooled to 00C
before methanesulfonylchloride ( 180 mg, 1.51 mmol) is
added. Stirring is continued at 00Cfor 1 h. The mixute
is diluted with DCM, washed with water, dried over
MgSO4, filtered and concentrated. The crude product is
purified by chromatography on prep. TLC plates with
DCM containing 4% of MeOH to give
N-(2-hydroxy-3-{4-[3-(4-
isobutyl-3,5-dimethyl-thiophen-2-yl)-3-oxo-propyl]-2,6
-dimethyl-phenoxy}-propyl)- methanesulfonamide (545
mg) as a yellow oil; LC-MS: tR = 1.06 min, [M+1] =
496.24. Example 89 To a solution of Intermediate B5
(300 mg, 1.27 mmol) in MeOH ( 1 1 mL), NaOH (2.03 g,
50.7 mmol) followed by
4-hydroxy-2-methoxy-benzaldehyde is added. The mixture
is stirred at 70 C for 1 h then at rt for 16 h. The
mixture is diluted with diethyl ether, 25% aq. HCI and
sat. NaHCO3 solution so that the pH of the aq. phase
is about 7 . The org. phase is separated and the aq.
phase is extracted once more with diethyl ether. The
combined organic extracts are dried over MgSO4,
filtered and concentrated. The crude product is
purified by CC on silica gel eluting with heptane:EA
7:3 to give 3-(4-hydroxy-2-methoxy-phenyl)-1
-(4-isobutyl-3,5- dimethyl-thiophen-2-yl)-propenone
(270 mg) as a yellow solid; LC-MS: tR = 1.07 min,
[M+1] = 345.18. This material is hydrogenated as
described in Example 7 to give
3-(4-hydroxy-2-methoxy-phenyl)-1
-(4-isobutyl-3,5-dimethyl-thiophen-2-yl)- propan-1
-one (203 mg) as an orange oil; LC-MS: tR = 1.07 min,
[M+1] = 347.1 9 . Examples 90 to 99 The following
examples are prepared in analogy to previous
examples:METHODS AND SYSTEMS FOR SYNCHRONIZING
OVERLAPPING WIRELESS SYSTEMS [0001] This disclosure
pertains to the field of wireless communication
networks, and more particularly to a method for
improving the ability of multiple, independent
wireless communication networks of the same type to
work efficiently in overlapping geographical areas.
[0002] With the emergence of unlicensed wireless
services, overlapping operation of multiple, possibly
competing, wireless networks sharing the same
frequency spectrum will become more commonplace.
Together with the overall proliferation of wireless
services, interference among various co-located
wireless networks has become a problem hindering the
development, and threatening the future, of wireless
services which share the same frequency spectrum.
[0003] One aspect that undermines the coexistence of
overlapping base-stations (responsible for managing
the various overlapping wireless networks) is the lack
of synchronization. Traditionally, synchronization
among overlapping base-stations has been tackled
through the backhaul. This simplifies a basestation's
PHY and MAC design, but this approach too often relies
on third party support, which may not be available.
Another drawback is that the increasing number of
technologies employing license-exempt operation
effectively precludes the existence of acommon
backbone necessary for cooperation among competing
operators serving a given location. This is further
aggravated as the coverage range of these wireless
technologies increase (e.g. , IEEE 802.22) . [0004]
Obviously, synchronization can be useful in order to
allow wireless systems to both coexist and operate at
improved performance. Synchronization is key to
efficiency, as it allows other dynamic resource
sharing schemes to be built on top of it. While
synchronization may be a hard problem to be solved,
the benefits gained from having it can be so
significant that it is worth pursuing. Accordingly,
new technology related to the synchronization of
overlapping, and possibly competing, wireless
communication systems is desirable. [0005] In a first
embodiment, a first base-station capable of
communicating with a first set of remote customer
devices using a first wireless protocol and a first
spectrum, and first basestation being configured to
co-exist with a remote base-station capable of
communicating with a second set of remote customer
devices using the first wireless protocol and the
first spectrum is disclosed. The first base-station
and the first set of remote customer stations include
a physical layer (PHY) device configured to transmit
and receive wireless signals of the first protocol and
the first spectrum, a suppression device coupled to
the PHY device, wherein the suppression device is
configured inhibit the PHY device from transmitting
while the PHY devicedetects a remote set of wireless
signals transmitted b y either the remote base-station
or the second set of remote users, and a media access
control (MAC) device coupled to the PHY device
configured to receive the remote set of wireless
signals from the PHY device, wherein the MAC device
includes a timing estimation device configured to
estimate the timing of the second base-station's
transmitted signal based on the received wireless
signals of the remote device, and wherein the MAC
device is further configured to adjust its own
protocol timing in a manner as to assist in decreasing
signal interference amongst the first and remote
base-stations, and the first and remote customer
devices . [0006] In a second embodiment, a method for
assisting to lessen the interference between a first
base-station capable of 



communicating with a first set of remote customer
devices using a first wireless protocol and a first
spectrum and a remote basestation configured to
capable of communicating with a second set of remote
customer devices using the first wireless protocol and
the first spectrum is disclosed. The method includes
periodically suppressing a transmission of a physical
layer (PHY) device of the first base-station and first
set of customer stations for a first period while
detecting a remote set of wireless signals transmitted
b y either the remote base-station or the second set
of remote users, wherein each first suppressed period
lasts at least one frame period of the first wireless
protocol, and adjusting the protocol timing of the
first basestation based on the detected wireless
signals in a manner as toassist to lessen signal
interference between the first and remote
base-stations . [0007] In a third embodiment, a first
base-station capable of communicating with a first set
of remote customer devices using a first wireless
protocol and a first spectrum, and first basestation
being configured to co-exist with a remote
base-station capable of communicating with a second
set of remote customer devices using the first
wireless protocol and the first spectrum is disclosed.
The first base-station and the first set of remote
customer stations include a physical layer (PHY)
device configured to transmit and receive wireless
signals of the first protocol and the first spectrum,
and a protocol control means for adjusting the
protocol timing of the first base-station and the
first set of remote customer stations in a manner as
to assist to lessen signal interference amongst the
first and remote basestations, and first and second
customer devices, based on the detected remote set of
wireless signals, wherein the protocol control means
adjusts protocol timing based on intermittently
detected wireless signals transmitted b y either the
remote basestation or the second set of remote users
and detected by the PHY device . [0008] The example
embodiments are best understood from the following
detailed description when read with the accompanying
drawing figures. It is emphasized that the various
features are not necessarily drawn to scale. In fact,
the dimensions may b e arbitrarily increased or
decreased for clarity of discussion.Wherever
applicable and practical, like reference numerals
refer to like elements. [0009] FIG. 1 depicts two
wireless communications systems having overlapping
operational regions; [0010] FIG. 2 shows a block
diagram of an exemplary base-station configured to
better co-exist with a competing base-station; [0011]
FIG. 3 depicts both an initial and periodic "quiet
period" useful for the detection of an overlapping
wireless system; [0012] FIG. 4 depicts an exemplary
co-existence window for communication amongst
overlapping wireless systems; and [0013] FIG. 5 is a
block diagram outlining various exemplary operations
directed to the improved co-existence of overlapping
wireless systems. [0014] In the following detailed
description, for purposes of explanation and not
limitation, example embodiments disclosing specific
details are set forth in order to provide a thorough
understanding of an embodiment according to the
present teachings. However, it will be apparent to one
having ordinary skill in the art having had the
benefit of the present disclosure that other
embodiments according to the present teachings that
depart from the specific details disclosed herein
remain within the scope of the appended claims.
Moreover, descriptions of well-known apparatus and
methods may b e omitted so as to not obscure the
description of the example embodiments. Such
methodsand apparatus are clearly within the scope of
the present teachings . [0015] FIG. 1 depicts two
overlapping wireless communications systems, A and B ,
having overlapping operational regions, ZONE A and
ZONE B . A s shown in FIG. 1 , communication system A
includes a first base-station 120A having an antenna
130A with the first base-station 120A being coupled to
a supporting communications backbone/network HOA.
Similarly, communication system B includes a second
base-station 120B having an antenna 130B with the
second base-station 120B being coupled to a second
supporting communications backbone/network HOB. A s is
depicted b y FIG. 1 , the exemplary communications
backbones HOA and HOB have no common wired
infrastructure that can be used to enable the first
base-station 120A to synchronize with the second
base-station 120B. Note, however, that the various
methods and systems of the present description may b e
applied regardless of whether such a common backbone
is available or not. [0016] In operation, the first
base-station 120A can communicate with a variety of
customer devices (e.g., mobile computers or
specialized Customer Premise Equipment (CPE) )
residing in ZONE A using, for example, a wireless Time
Division Multiple Access (TDMA) protocol (e.g., IEEE
802.22) with the protocol having a generally
continuous series of frames with each frame divided
into various downstream and upstream slots. Similarly,
the second base-station 120B can communicate with a
second set of customer devices residing in ZONE B
using the same TDMA protocol (and same frequency
spectrum) as the first base-station 120A.Given the
extent of geographic and spectral overlap of ZONE A
and ZONE B , it is apparent that the transmissions
from the two basestations 120A and 120B and associated
customer devices can interfere with one another to the
detriment of all. Accordingly, the overlapping
wireless communications systems A and B may both
benefit b y cooperating when such cooperation comes at
little or no detriment to either. [0017] In the
present embodiment, the competing communications
systems A and B can cooperate b y monitoring one
another' s wireless emissions, and modifying various
aspects of their own wireless emissions in ways that
can reduce mutual interference based on the monitored
emissions. For example, b y monitoring communications
system B , the first communications system A can
derive the protocol timing of communications system B
and adjust its own protocol timing in a way to
minimize mutual interference. [0018] For the purpose
of this disclosure, the term "protocol timing" as it
relates to a wireless signal can refer to the times at
which frame boundaries and (in some cases) superframe
and/or slot boundaries are occurring and should
continue to periodically occur. Protocol timing may
also include the timing related to special signaling
bits/bytes/words, the expected timing of upstream
versus downstream packet transmission, the timing of
special purpose communications windows and so on.
[0019] Returning to FIG. 1 , it should be appreciated
that better cooperation may also be had if the
communications protocols for the wireless
communications systems A and B could be designed for
passing useful information and commands between the
wirelesscommunications systems A and B . Still yet,
cooperation may be improved if the various customer
devices could likewise pass useful information and
commands between the wireless communications systems A
and B . For the purpose of this disclosure, such
cooperative information and commands can be referred
to as aspects of a "Coexistence Beacon Protocol" (CBP)
. Further information about CBPs, as well competing
wireless systems in general, can be found in "A
Cognitive PHY/MAC Proposal for IEEE 802.22 WRAN
Systems" (November 2005) Document No. IEEE
802.22-05/0105r0 by Carlos Cordeiro, as well as United
States Patent Application No. 60/733,518, both herein
incorporated by reference in their entirety. [0020]
FIG. 2 shows a block diagram of an exemplary
base-station 120 configured to better co-exist with a
competing base-station by employing advantageous
detection, message-passing and synchronization
techniques. A s shown in FIG. 2 , the exemplary
base-station 120 includes a controller 210, a memory
220, a media access controller (MAC) device 230, a
suppression device 240, a physical layer (PHY) device
250 and an input/output device 290. The MAC 230
includes a timing estimation device 232, a
synchronization device 234 and a co-existence device
236. The PHY 250 includes a detection device 252 and
has a link capable of coupling to an antenna (not
shown) . The input/output device 290 can be coupled to
a communication backbone via any number of
technologies [0021] Although the exemplary
base-station 120 of FIG. 2 uses a bussed architecture,
it should be appreciated that any otherarchitecture
may be used as may be known to those of ordinary skill
in the art. For example, in various embodiments, the
various components 210-290 can take the form of
separate electronic components coupled together via a
series of separate busses or a collection of dedicated
logic arranged in a highly specialized architecture.
[0022] It also should be appreciated that some of the
abovelisted components 230-290 can take the form of
software/firmware routines residing in memory 220 and
be capable of being executed by the controller 210, or
even software/firmware routines residing in separate
memories in separate servers/computers being executed
by different controllers. [0023] Still further, it
should also be appreciated that various remote
customer devices may possess similar components with
similar functionality to those components 210-290
shown in FIG. 2 and described herein with the caveat
that such components on a remote customer device may
not need to possess the same complexity as the
components 210-290 the base-station 120 and so some of
the components in FIG. 2 can be omitted (e.g., the
synchronization device 234). [0024] Returning to FIG.
2 , before the exemplary base-station 120 starts its
"regular" operation, i.e., it provides continuous
communication services for its various customer
devices, the base-station 120 can initiate a quiet
"listening" period for itself, for related customer
devices and possibly for all other base-stations that
might be affected. [0025] During this initial quiet
period, the suppression device240 can prevent the PHY
250 from transmitting while permitting the PHY 250 to
passively "listen" for other wireless systems that may
b e already actively providing communication services.
The exemplary PHY 250 uses its detection device 252 to
detect external communication services using the same
protocol and 



frequency spectrum intended for use b y the
base-station 120 of FIG. 2 . A s these signals are
detected, they are converted into a digital data
stream, which is in turn provided to the timing
estimation device 232 in the MAC 230. [0026] Once the
data stream is received, the timing estimation device
232 can use the data stream to determine the protocol
timing of the external wireless signals. [0027] In
case of the base-station 120, after the timing
estimation device 232 has estimated the protocol
timing of the detected wireless signals, the
synchronization device 234 can cause the MAC 230 to
adjust its own protocol timing in such a way as to
assist to lessen or minimize potential interference
between any wireless signals produced b y the
base-station 120 and the wireless signals produced b y
the remote base-station. In case of a first remote
customer device, the resulting timing of the external
wireless signal may b e communicated to the first
basestation 120 who can, in turn, proceed as described
before. [0028] In certain embodiments, such
synchronization may simply consist of aligning the
start of frame boundaries to coincide with the start
of the frame boundaries produced b y the detected
remote base-station. This embodiment does not require
that any respective local and remote frames b e
aligned (e.g., frame 1 toframe 1 , frame 2 to frame 2
and so on), merely that frame boundaries be aligned.
[0029] In other embodiment, however, it can be useful
to align respective frames, superframes, sets of
superframes and so on. By aligning superframes, it is
assumed that frame boundaries can be aligned, as well
as frames (i.e., frame 1 to frame 1 , frame 2 to frame
2 and so on) , slot boundaries, special signaling
bits, etc . [0030] While the base-station 120 of the
present embodiment is capable of executing the
above-described initial quiet / alignment period, it
should be appreciated that even should the MAC 230
initially produce a perfectly aligned signal protocol
with respect to the remote base-station protocol,
clock drift and other system imperfections can cause
local and remote frame boundaries to drift relative to
one another over time. In addition, other wireless
systems may start operation using the same resources
and in overlapping geographical locations. [0031] In
order to counteract these cases, the base-station 120
can further employ periodic intermittent quiet
listening periods in order to realign local and remote
protocol timing. [0032] These periodic intermittent
quiet listening periods, also referred to as "self
-coexistence quiet periods", need not be frequent, and
while the base-station can have complete freedom to
choose their occurrence and frequency, it can be
beneficial to regularly schedule the self -coexistence
quiet periods in every superframe, and done in a
random way to increase the probability that
overlapping base-stations and/or remote customer
devicessuccessfully detect each other. The duration of
a quiet period can typically be of less than one frame
size, but can also be of one frame, and possibly of
multiple frames. [0033] FIG. 3 depicts such an
exemplary wireless transmitted signal having a
randomly/pseudo-randomly generated selfcoexistence
quiet time selection along with an initial quiet time
as described above. As shown in FIG. 3 , the protocol
of the example wireless signal has an initial quiet
time 330 followed by a repeating set of superframes
SF0 ... SFNS-i, where NS defines the number of
superframes in a set. Also shown in FIG. 3 , each
superframe SF0 ... SFNS-i can have a predetermined set
of frames F0 ... SFFS-i., where FS defines the number
of frames in a superframe. For the present example,
frame FN of superfame SFK has been randomly selected
such that an intermittent quiet period will occur
every NS x FS frame periods. [0034] During each quiet
frame FN, the suppression device 240 can suppress PHY
transmission while allowing the detection device 252
to detect any remote wireless signals. Using the
detected signals, the timing estimation device 252 can
again estimate the protocol timing of the remote
wireless signals, and the synchronization device 234
can apply a convergence routine to force the MAC to
"slide" its protocol timing to be closer to (if not
exactly) the protocol timing of the remote
base-station. [0035] While any number of possible
convergence rules may be employed by the
synchronization device, it should be appreciated that
it can be desirable to limit the acceptable
convergence time while guaranteeing convergence.
Accordingly, a judicious choiceof convergence rule(s)
can be desirable to optimize performance. [0036] Note
that whenever the protocol timing of the MAC 230 is
adjusted, it should be appreciated that the time for
such a slide may be best if at a superfame boundary or
at a set of superframes boundary. So that the timing
slide does not disrupt any data communication, the MAC
230 can account for the slide when scheduling future
upstream and downstream transmissions, and further
strive to communicate with customer devices and other
base-stations to coordinate and confirm any timing
adjustments made. It should also be noted that in case
of a centralized access system with a base-station
120, it can be the responsibility of the base-station
120 to adjust the protocol timing, which is announced
and followed by all remote customer devices . [0037]
Returning to FIG. 2 , the co-existence device 236 of
the MAC 230 can be used to coordinate and confirm
timing adjustments by use of a "self -coexistence
window". FIG. 4 depicts such an exemplary
self-coexistence window as part of a number of
upstream slots located at the end of frame FM,
superframe SFL. The selfcoexistence window need not be
as long as a quiet window - typically a few slots with
guard bands on either side to account for signal delay
propagation. [0038] The above-mentioned coordination
and confirmation of time-slides/synchronization, as
well as other system maintenance issues, can be
accommodated through periodic packet transmissions and
receptions during the self-coexistence windows. For
example, after a first base-station makes a protocol
timing adjustment,synchronization may be considered
completed and confirmed once a first "beacon packet"
is successfully received from an overlapping cell. For
the purpose of this disclosure, the any packets
transmitted and received using the co-existence window
can fall under the "Coexistence Beacon Protocol" (CBP)
discussed above, and packets transmitted under the CBP
can be referred to as "beacon packets". [0039] FIG. 5
is a block diagram outlining various exemplary
operations directed to the improved co-existence of
competing base-stations. The process starts in step
502 when an initial quiet listening period is
performed by a base-station to detect the signals
produced by a remote base-station. Next, in step 504,
the timing of the remote base-station's protocol is
estimated, and calculations to produce the necessary
synchronization of the base-station's transmitted
signal is performed. Control continues to step 506.
[0040] In step 506, the timing for periodic
quiet/listening frames (or other time periods) can be
defined. Next, in step 508, the timing for periodic
co-existence periods can be defined. Then, in step
510, the base-station can start transmitting using
protocol timing as defined in step 504 and having
quiet and co existence periods as defined in steps 506
and 508. Control continues to step 512. [0041] In step
512, a scheduled quiet time is executed, and signals
from either the remote base-stations or remote
customer devices can be detected. Next, in step 514, a
scheduled co existence window can be executed and any
pertinent co-existencedata can b e exchanged. Control
continues to step 516. [0042] In step 516, any
necessary timing estimation and convergence routines
can b e performed, as well as any synchronization
operations, e.g., "sliding", necessary to align the
protocol timing of a base-station to a remote
base-station. Next, in step 518, confirmation
operations can be performed using the CBP discussed
above - typically through a subsequent co existence
window. Control then jumps back to step 512 and loops
continuously through steps 512-518 as needed until the
subject base-station ceases operation. [0043] In
various embodiments where the above-described systems
and/or methods are implemented using a programmable
device, such as a computer-based system or
programmable logic, it should b e appreciated that the
above-described systems and methods can b e
implemented using any of various known or later
developed programming languages, such as "C", "C++",
"FORTRAN", Pascal", "VHDL" and the like. [0044]
Accordingly, various storage media, such as magnetic
computer disks, optical disks, electronic memories and
the like, can b e prepared that can contain
information that can direct a device, such as a
computer, to implement the above-described systems
and/or methods. Once an appropriate device has access
to the information and programs contained on the
storage media, the storage media can provide the
information and programs to the device, thus enabling
the device to perform the above-described systems
and/or methods. [0045] For example, if a computer disk
containing appropriatematerials, such as a source
file, an object file, an executable file or the like,
were provided to a computer, the computer could
receive the information, appropriately configure
itself and perform the functions of the various
systems and methods outlined in the diagrams and
flowcharts above to implement the various functions.
That is, the computer could receive various portions
of information from the disk relating to different
elements of the above-described systems and/or
methods, implement the individual systems and/or
methods and coordinate the functions of the individual
systems and/or methods described above. [0046] The
many features and advantages of the invention are
apparent from the detailed specification, and thus, it
is intended b y the appended claims to cover all such
features and advantages of the invention which fall
within the true spirit and scope of the invention.
Further, since numerous modifications and variations
will readily occur to those skilled in the art, it is
not desired to limit the invention to the exact
construction and operation illustrated and described,
and accordingly, all suitable modifications and
equivalents may b e resorted to, 



falling within the scope of the invention.CLAIMS 1 . A
first base-station capable (120) of communicating with
a set of first remote customer devices using a first
wireless protocol and a first spectrum, and first
basestation being configured to co-exist with a remote
wireless system having a remote base-station capable
of communicating with a set of second remote customer
devices using the first wireless protocol and the
first spectrum, the first basestation comprising; a
physical layer (PHY) device (250) configured to
transmit and receive wireless signals of the first
protocol and the first spectrum; a suppression device
(240) coupled to the PHY device, wherein the
suppression device is configured inhibit the PHY
device from transmitting while the PHY device detects
a remote set of wireless signals transmitted by at
least one of the remote base-station and a second
remote customer device; and a media access control
(MAC) device (230) coupled to the PHY device and
configured to receive the remote set of wireless
signals from the PHY device, wherein the MAC device
includes a timing estimation device (232) configured
to estimate the protocol timing of the remote
base-station's and/or second remote customer device's
transmitted signal based on the received wireless
signals, and wherein the MAC device is further
configured to adjust its own protocoltiming in a
manner as to lessen signal interference between the
first base-station and second wireless system. 2 . The
first base-station of claim 1 , wherein the MAC device
includes a synchronization device (234) configured to
adjust its own protocol timing in a manner as to align
frame boundaries of the first base-station's
transmitted signals with frame boundaries of the
remote base-station's transmitted signals. 3 . The
first base-station of claim 1 , wherein the MAC device
includes a synchronization device (234) configured to
adjust its own protocol timing in a manner as to align
superframe boundaries of the first base-station's
transmitted signals with superframe boundaries of the
remote basestation's transmitted signals. 4 . The
first base-station of claim 1 , wherein the
suppression device is configured to inhibit the PHY
device from transmitting during an initial quiet
period before regular operational transmission of the
first base-station. 5 . The first base-station of
claim 4 , wherein the suppression device is further
configured to inhibit the PHY device from transmitting
during a number of repetitive, intermittent quiet
periods during the regular operation of the first
base-station.6 . The first base-station of claim 1 ,
wherein the suppression device is configured to
inhibit the PHY device from transmitting during a
number of repetitive, intermittent quiet periods
during the regular operation of the first basestation.
7 . The first base-station of claim 6 , wherein the
repetitive, intermittent quiet periods are each n
frames long in duration, wherein n is an integer
greater than zero. 8 . The first base-station of claim
7 , wherein n is one . 9 . The first base-station of
claim 7 , wherein the first base-station assigns a
random frame number for the repetitive intermittent
quiet periods. 10. The first base-station of claim 9 ,
wherein the first base-station further assigns a
superframe number from a set of superframes comprising
the first base-station's protocol to the repetitive
intermittent quiet periods. 11. The first base-station
of claim 10, wherein the first base-station assigns a
random superframe number.12. The first base-station of
claim 1 , wherein the MAC device further includes a
co-existence device (236) configured to establish a
periodic common co-existence time period between the
first and remote base-stations, wherein each common
co-existence time period can be used for exchanging
messages between base-stations. 13. The first
base-station of claim 12, wherein the common
co-existence time period further can be used for
exchanging messages directed to the sharing of
bandwidth resources between the first and remote
base-stations. 14. The first base-station of claim 12,
wherein the periodic common co-existence time period
consists of one or more time slots embedded in a set
of upstream timeslots of a particular assigned frame.
15. The first base-station of claim 14, wherein the
periodic common co-existence time period further
includes one or more guard bands. 16. The first
base-station of claim 2 , wherein the synchronization
device employs a convergence routine to periodically
adjust its own protocol timing to converge with the
protocol timing of the remote base-station.17. A
method for lessening the interference between a first
base-station (120) capable of communicating with a set
of first remote customer devices using a first
wireless protocol and a first spectrum and a remote
wireless system having a remote base-station capable
of communicating with a set of second remote customer
devices using the first wireless protocol and the
first spectrum, the method comprising; periodically
suppressing a transmission of a physical layer (PHY)
device (250) of the first base-station for a first
period while detecting a remote set of wireless
signals transmitted by at least one of the remote
base-station and a second remote customer devices,
wherein each first suppressed period lasts at least
one frame period of the first wireless protocol; and
adjusting the protocol timing of the first
base-station based on the detected wireless signals
received during at least a first suppressed first
period in a manner as to lessen signal interference
between the first base-station and second wireless
system. 18. The method of claim 17, wherein the step
of adjusting includes: estimating the protocol timing
of the remote basestation's transmitted signal based
on the remote wireless signals detected during the
first suppressed period to produce a first estimated
time;performing a convergence process based on the
first estimated time and a local protocol timing to
determine a time change adjustment useful to improve
synchronization between the first and remote
base-stations; and applying the time change adjustment
to the local protocol timing to better align the local
protocol timing to the remote protocol timing. 19. The
method of claim 18, further comprising establishing a
periodic common co-existence time period between the
first and remote base-stations for exchanging messages
amongst base-stations and customer devices, wherein
the periodic common co-existence time period consists
of one or more time slots embedded in a particular
assigned frame of the first wireless protocol. 20. A
first base-station (120) capable of communicating with
a set of first remote customer devices using a first
wireless protocol and a first spectrum, and first
base-station being configured to co-exist with a
remote wireless system having a remote base-station
capable of communicating with a set of second remote
customer devices using the first wireless protocol and
the first spectrum, the first base-station comprising;
a physical layer (PHY) device (250) configured to
transmit and receive wireless signals of the first
protocol and the first spectrum; anda protocol control
means (250) for adjusting the protocol timing of the
first base-station in a manner as to lessen signal
interference between the first base-stations and the
remote wireless system based on remote wireless
signals detected by the PHY, wherein the protocol
control means adjusts protocol timing based on
intermittently detected wireless signals transmitted
by at least one of the remote base-station and a
second remote customer device. 21. The first
base-station of claim 20, wherein the protocol control
means further includes a co-existence means (236) for
establishing a periodic common co-existence time
period between the first base-station and remote
wireless system, wherein each common co-existence time
period can be used for exchanging messages amongst
respective base-stations and customer devices of the
first and remote wireless systems . 22. The first
base-station of claim 20, wherein the first
base-station is part of an unlicensed communication
system. 


