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IMPERIAL CHEMICAL INDUSTRIES PLC

(hereinafter called "applicants”) for a patent for an invention entitled:
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SW1P 3JF England

t L4
<

L 3
* ** do solemnly and sincerely declare as follows:

tsa e
e v L3
Te e

LS
LR N &
3

To:

I am authorised to made this declaration on behalf of the applicant.

Andrew George BREWSTER, George Robert BROWN and Michael James SMITHERS
All of Alderley Park, MACCLESFIELD, Cheshire, United Kingdom

are the actual inventors of the invention and the fact upon which the
applicant is entitled to make the application is as follows:

Applicant is the assignee of the said invention from the actual
inventors

The basic application for patent or similar protection on which the
application is based is identified by country, filing date, and basic
applicant as follows:

Filed in United Kingdom on 4 NOV 86 appln 8626297

by IMPERIAL CHEMICAL INDUSTRIES PLC

The basic application referred to in paragraph 3 hereof was the
first application made in a Convention country in respect of the
invention the subject of the application.

Declared at Welwyn Garden City,
Herts, England,
Dated 13 October 1987

IMPERIAL CHEMICAL INDUSTRIES PLC
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The Commissioner of Patents
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1. A pharmaceutical composition comprising as active
ingredients:

(1) a 2,4-—diphenyl-1,3—dioxane derivative of the formula I set
out hereinbelow wherein X is selected from fluoro, chloro,
brome, trifluoromethyl, cyano, methoxy and nitro; and one of Y
and Z is hydrogen or fluoro, and the other 1s hydrogen; and
wherein the groups at positions 2, 4 and 5 of the dioxane ring
have cis—relative stereochemistry; or a pharmaceutically
acceptable salt thereof; and
(i1) an inhibitor of the synthesis of thromboxane Aj;

together with a pharmaceutically acceptable diluent or

carrier.
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PHARMACEUTICAL COMPOSITIONS

This invention concerns novel pharmaceutical
compositions and, mote-particulérly, novel pharmacedtical
compositions comprising a 4—=(2)—6-([2,4,5-cis]—-2,4—diphenyl—1,3—
dio#an—S—yl)-hexenoic acid which antagonises one or movre of the
actions of thromboxane Ay (hereafter veferred to as "TXA2")
together with a compound which inhibits the synthesis of TXA;
(heteafter‘referred to as a TXAy synthetase inhibitor). Such
compounds are of value as therapeutic agents.

It 1s known that the avachidonic acid metabolite
thromboxane A3 is a powerful vasoconstrictor and a potent
aggregator of blood platelets. TXA; is also a potent constrictor
of bronchial and tracheal smooth muscle. TXAj; is believed to be
involved in a variety of diseases and medical conditions, for
example ischaemic heart disease (such as myocardial infarction), -
angina, cerebrovascular disease (such as transient cerebral
ischaemia, wmigraine and stroke), peripheral vascular disease
(such as athevosclerosis, microangiopathy), hypertension and in
blood clotting defects due to 1lipid imbalance.

It is believed that TXAy exerts its physiological
action through the thromboxane veceptor, at which receptor
various other prostanoid contractile substances derived from
arachidonic acid, such as prostaglandins Hg, F2 alpha and
prostaglandin Dy, can exert contractile effects. There avre two
principal ways in which the effects of TXA3 (and also of
prostaglandins Hy, Fg alpha and/otr D3) can be ameliovated. The
firvst is by administering a pharmacological agent which
preferentially occuples the thromboxane veceptor, but yet does
not produce the contractile effects which follow the binding of
TXAp (ot of prostaglandins Hy, F2 alpha and/ot D3). Such an
agent is said to possess TXA2 antagonist properties. The second

way is to administer a pharmacological agent which inhibits one

ot more of the enzymes involved in the production of TXAz and in
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particular, which inhibits the enzyme known as thromboxane
synthetase (TXAp synthetase). Such an agent is said to be a
TXA> synthetase inhibitor,

Accovrdingly, compositions which contain active
ingredients which antagonise the actions of TXA2 and which
inhibit the production of TXA may be expected to have
therapeutic value in the prevention ot treatment of any one ot
more of the above mentioned diseases or any other medical
conditions in which TXAj and/ot prostaglandins Hy, F2 alpha
and/ot Dy are involved, including asthmatic and inflammatory
diseases. We have now discovered that particularly useful TXAp
antagonism is shown by a novel group of 2,4—diphenyl-1,3-
dioxanes of formula I below and that it is particularly
advantageous to incorporate such a novel compound together with
a TXAg synthetase inhibitor into a pharmaceutical composition,
and this is the basis for our invention.

According to the invention theve is provided a
pharmaceutical composition comprising as active ingredients:

(1), a novel 2,4—diphenyl-1,3—dioxane of the formula I
(set out nheveinafter) whevein X is selected from fluovo, chlovo,
bromo, trifluovomethyl, cyano, methoxy and nitvo; and one of Y
and Z is hydrogen ot fluoro, and the other is hydrogen; and
wherein the groups at positions 2, 4 and 5 of the dioxane vring
have cis—relative stetreochemistry; ot a pharmaceutically
acceptable salt thereof; and

(11) an inhibitor of the synthesis of thromboxane Aj
(hereinafter vreferred to as a TXA; synthetase inhibitov);

together with a pharmaceutically acceptable diluent ot carrier, %
It will be appreciated that the compounds of formula I ﬁ
possess asymmetric carbon atoms and may exist and be isolated in

vacemic and optically active forms. The active ingredient (1)
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can be a vacemic form otr any optically active form (ot mixtuves
thereof) which is capable of antagonising one ot motre of the
actions of TXAj, it being well known in the art how to prtepare
individual optical isomers (for example by synthesis from
optically active starting materials or vresolution of a vacemic
form) and how to determine the TXA) antagonist properties using
one ot motre of the standard tests vefetrved to herveafter.

In the chemical formulae attached heveto, although a
particular configuration is shown, this does not necessarvrily
cbtrespond to the absolute configuvration.

Specific values for the phenyl moiety bearing X which arve

of particular intevest include, for example, 2-—fluovro—, 2-—-

chloro—, 2--bromo—-, 2-cyano—, 2—-tvrifluovomethyl—, 3—fluovro—, 3—
chlovo—-, 3-cyvano—, 3-nitvo—, 3—methoxy—, 4-chlovo—, 4—cyano—, 4—
nitrvo— and 4—methoxy—phenyl.

A preferred value for Y is hydrogen ot fluovo and for
Z is hydrogen. . '

A preferved group of active ingredients (1)
comprises those compounds of the formula II whevein X1 is
selected from 2—chlovro, 3—chlovo, 2-cyano, 4—cyano, 3-nitro and
4-nitvo; and the gvoups at positions 2, 4 and 5 of the dioxane
ving have cis—rvelative stetveochemistry; together with the
pharmaceutically acceptable salts therveof.

Specific compounds of formula I of particular intervest
as active ingredient (i) ave set out in the accompanying
Examples. Of these the compounds descvribed in Examples 1, 2, 3,
13, 14, 15 and 20 ave preferved, and those in Examples 1, 2 and
13 ave most prefervred, together with pharmaceutically acceptable
salts theveof.

Farticulat pharmaceutically acceptable salts i
il
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of acids of formula I ave, for example, alkali metal and
alkaline earth metal salts such as lithium, sodium potassium,
magnesium and calcium salts, aluminium and ammonium salts, and
salts with otganic amines and quaternaty bases forming
physiologically acceptable cations such as salts with
methylamine, dimethylamine, tvimethylamine, ethylenediamine,
piperidine, morpholine, pyrvrolidine, piperazine, ethanolamine,
triethanolamine, N—methylglucamine, tetramethylammonium
hydvroxide and benzyltrimethylammonium hyaroxide.

X Suitable TXAy synthetase inhibitors for inclusion as
active ingredient (i1i) in the compositions according to the
invention include, forv example, the known compounds:—

1) dazoxiben (R P Dickinson, J.Med.Chem,, 1985, 28, 1427-1432);
2) fuvegrelate [U63557] (R A Johnson,.J.Med.Chem., 1986, 29,
1461-1468) .,

3) UK 38485 (R P Dickinson, J.Med.Chem., 1986, 29, 342-346);
4) CGS 12970 (J.Amblevr, Brit.J.Pharmacol., 1985, 82, 497-504);
5) CGS 13080 (L Browne, J,Med,Chem,, 1985, 28, 164—120);

6) CGS 14854 (Euvropean Patent Appln, Publication No. 80154:
Example 7);

7) OKY 046 (K.Iizuka, J.Med.Chem., 1981, 24, 1139-1148);

8) OKY 1580 (M Hayashi, J.Med,Chem., 1981, 24, 1149-1155);

9) OKY 1581 (M Hayashi, J.Med,Chem., 1981, 24, 1149-1555);

10) CV 4151 (S.Terao, J.Med.Chem, 1985, 28, 287-294);

11) N~[(1H—imidazol~1l-yl)octyl]—4—chlorobenzamide J.Med.Chem, ,
1986, 29, 523-530);

12) CBS645 (D.Sincholle, Arzneimittel Forsch., 1986, 36,
117-119);

13) sC 41156 (F G Spoka., Fed.Proc., 1986, 45, 913); and

14) Y20811 (Y Muramoto, Japanese J Pharmacology, 1986, 40,

178;

ot a pharmaceutically acceptable salt theveof.

Bl i P R T R (AT
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[Note: the structures of these TXAy synthetase inhibitors arve
given on the attached sheets A and B hereinafter.] However,
any TXAg synthetase inhibitor which is chemically compatible
with the active ingredient (i) may be used in the compositions
of the invention.

Particularly suitable TXAy synthetase
inhibitors include, for example, dazoxiben (1), CV4151 (10), and
the pharmaceuntically acceptable salts therveof.

The compounds of formula I may be manufactuvred by
conventional procedures of organic chemistry well known in the
art for the manufactuvre of structurally analogous compounds.
Such procedures ave illustrated by the following processes in
which X, Y and Z have any of the meanings defined heveinabove:—
(a) An aldehyde of the formula III 1s veacted with a
Wittig veagent of the formula R13P=CH(CH2)2C0,~ M* whevein Rl is
(1-6C)alkyl or aryl (especially phenyl) and M* is a cation, fot
example an alkali metal cation such as the lithium, sodium ot
potassium cation.

The process in general produces the vequirted
compounds of formula I in which the substituents adjacent to the
double bond have predominantly cis—relative stereochemistry i.e.
the "Z" isometr. However the process also produces analogous
compounds having trans—velative steveochemistry which may be
removed by a conventional procedure such as chromatography ot
crystallisation.

The process is conveniently performed in a suitable
solvent ovr diluent, for example an aromatic solvent such as b
benzene, toluene otr chlorobenzene, an ether such as 1,2- L
dimethoxyethane, t—butyl methyl ethevr, dibutyl ether ot F
tetrahydrofuvran, in dimethyl sulphoxide v

TR A AT
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or tetramethylene sulphone, ot in a mixture of one ot movre such
solvents or diluents. The process is genevrally performed at a
temperature in the vange, for example, —800C to 40Q0C, but is
conveniently performed at ot near room temperature, for example
in the vrange 0 to 359C,

(v A phenol devivative of the formula IV wherein Rl 15 a
protecting group, for example (1—6C)alkyl (such as methyl ot
ethyl), acyl (such as acetyl, benzoyl, methanesulphonyl ot p—
toluenesulphonyl), allyl, tetrahydvopyran—2—yl, trimethylsilyl,
is deprotected.

The depfotection conditions used depend on the natuve
of the protecting group R1, Thus, for example, when it is
Vmethyl ot ethyl the deprotection may be carried out by heating
with sodium thioethoxide in a suitable solvent (such as N,N-
dimethylformamide or N,N—dimethyl-3,4,5,6~tetrahydro—=2(1H)—
pytimidinone) at a tempevature in the vange, for example, 50 to
160°C. Alternatively, an ethyl or methyl protecting group may
be removed by reaction with lithium diphenylphosphide in a
suitable solvent (such as tetrahydrofuran ot methyl t—butyl
ether) at a tempervature in the vrange, for example, O to 60°C.
When the protecting group is acyl it may be removed, for
example, by hydrolysis in the presence of a base (such as sodium
ot potassium hydroxide) in a suitable aqueous solvent [such as
an aqueous (1—4C)alkanol] at a temperatuve in the vange, for
example, O to 60°C. When the protecting group is allyl or
tetrahydvopyran—2—yl, it may be vemoved, for example, by
treatment with strong acid such as trifluovroacetic acid and when
it is trimethylsilyl, it may be vemoved, for example, by
veaction with aqueous tetrabutylammonium fluoride otr sodium
fluoride using a conventional procedure,

(e) An erythro—diol derivative of the formula V 8

Tt e
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whevrein one of Q1 and Q2 is hydrogen and the other 1s hydrogen
ot a group of the formula —CRaRb.OH (wherein Ra and Rb ave the
same ot different (1-4C) alkyl) is treacted with a benzaldehyde
devivative of the formula VI or an acetal, hemiacetal or hydrate
theveof.

The benzaldehyde VI [or its hydrate, ot its acetal ot
hemiacetal with a (1-4C)alkanol (such as methanol ot ethanol)]
may conveniently be present in an excess,

The veaction is genevally performed in the presence of
an acid catalyst such.as hydrogen chloride, hydrogen bromide,
sulphuric acid, phosphovric acid, methanesulphonic acid ot p—
toluenesulphonic acid, conveniently in the presence of a
suitable solvent ot diluent, such as toluene, xylene ot an
ether, for example tetrahydrofuran, dibutyl ether, methyl t-—
butyl ether ot 1,2—dimethoxyethane, and at temperatuvre in the
range, for example, O to 80°C.

Those starting materials of formula V whertein Q1 and
Q2 are both hydrogen may be obtained, for example, by mild, acid
catalysed, hydrolysis ot alcoholysis of the dioxane vting of a
compound of formula VII whetrein Ra and Rb are both alkyl such as
methyl ot ethyl, obtained by an analogous procedutre to process
(a) herein. The hydrolysis or alcoholysis will normally be
carried out at a temperature in vrange 10 to 80°C. using an
aqueous mineral acid such as hydrochloric acid, in an alkanol
(such as ethanol ot 2-—-pvropanol) ot an ether (such as
tetrahydrofuran) as solvent,

The starting materials of formula V whetein one of Ql
and Q2 is hydrogen and the other is a group of the formula -
CRaRb.OH avre intermediates in the above—mentioned formation of
the starting materials of formula V whevein Ql and Q2 are both

hydrogen. However, sald intermediates ave not normally isolated
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ot chavacterised. Therefore a useful modification of process
(¢) comprises reacting a compound of formula VII wherein one of
Ra and Rb is hydrogen, methyl ot ethyl and the othetr is methyl
or ethyl with an excess of a compound of the formula VI (or a
hydrate, acetal ot hemiacetal thereof) in the presence of an
acid catalyst (such as one of those given above), conveniently
at a tempevature in the range, for example, 10 to 80°C. and
optionally in the presence of a suitable sqlvent or diluent
(such as one of those given above).
. The starting materials for use in the above processes

-may be made by general procedures of organic chemistry, known

for the preparation of structurally related compounds. Thus,

the aldehydes of formula III may be obtained, for example, by

the method shown in Scheme I. The protected phenol derivatives

of formula IV may be made, for example, by using an analogous

procedure to process (a) above using an aldehyde analogous to

that of formula III, but whevein the phenol group has been

protected with the group Rl, such an aldehyde being made, fot

example, by carrying out the procedures of Scheme I omiiéing the
deprotection step (11). Those of the starting materials of

formula VII which are novel may be obtained using analogous

procedutres to those described in Euvopean patent application,

publication No. 94239,

The necessaty Wittig veagents may .be obtained by
conventional proceduvres, for example by treating the f
corresponding phosphonium halides with a strong base such as
sodium hydride, lithium diisopropylamide, potassium t—butoxide
ot butyllithium. They ace generally formed in situ just prior ;
to carrying out the condensation process (a) above.
It will be understood that the compounds of formula I A

may also be obtained by other conventional procedutres well known
in the art, for example by base catalysed hydrolysis of the

corresponding esters, amides ot nitrviles.
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When a salt of a compound of formula I is vequived, it
is obtained by vreaction with the appropriate base affording a
physiologically acceptable cation, ot by any other conventional
procedure. .

Further, when an optically active form of a compound
of formula I is vrequivred, one of the aforesaid processes may be
carried out using an opticaily active starting material,
Alternatively, the vacemic form of a compound of formula I may
be veacted with an optically active form of a suitable organic
base, for example ephedrine, N,N,N-trimethyl(l—
phenylethyl)ammonium hydroxide ot l—phenylethylamine, followed~
by conventional sepavration of the diasteveoisomeric mixtuve of
salts thus obtained, for example by fractional crystallisation
from a suitable solvent, for example a (1—4C)alkanol, wheveafter
the optically active form of séid compound of formula I may be
liberated by tvreatment with acid using a conventional procedure,
for exziiple using an aqueous mineval acid such as dilute
hydrochlovric acid.

As stated earlier, the novel compounds of formula I
are antagonists of one or movre of the actions of TXAy, forv
example certain of its actions on blood platelets, the
vasculature and/or the lung. The antagonism may be demonstrated
in one ot other of the following standard tests:—

(a) ' The rabbit aortal strip model devised by Piper and
Vane (Nature, 1969, ggg, 29-35) ot the vat aortal strip medel
developed by Kennedy et alia (Prostaglandins, 1982, 24, 667—

689), using as agonist a freshly prepared sample of TXAj,
generated by addition of avachidonic acid (25 pg) to citrated,
platelet vich rabbit plasma (250 pul) and allowing the mixtute to

aggregate fully ovetr 90 seconds beforve use;
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alternatively the TXAp mimetic agent known as U46619 (described
by R L Jones et _alia in "Chemistty, Biochemistry and
Pharmacological Activity of Prostanoids"” edited by S M Roberts
and F Scheinmann, at page 211; Pergamon Press, 1979) may be used
as the agonist; and

(b) a blood platelet aggregation test based on that described by
Born (Nature, 1962, 194, 927-929) and involving:

(1) aggregating human, citrated, platelet—rich plasma by
addition of the TXA); mimetic agent U46619 so that a dose—
tresponse curve 1s genervated;

(11) generating a dose—vesponse cutve fotr U46619 stimulated
platelet aggregation in the presence of increasing amounts of
test compound (genevally in the vange 10~ to 10-104); and
(111) calculating a Kg value indicating potency of TXAp
antagonism for the test compound, averaged over several
concentvrations, from the calculated 50% vesponse value fort
U46619 aggregation in the presence and absence of test compound;
and '

(e) a bronchoconstriction test involving measuring the
inhibition by a test compound of the bronchoconstriction induced
in the Konzett—Rossler, anaesthetised guinea—pig model (as
modified by Collier and James, Bri:.J.Pharmacol., 1967, 30, 283-
307) by intravenous administration of the TXAp mimetic agent,
U46619 and involving :

(1) obtaining a cumulative dose—response cutve to U46619 induced

bronchoconstriction by intravenous administration of constant 7
volumes of increasing concentrations of U46619 (0.2—4 ugskg) in f
physiological saline solution and expressing bronchoconstriction
as the maximum of that theovetically obtainable with no air flow &

to the test animal;
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(11) genevrating a cumulative dose—response cutrve to U46619
induced bronchoconstriction at 30 minute intervals for 3 hourts
after oval dosing of test compound; and

(111) calculating a dose-ratio for the test compound (that is
the ratio of concentration of U46619 vequivred to cause 50%
bronchoconstriction in the presence and absence of test
compound) indicating the potency of TXAj; antagonism.

The antagonism of the effects of TXAy on the
vasculature may be demonstrated, for example in rats in the
following mannevt:— '

(d) ' Male vats (Alderley Patk strain) ave anaesthetised
with sodium pentobarbital and blood pressure is monitoved at the
cavotid artery. The TXA) mimetic agent U46619 is administeced
intravenously at 5 pg/kg via the jugular vein to produce 20-30
mm/Hg (2640—3970 pascal) increase in systolic blood pressure.
The process is vrepeated twice to ensuvre adequacy of vtesponse. A
test compound is then administeved eithetr intravenously (via the
jugular vein) ov ovrally (via a cannula) divectly into the
stomach and the animal challenged with U46619, five minutes
after dosing with test compound and then successively every ten
minutes until the hypertensive effect of U46619 is no longer
blocked.

Further, the antagonism of the effects of TXAy in vivo
may be demonstrated, for example, by assessing the effects of a
test compound on the aggregation of blood platelets obtained
after administration of test compound to a test animal, such as “
a rabbit, vrat, guinea pig or dog, using standard procedures
similar to that described in (a) above, However, when the
aggregation of dog platelets 1s heing studied it is necessary to

use a predetermined, threshold concentration of the platelet
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aggregation agent adenosine diphosphate (about 0.4-1.2 x 10-6M)
togethetr with the TXAy mimetic agent, U46619,

Using the above test procedures (a)—(c), the following
representative vesults have been obtained with the compounds of
formula II wherein (1) X1 is 2—chlovo, (11) X1 is 2—-cyano; ot
(111) X} 1is 4—cyano, vespectively:—

Test (a), pAz (+ 0.05) :« (1), 8.02; (41), 8.09; (ii1) 7.45;
Test (b), Kp: (1), 2.92 x 10~9; (41), 8.34 x 10710M; (111) 5.49
x 1079 ‘ ‘

Test (c¢), dose ratio: (1) >1500; (41), >32; (i111), >350; 2 hours
after ovral dosing at 0.05 mgrkg.

Similarly, using test procedure (d) veferred to above,
the following vepresentative tesults wetre obtained on inhibition
of U46619 induced hypertension with the compounds of formula II
veferred to above:—
compound (1): >80% inhibition 1 hour after otral dose of 0.5
mg/kg;
compound (11): >80% inhibition 1 hour after oral dose of 0.5
mg/kg;
compound (iii): >40% inhibition 1 hour after oral dose of 0.5
mg/kg.

In general, other compounds of formula I and II
show similar levels of TXAj antagonist properties in one ovr motre
of the above mentiloned tests e.g. test (a) pAg > 7.0; test (b).
Kg ¢+ < 1.0 x 10‘7M: test (c) dose vratio > 5, 2 hours after oral
dosing at 0.1 mg/kg and/ot test (d), significant inhibition of
U46619 induced hypertension for at least 1 houtr following oral
dosing at 5 mg/kg ot less.

By way of compatison, the structurally closely veitated
compounds 5(Z)-7—-([2,4,5-cis]-2—o—chlovrophenyl-4~phenyl-1,3-
dioxam-5=yl)heptenoic acid (iv) and 5(2)-7-([2,4,5-cis]—2—p—
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cyanopheny 1~4--phenyl-1, 3—dioxan—5-~yl—-heptenoic acid (v)
disclosed, inter alia, in Euvopean patent application,
publication number 94239, possess signficantly lower TXAj
antagonist properties. Thus, fdr example, using test procedure
(a) above, they have pAj values of 6.22 (iv) and 5.65 (v),

The above results indicate the unexpectedly superior
TXA) antagonist properties possessed by the compounds of formula
I and II.

The beneficial effects of combining one of the novel
TXA2 antagonists of formula I defined heveinabove with a TXAjp
synthetase inhibitor may be illustrated in vitvro, for example by
evaluating their effects in inhibiting arachidonic acid induced
aggregation of human platelets, using standard proceduvres well
known in the art. Thus, for example, the following vesults werte
obtained with the TXAp antagonist described heveinafter in Ex.2,
6 and 20 (Compound A) and the TXA; synthetase inhibitor known as

dazoxiben (Compound B):—

| Compound ! Concentration | % Inhibition of vehicle |

| | in vehicle | contvol

I | I |
| | ! I
1A I 1079 | 2.2 % 0.8 |
I B ! 10—2M I 4,5% 1.8 I
I B I 104N I 32.2 * 16.3 [
! | i |
| A ! 10~ 1 |
] + | | 89.9 £ 6.1% |
| B | 105N 1 !

X p < 0.001 compared with compound B at 10~5M using
Student's t test '

These tesults show that compounds A and B
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togethetr exert a synergistic effect, which is

illustrative of the expected beneficial effect to be

obtained in vivo from co—administration of a novel TXA9
antagonist of formula I with a TXAj synthetase inhibitor. Such
a beneficial effect in vivo may also be demonstrated in
laboratory animals, for example by veducing ot preventing the
adverse effects of platelet aggregation in vrabbits following
intravenous injection of avrachidonic acid.

The invention also embraces a method of medical
treatment of one ot more diseases in which TXAj is and/ot
brostaglandins Hg, Fg alpha and/ot Dy ave involved which
comprises administering to a warmblooded animal a novel
antagonist of the formula I, or a pharmaceutically acceptable
salt theveof, as defined heveinbefore, and a TXAg synthetase
inhibitor, for example as stated hereinbefore. Although it is
enviséged that the antagonist and inhibitor will generally be
administeved at the same time and combined in a single
composition, they may also be.administered in separate
compositions, by diffevent voutes and at diffevent times in
order to maximise the therapeutic effect.

As stated previously, the compositions of the
invention may be used in the thetrapy ot prevention of
diseases ot adverse conditions in warm—blooded animals
in which it is desirable to antagonise one ot movre of the
actions of TXA and to inhibit its synthesis. In generval,
they will be aﬁministeted for this purpose by an oval, vectal,
intravenous, subcutaneous, intramusculat ot inhalation toute,
so that a dose of the active ingredient (i) in the vange, for
example 0.01-15 mg/kg body weight (and, move particularly, 0.1-5
mg/kg body weight), is veceived up to four times per day,
varying with the voute of administration, the severity of the

condition and the size and age of the patient undetr treatment.
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The quantity of the TXA7 synthetase inhibitor, present
as active ingredient (i11) in the composition will necessarily
vary with its potency as an inhibitovr, but will typically be
such an amount that a dose of the active ingredient (11) in the
range, for example 0.05-25 mg/kg body weight (and, morve
particularly, 0.5-10 mg/kg body weight) is veceived up to four
times pev day, varying with the voute of administration, the
severity of the condition and the size and age of the patient
undevr treatment,

‘ A unit dose of a composition of the invention
will genevally contain an amount of each of the active
ingredients (1) and (i1) sufficient to provide a single dose of
(1) ov (41), as specified above. However, because of the
expected synergistic effects of co—administering (i) and (11) to
warm—-blooded animals (including man), reduced amounts of the
individual active ingredients may generally be used. A unit
dose will, however, genétally contain, for example, 0.5-1200 mg
of active ingredient (1) together with 2.5-2000 mg of active
ingredient (11).

The compositions may be in a vaviety of dosage forms,
For example, they may be in the form of tablets, capsules,
solutions otr suspensions for ovral administration; in the form of
a suppository for vectal administration; in the form of a
sterile solution ot suspension for administration by intravenous
ot intramuscular injection; in the form of an aevosol ot a
nebuliser solution ot suspension, for administration by
inhalation; and in the form of a powder, together with
pharmaceutically acceptable inert solid diluents such as
lactose, for administration by insufflation.

The compositions may be obtained by conventional
proceduvres using pharmaceutically acceptable diluents and

carriers well known in the art., Tablets and capsules for oval
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administration may conveniently be formed with an enteric
coating, for example comprising cellulose acetate phthalate, to

minimise contact of the active ingredient of formula I with

_stomach acids.

The compositions of the invention may also be used
because of their combined TXA2 antagonist and TXAp synthetase
inhibitory properties in helping to maintain the viability of
blood and blood vessels in wartm—blooded animals (qr patts
thereof) under—going attfficial extracovrpovreal circulation, for
example during limb or organ transplant.

The preparation of the compounds of formula I is
illustrated in the following Examples 1—30 and the compositions
of the invention by the following non-limiting Example 31. 1In

these Examples, unless otherwise stated:—

(1 evaporations were carried out by rotary evaporation in
vacuo;
(11) operations were carried out at room tempervatuvre, that

is in the vrange 18—-260C and under an atmosphere of an inert gas
such as argon;
(111) flash column chromatography was petrformed on Metck
Kieselgel (Art. 9385) obtained from E.Merck, Darmstadt,
W.Germany;
(iv) yilelds ave given for illustration only and avre not
necessavtily the maximum attainable;
(v) proton NMR spectra wevre notrmally determined at 90 ot
200 MHz in CDClj using tetramethylsilane (TMS) as an intecnal
standard, and ave expressed as chemical shifts (delta values) in
parts per million velative to TMS using conventional
abbreviations for designation of major peaks: s, singlet; m,
multiplet; t, triplet; br, broad; d,doublet;
(vi) all end—products wetre isolated as racemates,
Example 1

Sodium hydride (247 mg, 50% w/w dispetrsion in mineral
0i1) was added to a stitred suspension of 4(Z)-6~[2,4,5-cis]—2—
grcyanophenyl—A—gfmethoxypheny1—1,B-dioxan-S-yl)hexenoic acid
(350 mg) in 1,3—dimethyl-3,4,5,6—tetrahydro—2(1H)=-pyrimidinone
(DMPU) (8 ml) at 0-5°C. After 5 minutes ethanethiol (320 mg)
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was added dropwise during 3 minutes. The mixture was maintained
at 0-50C for 30 minutes and then heated at 90°C for 6 hourts.
The cooled vreaction mixture was diluted with water (40 ml) and
extrvacted with dichloromethane (2 x 50 ml). The aqueous phase
was acidified to pH 4 with acetic acid and extracted with
diethyl ether (3 x 30 ml). The extracts weve washed with
saturated brine (2 x 30 ml), dried (MgSO;) and evaporated. The
0il obtained was purified by flash column chromatography on
silica, eluting with 80:20:2 (by volume) toluene/ethyl acetate
/acetic acid, to give 4(z2)-6—([2,4,5—cis]—2—o—cyanophenyl—4—o~
hydroxyphenyl—1l, 3—-dioxan—-5—vy1l)hexenoic acid as a colourtless
solid (253 mg, 75%), m.p. 118-121°C; NMR: 1.91 (2H,m), 2.38
(4H,d), 2.85 (1H,m), 4.26 (2H,m), 5.46 (3H,m), 6.02 (1H,s), 6.86
(2H,m), 7.15 (3H,m) and 7.63 (4H,m); mre: 393 (M),

The starting acid was obtained as follows:—

Potassium t—butoxide (12.3 g) was added over 2
minutes to a stirred suspension of (3—carboxypropyl)—
triphenylphosphonium bromide (23.6 g) in tetrahydrofuran (THF)
(230 m1) at 0-59C. The mixtuvre was stirred at ambient
temperature for 30 minutes and cooled to 0°C before the addition
of (4—o—methoxyphenyl—2,2—dimethyl-1,3—dioxan—cis—5-
yl)acetaldehyde (5.9 g) during 5 minutes. The mixture was
stirred for 45 minutes and water (50 ml) added. The solvent was
removed by evaporation. The vesidue was dissolved in watet
(250 ml1). The solution was washed with ethyl acetate (3 x 100
ml,) and then acidified to pH4 with acetic acid. The liberated
0il was extracted with ethyl acetate (3 x 100 ml), These
extracts were washed with saturated brine (2 x 100 ml), dried
(Mgs0,) and evaporated to given an oil. The oil was purified by
flash column chromatography on silica, eluting with 80:20:1 (by

volume) toluene/ethyl acetatesacetic acid, to give
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4(2)—6—(4—o—methoxyphenyl—2,2—dimethyl—1,3—dioxan—cis—5—
yl)hexenoic acid (A), as a colourless solid (6.0 g, 82%), m.p.
92-969Cy NMR: 1.65 (8H,m), 2.35 (5H,m), 3.85 (5H,m), 5.28
(3H,m) and 7.1 (4H,m); [note after recrystallisation from ethyl
acetate/hexane, material of m,p., 99-101°C may be obtained — see
Ex. 20(1)].

o—Cyanobenzaldehyde (400 mg) and p—toluene sulphonic
acid 5 mg) were added to a solution of A (668 mg) in toluene
(12 ml) and the mixtuve heated under veflux at 100—105°C for 30
minutes. The cooled mixtuvre was purified by flash column.
chromatography on silica, eluting with 80:20:1 (by volume)
toluene/ethyl acetatesacetic acid, to give 4(z)—-6—([2,4,5—cis]—
2-o—cyanophenyl—4—o—-methoxyphenyl—-1,3—dioxan=5—y1l)hexenoic acid
as a colourless oil (410 mg, 50%); NMR: 1.7 (1H,m), 1.97
(14,m), 2.3 (4H,m), 2.7 (1H,m), 3.82 (3H,s), 4.2 (2H,d), 5.35
(34,m), 6.02 (1H,s), 6.9 (2H,m), 7.22 (2H,m), 7.45 (2H,m), 7.65
(2H,m) and 7.85 (1H,m). ‘

Examples 2-5
Using a similar procedure to that destribed in

!

Example 1, but starting from the appropriate 4—o—methoxyphenyl
detrivative of formula IV (Rl=methyl; Y¥=2=H), the following

acids of formula I (Y=Z=H) werve obtained in yields of 29—

73%:— ’
|Example I X | m.p. | Partial NMR Data P i
| | ICIHRE . ! g
! ! I ! I g
12 | 2=C1 | 111-114%1 6,12 (1H,s), 6.9 (2H,m) | t

| i i | 7,35 (54,m), 7.87 (1H,m) |
| | ] | |
t 3 1 3C1 | oil 1 5.7 (14,s), 7.15 (94,m). |
| l 1 | | i

/Continued..

L S SRS
. s e e e R




s ; W iisiiai:

25

30

- 19 -

Continuation...
IExample | X | m.p. ! Partial NMR Data |
| 1 (oc) 1 |

|
! 3=CN

113-117 1 5.78 (1H,s), 6.89 (2H,m). 1
| 7.24 (2H,m), 7.12 (4H,m). |

| 6.05 (1H,s), 6.95 (4H,m). |
oil | 7.6 (3H,m), 7.95 (1H,d). |

% melting point 125-1260C after vectrystallisation from

ethyl acetates/hexane.

-

t

The vequired intermediates of formula IV (R1=methy1

were obtained in ylelds of 25-72%, using a similar procedure to

that described for the analogous matevrial in Example 1, but

starting from the appropriately substituted benzaldehyde of

formula VI:—

I X I mp. I Partial NMR Data (ppm) |
! 1 (°c) | |
| ] | !
I | | |
12=C1 1147-150 16.02 (1H,s), 6.9 (2H,m) 7.32 (5H,m), |
I | 17.87 (1H,m) |
I | ] |
13=C1 | oil 15.7 (1H,s), 6.9 (2H m), 7.4 (6H,m) !

/Continued...

EEENES

R T T A

STl

e

—




ooaon: 20

°
ceavue
e [l

L o Y ]
[

LI NS

25

30

Continuation...

I X | mp. I Partial NMR Data (ppm) I
I 1 (oC) | I
| | | |
| | | |
I13=CN 1 o1l 15.75 (1H,8), 6.92 (2H,m), 7.22 (2H,m)!

I | 17.46 (2H,m), 7.63 (1H,m) 7.85 (2H,m) |
| | | |
| | | |
12-CF3 | o1l  16.08 (1H,s), 7.17 (7i,m), 8.1 (1H,d) |
1 | | |

Example 6
o—Chlotobenzaldehyde (260 mg) and p—toluene sulphonic

acid (5 mg) were added to a solution of 4(z)—6—(4—o—
hydroxyphenyl—2,2—dimethyl—1, 3—dioxan—cis—5—yl)hexenoic acid (B)
(480 mg) in toluene (5 ml). The mixture was stirred for 3
hours. The product was isolated by flash column chromatography
of the vreaction mixtuve on silica, eluting with 1:19 (by volume)
ethanol/methylene chlovide, to give 4(z)—6—([2,4,5—cis]—2—0—
chlovrophenyl—4—o—hydroxyphenyl—1,3—dioxan—5—yl)hexenoic acid
(380 mg, 63%), m.p. 111-114°C (m.p. 125-1260C aftet
vectrystallisation from ethyl acetate/hexane); NMR: 1.82 (1H,m),
1.96 (1H,m), 2.36 (4H,m), 2.8 (1H,m), 4.2 (2H,m), 5.41 (3H,m),
6.12 (1H,s), 6.9 (2H,m), 7.35 (5H,m) and 7.87 (1H,m); m’e: 402
QM.

The starting acid (B) was obtained as follows:—
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Sodium hydride (432 mg, 50% w/w dispersion in mineral
0i1) was added to a stirved solution of 4(Z)—6—(4—o—
methoxyphenyl=2,2—dimethyl—1,3—dioxan—cis—5—y1l)hexenoic acid
(500 mg) in DMPU (7.5 -ml) at 0-5°C. After 5 minutes, ethanethiol
(0.66 ml) was added dropwise during 3 minutes. The mixture was
maintained at 0—59C for 10 minutes and then heated at 135-140°C
for 50 minutes. The cooled reaction mixture was diluted with
water (15 ml) and then washed with dichlovomethane (2 x 30 ml).
The aqueous phase was acidified to pH4 with acetic acid and
extracted with diethyl ether (4 x 30 ml). The ether extracts
were dried (MgsSO,) and evaporated. The oil obtained was
putrified by flash column chromatography on silica, eluting with
80:20:2 (by volume) toluenesethyl acetatesacetic acid, to give
4(Z)=6—(4=—o—-hydroxyphenyl—2,2—dimethyl-1,3—dioxan—cis—5—
yl)hexenoic acid, as a colourless solid (95 mg, 31%), m.p. 85—
890Cy NMR: 1.6 (7H,m), 1.82 (1H,m), 2.32 (5H,m), 2.7 (lﬂ,m),
3.83 (1H,dd), 4.12 (1H,qq), 5.24 (3H,m), 6.88 (3H,m), 7.17
(2H,m) and 8.47 (1H,s); m’e: 320 (%),

Examples 7-—-18
Using a similar procedure to that described in Example

6, but starting from the appropriately substituted benzaldehyde
of formula VI, the following acids of formula I (Y=Z=H) werte
obtained, in yields of 29—-74%:—

|
H
H
:
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._22_
! I I I I
IExample | X I m.p. | Partial NMR Data i
! | 1 (oc) 1 K
I ] I I I
P 7 | 4=€1 1 53-55 1 5.68 (1H,s), 7.15 (10H,m) !
| I I | |
I 8 | 2=F 1 94-98 1 5,97 (1H,s), 6.85 (2H,m),|
I I ! I 7.02 (2H,m), 7.18 (3H,m),!
! I | I 7.44 (1H,m), 7.65 (1H,m).!I
I I I ] I
lExample | X | m.p. | Partial NMR Data
| 1 (oC) ]
I I I
I I I
9 I 3=F I o4l 1 5.7 (1H,s), '6.86 (2H,m),
! I 1 7.2 (6H,m)
I I I
10 | 4=F | 141-153 1 5.7 (1H,s), 7.2 (8H,m)
I I I
11 | 2—CNI 118-121 | 6,02 (3H,m), 6.86 (2H,m),
| ! | 7.15 (3H,m), 7.63 (4H,m)
I ! I
12 | 3=CNI 113-117 ) 5.78 (1H,s), 6.89 (2H,m)
| | 1 7.24 (2H,m), 7,72 (4H,m)
I I !
13 | 4—CN! 153-155%1 5,78 (1H,s), 6.82 (2H,t), 7.1
| | i(2H,m), 7.28 (2H,d), 7.7 (4H,s)!
I | |
14 13-N0z1  oil 1 5.81 (1H,s), 7.6 (%9H,m)
I I |
/Continued..
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IExample 1| X | m.p. | Partial NMR Data !
I ! I (oc) ] !
I I I I I
! ! I I A !
1 15 14—N09) 168-170 t 5.82 (1H,s), 6.83 (2H,m), |

I ! I |1 7.08 (1H,m) 7.3 (1H,m), 7.8 |
I I I I (2H,d), 8.26 (2H,d) I

1 16 | 2-Brl o3l I 6.05 (1H,s), 7.3 (9H,m) I
I I [ I ' !
117 13—Me0! o011 | 5.7 (1H,s), 7.2 (9H,m) I
I I I -1 [
| 18 14—Me01 oil | 5.66 (1H,s), 7.32 (8H,m). 1

¥ m,p. 161-1639C, after recrystallisation from ethyl
acetate/héxane.
Example 19

A mixture containing 4(Z)—6—(4~[3—fluotro—2—-
hydroxyphenyl]—2,2—dimethyl-1,3—dioxan—cis—5—yl)hexenoic acid
(340 mg), 2—chlotobenzaldehyde (170 mg), p—toluenesulphonic acid
(2 mg) and dry toluene (2 ml) was stirred under an argon
atmosphere for 3% hours. The entire reaction mixture was then
subjected to flash column chromatography, eluting with
toluene/ethyl acetatesacetic acid (80:20:2 v/v), to give 4(Z)—-6—
([2,4,5-cis]-2—o—chlorophenyl—4—[3—f luoto—2-hydroxyphenyl]-1,3-
dioxam5-yl)hexenoic acid (295 mg) as a white foam; NMR: 2.2-2.9
(74,m), 4.1-4,4 (2H,m), 5.2-5.6 (2H,m), 5.5 (1H,d,J=3Hz), 6.1
(1H,s) and 6.7-7.9 (7H,m).

The starting material was obtained as follows:—

S Mg g e s
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(1) A mixtuve containing 3—fluovrosalicylic acid (20 g)
[obtained as white crystals, m.p. 145-1479C, by the method of L
N Ferguson et alia, J.Amer,Chem.Scc., 1950, 72, 5315],

jodomethane (60 g), potassium carbonate (40 g) and acetone

(200 ml) was heated under veflux for 24 hours. Water (500 ml)
was added and the mixtuvre was extracted with ether (3 x 150 ml).
The combined extracts were dried (MgSO,) and evaporated to give
methyl 3—fluoro—2—-methoxybenzoate (B) (21 g) as a yellow oil,
which was used without futthet.putification; NMR: 3.85 (3H,s),
3,95 (3H,s) and 6.8=7.6 (3H,m).

(11) A solution containing B (15.9 g), potassium hydroxide

(25 g) and water (5 ml) in methanol (200 ml) was stirred for 4
hours. The solvent was evaporated and the vresidue was dissolved
in water (200 ml). The aqueous solution was washed with ether
(100 ml) and acidified to pH2 with concentrated hydrochloric
acid. The white precipitate was collected by filtration and
recrystallised from hexane to give 3—fluoro—2-methoxybenzoic
acid (C) (14.2 g) as white crystals. [Further material (6.1 g)
was obtained by extraction of the filtrate with ethyl acetate
(100 m1).]

(411) A solution of C (20 g) in thionyl chloride (25 ml) was
heated under veflux for 3 hours. Excess thionyl chloride was
removed by distillation and the vesidual.oil was dissolved in
toluene (25 ml). The solution was evaporated to give 3—fluoro—
2-methoxybenzoyl chloride (D) as an oil, which was used without
further puvrification. .
(iv) A stirved solution of ethyl hydrogen 2—allylmalonate (20.3 :
g) in dry THF (200 ml) was treated with magnesium ethoxide (21.5 i
g) and the mixture was heated under reflux for 90 minutes, The ﬁ
mixture was cooled to 0°C. and a solution of D in dry THF (10

ml) was added at such a vate that the reaction temperature




did not exceed 59C, Stirring was continued for 1 hour and and
the mixture was allowed to stand for 3 days. A satuvated

aqueous solution of ammonium chloride (150 ml) was added and the

mixture extracted with ethyl acetate (3 x 100 ml). The combined
5 extracts weve washed with saturated brine (150 ml), dried

(MgS04) and evaporated tc give an oil which was purified by

flash column chtomatography, eluting with ethyl acetateshexane

(1:9 v/v) to give ethyl 2—allyl—3—(3—fluovro—2-methoxyphenyl)-3—

oxo—propionate (E) (16.1.g), as a colourless oil; NMR: 1,2

.10 (3H,t, J=THz), 2.7 (28,t,J=THz), 4.0 (3H,d,J=3Hz), 3.9-4.5
(3H,m), 4.8-5.3 (2H,m), 5.5-6.1 (1H,n) and 6.9-7.6 (3H,m).
(v) A solution of E (15.0 g) in dry THF (30 ml) was added with
“E::' stireing and cooling to a suspension of lithium borohydride (3.0
Tries? g) in dry tetrahydrofuran (150 ml) at such a rate that the
‘:‘::“ 15 reaction temperature did not exceed 10°C, Stirring was
f ) continued for 15 houtrs at voom tempevature. The mixture was
ﬁ . acidified to pH 2 by cautious addition of 2M hydrochloric acid
? :n'::° with cooling. Water (100 ml) was then added. The mixtute was
T extracted with ethyl acetate (3 x 200 ml). The combined
ceeidd 20 extracts were washed with saturated brine (150 ml), dried
S (MgsS04) and evaporated to give 2—allyl-1—(3—fluoto—2-
A methoxyphenyl)propane—l,3—diol (mainly cis—diol) as an oil (13,1
cie g). A solution of p—toluenesulphonic acid (5 mg)- in 2,2-

dimethoxypropane (100 ml) was added to this oil and the solution
25 obtained was allowed to stand overnight. Triethylamine (3

drops) was added and the solvent was evaporated. The vresidue

was puvrified by flash column chromatography, eluting with ethyl

acetate/hexane (4:96 v/v), to give (4,5-—cis)—5-allyl—-4—(3-

f luoro—2-methoxyphenyl)-2,2—dimethyl-1,3—dioxane (F) (4.95 g),
30 as a colourless oil; NMR: 1.5 (3H,s), 1.55 (3H,s), 1.5-1.9
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(14,m), 2.2-2.5 (2H,m), 3.8 (1H,dd,J=11, 15Hz), 3.95
(34,d,J=3.3Hz), 4.15 (1H,d m J=11Hz), 4.85-5.05 (2H,m), 5.4
(14,d,J=3Hz), 5.4-5.7 (1H,m) and 6.9-7.3 (3H,m).

(vi) Ozone was passed through a solution of F (4,95 g) in ethyl
acetate (200 ml.) at =789C. until a permanent blue colout
developed. The solution was flushed with argon until
colourless. A solution of triphenylphosphine (5 g) in ethyl
acetate (50 ml) was added. The mixture was allowed to warm to
room temperature and allowed to stand for 24 hours. The solvent
was.evapbtated and the vesidue purified by flash—column
chromatography, eluting with chlovroform, to give (4—[3-fluoro—2-—
methoxyphenyl]=2,2-dimethyl-1,3—dioxan—cis—5—yl)acetaldehyde (G)
(4.5 g) as a colourless oil; NMR: 1.5 (3H,s), 1.55 (3H,s), 2.3
(14, dd, J=12, 1.5Hz), 2.45 (1H,m), 2.75 (1H,dd, J=18, 8Hz), 4.0
(34,d,J=3Hz), 4.3 (1H,dm,J=12Hz) , 5.4 (1H,d,J=3Hz), 6.9-7.4
(3H,m) and 9.55 (1H,s).

(vii) A solution of potasium t—butoxide (7.2,g) in dry THF (100
ml) was added to a stirred suspension of (3-—
carboxypropyl)triphenylphosphonium bromide (15.0 g) in dry THF
(150 ml) at 0°C, under argon. The mixture was stirred for

30 minutes. Then a solution of G (4.5 g) in dry THF (50 ml) was
added. After 1.5 hours, water (250 ml) was added and the
volatile solvent was evaporated under vreduced pressure. The
aqueous solution washed with ethyl acstate, acidified to pHS
with acetic acid and extracted with ethyl acetate., These
extracts were washed with satuvated brine, dried (Mgs0,) and
evaporated. The oil obtained was purified by flash column
chromatography, eluting with ethyl acetate/ toluenesacetic and
acid (20:80:2 v/v) to give 4(2)—6—(4~[3=fluoro—2-methoxyphenyl]—
2,2-dimethyl-1,3—dioxan—cis—5-y1l)hexenoic acid (H) as an oil
(4.1 g); NMR: 1.5 (3H,s), 1.55 (3H,s), 2.1-2.7 (7H,m), 3.8
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(1H,dd,J=12, 1.5Hz), 3.95 (3H,d,J=3Hz), 4.15 (1H,dm,J=12Hz),
5.1-5.5 (2H,m), 5.4(1H,d,J=3Hz) and 6.9-7.3 (3H,m).
(viii) Ethane thiol (A.S'ml) was added to a stirred suspension
of sodium hydride (2.9 g, 50% w/w dispersion in mineral oil) in
DMPU (50 ml) at 0°C, undetr argon., After 30 minutes a solution of
H (2.9 g) in DMPU (50 ml) was added. The mixture was heated at
1400C for 3 houtrs, cooled and poured into ice—water (100 ml).
The aqueous mixture was washed with dichloromethane (3 x 100
ml). The aqueous layer was acidified to'pHS with acetic acid and
extracted with ethyl acetate (3 x 100 ml), These extracts wete
washed with satuvated brine (100 ml), dried (MgSO4;) and
evaporated. The o1l obtained was purified by flash column
chromatography, eluting with ethyl acetates/toluene/acetic acid
(50:50:2 v/v), to give 4(2)—6—(4—[3—fluoro—2-hydroxyphenyl]-2,2-
dimethyl-1,3—dioxan—cis—5—yl)hexenoic acid (2.05 g), as a
colourless oil; NMR: 1.55 (3H,s), 1.6 (3H,s), 2.2-2.8 (7H,m),
3.8 (1H4,dd,J=12,1.5Hz), 4.1 (1H,dm,J=12Hz), 5.1-5.5 (2H,m), 5.5
(1H,d,J=3Jz) and 6.7-7.1 (3H,m).
Example 20
A mixture of 2—chlotobenzaldehyde (100 mg), p—

toluenesulphonic acid (2 mg) and 4(Z)—erythro—8—hydroxy—7—
hydroxymethyl—8—o—hydroxyphenyl—4—octenoic acid (140 mg) was
stitvred in toluene (2 ml) for 20 hours. The teactioi mixtute
was then puvified by flash column chromatography on silica,
eluting with 80:20:2 (by volume) hexane/ethyl acetate/acetic
acid to give 4(2)-6—([2,4,5—cis]—2—po—chlorophenyl—4—o—
hydroxyphenyl-1,3—dioxan~5—y1l)hexenoic (86 mg, 43%), m.p. 123—
1250C with spectroscopic properties identical to those described
in Example 6,

The starting acid was obtained as follows:— i
Sodium hydride (980 mg, 60% w/w dispersion in
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minevral oil) was added to a stirved suspension of 4(Z)—
ervthro~8—hyd roxy—7-hyd roxymethyl—8—o—methoxyphenyl—4—
octenoic acid (A) (900 mg) in DMPU (35 ml) maintained at 0-50C.
After 3 minutes, ethanethiol (1.5-ml) was added and the mixture
was heated at 130°C for 2 hours. The cooled mixture was diluted
with water (40 ml) and washed with dichlotromethane (2 x 45 ml),
The aqueous phase was acidified to pH 4 with acetic acid and
extracted with ether (4 x 45 ml). The extracts were dried (Mg
S04) and evaporated. The oil thus outained was purified by
flash chromatography on silica, eluting with 60:40:2 (by volume)
toluene/ethyl acetate/acetic acid to give 4(Z)—erythro—8—
hyd roxy—7-hyd roxyme thy1~8—o—hyd roxyphenyl—4—octenoic acid (785
mg, 92%) as a colourless oil; NMR; 1.2 (t, 2H), 1.83 (m, 1H),
2.44 (m, 6H), 3.73 (m, 3H), 4.5 (m, 2H), 5.3 (m, 3H) and 7.0 (m,
4H); we 280 (MY).

The starting octenoic acid devivative A was itself
obtained as follows:—
(1) A solution of (4—o—methoxyphenyl—2,2—dimethyl-1,3—dioxan—
cis-5-yl)acetaldehyde (15.8 g) in dry THF (75 ml) was added
undetr argon to a stitrred, ice—cooled solution of the ylid
prepared from (3—carboxypropyl)triphenylphosphonium bromide
(51.48 g) and potassium t—butoxide (26.88 g) in dry THF (400
ml). The mixtuvre was stitrved for 15 minutes at 4°C, then fort
1.5 hours at ambient tempervature and was then pouved into ice-
water (1 "itre). The mixtuve obtained was washed with 50% v/v
ether/hexane (2 x 250 ml) to vemove the bulk of neutral

material., The aqueous phase was acidified to pH 5 with acetic

T I ST T

acid and extracted with ether (4 x 300 ml), These extracts werte
washed successively with water (3 x 150 ml), and saturated brine
(2 x 100 m1), then dried (MgSO;) and evaporated. The vesidue

was purified by flash chromatography, eluting with toluene/ethyl
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acetatesacetic acid (80:20:2v/v). The solid obtained was
crystallised from 10% v/v ethyl acetates/hexane (250 ml) to give
4(2)—6—(4—o—methoxyphenyl—2,2—dimethyl—1,3—dioxan~cis=5-
yl)hexenoic acid (B) (13.0 g), m.p. 99-101°C; NMR: 1.52 (3H,s),
1.54 (1H,m), 1.56 (3H,s), 1.80 (1H,m), 2.28 (4H,m), 2.49 (1H,m),
3.77 (1H,dd J=11,1Hz), 3.82 (3H,s), 4.16 (1H,dm J=11Hz), 5.28
(2H,m), 5.45 (1H,d J=2Hz), 6.83 (1H,dd J=7,1Hz), 6.97 (1H,td
J=7,1Hz), 7.22 (1H,td J=8,1Hz), 7.48 (1H,dm J=8 Hz).

(11) A solution of B (4.20 g) in a mixture of watetr (12 ml),
2M hydrochlotic acid (0.5 ml) and THF (40 ml) was heated with
stirring at 60—70°C. After 2 hours the mixture was cooled to

ambient temperature and poured into water (100 ml). The aqueous

. mixture was extvacted with ether (3 x 50 ml). The combined

extracts were washed successively with water (2 x 40 ml) and
saturated brine (40 ml), then dried (MgSO,) and evaporated to
give 4(2)—erythro—-8-hydroxy—7-hydroxymethyl-8—o—methoxyphenyl—4—
octenoic acid as a colourless oil (3.80 g); NMR: 1.95 (1H,m),
2,11 (1H, m), 2.37 (5H,m), 3.67 (2H,m), 3.83 (3H,s), 4.84
(3H,br), 5.22 (1H,d J=4Hz), 5.38 (2H,m), 6.88 (1H,br d J=7Hz),
6.98 (1H,bt J=7Hz), 7.25 (1H,td J=-7,1.5 Hz), 7.42 (1H,dd
J=7,1.5 Hz).
Example 21

Using a similar proceduvre to that described in Example
6, but starting from (=)—4(2)—6—(4—o—hydroxyphenyl—-2,2—dimethyl—
1,3—dioxan—cis—5Syl)hexenoic acid (A) there was obtained (-=)—
4(2)-6—([2,4,5—c1s]-2—o—chloro~phenyl—4—o-hydroxyphenyl=-1,3=
dioxam5-yl)hexenoic acid in 64% yield as a solid, m.p. 32-359C;
250 ]p =119° (c 0.49; EtOAc), having an NMR essentially the

same as that described for the vacemic form in Example 6.

The necessary starting acid A was obtained
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as follows:—

(1) Solid potassium t—butoxide (4.48 g) was added under argon
to a stirred, ice—cooled mixture of (3-
carboxypropyl)triphenylphosphonium bromide (6.44 g) and (-)-—
[2,3-trans]-tetrahydro—5—hydroxy—3—hydroxymethyl—2-o—
methoxyphenylfuran (B) (2.24 g) in dry THF (75 ml). The mixture
was stirred for 15 minutes at 4°C, then for 1 hour at ambient
temperature and was then poured into ice-water (150 ml). The
mixture obtained was washed with ether (2 x 50 ml) to remove the
bulk of the neutral material. The aqueous phase was acidified
to pH4 with 1M hydrochloric acid and extracted with ether (1 x
100 ml, 2 x 50 ml). These combined extracts were washed
successively with water (2 x 50 ml) and saturated brine (2 x 50
ml), then dried (MgSO,) and evaporated. The residue was
purified by flash chromatography, eluting with
ether/hexane/acetic acid (80:20:1 v/v) to give (=)—erythro—4(Z)—
8—hydroxy—7—-hydroxymethyl—8—o—methoxyphenyl—4—octenoic acid (C)
as a colourless oil (2.76 g); 22[alp —68.3° (c 1.1, methanol);
NMR: 1.92 (1H,m), 2.0-2.6 (6H,m), 3.67 (2H,m), 3.82 (3H,s), 5.21
(14,d J=5Hz), 5.37 (2H,m), 6.87 (1H,dd J=8,1Hz), 6.98 (1H,td
J=7,1Hz), 7.25 (1H,m), 7.42 (1H,dd J=7,1Hz); m’e 294 (%),

(11) A solution of C (2.57 g) in 2,2—dimethoxypropane (8.5 ml)
was treated with 'Amberlyst'-15 (Trademark of Rohm and Haas
Company) strongly acid, macroreticular ion—exchange resin (0.5
g) and the mixture stirred for 24 hours at ambient temperature.
The solid was removed by filtration and washed with ether (10
ml), The filtrate and washings were concentrated in vacuo and
the residue was purified by MPLC, eluting with hexanesethyl
acetate/ acetic acid (80:20:1 v/v). A clear oil was obtained
which slowly crystallised to give (—=)—4(Z)—6—(4—o—methoxyphenyl—
2,2-dimethyl-1,3—~dioxan—cis—-5-yl)hexenoic acid (D) (2.48 g).
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Recrystallisation from hexane gave solid of m.p. 71-73°C,
23[a)p -145.5° (¢ 1.1, methanol) with an NMR spectrum
essentially the same as that of the corresponding racemate
(Compound A in Ex.1).
(111) The hexenoic acid D was reacted with sodium
thioethoxide in DMPU using the same procedure as described for
the corresponding racemate in Example 6. There was thus
obtained (=)—4=(Z)—6—(4—o—hydroxyphenyl-2,2—dimethyl-1,3—dioxan—
cis=5—-yl)hexenoic acid (A) in 94% yield as a colourless oil;
25[a]D -128.6° (c 0.53; EtOAc), having an NMR spectrum
essentially the same as that of the racemate described in
Example 6.

The furan derivative B was itself obtained as
follows:—
(1v) Succinic anhydride (22 g), o—methoxybenzaldehyde (20 g) and
anhydrous zinc chloride (44 g) were added to dichloromethane
(dried over alumina, 200 ml) and the mixture stirred under
argon. Triethylamine (41 ml) was added to the ice—cooled mixture
over a period of 20 minutes. The reaction mixture was then
stirred at 200-259C. for 18 hours, after which time hydrochloric
acid (2M,130 ml) and ethyl acetate (200 ml) were added. The
subsequent mixture was stirred for 5 minutes. The aqueous phase
was separated and extracted with ethyl acetate (150 ml) The
combined extracts were washed with saturated brine (50 ml) and
then extracted with saturated sodium bicarbonate solution (3 x
200 ml). The combined aqueous extracts were washed with ethyl
acetate, and then acidified to pH2 with concentrated
hydrochloric acid. The oil which separated was extracted into
ethyl acetate (2 x 150 ml). The combined extracts were washed
with saturated brine (4 x 50 ml)until acid free, then dried

2 et st e 1o
TP IR IR P
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(MgS0;) and evaporated, Toluene (300 ml) was added to the
residue and the mixture was distilled atmospheric pressure until
the vesidual material attained 110°C. On cooling to 20°C,
tetrahyd vo—2—o—methoxyphenyl=5-oxo—3—furancarboxylic acid

5 separated as a crystalline white solid (27.2 g, 78%) (m.p.
106°C) which was shown by NMR to be a mixtuvre of [2,3—cis—]-and
[2,3-trans]-isomer; 2.8-3,0 (2H,m), 3.1-3.6 (1H,m), 3.8 (3H,s),
5.82 (0.75 H,d) [trans], 5.95 (0.25 H,d) [cis], 6.8=7.5 (4H,m).
v) A mixtuve of [2,3—¢is]— and [2,3-trans]—tetrahydro—2—

10 o—-methoxyphenyl=5—oxo—3—furancatrboxylic acid (188.6 g) was added

[

el to an ice cooled solution of concentrated sulphuric acid (320

Ceqgg

Ceef ! ml) in watevr (480 ml) and stirrved at 20-25°C for 18 hours.

[
¥ e

Water (800 ml) was then added and the mixture extracted with

t ¢
teee

e ethyl acetate (2 x 750 ml). The combined extracts were washed

‘::::. 15 with brine (4 x 500 ml) until acid free, dried (MgSO4) and
e evaporated to low volume. Toluene (1 litre) was added and the
distillation continued at atmosphetric pressure until the
¢ vesidual material attained a temperature of 110°C. On cooling
et pute [2,3-trans]—-tetrahydro—2—p—methoxyphenyl—5—oxo—3furan—
20 carboxylic acid separated as s white crystalline solid (169.5
eca g,90%), m.p. 133-1340C; NMR: 2.8-3.0 (2H,d), 3.3-3.6 (1H,m),
;::1€ 5.8 (34,s), 5.82 (14,d), 6.8-7.4 (4H,m),
(vi) A solution of d—ephedrine (61.2 g) in hot ethyl
L acetate (150 ml) was added to a solution of [2,3-trans]- 7
25 tetrahydro—2—o—methoxyphenyl-5~oxo—3—furancarboxylic acid (87.6 ;
g) in hot ethyl acetate (350 ml). The mixture was allowed to
cool to voom temperatutre during 2 hours and the crystalline salt
which had formed was separated by filtration to give 62 g of i
solid material having 23[a]p + 40.2° (methanol). This material L
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was recrystallised twice from ethyl acetate to give 48 g of
optically pure solid 25[a]p +50.3° (methanol). This solid was
added to ethyl acetate (1 litre) and 2M hydrochloric acid (150
ml). The ethyl acetate layer was washed with brine (2 x 100 ml)
until the pH of the washings was pH2—3, and then dried (MgSO4)
and evaporated. The residue was dissolved in boiljing toluene
(200 ml1). Insoluble material was removed by hot filtration. The
filtrate was allowed to cool to give (+)- [2,3-trans]-
tetrahydro—2—o—methoxyphenyl—5—oxo—3—furancarboxylic acid (E)
(27.4 g) 23[a]p + 33.0° (methanol). Recrystallisation from
toluene gave material of 25(a]p + 33.8° (methanol), m.p. 125-
1270C (decomposition), shown to be >98% optically pure by .
conversion of a small sample to its(—)—amyl ester and
examination of the 13C NMR spectrum.

(vii) A solution of E (97.5 g) in dry tetrahydrofuran (150 ml)
was cooled to 159C. and treated with a solution of borane in
tetrahydrofuran (500 ml of a 1M solution) with the temperature
maintained at 20-25°C. After 30 minutes the reaction was
complete (as judged by TLC analysis) and water (200 ml) was
added slowly to decompose the excess borane. The mixture was
concentrated in vacuo and the residue was mixed with ethyl
acetate (500 ml). The organic layer was washed successively
with saturated potassium carbonate solution (2 x 100 ml) and
saturated brine, dried (MgSO;), and evaporated to give [4,5—
trans]—tetrahydro—4—hydroxymethyl-5—o—methoxyphenylfuran—2—one
(F) as a viscous oil (81.8 g), having 23[a]p —14.2° (methanol)
and a satisfactory NMR spectrum (dg—acetone): 2.6 (3H,m), 3.7
(2H,m), 3.8 (3H,s), 4.1 (1H,br), 5.55 (1H,m), 6.8=7.5 (4H,m).
(viii) A solution of F (obtained above) in 1,2-
dimethoxyethane (150 ml) and dry toluene (500 ml) was cooled 3
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undetr a nitrogen atmosphere to —600C. 'A toluene solution of
diisobutylaluminium hydride (672 ml of 1.23M solution) was then
added slowly. After 30 minutes the veaction was quenched by
addition of methanol (50 ml) and the mixture allowed to watm up
to room temperature, 2M Hydrochloric acid (1 litre) and ethyl
acetate (500 ml) were then added and the mixtuve stitred. The
aqueous phase was separated and extracted with ethyl acetate (2
x 500 ml). The ethyl acetate phase and extracts were combined,
dried -(MgSO4) and evaporated. The vresidual oil was dissolved in
hot toluene (500 ml)., The solution obtained gave on cooling (=)-
[2,3—-trans]—-tetrahydro-5-hydroxy—3—hydroxymethyl—2-o—
methoxyphenylfuran (B) as a white solid (63.3 g), 25[alp —24.2°
(methanol), m.p. 110-1110C; NMR: 1.5-2.4 (3H,m), 3.4—4.0 (2H,m),
3.8 (3H4,s), 4.2-4.8 (2H,bvr), 5.25 (1H, m), 5.6 (1H, m), 6.9=7.9
(4H, m). '
Examples 22—-23

Using a similar procedure to that desctibed in Examplie

1 the following wevre obtained:—

(Example 22): (-)-4(Z)-6—([2.4,5—cis]—2—o—cyanophenyl—4—o—
hydroxyphenyl—1,3—dioxan—5—yl)hexenoic acid, in 74% yield as an
oil, 25[a]p —103.60 (c 2.58; EtOAc), starting from (=)=4(Z)—6—
([2,4,5=cis]=2—o cyanophenyl—4—o—methoxyphenyl—1,3—dioxan—5-
vyl)hexenoic acid [itself obtained as an oil in 57% yield 25[a]D

' =112.80 (c 0.454; EtOAc) starting from D in Example 21(ii), NMR

essentially identical to that of the racemate, in an analogous
manner to the corresponding starting material for

Example 1]; and

(Example 23): (=)—=4(2)—6—([2,4,5—cis]=2-p—cyanophenyl—4—o—
hydroxyphenyl—1,3—dioxan—5—yl)hexenoic acid in 36% yield, as a
solid, m.p. 53=550C; 23[a]p =132.50 (¢ 0.4; EtOAc), starting
from (=)= 4(z)-([2,4,5-cis]-2—-p—cyanophenyl—4—o—methoxyphenyl—
1,3—dioxan=5=yl)hexenoic acid [itself obtained as an oil in 49%

AL
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yield, NMR: 1.65

- 35 =

(m, 1H) 2.0 (m, 1H), 2.30 (m, 4H), 2.54 (m,

14), 3.83 (s, 3H), 4.18 (m, 2H), 5.31 (m, 3H), 5.77 (s, 1H),
6.91 (m, 2H), 7.27 (m, 1H), 7.53 (m, 1H) and 7.68 (s, 4H); w'e
420 (M%), starting from D in Example 21(ii), in an analogous

mannetr to the corresponding starting material for Example 1].

Example 24

A solution of sodium hydrogen carbonate (22 mg) in

water (2.5 ml) was added to a stirvred suspension of 4(Z)—6-

([2,4,5—cis]—2—o—chlorophenyl—4—o~hyd roxyphenyl-1, 3—dioxanm5—

vl)hexenoic acid (100 mg) in methanol (2.5 ml),

minutes the mixtuvre was evaporated to dryness in vacuo.

Aftevr 30

Residual water was removed from the residue by azeotvropic

evaporation with toluene to give sodium 4(Z)—6—([2,4,5—cis]—2—0—

chlorophenyl—b—gfhydroxyphenyl—l,3—dioxan—5—y1)hexenoate as a

white solid (101 mg, 95%), m.p. 97—-100°C.

In a similar manner, but using potassium bicarbonate

as starting material, the potassium salt m.p. (63—-65°C) of

4(z)-6—([2,4,5=cis]—2—o—chlorophenyl—4—o-hydroxyphenyl-1,3—

dioxanm5—-yl)hexenoic acid, was prepared.

Example 25

Piperidine (43 mg) was added to a solution of 4(Z)—6—

(2—o—chlovophenyl—4—o—hydroxyphenyl—1,3—dioxan—cis—5 yl)hexenoic
acid (201 mg) in ethyl acetate (1 ml). The mixture was-cooled to

0~59C and hexane (5 ml) was added, The supernatant soivent was

25

30

vemoved from the vesidual gum by decantation.

Trituration of

the gum with hexane gave a white solid which was crystallised

from 1:1 (by volume) hexane and dichloromethane to give the

pipetridine salt of 4(2)-6—([2,4,5=¢cis]=2-o—chloro—phenyl—4—o—

hydroxyphenyl—1,3—dioxanm—5—yl)hexenolc acid as a white solid
(111 mg, 46%), m.p. 68—69°C.

NI NI ey e



.10

[ER W
.

L)
LR

lr'n::' 15

o

25

30

- 36 —

Example 26—28

Using a similar procedure to that described in Example

19 but starting from the appropriate 2,2—dimethyl—-1,3—dioxane
derivative of formula VII (Ra=Rb=methyl), the following

compounds of formula I weve obtained:—

| Example | X | Y 1| 2 I Yield !  m.p. I

| | ! I o (2) I (og) 1
I | 1 1 | 1 |
| 26 I4=CN | H | F 1 69 | 162-164 |
| | | 1 | | I
I 27 12-CcN | H | F ! 39 | 48=52 |
! ! | | T I A
| 28 4N | F | H | 62 I 135-140 |

Partial NMR spectral data for the above compounds was as
follows:—
(Ex. 26): 5.40 (d J=2Hz, 1H, dioxane-C4—H), 5.75 (1H, s,

dioxane—C2-H), 6.73—=7.07 (m, 3 avomatic H), 7.70 (s, 4 avomatic

H);

(Ex. 27): 5.45 (1H, d J=2H,, djoxane-C4-#1), 6.0 (1H, s, dioxane-

C2-H), 6.66—6.93 (m, 3 avomatic H), 7.45-7.85 (4 avomatic H);

(Ex. 28): 5.45 (1H, d J=2H,, dioxane—C4-H), 5.8 (1H s, dioxane —

c2-H), 6.7-71 (m, 3 avomatic H), 7.70 (s, 4 avomatic H).

The starting material for Examples 26 and 27 was made

as follows, by general analogy with that in Example 19:—
1) Triethylamine (42 ml) was added with stirring and
cooling under an argon atmospheve to a solution

containing 5—fluoto—2-methoxybenzaldehyde (23.1 g)
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[prepared as a white solid, m.p. 41—-439C, by an analogous method
to that described in US Patent Ser. No. 4367234] and anhydrous
zinc chlovide (45 g) in dry dichlovromethane (250 ml) at such a
rate that the veaction temperature did not exceed 25°C.

Stirring was continued for 15 hours. The mixtuve was acidified
to pH 2 with 2 M hydrochloric acid and extracted with ethyl
acetate (3 x 150 ml). The combined extracts were washed with
saturated brine (6 x 100 ml) and extracted with a saturated
solution of sodium hydrogen catrbonate (4 x 60 ml). The combined
aqueous extracts were washed with ethyl acetate (50 ml1),
acidified to pH 2 usiné concentrated hydrochloric acid, and
extracted with ethyl acetate (4 x 100 ml). These extracts werte
washed with saturated brine (6 x 50 ml), dried (MgSO;) and
evaporated to give tetrahydro—2—(5—fluovro—2-methoxy—
phenyl)-5—oxo~3—furancarboxylic acid (40 g) as an oily mixture
(A) of [2,3=cis] and [2,3-trans] diastereomers (39:61 by high
pressure liquid chromatographic [HPLC] analysis); NMR: 2.93 (2H,
d, J = 8 Hz), 3.44 (IH, m), 3.88 (3H, s), 5.82 (1, d, J = 5, 7
Hz) and 7.10 (3H, m). (i1) The diastereomeric mixture A (35

g) was added to a solution prepared from concentrated sulphuric
acid (68 ml) and water (83 ml). The mixture was vapidly stirred
for 72 hours., Water (160 ml) was added,with cooling, and the
mixture was extracted with ethyl acetate (3 x 150 ml). The
combined extracts weve washed with saturated brine (6 x 100 ml),
dried (MgSO4;) and evaporated to give tetrahydro—2—(5—fluoro—2—
methoxy—phenyl)—=5—oxo—3—furancarboxylic acid as a white solid
(26.4 g; 14186 [2,3~cis] to [2,3-trans]diastereomer by HPLC).
Recrystallisation from toluene gave a further envichment of the
[2,3-trans] isomer (20.7 g; 8:92 cis: trans). This

recrystallised material was added to a solution prepavred from H
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sulphuric acid (41 ml) and water (95 ml). The mixture was
heated at 60°C for 2.5 hours. Water (100 ml) was added and the
mixtuvre was extracted with ethyl acetate (3 x 100 ml). The
combined extracts were washed with satucvated brine (6 x 100 ml),
dried (MgsO;) and evaporated to give [2,3—trans]-tetrahydro—2-—
(5—fluoro—2—methoxyphenyl)—5—oxo—3—furancarboxylic acid as a
white solid (B) (20 g; containing 2% w/w [2,3—cis]diastereomer
by HPLC analysis).

(111) . A solution of borane—tetrahydrofuran complex

(115 m1, 1M in tetrahydtofutan) was added to a stirred, ice—
cooled solution of B (19.3 g) in dry THF (100 ml), under an
atmosphere of argon. The mixtuvewas allowed to warm to voom
temperature and stirring was continued for 15 houts. Water (40
ml) was added cautiously with cooling and the solvent was
removed by evaporation. The vesidue was dissolved in ethyl °
acetate (100 ml). The solution obtained was washed
successively with saturated potassium carbonate solution (20 ml)
and saturated brine (50 ml), then dried (MgSO,;) and evaporated
to give [4,5—trans]—tetrahydro—5—(5—fluoro—2-methoxyphenyl)—4—
hydroxymethylfuran—2—one as an oil (C) (20.5 g); NMR:

2.5~2.8 (3H, m), 3.6—=4.0 (5H, m), 5.57 (1H, d J = 5.5 Hz) and
6.68—7.06 (3H, m).

(1v) A solution of diisobutylaluminium hydride (114 ml,
1.5M in toluene) was added over 45 minutes to a stirred mixture
containing C (20.2 g), dry toluene (90 ml) and dry 1,2-
dimethoxyethane (22 ml) at —70°C undetr argon. Stirring was
continued for 2 hours. Methanol (3 ml) was then added and the
mixture was allowed to warm to vroom temperature. Saturated
brine (120 ml) and ethyl acetate (300 ml) wevre added. Insoluble

—
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material was vemoved by filtration. The organic layer was
separated and the aqueous layetr was extvacted with ethyl acetate
(100 ml). The combined ethyl acetate fractions were washed with
saturated brine (2 x 100 ml), dried (MgSO;), and evaporated.

The vesidual oil was purified by flash chromatography, eluting
with petvoleum ethetr (b.p. 40—600C)/ethyl acetate (1l:4 v/v), to
give [2,3-trans]—tetrahydro~2—(5—fluoro—2—methoxyphenyl}~5~
hydroxy—-3—hydroxymethyl-furan as a white solid (D) (9.2 g); NMR:
1.75-2.45 (34, m), 3.65-4,05 (2H, m), 3.85 (3H, s), 4.45 (lH, ¢t
J =4 Hz), 5.25 (14, d J = 3 Hz), 5.65 (2H, br s) and 6.86-7.23
(3H, m).

(v) A mixture containing (3—catrboxypropy?)-—
triphenylphosphonium bromide (49.8 g), potassium t—

butoxide (26.0 g) and dry toluene (300 ml) was stirred at 80°C
for 30 minutes under argon, and allowed to cool to voom
tempevatutre. A solution of D (7.0 g) in dry tetrahydrvofuran (40
ml) was added and stirring was continued for 1 hour. Water (140
ml) was added, with ice-water cooling, and the mixture was
washed with ethyl acetate (3 x 60 ml). The aqueous phase was
acidified to pH 5 with oxalic acid and extracted with ethyl
acetate (3 x 100 ml). These extracts were combined, solid
material removed by filtration and the filtrate evaporated. The
residue was mixed with ether (100 ml) and residual solid removed
by filtration, This filtrate was then extracted.with a
saturated solution of sodium hydrogen carbonate (3 x 100 ml).
The combined extracts were washed with ethyl acetate (100 ml).
The aqueous phase was then acidified to pH 5 with oxalic acid
and extracted with ethyl acetate (3 x 100 ml). These combined
extracts were washed with saturated brine (150 ml), dried

(Mgs0,) and evaporated to give erythro—4(Z)-8-hydroxy—7-
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hydroxymethyl—8—(5—fluoro—2—methoxy—phenyl)octenoic acid as an
oil (E) (9.0 g); NMR:, 1.8-2.6 (7H, m), 3.75 (24, m), 3.78 (3H,
s), 5.2-5.5 (3H, m), 6.2 (3H, br s) and 6.7-7.3 (3H, m),.

(vi) A mixtuve of E (6.3 g), p—toluenesulphonic acid (5 mg)
and 2,2—dimethoxypropane (40 ml) was allowed to stand for 16
hours at ambient temperture. Triethyl—amine (3 drops) was added
and the solvent was evaporated. The vesidual oil was purified
by flash chromatography, eluting with toluene/ethyl acetate/
acetic acid (85:15:2 v/v), to give 4(Z)—6—(4—[5—
fluoro—2-methoxyphenyl]—2,2—dimethyl-1,3—dioxan—cis—
5—y1l)hexenoic acid as a colourless oil (F) (6.4 g);

NMR: 1.45 (3H, s), 1.48 (3H, s), 1.6-2.5 (74, m),

3.74 (3H, s), 3.62-3.78 (1H, dm, J = 11 Hz), 4,02-4.13

(14, dm J = 11 Hz), 5.05-5.38 (2H, m), 5.3 (1H, d J =

3Hz) and 6.6-7.15 (3H, m).

(vi1) Ethanethiol (4.4 ml) was added to a stirred suspension
of sodium hydride (2.62 g, 50% w/w dispersion in mineral oil) in
DMPU (80 ml) at 0°C under argon. After 1 hour, the mixture was
heated to 859C and then cooled to ambient temperature. A
solution of F (3.52 g) in DMPU (20 ml) was added and the

mixture was heated at 859C for 2 hours. The cooled mixture was
poured into ice—water (160 ml) and extracted with
dichlovromethane (2 x 100 ml). The aqueous layer was acidified
to pH 3 with 2M hydrochloric acid and extracted with ether (3 x
150 ml). The combined extracts were washed successively with
water (2 x 100 ml) and saturated brine (100 ml), then dried
(MgsS04) and evaporated. The vesidual oil was purified by flash
chromatography, eluting with toluenesethyl acetate/

acetic acid (80:20:2 v/v), to give 4(Z)—-6—(4—[5-
fluoro—2-hydroxyphenyl]=2,2—dimethyl-1,3-dioxan—cis—
5=yl)hexenoic acid as a colourless oil (2.62 g); NMR: 8

Y N
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1.5 (34, s), 1.55 (3H, s), 2.2-2.8 (74, m), 3.8 (1H, dd
J =12, 1.5 Hz), 4.1 (1H, dm J = 12 Hz), 5.1-5.6

(24, m), 5.4 (14, d J = 3 Hz) and 6.7-7.3 (3H, m).
Example 29 :

Using a similar Wittig procedure to that described in
part {i) of Example 20 but starting from ([2,4,5—cis]—2-0—
chlorophenyl—4—o—hydroxyphenyl—1,3—dioxan-5—yl)acetaldehyde and
the ylid prepaved fvom (3—carboxypropyl)triphenylphosphonium
bromide and potassium t—butoxide, 4(Z2)—6—([2,4,5—cis]—2—o—
chlovophenyl—4—o—hyd roxyphenyl—1,3—dioxan=5—yl)hexenoic acid may
be obtained in 23% yield,‘essentially identical to that isolated
in Example 20, 6 and 2.

. The starting acetaldehyde derivative was obtailned as
follows:—
(a) A solution of [4,5-cis]—5—allyl—4—p—methoxyphenyl—2,2-
dimethyl—=1,3—dicxane (7.86 g) in dvy THF (10 ml) was treated at
40C undetr argon with a solution of lithium diphenylphosphide
prepared from chlorophenylphosphine (16,60 g) and lithium metal
(2.1 g) in dey THF (75 ml). The mixture was stirred for 0.5
hours at 4°C, then for 3.5 hours at 50°C, cooled to 10°C and
poured into an ice~water mixture (500 ml). The aqueous mixture
was acidified with acetic acid and extracted with ether (3 x 200
ml). The combined extracts were washed with water (3 x 100 ml),
then with saturated brine (2 x 100 ml), Jdried (MgSO4) and the
solvent evaporated. The oil obtained was purified by flash
chromatography, eluting with 12,5% v/v ethyl acetaterhexane, to
give [4,5—cis]-5-allyl—4—o—hydroxyphenyl—2,2—dimethyl-1,3—
dioxane as a solid (7.20 g), m.p. 49=510C, having a satisfactoty
NMR spectrum,
(b) A solution of 2—chlorobenzaldehyde (1 ml), p-
toluenesulphonic acid (20 mg) and [4,5-cis]-5-allyl—2,2—
dimethyl—4—o-hyd roxyphenyl—1, 3~dioxane (500 mg) was

RN TIT
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stirred in toluene (1 ml) for 2 hours undet arzoa. Ether (50 ml)
was added and the whole mixture washed with 0.5M sodium
hydroxide solution (2x25 ml). .The ether layer was then furthetr
washed with saturated brine (3 x 40 ml), dried (MgSO4;) and
evaporated. The vresidue was purified by flash column
chromatography on silica. Elution with 12% (v/v) ethyl
acetateshexane gave [2,4,5—gl§]—5—a11y1—2—gfchlotopheny1—4—97
hydroxyphenyl—1,3—dioxane as a colourless solid, m.p. 87—89°C

(494 mg; 74.5%); NMR 4 1.85 (m,lH), 2.15 (m,1H), 2.68 (m,1H),

4.26 (m,2H), 5.07 (w,2H), 5.50 (d4,1H), 5.68 (m,1H), 6.06 (s,1H)
7.10 (m,7H) and 7.72 (m,2H).
(c) .0zone was passed through a solution of [2,4,5—cis]-5-
a11y1—2-grchlotophenyI—4—o—hydtoxyphenyl—l,3—dioxéne (370 mg) in
methylene chloride (35 ml) at —789C until a permanent blue
colour developed. The solution was flushed with argon until
colourless and triphenyl phosphine (390 mg) was added. The
mixture was allowed to reach room temperature and'putified by
flash column chromatography on silica. Elution with 30% (v/v)
ethyl acetate/hexane gave ([2,4,5-cis]—2—o—chlorophenyl—4—o—
hydroxyphenyl—1,3—dioxan=5—yl)acetaldehyde as a colourless oil
(167 mg; 45%); NMR: 2,62 (m,2H), 3.15(m,1H), 4.28 (m,2H), 5.47
(d,14), 6.05 (s,1H), 7.43 (m,8H) and 9.70 (s,1H); m’e 333
(rt+1) .
Exaghle 30

Using a similar proceduvre to that described in Example
20, the sodium salt, m.p. 65—699C, and the potassium salt, m.p.
96-98°C (hygroscopic) of (=)—4(z2)—6-([2,4,5——cis]-2—0—
chlorophenyl—4—o—=hydroxyphenyl—-1,3— dioxan—5—yl)hexenoic acid,
were prepared using sodium and potassium bicarbonate,

respectively.
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Example 31
Illustrative pharmaceutical dosage forms of the

invention include the following tablet, capsule, and aevosol
formulations, which may be obtained by conventional procedures
well known in the art of pharmacy and atre suitable for

therapeutic ot prophylactic use in humans:—

(a) Tablet I mg/tablet
Compound X¥ 1.0
" Compound Y* 1.0
Lactose Ph, Eur, 92.25
Croscarmellose sodium 4.0

Maize starch paste (5% w/v aqueous paste) 0.75

Magnesium steavcate 1.0
(b) Tablet II mg/tablet
Compound X% 5
Compound Y¥ 50
Lactose Ph. Eurt 218,75
Croscarmellose sodium 6.0
Maize starch 15.0 .
Polyvinylpyrrolidone (5% w/v aqueous paste) 2,25
Magnesium steartate 3.0
(c) Tablet III mg/tablet
Compound X* 25
Compound Y¥ 75
Lactose Ph. Eur, 182.75
Croscarmellose sodium 12.0
Maize starch paste (5% w/v aqueous paste)  2.25
Magnesium steatate 3.0
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Capsule I mg/capsule
Compound X¥,.. svi see ese  eee 5
Compound Y¥... ... ees 2o ees D

Lactose PH.EUT. eee oee ees ose 488.5

Magnesium stearate ces eae  sue 1.5
Capsule II mg/capsule
Compound X¥,.. ... .e¢ ... ... 50

Compound Y¥... ... +ee see «.. 250
Lactose Ph. EUT., ¢¢ et eee oos 199

Magnesium Steartate 1
Aevosol I mg/m}

Compound X¥ ... ... ... .e. ... 5.0
Compound Y¥ ... .ot +es see ee. 5.0
Sorbitan trioleate ces  see  een 13.5
Trichlovrofluoromethane ves <. 910.0
Dichlovrodifluoromethane ... ... 490.0

Aevosol IT mg/ml
Compound X®.e0o ser  ees see eee 0.1
Compound Y¥.,.. .¢e cer coe  aes 0.1
Sorbitan trioleate ees dee  ees 0.27
Trichlovrofluoromethane cee  eas 70.0

Dichlorodifluoromethane cee  eas 280.G
Dichlovrotetrafluovroethane «ee e 1094.,0
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(h) Aerosol III mg/ml
Compound X¥,.. ... vev ces  ese 1.0
Compound Y®,., ..¢ ces cee  ees 2.0
5 Sorbitan trioleate ... ... oo 3.38
Trichlorofluoroﬁethane e ses 67.0
Dichlorodifluovromethane ... ... 1086.0
Dichlorotetrafluovroethane ... ... 191.6
0.°°, 10 ' (1) Aevosol IV - . mg/ml
:”:f Compound XX... ... ... see eus 1.5
®oso0e’ ' Compound Y¥... .e. sos  sss  ess 2.0
’::::' Soya lecithin ... ... ... ... 2.7
2eoe 15 Trichlorofluoromethane Cee e 67.5
Dichlovodifluoromethane ... ... 1085.0
oo Dichlovrotetrafluoroethane ... ... 151.6
e 0w !
a:o::o Note
, 20 % Compound X is a compound of formula I, ot a
et pharmaceutically acceptable salt thereof defined hervein, for
grer example a compound of formula I described in any preceding
eoce Examples, typically Example 1, 2, 6, 13 ov 20.
osed * Compound Y 1s a TXAp synthetase inhibitot, ot a
25 pharmcaeutically acceptable salt thereof, for example as
specified heveinbefovre e.g. dazoxiben, ot the compound known as i
CV4151, ot a salt therveof. :
The tablet compositions (a)—(c) may be enteric coated i
by conventional means, for example to provide a coating of o
30 cellulose acetate phthalate, The aevosol compositions (£)—(1)

may be used in conjunction with standard, metered dose aevosol

dispensers, and the suspending agents sotrbitan trioleate and I
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soya lecithin may be replaced by an alternative suspending agent
such as sorbitan monooleate, sorbitan sesquioleate, polysorbate
80, polyglycerol oleate ov oleic acid. Other formulations
containing diffevent amounts of the active ingredients X and Y

5 may be obtained using generally analogous procedures and

exipients well known in the pharmaceutical artt.
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The claims defining the invention are as follows:

1. A pharmaceutical composition comprising as active
ingredients:
(1) a 2,4—diphenyl-1,3-dioxane derivative of the formula I set
out hereinbelow wherein X is selected from fluoro, chloro,
bromo, trifluoromethyl, cyano, methoxy and nitro; and one of Y
and Z is hydrogen or fluoro, and the other is hydrogen; and
wherein the groups at positions 2, 4 and 5 of the dioxane ring
have cis—relative stereochemistry; or a pharmaceutically
acceptable salt thereof; and
(11) an inhibitor of the synthesis of thromboxane Aj;

together with a pharmaceutically acceptable diluent or
carrier.
2. A composition as claimed in claim 1 wherein, in the
active ingredient (1), wherein X is selected from 2—fluoro, 2-
chloro, 2-bromo, 2—cyano, 2—-trifluoromethyl, 3—fluoro, 3—chloro,
3-cyano, 3—nitro, 3-methoxy, 4—chloro, 4—cyano, 4=nitro and 4—
methoxy;
Y is hydrogen or fluoro; and Z is hydrogen.
3. A composition as claimed in claim 1 wherein, in the
active ingredient (1), X is selected from 2—chloro, 3—chloro,
2—cyano, 4—cyano, 3—nitro and 4—-nitro; Y and Z are hydrogen.
4. A composition as claimed in claim 1 wherein-the active
ingredient (1) 1is selected from 4(Z)—6—([2,4,5—cis]—2—0—
cyanophenyl—-4—o—hydroxyphenyl—1,3—dioxam5—yl)hexenoic acid,
4(2)-6—([2,4,5=cis]=2—o0—chlorophenyl—4—o—hydroxyphenyl—1,3—
dioxam-5-yl)hexenoic acid, 4(z2)—6-([2,4,5-cis]—2—p—cyanophenyl=—
4—o=hydroxphenyl-1,3—dioxan-5-yl)hexenoic acid, and the
pharmaceutically acceptable salts thereof.
5. A composition as claimed in any preceding claim

wherein the active ingedient (i) is present as a
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pharmaceutically acceptable salt selected from alkali metal and
alkaline earth metal salts, aluminium and ammonium salts, and
from salts with organic amines and quaternaty beases forming
physiologically acceptable cations,

6. A composition as claimed in any preceding claim
wherein the active ingredient (ii) is selected from the known
inhibitors of thromboxane A2 synthesis:—

(1) dazoxiben;
(2) furegrelate;
(3) UK 38485;
(4) CGS 129704
(5) GCS 13080;
(6) CGS 14854,
(7) OKY 0463

(8) OKY 1580;
9) OKY 1581;
(10) CV4151;

(11) N-[(1H)—imidazol~1=yl)octyl]—4—chlorobenzamide;
(12) CBS 645;
(13) SC 41156;
(14) ¥Y20811; and

the pharmaceutically acceptable salts therveof.

7. A compositlon as claimed in any of claims 1-5 whevein
the active ingredient (11) is selected from the known inhibitors
of thromboxane A syntheis, dazoxiben, CV 4151, and the
pharmaceutically acceptable salts thereof.

8. A composition as claimed in claim 1 which comprises as
active ingredient (1), 4(z)-6—([2,4,5—cis]—2—o—chlovrophenyl—4—o—
chlovophenyl—4—o—hyd roxyphenyl—1, 3-dioxan—-5—y1)hexenoic acid, ot

a phatmaceutically acceptable salt theveof; and as active




y 1L %

—54-

ingredient (ii), the Kknown inhibitor of thromboxane A

2
synthesis, dazoxiben, Cv41s51, or a pharmaceutically

acceptable salt thereof.

9. A composition as claimed in claim 1 substantially as
hereinbefore described with reference to any one of the
examples.
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