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The present invention relates to the nedel optically active conpound

(-)-(3R)-3-nethyl -4-{4-[4-(4-pyridyl)pi perazin-1-yl]phenoxy}butyric acid,
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am des or soI vat es thereof Tt&g l?l‘%e gqm ﬁﬂ %Et es to processes for the

preparation of the optically H‘ %ﬁg & I maceuti cal conpositions

containing it and its use to inhibit cellular adhesion, for exanple

pl at el et aggregati on. ' Organi ¢ conmpounds can exist in optically
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rrers have identical physical and chem cal properties

enanti onmers. E
except trFéPmP e@ ﬁg%@&aﬁ@npl ane of plane-polarised |ight by an equal
amount but in Opp@“rgzln%ccﬂh (ﬁﬁhbe&ﬁexxﬁlﬁaﬁﬁdm?aﬂﬁ%tfdﬁﬁs'ﬁcﬁc@h{?wﬁcfs of equal

amounts of a pair of enantioners. Such a m xture does not cadse rotation
of the plpossesstheprapatypofl bringsabde ta wpkate the plane of plane-polafised Kghtixeitheeai cal

t f d b f_i t th field f .
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racem c m xture of a pharmacol ogically- active npound Fé | nt eract to
di fferi ngar@age% e@uwi the aav@mepaq C3TRen YR iBAWP vayp &fhglé@ twe cliFal gampownd

receptor. %ﬁl 1 QI erent
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a mixture does not cause rotation of the plane of plane-polarised light.

The stereochemical purity of an organic compound can be of importance in the
fields of pharmaceutical chemistry and pharmacology. Many macromolecules such as the
enzymes and receptors within warm-blooded animals which are involved in the maintenance
of life are built up from chiral building blocks such as the chiral amino acids. The individual
enantiomers which together make up a racemic mixture of 2 phannaéo—logically- active
compound may interact to differing extents with a chiral macromolecule such as an enzyme
or receptor. The individual enantiomers may therefore possess different potencies as
enzyme inhibitors or receptor antagonists. In addition the rate and extent of the absorption,
distribution, metabolism and excretion observed when one enantiomer is dosed to a
warm-blooded animal may differ from that observed when the mirror image form is so

dosed, i.e. the enantiomers may possess different pharmacokinetic properties.
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Furthernmore the stereochemical purity of an organic conpound may al so be of
inportance to the nature and extent of othe side effects which may be
obt ai ned when a pharnmacol ogi cal | y-active conpound i's dosed. Thus one
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It is al KBS Eﬂ@%p t here are several classes of adhesion nol ecul es such
as the ?ﬁ?egrﬁ%, S Iytacti ns and cadherins. Integrins are found on
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the membrane of each platelet. Thereby the necessary activation and dimerisation of, for
example, the platelet-carrying fibrinogen does not occur and processes such as thrombus
formation and platelet aggregation are inhibited.

As a possible aid in the search for compounds with an improved therapeutic
ratio, it would be desirable to find a compound with increased potency over the compou;lds
disclosed in International Patent Applications Nos. WO 94/22834 and WO 94/22835.

It is also known that there are several classes of adhesion molecules such as the
integrins, selectins and cadherins. Integrins are found on leucocytes and platelets and
selectins are found on leucocytes and endothelial cells. Within each class of adhesion
molecules there are many members. T};e integrin family includes, for example, GPIIb/IIla

which binds fibrinogen, the integrin ot,$3 which binds vitronectin and the integrin 65 {
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bi nds fibronectin. It is believed that the nore useful therapeutic platelet
aggregation inhibitors will possess selectivity of inhibitory effect

bet ween cl asses of adhesi on nol ecul es=&md between fanily nenbers of each

cl ass of adhesion nolecules. Thus it would also be desirable to find a

conpoundwhich binds fibsancstiss Xt i belicuedtbas the mpore nsafph therapeic platelet aggrpation
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there i vam%tdgbﬁlsﬁnhatmd injtitatidr M‘qﬂatehﬂwggteghuon may lead to a decrease in
(-)-(3R)-3-neth 4-[4-(4-pyridyl)piperazin-1-yl]-phenoxy)butyric acid,
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nor e poten e
Thus it would be desirable to find a compound with the advantage of the potent

GPIb/IIIa antagonist activity disclosed for the compound of Example 132 of International
Patent Application No. WO 94/22834 which did not possess, or which possessed to a lesser
degree, the disadvantages of increased bleeding times and/or deleterious clinically relevant
bleeding events associated with the—known GPIIb/Ila antagonists. |

According to the present invention there is provided the optically active
compound (-)-(3R)-3-methyl-4-{4-[4-(4-pyridyl)piperazin-1-yl]-phenoxy }butyric acid, or a
pharmaceutically-acceptable salt, ester, amide or solvate thereof, substantially free of the
(+)-(3S) stereoisomer.

The (-)-(3R) compound possesses substantially better potency as a GPIIb/IlIa

antagonist than the corresponding (+)-(35) isomer (greater than 10-fold more potent). The
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tert-butanol), 1ndanol, adamantol, - 6C)al Kanoyl oxy-
hydrogen bromide, sulphuric acid or phosphoric acid, and salts with organic acids, for

example trifluoroacetic acid. Other pharmaceutically-acceptable salts include, for example,
salts with inorganic bases such as alkali metal and alkaline earth metal salts e.g. sodium
salts, ammonium salts, and salts with organic amines and quaternary bases forming
physiologically-acceptable cations such as salts with methylamine, dimethylamine,
trimethylamine, ethylenediamine, piperidine, morpholine, pyrrolidine, piperazine,
ethanolamine, triethanolamine, N-methylglucamine, tetramethylammonium hydroxide and
benzyltrimethylammonium hydroxide.

" Particular pharmaceutically-acceptable esters of the (-)-(3R) compound of the
invention inglude, for example, ester derivatives of the carboxylic acid group in the
compound of the invention, for example esters formed with alcohols such as (1-6C)alcohols

(e.g. methanol, ethanol, propanol and tert-butanol), indanol, adamantol, (1-6C)aﬂcanoyloxy-
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Parti cul ar pharnmaceutical | y-acceptabl e ani des of the (-)-(3R) conpound of
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(+)-(39) i(ﬁ@gﬁr. ] The (-)-(3R) conpound of the invention, or a
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m xture. Such procedures represent a further feature of the invention and
i ncl ude t 198 tHdYAEAKE woan aligmative quantity thereafn of 4- [ 4- (4- pyri dyl ) pi perazin- 1
-yl ] phenol, or ar | l.val hV t her ith t.he chiral jnternediate
(3R) - 4- hydr oxy- 3- nﬁ%b“%’%’t ?fﬁ%&gﬁll&%{ff ogﬁlegg-ﬁ-gﬂs%%qxgmx?r 3P usedr eacti ve _
derivat i veefditiefére means that there is at 63§ 90956§ we Htﬁfﬁler(%@kgfkghiér&?dié%@d In
the presence of a strong base, such as an alkali netal hydride, for

exanpl e, Seightroriesdof the copgspanging @M(38risemem Prefdzabiynibaress at least 95 196/ 38416
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preferably there is at least 99% by weight of the (-)-(3R) isomer and 1% by weight or less
of the (+)-(3S) isomer.

The (-)-(3R) compound of the invention, or a pharmaceutically-acceptable salt,
ester, amide or solvate thereof may be prepared by any process known in the art for the
preparation of such a compound. Suitable procedures include asymmetric synthesis
involving an appropriate chiral intermediate and resolution of the (3RS)-racemic mixture.

“Such procedures represent a further feature of the invention and include the following:
a) Reaction of 4-[4-(4-pyridyl)piperazin-1-yl]phenol, or a reactive derivative
thereof, with the chiral intermediate (3R)-4-hydroxy-3-methylbutyric acid or an ester
thereof, or a reactive derivative thereof.

The reaction is conveniently performed in the presence of a strong base, such

as an alkali metal hydride, for example, sodium hydride. Suitable solvents include amides,
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terrperat e range of fromO to 100[err]C

esters of the chiral internediate (3R)-4-hydroxy-3-nethylbutyric acid
include, for exanple, the nethyl, ethyl, propyl and tert-butyl esters.
Suitabl e reactive derivatives thereof ‘i'nclude, for exanple,

(3R) - 4- hal
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(3R) - 4- a{dﬁg@gﬁﬂbm@ym@QCB met hyl butyric acid or an ester thereof (e.g. a
met hyl or ethyl ester) such as the 4-nmethanesul phonyl o % derivative or
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I nternedi ate (3R)-3- nethyl-4-[4- (p| perazin-1- yI)phenoxy butyric acid, or
an aci d therkof (og asméthyk dreathsd ester) such as the 4-chioraraptl dsbrofmovativatives,or L i ncl ude
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conveni ent ature in era ge 0 10 to
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et hers such as tetrahydrofuran and di oxan, am des such as

di met hyl f%#%%ﬁlﬁpnymxv}‘?wgn%ch as acetonitrile, hal ogenated hydrocarbons
such as chl oro o%@b% fi1 et hanol and water.

In sone gircurrste;*ngcaes ?ofée arrpﬁe \?ﬁ(ju%n an acid addition salt of (3R)-3-
met hyl - 4- [ 4- (pi perazi n-1-yl ) phenoxy] butyric acid is used as starting
material, the reaction nay advantageously be perforned in the presence of

a base. Exanpl es of suitable bases / A\ V\D 96/ 38416
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in which L is a leaving atom or group, with the chiral intermediate (3R)-3-
methyl-4-[4-(piperazin-1-yl)phenoxy]butyric acid, or an acid addition salt thereof.

Examples of values for L include halogen, such as chlorine or bromine, and -
cyano.

Examples of acid addition salts of (3R)-3-methyl-4-[4-(piperazin-1-yl)-
phenoxyJbutyric acid include, for example, the hydrochlorides.

The reaction may conveniently be effected at a temperature in the range of
from -10 to 120 °C, preferably from 10 to 100 °C. Suitable solvents include, e.g. ethers
such as tetrahydrofuran and dioxan, amides such as dimethylformamide, nitriles such as
acetonitrile, hél:)genated hydrocarbons such as dichloromethane, alcohols such as ethanol
and water.

In some circumstances, for example when an acid addition salt of (3R)-3-
methyl-4-[4-(piperazin-1-yl)phenoxy]butyric acid is used as starting material, the reaction

may advantageously be performed in the presence of a base. Examples of suitable bases



-7- *include tertiary am nes, such as triethylam ne, and al kali netal
hydr oxi deso 9erasqbenat es and bi carbonates, such as sodi um or PEB{GBISOLA6D

hydr oxi de, carbonate or bicarbonate. c) Deconposition of an ester of
formula Il [err]
in which Ris a carboxyl protecting grogp. R may be any

conventional carboxyl protecting group that may be renoved without

i nterf er ijpdudé fehi@y Bfined Futh adfrictHytaniife, @l lakkali iaaltyafoxides Caafthomiiek and
protecting roups include (1-6C)al kyl grc(r)mggs (such as_nethyl, ethyl,
propy| orbicarbenajes) suchias sgdiumras potassiug hydroxddes kaghpnatgor bicgrbopatgny of whi ch
may optiopally be 1 or .2 of. hal -4C) al kyl, (1-4C)al koxy or
nitro. c? ﬂeccyngosaté%?ﬁ%%qsfé?gﬂ% carried out using any one of

t he conventional reagents and conditions known in the art for converting
.carboxylic esters into carboxylic acids. Thu for exanple, the
deconposition may be perforned by base catal ysed hydrolysis, e.g. using an

al kal,i metal hydroxide such as l'ith Wﬂsodi um hydroxi de, or
I In tthe presence of water. The base
[

atertiary amne such as triethyla
catal ysed hydrol ysis may be perfor n the presence of a solvent such as
an al cohol, e.g. nethanol ethhanot, or an ether such.as tetrahydrofuran
or dioxan. Alternatively th deconposition may be carried out by acidl
cat al ysed hydrol ysi s, (. gy usi™MTg aqueous acetic acid or trifluoroacetic
acid. The tenperatur onveniently in the range of from-10 to 100C,
for exanple from10 t C. Wien the al cohol residue is t-butyl, this may
be renoved by heating, e.g. at a tenperature in the range of from80 to
150C, alone or in the presence of a suitable diluent such as diphenylether
or di phenyl sul phoe enoved by catalytic
hydr ogenati on, e.qg. wgéhlggf%ég{a%ﬂj@r?@ieﬁx% E@’“B‘r esence of '

R may be any conventional carboxyl protecting group that may be removed

without interfering with other parts of the molecule. Examples of carboxyl protecting
groups include (1-6C)alkyl groups (such as methyl, ethyl, propyl or t-butyl), phenyl and
benzyl, the phenyl moiety in any of which may optionally bear 1 or 2 of halogeno,
(1-4C)alkyl, (1-4C)alkoxy or nitro.

The decomposition may be carried out using any one of the conventional
reagents and conditions known in the art for converting carboxylic esters into carboxylic
acids. Thus, for example, the decomposition may be performed by base catalysed
hydrolysis, e.g. using an alkali metal hydroxide such as lithium, potassium or sodium
hydroxide, or a tertiary amine such as triethylamine in the presence of water. The base
catalysed hydrolysis may be performed in the presence of a solvent such as an alcohol, e.g.
methanol or ethanol, or an ether such as tetrahydrofuran or dioxan. Alternatively the
decomposition may be carried out by acid catalysed hydrolysis, e.g. using aqueous acetic
acid or trifluoroacetic acid. The temperature is conveniently in the range of from -10 to
100°C, for example from 10 to 50°C. When the alcohol residue is t-butyl, this may be
removed by heating, e.g. at a temperature in the range of from 80 to 150°C, alone or in the
presence of a suitable diluent such as diphenylether or diphenylisulphone. A benzyl group

may be removed by catalytic hydrogenation, e.g. by hydrogenation in the presence of
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on carbon at a tenperature in the range of from-10 to 100C in the presence
of a solvent such as an al cohol, for exanpl e nethanol or ethanol. d) ‘
Resol ution of the (3RS)-racemic mxturé-

(3RS)-3-nethyl -4-{4-[4-(4-pyridyl)- piperazin-1-yl]phenoxy}butyric acid.
The r esopaliadiom o5 carben a5 tpmperatise in @erangatoffmnbflﬁtthéwm) ¢ presgrice ofiaxt ur e

b t b nt le b It f ti
et g arsobgef sichiah e Hephe B Exapile msTRSLof QB Ton, Tor exarpl 6 by
fracti ong CFyStR'ekdlﬁﬁédéﬂh@blté)era&éﬁciﬁkﬁﬁe IR S)-9heanA-4anri4-ep Lion of

the separated (-)-(3R) and (+)-(3 corrpounds by aci dification of fhe
separ at epiperatind-ylJphenoxy }butyric 3¢id. resoI ution of the butyric acid derivative
of the (3RS)-racgm c m xtur a car.r t he canventi onal
nmeans of fornmi ngei.g1 5‘?5@{18 gp?%f%”b‘ﬁ& V@V%g{jtgf’géwﬁa‘é%ﬁn%“tﬁWan
opti-cal | ye @a?ﬂéd’&tn g%emnnoﬁawaat iferexampld ¥y a&tfsrrﬁauotl%t ? %g

chr omat ogr aphy, regeneration of the separate -)- and (+ -(38)
conpoundactivy bhgedobd)vyed b,y seipatatien, fepewantpleibye fractional ﬁmstamsdtmgtmﬁ thertootsalts

I nvol ving the pr ratlon of di aster S of am es may al so be
enpl oyeds© nguced mge“‘?‘ﬁ@“bpgg‘ﬁrsaﬁrﬁtﬁ )(Sﬂg £§'*B%§$$ B and chiral
I nt er med hin the acconmpanyi ng non- I i m t| ng Exanpl es
whi ch ar%&%ﬁ%@g@oﬁﬁ%r ?Egequlrt%oose of illustration only.

Certain of the ciTheaésolutioniofemti tattyric sbid derbatibeofihelBREFacanie nikwed may hus
accordi ng to a further aspect of the invention there i s provided the
conpoundalsebe castied putbyrthe conventignal meansp éﬁmgymre%w@mmqf gaters

par | cul BBl o BARGRY eV oot Rebirlolior ittt SEBBRITH: |
(3R) - 3- ngtirbivlatoprdph tatdtte%@erdmhwmwepa:butw@m and (+)-(3S) compouni§®yphr ase

"substantially free of t stereoi soner” as used hereinbefore has the

same neahydiglysis of theeseparated estatSr @¥n anglageus route inypldvingthe preparatien phe

'(f‘)vie?ékﬁ’ﬂiarﬁrgsﬁﬂeegrPﬁgmﬁﬂsiwﬁt’%‘%g?’ggt@a’& . It hmy b obtained. for

exanpl e, by reactyhRpréfarfivnbf uﬁdaﬁd%ﬁxﬁﬂphﬁexﬁfehﬁtdsraré)ase using a
conventi onal procedure When a ar rraceutrcally acceptable ester or am de

of the (dgscibed withinsas aedompanying monrbmttnarExamphquhlcleere pravideghfotibe obt ai ned,

for exa t|o of said conpound with a suitable al cohol or am ne
as appr ngtpgieobf%ggﬁ%é ghventi onal procedure.

Certain of the chiral intermediates defined hereinbefore are novel, thus

according to a further aspect of the invention there is provided the compouxtd tert-butyl
(3R)-3-methyl-4-hydroxybutyrate, or a reactive derivative thereof, substantially free of the
- (3S) stereoisomer. A particular reactive derivative which may be mentioned is tert-butyl

(3R)-3-methyl-4-(p-toluenesulphonyloxy)butyrate.

The phrase "substantially free of the (3S) stereoisomer” as used hereinbefore
has the same meaning as given in relation to the (-)-(3R) compound of the invention.

When a pharmaceutically-acceptable salt of the (-)-(3R) compound of the
invention is required, it may be obtained, for example, by reaction of said compound with a
suitable acid or base using a conventional procedure. When a pharmaceutically-acceptable
ester or amide of the (-)-(3R) compound of the invention is required, it may be obtained, for
example, by reaction of said compound with a suitable alcohol or amine as appropriate

using a conventional procedure.
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The ability of the (-)-(3R) conpound of the invention to inhibit platelet
aggregation and to inhibit the binding of fibrinogen to GPlIb/Illa nmay be
denonstrated using the standard test ptocedures (a) and (b) disclosed in
I nternational Patent Application No. WO 94/22834, which test procedures
are incorporated hEheabilityyof e/ (-p{3R)oRIpDAAEf the invédtion to inhibildtelr (3R)
conmpound of the_ invention possesses activity against the adenosine

di phosphat2ggressiion anddo dehibis therbinding ehfibrinoggnte Ghlb(IBiagnay bei demonspapdrr| =

7o, " oRHE e bandif BlioRhulies (o) Bd G SRR0NE i odsPyation) Pitens AdpBapion ||
i nvent i on NG WO®422334] which Rt bRREARYs &Y ifdopYdiael RBrep

b iwa§ 8B RferbRicehi Ch
cell adhesion (especially platelet aggregation) 1is I n\icj)l vgg, Fe?%ﬂfﬂcharrpl e
venous or arteri al Thm(-bﬂ\iﬁsﬂosnﬁwng of thelinvention pessbsses activitytagainst theid

ttack). GBI aHEOoPRPa PP SERetesaoh oLmaran PIRGIGOBb PR dd
reoccl usi Qﬁdﬂgﬁhﬂ%@ﬁﬂdﬁgb?ﬁbﬁ?@é&ﬁ@@%ﬂfﬂ/ﬁléﬁ%%%@@%&oWDOUndS may al so

be useful for the prevention of Teoccl usion enosis foll ow ng

per cut aneous t r ansAsistiated|previousty itie Gy Rdoagioynd BiG8)inventon fay ®saked g t ery
bypass grgﬁaf{ It will also t%e,a reciated that the conpounds nay be useful
in the trd3%HerPY GF PrsveRtionpt diseases inwhichicell adhesian{gsnegially platietngeregation)

nol ecul es j¢ ﬁvSRE‘?,%#éﬂa?n&ee {&ous 6?&'@1‘&1 f#0mbosis {fe% pPH%o%%ergﬁ&fsﬁré %{rr?)lgﬁ éx?%g)

further aspect o nt1on re I's provi

conpound, tiromborié eventcaobmpantyiyg anstabis aipita vl thansiefi i8EhaeMid 4@y, Sol vate
thereof, substantially free of the (+)-(3S) stereoisoner as a o
phar mac euf@yosardial infarction, atherossieresis ithrgmbeembaelism #nsk regegiesion difringraadiafteent i on

there is ' 0 [ nhibitin | at gregation.in g .

war m bl oode M&ﬁﬁ%ﬁ&%?ﬂ}en%msﬂfg Eh{)#%?‘ﬁgﬁf‘ %ﬁ?f’@tﬁr a%c%‘%“&‘%%%’f?ﬁ?%‘%‘%ri ng
an ef f ect ianéresrenosis followilie péredtahednl uaREBMHA cordhar angioplasty (PTCA) and

phar maceutical | y-acceptable salt, ester, am de or songt e thereofm,1

subst ant i &PToparyasterybypasegraft+ It wibilse be appreciated that the compounds may\beasefialng t o
a further. ct . of the.invention there i.s provided a nethod of jnhibiting

b1 nell g oft RGEEBRRL AT perSRTase Mediaie by tiading ol isbeuan Malsrles to GRIMYE. s uoh
treat nent fmxghlpzm&r.ses adm ni stering an effective anount of the (-)-(3R

conmpound, or a pharmaceutically-acceptable salt, ester, am de or solvate
t her eof , subst ant i Ab¢oyding é@a firthenasgee) of tASinveheorethiesOisProvided the W Hthe8416

PCT/ GB96/
?—J)-Z(gﬁ) compound, or a pharmaceutically-acceptable salt, ester, amide or solvate thereof,

substantially free of the (+)-(3S) sterecisomer as a pharmaceutical.

_ According to a further aspect of the invention there is provided a method of
inhibiting platelet aggregation in a warm-blooded animal reqixiring such treatment which
comprises administering an effective amount of the (-)-(3R) compound, or a |
pharmaceutically-acceptable salt, ester, amide or solvate thereof, substantially free of the
(+)-(3S) stereoisomer. ?

According to a further aspect of the invention there is provided a method of
inhibiting binding of fibrinogen to GPIIb/IMIa in a warm-blooded animal requiring such
treatment which comprises administering an effective amount of the (-)-(3R) compound, or
a pharmaceutically-acceptable salt, ester, amide or solvate thereof, substantially free of the

(+)-(3S) stereoisomer.



10 - According to a further aspect of the | here S
pI’OVI dedwé’md of inhibiting thronbotic events accorrpa%yl ng unsféabl e
angi na in a warm bl ooded ani mal requiring such treatnent which conprises -
adm ni stering an effective amount of the (-)-(3R conpound, or a '
pharmaceutical |l y-acceptabl e salt, estel0-ani de or solvate thereof,
substantially free of the (+)- (38) st ereqi soner. Accordl ng to a

further aspect of qca@m&ﬁv@rfpnbwaesaeqte the ipyention there isREevided Hmethad o t i ng

i | o SuSSRERS it el B A o B Bl O L SN B T

admi ni st feguiring s@h &ém&:&ﬂﬂﬁ&h corAprises ﬁdtmm(sft&ﬂng anWffectivecaniqunt 6€the (-)-(3R)
adm ni stering an effective anount of the (-)-(3R com@gnd or a

phar macetrmpatndyoraphapnagepticaliyracceptable usalt,&ﬁqea ecthemgef. eof |

subst ant | al eg of..th eoi soner. According to
a furthe U% La.ég%l{yfg?e?fﬁé ﬁa&gﬁétgr%{sﬁ}eg?% I's provided the use of the (-)-(3R
conpound, or a phgdcoRsMtiol Afakthyr KpecRE &l iftivéntioh thedd Isroviadd zﬂﬁ‘xeﬂfod%?' vate
thereof, substantially free of the (+)-(3S) stereoisoner, for th

manuf act inhibiting platelet aggaegation i warma- nmmhmqmngesachwmnmt Vehlbl sease

I nvol vin | at.el et .a atio or di n 0 er aspect
of the i aky ‘Eefjdé‘ggg ?cgzeae(;&eatéaspﬁ@lq%\g% ﬁ'@" ﬁf&&‘w or a
phar mac ey L&@J kA6 GPRERBOEpERL hdmBitd@ing ABFRRHR arﬁsunv ot e (H]3RYT

substantially free of the (+)-(3S) stere0| soner, for the manufacture of a
medi carremmfmmdt orea phacmacenticallyeacceptabie salh estef, amidé orsubets therebf;| ng bi ndi ng
of fibri n According to a further aspect of

t
t he mveﬂl ﬂ%@%?&%h&&?ﬁ%ﬁ%’ﬂ@%’% of the (-)-(3R) conpound, or a
phar maceuti cal | y- g f‘dﬁ%{&'aefu&ﬁéﬂas &t of the ifVRHifon Ye ?Hﬁt{'ﬁﬁﬁe&ﬁ‘l@ §O&f the

substantially free o (3S st er eol soner, manu acture of a
medi ca ma(‘n)-(.‘om) cdrﬁ;mupd,earearpmmmanumlbeucnepuble Balt, Iestemanndeooresuh'ateﬂhereof,

e ompoundSUPHEHALY Fe Pk rB) SEREoiSEFR et b BHIRBEEY P BEibet B9 B or al
rectal, banksdln ol bl AP BPY Sisc BRIARE Blibler Bbicgfige Ul ar or [ nhal ati on

rout e, e range of om0 ng/ kg body wei ght
wi |l be given, defsoiingtoupfmthehaspectof ¢hedbvertivnnhert isprovided theaisegfthand sex

of the patient, and the severity of the condition to be treated,
The (-) - (3SRLeampamnd. RW%%B?&“Y%CW@# eg@heﬁtsmagm#eor&gblatq thetepfs f or m

o SRR e RS G b PR e

subst ant ?ﬂvbtmdnr ¢rareafmdnb 6f 4 diseds8 Mvolving bid@ingtuf Fibfih6gen to GPIIb/MIa.
PCT/ GB96/ 01260 ) )
i According to a further aspect of the invention there is provided the use of the

(D

(-)-(3R) compound, or a pharmaceutically-acceptable salt, ester, amide or solvate thereof,
substantially free of the (+)-(3S) stereoisomer, for the manufacture of a medicament for the
pfevention or treatment of thrombotic events accompanying unstable angina.

In general, the (-)-(3R) compound of the invention will be administered for this
purpose by an oral, rectal, topical, intravenous, subcutaneous, intramuscular or inhalation
route, so that a dose in the range of from 0.01 to 50 fng/kg body weight will be given,
depending upon the route of administration, the age and sex of the patient, and the severity
of the condition to be treated.

The (-)-(3R) compound of the invention will generally be used in the form of a
pharmaceutical composition comprising the (-)-(3R) compound, or a pharmaceutically-

acceptable salt, ester, amide or solvate thereof, substantially free of the (+)-(3S) '



=11- *-.stereoisoner, in adm xture with a pharnmaceutically-acceptable

di l-uent, JYO&88/$416r Such a conposition is provided as a f NTHEHOL20,r e of
the invention and may be in a variety of dosage forns. For exanple, it may
be i'n the formof tablets, capsules, solutions or suspensions for oral

adm ni stration; in the formof creamorldi-ntnments or a transdermal (skin)
patch for topical admnistration; in the formof a suppository for rectal
admi ni st r steseoispmer, lin adrpixture withfa phasmaceutieallycacctptablé dilusntxp emsiennSicha

adm ni strati on.b%giﬁnt rayenous, or Jjntranuscul ar_injection; in the form of

an aer osof°BPOSIHARE provided as 3 fysthesfeatpreqf the-inversipn andmaybein g varietiafon by

I nhal ati og, | , ] :

phar mac eu??sg ?(;/rk[{e%b tggg?)gagtfnpg%,?{r]rg?y ngf% fgxltrﬁ? gg%p fsa&sé \éﬁcé]sﬂlaeg, ﬁoéluc 8¢ 81: for

adm ni st r suspexsidng for eralddnhiaistration; in the form of creafajr®ittinegtswp @trabh§RmhguUt € of

adm ni stration, the conposition may_ conprise for exanple, for 0.1 to
99. 9% by (Rkin)patchor tapical administratiosiinthe down of & suppesiteryiferrectal administration; The

phar maceut L i . i e i.onal procedures
usi ng phaﬁn@g&ﬁca %@%g@z‘b‘%é@%ﬁ%@n gg%l T :u% Ei %ﬁ@&é%ﬂ'g%r%m in the
art. Tabl pitanfSchlardajestons $n the'fofh of aattosul of h abbulReFluttcHFSBRA%ILY, BL
formed with an enteric coating, for exanple conprising-cellul’ose acetate

pht hal at eadmigistiatiomby inhglatioaicanddn therfiorr of apemder, ¢egethenwdthof t he i nventi on

with stonmgach _aci ds. . he.(-)-(3R) gonpoupd qf .t.he jinyention may
be co-ad M?eggcﬁﬂy'ac&@t%* ﬁ&ﬁ“aﬁi@ %"f‘# g@%ﬁ%e&é@aﬂ’t‘@s%@#?yt o be of

val ue in jllefdiisseases or conditions intended to be treated, for exanple a

known pl atel et aggregation inhibitor (e.g. aspirin, a thronboxane

ant ag(r)]ni st or a trDQpebdingnpoxsglnlrlbmsQf rdmiristration, tgllbypmbbﬁiﬁotenﬂ;y cagprise,
anti - hypegtensiv t, ol ytj c .agent uch as streptokinase,

ur oki nase,ormplgk?q%z)get,o égthqqggé” s%f%atﬁfoné q%laa of the ipantigns | ves
t hereof ), bet a-adr ' Ok o \{'@aiﬂﬂé . ef S e
present in a phar n'g{c& 61?#§%cﬂht2%|fng%%1?§ﬁngonnso t e&%@édn??é%ﬁ{éf%éﬁ%é@%ﬁ&sb

treating asihgphdrmacewieslyaceeptable dilaento and cartledsives)l known in the art. TaBléts aadi ti on
to its use in therapeutic nedicine, the (-)-(3R) conpound of the invention

i s al so uSHshies for ozal sdmyinistratios gnaygonvenjentlybe fosmed v teric gaating, for

adnost on oot Baorik boRyoe APRate Hlable W BB Rorfict R B T BB 0

nmonkeys, tahpohidbfitheRvertfon ARt stofmathaciggar ch for new therapeutic agents.
The (-)-(3R) conpound of the invention nay al so be used because of its

pl at el et aggr egat i (R compgunst ofishe inventiommay bpicagdminstared er bl ood and to
gacl'r/n t(;glgg / éqg%xgmlatety\git%(yng %f} %Ln%re agents known to be of value in the diseases or conditions

intended to be treated, for example a known platelet aggregation inhibitor (e.g. aspirin, a
thromboxane antagonist or a thromboxane synthase inhibitor), hypolipidemic agent,
anti-hypgrtensive agent, thrombolytic agent (such as streptokinase, urokinase, prourokinase, .
tissue plasminogen activator and derivatives thereof), beta-adrenergic blocker or a
vasodilator may usefully also be present in a pharmaceutical composition of the invention
for use in treating a heart or vascular disease or condition. |

In addition to its use in therapeutic medicine, the (-)-(3R) compound of the
invention is also useful as a pharmacological tool in the development and standardisation of
test systems for the evaluation of the effects of adhesion molecules in laboratory animals
such as cats, dogs, rabbits, monkeys, rats and mice, as part of the search for new
therapeutic agents. The (-)-(3R) compound of the invention may also be used because of its

platelet éggregation inhibitory properties in helping to store blood and to maintain the



-12- viability of blood and bl ood vessels in warm bl oode ' or
parts tﬁ@?éﬂ?ﬁﬁﬁnder- going artificial extracorporeal ci rcgﬁ:@ﬁ’g@h% or ..
exanple during linmb or organ transplants. Wien wused for this purpose the.
(-)-(3R) conmpound of the invention will generally be adm nistered so that a

steady state concentration in the rangE-for exanple, 0.1 to 10 ng per
litre is achieved in the blood. The invention will now be

i |1 ust r atigeiliyofitheod and bingdrigsssisin wammeblepded animpale (oriparts Hieesef) #ndes-going

h . . . . . . . . ) . d .
out by rSuEFG Eaptmbersal gl AP bkithiie B B 6P R walblarf (WRERT | L
carried @l fer thRHinsodk theqMPGRY cuinPourdd GHithd Mvermtion\eilll genelly 8e d@hRiidtdred 111)

col um chromat ography was carried out on silica gel (Merck 7736) avail able
from E Mortbit a:steadystate conospiratinn indke renge; for example, 0.1 &p; 19 g perrlitragfisven f or

Il lustration onl d are not necessarily the maxi num
chiyed i the Bland

at t ai nab? process devel opnent; v) proton NVR spectra were

normal |y det er ni ngd jiendSPwiitHowd be ARRBrAEH by BieTBllowing non-limiting Examples in
tetramethyl silane (TM5) as an internal standard, and are expressed as

cheni cal which unless otherwisdhstited: (delta values) in parts per nillion relative
to TMS usi ng conventi onal . abbr evi tiq}?s for desirglnat,i on of

maj or peBks: s, SPREFREFALONS andGvapasations were carrigdl gyt by rotary evaporaion iy, pyy gaq:
d, doublet; and \),,- the foll owi ng abbreviati ons have been used for
particular organic sdlvents: THF for tetrahydrofuran, DV for
NN- di met fily| f or naripetionsiwéipSarriedrout at ambient temperdiune ithatlisinl thémeogele .

-13- Example 1

(-)-(3R 133_ ﬁf&?hyl- 4-{4-[4-(4-pyridyl)pi perazin-1-yl]phenoxy}butyric acid
> 405 B Goe ol crpmaREy BECARE: LU SARRT PaBRi 7736) H e ! |
from E Merck and Co., Darmstadt, Germany;

iv) yields are given for illustration only and are not necessarily the maximum
attainable by diligent process development;

V) ~ ~ proton NMR spectra were normally determined at 200 MHz or 250 MHz using
tetramethylsilane (TMS) as an internal standard, and are expressed as chemical
shifts (delta values) in parts per million relative to TMS using conventional
abbreviations for designation of major peaks: s, singlet; m, multiplet; t, triplet;
br, broad; d, doublet; and

vi) the following abbreviations have been used for particular organic solvents: THF

for tetrahydrofuran, DMF for N,N-dimethylformamide and DMSO for
dimethylsulphoxide.



'suspéensi on of 4-[4-(4-pyridyl)piperazin-1-yl]phenol (15.5 g

m) and W3 A&re stirred for 45 min. tert-Butyl i'CT’GB%'Xn‘o
(3R) - 3- net hyl - 4- (p-t ol uenesul phonyl oxy) butyrate (20 g) was added and the
mxture stirred for 20 hours. The m xture was evaporated and the residue

partitioned between dichloromethane ardl3wat er. The orga p ed
with water, filtered through phase separating paper ( ‘T S EEPBHASBEEN
evapor at Exammle 1 esi due was ‘triturated under diethyl ether. REPLAGEDd so .

(120

obt ai ned C i

)-(3R) - 34 2T 2P fbfenbRy BulicEld o 10, ¢
g) . dium anééFd@E Eﬂsﬁersmn in mineral oil, 2l4 g)hﬁds[aﬁﬁéd to-asti?rea
(conc. = 1g/100m of met hano

20[ err] éCDCI err]) 8
8. 3( 2H, d)spsp@nﬂg(l OFfi¥- (4®yﬁ(iszlm1p9ram- 17!&1121&191 (13. 5®émMMR‘Il @MHnﬁ)the

B nur e gk binger b 48 iy G Bhog bR tq%é—rei&aﬁu?%wwemm(201
yl]pheno h%fauaﬁéﬁm(tﬁenﬁﬁu&)st&m f@:Pb@HH&@UThBYﬂkﬂ?é‘Wé géf‘a't %ﬁ%”‘) was

stirred for ours. | N aqueous sodi um hydroxi de sol uti
added andegithe pammmxred bemheht:lﬁm'oﬁ{e&'xm]: @nd WMaterniTke organicdsyer Wah evasttedand t he

pr eci pi A Paisr HE PR SHatF SoRRiRR Pageris NEBRR LAD aPd AYRPaIREc. T !
: _
CUNET o0 3 hyiRaRhlel Gy e S Yo A S RRSANATRR o L

The soli (td?QaGétbﬁltﬂgdre\m&s-buMwed in turn vmth wat er, acetone and di et hyl

et her and ied to give (-)-(3R met hyl -
(4- (4- (4- )d?Roéymyt,by 44 ﬂ@mﬂﬂémmp lbﬂﬂ@tmxxakbmmﬁ&ﬁg)on de (7.9 g).
m p. 203-205[err] _112-113°C; [al pha][err] = -6.2 (conc. = 1g/100m of

nmet hanol ; 20[err] NVR (d[err] DMSO) [err] 13.8(1H, br).

12. 1(H b 8. 27 =/~ ,3184Ht
Al S < G o) 51025

356(MrH)[err];  NMR (CDCl3) 55, 3(2H d), 6.89(4H,m), 6.7(2H,m), 3.79(2H,d), 3 464 m),

EE%LQBCSG z;L@gEE)Tzax-z 530880 8043 2108.m), 1.4409H,5), LOTGHA). 14 -

Calculated for-Gerr]J]Herr]NerrJJerr]. HO.Herr]OC 58.5;, H6.8;N, 10. 2;
Found: C, 58.3; H, 6.9; N, 10.2%
A mixture of tert-butyl (-)-(3R)-3-methyl-4-{4-[4-(4-pyridyl)piperazin-1-

yllphenoxy }butyrate (10.53 g) and 1N aqueous hydrochloric acid (250 ml) was stirred for
44 hours. 1IN agueous sodium hydroxide solution (250 ml) was added and the mixture
cooled to S°C. The mixture was filtered and the filtrate evaporated. Water (150 ml) was
added and the resultant precipitate isolated and washed in turn with water, acetone and
diethyl ether. The material so obtained was stirred with 1N aqueous hydrochloric acid (25
ml) for 16 hours. The mixture was cooled to 5°C and filtered. The solid so obtained was
washed in turn with water, acetone and diethyl ether and dried to give (-)-(3R)-3-methyl-4-
[4—[4-(4-pyridyl)piperazin-l—yl]phenoxy}bu;yric acid hydrochloride (7.9 g).

m.p. 203-205°C;

falpha]p = -6.2° (conc. = 1g/100ml of methanol; 20°C);

NMR (dgDMSO) & 13.8(1H,br), 12.1(1H,br), 8.27(2H.d), 7.28(2H,d),
6.9(4H,m), 3.8(6H,m), 3.18(4H,t), 2.45(1H,m), 2.23(1H,m), 2.12(1H,m), 1.0(3H,d);

m/e 356(M+H)*;
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The necessary chiral starting material was prepared as follows: 2
Sodi um b™Q %3844 hyl silylYanide (IMin THE, 170 n) was add@éCBRAORMse.to a
solution of (4S)-4-isopropyl-3-propionyl oxazolidin-2-one (J. Am Chem .
Soc., 1981, 103, 2127; 28.4 g) in dry JHF (500 m ) which had been cooled to
-70[err] C and pl aced- under an at rmsph'é?‘b' of argon. The rate of addition was
adj usted such th "t}ile erature ci_fF the reaction mxture did not rise
above -67[err]C. &#@?@i‘eﬂ 25 (P tH G B@sCs88-6r Ha6-8t N. Werr ] C for 30
mn. tert-Butyl i . s added dropwi se and the solution
stirred at -70[e???%a§6§8?'§%d(‘?%.&1@e2%§% ution was then allowed to warmto
roomtenperature. The sol vent was evaporated and the residue partitioned
bet ween di et hyl her and water. The organi c phase was separated, filtered
t hrough phase se%&ﬁ%%&%‘éﬂlswmﬂﬂwmﬁf@@w&d. The residue
was triturated under hexane at -40[err]Cto give a solid (21.6 g). A second
crop of solid (4.4 g) was obtai ned by evaporation of the hexane sol ution
and puri fi cati on Sefiutrisis(utmediyiililyarhide { 1Mtih THE; 170 FRY WY ALY dRPwikelthGa gel
starting with hexane and progressing to 1/10 ethyl acetate/hexane. The two
bat ches tution of {4H-Fisopmpyi-Aiopineylexazeldin2-ones@dA iy ChemaSaand 98b, Hidye

(49)° 51485 28415 i 450 MWy LB 0RO 0B gl gpaeel 10
[err] 4. fklodpheid of rged.(Thé fite offadiRichwad adjl?stgdgéuéﬁﬂi% thederBeranfé %Q 50% 44

1.41(9H,s), 1.16(3Hd), 0.9(6H m. rogen” per ox
m ) and tepetionmixtyrd disaal siserabayiey-87 4E. cThicres@tan) soletien wdsistitradrat +70°C fop a

ti d g xt S) - 3- R -35;tert-b b - 2- ) ] _

et hyt pr bty ey Cobrbpaatass shihe silst avissa e saoton sl aH ) and
THF (800.70*C f¥¥B BburklathdestiticiPRheheh Abed (B \GarnERMobANEmPbrifudL STH@S Stirred
at 5C for 3 hours. A saturated aqueous sodi um netabli sufFphite sol'uti on was

added t osolieent way evaporatecdcaskthe residue\p@rtiivh8BB4ttveen diethyl ether and water. The

P 1 - 15 -
CT/ GB9 GAr(éa:%g %hase was separated, filtered through phase separating paper (Whatman IPlS)) and

evaporated. The residue was triturated under hexane at -40°C to give a solid (21.6 g). A
second crop of solid (4.4 g) was obtained by evaporation of the hexane solution and
purification of the residue by filtration chromatography on silica gel starting with hexane
and progressing to 1/10 ethyl acetate/hexane. The two batches of solid were combined and
recrystallised from hexane to give
(4S)-3-[(2R)-3-tert-butoxycarbonyl-2-methylpropionyl}-4-isopropyloxazolidin-2-one (22.5
8)-

m.p. 64-65°C;

NMR(CDCl3) 8 4.41(1H,m), 4.21(2H,m), 4.12(1H,m), 2.79(1H,m),
2.28-2.4(2H,m), 1.41(9H,s), 1.16(3H,d), 0.9(6H,m).

Hydrogen peroxide (30%, 44 ml) and lithium hydroxide monohydrate (6.38 g)
were added in turn to a stirred mixture of (45)-3-[(2R)-3-tert-butoxycarbonyl-2-
methylpropionyl]-4-isopropyloxazolidin-2-one (22.5 g), water (280 ml) and THF (800 ml)
which had been cooled o 5°C. The resultant mixture was stirred at 5°C for 3 hours. A

saturated aqueous sodium metabisulphite solution was added to destroy the excess



‘hydr 6gen peroxi de and the sol vent evaporated. The residue was extracted
with di chlmeemassichane. The aqueous sol ution was acidified bPCTRBIGBEFY i on of
an_ aqueous citric acid solution and extracted with dichl oronmethane. The
extracts were conbi ned, washed with water and filtered through phase
separating paper. The filtrate was eva®-ated to give 1l-tert-butyl

(3R) - 3-net hyl succinate as an oil (12.99). NVR(CDCl [err])
[err] 2. Qydidgsh pe&xﬁi%(ahtﬂdﬁsol\?erﬁl(rﬂﬂdrdﬁd The/seSidus Jwas xieattedeith
Bor ane- di net hyl sul phi de conpl ex 10..3 nl) was added over 15 m n to a

stirr % d mtﬂqrp@e&@nq The @qwemoiletmwgmﬁyd eyjths.aﬁla&t@n efan gqtgfpuawmcrHE
200
of ar gon 2t IbRR A ERBaGEE R didhucrpiieinhe. PrRfERLATHS, LORRA W ARIECEN T o

al  oved t@thvwater hed fiRéred HEORE pHadé Se ngtpapéxemqnuatemrevaﬁaiﬁeartdg%e was
recooled to 5[err] C and net hanol (50 m ) was added portionwi se. The m xture

was al | oveigri-tntyle(3R)-Bomethplsuccingiersan 0ib(12@g)st i rred for 30 min. The nixture

and vetor (100 m NMRGDER) AL 2 QR e a7 S DARE S b2aCEL R at | g
paper and evaporated to give tert-butyl (3R)-4-hydroxy-3-nethylbutyrate as
an oil (11 g). NVR(CDCl [err]) [err] 3.55(2H m,

2.1-2.4(3H m, 1. Bﬁ(a&l:l»ds:)mth@l Sfftide chimplex (10M, 103ml) wagrdded oesrdlSuhiptoay |
chloride (13.2 grtionwise tqQ a stirred mxture of tert butyI

(37 B AR oy RSP LB Ty uenge (1A-S6 e THEE (HO m e
e DB 208164 (A 0P fand Bfhckd indBr kh difiocbhie f reoft]. T8 M onagtgnéa ét e

sol uti on.-10¥C{d30akin¢ 'ﬂﬁhﬂibct\ﬁawa@illowﬁled toe»a@h tovoeBmpEAtife aRPaIrAdd 08 1 Paper
and evaporated to give tert-buty 3R) - 3- net hyl - 4-

(p-t ol uerh@yu ﬁh@mxw@}pw@@@m&g dgnethqmmd (@) ml) was added pomonw1se The
2. 16- 2, 4 FopichyaS3lgwda R Phit g robyr s perals arg SGacLior o it The st was 16
PCT/ GB96/eRagéiated and the residue partitioned between dichloromethane (100 ml)ﬁa:nd water (100
ml). The organic phase was filtered through phase separating paper and evaporated to give
tert-butyl (3R)-4-hydroxy-3-methylbutyrate as an oil (11 g).
NMR(CDCl3) 6 3.55(2H,m), 2.1-2.4(3H,m), 1.46(9H,s), 0.98(3H.d).

p-Toluenesulphonyl chloride (13.2 g) was added portionwise to a stirred

mixture of tert-butyl (3R)-4-hydroxy-3-methylbutyrate (11 g), triethylamine (21 ml) and
dibhloromethane (120 ml) and the mixture stirred for 20 hours. The mixture was washed in
turn with water and dilute aqueous sodium carbonate solution. The organic solution was
filtered through phase separating paper and evaporated to give tert-butyl (3R)-3-methyl-4-
(p-toluenesulphonyloxy)butyrate as an oil (20 g).

) NMR(CDCl3) 8 7.6(2H.,d), 7.33(2H,d), 3.92(2H,d), 2.45(3H,s),
2.18-2.47(2H,m), 2.0-2.15(1H,m), 1.42(9H,s), 0.95(3H.,d).



Exanple 2_ LIl lustrative pharnmaceutical dosage forns suitable for presenting
t he corrpo‘ﬁ'ﬂas’g$“f he i nvention for therapeutic or prophyl acPEUCHAO1260:| yde
the follow ng, which may be obtai ned by conventional procedures well known.
in the art: a) Tabl et | ‘
ng/tablet - Active ingredi ent~16-

1.0 Exampl Lzact ose Ph. Eur.

93. 25 LXAMPXEZ oy oscar nel | ose sodi um

4.0 Tlustrativi/il Edticaldfagé forms suitable fi ting th

0.75 i ) 5% w' v aqueoug past esu e for presen rﬁ%ag%fé%rfl Or%ngtogéhreat e

1.0 b) invention fofTthidapeuticior prophylactic use include the following, which may be obtained

/tabl et . Actjve i di ent

5m‘3) abl e by convgganaggoquu\r/%ﬁeqpﬁneo&nei% the art:

223. 75 Croscarnel | ose sodi um

6.0 Mai ze starch - _

15. O¢ a) Pdlablet vyl pyrrol i done mg/tablet

2.25 (5%.w v aqueous paste) Magnesi um st earate

3.0 o) eHyeingredient 1.0

g/ t abl et ' i ngredi ent

100 | abPoioR Ry, e 93.25

182. 75 Cebseartxllosd dodafin Sodi um 4.0

12.0 Mai ze starch paste _

2.25 ( Maizg sjarghypastitis past e) Magnesi um st earlEl®

3.0 (d)

nmg/ capsul e v\?féé‘;}ggﬂ%’“ paste)

PCT/ GB96/ 01260  Magnesium stearate 1.0

b) Tablet II mg/tablet
Active ingredient 50
Lactose Ph. Eur. - 223.75
Croscarmellose sodium 6.0
Maize starch 15.0
Polyvinylpyrrolidone 225
(5% wiv aqueous paste)
Magnesium stearate 3.0
c) Tablet ITI mg/tablet

Active ingredient 100
Lactose Ph. Eur. 182.75
Croscarmellose sodium 12.0
Maize starch paste _2.25

(5% wiv aqueous paste)

Magnesium stearate 3.0

(d) Capsule _ mg/capsule



- 17 - Active ingredi ent

10 -, WO096/384ismct ose Ph. Eur. PCT/GB96/01260
488.5 Magnesi um st ear at e '

1.5 (e) I nj ection

ng/ m - Active ingredient (adfd addition salt)

1.0 Sodi um chl ori de

9.0 PActiveiimgtediesiter to 1. Ond Exanpl e 3 The followi ng li0s a

description of a stud f the effects of the (-)-(3R) conpound of the
I nventi on and th&@ﬁﬂ‘%é’gp‘éﬂﬂi ng (3RS)-racem c mxture in the r at*38our

-groups of ten Al : t star rats (each group conprising 5 e and 5
femal e rats) V\erce&ﬁé%tgeéﬁlﬁggrgﬂ;% with the (3RS)-racenic mxture at daily

doses of 0, 25, 100 or 500 ngy/kg. Dosing was continued for a total of seven
days. The animals were killed and exam ned. Adverse effects were noted in
the |ivef® of sinigeti®he group of ten rats dosed at 500 ng/ kg/ dEg/ml

Four .gr oups of te&ctﬁeqﬁéxjagigntg%ihaaﬁ%ﬁitbﬂ%?]ﬂats (each group conpri si ?g) 5 mal e
y

and 5 femal e rats) were®dosed or Wi the (-)-(3R) conpound of"the

I nvention at dailSodigfehlofiie 0, 50, 250 and 1000 ng/ kg. The hi ghesp ose was
not tolerated. After four or five days, four of the animals fromthis group
were killed. The Pusifiedrwater t9ibOmhi mal s were dosed at 500 ng/ kg/day for the
remai nder of the study. Dosing was continued for a total of fourteen days.

The animals were killed and exam ned. No adverse effects were noted in the

livers ofExta;R}f.%lggoup of rats dosed at 250 ng/kg/day. The six animals dosed
at 1000 nmgrkgrday for three or four days and then at 500 ng/ kg/day for ten

or el eveThddgkowing ds &deserptionofzistedysef the tfedts ofithe ¢9-(BRY eompound of the
Based on,such observations, .i

Pnvent | oANERIEREE e copraepding (CESTERER APl To b T BRUPSPFER 500
T K9 s e BRSPS ) oA Yok Bl 11
PCT/ GB96/opdlR6®ith the (3RS)-racemic mixture at daily doses of 0, 25, 100 or 500 mg/kg. Dosing
was continued for a total of seven days. The animals were killed and examined. Adverse
effects were noted in the livers of six of the group of ten rats dosed at 500 mg/kg/day.
Four groups of ten Alderley Park Wistar rats (each group comprising 5 male
and 5 female rats) were dosed orally with the (-)-(3R) compound of the invention at daily
doses of 0, 50, 250 and 1000 mg/kg. The highest dose was not tolerated. After four or five
days, four of the animals from this group were killed. The remaining six animals were
dosed at 500 mg/kg/day for the remainder of the study. Dosing was continued for a total of
fourteen days. The animals were killed and examined. No adverse effects were noted in the
livers of the group of rats dosed at 250 mg/kg/day. The six animals dosed at 1000 .
mg/kg/day for three or four days and then at 500 mg/kg/day for ten or eleven days also
showed no adverse effect on the liver.
Based on such observations, it is seen that the (-)-(3R) compound of the
invention causes no significant adverse effect on the rat liver at 500 mg/kg/day.
By implication, the (-)-(3R) compound is less toxic than the (3RS)-racemic

mixture.



( " ;3 ( 3R%§%¥5W|1i 4-{4- [T?l-e( 2 LL??BU“MTHJMHMHW?] phenBETIGRIFIION ac i:l-’d, | ‘

or a pharmaceutically-acceptable salt, ester, am de or solvate thereof, _.
substantially free of the (+)-(3S) stejgeoi somner. 2. The optically-
active conpound according to claim1,”Wherein there is at |east 90% by

wei ght w-)-mm I sonmer and 10% by wei ght or |ess of the
corresp +)-(3S) isomer. 3. The optically active conpound

according to claim1, wherein there is at |east 95% by wei ght of the
(-)-(3R) isomer and 5% by weight or |less of the corresponding (+)-(3S)
i somer. 1. 4.  The optitally aptivecednipouad (4)x(3R -3 ampethyl e~ - ¢« Hppid yl Jpiperainn 1,

wherein there is at | east, 99% wei ght. of the (-)-(3R) isonmer and 1%b
wei ght | o iBtesogy s, aa GBIy aces Al sl otk Amide of soivpe
opti cal | ghe6f, sHSstaaNP HRE of e QALY stePeidnepne of clainms 1 to 4, wherein

t he pharmaceutically-acceptabl'e” sal't 1s 1n the formof a hydrochl oride
salt: 6. The optically active conpound accordi ng any one of clains
1to 4, ﬁ/nerei [} t he a[i)har maceuti cal | y-acceptabl e ester is in the form of
met hyl, %t hyl, B¢ 8ptigallyactive ¢ompaupd ageordipg to claim 1, whereipthers js atdeast 90%ct i ve

ooy macal aapf of e L(3RYs5fEr Al fdoBb eferh 8; oss S11EE EoReifipe (+-as)
N, N- di neiséryier:, N-ethyl -N-  nethyl- or N, N-di et hyl - but yram de. 8. The

optically active conpound according to any one of clains 1 to 4, wherein
t he

3. The optically active compound according to claim 1, wherein there is at least 95%
by weight of the (-)-(3R) isomer and 5% by weight or less of the corresponding (+)-(3S)
isomer.

4, The optically active compound according to claim 1, wherein there is at least 99%
by weight of the (-)-(3R) isomer and 1% by weight or less of the corresponding (+)-(3S)

isomer.

S. The optically active compound according to any one of claims 1 to 4, wherein the

pharmaceutically-acceptable salt is in the form of a hydrochloride salt.

- 6. The optically active compound according any one of claims 1 to 4, wherein the

pharmaceutically-acceptable ester is in the form of methyl, ethyl, propyl or tert-butyl ester.

7. ~ The optically active compound according to any one of claims 1 to 4, wherein the
pharmaceutically-acceptable amide is in the form of a N-methyl-, N.N-dimethyl-, N-ethyl-N-
methyl- or N,N-diethyl-butyramide.

8. The optically active compound according to any one of claims 1 to 4, wherein the

pharmaceutically-acceptable solvate is in the form of a hydrate.



phar rraceut i cal | y- accept abl e solvate is M“ Sullljl " "ﬂlh ydr at e.
96/ 38416 WO 96/38416 P PCT/GBY6/01260
e

-19 - 9. A process for the preparat|on of optlcally active
conmpound, or a pharmaceutically-acceptable salt, ester am de or solvate

t hereof, according to any one of the pi&cedi ng cl ai.ns mhich conprises: a)
reactlon of 4-[4-(4-pyridyl)piperazin-1-yl]phenol, or a reactive derivative

thereof , 9wi t h tA@rotess for therpreparatibodfithd Bﬁ)eallyhydve)cqmﬁbmdidmd butyric acid
or an ester thereof, or a reactive derjvative thereof; al reactlon of a
corrpoundP Barmageutically-pcceptable salt, ester, amide or solvate thereof according tg\gny qne of

I n which khé'% eﬁul mq"ﬁélﬁgﬂ% risgf-oup, with the chiral internediate (3R)-3-

met hyl - pl perazi n- enoxy] butyric acid, or an acid addition salt

thereof; a)C) reactionefdnjdo@ipyridyl)piperrinebyHphatiol, fop e iredctive Herivative thereof,
err
[ ] with the chiral intermediate (3R)-4-hydroxy-3-methylbutyric acid or an ester thereof, or a

reactive derivative thereof;,

b) reaction of a compound of formula I

. inwhich L is a leaving atom or group, with the chiral intermediate (3R)-3-
methyl-4-[4-(piperazin-1-yl)-phenoxy]butyric acid, or an acid addition salt thereof;

c) decomposition of an ester of formula IT

in which R is a carboxyl protecting group;
d) resolution of the (3RS)-racemic mixture, (3RS)-3-methyl-4-{4-[4-(4-pyridyl)-
* piperazin-1-yl}phenoxy }butyric acid;
and when a pharmaceutically-acceptable :C.é.lt of the (-)-(3R) compound is required,
reaction of the resulting compound with a suitable acid or base; and when a
pharmaceutically-acceptable ester or amide of the (-)-(3R) compound is required, reaction

of the resulting compound with a suitable alcohol or amide.



in which Ris a carboxyl protecting gr JJ!‘ ml ution of the
(3RS) - r JWEA6E8M6t ur e, (3RS)-3-neth I- ) PCT/GBI6/01260

pi perazi n-1-yl] phe when a
pharmaceutically-a J@ﬁggkg&% Btaﬁoqk he (-)- (3R) corrpound i's required,
reaction of the re<ult| und-wt#a suitable acid or base; and when a

phar maceutlcal T¥‘gaccept able ester or amde of the (-)-(3R) conpound is

r equi r edl0.r eaciline wpdeallytastivaeampaung t%hwbﬁk)va-mﬂwlmmmtmam ook or
am de. 10. A .

phar maceu?‘f%"§|d°83ﬁlb‘§s‘f‘?f°8§-,S%"g}?g}lﬂi{ frge ?ﬁﬂ}e&ﬁ) s&?i?‘?l?rﬁ?t i ve conpound, or a
phar maceuti cal | y-acceptabl e salt, ester, am de or sol vate thereof,
according to any one of claims 1 to 8, in admixture with a

phar macelt-i cal A/cqmapannd abdosdiag taiclaim 30, whareindhe readtive defivativesie tept-butple

opticall nd harmaceutically-acceptable salt, ester,
am de or(%gg'fc:{/ @Y%ZBS eﬂeﬁ@%‘?rﬁ}f?ﬂ')ﬁyéﬁy one of clains 1 to 8 for t he
manuf acture of a medi canent for the prevention or treatnent of a disease
i nvol ving pl atel et aggregati on. 12. The use of the optically active

conpoundl2.or aAppharmmﬂt:alcatﬂpysmonecpmpdndlmg thelopticallysdcéive campalbdodr asol vat e
t hereof , .accordi to angh1 of cl ai, i 8 for _the nmanufacture of a

nedi car‘rel?ﬂa“I“B‘feu YiAcEeR t, Goter. amude o solvate @emogéa%@dﬁna%m o %i ndi ng
f fib :
of fibrigagan ltocl?h i hdrxhird @i >}7]1 aceu%.?& ‘ég@;ﬁpt?%blé BfuePbd c%?tgtl,ry acts Io?/\e/a ‘e

conmpound, or armaceut 1 cal l'y-accepta ester, e or
t her eof , accordl ng to any one of clains 1 to 8 for the manufacture of a

nmedi canent for the pre enti.on or Ireat nent of thronbotic events
acconpanyi-ng udssthed o H’&lhﬁ%“g platelet aggregation in a warm-blooded animal requiring

such treatment which comprises administering an effective amount of the optically active

compound, or a pharmaceutically-acceptable salt, ester, amide or solvate thereof, according

to any one of claims 1 to 8.

14. A method of inhibiting platelet aggregation in a warm-blooded animal requiring
such treatment while substantially reducing adverse effects associated with the
administration of the (3-RS)-racemic mixture, which comprises administering an effective
amount of the optically active compound, or a pharmaceuncally-acceptable salt, ester,

amide or solvate thereof accordmg to any one of claims 1 to 8.

15. A method of inhibiting binding of fibrinogen to GPIIb/IIIa in a warm-blooded
animal requiring such treatment which comprises administering an effective amount of the
optically active compound, or a pharmaceutically-acceptable salt, ester, amide or solvate

thereof, according to any one of claims 1 to 8.

16. A method of inhibiting thrombotic events accompanying unstable angina in a
warm-blooded animal requiring such treatment which comprises administering an effective
amount of the optically active compound, or a pharmaceutically-acceptable salt, ester,

amide or solvate thereof, according to any one of claims 1 to 8.
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The use of the optically active conpound, or a phar naceutical | y-accept abl e
salt, ester, am de or solvate thereof, according to any one of clains 1 to
8 for t he manuf acture of a nedi canent -f21r- the prevention or treatnment of a
di sease involving platel et aggregation. 12 The use of the optically

active cdﬁpoundrhmse@fﬂiwdpmmaamlcbmpaumdaptaphmbmucaﬁmmtabmsiﬁ or
sol vate thereof, according to any one of claips 1 to 8 gogr t he manuf acture

of a medicsEhemids o sofvate ﬁp@@émcpwﬁn&mtapxapﬁeﬁ@laws htaf e dhemaniifertyrerny
bi ndi ng gfmédxagﬁéh? egﬁdcﬂ/ t ofadxs% elﬂ_\;b?vxklgﬁla?élet ggreg cal ly

active conpoun ar faceuti cal Ty~ acee I"e sa amde or
sol vat e t hereof, accord| ng to any one of claims 1 to 8 for the manufacture
-of a nedi cament_for the prevention or treatnent of thronbotic events
acconpanyBng unbiawsesf theentigally active compound, or a pharmaceutically-acceptable salt,

ester, amide or solvate thereof, according to any one of claims 1 to 8 for the manufacture of
a medicament for the prevention or treatment of a disease involving binding of fibrinogen to

GPIIb/]a.

19. The use of the optically active compound, or a pharmaceutically-acceptable salt,
ester, amide or solvate thereof, according to any one of claims 1 to 8 for the manufacture of
a medicament for the prevention or treatment of thrombotic events accompanying unstable

angina.
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