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(57) Abrégée/Abstract:
Compounds of general formula (1) (see formula 1) are described wherein =VW-is (1) =C(Y)- where Y Is a halogen atom, or an alkyl
or -XR? group where X is -O-, -S(O) -[where m Is zero or an integer of value 1 or 2], or -N(RP)- where RP is a hydrogen atom or an

optionally substituted alkyl group or, (2) =N; L is a -XR, [where R Is an optionally substituted alkyl, alkenyl, cycloalkyl or cycloalkenyil
group], -C(R'")=C(R")(R?) or [[CH(R'")]_.CH(R")(R?) group where R"" is a hydrogen or a fluorine atom or a methyl group, and R’
and R?, which may be the same or different, is each a hydrogen or fluorine atom or an optionally substituted alkyl, alkenyl, alkynyl.
alkoxy, alkylthio, -CO, R®, [where R® is a hydrogen atom or an optionally substituted alkyl, aralkyl, or aryl group], -CONR®R™
[where R¥ and R'®, which may be the same or different are as defined for R°], -CSNRR'®, -CN or -NO,group, or R" and R?
together with the C atom to which they are attached are linked to form an optionally substituted cycloalkyl or cycloalkenyl group and
n is zero or the integer 1: Z is (1) a group -C(R3)(RHC(R)(R®)(R?7) or -C(RH=C(R>)(R®) where R3 is a hydrogen or a fluorine atom
or an optionally substituted straight or branched alkyl group: R is a group selected from -X2 L'R'% [where X2 is as defined above
for X, L' is a linker group and R'? is a hydrogen atom or a cycloaliphatic, heterocycloaliphatic, or monocyclic or bicyclic aryl group
optionally containing one or more heteroatoms selected from oxygen, sulphur or nitrogen atoms], -Alk'R'2 [where Alk' is an
optionally substituted straight or branched alkenyl or alkynyl chain optionally containing one or more -O- or -S- atoms or -N(RP)-,
carbocyclic or heteroatom-containing groups], -CH,L'R'#@ [where R'“? is as defined for R’ but is not a hydrogen atom]; -X& R'4?,
or -C(XP)R1%@ [where XP is an oxygen or sulphur atom]; R is a -(CH,) Ar group where p is zero or an integer 1, 2 or 3 and, Aris a
monocyclic or bicyclic aryl group optionally containing one or more heteroatoms selected from oxygen, sulphur or nitrogen atoms
RS is a hydrogen or a fluorine atom or an optionally substituted alkyl group; R’ is a hydrogen or a fluorine atom or an OR® group
where R is a hydrogen atom or an optionally substituted alkyl or alkenyl group, or an alkoxyalkyl, alkanoyl, formyl, carboxamido or
thiocarboxamido group; or Z is (2) a group -C(R*)C(R”)(R®)(R’) where R* is a group =CH,,, or CH(L") -R'#; and the sallts, solvates,
hydrates, prodrugs and N-oxides thereof. Compounds according to the invention are phosphodiesterase type |V inhibitors and are
useful in the prophylaxis and treatment of disease such as asthma where an unwanted inflammatory response or muscular spasm
IS present.
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(54) Title: TRI-SUBSTITUT. NYL DERIVATIVES USEFUL AS PDE IV INHIBITORS

{87) Abstract L
Compounds of general {1)
formula (1) are described w y 4

wherein =W~ is (1) =C(Y)-

where Y is a halogen atom, or

an alkyl or -XR? group where X is «O-, -S(O)m-fwhere m is zero or an iateger of value 1 or 2], or -N(RbP}- where Rb is a hydrogen atom or
an optionally substituted alky! group or, (2) =N; L is a -XR, [where R isan optionally substituted alkyl, alkenyl, cycloalky! or cycloalkenyl
group}, -C(RNH=C(RI)(R?) or [-CHR!)],CHR'}R?) group where R is a hydrogen or a fluorine atom or 2 methyl group, and R! and
R?, which may be the same or different, is each a hydrogen or fluorine atom or an optionally substituted alkyl, alkenyl, alkynyl, alkoxy
alkylithio, -CQOz RS, [where R? is a hydrogen atom or an optionally substituted alkyl, aralkyl, or aryl group], -CONRZR!C [wheré R® and
RIS, which may be the same or different are as defined for R8), -CSNR'R'?, -CN or -NOsgroup, or R! and R? together with the C atom
to which they are attached are linked to form an optionally substituted cycloalkyl or cycloalkenyl group and n is zero or the integer 1;
Z is (1) a group -CRHRHCRIHROR?7) or -CRH=CRHRY) where R s a hydrogen or a fluorine atom or an optionally substituteci
straight or branched alkyl group; R#* is a group selected from -X#L'R® [where X2 is as defined above for X, L! is a linker group and
R!? is a hydrogen atom or a cycloaliphatic, heterocycloaliphatic, or monacyclic or bicyclic aryl group optionally containing one or more
heteroatoms selected from oxygen, sulphur or nitrogen atoms], -AKk'R!2 [where Alk! is an optionally substituted straight or branched
atkenyl or alkynyl chain optionally containing one or more -O- ot -5- atoms or -N(RY)-, carbocyclic or heteroatom-containing groups)
-CHLIR!2 [where R!22 is as defined for RZ but is not a hydrogen gfom]; -X2R12% or -C(X®)R12¢ [where Xb is an oxygen or suipl:;u;‘
atoml]; R3 is a -(CHz)pAr group where p is zero or an integer 1, 2 or 3.a® Ar is a monocyclic or bicyelic aryl group optionally containing
one or more heteroatoms selected from oxygen, sulpbur or nitrogen atomsR® is a hydrogen or a fluorine atom or an opttonally substituted
alkyl group; R7 is a hydrogen or a flucrine atom or an OR® group Whee R¢ is a hydrogen atom or an optionally substituted alkyl or
atkeny! group, or an alkoxyalkyl, alkanoyl, formyl, carboxamido of thiocarboxamido group; or Z is (2) a group -C(RHC(RSRORT)
where R4 is a group =CHaz, or =CH(L")s-R!% and the salts, solvates, hydrates, prodrugs and N-oxides thereof. Compounds according to
the invention are phosphodiesterase type [V inhibitors and are useful in the prophylaxis and treatment of disease such as asthma where an

unwanted inflammatory response or muscular spasm is present.
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TRI-SUBSTITUTED PHENYL DERIVATIVES USEFUL AS PDE IV INHIBITORS

5  This invention relates to a novel series of tri-substituted phenyl derivatives,
to processes for their preparation, to pharmaceutical compositions
containing them, and to their use in medicine.

Many hormones and neurotransmitters modulate tissue function by
10 elevating intra-cellular levels of adenosine 3', §'-cyclic monophosphate
(CAMP). The cellular levels of cAMP are regulated by mechanisms which
control synthesis and breakdown. The synthesis of cAMP is controlled by
adenylyl cyclase which may be directly activated by agents such as
forskolin or indirectly activated by the binding of specific agonists to cell
15 surface receptors which are coupled to adenyiyl cyclase. The breakdown
ot cAMP is controlled by a family of phosphodiesterase (PDE)
isoenzymes, which also conirol the breakdown of guanosine 3',5'-cyclic
monophosphate (cGMP). To date, seven members of the family have
been described (PDE I-VII) the distribution of which varies from tissue to
20 tissue. This suggests that specific inhibitors of PDE isoenzymes could
achieve differential elevation of cAMP in different tissues, [for reviews of
PRE distribution, structure, function and regulation, see Beavo &
Reifsnyder (1990) TIPS, 11: 150-155 and Nicholson et al (1991) TIPS, 12:
19-271.
25
There is clear evidence that elevation of cAMP in inflammatory leukocytes
leads to inhibition of their activation. Furthermore, elevation of cAMP in
airway smooth muscle has a spasmoiytic effect. In these tissues, PDE {V
plays a major role in the hydrolysis of CAMP. It can be expected,
30 therefore, that selective inhibitors of PDE IV would have therapeutic
effects in inflammatory diseases such as asthma, by achieving both anti-
inflammatory and bronchodilator effects.

The design of PDE IV inhibitors has met with limifed success to date, in
35 that many of the potential PDE IV inhibitors which have been synthesised
have lacked potency and/or have been capable of inhibiting more than one
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type of PDE isoenzyme in a non-selective manner. Lack of a selective
action has been a particular problem given the widespread role of cAMP ipn
vivo and what is needed are potent selective PDE 1V inhibitors with an
inhibitory action against PDE IV and little or no action against other PDE
iscenzymes.

We have now found a novel series of trisubstituted phenyl derivatives,
members of which are potent inhibitors of PDE 1V at concentrations at
which they have little or no inhibitory action on other PDE isoenzymes.
These compounds inhibit the isolated PDE IV enzyme and also elevate
cAMP in isolated leukocytes. The compounds of the invention are
therefore of use in medicine, especially in the prophylaxis and treatment of
asthma.

Thus according to one aspect of the invention, we provide a compound of
formula (1)

wherein

=W- is (1) =C(Y)- where Y is a halogen atom, or an alkyi or -XR2 group
where X is -O-, -S(O)m- [Where m is zero or an integer of value 1 or 2], or
-N(RP)- [ where RP is a hydrogen atom or an optionally substituted alkyl
group] and R@ is a hydrogen atom or an optionally substituted alkyi group
or, (2) =N-;

L is a -XR, [where R is an optionally substituted alkyl, alkenyl, cycloaikyl or
cyloalkenyl group], -C(R11)=C(R1}{R2) or [-CH(R'1)],CH(R"}(R?} group
where R11 is a hydrogen or a fluorine atom or a methy! group, and Rt and
R2, which may be the same or different, is each a hydrogen or fluorine
atom or an optionally substituted alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
-CO2oRE, [where R8 is a hydrogen atom or an optionally stubstituted alkyl,
aralkyl, or aryl group}, -CONR®PR10 [where R® and R19, which may be the
same or different are as defined for R8), -CSNR®R1°, -CN or -NQ2 group,
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or R! and R2 together with the C atom to which they are attached are
linked to form an optionally substituted cyctoalkyl or cycioalkenyi group
and n is zero or the integer 1,

Z is (1) a group -C(R3)(R4)C(R5)(RE)}{R7) or -C(R4)=C(R°}(RS) where R3 is
a hydrogen or a fluorine atom or an optionally substituted straight or
branched alkyl group;

R4 is a group selected from -XaL1R12 [where X2 is as defined above for X,
L1 is a linker group and R12 is a hydrogen atom or a cycloaliphatic,
heterocycloaliphatic, or monocyclic or bicyclic aryl group optionally
containing one or more heteroatoms selected from oxygen, sulphur or
nitrogen atoms], -Alk1#12 [where Alk? is an optionally substituted straight
or branched alkenyl! or alkynyl chain optionally containing one or more -O-
or -S- atoms or -N(RP)-, carbocyclic or heteroatom-containing groups],
-CH»L1R12a fwhere R122 is as defined for R12 but is not a hydrogen atom];
-Xa8R12a; or -C(XP)R122 [where XP is an oxygen or sulphur atom];

RS is a -(CHz)pAr group where p is zero or an integer 1, 2 or 3 and Ar is a
monocyclic or bicyclic aryl group optionally containing one or more
heteroatoms selected from oxygen, sulphur or nitrogen atoms;

RS is a hydrogen or a fluorine atom or an optionally substituted alkyi
group;

R7 is a hydrogen or a fluorine atom or an ORC group where RC¢ is a
hydrogen atom or an opticnally substituted alkyl or alkenyl group, or an
alkoxyalkyl, alkanoyl, formyl, carboxamido or thiocarboxamido group;

or Z is (2) a group -C(R#)C(RS)(R€)(R7) where R4 is a group =CHj, or
=CH(L1)-R12;

and the salts, solvates, hydrates, prodrugs and N-oxides thereof.

It will be appreciated that certain compounds of formula (1) may have one
or more chiral centres, depending on the nature of the groups L1, R1, R2,
R3, R4, R5, R® and R7. Where one or more chiral centres is present,
enantiomers or diastereomers may exist, and the invantion is to be
understood to extend to all such enantiomers, diastereomers and mixtures
thereot, including racemates.

Compounds of formula (1} wherein L is a -C(R11)=C(R1)(R2) group and/or
Z is the group -C{R4)=C(R5)(R®), may exist as geometric isomers
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depending on ths nature of the groups R1, R<, R4, RS, R6 and R1! and
the invention is to be understood to extend to all such isomers and

mixtures thereol.

in the compounds of formula (1), when =W- is =C(Y)- and Y is a halogen
atom Y may be for example a fluorine, chlorine, bromine or icdine atom.

When W in the compounds of formula (1) is a group =C(Y)- and Y is -XR2,
R& may be, for example, a hydrogen atom or an optionaily substituted
straight or branched alkyl group, for example, an optionally substituted C.
salkyl group, such as a methyi, ethyl, n-propyl or i-propyt group. Optional
substituents which may be present on H2 groups include one or more
halogen atoms, e.g. fluorine, or chlorine atoms. Particular R2 groups
include for example -CHoF, -CH2Cl, -CHF2, -CHClIp, -CF3 or -CCl3 groups.

When =W- in the compounds of formula (1) is a group =C(Y}- where -Y is
-N(Rb), =W- may be a =C{NHz}-, =C(NHCH3g}- or =C{NHC2H5)- group.

in compounds of formula (1), X may be an oxygen or a sulphur atom, or a
group -S(0O)-, -S{0)s-, -NH- or C4.g alkylamino, for example a Cq.3
alkylamino, e.g. methylamino [-N(CHg)-] or ethylamino [-N(CaHsz)-] group.

Alky! groups reprasented by Y, R, R!, R?, or RP in the compounds of
formula (1) include optionally substituted straight or branched C.g alkyl
groups optionally interrupted by one or more X atoms or groups.
Particular examples include Cq.3 alkyl groups such as methyl or ethyl
groups. Optional substituents on these groups include one, two or three
substituents selected from halogen atoms, e.g. fluorine, chlorine, bromine
or jodine atoms, or hydroxyl or Cy.¢ alkoxy e.g. Cy.3 alkoxy such as
methoxy or ethoxy or -COoR8, -CONRSR10, -CSNRPR10 or -CN groups.

Alkenyl groups represented by R, R or R? in the compounds of formula
(1) include optionally substituted straight or branched Co.galkenyt groups
optionally interrupted by one or more X atoms or groups. Particular
examples include ethenyl, propen-1-yl and 2-methyipropen-1-yl groups.



. WO 95/35284 21976 44 PCT/GBI5/01466

Optional substituents include those described above in relation to alkyil
groups represented by the groups R? or R<.

Alkynyl groups represented by R1 or R?2 in compounds of formula (1)

5 include optionally substituted straight or branched Cz.galkynyl groups
optionally interrupted by one or more X atoms or groups. Particular
examples include ethynyl and propyn-1-yi groups. Optional substituents
include those described above in relation {o alkyl groups represented by
the groups R1 or R2.

10
When R1 or R2 in compounds of formula (1) is an alkoxy or alkylthio group
it may be for example an optionally substituted straight or branched Cjy.
salkoxy or Ci.galkyithio group optionally interrupted by one or more X
atoms or groups. Particular examples include C4.galkoxy, €.g. methoxy or

15 ethoxy, or Cyi.zalkylthio e.g. methylthio or ethylthio groups. Optional
substituents include those described above in relation to alkyl groups
represented by the groups Rt or R2.

When R1 and R2 together with the carbon atom to which they are attached
20 in the compounds of formula (1) are linked to form a cycloaikyl or
cycloalkenyl group, the group may be for exampile a Ca.geycloalkyl group
such as a cyclobutyl, cyclopentyl or cyclohexyl group or a Ca.g
cycloalkenyl group containing for example one or two double bonds such
as a 2-cyclobuten-1-yl, 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, 2,4-cycio-
25 pentadien-1-yl, 2-cyclohexen-1-yl, 3-cyclohexen-1-yl, 2,4-cyclohexadien-1-
yl or 3,5-cyclohexadien-1-yi group, each cycloalkyl or ¢cyciocaikeny! group
baing optionally substituted by one, two or three substituents selected
from halogen atoms, e.g. fluorine, chiorine, bromine or iodine atoms,
straight or branched Cy.galkyi e.g. Cq-zalkyl such as methyl or ethyl,
30 hydroxyl or Ci.galkoxy e.g. Ci-zalkoxy such as methoxy or ethoxy groups.

When R in the compounds of formula (1) is an optionally substituted
cycloalkyl or cycloalkenyl group it may be for example a Cz-gcycloalkyl
group such as a cyclobutyl, cyclopentyl or cyclohexyl group or a Ca-g
35 cycloalkeny! group containing for example one or two double bonds such
as a 2-cyclobuten-1-yl, 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, 2,4-cyclo-
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pentadien-1-yl, 2-cyclohexen-1-yl, 3-cycichexen-1-yl, 2,4-cyciohexadien-1-
yl or 3,5-cyclohexadien-1-yi group, each cycloalkyl or cycloalkenyi group
being optionally substituted by one, two or three substituents selected
from halogen atoms, e.g. fluorine, chlorine, bromine or iodine atoms,
straight or branched Ci.galky! e.g. Cq.zalkyl such as methyl or ethyl,
hydroxyl or Ci.galkoxy e.g. C1-zalkoxy such as methoxy or ethoxy groups.

When the group R7 in compounds of formula (1) is an OR€ group it may
be for example a hydroxyl group; or a group -ORC where RC is an
optionally substituted straight or branched C1.galkyl group, e.g. a Cq-zalkyl
group such as a methyl or ethyl group, a Ca.galkenyl group such as an
ethenyl or 2-propen-1-yl group, a Cy.zalkoxyCq.zalkyl group such as a
methoxymethyl, ethoxymethyl or ethoxyethyt group, a C4.galkanoyl, e.q.
C1.3alkanoyl group such as an acetyl group, or a formyi [HC(O)-],
carboxamido (CONR12R12a) or thiocarboxamido (CSNR12R122) group,
where R12 and R12a in each instance may be the same or different and is
each a hydrogen atom or an optionally substituted straight or branched C1.
salkyl, e.g. Cq.zalkyl group such as methyl or ethyl group. Optional
substituents which may be present on such Re, R12 or R12a groups
include those described below in relation to the alkyl groups R® or R7.

Alkyl groups represented by RS, R6 or R7 in compounds of formula (1)
include optionally substituted straight or branched C4 alkyl groups, e.g.
Cq.a alkyl groups such as methyl, ethyl, n-propy! or i-propyl groups.
Optional substituents which may be present on these groups include one
or more halogen atoms, e.g. fluorine, chiorine, bromine or iodine atoms, or
hydroxyl or C.galkoxy e.g. Cy-.galkoxy such as methoxy or ethoxy groups.

When R? or R2is a -CO2R8, -CONR®R10 or CSNR?R1° group it may be
for example a -COoH, -CONHs or -CSNH2o group or a group -CO2RS,
-CONRSR10, -CSNRER10, -CONHR10, or -CSNHR10 where R8, R? and
R10 where present is a Cq.aalkyl group such as methyl or ethyl group, a
Ce-12aryl group, for example an optionally substituted phenyl, ora 1- or 2-
naphthyl group, or a Cg.12aryl Cq.3alkyl group such as an optionaily
substituted benzyl or phenethyl group. Optional substituents which may

3764 A PCT/GBY5/01466
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be present on these aryl groups include R13 substituents discussed below
in relation to the group Ar.

When R# in compounds of formula (1) contains a L1 linker group, L1 may
be any divalent finking group. Particular examples of L1 groups include
groups of formula -{Aik2){Xa)s(Alk3)- where AlkZ and AlkS is each an
optionally substituted straight or branched C+.galkyiene, Ca.galkenylene or
Ca.galkynylene chain optionaily containing one or more, e.g. one, iwo or
three heteroatoms or carbocyclic or heteroatom-containing groups, X2 is as
defined previously, r is zero or the integer 1, t is zero or the integer 1 and s
is zero or the integer 1, provided that when one of r, s, or tis zero at least
one of the remainder is the integer 1; and when L1 is adjacent to -X@ and s
is the integer 1, r is also the integer 1.

The heteroatoms which may interrupt the Alk? or AlkS chains include for
example -O- or -8- atoms. Carbocyclic groups include for example
cycloalkyl, e.g. cyclopentyl or cyclohexyl, or cycloalkenyl e.g. cyclopentenyl
or cycliohexenyl, groups. Particular heteroatom-containing groups which
may interrupt Alk2 or AlkS include oxygen-, suiphur- or nitrogen-containing
groups such as -S(Q)-, -S(0)2-, -N(Rb)-, -C(0O)-, -C(S)-, -C(NRP)-,
-CON(RP}-, -CSN(Rb)-, -N(RP)CO-, -N(RP)CS-, -SON(Rb})-, -SOoN(Rb)-,
-N(RPYSO-, -N(Rb)SO,-, -N(RP)SO2N(RP)-, -N(RP)SON(RD)-,
-N(RPYCON(RP)- or -N(RP)CSN(RP) groups. It will be appreciated that
when the chains Alk? or AlkS contain two or more heteroatoms, carbocyclic
or heteroatom-containing groups, such atoms or groups may be adjacent to
one another, for example to form a group -N(RP)-C(NRP)-N(Rb)- or -O-
CONH-.

Optional substituents which may be present on Alk2 or AlkS chains include
those described above in relation to the group R when it is an alkyl group.

In the group L particular examples of Alk2 or Alk® when present include
optionally substituted methylene, ethyiene, propylene, butylene,
ethenylene, 2-propenylene, 2-butenylene, 3-butenylens, ethynylene, 2-
propynylene, 2-butynylene or 3-butynyiene chains, optionally containing
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one, two or three hetsroatoms, carbocyclic or hetercatom-containing
groups as described above.

Particular examples of linking groups L1 include the groups -CHs-,
-(CHaz)o~, -{CH3)3-, ~CH20CHs-, ~CH2SCHgz-, - CHaN(RP)CHa-, -CH=CH-,
-CHaCH=CH-, -CH50-, -CH2S8-, -CHaN(RP)-, -CH20CH»0-, -CHoCOCHa2-,
-(CH2)oCOCHb»-, or -CH>CON(RD)-.

Particular R4 groups include -X8Alk2R12 eg. QAZ2R12 QAlkZ2XaR12
-CHoAlk2XaAlk3R 122, or -OR122 groups.

The group R12 or R12a2 when present in B4 may be a Cg.g cycloaliphatic,
or a Cs.g heterocycloaliphatic group. Cyciocaliphatic groups include for
example optionally substituted Ca.g cycloalkyl or Ca.g cycloalkenyi groups,
such as optionally substituted cyclobutyl, cycilopentyl, cyclohexyl, 2-
cyclobuten-1-yl, 2-cyclopenten-1-yl, 3-cyciopenten-i-yl, 2,4-cyclo-
pentadien-i-yl, 2-cyclohexadien-1-yl, 3-cyclohexen-1-y{, 2,4-cycio-
hexadien-1-yl or 3,5-cyciohexadien-1-yl groups. Heterocycloaliphatic
groups include for example optionally substituted Cz.g cycloalkyi or Ca.g
cycioalkenyl groups containing one, two or more -O- or -S- atoms or
-N(Rb)- groups, such as an optionally substituted pyrrofidinyl, dioxolanyl,
e.g. 1,3 dioxolanyl, imidazolidinyl, pyrazolidinyl, piperidinyl, 1,4-dioxanyl,
morpholinyl, 1,4-dithianyl, thiomorpholinyl, piperazinyl, 1,3,5-trithianyi, 3-
pyrrolinyl, 2-imidazolinyl, or 2-pyrazolinyl group. Optional substituents
which may be present on cycloaliphatic or heterocycloaliphatic groups
include one, two or three substituents selected from halogen atoms, e.g.
fluorine, chlorine, bromine or iodine atoms, straight or branched C1.g alkyi,
e.g. C1.3 alkyl such as msthyl or ethyl, hydroxyl or C4.3 alkoxy e.g. C1.3
atkoxy such as methoxy or ethoxy groups.

Alternatively, R12 or R122 may be a monocyclic or bicyclic aryl group
optionally containing one or more heteroatoms as described more fully
below.

When an Alk? chain is present in the group R#% it may be an optionally
substituted straight or branched Co.g alkenyl or Co.g alkynyl chain

O A f{_ 4 PCT/GB95/01466 .
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optionally containing one, two or more -O- or -S- atoms or -N(RP)-,
carbocyclic or heteroatom-containing groups. Particular examples of such
chains inciude those described previously in relation to the chains Ak or

AlkS,
5
Monocyclic or bicyclic aryl groups represented by the groups R°, R12 or
R12a in compounds of formula (1) include for example Cg.12 optionally
substituted aryl groups, for example optionally substituted phenyl, 1-or 2-
naphthyl, indenyl or isoindenyt groups.
10

When the monocyclic or bicyclic aryl group contains one or more
heteroatoms it may be a Cy.g for example a Cg.g optionally substituted
heteroaryl group containing for exampie one, two, three or more
heteroatoms selected from oxygen, sulphur or nitrogen atoms. In general,
15 heteroaryl groups may be for example monocyclic or bicyclic heteroaryl
groups. Monocyclic heteroaryl groups include for example five- or six-
membered heteroaryl groups containing one, two, three or four
heteroatoms selected from oxygen, sulphur or nitrogen atoms.

20 Examples of hateroaryl groups represented by R>, R12 or R122 include
pyrrolyl, furyl, thienyl, imidazolyl, N-methylimidazolyl, N-ethylimidazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1,2,4-
triazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-
oxadiazolyl, pyridyl, pyrimidinyl, pyridazinyi, pyrazinyi, 1,3,5-triazinyi,

25 1,2,4-triazinyl, 1,2,3-triazinyl, benzoturyl, isobenzofuryl, benzothienyl,
isobenzothienyl, indolyl, isoindolyl, benzimidazolyl, benzothiazolyi,
benzoxazolyl, quinazolinyl, naphthyridinyl, pyrido[3,4-b]pyridy!, pyrido[3,2-
blpyridy!, pyrido[4,3-blpyridyl, quinolinyl, isoquinolinyt, tetrazoiyl, 5,6,7,8-
tetrahydroquinolinyl and 5,8,7,8-tetrahydroisoquinolinyl.

30
The heteroaryl group represented by R®, R12 or R12a8 may be attached to
the remainder of the molecuie of formula (1) through any ring carbon or
heteroatom as appropriate. Thus, for example, when the heteroaryl group
is a pyridy! group it may be a 2-pyridy!, 3-pyridyt or 4-pyridyl group. When

35 it is a thienyl group it may be a 2-thieny! or 3-thienyl group, and, similarly,
when it is a furyl group it may be a 2-furyi or 3-furyl group.
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When in compounds of formula (1) the heteroaryl group is a nitrogen-
containing heterocycle it may be possible to form quaternary salts, for
example N-alkyl quaternary salts and the invention is to be understood to
extend to such salts. Thus for example when the group Ar is a pyridyi
group, pyridinium salts may be formed, for example N-aikylpyridinium salts
such as N-methyipyridinium.

The aryl or heteroaryl groups represented by R°, R12 or R12a jp
compounds of formula (1) may each optionally be substituted by one, two,
three or more substituents [R13]. The substituent R13 may be selected
from an atom or group R14 or -Alk#(R14), whersin R14 is a halogen
atom, or an amino (-NHs), substituted amino, nitro, cyano, hydroxyl (-OH),
substituted hydroxyl, cycloalkyl, cycloalkoxy, formyl [HC(Q}-], carboxyi (-
COzH), esterified carboxyl, thiol (-SH), substituted thiol, -C(O)R8a [where
R82 is as defined above for BR8], -CHO, -SOzH, -SO2R82, -SO5NH.,
SOoN(R8a)(R%), (where RS2 is as described above for R8 and may
be the same as or different to R83), -CONH,, -CON(R82)(R%%),
-NHSOoR8a, -N(R8b)SO,R8a, -N[SO2R8,, -NHSOsN(R8a)(RSa),
-N(R8b)SO,N(R8B2)(R%a) (where R8P is as described for R82 and may be
the same as or different to R8a), -NHCONHg2, -NHCON(R82)(R9%a),
-N(R8P)CONH,, -N(R8P)CON(R82)(R?a), -NHCSNHz, -NHCSN(R8a)(R%a),
-N(RBP)CSN(R8a)(R%2), -N{R8bP}C S N Hy, -NHCSNH (R8a),
-N(R8&)CSNH{R8P), -NHC(O)H, -N(R82)C{O)H, -NHC(O)R8a,
-N(R8b)C(O)R8a, -N[C(O)R8a]s, -N[CHO]s, -NHCO2H, -NHC(O)ORS8a,
-N(R8P)C(O)YOR8a -N(R8P)COsH, -N[C{O)H]S0OzH, -N[C{O}H]SO-RS,
-N[C(O)R8a]S0O-H, -N[C(O)R82]S0O2R%a, -C(S)H, -C(S)R%2, -C(S)NHo,,
-C(S)NH(R82), C(S)N(R8a)(R®a), -NHC(S)H, -N(R8b)C(S}H, -N[C(S)HIz,
-NHC(S)R8 2  -N(R8b)C(S)R8a, -N[C(S)R8a];, -N[C(S)HISOzH,
-N[C(S)R82]SOsH, -N[C(S)H]SO2R%3, or -N[C(S)R82]S0OsR% group; Alk4
IS a straight or branched Ci.galkylene, Cz.galkenylene, or Co.
salkynyiene chain optionally interrupted by one, two, or three -0O-, or -S-
atoms or -S(0)z-, {where z is an integer 1 or 2] or -N(R”})- groups; and m is
zero or an integer 1, 2 or 3.
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When in the group -Alk4(R14), m is an integer 1, 2 or 3. it is to be
understood that the substituent or substituents R14 may be present on any
suitable carbon atom in -Alk4. Where more than one R14 substitutent is
present these may be the same or different and may be present on the
same or different carbon atom in Alk4. Clearly, when m is zero and no
substituent R14 is present the alkylene, alkenylene or alkynyiene chain
represented by Alk4 becomes an alkyl, alkenyl or alkynyl group.

When R4 is a substituted amino group it may be a group -NH[AK4(R15),]
[where Alk4 and m are as defined above and R15 is as defined above for
R14 but is not a substituted amino, a substituted hydroxy! or a substituted
thiol group] or a group -N[AIk4(R15)y]» wherein each -Alk4(R 13}, group is
the same or different.

When R14 is 3 halogen atom it may be for example a flucrine, chiorine,
bromine, or iodine atom.

When R4 is a cycloalkoxy group it may be for example a Cs.7cycloalkoxy
group such as a cyclopentyloxy or cyclohexyloxy group.

When R4 is a substituted hydroxyl or substituted thiol group it may be a
group -OAlk1(R15)y, or -SAIk4(R15), respectively, where Alk4, R15 and m
are as just defined.

Esterified carboxyi groups represented by the group R4 inciude groups of
formula -CO»AIk5S wherein AlkS is a straight or branched, optionally
substituted C1.galkyl group such as a methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, s-buty! or t-butyi group; a Ce.12arylC1.galky! group such as an
optionally substituted benzy, phenylethyl, phenylpropyl, 1-naphthyimethyl
or 2-naphthylmethy! group; a Cg.12aryl group such as an optionally
substituted phenyl, 1-naphthyi or 2-naphthyl group; a Ce-12aryloxyC1.galkyl
group such as an optionaily substituted phenyloxymethyi, phenyloxyethyl,
1-naphthyloxymethyl, or 2-naphthyloxymethyl group:; an optionally
substituted C1.galkanoyloxyC1.galkyl group, such as a pivaloyloxymethyl,
propionyloxyethyl or propionyloxypropy! group; or a Ce-12aroyloxyCi.galkyl
group such as an optionally substituted benzoyloxyethyl or
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benzoyloxypropyl group. Optional substituents present on the AlkS group
include R13 substituents described above.

When Alk# is present in or as a substituent R13 it may be for example a
5 methylene, ethylens, n-propylene, i-propylene, n-butylene, -butylene,
s-butylene, t-butylene, ethenylene, 2-propenyiene, 2-butenylene,
3-butenylene, sthynylene, 2-propynylene, 2-butynylene or 3-butynylene
chain, optionally interrupted by one, two, or three -O- or -S-, atoms or

-3(0)-, ~8{0)2- or -N(R7)- groups. |

10 ;

Particularly useful atoms or groups represented by RS include fiuorine,
chlorine, bromine or iodine atoms, or C1-galkyl, e.g. methyl or ethyl,
C1-salkylamino, e.g. methylamino or ethyiamino, C1-s hydroxyalkyl, e.g.
- hydroxymethyl or hydroxyethyl, C4.galkylthiol e.g. methylthiol or ethylthiol,
15 Cq.salkoxy, e.g. methoxy or ethoxy, Cs.7 cycloalkyl, e.g. cyclopentyl, Cs.»
~ cycloalkoxy, e.g. cyclopentyloxy, haloC1.galkyl, e.q. trittuoromethyl, Cy.
ealkylamino, e.g. methylamino or ethylamino, amino (-NH3}, aminoCq.g
alkyl, e.g. aminomethyl or aminoethyl, C+.gdialkylamino, e.g. dimethylamino
or diethylamino, nitro, cyano, hydroxyl (-OHj}, formyl [HC(O)-], carboxyl
20 (-COgzH), -CO2AlIKS [where AlKS is as defined above], Ci.g alkanoyi e.g.
acetyl, thiol (-SH), thioCy.galkyl, e.g. thiomethyl or thioethyl, sulphonyi
(-30gH), Cy.galkylsulphonyl, e.g. methylsulphonyl, aminosuiphonyi
(-SO2NH,), C1.-galkylaminosuiphonyl, e.g. methylaminosulphony! or ethyl-
aminosulphonyl, C1.sdialkylaminosuiphonyl, e.q. dimethylaminosuiphonyl
25 or diethylaminosuiphonyl, arylaminosulphonyl, e.g. optionally substituted
phenylaminosulphonyi, aralkylaminosulphonyl, e.g. optionally substituted
benzyiaminosulphonyl, carboxamido (-CONHJ), C1-salkylaminocarbonyi,
e.g. methylaminocarbonyl or ethylaminocarbonyl, Cy.gdialkylamino-
carbonyl, e.g. dimethylaminocarbonyl or diethylaminocarbonyl, arylamino-
30 carbonyl, e.g. phenylaminocarbonyl, sulphonylamino  (-NHSOoH),
C1-salkylsulphonylamino, e.q. methylsulphonylamino or  ethyl-
sulphonylamino, Cq.gdialkyisulphonylamino, e.g. dimethyisulphonylaminc
or diethylsulphonylamino, aminosuiphonylamino (-NHSOzNH,), C1-palkyl-
aminosulphonylamino, e.g. methylaminosulphonylamino or ethylamino-
35 sulphonylamino, C1-edialkylaminosulphonylamino, e.g. dimethylamino-
sulphonylamino or diethylaminosulphonylamino, arylaminosulphonylamino,
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e.g. phenylaminosulphonylamino Ci.galkanoyiamino, e.g. acetylamino, C+.
s alkanoylaminoC1.ealkyl, e.g. acetylaminomethyi or C1.¢ alkoxycarbonyi-
amino, e.g. methoxycarbonylamino, ethoxycarbonylamino or t-butoxy-
carbonylamino, thiocarboxamido (-CSNH3), C1.¢ alkylaminothiocarbonyl,
e.g. methylaminothiocarbonyl or ethylaminothiocarbonyl, Cq.gdialkylamino-
thiocarbonyl, e.g. dimethylaminothiocarbonyi or diethylaminothiocarbonyi,
phenylaminothiocarbonyl, aminocarbonylamino, C1.salkylaminocarbonyi-
amino, e.g. methylaminocarbonylamino or ethylaminocarbonylamino,
C1-sdialkylaminccarbonylamino, e.g. dimethylaminocarbonylamino or
diethylaminocarbonylamino, aminothiocarbonylamino, Cq.galkylaminothio-
carbonylamino, e.g.”methylaminothiocarbonylamino or ethylaminothio-
carbonylamino, Ci.g dialkylamincthiocarbonylamino, e.g. dimethylamino-
thiocarbonylamino, or diethylaminothiocarbonylamino, aminocarbonylCq.g
alkylamine, e.g. aminocarbonylmethylamino or aminocarbonylethylamino,
aminothiocarbonylC1.galkylamino e.g. aminothiocarbonyimethylamino or
aminothiocarbonylethylamino, formylaminoC1.g alkylsulphonylamino, e.q.
tormylaminomethyisulphonylamino or formylaminoethylsulphonylamino,
thiotormylaminoC+.salkylsulphonylamino, e.g. thioformylaminomethyi-
sulphonylamine or thioformylethylsuiphonylamino, C+.sacylaminosulphonyi-
amino, e.g. acetylaminosulphonylamino, Ci.gthioacylaminosulphonyi-
amino, e.g. thioacetylaminosulphonylamino groups.

Where desired, two R13 substituents may be linked together to form a
cyclic group such as a cyclic ether, e.g. a Co.galkylenadioxy group such as
ethylenedioxy.

It will be appreciated that where two or more R12 substituents are present,
these need not necessarily be the same atoms and/or groups. The R13
substituents may be present at any ring carbon atom away from that
attached to the rest of the molecule of formuta (1). Thus, for example, in
phenyl groups represented by R3, R12 or R122 any substituent may be
present at the 2-, 3-, 4-, 5- or 6- positions relative to the ring carbon atom
attached io the remainder of the molecule.
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In the compounds of formula (1), when an ester group is present, for
example a group -CO2Alk® this may advantageously be a metabolically
labile ester.

The presence of certain substituents in the compounds of formula (1) may
enable salts of the compounds to be formed. Suitable salts incilude
pharmaceutically acceptable saits, for example acid addition salts derived -
from inorganic or organic acids, and salts derived from inorganic and
organic bases.

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides,
alkylsulphonates, e.g. methanesulphonates, ethanesuiphonates, or
isethionates, arylsulphonates, e.g. p-toluenesuiphonates, besylates or
napsylates, phosphates, sulphates, hydrogen sulphates, acetates,
trifluoroacetates, propionates, citrates, maleates, fumarates, malonates,
succinates, lactates, oxalates, tartrates and benzoates.

Salts derived from inorganic or organic bases include alkali metal salts
such as sodium or potassium salts, alkaline earth metal salts such as
magnesium or calcium salts, and organic amine salts such as morpholine,
piperidine, dimethylamine or diethyiamine salts.

Pr;adrugs of compounds of formula (1) include those compounds, for
example esters, alcohols or aminos, which are convertibie in_vivo by
metabolic means, e.g. by hydrolysis, reduction, oxidation or
transestarification, to compounds of formula (1).

Particularly useful salts of compounds according to the invention include
pharmaceutically acceptable salts, especially acid addition
pharmaceutically acceptable salts.

in the compounds of formuia (1), the group -W= is preferably a group
-C(Y)=where Y is a group Xa8R1, where -X2- is -O-, especially where R1 is
an optionally substituted ethyi group or, especially, an optionally
substituted methyl group. Especially useful substitutents which may be
present on Rt groups include one, two or three fiuorine or chiorine atoms.

PCT/GBI95/01466 .
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The group X in compounds of formula (1) is preferably -O-.

A particularly useful group of compounds of formula (1) has the formuia

(2):

O-R?
CHa

Z (@)

where R< is an optionally substituted cycloalkyl group; Z is as defined for

formula (1); and the salts, solvates, hydrates, prodrugs and N-oxides
thereof.

The group R3 in compounds of formulae (1) or (2) is preferably a hydrogen
atom or a Cq.3 alkyl group, particuiarly a methyl group.

R4 in the compounds of formulae (1) or (2) is preferably (1) a XaL1R12
group, particularly where X2 is an oxygen atom, L1 is Alk2 and R12 is a
hydrogen atom or an aryl group, or (2) is a -XaR122 group, particuiarly
where R12a js g cycloaliphatic group.

Particular examples of such R4 groups include optionally substituted
alkoxy, cycloalkoxy, cycloalkylalkoxy, phenioxy or phenalkoxy groups.
Such groups include optionally substituted ethoxy, n-propoxy, i-propoxy, n-
butoxy, methoxysthoxy, cyclopentyloxy, cyclohexyloxy, cyclopentyi-
methoxy, cyclopentylethoxy, cyclohexyimethoxy, cyclohexyiethoxy,
phenoxy, benzyloxy and phenethyloxy groups.

RS in the compounds of formulae (1) or (2) is preterably an optionally
substituted phenyl group, particularly a phenyl group optionally substituted
by one, two or more R1° groups, and is espscially a 2- or 3-
monosubstituted or 2,8-disubstituted phenyl group. Particular substituents
include-halogen atoms, especially fluorine or chlorine atoms, and nitro,
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amino, alkoxy, haloalkyl, hydroxy, -NHCORS8a, .NHCONHRS8a gnd
-NHSOoR82 groups.

Particular RS groups include 2-nitrophenyi, 2-aminophenyl, 2-haloalkyl-
phenyl, e.g. 2-triflucroalkylphenyl, 2-halophenyi, e.g. 2-fluorophenyl, 2-
chlorophenyl, or 2-bromophenyl, 3-halopheny!, e.g. 3-fluorophenyl, 2,6-
dihalophenyl, e.g. 2,6-difluorophenyl, or 2,6-dichlorophenyl, and 2, 6-
dialkoxyphenyl, e.g. 2, 6-dimethoxyphenyi.

Other particularly useful RS groups in compounds of formulae (1) and (2)
include 2-,3- and 4-pyridinyl, thienyl, e.g. 2-thienyl or pyrimidinyl,
especially 2-pyrimidinyl, groups, optionally substituted by one, two or more
R13 groups, especially halogen atoms, e.g. fluorine or chiorine atoms,
nitro, amino, alkoxy, haloalkyl, hydroxy, -NHCOR®ga, -NHCONHR82 ¢
-NHSO2R82 groups.

Particularly useful compounds according to the invention are:
(£)-4-{2-Benzyloxy-2-(3-cyclopentyloxy-4-methoxyphenyl)ethyl]pyridine;
(£)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-propyloxyethyi]pyridine;
(£)-4-[2-Cyclopentyloxy-2-(3-cyclopentyloxy-4-methoxyphenyl)ethyi] -
pyridine;
(£)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyi}-2-(2-butyloxy)ethylpyridine:
(£)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-methylipropyloxy)ethyl] -
pyridine; |
(i)-4-[2-CyclohexyImethoxy--z-(a-cyclopentyioxy-tl-methoxyphenyl)ethy!] -
pyridine;
(+)-3,5-Dichloro-4-[2-cyclopentyloxy-4-methoxyphenyl)sthyljpyridine:
(£)-3,5-Dichloro-4-[2-(3-cyclopentyloxy-4-methoxyphenyi)-2-(1-butyloxy) -
ethylipyridine
(£)-3,5-Dichloro-4-[2-cyciopentyloxy-4-methoxyphenyl)-2-methoxyethoxy-
ethyllpyridine;
(£)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-ethoxyethyllpyrine:
4-[2(R)~(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenyibut-3-enyl]pyridine;
(4-)-4-[2-(3-Cyclopenty'loxy-4-methoxyphenyi)-z-propylthioethyl]pyridine.
and the salts, solvates, hydrates, prodrugs and N-oxides thereof.
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Compounds according to the invention are selective and potent orally
active inhibitors of PDE V. The ability of the compounds to act in this way
may be simply determined by the tests described in the Examples
herginafter.

The compounds according {o the invention are thus of particular use in the
prophylaxis and treatment of human or animal diseases where an
unwanted inflammatory response or muscular spasm (for example bladder
or alimentary smooth muscle spasm) is present and where the elevation

10 of cAMP levels may be expscted to prevent or alleviate the inflammation
and relax muscle.

Particular uses to which the compounds of the invention may be put
include the prophylaxis and treatment of asthma, especially inflamed lung

15  associated with asthma, cystic fibrosis, or in the treatment of inflammatory
airway disease, chronic bronchitis, eosinophilic granuloma, psoriasis and
other benign and malignant proliferative skin diseases, endotoxic shock,
septic shock, ulcerative colitis, Crohn's disease, reperfusion injury of the
myocardium and brain, inflammatory arthritis, chronic glomerulonephritis,

20 atopic dermatitis, urticaria, adult respiratory distress syndrome, diabetes
insipidus, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis,
arterial restenosis and artherosclerosis.

Compounds of the invention also suppress neurogenic inflammation

25 through elevation of cCAMP in sensory neurones. They are, therefors,
analgesic, anti-tussive and anti-hyperalgesic in inflammatory diseases
associated with irritation and pain.

Compounds according to the invention may aiso elevate cAMP in

30 lymphocytes and thereby suppress unwanted lymphocyte activation in
immune-based diseases such as rheumatoid arthritis, ankylosing
spondyilitis, transplant rejection and graft versus host disease.

Compounds according to the invention have also been found to reduce
35 gastric acid secretion and therefore can be used to treat conditions
associated with hypersecrstion.
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Compounds of the invention suppress cytokine synthesis by inflammatory
cells in response to immune or infectious stimulation. They are, therefore,
useful in the treatment of bacterial, fungal or viral induced sepsis and
septic shock in which cytokines such as tumour necrosis factor (TNF) are
key mediators. Also compounds of the invention suppress inflammation
and pyrexia due to cytokines and are, therefore, ussful in the treatment of
inflammation and cytokine-mediated chronic tissue degeneration which
occurs in diseases such as rheumatoid or ostecarthritis.

Over-production of cytokines such as TNF in bacterial, fungal or viral
Infections or in diseases such as cancer, ieads to cachexia and muscle
wasting. Compounds of the invention ameliorate these symptoms with a
consequent enhancement of quality of life.

Compounds of the invention also elevate cAMP in certain areas of the
brain and thereby counteract depression and memory impairment.

Compounds of the invention suppress cell proliferation in certain tumour
celis and can be used, therefore, to prevent tumour growth and invasion of
normal tissues.

For the prophylaxis or treatment of disease the compounds according to
the invention may be administered as pharmaceutical compositions, and
according to a further aspect of the invention we provide a pharmaceutical
composition which comprises a compound of formula (1) together with one
or more pharmaceutically acceptable carriers, excipients or diluents.

Pharmaceutical compositions according to the invention may take a form
suitable for oral, buccal, parenteral, nasal, topical or rectal administration.
or a form suitable for administration by inhalation or insufflation. Forms
suitable for oral administration are particularly useful.

For oral administration, the pharmaceutical compositions may take the
form of, tor example, tablets, lozenges or capsules prepared by
conventional means with pharmaceutically acceptable excipients such as

Sy LS /} PCT/GBI5/01466 .
L b
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binding agents (e.g. pregelatinised maize starch, poiyvinylpyrrolidone or

hydroxypropyl methylicellulose); fillers (e.g. lactose, microcrystalline

celiulose or calcium hydrogen phosphate); lubricants (e.g. magnesium

stearate, talc or silica); disintegrants (e.g. potato starch or sodium

5 glycollate); or wetting agents (e.g. sodium lauryl sulphate). The tablets

may be coated by methods well known in the art. Liquid preparations for

oral administration may take the form of, for example, solutions, syrups or

suspensions, or they may be presented as a dry product for constitution

with water or other suitable vehicle before use. Such liquid preparations

10 may be prepared by conventional means with pharmaceutically acceptable

additives such as suspending agents, emulsifying agents, non-aqueous

vehicles and preservatives. The preparations may also confain buffer
salts, flavouring, colouring and sweetening agents as appropriate.

15  Preparations for oral administration may be suitably formulated for adult or
paediatric use and/or to give controlled release of the active compound.

For buccal administration the compositions may take the torm of tablets or
lozenges formulated in conventional manner.

20
The compounds of formula (1) may be formulated for parenteral
administration by injection e.g. by bolus injection or infusion. Formutations
for injection may be presented in unit dosage form, e.¢. in glass ampoule
or multi dose containers, e.g. glass vials. The compositions for injection

25 may take such forms as suspensions, solutions or emulsions in oily or
aqueous vehicles, and may contain formulatory agents such as
suspending, stabilising, preserving and/or dispersing agents.
Alternatively, the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g. sterile pyrogen-free water, before use.

30
In addition to the formulations described above, the compounds of formula
(1) may also be formulated as a depot preparation. Such long acting
formulations may be administered by implantation or by intramuscular
injection.

35
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For nasal administration or administration by inhalation, the compounds
for use according to the present invention are conveniently delivered in the
form of an aerosol spray presentation for pressurised packs or a nebuliser,
with the use of suitable propellant, e.g. dichiorodifluoromsthane,
trichlorofluocromethane, dichiorotetrafiuoroethane, carbon dioxide or other
suitable gas or mixture of gases.

The compositions may, if desired, be presented in a pack or dispenser
device which may contain one or more unit dosage forms containing the
active ingredient. The pack or dispensing device may be accompanied by
instructions for administration.

The quantity of a compound of the invention required for the prophylaxis or
treatment of & particular inflammatory condition will vary depending on the
compound chosen, and the condition of the patient to be treated. In
general, however, daily dosages may range from around 100ng/kg to
100mg/kg, e.g. around 0.01mg/kg to 40mg/kg body weight for oral or
buccal administration, from around 10ng/kg to 50mg/kg body weight for
parenteral administration and around 0.05mg to around 1000mg e.g.
around 0.5mg to around 1000mg for nasal administration or administration
by inhalation or insuffiation.

The compounds according to the invention may be prepared by the
tollowing processes. The symbols L, R2, R3, R4, RS, RS, R7, W, Zand X,
when used in the formulae below are to be understood to represent those
groups described above in relation to formula (1) unless otherwise
indicated. In the reactions described below it may be necessary to protect
reactive functional groups, for example hydroxy, amino, thio, carboxy or
aldehyde groups, where these are desired in the final product, to avoid
their unwanted participation in the reactions. Conventional protecting
groups may be used in accordance with standard practice [see, for
example, Green, T. W. in "Protective Groups in Organic Synthesis" John
Wiley and Sons, 1981.]

Thus, according to a further aspect of the invention, compounds of general
formula (1) where L is a -C(R11)=C(R1){R2) group in which R11 is a

7L PCT/GB95/61466 .
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hydrogen atom or a methyl‘ group, may be prepared by coupling a
compound of formula (3)

G(OR
WO
I
y
£ (3)

where R11 is as described above with an olefination agent.

Particular examples of olefination agents include phosphonium saits such
as compounds (R1)(R2)CHP(D)sHal where Hal is a halogen atom, such as

10 a bromine atom, and D is an optionally substifuted alkyl, e.g. methyl, or
aryl, especially phenyl, group; phosphoranes (R1)}(R2)C=P{D)s;
phosphonates (DO)oP(O)CH(R1)(R2); or silane derivatives, for example
compounds of formula (D)3SIC(R1)}{R2), e.g. trialkylsilanes such as
(CH3)3SIC(R1}(R2).

15
Bases for use in the above reaction include organometallic bases, for
example, an organolithium compound such as an alkyllithium e.g. n-
butyllithium, a hydride, such as sodium or pofassium hydride or an
alkoxide, such as a sodium alkoxide, e.g. sodium methoxide.

20
The reaction may be performed in a suitable solvent, for example a polar
aprotic solvent, such as an alky! sulphoxide, e.g. methyl sulphoxide, an
amide such as N,N-dimethylformamide or hexamethylphosphorous

triamide; a non-polar solvent, such as an ether, e.g. tetrahydrofuran or

25 diethyl ether or an aromatic solvent such as benzene, toluene or xylene; or
a polar protic solvent, such as an alcohol, for example ethanol. Preferably
the reaction is carried out at a low temperature, for example from around
-780C {o around room temperature.

30 The olefination agents used in this reaction are either known compounds
or may be prepared from known starting materials using reagents and
conditions similar to those used to prepare the known compounds. For
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exampie, a phosphorane may be prepared in situ by reaction of a
phosphonium salt with a base of the type described above. In another
example, a phosphonate may be prepared by reacting a halide
(R1)(R2)CHHal with a phosphite (DO)3P, as described in the Arbuzov
reaction. Silane derivatives may be prepared by reaction of a halosilane
(D)3SiHal with a base, such as lithium diisopropylamide, in a solvent, such
as an ether, for example a cyclic ether, e.g. tetrahydrofuran, at low
temperature, e.g. -10°C.

According to a further aspect of the invention compounds of formuia (1)
where L is a group -C(R)=CR2 and R2 is an optionally substituted alkyl,
alkenyl or alkynyl group may also be prepared by reaction of an
intermediate of formula (3) with an organometallic reagent, followed by
dehydration of the resulting alcohol.

Examples of organometallic reagents include organoiithium R2Li or
organomagnesium RZMgHal reagents. The reaction with the organo-
metallic reagent may be performed in a solvent such as an ether, such as
diethyl ether or for example a cyclic ether such as tetrahydrofuran, at a low
temperature for example -10°C to room temperature. The dehydration
may be periormed using an acid, for example an organic acid such as p-
toluens sulphonic acid or triflucroacetic acid, in the presence of a base,
such as an amine, e.g. triethylamine.

Intermediates of formula (3) where R11 is a methyl group, may be
prepared by reacting an intermediate of formula (3) where R11 is a
hydrogen atom with an organometallic reagent, such as methyiiithium or
CHzMgHal, using the conditions just described followed by oxidation of the
resulting alcohol, using an oxidising agent, e.g. manganese dioxide.

Intermediates of formula (3) where R11 is a hydrogen atom may be
prepared by deprotecting a protected aldehyde of formula (4)
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P
w* |
\
z (4)

where P is a protected aldehyde group, €.g. a dioxanyl group, using acid
hydrolysis e.g. by reaction with trifluoroacetic acid or p-toluene suiphonic

5 acid, in the presence of a solvent, e.g. acetone, or a mixture of solvents,
e.g. chloroform and water.

Intermediates of formula (4) may be prepared using the following general
reactions, where L is a -XR group, involving manipulation and synthesis of

10 the group Z, from, for example, a compound where Z is a halogen atom.
The protected aldehyde group P may be formed at the beginning of such a
synthesis by reaction of a compound where P is -CHO with an aldehyde
protecting group, using for example a suitable diol, e.g. 1,3-propanediol, in
the presence of an acid catalyst, e.g. 4-toluenesuiphonic acid, in a solvent,

15 such as an aromatic solvent, e.g. toluene, at an elevated temperature
such as the reflux temperature.

According to a further aspect of the invention a compound of formula (1)
where Z is -C(R3)(R4)C(RS)(R6)(R7) and R4 is a -OL1R2 or OR12a group
20 may be prepared by reaction of an alcohol of formula (5)

W
|

N CRYOH)ICRDED) R

(5)

where L is as defined for compounds of formuta (1) with a reagent
25 R12L1L2 or R12a| 2 where L? is a leaving group, such as a halogen atom,

€.g. a chiorine or iodine atom, using a base at an elevated temperature, if

necessary in the presence of a catalyst, e.g. tetrafluorcboric acid (HBF 4).
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Suitable bases include inorganic bases, tor example alkali and alkaline
earth metal bases, e.g. hydroxides, such as potassium hydroxide, an
organometallic bases, such as n-butyilithium, and hydride such as lithium
hydride and sodium hydride. The reaction may be performed in an inert

organic solvent, for example methyisulphoxide.

Compounds of formula (1) where Z and L are as just defined may also be
prapared by dehydration of an aicohol of formula (5} and an alcohol of

formuia R12L1QH.

The reaction may be Herformed in the presence of an acid catalyst, e.g.
sulphuric acid, or in the presence of an activator e.g. diethyl
azodicarboxyiate (EtOoC-N=N-COsEt) and a phosphine, such as
triphenyiphosphine, in the presence of an organic base such as
triethylamine, in a solvent such as tetrahydrofuran at an elevated
temperature e.g. the reflux tempserature [see for example Mitsunobu, O.,

=ynthesis, (1981), 1]

In another example of a process according to the invention compounds of
formula (1) as just described may be prepared by reaction of an alcchol of
formula (5) with an oxonium ion (R12)30+. Oxonium anions (R12)30+ may
be formed by treating a compound R1<X (where X is a halogen atom) with
an ether (R12)20, in the presence of a silver salt, such as siiver
tetrafluoroborate (AgBF4) or silver hexafluoroantinomate (AgSbFg).

Intermediates of formula (5) where RS is as defined for formula (1) but is
not a fluorine atom may be prepared by reaction of & ketone or aldehyde

of formula (6)
L

w/’
|

=X C(OR® (6)

with an organometallic reagent (R7)(R6)R°CM [where M is a metal atom,
for example a lithium atom] in a solvent such as an ether, e.g. a cyclic -

Iy PCT/GBYS/01466 .
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ether such as tetrahydrofuran, at a low temperature e.g. around -70°C to
ambient temperature.

Reagents {R7)(R6)RSCM are either known compounds or may be

5 prepared, preferably in_situ during the above process, by reaction of a
compound AKBCHoM or [AlkE]oNM [where AlkS is an alkyl group such as a
n-propyl or i-propyl group] with a compound (R7)(R6)R>CH using the just
mentioned reaction conditions.

10 The reagents (R7YR6)R5CH are either known compounds or may be
prepared from known starting materials by methods analogous to those
used for the preparation of the known compounds.

Intermediates of formula (6) where R3 is a hydrogen atom may be
15 prepared by reacting a compound of formuia (7)

L
W/
|
o (7)

where Hal is a halogen atom, e.g. a bromine atom,
20 with an organometallic reagent, such as n-butyllithium, in a solvent, such

as an amide, e.qg. dimethyliormamide, at a low temperature, e.g. below
-60°C.

Ketones of formula (8) where R3 is an alkyl group may be prepared by
25 reaction of an aldehyde of formula (6), with an organometallic compound,
such as an organolithium compound RSLi, or a Grignard RSMgBr, in a
solvent, such as tetrahydrofuran, at a low temperature, e.g. around -55°C
to 0°C followed by oxidation of the resuiting alcohol with an oxidising
agent, such as manganese (V) oxide.
30
Intermediates of formula {6) where L is a XR group may also be prepared
by alkylation of a corresponding compound of formula (7a)
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XH
w* |

X C(O)R® (7a)

using a compound RHal jwhere Hal is a halogen atom such as a bromins
S  or chlorine atom] where necessary in the presence of a base such as
caesium or potassium carbonate or an alkoxide such as pofassium t-
butoxide, in a dipolar aprotic soivent such as an amide, e.g. a substituted
amide such as dimethylformamide at ambient temperature or above e.g.

around 400C to 500C.
10

Intermediates of formulae (7) and (7a) are either known compounds or
may be prepared from known starting materials by methods analogous to
those used for the preparation of the known compounds.

15  Intermediates of formuia (6) wherein -W= is -N= and R3 is a hydrogen
atom may be prepared from a compound of formuia (8)

L

W/

D
COH
° (8)

20 by successive reduction and oxidation.

The first reduction, for exampie by lithium aluminium hydride, affords the
alcohol analogue. This, in tumn is oxidised, for example by manganaese
dioxide, to yield the compound of formuia (6).

25
Compounds of formula (8) wherein L is -XR and X is -O-, -S- or -NH-, may
be prepared by reacting a halide of formula (9)
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Hal
NZ
S COoH

(9)

where Hal is a halogen atom, e.g. a bromine, chlorine or iodine atom with
a compound RXH, where -X- is -O-, -S-or -NH- in the presence of a base.

-
Bases used in this reaction include hydrides, such as sodium hydride, or
an organometallic base, such as butyilithium in a solvent, such as an
amide, for example dimethylformamide at a temperature from room
temperature to above, e.qg. 80°C.

10
Intermediates of formula (8) may be prepared by reacting the known acid
of formula (10)

NH>
NZ |
N
15

with nitrous oxide (made in situ by reacting sodium nitrite with an acid, for

exampie sulphuric acid or hydrobromic acid) to produce the diazonium

salt. This in turn may be reacted with a halcacid, e.g. hydrobromic,

hydrochlride or hydroiodic acid if necessary in the presence of the
20  corresponding copper (l) halide (CuBr or Cul) or halogen Bro, Clo or I».

According-to a further aspect of the invention a compound of formula (1)
wherein Z is a group -C(R3){R4)C(R3)}(R6}{R’} where R4 is a -SL1R12 o
-SR12a group (where R122 is an aryl group) may be prepared by reaction
25 of an alcohot of formula (5), with (1) a compound RY2L11 2 where L2 is
Hal in the presence of tetramethylthiourea MesNC(=5)NMe, followed by
sodium hydride; or (2) a compound -SR122 (where R122 is an aryl group)

in the presence of tributylphosphine (BugP) and N-(aryithiosuccinimide) in
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an inert solvent, such as an aromatic solvent, e.g. benzene or Xylene, at
elevated temperaturs.

In yet another aspect of the invention, a compound of formula (1) where Z
Is a group -C(R3)(R4)C(R5)(R6)(R7), where R4 is - SLTR12 or -SR12a may
be prepared by reacting a compound of formula (11)

L
w?
|

NN 0@ ACE R (1)

where L2 is a halogen atom or a sulfuric or sulfonic ester with a thiol
reagent R12L1SH, or R12aSH if necessary in the presence of a base. such
as 1,8-diazabicyclo [5.4.C] undec-7-ene (DBU) or an alkali metal
carbonate, e.g. potassium carbonate, in a solvent, such as an aromatic
solvent, e.g. benzene.

Intermediates of formula (11) where L2 is Hal, e.g. a chiorine atom. may
be prepared by halogenation of an alcohol of formula (8) using &
halogenating agent, such as a chlorinating agent, e.qg. thionyl chloride
(SOCl2) or phosphorous oxychioride (POCls) in an aromatic solvent, such
as an aromatic amine, e.g. pyridine. Intermediates of formula (11) where
L is a chorine atom may also be prepared by bubbling hydrogen chioride
gas in a solution of an alcohol of formula (5) in a solvent such as diethyl
ether, whilst keeping the reaction temperature between 0°C to room
temperature.

Compounds of formula (1) where Z is a group -C{RS}R4)C(R5)(R6)(R7) in
which R3 and R6 is a hydrogen atom and R4 is a -SL'R2 group, may also
be prepared by reacting a compound of formula (12)
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X CH=CR)R"

(12)

with a thiol reagent R12L1SH or R1228H, in the presence of a base, such
as an organometallic base, for example n-butyllithium, in a solvent, such
§ as acyclic ether, e.g. tetrahydrofuran.

Intermediates of formula (12) may be prepared by reacting a compound
HalCH(R®)(R7) (where Hal is a halogen atom, e.g. a chlcrine atom) with an
aldehyde of formula (8) using a base, such as an organometallic base, for
10  example, n-butyliithium, followed by dehydration of the resulting alcohal,

using an acid, such as trifiuoacetic acid, in the presence of a solvent, such
as pyridine.

in another example according to the invention, a compound of formula (1)

15  where R4 is a -OC(O)L1R?2 group, may be prepared by esterification of an
alcohol of formula (5) with a carboxylic acid R12L1CO2H or an active
derivative thereof, such as an acy! halide, e.g. acy! chloride if necessary in
the presence of a catalyst, such as an acid catalyst, e.g. sulphuric acid.

20  In yet ancther example according 1o the invention, a compound of formula
(1) where R4 is -OC(OYNH(L1R12) or -OC(S)NH(LTR12) may be prepared
by reaction of an alcohol of formula (5) with an isocyanate R12L1N=C=0
or an isothiocyanate R12L1N=C=S8, in the presence of a base, such as
sodium hydride, in a solvent, such as tetrahydrofuran. Compounds

25 RI2LIN=C=0 and R12LIN=C=S are known compounds or may be
prepared using the reagents and conditions used for the preparation of the
known compounds. When R12L1=N=C=S is not available, a compound of
formula (1) where R% is -OC{S)NH(L'R12) may be prepared by
interconverting a compound of formula (1) where R% is -OC(O)NH(L1R12)

30 using a thiation reagent, such as a Lawesson's reagent [2,4- bis(4-
methoxyphenyl)-1, 3-dithia-2,4-diphosphetane -2,4-disuiphide], in an
aromatic solvent, such as xylene or toluene. B
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Compounds of formula (1) where Z is -C(R3}(R4)C(R°}{R®)(R’) where RS
is a hydrogen atom and R4 is NH(L1R12) may be prepared by reacting an
imine of formula (13)

|

CH=NL'R'? (1 3)

with a reagent CH(RS}{R8)}(R7), in the presence of a base, such as an
organomatallic, for example n-butyllithium, in a solvent, such as an sther,
for example diethylether or tetrahydrofuran.

Intermediates of formula (13) may be prepared by condensation of an
aldehyde of formula (6) with an amine R12L1NHy, in a solvent such as
dichloromethane, at a temperature from room temperature to refiux, i
necessary in the presence of a drying agent, such as 3A molecular sieve.

According to a further aspect of the invention, compounds of formula (1)
where R4 is a group -C(O)L1R12 may be prepared by reacting a nitrile of
formula (14)

CENRICEIRIR) (44

with an organomagnesium reagent followed by hydroysis.

Examples of organomagnesium reagents include compounds
R12L1MgHal, where Hal is a halogen atom, for example a chiorine atom.
The reaction may take place in a solvent, such as an ether, for example
tetrahydroturan.

PCT/GB95/01466 .
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intermediates of formula (14) may be prepared by reacting a nitrile of
formula (15)

3
CH(R}CN (15)

with a compound HalCH(RS)(RE)(R7), in the presence of a base, such as
an organometallic base, for example n-butyllithium.

According to a still further aspect of the invention, a compound of formuia
(1) where L is -XR may be prepared by alkylation of a compound of
formula {(16)

XH

w* |
3 7
CRURICRIRIR) 46

The reaction may be performed as described above for the alkylation of an
intermediate of formula (7) to give an intermediate of formuta (6).

Intermediates of formula (16) may be obtained from the corresponding
protected compound of formula (17):

;
T

NN CERICEIRE) (47,

wherein P is a protected hydroxy, thic or amino group using conventional
procedures {see Green, T. W. ibid]. Thus, for example, where P is a t-
butyldimethyisilyloxy group, the required hydroxyl group may be obtained
by treatment of the protected intermediate with tetrabutylammonium
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fluoride. The protected intermediate of formula (17) may be prepared in
an analogous manner to the compounds of formula (1) using the reactions
described herein and appropriately protected intermediates.

In yet another aspect of the invention, a compound of formula (1) where Z

is a group -C(R4)=C(R5)(R®) may be prepared by coupling an aldehyde of
formula (7a) with an olefination agent (RS}{R6)CHP(D)sHal,
(RS)(R®)C=P(D)3, (DO)2P{O)CH(RS5)(R6) or (D)3SiC(R5)(R®E) as described
herein above for the production of a compound of formula (1) from an

intermediate of formula (3).

Compounds of formula (1) where L is a group [-CH(R11)],CH(R1)(R2)
where n is zero, R1 is as described for compounds of formula (1) but is not
a -CO2R8, CONRIR10 or CSNROR19 group and R2 is a COsR® or a
CONR®R10 group may be prepared by reacting a compound of formuia
(18)

C(O)Hal’
L
N
£ (18)

where Hall is a halogen atom, such as a chlorine or a bromine atom, with
a diazoalkane R1CHNs to give the corresponding diazoketone derivative
which is then treated with water, an alcohol RBOH, amonia or a primary or

secondary amine and silver oxide or with silver benzoate and triethyl-
amine.

Intermediates of formuia (18) may be prepared by oxidation of an
intermediate of formula (3), using an oxidising agent, such as
permanganate or chromic acid, to give the corresponding carboxylic acid
which is then reacted with a halide reagent, such as thionyichloride,
phosphorous pentachloride or phosphorous pentabromide.
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Compounds of formula (1) where L is a group -CH(R11),CH(R1)}(R?) may

be prepared by interconversion of another compound of formula (1) where

L is a group -C(R11)=C(R1)(R2) for exampie. By hydrogenation using for

example hydrogen in the presence of a catayist. Suitable catalysts include

5 metals such as platinum or palladium optionally supported on an inert

carrier such as carbon or calcium carbonate; nickel, e.g. Raney nickel, or

rhodium. The reaction may be performed in a suitable solvent, for

example an alcohol such as methanol or ethanol, an ether such as

tetrahydrofuran or dioxane, or an ester such as ethyl acetate, optionally in

10 the presence of a base, for example a tertiary organic base such as
triethylamine, at for example ambient temperaiure.

Alternatively, the reaction may be accomplished by transfer hydrogenation
using an organic hydrogen donor and a transfer agent. Suitable hydrogen
15 donors include for example acids, such as formic acid, formates, e.qg.
ammonium formate, alcohols, such as benzyl alcohol or ethylene glycol,
hydrazine, and cycloalkenes such as cyclohexene or cyclohexadiene. The
transter agent may be for example a transition metal, for example
palladium or platinum, optionally supported on an inert carrier as
20 discussed above, nickel, e.g. Raney nickel, ruthenium, e.g. tris
(triphenylphosphine) ruthenium chloride or copper. The reaction may
generally be performed at an ambient or elevated temperature, optionally
in the presence of a solvent, for example an alcohol such as ethanol or an
acid such as acetic acid.
25
In another example substituted monocyclic or bicyclic aryl groups R®, R12
and R122 in compounds of formuia (1) may be generally obtained by an
appropriate substitution reaction using the corresponding unsubstituted
compound of formula (1) and a R13 containing nucleophile or electrophils.
30 In another general process, a group RS and/or R4 in formula (1) may be
manipulated using conventional chemical procedures to yield other groups
R3 and/or R4.

For example, a compound of formula (1) where R4 is a -OC(S)L1R12
35 group may be prepared by interconverting a corresponding compound of
formula {1) where R4 is a -OC(O)L1R12 group using a thiation reagent, as
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described above for the interconversion of a compound of formula (1)

- where R4 is a -OC(O)NHL1(R12) group to a compound of formula (1)

where R4 is a -OC{S)NHL1{R12) group.

In another example of an inlerconversion process a compound of formula
(1) wherein RS, R12 and R12a contains a -CHaNH2 substituent may be
prepared by reduction of a corresponding compound wherein R3, R12 and
R12a contains a nitrile group, using for example a complex metal hydride
such as lithium aluminium hydride in a solvent such as an ether e.g.
disthyiether.

L o

In a further example, a compound of formula (1) wherein RS, R12 and R12a
contains a -NHCOR®8a, -.NHCONHR®a, -NHCON(R82),, -NHCSR8a or
alkanoylaminoalkyl substituent may be prepared by acylation or thiolation
of a corresponding compound wherein RS andfor R12 contains a -NH» or
alkylamino group by reaction with an acyl halide e.g. an acyl chioride, an
alkyl or aryl isocyanate, or a thiol halide in the presence of a base, such as
a tertiary amine e.g. tristhylamine or pyridine, optionally in a solvent such
as dichloromethane.

In a still further example, a compound of formula (1) wherein RS, R12 and
R12a contains an alkoxy substituent may be prepared by alkylation of a
corresponding compound wherein R®, R12 and R122 contains a hydroxyl
group by reaction with a compound AlkHal [where Alk is a C1.g alkyl group
such as a methyl or ethyl group and Hal is a halogen atom such as an
lodine atom] in the presence of a base such as caesium or potassium
carbonate in a dipolar aprotic solvent such as an amide, e.qg.
dimethylformamide at ambient temperature or above.

Compounds of formula (1) where Z is a group -C(R4)=C{R5)(R8) may be
prepared by dehydration of ancther compound of formula (1) where Z is a
group -C(R3)(R4)C(R5)(R6){R7) where R° is a hydroxyl group and R7 is a
hydrogen atom using an acid at an elevated temperature.

Suitable acids include for example phosphoric or suiphonic acids, e.g. 4-
toluenesulphonic acid. The reaction may be performed in an inert organic

PCT/GBI5/01466 .
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soivent, for example a hydrocarbon such as toluene, at an elevated
temperaturs, for example the reftux temperature.

Compounds of formula (1) where B3 is a fluorine atom may be prepared

5 by reacting a corresponding compound of formula (1) where RS is a
hydroxyl group with & fluorinating reagent, such as diethylaminosulphur
trifftuoride (DAST), in a solvent, for example a chlorinated solvent, e.g.
dichloromethane, at a fow temperature, e.g. around 0°C.

10  N-oxides of compounds of formula (1) may be prepared by oxidation of the
corresponding nitrogen base using an oxidising agent such as hydrogen
peroxide in the presence of an acid such as acetic acid, at an elevated
temperature, for example around 70°C to 80°C.

15  Salts of compounds of formula (1) may be prepared by reaction of a
compound of formula (1) with an appropriate acid or base in a suitable
solvent using conventional procedures.

Where it is desired to obtain a particular enantiomer of a compound of

20 formula (1) this may be produced from a corresponding mixture of
enantiomers using any suitable conventional procedure for resolving
enantiomers. Thus for example diastereomeric derivatives, e.g. salts, may
be produced by reaction of the mixture of enantiomers of formula (1) and
an appropriate chiral compound e.g. a chiral acid or base. The

25 diastereomers may then be separated by any convenient means for
example by crystallisation and the desired enantiomer recovered, e.g. by
treatment with an acid or base in the instance where the diastersomer is a
sait. In another resolution process a racemate of formula (1) may be
separated using chiral High Performance Liquid Chromatography.

30

The following examples illustrate the invention.

The following abbreviations are used:
DMF - dimethylformamide; THF - tetrahydrofuran; DME - dimethoxy-
35 ethane; EtOAc - ethyl acetate; Et20O - diethylether; RT - room
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temperature; LDA - lithium diisopropylamide; CHoCl, - dichloro-
methane; tic - thin layer chromatography; Buli - butyllithium

Intermediates 1, 2 and 10 were prepared as described in International
S5  Patent Specification No. WO 94/20446.

10

a) (£)4-[2-(3-Cyclopentyloxy-4-methoxvphenyl)-2-hvdroxvethvi

The following intermediate was prepared in a manner simiiar to
15  Intermediate 2a):

b) -Dichloro-4-[2-(; lopentyloxy-4-methoxyphenyi)-2-
hydroxyvethyllpyridine
20 INTERMEDIATE 3
-teYCiopentyioxy-4-methoxvbenzvialcohg

From 3-hydroxy-4-methoxybenzyl aicohol (50g, 0.324mol), cyclopentyioxy-
bromide (70ml, 0.648mol), caesium carbonate {72.83g, 0.222mol} and
sodium iodide (5.63g, 0.037mol). Chromatography (SiOs; EtOAc-CgH14.

25  1:3) to vield the iitle compound (25.782g). (Found C, 69.92: H. 8.18.
C13H1803 requires C, 70.25; H, 8.16).

INTERMEDIATE 4

tYeiopentyioxy-4-methoxybenzyvichioride
30  Anhydrous HCI gas was bubbled through a solution of Intermediate 3
(10.0g, 45mmoi) in dry EtoO (300mli) and the stirred reaction mixture
cooled by means of an ice bath. The reaction was foliowed by tic until
complete disappearance of the starting material. Nitrogen was bubbled
through the solution to remove excess HCI and the soivent evaporated jn
35 vacuo. A further portion of Etz0O was added and the solution dried
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(MgS0Qy4). The solvent was evaporated to afford the title compound as a
clear oil.

INTERMEDIATE 5
5 -Cyclopentvioxv-4-mmethoxyphenyvl)acetonitrile
To a stirred solution of Intermediate 4 (9.0g, 37.4mmol) in dry DMF
(200mi) under No at RT, was added a solution of LICN in DMF (0.5M:
7omi, 37.5mmol). The mixture was stirred at RT for 16h before adding a
further portion of LICN solution (8ml) and stirring maintained for another
10 4h. The DMF was evaporated, the residue treated with 2M KsCOa
solution (150mli) and extracted with EtoO(3x100mi). The combined
organic extract was washed with brine (60ml), dried (MgSO4) and
concentrated to dryness. The crude product was subijected to
chromatography (SiOg; hexane - Et20, 3:1 (1000ml) then 7:3 (200ml)) to

15 give the title compound (6.66g) as a clear oil.
INTERMEDIATE 6

-2=(3-Cyciopentvioxy-4-methoxyphenyii-3-(4-pyridviipropane
20 Intermediate 5 (0.4g, 1.73mmol) in dry DMF (2ml) was added to a solution
ot LDA in THF (10ml) [made jn sify from diisopropylamine (0.19g, 0.27m!,
1.9mmol) in THF (10mi) and n-Buli (1.6M in hexanes, 1.9mmol, 1.2ml)] at
-70°C. After stirring for 30min, a cooled (-70°C) solution of picolyl chloride
in THF (1.0ml) [prepared by freeing picolyl chloride hydrochloride (0.3g,
25  2.6mmol} from the salt with KoCO3 solution] was added by cannula. The
mixture was stirred at -70°C for 2h, warmed to RT overnight then
quenched with 10% aqueous NH4ClI solution and extracted with EtOAc (3
x 50ml). The combined organic extract was washed with NH4CI solution
(50ml), KoCOgz solution (50ml), brine (50ml), dried (MgSQ4) and the
30 solvent evaporated jo_vacuo. The crude product was subjected to
chromatography (SiOg; Eta0) to give the litle compound (0.374qg) as a
clear viscous oil. 84 (300MHz; CDCl3) 1.5-2.0 (8H, br m, (CH»)4), 3.15
(2H, m, CHopyridine), 3.84 (3H, s, OCHgs), 3.98 (iH, t, J 7.1Hz, CHCN),
4.65-4.75 - (1H, br m, OCHCHDy), 6.68 (1H, d, J 2.1Hz, ArH»), 6.74 (1H,
35 dd, J 8.2, 2.1Hz, ArHg), 6.82 (1H, d, J 8.3Hz, ArHs), 7.03 (2H, br d, Hs, Hs
pyridine), 8.52 (2H, br d, Ha, Hs pyridine).
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A portion of the free base (0.319g} was dissolved in EtOH (4mi),
concentrated suiphuric acid (8 drops) and EtoO added until the solution
became cloudy. The title compound hydrogen sulphate was obtained as a
white precipitate m.p. 146-150°C Dec. (Found C, 56.87; H, 5.73: N,
6.50. CogH24N20sS requires C, 57.13; H, 5.75; N, 6.66%). doH
(300MHz; CD30OD) 1.55-1.85 (8H, m, (CHs)s), 3.56 (2H, d, J 7.7Hz
CHopyriding}, 3.80 (3H, s, OCHa3), 4.55 (1H, t, J 7.5Hz, HCN), 4.75-4.9
(tH, m, OCHCHjy), 6.88-6.96 (3H, m, ArH), 7.94 (2H, unresolved dd, Ha,
Hs pyridine), 8.78 (2H, unresolved dd, Ho, Hg pyridine).

INTERMEDIATE 7

B[ 2=(3- openivigxv=-4-methoxvphenvilethenvllpvridine

The {itle compound was prepared as described in Example 7b in
International Patent Specification No. WO 84/20455

INTERMEDIATE 8
E)=-NN-1 3-(3-Cyclopentyvioxy-4-methoxyphenvh-2-(4-pyridviipropenovii-
1R -

The title_compound was prepared as described in step [{D} ii] of
international Patent Application No. PCT/GB 84/02799.

ERM
N-[3-(3-Cyciopentyloxy-4-methoxyphenyl)-2-(4-pvridy)-4-pentenovii-
1R)-10,2-borpnane sultam

Vinyimagnesium bromide {1.0M in TNF) (4.1ml, 4.1mmol) was added
dropwise to a stirred solution of intermediate 8 (iq, 1.86mmol} in
Et2O/THF (30ml, 4:1) at -70°C and under nitrogen. The reaction was
followed by tic (EtOAc/hexane, 1:1) and after 1.25h at -20°C to -30°C the
mixture was quenched with 10% aqueous NH4Cl and the layers
separated. The aqueous layer was washed with EtOAC, the combined
organic layer washed with brine and dried (MgSQy4). The solution was
concentrated /n_vacuQ and the residue subjected to chromatography
(SiO2; EtOAc/hexane, 2:8) to give the title compound as a yeliow solid. OH
(CDCl3) 1.008 (3H, s, CH3), 1.2445 (3H, s, CHz), 1.4-2.2 (14H, m, (CHo)4
+ sultam), 3.45 (1H, d, J 11.5Hz, SO2CHp), 3.59 (1H, d, J 11.5Hz,
SO2CHs), 3.73 (3H, s, OCHag), 3.88-4.98 (1H, d, NCH), 4.62-4.71 (1H, m,
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OCH), 4.77 (1H, d, 4 11Hz, ArCH]), 5.12 (1H, d, J 11Hz, pyridine CHCOQ),
5.28 (1H, br s, CH=CH2), 5.31 (1H, br s, CH=CHs), 6.17 (1H, m,
CH=CHy), 6.44 (1H, m, CgHgz), 6.6 (2H, m, CgH3), 7.58 (2H, d, J 5Hz,
pyridine Hz Hs), and 8.4 (2H, d, J 5Hz, pyridine Ha Heg).

INTERMEDIATE 10
-Dichli methyl i

The fitle compound was prepared as described in international Patent
Specification No. WO 94/20446.

EXAMPLE 1
a) (F)4-[2-Benzyioxy-2-(3-cyciopentyloxy-4-methoxyphenyl)ethyl
pytidine
Concentrated sulphuric acid (0.4g, 4mmol) was added to a solution of
Intermediate 2a) {1.0g, 3.2mmol) in benzyl alcohol (15mli) and the mixture
sitrred at RT for 16h. The reaction mixture was patrtitioned between
EtOAc (20ml) and saturated NaHCO3 solution (15mi). The organic phase
was separated, washed with saturated NaHCOj3 solution (15ml), then
dried (MgSQ4) and concentrated jn_vacuo to give a yellow oil. The residue
was subjected to chromatography (SiOg; EtOAc-hexane, 2:1) to afford the
title compound (627mg) as a colourless oil (Found: C, 77.26; H, 7.19; N,
3.44. CogHaoNO3 requires C, 77.38; H, 7.24; N, 3.47%); on (CDCl3)
1.5-2.0 (8H, br m, (CHp)4), 2.90 (1H, dd, J 13.8, 5.5Hz, CHH pyridine),
3.11 (1H, dd, J 13.6, 6.8Hz, CHH pyridine), 3.85 (3H, s, OMse), 4.22 (1H,
d, J 11.8Hz, OCHHPh), 4.43-4.47 (2H, m, OCHHPh and CHCH2 pyridine),
3.71 (1H, m, OCH), 6.71-6.84 (3H, m's, ArH's), 7.02 (2H, d, J 6Hz,
pyridine Hs, Hs), 7.13-7.31 {5H, m's, Ph-H's}, and 8.44 (2H, d, J 6Hz,
pyridine H», Hg).

The foliowing compounds were prepared in a manner similar to the
compound of Example 1a).

by (£)}4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-propyloxyethyi]
idi

From intermediate 2a) (1.00g, 3.2mmol} and 1-propanol (15m!). The

crude product was subjected to chromatography (SiO2; Et20) to afford the
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title compound (1.03g) as a colouriess oii (Found: C, 74.41; H, 8.13; N,
3.97. CooHogNOs requires C, 74.55; H, 7.896; N, 3.95%); oy (CDCig)
0.83 (3H, t, J 7.3Hz, MeCHs), 1.47-1.61 (2H, m, MeCHb»), 1.5-2.0 (8H, br
m, (CHs)4), 2.85 (1H, dd, J 13.6, 5.7Hz, CHH pyridine), 3.05 (1H, dd, J
13.8, 7.5Hz, CHH pyridine), 3.08-3.17 (1H, m, OCHHE!), 3.23-3.31 (1H,
m, OCHHEL), 3.82 (3H, s, OMe), 4.32 (1H, dd, J 7.5, 5.7Hz, CHCH>
pyridine), 4.70 (1H, brm, QCH), 6.67-6.79 (3H, m's ArHd's), 7.03 (2H, d, J
6Hz, pyridine Hs, Hs), and 8.43 (2H, d, J 6Hz, pyridine Ho, Hg).

¢)  ()4-12- spentvioxy-2-{3-cyclopentyloxy-4-methoxvphen
ethvilpyridine

From intermediate 2a) (1.00g, 3.2mmol) and cyclopentanol (15ml). The
crude product was subjected to chromatography (SiOz; EtOAc-hexane,
2:1}) to afford the title compound {(719mg) as a colourless oil (Found: C,
75.32; H, 8.08; N, 3.78. Co4H31NO3z requires C, 75.56; H, 8.19; N,
3.67%); & (CDChL) 1.35-2.0 (16H, brm's, 2x (CHbo)4), 2.81 (1H, dd, J
13.4, 5.2Hz, CHCH pyridine), 2.96 (1H, dd, J 13.4, 8.1Hz, CHH pyridine),
3.74 (1H, br m, OCH), 3.83 {3H, s, OMe)}, 4.37 {1H, dd, J 8.1, 5.2Hz,
CHCHg pyridine), 4.73 {1H, br m, ArOCH), 6.70-6.81 (3H, m's, ArH'S},
7.05 (2H, d, J 6Hz, pyridine H3, Hs), and 8.44 (2H, d, J 6Hz, pyridine Hs,
Hs).

d) &)-4-[2-(3-Cvclopentvioxy-4-methoxyphenyl)-2-(2-butvloxy)e
pyridine

From Intermediate 2a) {1.0g, 3.2mmol) and 2-butanol (15mi}. The crude
product was subjected o chromatography (SiOpz; EtOAc-hexane, 2:1) to
afford the title compound (906mg) as a colourless oil (Found: C, 74.79; H,
8.45; N, 3.82. C23H31NO3 requires C, 74.76; H, 8.46; N, 3.79); d&n
(CDClg) 0.84 (3H, t, J 7Hz, MgCH>), 1.22-1.38 (2H, m, CHoMe), 1.45-1.57
(2H, m, CH»Et), 1.52-2.0 (8H, br m, (CH»2)4), 2.85 (1H, dd, J{ 13.5, 5.7Hz,
CHH pyridine), 3.05 (1H, dd, J 13.5, 7.5Hz, CHH pyridine), 3.12-3.22 (1H,
m, OCHHPr), 3.38-3.47 (1H, m, OCHHPr), 3.81 (3H, s, OMe), 4.34 (1H,
dd, J 7.5, 5.7Hz, CHCH> pyridine), 4.71 (1H, br m, OCH), 6.68-6.80 (3H,
m's, ArH's}, 7.05 (2H, d, J 8Hz, pyridine Hs, Hs), and 8.45 (2H, d, J 6Hz,

pyridine Ho, Hg).
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e} (1)-4-[2-(3-Cvclopentyloxy-4-methoxyphenyl)-2-(2-methyi-
rropyloxylethyljpyridine
From intermediate 2a) (1.0g, 3.2mmol) and 2-methyipropanol (15mtl). The
crude product was subjected to chromatography (SiOg; EtOAc-hexane,
S  3:1) to afford the title compound (845mg) as a colourless oil (Found: C,
74.76; H, 8.49; N, 3.41. Ca3H31NO3 requires C, 74.76; H, 8.46: N,
3.79%), oy (CDCl3) 0.82 (6H, d, J 6.6Hz, CHMe?), 1.2-1.9 (9H, br m,
(CH2)4), 2.8-3.15 (4H, complex m (16 lines), CH>CHOCH»), 3.83 (3H, s,
OMe), 4.31 (1H, dd, J 7.6, 5.4Hz, CHoOCH), 4.7 (1H, br m, ArOCH), 6.69
10 (iH, dd, J{ 8.1, 1.8Hz, ArH para to cyciopentyloxy), 6.76 (1H, d, J 1.9Hz,
ArH ortho to cyclopentyloxy), 6.79 (1H, d, J 8.1Hz, ArH ortho to OMa),
7.05 (2H, dd, J ca 6.0, 0.5Hz, pyridine Hs, Hs), and 8.44 (2H, dd J ca

6.0,0.5Hz, pyridine H», Hg).

15 ) (£)4-[2-Cyclohexyimethoxy-2-(3-cyclopentvioxy-4-methoxy-
phenvl)ethvl]lpyridine

From Intermediate 2a) (1.0g, 3.2mmol) and cyclohexylmethanol (15mi).
The crude product was subjected to chromatography (SiO»: EtOAc-

hexane, 1:1) to afford the {itle_compound (498mg) as a clear oil (Found:
20 G, 76.10; H, 8.65; N, 3.43. CogHasNOg3 requires C, 76.24; H, 8.61; N,

3.41%) oH (CDChk) 0.7-1.97 (19H, br m's, alkyl CH2 and CH), 2.8-3.15

(4H, m, OCHo cyclohexyl and CHp pyridine), 3.83 (3H, s, OMe}, 4.30 (1H,

ad, J 7.6, 5.4Hz CH-CHa-pyridine), 4.70 (1H, br m, OCH cyclopentyl),

6.67-6.80 (3H, m, 3x ArH), 7.04 (2H, d, J 6Hz pyridine Hj, Hs), and 8.44
25 (2H, d, J 6Hz, pyridine Ho, Hg).

g} (£)-3.5-Dichloro-4-[2-cvclopentyioxy-2-(3-cyciopentyiox

methoxyphenyijethyllpyridine
From Intermediate 2b) (0.6g, 1.6mmol) and cyclopentanol (15ml). The title

30 compound (478mg) was obtained as a golden cil. (Found: C, 64.2;: H,
6.62; N, 3.07. Ca4HogClI2NO3 requires C, 64; H, 6.49; N, 3.11%). &H
(CDCl3z) 1.35-2.0 (16H, br m, 2x (CHa2)4), 3.12 (1H, dd, J 13, 5.5Hz, CHH
pyridine), 3.36 (1H, dd, J 13, 8.6Hz, CHH pyridine), 3.7 (1H, br m, OCH),
3.84 (3H, s, OMe), 4.58 (1H, dd, J 8.6, 5.5Hz, CHCH> pyridine), 4.78 (1H,

35 brm, ArOCH), 6.79 (2H, app. s, ArH), 6.91 (1H, app. s, ArH), and 8.42
(2H, s, pyridine H's)
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h)  5-Dichioro-4-[2-(3 opentyloxy-4-methoxyphenvi)-2-(1-
From Intermediate 2b) (1.0g, 2.6mmol) and n.butanol (15mi). The crude
product was subjected to chromatography (SiO2; EtOAc-hexane, 1:1) fo
afford the title compound (600mg) as a clear oil. (Found: C, 62.41; H,
6.64; N, 3.13. CozHagNO3Cls requires C, 63.02; H, 6.67; N, 3.20%)
o4 {CDClIg) 0.81 (8H, t, J 7.3Hz, MeCH»), 1.2-1.34 (2H, m, MaCH>), 1.35-
1.51 {2H, m, MeCH»CHb), 1.55-2.0 (8H, br m, (CHo2)4), 8.1-3.5 (4H, m's,
CH>0 and CHoCH pyridine), 3.84 (3H, s, OMe), 4.53 (1H, app. t, J 7Hz,
CHCHs» pyridine), 4.76 (1H, br m, OCH), 6.73-6.87 (3H, m's, ArH's), and
8.41 (2H, s, pyridine H's).

) (£)-3,5-Dichloro-4-[2-cyclopentvioxy-4-methoxyphenyi)-2-
methoxyethoxyethyl] pyridine

From Intermediate 2b) (1.0g, 2.8mmol} and 2-methoxyethano! (10ml). The
crude product was subjected to chromatography (SiO2; EtoO-hexane, 1:1)
to afford the fitle compound (8.96mg) as a clear oil. {(Found: C, 60.03; H,
6.17; N, 3.12. CaaHagNO4Cls requires C, 59.73; H, 6.60; N, 3.16%)
o4 {CDCla) 1.5-2.0 (8H, br m (CH2)4), 3.2-3.88 (6H, m's, 2x CH20O and
CHo-pyridine), 3.27 (3H, s, MeOCH2), 3.82 (3H, s, MeOAr), 4.63 (1H, app.
t, J 7.1Hz, CHCH, pyridine), 4.74 (1H, br m, OCH), 6.7-6.85 (3H, m’s,
ArH's), 6.7-6.85 (3H, m's ArH's), and 8.38 (2H, s, pyridine H's).

) (E£e4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-ethoxyethyl]

pvridine
From intermediafe 2b) (1.0g, 3.2mmol) and ethanol (15ml). The crude

product was subijected to chromatography (SiOg; EtoQ) to afford the title
compound (854mgq) as a clear oil. (Found: C, 73.77; H, 8.06; N, 3.95.
Ca1Ha7NOs3 requires C, 73.87; H, 7.97; N, 4.1%) oH (CDCl3) 1.13 (3H,
t, 4 7Hz, CHaCHo), 1.5-2.0 (8H, br m, (CHb»)4), 2.85 (1H, dd, J 13.5, 6Hz,
CHH pyridine), 3.07 (1H, dd, J 13.5, 7.3Hz, CHH pyridine), 3.20-3.32 {1H,
m, OCHHMe), 3.32-3.42 (1H, m, OCHHMe}, 3.83 (3H, s, OMe), 4.34 (1H,
dd, J 7.3, 6Hz, CHCH» pyridine), 4.71 (1H, br m, OCH), 6.68-6.82 (3H, m,
3x ArH), 7.01 {2H, d, J 6Hz, pyridine Hs, Hs), and 8.43 (2H, d, J 6Hz,

pyridine Ho, Hs).
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EXAMPLE 2
+}-2-(3-Cveclopentvioxv-4-methoxvphenvi-3-(4-pyridvi)-1-propyl-
amine bis-hydrochioride

5 A solution of intermediate 6 (1.90g, 5.9mmol} in THF was added {o a cold
(0°C) solution of LiAlH4 (1.0M in Ei20, in excess ) in THF. The solution
was heated to refiux for 2h before adding another portion of LiAlH4. The
mixture was quenched with water (0.8ml}, 20% aqueous NaOH solution
(0.6m}), then water {(2.5mli) and the fine precipitate of aluminium salts

10 separated by suction filiration. The fiitrate was evaporated /n_vacuo.
dissolved in EtOAc, dried (MgSQy), filtered and concentrated to dryness.
The crude product was subjected to chromatography to afford the {itle
compound free base (0.88g) as a pale brown clear oil.

15 A portion of the title compound free base in Et;O was treated with ethereal
HCI, heated to reflux and EtOH added to complete dissolution. Upon
cooling the title compound was obtained as a white powder (mp 208-
2100C. dec). [Found C, 57.97; H, 6.65; N, 6.74. CooH2gCloN2Oo.,
HoO requires C, 57.55; H, 6.71; N, 6.71%). oH (300 MHz, CD30D) 1.5-

20 2.0 (8H, br m, (CH2)4), 3.20-3.50 (5H, m, (methano! signal overlaps)
HoNCH-CHCH), 3.76 (3H, s, OCHg), 4.75-4.85 (1H, m, OCHCH>), 6.79-
6.91 {(3H, m, ArH), 7.80 {2H, d, (unresolved dd}, Hs, Hs pyridine), and 8.65
(2H, dd, J 5.7, 1.1Hz, Hs, Hg pyridine).

25 EXAMPLE 3
N-[2-(RS)}~(3-Cvciopentvioxv-4-methoxvphe 3-{4-pyridviipropvi

acetonitrile

To a cold {0°C) stirred solution of the compound of Example 2 (0.3664,;

1.12mmol) and triethylamine (0.310g, 3.02mmol, 0.42mi) in dry CHoCls
30 (&ml) under a nitrogen atmosphere was added acstyl chioride (0.097g,

1.23mmol, 0.095ml). After stirring for 46min the mixture was quenched

with 1M potassium carbonate solution (25ml}, extracted with CH»Cls

(3x20m}), the combined organic extract dried (NaxS0O2) and concentrated

in vacug. The crude product was subjected to chromatography (SiOs;
35 EtOAc-MeOH, 9:1), dissolved in CH2Cls then filtered through cotton wool

and activated charcoal to give the title compound {0.304g) as a pale
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yellow oil. 84 (300 MHz, CgDg), 1.46 (3H, s, OCHas), 1.30 -1.95 (8H, m,
(CHa)s), 2.48 (1H, dd, J 13.6, 9.4Hz, CHaHRg pyridine), 2.65 (1H, dd, J
13.6, 5.4Hz, CHaHR pyridine), 2.8-2.95 (1H, m, CHCHy), 3.11 (1H, ddd, J
13.5, 8.7, 8.0Hz, HNCHaHB), 3.38 (3H, s, OCH3), 3.6-3.7 (1H, m, HN-
CHaHg), 4.55-4.65 (1H, m, OCHCHz), 4.74 (1H, br s, NH), 6.45 (1H, dd, J
8.1, 2.1Hz, ArHg), 6.5-6.6 (2H, m, ArH), 6.63 (2H, dd, J 4.4, 1.6Hz, Hz, Hs
pyridine, and 8.42 (2H, dd, J 4.4, 1.6Hz, Ho, Hg pyridine).

EXAMPLE 4

£} 4-12-{3( opentvioxv-4-methoxyphenvi}-2-propvithioethvi
pyridine

n-Buli (1.6M in hexanes; 5.4ml) was added dropwise to a stirred .ice bath
cooled solution of 1-propanethiol (0.87g, 1.04ml) in dry THF (20ml). After
stirring for 30min, Intermediate 7 (1.0g) in DMF (2ml) was added and the
reaction mixture heated to reflux for a couple of days. Upon cooling the
reaction mixture was partitioned between EtOAc (100ml} and aqueocus
NH4CI (100ml). The aqueous phase was extracted with EtOAc (2x50ml)
and the combined organic extract washed with brine (25mi), dried
(NapS0g3) and evaporated in_vacuo. The crude product was subject to
chromatography (SiOg; EtOAc-hexane, 1:1) to afford the title compound
(505mg) as a clear, slightly yellow oil. (Found, C, 71.08; H, 7.80: N,
3.92. CooHogNO2S requires C, 71.12; H, 7.87; N, 3.77%). &n (CDClg})
0.87 (3H, t, J 7.3Hz, CHa-CHb), 1.42-1.52 (2H, m, CH2CHa), 1.5-2.0 (8H,
brm, (CHz)4), 2.19-2.35 (2H, m, CH2S), 2.97-3.19 (2H, m, CHo2 pyridine),
3.80 (3H, s, OMe), 3.91 (1H, dd, J 8.9, 6.0Hz, CHCHzpyridine), 4.70 (1H,
or m, OCH]), 6.63-8.83 (3H, m, 3xArH), 6.91 (2H, d, J 6Hz. pyridine Hs,
Hs), and 8.39 (2H, d, J 6Hz, pyridine Hs, Hs).

EXAMPLE 5

N=L = d-Yeiopentyioxy-4-methoxyphenyl)-2-{(4-pyridviethvil-1-
propviamine

n-BuLi (1.6M in hexanes) (5.7ml) was addded dropwise to a solution of 4-
methylpyridine (0.89g) in dry EtoO (40ml) at -70°C. A solution of N-propyl-
(3-cyclopentyloxy-4-methoxyphenyl)methylimine (2.51g) [made by reacting
Intermediate 1 (5g) in CH2Clz (20ml) and propylamine (Eml} in the
presence of 3A molecular sieves and stirring overnight at RT. Upon

£ A A PCT/GBY5/1466 .
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filtration and concentration to dryness, the imine was obtained as a near
cotouriess oil.] in dry EtoO (10ml) was added and stirred at -70°C for
30min then warmed to -10 to 0°C for 2h. The reaction was quenched with
aqueous saturated NH4C| (10ml) then partitioned between EtOAc (100ml)
O and saturated aqueous NaHCO3 (100ml). The organic phase was washed
with brine (20ml), dried (K2CO3) and evaporated in_vacyo. The crude
product was purified by chromatography (SiOs; EtOAc then MeQOH-
EtOAC, 1:9) to afford the title compound as a clear, brown tainted oil
(330mg). &4 (CDCIz) 0.82 (3H, t, J 7.3Hz, CHzMe), 1.3-1.45 (2H, m,
10 CHaoMe), 1.5-2.0 (8H, br m (CH2)4), 2.40 (2H, t, J 7.2Hz, NHCHS>), 2.8-3.0
(2H, m, CHa pyridine), 3.77 (1H, t, J 7.0Hz, NCHCH3), 3.82 (3H, s, OMe),
4.73 (1H, br m, OCH), 6.68 (1H, dd, J 8.1, 2.0Hz, ArH para to
cyclopentyloxy), 8.76 (1H, d, J 8.1Hz, ArH ortho to OMe), 6.77 (1H, d, J
2.0Hz, ArH ortho to cyclopentyloxy), 6.96 (2H, ca d, ca 4.5Hz, pyridine Hs,
15 Hs), and 8.42 (2H, ca d, ca 4.5Hz, pyridine Ho, Heg).

PLE

1=l el R i={3-Cvelopentvioxy-4-mmethoxyphenvil-2-phenvibut-3-envil-
hiori

20 n-Buli (1.6M in hexanes) (324ul, 0.52mmol) was added to a stirred
solution of ethanethiol (68.5ul, 0.92mmol) in anhydrous THF at -10°C and
under nitrogen. The solution was stirred at -10°C for 30min before being
added to a solution of Intermediate 9 (208.9mg, 0.37mmol) in anhydrous
THF. The reaction was stirred overnight at RT before adding a further

25 portion of ethanethiol (68.5ul) (the reaction was followed by tic
EtOAc/hexane, 1:1) and stirring maintained overnight. The reaction was
quenched with a little water and the solvent removed jn vacuo. The
residue was taken in EtOH, aqueous NaOH (2M) added and the reaction
heated to reflux for 3h, cooled, the pH adjusted to 5 with concentrated HC]

30 and heated to reflux for another 3h. The reaction was cooled and the pH
adjusted to 14. The reaction mixture was partitioned between water and
EtzO and the combined organic layer washed with NaOH (1M}, brine and
dried (MgSO4). The solvent was removed jn_vacyo to give the title

compound free base as a yellow oil.
35
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The title compound free base was dissolved in EtOH and t{reated with
ethanolic HCI to give the {itle compound as a pale yellow solid.

5 FORMULAT XAMPLE
The compounds of the invention may be formulated for pharmaceutical
use in a number of forms using any suitable excipients. Thus, for
exampie, for oral use the compounds of the invention such as the
compounds of the Examples may be formulated as a solid dosage form,

10 by mixing an appropriate weight of compound (for example 50mg) with
maize starch (50-89%w/w), anhydrous colicidal silica {0-10%w/w) and
organic or inorganic acid {up to 1%w/wj}, to fill capsules of an appropriate
size, e.g. white opaque hard gelatine capsulas size 3. If desired the same
mixture may be compressed into tablets.

15

The activity and sslectivity of compounds according to the invention was

demonstrated in the following tests. in these tests the abbreviation FMLP
represents the peptide N-formyl-met-leu-phe.

20 Isolated Enzyme
The potency and selectivity of the compounds of the invention was
determined using distinct PDE isoenzymes as follows:

i,  PDE, rabbit heart
25 i. PDE ll, rabbit heart
ii. PDE lli, rabbit heart, Jurkat cells
iv.  PDE IV, HL60 cells, rabbit brain, rabbit kidney and human
recombinant PDE IV
v. PDEYV, rabbit fung, guinea pig lung
30
A gene encoding human PDE IV has besen cloned from human monocytes
(Livi, et al., 1990, Molecular and Cellular Biology, 10, 2678). Using similar
nrocedures we have cloned human PDE IV genes from a number of
sources including eosinophils, neutrophils, lymphocytes, monocytes, brain
35 and neuronal tissues. These genes have been transfected into yeast
using an inducible vector and various recombinant proteins have bsen
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expressed which have the biochemical characteristics of PDE IV (Beavo
and Reifsnyder, 1990, TIPS, 11, 150). These recombinant enzymes,
particularly the human ecsinophil recombinant PDE IV, have been used as
the basis of a screen for potent, selective PDE 1V inhibitors.

The enzymes were purified to isoenzyme homogeneity using standard
chromatographic techniques.

Phosphodiesterase activity was assayed as follows. The reaction was
10 conducted in 150p! of standard mixture containing (final concentrations):

S0mM 2-[[tris(hydroxymeathyl)methyllamino]-1-ethane-sulphonic acid (TES)
-NaOH buffer (pH 7.5), 10mM MgCl,, 0.1uM [BH]-cAMP and vehicle or
various concentrations of the test compounds. The reaction was initiated
by addition of enzyme and conducted at 30°C for between 5 to 30 min.
15 The reaction was terminated by addition of 50ul 2% trifiucroacetic acid
containing [14C]-5'AMP for determining recovery of the product. An aliquot
of the sample was then applied to a column of neutral alumina and the
[PH]-cAMP eluted with 10m! 0.1 TES-NaOH buffer (pH8). The [BH]-5'-AMP
product was eluted with 2mi 2M NaOH into a scintillation vial containing
20 10ml of scintillation cocktail. Recovery of [3H]-5'AMP was determined

using the [4C}-5'AMP and alil assays were conducted in the linear range of
the reaction.

Compounds according to the invention such as compounds of the
25 Examples herein cause a concentration-dependent inhibition of

recombinant PDE [V at 0.1 - 1000nM with litle or no activity against PDE |,
i1, Hl or V at concentrations up to 100uM.

2. tion of cAMP

30 The eftect of compounds of the invention on intracellular cAMP was
investigated using human neutrophils or guinea pig eosinophils.
Human neutrophils were separated from peripheral blood, incubated
with dihydrocytochalasin B and the test compound for 10 min and
then stimulated with FMLP. Guinea pig eosinophils were harvested
35 by peritoneal lavage of animals previously treated with intra-

peritoneal injections of human serum. Eosinophils were separated
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from the peritoneal exudate and incubated with isoprenaline and test
compound. With both cell types, stispensions were centrifuged at the
end of the incubation, the cell pellets were resuspended in buffer and
boiled for 10 min prior to measurement of cAMP by specific

5 radioimmunoassay (DuPont).

The most potent compounds according to the Examples induced a
concentration -dependent elevation of cAMP in neutrophils and/or
eosinophils at concentrations of 0.1nM to 1uM.

10

325 18251 A Pl RANNCIC W ICP J-SA] BA RYRJ0 )
Compounds of the invention were investigated for their effects on
superoxide generation, chemotaxis and adhesion of neutrophils and
eosinophils. Isolated leukocytes were incubated with dihydrocyto-

15 chalasin B for superoxide generation only and test compound prior to

stimulation with FMLP. The most potent compounds of the Examples

caused a concentration-dependent inhibition of superoxide

generation, chemotaxis and adhesion at concentrations of 0.1nM to

TuM.
20
Lipopolysaccharide (LPS)-induced synthesis of tumour necrosis
factor (TNF) by human peripheral blood monocytes (PBM) is inhibited
by compounds of the Examples at concentrations of 0.01nM to 10pM.
25 4. ver

In general, in our tests above, compounds of the invention have had
no observed toxic effects when administered to animals at
pharmacologically effective doses.
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CLAIMS
1. A cempound of formula (1):
RO, o ..
R"Oz . :
. - (1)
Wherein:

R? is a C16 alkyl group that is unsubstituted or substltuted by up to three '.
halogen atoms;

R is a C1 6 alkyl or C,.¢ alkenyl group that is unsubstltuted or substltuted by

up to three substituents selected from halogen atoms and hydroxyl,
C..c alkoxy, -CN, -CO,R®, -CONR®R' and -CSNR°R'® groups (where R®,

R? and R'® are the same or different and are each selected from hydrogen

atoms and Ci.3 alkyl, Ce.12 aryl and Ce.12 aryl-C43 alkyl groups) or a
Cs. gcycloalkyl or cycloalkenyl group that is unsubstituted or substltuted by
up to three substituents selected from halogen atoms and hydroxyl Cis

Zis a group ~CH(R4)-CH.2(R5) or'-C(R“):CH(Rs.) in which
R* is an -X?Alk?R" or -X?R'*® group where

X% is -O-, -S(O)m- (Where m is zero or an'integer of value 1 or 2) or
' -N(Rb) - '(Where R® is a hydrogen atom or an alkyl group that is
unsubstituted or substituted by up to three substituents selected
from halogen atoms and hydroxyl, Cis alkoxy, -CN, -COOR?®,
_CONRR'® and -CSNR°R™ groups where R®, R® and R'® are as
defined above); ' '
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Alk® is a C1.g alkylene, C..s alkenylene or C,.6 alkynylene chain that
Is unsubstituted or substituted by up to three substituents selected
from halogen atoms and hydroxyl, Ci.s alkoxy, -CN, -COOR®,
-CONR"R' and -CSNR°R' groups (where R® R® and R'% are as
defined above) and containing zero, one, two or three -O- or -S-
atoms or cyclopentyl, cyclopentenyl, cyclohexenyl, -S(O)-, -S(O).-,
-N(R®)-, -C(0)-, -C(S)-, -C(NRP)-, -CON(R®)-, -CSN(R®), -N(R")CO-,
N(R®)CS-,  -SON(RP)-, -SO,N(R®)-, -N(R®)SO-, -N(R®)SO,-,
-N(R")SO,N(R")-, -N(R”)SON(R®)-, -N(R")CON(RP)- or
-N(R")CSN(R®) groups (where R® is as defined above);

R is a hydrogen atom; a Cag cycloaliphatic or
Cs.g heterocycloaliphatic group that is unsubstituted or substituted by
up to three substituents selected from halogen atems and C4.5 alkyl,
hydroxyl and C4.3 alkoxy groups; or a phenyl, naphthyl, indenyl or
isoindeny! group that is unsubstituted or substituted by up to four R™
substituents selected from fluorine, chlorine, bromine and iodine
atoms and C1;6 alkyl, C4.¢ alkylamino, C.¢ hydroxyalkyl, Cq_salkylthiol,
Ci.s alkoXy, Cs.7 cycloalkyl, Cs.7 Cyc|oa|koxy, C1.6 haloalkyl, amino,
Cis aminoalkyl, Cig alkylamino, Ci. dialkylamino, nitro, cyano,
hydroxyl, formyl, carboxyl, -CO,AIk> (where Alk® is a Cqg alkyl,
Ce.12 aryi, Ce.12  aryl-Cqg  alkyl, Ce-1zaryloxy-C1s  alkyl,

Ci1.8 alkanoyloxy-C1-8 alkyl or Ceg.12 aroyloxy-C4.g alkyl g'roup),

Ci6 alkanoyl, thiol, Ci thioalkyl, sulphonyl, Ci¢ alkylsulphonyl,
aminosulphonyl, C4.g alkylaminosuiphonyi, C1_6.dialkylaminosulphonyl,

phenylaminosulphonyl, benzylaminosulphonyl, carboxamido),
C+.¢ alkylaminocarbonyl, Ci.6 ‘ dialkylaminocarbonyl,
phenylaminocarbonyl, sulphonylamino, Ci alkylsulphonylamino,
Cis dialkyleulphonylamino, - aminosulphonylamino,

Ci alkylaminosulphonylamino, Cqs dialkylaminosulphonylamino,
phenylaminosulphonylamino, Cq. alkanoylamino, C1.s alkanoylamino-
C.s alkyl, Cis  alkoxycarbonylamino,  thiocarboxamido,
C1.s alkylaminothiocarbonyl, C1.6 dialkylaminothiocarbonyl,
phenylaminothiocarbonyl, aminocarbonylamino,
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C+.s alkylaminocarbonylamino, C1.6 dialkylaminocarbonylamino,
aminothiocarbonylamino, C1.s alkylaminothiocarbonylamino,
Ci.g dialkylaminothiocarbonylamino, aminocarbonyl-C4.s alkylamino,
aminothiocarbonyl-C+.s ~alkylamino, formylamino-C+.6
alkylsulphonylamino, thioformylamino-C4.s  alkylsuliphonylamino,
Cq.s acylaminosulphonylamino and C4.gthioacylaminosulphonylamino
groups, or wherein two R’ substituents together form a
C..s alkylenedioxy group; and

R'“ is as defined for R' but is not a hydrogen atom; and

R° is a -(CH2) pAr group where p is zero or an integer 1, 2 or 3 and
Ar is a phenyl, pyridyl, thienyl or pyrimidinyl group that is

unsubstituted or substituted by up to four R substituents as defined
above;

and the salts, solvates, hydrates and N-oxides thereof.

2. A compound according to claim 1 wherein R® is a Cq.3 alkyl group

and R is a cyclopentyl group that is unsubstituted or substituted by up to

three substituents selected from halogen atoms and hydroxyl, Ci.6 alkyl
and C1.5 alkoxy groups.

3. A compound according to claim 1 or claim 2 wherein Z is a group
-CH(R*)-CH2(R>).

4. A compound according to any one of claims 1 to 3 wherein R* is a
Ci.6 alkoxy, Cas.s cycloélkoxy,or Ca.s Cycloalkyl-C1..6 alkoxy group that is
unsubstituted or substituted by up to three substituents selected from
halogen atoms and Cig alkyl, hydroxyl and Cs.3 alkoxy groups, or a
phenoxy or phenyl-C4.s alkoxy group in which the phenyl ring that is
unsubstituted or substituted by up to four R'® substituents as defined in
claim 1.
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5. A compound according to any one of claims 1 to 4 wherein R’ is a

pyridyl group that is unsubstituted or substituted by up to four R
‘. substituents as defined in claim 1.

6. A compound which is:
(+)-4—[2-benzyloxy42-(3-cyclopentyloxy-4~methoxyphenyl)ethyl]pyridine'
(+)-4-[2-(3- cyclopentyloxy -4-methoxyphenyl)-2- propyloxyethyl]pyrldlne
(+)-4-[2- cyclopentyloxy -2-(3-cyclopentyloxy-4-
methoxyphenyl)ethyl}pyridine; .
(+)-4-[2-(3- cyclopentyloxy-4-methoxyphenyl) 2-(2- butyloxy)ethyl]pyrldme
(+)-4-[2-(3-cyclopentyloxy-4-methoxyphenyl)-2-(2-

methylpropyloxy)ethyl]pyridine;

(i)-4-[2-cyc|ohexylmethoxy-—2-—(3-cyc|opentyloxy-4-
methoxyphenyl)ethyl]pyridine; .
(+)-3,5-dichloro-4-[2-cyclopentyloxy-2-(3-cyclopentyloxy-4-
methoxyphenyl)ethyl]pyridine;
(+)-3,5-dichloro-4-[2-(3-cyclopentyloxy-4-methoxyphenyl)-2-(1-
butyloxy)ethyl]pyridine; ' _
(i)-3,5-diohIoro-4-[2-cycl0pentyloxy-4-methoxyphenyl)-2- .
methoxyethoxyethyl]pyridine; or

(+)-4-[2-(3-cyclopentyloxy-4-methoxyphenyl)-2-ethoxyethyl]pyridine;

and the salts, solvates, hydrates and N-oxides thereof.

/. A pharmaceutical composition comprising a comp.ound according to
any one of claims 1 to 6 together with one or more pharmaceutically
acceptable carriers, excipients or diluents.
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