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This invention concerns novel pyridine containing alkenoic acid derivatives and, more particularly, it
concerns novel 1,3-dioxan-5-yl alkenoic acids containing a pyridyt moiety attached at position 4 of the 1,3~
dioxane ring. The alkenoic acids of the invention have valuable pharmaceutical properties and the invention
includes pharmaceutical compositions containing the novel acids and processes for the manufacture and

- medical use of said novel acids.

it is known that the arachidonic acid metabolite thromboxane Az (hereinafter referred to as "TXAz"} is a
powerful vasoconstrictor and a potent aggregator of blood platelets. TXAz is also a potent constrictor of
bronchial and tracheal smooth muscle. TXA2 may therefore be involved in a variety of disease conditions,
for example ischaemic heart disease such as myocardial infarction, angina, cerebrovascular disease such
as transient cerebral ischaemia, migraine and stroke, peripheral vascular disease such as atherosclerosis,
microangiopathy, hypertension and blood clotting defects due to lipid imbalance.

it is believed that TXAz exerts its physiological action through the thromboxane receptor, via which
receptor various other prostanoid contractile substances derived from arachidonic acid, such as prostaglan-
dins Hz, F2 alpha and prostaglandin D2, can exert contractile effects. There are two principal ways in which
the effects of TXAz2 can be ameliorated. The first is by administering a pharmacological agent which
preferentially occupies the thromboxane receptor, but yet does not produce the contractile effects which
follow the binding of TXAz (or of prostaglandins Hz, Fz alpha and/or Dz). Such an agent is said to possess
TXA2 antagonist properties. The second way is to administer a pharmacological agent which inhibits one or
more of the enzymes invoived in the production of TXAz and in particular which inhibits the enzyme known
as thromboxane synthase (TXA; synthase). Such an agent is said to be 'a TXA2 synthase inhibitor.
Accordingly, it may be seen that agents which possess TXAz antagonist properties and which inhibit TXA;
synthase may be expected to be of therapsutic value in the treatment of one or more of the above
mentioned diseases or other diseases in which TXAz is involved. Also, agents which possess TXA;
antagonist properties may be expected to be of value additionally in treating those diseases in which
prostagiandins Hz,F2 alpha and/or D. are involved, for example especially in treating asthmatic and
inflamrmatory diseases. Although 1,3-dioxane TXAz antagonists are known (for example, in European patent,
publication number 94239B1), as are certain TXAz synthase inhibitors (for example, in European patent
application, publication number 98690A2), obtaining compounds which combine both properties to a useful
extent is not straightforward. :

However, we have now discovered (and this is the basis for our invention) that, surprisingly, certain 1,3-
dioxan-5-yl alkenoic acids of the formula | (set out, together with the other chemical structures, at the end of
this specification) containing a pyridyl moiety attached to position 4 of the 1,3-dioxane ring, are good
inhibitors of TXAz synthase and also possess significant TXAz antagonist properties and are useful
pharmaceutical agents.

According to the invention there is provided a 1,3-dioxane alkenoic acid derivative of the formula | (set
out hereinafter together with the other chemical formulae in Roman numerals) whersin: n is the integer 1 or
2; X is hydrogen, hydroxy or (1-4G)alkoxy; Y is methylensoxy, vinylene or ethylene; A! is (1-6C)alkylens;
and

(a) R? is hydrogen; and R' is naphthyl or phenylthio(1-8C)alky!, optionally bearing 1 or 2 substituents
selected from halogeno, cyano, nitro, (1-4C)alkyl, (1-4C)alkoxy and trifluoromethyl, or R' is a group of the
formuta R2.A2-, in which:

R3 is phenyl bearing a substituent which is selected from (1-4C)alkyl, (1-4C)alkoxy, hydroxy, (2-5C)alkenyl,
(1-4C)alkyithio, (1-4C)alkylsulphinyl, (1-4C)alkylsulphonyl, (2-5C)alkanoyl, carboxy, [(1-4C)alkoxylcarbonyl,
[_rg-u -4C)alkyllcarbamayl, {1-5C)alkanoylamino and (1-4C)alky! itself bearing a (1-4C)alkoxy, cyano, carboxy
or {(1-4C)alkoxy]carbonyl, and the phenyl optionally bearing a second substituent selected from (1-4C)alkyl,
(1-4C)alkoxy, halogeno, trifluoromethyl, nitro and cyano;

or R3 is thienyl or furyl optionally bearing 1 or 2 substituents independently selected from halogeno (1-4C)-
alkyl, nitro and cyano;

and A? is (1-8C)alkylene oxy(1-6C)alkylene or (2-6C)alkenylene up to three carbon atoms of any of which
may be wholly or partially fluorinated, or A? is a direct bond to R3;

or R! is a group of the formula QR.A%.Q!-, in which:

Q' and Q2 are aromatic moieties, one of which is a benzene moiety and the other of which is a benzene,
pyridine or naphthalene moisty, any of which may optionally bear a substituent selected from halogeno,
cyano, nitro, (1-4Cjalkyl, (1-4C)alkoxy and trifluoromethyl, and A is oxy, thio, sv.‘ffphinyl, suiphonyl, carbonyi,
carbamoy!, iminocarbonyl, ureido, (1-6C)alkylene, oxy(1-6C)alkylene, (2-6C)alkenylene or a direct bond
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betwsen Q! and Q;
{b) R is pentafluoroethyl and R? is hydrogen, or both R' and R? are trifluoromethyl; or
~ (c) R and R2 are both independently alkyl or together form alkylene, such that R' and R? togsther
contain 5-9 carbon atoms; and R* is hydroxy, @ physiologically acceptable alcohol residus, or (1-4C)-
alkanesulphonamido; or a pharmaceutically acceptable salt thereof.

it will be appreciated that the compounds of formula  possess asymmetric carbon atoms and may exist
and be isolated in racemic and optically active forms. The invention includes both the racemic forms and
any optically active form {(or mixtures thereof) which is capable of antagonising one or more of the actions
of TXAz and inhibiting the synthesis of TXA, it being well known in the art how to prepare individual optital
isomers (for example by synthesis from optically active starting materials or resolution of a racemic form)
and how to determine the TXAz antagonist properties and TXAz synthase inhibitory properties using one or
more of the standard tests referred to hereinafter.

It will be understood that the groups at positions 4 and 5 (and position 2, when R? is hydrogen) of the
1,3-dioxane moiety of formula | have cis-relative stereochemistry, as have the groups adjacent to Y when it -
is vinylene (i.e. the latter compounds axist as the "Z" isomer). Further, aithough a particular configuration is
shown in the chemical formulae attached hereto, thls does not necessarily correspond to the absolute
configuration.

It is to be understood that the generic term "alkylene” includes both straight chain and branched chain
alkylene groups such as ethylene and ethylidene and other generic terms are to be construed similarly.
However, when a specific term such as "butyl” is used, it is specific to the straight chain or "normal” butyl
group, branched chain isomers such as "t-butyl" being referred to specifically when required.

Particular values for R' and R2 when they are alkyl include, for example, methyl, ethyl, propyl,
isopropyl, butyl and pentyl; and when together they form alkylene include, for example, tetramethylene,
pentamethylene and hexamethylene, any of which may optionally bear 1 or 2 methy! substituents.

A particular value for R' when it is phenylthio(1-6C)alkyl is, for example, 1-methyl-1-{phenyithio)ethyl or
phenylthiomethyl, optionally substituted as defined hereinabove.

Particular values for substituents which may be present on R! when It is naphthyl or phenyithio(1-6C)-
alkyl, or on the aromatic moleties Q' or Q2 as dsfined above includs, for example: for {1-4C)alkyl: methyl
and ethyl; for (1-4C)alkoxy: methoxy and ethoxy; and for halogeno: fiuoro, chioro and bromo. A particuiar
value for X when it is alkoxy is, for example methoxy or ethoxy.

Particular values for substituents which may be present when R? is phenyl, thisnyl or furyl as defined
above include, for example: for (1-4C)alkyl: methyl and ethyl; for (1-4C)alkoxy: methoxy and ethoxy; for
halogeno: fluoro, chloro and bromo; for (2-5C)alkenyl: vinyl, 2-propenyl and 3,3-dimethylpropenyl; for (1-
4C)alkyithio: methyithio and ethylthio; for (1-4C)alkylsulphinyl: methylsulphinyl and ethylsulphinyl; for (1-4C)-
alkyisulphonyl: methylsulphonyl and ethylsulphonyl: for (2-6C)alkanoyl: acetyl, propionyl, butyryl and 2-
oxopropyl; for [(1-4C)alkoxylcarbonyl: methoxycarbonyl, ethoxycarbonyl and t-butoxycarbonyi; for [N-(1-4C)-
alkyl]carbamoyl: N methyicarbamoy!, N-ethylcarbamoyl and N-propylcarbamoyl; for (1-5C)alkanylamino:
formamido, acetamido and propionamido; and for substituted (1-4C)alkyl: methyl, 1-ethyl, 2-ethyl, or 1-, 2-
or 3-propyl, bearing a (1-4C)alkoxy (such as methoxy or ethoxy), cyano, carboxy or [(1-4C)alkoxylcarbonyl
{such as methoxycarbonyl or ethoxycarbonyl) substituent.

Particular values for R* when it is a physiologically acceptable aicohol residue are those which render
the subsequent ester biodegradable and are chosen from, for example, (1-6C)alkyl optionally bearing a
hydroxy or (1-4C)alkoxy substituent, such as methyl, ethyi, 2-hydroxyethyl, 2-methoxyethyl, propyl or 3-
hydroxypropyl; phenyl; and benzyl; the latter two of which may bear 1 or 2 optional substituents selected
from halogeno (such as fluoro, chioro, bromo or iodo), (1-4C)alkyl (such as methyl or ethyl) and (1-4C)-
alkoxy (such as methoxy or ethoxy).

Particular values for R* when it is (1-4C)alkanesulphonamido include, for example, methanesul-
phonamido, ethanesulphonamido and butanesulphonamido.

Particular values for A' when it is (1-6C)alkylene include, for example: methylene, ethylene,
trimethylene, tetramethylene and 1,1-dimethylethylene) and 1,1-dimethyltrimethylene, of which values
ethylene and trimethylene are generally preferred, sthylene being particularly preferred.

Particular values for A2 when it is (1-6C)alkylene inciude, for example, (1-4C)alkylene (such as
methylens, ethylene, trimethylene, isopropylidene and 1,1-dimsethylethylene) and 3,3-pentylidine; when it is
(2-6C)alkenylene include, for example, vinylens, 1,3-propenylene and 1,4-buten-2-ylene; and when it is oxy-
{(1-6C)alkylens include, for example, oxymethylene, oxytetramethylene (i.e. a group of the formula: -O.-
(CHz)s- ), 1-oxy-1-methylethy! (i.e. a group of the formula: -0.C(CHa)2- ) and 2-oxy-1,1-dimethylethyl (i.e. a
group of the formula -0.CH2.C(CHs)2- ), it being undsrstood that the oxy link is to the group R® and not to
the 1,3-dioxane ring.
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Particular values for A2 when it contains fluoro substituents include, for example, when it is
difluoromethylene or 2,2,2-trifluoro-1-oxy-1-trifluoromethylethy! (i.e. a group of the formuia: -O.C{(CFa)2- ).

A particular vaiue for R? when it is thienyl or furyl is, for example, 2-thienyl, 3-thienyl or 2-furyl,
optionally bearing 1 or 2 substituents independently selected from methyl, ethyl, chloro, bromo, nitro and
cyano.

Q' is preferably a benzene moiety and Q2 is typically a benzens, pyndme or napthalene monety
optionally substitued as defined above.

Particular values for A® when it is (1-6C)alkylene mclude. tor example, (1-4C)alkylens (such as
methylene, ethylene, trimethylene, isopropylidene and 1.1-dimethylethylene) and pentamethylene; when it is
(2-6C)alkenylene include, for example, vinylens, 1,3-propenylene and 1,4-buten-2-ylene; and when it is oxy-
(1-6C)alkylene inciude, for example, oxymethyfene, oxyethylene and oxytetramethylene (i.e. a group of the
formuia: -0.{CHa2)+-), it being understood that the oxy fink may be fo Q' or Q2.

A generally preferred value for n is 1 for X is hydrogen, for Y is cis-vinylene, for Al is ethylene and for
R* is hydroxy.

Specific values for R and R? include, by way of example:

a) when R' and R? are both trifluoromethyl;

b) when R! is thienyl or furyl, optionally containing a halogeno, cyano or nitro substituent, and R? is
hydrogen;

¢) when R' is phenoxy(1-4C)alkyl (especially 1-methyl-1-phenoxyethyl), the phenyl moiety of which
contains a first substituent selected from (1-4C)alkyl and (1-4C)alkoxy, optionally together with a second
substituent selected from (1-4C)alkyl, (1-4C)alkoxy, halogeno, nitro, trifluoromethyl and cyano, and R2 is
hydrogen;

d) R' is phenylthio{1-4C)alkyl (especially 1-methyl-1-phenylthicethyl), the phenyl moiety of which
optionally bears 1 or 2 substituents independently selected from (1-4C)alkyl, (1-4C)alkoxy, halogeno, nitro,
trifluoromethyl and cyano, and R? is hydrogen;

e) when R! is naphthyl optionally bearing 1 or 2 substituents selected from halogeno, (1-4C)alkyl and
nitro, and R? is hydrogen; and

f) when R! is benzyliphenyl, benzy|oxyphenyl (pyridyimethoxy)phenyl, (naphthylmethoxy)phenyt,
phenoxyphenyl and (phenoxymethyl)phenyl.

A group of compounds of the invention of particular interest comprises compounds of formula il
wherein: R* has the meanings defined above; A* is (1-4C)alkylene; X' is hydrogen or hydroxy; and RS is
naphthyt or thienyl optionally bearing a substituent selected from cyano, nitro, halogeno and (1-4C)alkyl, or
RS is a group of the formula RS.A5- in which: RS is phenyl bearing a first substituent selected from (1-4C)-
alkyl, (1-4C)alkoxy, hydroxy, (2-5C)alkenyl, (1-4C)alkyithio, (1-4C)alkylsulphinyl, (1-4C)alkylsulphony}, (2-5C)-
alkanoyl, carboxy, [(1-4C)alkoxy]carbonyl, [N-(1-4C)alkyl]carbamoyl {1-5C)alkanoylamino and (1-4C)alkyl,
the latter bearing a (1-4C)atkoxy, cyano, carboxy or [(1-4C)alkoxy]carbonyl, said pheny! optionally bearing a
second substituent selected from (1-4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl, nitro and ¢cyano, and
A% is (1-4C)aikylene, oxy(1-4C)atkylene or a direct bond to RS; together with the pharmacseutically
acceptable salts thereof.

Particular values for substituents which may be present as part of R or R® include, for example, those
given hereinabove for R!. Particular values for R® include, for example, when it is phenyl bearing a first (1-
4C)alkyl (especiaily methyl or ethyl), (1-4C)alkoxy (especially methoxy) or hydroxy substituent, optionally
together with a second nitro, halogeno (especially fluoro, chloro or bromo) or trifiuoromethy! substituent. _

Particular values for A* include, for example, those defined above for A' when it is (1-4C)alkylene, for
example, ethylene, trimethylene and 1,1-dimethylethylene, of which values, ethylene and trimethylene are
generally preferred.

Particular values for AS includs, for example, those defined above for A? when it is a direct bond, (1-
4C)alkylene or oxy(1-4Cjalkylene, such as a direct bond, isopropylidene and 1,1-dimethylsthylene, 1-oxy-1-

, methylethyl (i.e. a group of the formula: -O.C(CHs)z- ).

Specific values for R® include, for example, when it is 1-naphthyl, 2-naphthyl, 2-chloro-1-naphthyl, 2~
thienyl, 3-thienyl, 5-cyano-2-thienyi, 5-bromo-2-thienyl, 4-bromo-2-thienyl, 4-chloro-2-thienyl, S-chioro-2-
thienyl, 2-furyl, 5-bromo-2-furyl, 1-(4-methoxyphenoxy}-1-methyisthyl, 1-(4-tert-butylphenoxy)-1-methylethyl,
1-(2-methoxyphenoxy)-1-methylethyl, 1-(2-methyithiophenoxy}-1 -methylethyl, 1 -(4-methylthiophenoxy)-1-
methylethyl, 1-(2-methylsulphonyiphenoxy)-1-methylethyl, 1-(4-methylsulphonylphenoxy)-1-methylethyl, 1-
methyl-1-(2-methylphenoxy)ethyl, 2-phenyithiophenyl, 2-phenylsulphonylphenyl, 2-biphenylyl, 2-benzoyl-
phenyl, alpha,alpha-diflurorobenzyl, 1-methyi-1-(4-methoxy-2-nitrophenoxy)ethyl, 1-methyi-1-(4-methyl-2-
nitrophenoxy)ethyl, 1-methyl-1-(2-cyano-4-methyiphenoxy)ethyi, 1-methyl-1-(4-chloro-2-cyanophenoxy)ethyt,
1-methyl-1-(2-cyano-4-methoxyphenoxy)ethyl, 1-methyl-1-(2-cyano-5-methylphenoxy)ethyl, 1-methyi-1-(2-

4



70

15

20

25

30

35

50

THIS SHEET HAS BEEN
EP 0 365 328 A2 ~ REPLACED

nitrophenoxy)ethyl, 1-(2-hydroxyphenoxy)-1-methylethyl or (E)-2-methoxystyryl

A further group of compounds of the invention of particular interest comprises compounds of formula Il
whersin A* is (1-4C)alkylene; X! is hydrogen or hydroxy; AS is oxy, thio, suiphonyl, carbonyl, carbamoyi,
iminocarbonyl, (1-6C)alkylens, oxy(1-6C)alkylene or a direct bond to Q3, Q2 is benzene, pyridine or
naphthalene; R7 and R® are independently selected from hydrogen, halogeno, cyano, nitro, (1-4Calkyl, (1-
4C)alkoxy and trifluoromethyl; and R* has the meanings defined above; together with the pharmaceutically
acceptable salts thereof. '

Particular values for A* in the formula Il compounds are, for example, as for the formula il compounds
stated above. s

Particular values for AS include, for example, those defined above for A® when it is (1-6C)alkylene or
oxy(1-6C)alkylene, such as methylene, ethylene, isopropylidene and oxymethylens, as well as oxy, thio,
sulphonyl, carbonyl, carbamoy), iminocarbonyl, and a direct bond to Q3.

Examples of particular values for R7 or R? include, fluoro, chloro and bromo, for halogeno; methyl and
ethyl, for alkyl; and methoxy and ethoxy, for alkoxy, as well as hydrogen, cyano, nitro and triflucromethyl.
QB is typically phenyl or pyridyl.

Specific values for the group of the formuia R¥.Q3.AS- in the formuia Il compounds include, for
sxample, phenoxy, phenyithio, phenyisulphonyl, phenyl, benzoyl, benzyl, benzyloxy, 4-cyanobenzyloxy, 2-
pyridylmethoxy, 3-pyridylmethoxy, 4-pyridylmethoxy, phenoxymethyl, 2-naphthyimethoxy, 2,5-dimethox-
ybenzyloxy, 4-nitrobenzyloxy and 3-¢cyanobenzyloxy.

A particularly preferred value for R* is hydroxy, for X! is hydrogen and for A* is sthylene.

Particular novel compounds of the invention are described in the accompanying Examples and are
provided, together with their pharmaceutically acceptable salts, as a further feature of the invention. Of
these compounds, those described in Examples 18, 19, 20, 46 and 48 are of particular interest and are
provided together with their pharmacsutically acceptable salts, their physiologically acceptable biodeg-
radable esters and (1-4C)alkanesulphonamides, as further features of the invention.

It will be appreciated that the compounds of formula | are amphoteric when R* is hydroxy or
alkanesulphonamido and can form salts with acids as well as bases. Particular pharmaceutically acceptable
salts therefore include, for example, alkali metal and alkaline earth metal salts. ammonium saits, 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 ben-
zyltrimethylammonium hydroxide, and also salts with acids affording physiologically acceptable anions such
as salts with mineral acids, for example with hydrogen halides (such as hydrogen chloride and hydrogen
bromide), sulphuric and phosphoric acid, and with strong organic acids, for example with p-toluenesulphomc
and methanesulphonic acids.

The compounds of formula | may be manufactured by conventional procedures of organic chemistry
well known in the art for the manufacture of structurally analogous compounds. Such procedures are
provided as a further feature of the invention and are illustrated by the following representative procedures
in which R', R2, R*, X, Y, A' and n have any of the meanings defined hereinbefore.

(a) A diol derivative of the formula IV wherein one of T' and T2 is hydrogen and the other is hydrogen
or a group of the formula -CRaRb.QH {wherein Ra and Rb are the same or different (1-4C) alkyl) is reacted
with an aldehyde derivative of the formula R.CHO or an acetal, hemiacetal or hydrate thereof.

The latter aldehyde {or its hydrate, or its acetal or hemiacetal with a (1-4C)alkanol (such as methanol or
sthanol)] may conveniently be present in an excess.

The reaction is generally performed in the presence of an acid such as hydrogen chioride, hydrogen
bromide, sulphuric acid, phosphoric acid, methanesulphonic acid or p-toluenesulphonic acid, conveniently in
the presence of a suitable solvent or diluent, such as dichloromethane, toluene, xylene or an sther, for
example, tetrahydrofuran, dibutyl ether. methyl t-butyl ether or 1,2-dimethoxyethane, and at a temperature
in the range, for example, 0 to 80" C.

Those starting materials of formula IV wherein T' and T2 are both hydrogen may be obtained, for
example, by mild, acid catalysed, hydrolysis or alcoholysis of the dioxane ring of a compound of formula V
wherein one of Ra and Rb is hydrogen or (1-4C)alkyl (such as methyl or sthyl)and the other is (1-4C)alkyl,
obtained by an analogous procedure to process {(d) hereinbelow, for example as described in European
patent application, Publication No.94239. The hydrolysis or alcoholysis will normally be carried out at a
temperature in range 10 to 80" C using an aqueous mineral acid such as hydrochloric acid in an alkanol
such as ethanol or 2-propanol or an ether (such as tetrahydrofuran) as solvent.

The starting materials of formula [V wherein one of T' and T2 is hydrogen and the other is a group of
the formula -CRaRb.OH are intermediates in the above-mentioned formation of the starling materials of
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formula IV wherein T' and T2 are both hydrogen. However, said intermediates are not normally isolated or
characterised.

Accordingly, the invention also provides a preferred modified procedure (b) of process (a) which
comprises reacting a 1,3-dioxane of formula V wherein one of Ra and Rb is hydrogen, methyl or ethyl and
the other is methyl or ethyl with an excess of an aldehyde of the formula R'.CHO (or a hydrate, acetal or
hemiacetal thereof) in the presence of an acid (such as one of those given above), conveniently at a
temperature in the range, for example, 10 to 80° C and, optionally in the presence of a suitable solvent or
diluent (such as one of those given above).

In some cases, it is necessary to modify procedures (a) and (b) where the aldehyde of formula R'.CHO
is not paricularly reactive or tends to form an acyclic hemiacetal when reacted with the compound of the
formula IV or V, for example when pentafluoropropionaidehyde is used In the production of formula |
compounds whersin R! is a pentafluoromethyl group. Thus, a further procedure (c) of the invention
comprises reacting a compound of the formuia IV wherein one of T' and T2 is hydrogen and the other is
alkanesulphonyl (especially methanesulphonyl) or arenesulphonyl (especially benzene- or toluene-sul-
phonyl} with an aldehyde of the formula R' CHO (or a hydrate, acetal or hemiacetal thereof) in the presance
of an acid catalyst and under the same general conditions as given above for procedure (a), followed by
base-catalysed cyclisation of the acyclic intermediate obtained, for example using an alkali metal carbonate
or hydride such as potassium carbonate sodium hydride, in a suitabie solvent or diluent (such as an ether
described above) and at a temperature in the range, for example, 20-50° C.

The necessary starting alkanesulphonyl or arenesuiphonyl esters of formula IV defined above may be
conveniently obtained from the corresponding diol of formula IV (T' = T2 = hydrogen) by reaction with one
molecular equivalent of the appropriate alkanesulphonyl or arenesulphonyl halide (such as methanesul-
phonyl chloride or p-toluenesulphonyl chloride) in a suitable solvent or diluent (such as an ether or
dichloromethane) at or near ambient temperature and in the presence of a suitable base (such as
triethylamine or pyridine).

d) For those compounds of formula | in which Y is vinylene and R* is hydroxy. an zldehyde of the
formula Vi is reacted with a Wittig reagent of the formula: RsP = CH.A'.CO>~ M wherein R is (1-6C)alkyl or
aryl (especially phenyl, which is preferred) and M' is a cation, for example an alkali metal cation such as
the lithium, sodium or potassium cation.

The process in general produces the required compounds of formula ! in which the substituents
adjacent to the double bond have predominantly the preferred cis-relative stereochemistry i.e. as the "Z"
isomer. However the process also produces generally small amounts of the analogous compounds having
trans-relatlve stereochemistry (ie. the "E" isomer) which may be removed by a conventional procedure
such as chromatography or crystallisation.

The process may be conveniently performed in a suitable solvent or diluent, for example an aromatic
solvent such as benzene, toluene or chlorobenzene, an ether such as 1,2-dimethoxyethane, t-butyl methyl
ether, dibutyl ether or tetrahydrofuran, in dimethyl sulphoxide or tetramethylene sulphone, or in a mixture of
one or more such solvents or diluents. The process is generally performed at a temperature in the range,
for exampte, -80' C to 40" C, but is conveniently performed at or near room temperature, for example in the
range 0 to 35° C.

{e) For those compounds wherein X is hydroxy, a compound of the formula VIl wherein P is a protected
hydroxy group {including (1-4C)alkoxy), is deprotected by conventional means.

Examples of particularly suitable protected hydroxy groups include, for example, (1-4C)alkoxy (such as
methoxy), benzyloxy, allyloxy, tetrahydropyran-2-yloxy, (1-4C)alkanesuiphonyloxy especially methanesul-
phonyloxy) and triatkylsilyloxy of up to 10 carbon atoms.

The deprotection conditions used necessarily depend on the nature of the protected hydroxy groups.
The removal of specific hydroxyl protecting groups is well documented in standard organic chemistry books
and such conventional procedures well known in the art are included within the processes of the invention.
Thus for example, specific groups may be removed as foilows:-(1), allyl or tetrahydropyran-2-yl: by
“treatment with strong acid such as trifluoroacetic acid, at e.g. 10 to 40°C; (2) trialkylsilyl (such as t-
butyldimethylsilyl, which is preferred): by reaction with aqueous tetrabutylammonium fluoride or sodium
fluoride conveniently in a suitable solvent or diluent, such as tetrahydrofuran, or t-butyl methyl ether, and
generally at or near ambient temperature, e.g. in the range 10 to 35 C; (3) alkanesulphonyl: by hydrolysis
in the presence of a base (such as sodium or potassium hydroxide) in a suitable aqueous solvent {such as
an aqueous (1-4C)alkanol] and at e.g. 0 to 60 ‘c; (4) alkyl: by treatment with an alkali metal thioalkoxide or
d:phenylphosphude (such as sodium thioethoxide in a solvent such as N,N-dimethylformamide at e.g. 50-
160 *C, or fithium diphenylphosphide in a soivent such as methyl t-butyl ether or tetrahydrofuran at e.g. 0-
60 " C); or (5) benzyl: by palladium catalysed hydrogenolysis in an alkanal such as ethanol at or near
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ambient temperature and pressure or by use of an alkali metal such'as sodium in liquid ammonia.

The invention also includes a further procedure (f) analogous to (e) by which a hydroxy group required
as a substituent on R' is introduced by removal of a suitable protecting group [such as (1 4C)alkyl and
especially methyl] is removed as a final step, for example, using the conditions referred to above for
generation of a hydroxypyridyl group.

(@) An ester of the formula VIII whersin R?® is (1-BC)alky! (especially methyl ethyl, propy! or t-butyl)
phenyt or benzyl the latter two optionally bearing 1 or 2 halogeno, (1-4C)atkyl or (1-4C)alkoxy substituents,
is decomposed. '

The decomposition may be carried out using any one or more of the conventional reagents and
conditions well known in the art for converting esters to acids. Thus, for example, the decomposition may
conveniently be performed by base catalysed hydrolysis, for example by using an alkali metal hydroxide
such as lithium, potassium or sodium hydroxide in an aqueous system conveniently in the presence of a
suitable sclvent or diluent such as tetrahydrofuran, methanol, ethanol or t-butyl methyl ether and a
tomperature in the general range, for example, 10 to 60°C and, conveniently, at or near ambient
temperature. Alternatively, when R? is t-butyl, the decomposition may be carried out thermally by heating
the compound of formula VIl at a temperature in the general range, for example, 80 {0 150" C, alone or in
the presence of a suitable diluent such as diphenylether or diphenylsulphone.

(h) For a2 compound of the formula | wherein Y is ethylene, a compound of the formula IXX wherein Y2 is
vinylene or ethynylene is hydrogenated.

The hydrogenation is preferably carried out in the presence of a suitable catalyst such as a noble metal
catalyst,for exampie, palladium or platinum metal conveniently on an inert support such as carbon, barium
sulphate, barium carbonate or calcium carbonate, using hydrogen at a pressure of about 1-2 bar. The
process is generally carried out in a suitable sovent or diluent, for example, a (1~4C)alkanol {such as
methanol, ethanol or propanol) and at a temperature in the range, for example, 15 to 35 ‘C.

The invention also includes a modification of the above procedure adapted to the production of those
compounds of formula | in which Y is vinylene which comprises partially hydrogenating a compound of the
formula IX in which Y2 is ethynylene. In this modification, a suitable poisoned catalyst for example a Lindlar
catalyst (such as palladium on calcium carbonate, poisoned with lead) is used with similar solvents and
temperatures as in process (h).

(i) For a compound wherein Y is methyleneoxy, an alcohol of the formula X is reacted with an alkanoic
acid derivative of the formula Xl in which L is a leaving group for example halogeno (such as chloro, bromo
or iodo), alkanesulphonyloxy (such as methanesulphonyloxy) or arenesulphonyloxy (such as benzene- or
toluene-sulphonyloxy).

The process is preferably carried out in the presence of a suitable base, for example, an alkali metal
alkoxide (such as sodium methoxide or ethoxide), hydride (such as sodium hydride) or alkane derivative
(such as butyl lithium) and in a suitable solvent or diluent, for example in a (1-4C)alkancl when an alkali
metal alkoxide is used, in N,N-dimethylformamide or an ether, such as tetrahydrofuran or t-butyl methyl
ether, when an alkali metal hydride is used, or in an ether when an alkane derivative is used. The process is
generally carried out at a temperature in the rangs, for example, 0 to 50 *C. In many cases it is preferred
to preform a salt of the alcohol of formula X by reaction with the appropriate base and then react this salit
with the alkanoic acid derivative of the formula Xi in a suitable solvent or diluent such as one of those
referred to above. it will be apparent that, when substituent X is hydroxy, it is generally necessary to protect
such a substituent with a suitable hydroxy protecting group {for example as mentioned in process (e)
above) before carrying out process (i) and then to remove the protecting group using analogous conditions
to those in process (e) above.

The necessary starting materials for use in the above processes (a)-(i) may be obtained by general
procedures well known for the production of structurally related compounds, for example using analogous
procedures to those described in European patent no. 94239B1 and patent application no. 98690A2. The
aldehydes of the formula V! may be obtained, for example, as shown in Schemes 1 and 2 hereinafter and
as illustrated in the Examples. Alternatively, when a particular enantiomer is required, it may be obtained
starting from a specific enantiomer of a 3-[2-(1-hydroxy-1-pyridylmethyl)pent-4-enyljoxazolidin-2-one of the
formula XIV in which R0 is (1-4C)atkyl (especially isopropyl) itself obtained from aldol condensation of the
corresponding 3 (4-pentenoyl)oxazolidin-2-one with pyridylcarboxaidehyde, as shown in Scheme 3
hereinatter,

The protected hydroxy derivatives of formula VIl may be obtained for exampls by carrying out process
(a) or {b) above with a suitable compound analogous to the 1,3-dioxane of formula V but in which X is a
suitably protected hydroxy group, such a compound being itself readily obtainable using standard proce-
dures analogous to those described above and to those set out in the accompanying Examples. -
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The appropriate diols of formula 1V for the production of dioxanes of formuia | or V wherein the pyridyl
moiety bearing X and the alkenoic acid side-chain have cis-relative steresochemistry, may be obtained, for
example, using an analogous procedurs to that described in European patent application, publication no.
142323, starting from the appropriate pyridine-carboxaidehyde and succini¢c anhydride and a suitable base
such as that used for the aldol condensation of part (ii) of Scheme 3.

The esters of formula VIIl may be mads, for example, by carrying out process (a) using the appropriate
ester of the diol corresponding to formula IV. Those compounds of formuia IX in which Y2 is ethynylene
may be made, for example, as shown in Scheme 4 hereinafter. The alcohols of formula X may be obtained
from the corresponding allyl compounds of formula Xli (to give the X compounds in which n = 2) by
conventional hydroboration (boron hydride, followed by treatment with hydrogen peroxide) or by reduction
of the corresponding aldehydes (for example sodium borohydride) of formula Vi, for example, as indicated
in Scheme Il (to give the X compounds in whichn = 1),

The aldehydes or ketones of the formula R'.CHO or R'.CO.R? which are new may be made, by
conventional procedures well known in the art, such as are as illustrated in the accompanying Examples.
The necessary Wittig reagents may be obtained by conventional procedures, for example by treating the
corresponding phosphonium halides with a strong base such as sodium hydride, lithium diisopropylamide,
potassium t-butoxide or butyllithium. They are generally formed m s:tu just prior to carrying out the
condensation process (d) above.

it will be understood that the compounds of formula | wherein R* is hydroxy may also be obtained by
other conventional procedures well known in the art, for example by base catalysed hydrolysis of the
corresponding amides or nitriles. In addition, those compounds of formula | wherein R* is other than
hydroxy may be made by conventional esterification or sulphonamidation procedures from the compounds
wherein R* is hydroxy (or a reactive derivative thereof) and the appropriate alcohol, phenol or (1-4C)-
atkanesulphonamide. Such procedures are also within the ambit of the invention.

Whereafter, when a salt of a compound of formula | is required, it may be obtained by reaction with the
appropriate base or acid affording a physiologically acceptable ion, or by any other conventional sait
formation procedure.

Further, when an optically active form of a compound of formula | is required, one of the aforesaid
processes may be carried out using an opfically active starting material (for example as described in
Examples 46 and 47). Alternatively, the racemic form of a compound of formula | may be reacted with an
optically active form of a suitable organic acid or base, for example, camphorsulphonic acid, ephedrine,
N.N,N-trimethyl(1-phenylethyl)ammonium hydroxide or 1-phenylethylamine, followed by conventional sepa-
ration of the diastereoisomeric mixture of salts thus obtained, for example by fractional crystallisation from a
suitable solvent, for example a (1-4C)alkanol, whereafter the optically active form of said compound of
formula | may be fliberated by treatment with acid (or base) using a conventional procedure, for example
using an aqueous mineral acid such as dilute hydrochioric acid (or aqueous alkali such as aqueous sodium
hydroxide). ’

Many of the intermediates defined herein are novel, for example those of formulag V (Ra = Rb =
ethyl), VI, VII, VIIl, IX and X, and are provided as further, separate features of the invention.

As stated earlier, the compounds of formula | possess significant TXA2 antagonist properties and are
inhibitors of TXAz synthase. The TXAz antagonism may be demonstrated in one or other of the following
standard tests:-

(a) The rat aortic strip model analogous to that devised by Piper and Vane (Nature, 1969, 223, 29-35)
using as agonist the TXA2 mimetic agent known as U46619 (described by R L Jones et alia in 'rﬁﬁ'emistry.
Biochemistry and Pharmacological Activity of Prostanoids” edited by S M Roberts and F Scheinmann, at
page 211; Pergamon Press, 1979);

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

{i) aggregating human, citrated, platelet-rich plasma by addition of the TXAz mimetic agent U46619 ™

so that a dose-response curve is generated;
(i) generating a dose-response curve for U46619 stimulated platslet aggregation in the presence of
increasing amounts of test compound generally in the.range 10~5M to 10~°M; and
(ili) calculating a Kg value indicating potency of TXAz antagonism for the test compound, averaged
over several concentrations, from the calculated 50% response value for 46619 aggregation in the
presence and absencs of test compound; or
(c) a bronchoconstriction test involving measuring the inhibition by a test compound of the bron-
choconstriction induced in Konzett-Rossler, anaesthetised guinea-pig model (as modified by Collier and
James, Brit.J.Pharmacol., 1967, 3_0. 283-307) by intravenous administration of the TXA2 mimetic agent,
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U46619, which involves:

(i) obtaining a cumulative dose-response curve to U46619 induced bronchoconstriction by intra-
venous administration of constant volumes of increasing concentrations of U46619 (0.2-4 wug/kg) in
physiological saline solution and expressing bronchoconstriction as the maximum of that theoretically

5 obtainable with no air flow to the test animal;

(ii) generating a cumulative dose-response curve to U46619 induced bronchoconstriction at 30
minute intervals for 3 hours after oral dosing of test compound; and

(ii) calculating a dose-ratio for the test compound (that is the ratio of concentration of U46619
required to cause 50% bronchoconstriction in the presence and absence of test compound) mducatmg the

10 potency.of TXAz antagonism.

Test (b) may conveniently be modified to demonstrate the antagonism of the effects of TXAz in vivo by
assessing the effects of a test compound on the aggregation of blood platelets obtained after administration
of test compound to a laboratory animal, such as a rabbit, rat, guinea pig or dog. However, when the
aggregation of dog platelets is being studied it is necessary to use a predetermined, threshold concentra-

15 tion of the platelet aggregation agent adenosine diphosphate (about 0.4-1.2 x 10™%M) together with the
TXAz mimetic agent, U46619,

The antagonism of the effects of TXA2 on the vasculature may also be demonstrated, for example in
rats in the following procedure:

(d) Male rats {Alderley Park stram) are anaesthetised with sodium pentobarbital and blood pressure is

20 monitored at the carotid artery. The TXA2 mimetic agent U46619 is administered intravenously at 5 LLg/kg
via the jugular vein to produce 20-30 mm/Hg (2640-3970 pascal) increase in systolic blood pressure. The
process is repeated twice to ensure adequacy of response. A test compound is then administered either
intravenously (via the jugular vein) or orally (via a cannula) directly into the stomach and the animal
chalienged with U46619, five minutes after dosing with test compound and-then successively every ten

25 minutes until the hypertensive effect of U46619 is no longer blocked.

The TXA: synthase inhibitory properties of a test compound may be demonstrated using the standard
in vitro test procedure [test (e)] described by Howarth et alia (Biochem. Soc. Transactions, 1982, 10, 239-
240y using a human platelet microsomal TXAz synthase preparation and using a quantitative thin layer
radiochromatographic method to assess the conversion of [1-'*Clarachidonic acid to the TXA; metabolite

30 thromboxane 8, (TXB2).

The TXA:2 synthase inhibitory properties of a test compound may aiso be demonstrated in a standard
procedure [test (f)] involving obtaining blood samples from laboratory animals (typically rats, but also guinea
pigs, rabbits or dogs) dosed with the test compound, generally by the oral route. The samples treated with
anti-coagulant are first incubated at 37° C with collagen (at about 100 micro M), then mixed with the

35 cyclooxygenase inhibitor indomethacin (at about 10™2 M), centrifuged and the level of the TXA; metabolite,
TXBz, determined by a standard radioimmunoassay technique. By comparison of the amount of TXB:
present in the plasma from animals dosed with test compound with that in the plasma of a controi group
dosed with placebo, the TXA: synthase inhibitory properties may be assessed.

In general, the majority of compounds of formula | wherein R' and R* are hydroxy show effects in the

40 following ranges in one or more of the above tests:-
test (a): pA2 of > 5.5
test (b). Kz of < 1.5 x 10~M
test (c): dose ratio of > 5, 1 hour after dosing at 10 mg/kg
test (d): significant inhibition of U46619 induced hypertension for at least 1 hour following oral dosing at 50

45 mg/kg or less
test (e): 1Csp of < 1.0 x 1075 M
test (f): significant inhibition of TXBz production 1 hour following a dose of 100 mg/kg or less.

No overt toxic or other untoward effects have been observed with representative compounds of formula |
having effects in in vivo tests (c), (d) or (f) at several multiples of the minimum effective doss.

50 In general, compounds of formula | wherein R* is other than hydroxy show lower activity in the above i in
vitro tests but show similar activity to the compounds of formula | in which R* is hydroxy in the in vivo tests.

" The compound described in Example 1 hereinafter possesses both TXA; antagonist and Az syr synthase
inhibitory properties as indicated by a Kg of 3.0 x 10~7M in test (b) and an ICso of 4.0 x 1078M in test (e).

As stated previously, by virtue of their combined TXA: antagonist and TXA; synthase inhibitory

§6 properties, the compounds of formula | may be used in the therapy or prevention of diseases or adverse
conditions in warm-blooded animals in which TXAz (or prostaglandins Hz, D2 and/or F2 alpha) are involved.
In general, a compound of formula ! will be administered for this purpose by an oral, rectal, intravenous,
subcutaneWscular or inhalation route. so that a dose in the range, for example 0.01-15 mg/kg

This Sheet Has Been

W i



10

15

20

25

30

35

45

]
50

66

EP 0 365 328 A2 THIS SHEET HAS BEEN
REPLACED

body weight, will be given up to four times per day, varying with the route of administration, the severity of
the condition and the size and age of the patient under treatment.

The compounds of formula | will generally be used in the form of a pharmaceutical composition
comprising a compound of formula | or, a pharmaceutically acceptable salt thereof as defined hereinabove,
together with a pharmaceutically acceptable diluent or carrier. Such a composition is provided as a further
feature of the invention and may be in a variety of dosage forms. For example, it may be in the form of
tablets, capsules, solutions or suspensions for oral administration; in the form of a suppository for rectal
administration; in the form of a sterile solution or suspension for administration by intravenous or
intramuscular injection; in the form of an aerosol or a nebuliser solution or 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 pharmaceutical compositions may be obtained by conventional procedures using pharmaceutically
acceptable diluents and carriers well known in the art. Tablets and capsules for oral administration may
conveniently be formed with an enteric coating, for example comprising cellulose acetate phthalate, to
minimise contact of the active ingredient of formuta | with stomach acids.

The pharmaceutical compositions of the invention may aiso contain one or more agents known to be of
value in diseases or conditions’intended to be treated; for example a known platelet aggregation inhibitor,
hypolipidemic agent, anti-hypertensive agent, thrombolytic agent (such as streptokinase), 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. Similarly, by way of example, an anti-histamine,
steroid (such as beclomethasone dipropionate), sodium cromoglycate, phosphodiesterase inhibitor or a
beta-adrenergic stimulant may usefully also be present in a pharmaceutical composition of the invention for
use in treating a pulmonary disease or condition. Still further, a known TXAz antagonist, such as a preferred
compound described in European patent application, Publication No. 201354, or a known TXAz synthase
inhibitor such as dazoxiben or furegrelate [U63557] may be present in addition to a compound of the
formula I, or a pharmaceutically acceptable salt thereof, in a composition according to the invention in order
to modify the overall balance of TXAz antagonist and TXAz synthase inhibitory effects for the required
therapeutic effect in any of the aforesaid diseases or disease conditions.

in addition to their use in therapeutic medicine, the compounds of formula | are also useful as
pharmacological tools in the development and standardisation of test systems for the evaluation of the
effects of TXAz in laboratory animals such as cats, dogs, rabbits, monkeys, rats and mice, as part of the
search for new therapeutic agents. The compounds of formula | may also be used because of their TXA;
antagonist and synthase inhibitory properties in helping to maintain the viability of blood and blood vessels
in warm-blooded animals (or parts thereof) under-going artificial extracorporeal circulation, for example
during limb or organ transplants. When used for this purpose a compound of formuia I, or a physiologically
acceptable salt thereof, will generally be administered so that a steady state concentration in the range, for
example, 0.1 to 10 mg. per litre is achieved in the blood.

The invention will now .be illustrated by the following non-limiting Examples in which Example 14
described the production of a starting material of formula V and, unless otherwise stated:-

{i) concentrations and evaporations were carried out by rotary evaporation in vacuo;

(i) operations were carried out at room temperature, that is in the range 1828 C;

(iii) flash column chromatography was performed on Fluka Kieselgel 60 (catalogue no. 60738)
obtained from Fluka AG, Buchs, Switzerland CH-9470;

(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 90 or 200 MHz in CDCl3 using tetramethyisilane
{TMS) as an internal standard, and are expressed as chemical shifts {deita values) in parts per million
refative to TMS using conventional abbreviations for designation of major peaks: s, singiet; m, mulﬂplet t,
triptet; br, broad; d,doublst; and

(vi) all end-products were isolated as racemates and had satisfactory microanalyses.

Example 1
p-Toluenesuiphonic acid (0.325g) was added to a sofution of 4(Z)-6-{2,2-dimethyi-4~(3-pyridyl()-1,3-
dloxan-cus-s-yllhexenmc acid (A) (0.4699) in acetonitrile (7mi), and the mixture was stirred for 0.5 hours. A

solution of 2-(4-methoxyphenoxy)-2-methylpropanal (0.894q) in acetonitrile (5ml) was added and the mixture
was heated at reflux for 18 hours under an atmosphere of argon. The mixture was then allowed to cool. The
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‘solution was basified with 2M aqueous sodium hydroxide solution, and then partitioned between water and

othyl acetats. The 'aqueous phase was acidified with acetic acid and exiracted three times with ethyl
acetate. The combined organic extracts were dried (MgS0.) and concentrated to give an oil, which was
purified by flash column chromatography, eluting first with dichloromethane and then
methanol/dichloromethane(1:10 viv) to give. 4(2)-6-[(24 5-cis)-2-(1 {4-methoxyphenoxy)-1-methylethyl)-
4-(3-pyridyl)-1,3-dloxan-5-yilhexenoic acid (0.345g), as “an oil which solidified on standing; NMR: 1.35-
(3H,s), 1.38(3H,s), 1.55-1.8(2H,m), 2.25-2.55(5H,m), 3.75(3H,s), 3.95-4.26(2H,m), 4.75(1H,s), 5.1-5.5(3H,m),
8.75-7.0(4H,m), 7.35-7.75(2H,m) and 8.5-8.6(2H,m).

The starting materlal A was prepared as follows: ’
48, 5006) was added under argon to a  solution of sodium metal {2.3g) in methanol—(2_(30'ﬁrl)—3r7d the resultmg
mixture was stirred at 25° C for 30 mins. Allyl bromide (12.0g) was then added and stirring was continued
overnight. A further amount (about 2g) of allyl bromide was added, the mixture was stirred for 48 hours, and
then concentrated. The residual oil was partitioned between water and ether and the aqueous layer was
extracted three times with ether. The combined extracts were washed with saturated brine dried (MgSQOs)
and .concentrated. The residue was purified by flash column chromatography, eluting with a mixture of
petroleum ether (b.p. 60-80") and ethyl acetate (1:1, v/v) to give methyl 2-nicotinoyl-4-pentenoate (B) as a
pale yellow oil (13.8g); NMR 2.6-2.9(2H,m), 3.7(3H.s), 4.4(1Hm), 4.9-6.2(2H,m), 5.5-6.0(1H,m), 7.2-7.5-
(1H,m), 8.1-8.3(1H,m), 8.7-8.8(1H,m) and 9.1-9.2(1H,m).

(i) A solution of B (8.8g) in dry THF (40ml) was added to suspension of lithium aluminium hydride
(1.89) in dry THF (80ml) under argon at such a rate that the temperature did not exceed 10°C. After 2
hours the mixture was cooled in ice. Ethyl acetate (20ml) was then added to destroy excess reagent,
followed by saturated agueous ammonium chloride (50ml). The precipitate was removed by filtration and
washed with ethyl acetate. The aqueous phase was separated and extracted with ethyl acetate (3 x 50mi).
The combined organic fractions were washed with saturated brine, dried (MgS04) and concentrated. The
residue was purified by flash column chromatography, eluting with a mixture of ethyl acetate and methanol,
(95:5 viv), to give 2-allyl-1-(3-pyridyl)-1,3-propanediol (C) (5.3g), as an oil (mixture of diastereomers); NMR:
1.8-2.2(3H,m), 3.6-4.1(4H,m), 4.7-5.2(3H,m), 5.6-5.9(1H.m), 7.2-7.4(1H,m), 7.65-7.8(1H,m) and 8.4-8.6(2H,m).

(ii) A mixture of C (5.2g), p-toluenesulphonic acid (5.2g), and 2 2-dimethoxypropane (50ml), was stirred
overnight at room temperature. The pH was adjusted to 8-10 by addition of triethylamine and the solution
was concentrated under reduced pressure. The residue was purified by flash column chromatography,
eluting with a mixture of petroleum ether (b.p. 40-60°) and ethyl acetate (60:40 v/v) to give S-allyl-2,2-
dimethyl-4-(3-pyridyl)-1,3-dioxane (D) (mixture of 4,5-cis and frans isomers) as an oil (4.6g); NMR: 1.4-1.6-
(6H.m), 1.6-2.5 (3H,m), 3.65-4.25(2H,m), 4.5-5.7(4H,m), 7.2-7.4(1H,m), 7.6-7.8(1H,m) and 8.45-8.65(2H,m).

(iv) Ozone in oxygen was bubbled through a sclution of D (3.4g), in ethyl acetate (130mi) at -70° C until
a blus colour persisted throughout. Argon was then bubbled through the solution to discharge the excess
ozone and a solution of triphenylphosphine (6.0g) in ethyl acetate (50mi) was added. The mixture was
allowed to warm to room temperature and then stirred overnight. The solution was concentrated and ether
(50ml) was added to precipitate triphenylphosphine oxide. The mixture was filtered and the filtrate was
concentrated to give an oil which was purified by flash column chromatography, eluting with a mixture
(60:40 vA) of ethyl acetate and petroleum ether (b.p. 40-60") to give initially 2,2-dimethyi-4-(3-pyridyl)-1,3-
dioxan-cis-6-yl-acetaldehyde (E) as.an oil (0.8g); NMR: 1.5(3H,s), 1.55(3H,s), 2.0-2.3(1H,m), 2.3-2.5(1H,m),
2.8-3.0(TH,m), 3.8(1H,dd, J=12Hz, 1.5Hz), 4.3(1H,dm, J=12Hz), 5.25(1H,d, J = 3Hz), 7.25-7.35(1H,m), 8.45-
8.60(2H,m) and 9.6{1H,s); and then the corresponding 4,5-trans isomer; NMR: 1.47(3H,s), 1.57(3H,s), 2.0~
2.8(3H.m), 3.75-4.05(2H,m), 4.68(1H,d, J=10Hz), 7.25-7.40(TH,m), 7.70-7.80(1H,m), 8.50-8.65(2H.m) and
9.5(1H,br s); as an ail (0.7g).

(v} A solution of E (0.20q) in dry tetrahydrofuran. (THF) (7 mi) was added under argon to a stirred, ice-
cooled solution of the ylid prepared from (3-carboxypropyltriphenylphosphonium bromide (0.91g) and
potassium t-butoxide (0.48g) in dry THF (30ml). The mixture was stirred for 2 hours and then treated with
ice~cooled water (50ml). The solution was concentrated and more water was added (25ml). The pH was
adjusted to 7 by addition of a few crystals of oxalic acid and the solution was extracted with ethyl acetate (3
x 40ml). The aqueous phase was then acidified to pH 4 with oxalic acid and extracted with ethyl acetate (3
x 50ml). These combined extracts were washed with saturated brine (50mi), dried (MgSQs) and con-
centrated. The residue was purified by flash column chromatography, eluting with
dichloromsthane/methanol (95:5, v/v), to give 4(Z)-6-[2,2-dimethyi-4-(3 pyridyl)-1,3-dioxan-cis-5-yl]hexenoic
acid (A) as an oil (0.19g); NMR: 1.55(3H,s), 1.57(3H.s), 1.5-2.6(7H,m), 3.85(1H.dd, J = 12Fz, 1.5Hz), 4.15-
(1H,dm, J=12Hz), 5.15-5.50(3H,m), 7.3-7.4(1H, m), 7.7-7.8(1H,m), 8.1{1H, br s) and 8.45-8.60(2H, m).

The 2~(4-methoxyphenoxy)-2-methylpropanal was obtained as follows:-

- This Sheet Has Been Reﬁa

IR




EP 0 365 328 A2 THIS SHEET HAS BEEN
REPLACED

{vi) A stirred solution of methyl magnesium iodide, [prepared frorn magnesium turnings, (32.8g, 1.35M),
and methyl iodide, (84.1mi, 1.35M)], in anhydrous ether, (750ml), was treated at 0 C under an argon
atmosphere with a solution of methyl dichloroacetate, (77.18g, 0.54M), in anhydrous ether, (50ml), at such a
rate that the temperature did not rise above 15° C. The mixture was stirred at 25° C for 30 minutes then
cooled to 0°C. Water, (100ml), was added and the mixture was acidified to pH4 using concentrated
hydrochloric acid. The layers were separated and the aqueous phase extracted with ether (3x100ml). The
combined extracts were dried, (MgS0s), and concentrated. The residual oil was distilled under reduced
pressure to give 1,1-dichloro-2-hydroxy-2-methylpropane, (57.81g), as an oil; b.p. 48-50"C at 20mm Hg;
NMR: 1.45(6H,s), 2.15(1H,br s) and 5.65 (1H,s).

10 (vii) A solution of 4-methoxyphenol, (21.72g, 0.175mol), in aqueous sodium hydroxide solution, (5.8M,
30ml), was treated with cetyltrimethyl ammonium bromide, (0.255g, 0.7mmol), followed by a solution of 1,1~
dichloro-2-hydroxy-2-methylipropane, (5.01g, 35mmol), in ether, (70ml). The mixture was stirred under an
argon atmosphere for 18 hours then diluted with ether, (100mi), and exiracted with aqueous sodium
hydroxide solution, (2M, 4x50ml), to remove unreacted phenol. The combined aqueous extracts were

15 extracted with ether, (100ml), and the organic phase was washed with aqueous sodium hydroxide solution,
{2M, 50ml), and water, (100ml). The combined organic extracts were dried, (MgSO.), concentrated and
purified by flash column chromatography, eluting with ethyl acetate/hexane, (10%, viv), to give 2-(4-
methoxyphenoxy)-2-methylpropanal, (3.61g), as an oil; NMR: 1.36(6H,s), 3.76(3H,s), 6.7-6.9(4H,m) and 9.85-
{1H,s).

20 Note: the above starting material may also be obtained using an analogous procedure to that described
in European patent application, publication no. 201351 for the preparation of 2-phenoxy-2-methylpropanal.

(<)

Example 2
25 -
Using an analogous procedure to that described in Example 1 but starting from 2-(4-t-butylphenoxy)-2-
methylpropanal, there was obtained 4(Z)-6-[(2,4,5-cls)-2-(1-[4-t-butylphenoxy]-1-methylethyl)-d-(3-
pyridyl)-1,3-dioxan-5-yljhexenolc acid as an oil, which solidified on standing, in 24% yield; NMR: 1.3-
(9H.s), 1.35(3H.s), 1.4(3H,s), 1.56-1.8(2H,m), 2.25-2.55(5H,m), 3.95-4.25(2H,m), 5.1-6.5(3H,m), 6.8-7.75-
30 (6H,m) and 8.5-8.6(2H,m).
The starting aldehyde was obtained as an oil in an analogous manner to that described in Example 1
from 4-t-butylphenol and 1 1-dschloro-z-hydroxy-2-methylpropane having NMR: 1.26(9H,s), 1,41 (6H.s), 6.7-
7.3(4H,m) and 9.85(1H.,s).

Example 3

§-Cyanothiophene-2-carboxaldehyde (500 mg) and p-toluenesulphonic acid (220 mg) were added to a
stirred suspension of 4(Z)-6-(2, 2-dlmethyI-4-(3-pyndyl)-1-3-d|oxan-C|s-5-yl]hexenoxc acid (305 mg) in aceto-
40 nitrile (10 mi). The mixture was stirred for 18 hours. Water (20 ml) "and M sodium hydroxide solution (30 mi)
were added and the mixture was washed with ethyl acetate (3 x 20 ml). The aqueous phase was acidified
(acetic acid) to pH 4-6 and extracted with ethyl acetate (3 x 30 mi). The extracts were washed with
saturated brine, dried (MgSQO:) and evaporated. The residual gum was crystallised from hexane/ethyl
acetate to give 4(Z)-6-{(2,4,5-cls)- 2-(5-cyano-2-thlenyl)-4-(3-pyrldyl) -1,3-dloxan-5-yllhexenoic acld (148
45 mg) as a colourless solid, m.p. 129-132" C; NMR: 1.68(1H, m), 1.84(1H, m), 2.32(4H, m), 2.54(1H, m), 4.20-
(2H, m), 5.05-5.95(4H, m), 5.96(1H, s), 7.17(1H, d), 7.36(1H, m), 7.53(1H, d), 7.72(1H, d) and 8.57(2H, br s),
m/e 383 (M-H).
The starting 5-cyanothiophene-2-carboxaldehyde was obtained by oxidation of §-cyano-2-methyi-
thiophene with chromlum trioxide (Org. Syntheses. Collected Volume i, 441 1843) as a colourless solid
50" (60% yleld), m.p. 91-93° C; 1R: 2210 (CN) and 1670 {CHO) cm~; m/e 137 (M").

Examples 4-11

55 Using a similar procedure to that described in Exampla 3, but starting from the appropriately substituted
heterocyclic aldehyde of formula R.CHO, the following acids of formula Xlll were obtained in yields of 24-
42%:-
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| Example | Rl | m.p. | Partial NMR Data |
| | I ¢°C) | |-
I I i l |
| 4 | 4-Br-2-thienyl | 72-74 | 5.92(1H, s), 7.12(1H,.s), ]
| | | | 7.23(1H, m). I
I | | I "l
| 5 | 5-Br-2-thienyl | 143-145 | 5.88(1H, s), 6.95(2H, m). |
I | : | I I
| 6 | 4~Cl-2-thienyl | 112-116 | 5.91(1H,s), 7.10(2H, m) |
| | I | I
| 7 | 2~thienyl | 149-151 | 5.97(1H4, s), 7.02(1H, m), |
| | ) | | 7.18(18H, m). ]
I 1 ] | I
| Example | . Rl |  m.p. | Partial NMR Data |
| | | (°C) | ' |
A I I I I
| 8 | 5-Cl-2-thienyl | 153-155 | 5.85(}3, s), 6.80(1H, d), |
| | | | 6.93(1H, d). |
| I I | |
] 9 | 2-furyl | 139~141 |  5.80(1H, s), 6.38(1H, m), |
| | | | 6.53(1H, m), 7.53(1H, m). |
I I I | |
| 10 } 5-Br-2-furyl } 157-158 |  3.75(1H, s), 6.33(1H, d), |
| I Bk | 6.55(1H, d). i
I | | I |
| 11 | 3-thienyl | 146-148 | 5.80(1H, s), 7.30(3H, m). |
I ] ' ! ! |
is Sheet Has Been Re Iaced
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The starting aldehydes of formula R'.CHO were commercially available but may be obtained by
standard procedures such analogous to those described herein.

Example _1_2_

2M Sodium hydroxide solution (2.0 mi) was added to a stirred solution of methyl 4Z)-6-[2,2-bis-
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(trifluoromethyi)-4-(3-pyridyl)-1,3-dioxan-cis-5-yil-hexenoate (G) (420 mg) in methanol (10 mi). After 2
hours, water (40 ml) was added. The solution was acidified with acetic acid and then extracted with ethy!
acetate (4 x 20 mi). The combified extracts were washed with saturated brine (20 mi), and then dried
(MgSQ4). The solvent was removed by evaporation to give an oil which was purified by flash chromatog-
raphy, eluting with ethy! acetate/hexane/acetic acid (70:30:0.1 by volume), to give a white solid. This was
recrystallised from ethyl acetate/hexane to give crystalline 4(Z)-6-[2,2-bis(trifluoromethyl)-4-(3-pyridyi)-
1,3-dioxan-cis-6-yilhexenoic acid (246 mg), m.p. 119-120° C; NMR: 1.67(1H, m), 1.94(1H, m), 2.29(4H,
m), 2.51(1H, m), 4.22(1H, d, J= 11 Hz), 445(1H, dm, J = 11Hz), 5.20(1H, m), 5.50(1H, m), 5.62(1H, d, J =
1.5Hz), 7.40(1H, m), 7.74 (1H, dm, J=7H2) and 8.60(2H, m); mucroanaIySIs. found: C,49.4; H,4.2; N, 3.2%;
C17H17NO4Fg requires: C,49.4; H,4.2; N, 3.4%:; mfe 414 (M +H)

The necessary starting material G was prepared as follows:

(i) 1M Hydrochloric acid (10 ml) was added to a solution of 4(Z)-6-{2, 2-d|methyl 4-(3-pyridyl)-1,3-dioxan-
cis-S-ylJhexenoic acid (1.42 g) in tetrahydrofuran (THF) (15 ml) and the mixture was stirred for 2 hours.
Water (40 ml) was added and the pH adjusted to 12 with 2M sodium hydroxide solution. The mixture was
washed with ethy! acetate (2 x 25 mi), acidified to pH § with acetic acid, and then saturated with salid
sodium chloride. The aqueous mixture was then extracted with sthyl acetate (12 x 50 ml) and the combined
extracts were dried (MgSO4). The solvent was removed by evaporation to give 4(Z)-erythro-8~hydroxy-7-
hydroxymethyI-8-(3-pyr|dyI)-4-octen01c acid (H) as a brown oil (1.114 g), which was used used without further
purification. For the purposes of characterisation, a sample was purified by flash chromatography eluting
with methanol/dichloromethane (1:5 viv); NMR: 1.91(3H, m), 2.23(5H, m), 3.59(2H, m), 5.02(1H, m), 5.35(3H,
m), 7.30(1H, m), 7.76(1H, m), 8.46(1H, dd. J=4 and 1Hz) and 8.60(1H, d, J =2Hz2).

(i) p-Toluenesulphonic acid monohydrate (1.06 g) was added to a solution of H (1.114 g) in methanol
(25 mi) and the mixture was was stirred for 3 hours. Tristhylamine (0.83 ml) was added and the mixture was
concentrated to a small volume. Saturated brine (20 m{) was added and the mixture was extracted with
ethyl acetate (4 x 25 ml). The combined organic extracts were washed with saturated brine (10 ml), dried
(MgS04) and the solvent was removed by evaporation. The resuitant oil was purified by MPLC, eluting with
methanol/dichloromethane (1:12 v/v) to give methy! 4(Z)-erythro-8-hydroxy-7-hydroxymethyl-8-(3-pyridyi)-4-
octenoate {l) as an oil (1.044 g); NMR (250 MHz, CDCls): 1.82(2H, m), 2.16(1H, m), 2.44(4H, m), 2.91(2H,
b), 3.67(3H, s), 3.81(2H, d. J=3Hz), 5.20(1H, d, J=2Hz), 5.30(2H, m), 7.33(1H, m), 7.79(1H, m), 8.51(1H, m)
and 8.61(1H, m).

(i) A solution of methanesulphonyl chloride (0.32 ml) in dichloromethane (2.0 ml) was added during ten
minutes to a stirred solution of | (995 mg) and triethylamine (0.59 ml) in dichloromethane (20 ml). The
mixture was stirred for a further 1 hour and then diluted with ethyl acetats (50 ml). The subsequent mixture
was washed with water (2 x 15 ml), saturated brine (15 mi), and dried (MgSQs). The solvent was removed
by evaporation to give an oil which was purified by MPLC, eluting with methanol/dichloromethane (1:32 viv),
to give methyl 4(Z)-erythro-8-hydroxy-7-(methylsulphonyloxymethyl)-8-(3-pyridyl)-4-octencate (J) as a
colourless oil (886 mg); NMR (250 MHz, CDCls): 2.24(8H, m), 3.01(3H, s), 3.68(3H, s), 4.10(1H, m), 4.31(1H,
m), 5.02(1H, d, J=2H), 5.38(2H, m), 7.34(1H, m}, 7.77(1H, d J=7Hz) and 8.57(2H, m).

(iv) Anhydrous potassium carbonate (2.78 g) and hexafluoroacetone sesquihydrate (4.53 g) were added
to a solution of J (500 mg) in dry THF (10 ml). The mixture was stirred for 18 hours at 60" C, cooled, and
water (50 mi) added. The resulting solution was extracted with ether (4 x 20 ml), and the combined organic
exiracts were washed with saturated brine (20 ml), then dried (MgSQO4). The solvent was removed by
evaporation and the resultant residue purified by flash chromatography, eluting with ethyl acetate/hexane
(40:60 viv), to give methyl 4(Z)-6-[2,2-bis(trifluoromethyl)-4-(3-pyridyl)-1,3-dioxan-cis-5-ylJhexenoate (G) as a
pale yellow oil (425 mg): NMR: 1.61(1H, m), 1.91(1H, m), 2.27(4H, m), 2.54(1H, m), 3.65(3H, s), 4.23(1H, bd,
J=11Hz), 4.44(1H, dm, J=11Hz) 5.16(1H, m), 5.46(1H, m), 5.62(1H, d, J=1.5HzZ), 7.38(1H, m), 7.70(1H,
dm, J=7Hz) and 8.58(2H, m); m/e 428 (M+H) .

Example g

An analogous hydrolysis procedure was used to that described in Example 12, but starting from methyl

'4(2)-6-[(2.4.5-cis)-2-pentaﬂuoroethyl 4-(3-pyridyl)-1,3-dioxan-5-yljhexenoate. Evaporation of the extracts of

the acidified reaction mixture gave a colourless oil which oil solidified on trituration with hexane. Recrystal-
lisation of the solid from ethyl acetate/hexane gave 4(Z)-6-[(2,4,5-cis)-2-pentafluoroethyi-4-(3-pyridyi)-
1,3-dloxan-5-yiJhexenolc acid (61%); m.p. 121-124° C; NMR (250 MHz, CDCl3): 1.68(1H, m), 1.85(1H, m),
2.30(4H, m), 2.51(1H, m), 4.03(1H, d, J=11Hz), 4.31(1H, d, J=11Hz), 5.21(3H, m), 5.46(1H, m), 6.35(1H, b),
7.39(1H, m), 7.72(1H. m) and 8.58 (2H, bs); microanalysis, found: C.51.4; H4.5; N,3.3%; Ci7H1aNO«Fs
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requires; C,51.6; H,4.6; N,3.5%; m/e 396 (M +H)".
The starting methyl ester was prepared in a similar manner to that in Example 12 (iv) but using

- pentafluoropropionaldehyde instead of hexafluoroacetone sesquihydrate. Methyl 4(Z)-6-[(245-c|s)-2-

pentafluoroethyli-4-(3-pyridyl)-1,3-dioxan-5-ylJhexenoate as a yellow oil (68%); NMR: 1 B1(1H, m), 1 81014,
m), 2.30(4H, m), 2.53(1H, m), 3.66(3H, s), 4.02(1H, dm, J=11Hz), 4.29(1H, dd, J 11,1.5Hz), 5.21(3H, m),
5.45(1H, m), 7.34(1H, m), 7.68(1H, dm, J=7Hz) and 8.56(2H, m); m/e 410 (M+H)

Example 14 : : _ o

2M sodium hydroxide solution (3.0 ml) was added to a stirred solution of methyl 4(Z)-6-[2,2-diethyl-4-(3-
pyridyl)-1,3-dioxan-cis-5-ylJhexenoate (218 mg) in methanol (10 mi). After § hours water (20 ml) was added,
the solution acidified with acetic acid, and extracted with ethyl acetate (3 x 15 ml). The combined organic -
extracts were washed with saturated brine (10 mli), and then dried (MgSO0s). The solvent was removed by
evaporation to give an oil which was purified by flash chromatography, eluting with ethyl
acetate/hexane/acetic acid (70:30:0.1 by volume) to give 4(2) 6-[2,2-diethyi-4-(3 pyridyl)-1,3-dioxan-cis-5-
yllhexenoic acid as a pale yellow oil (145 mg); NMR: 0. 86(3H t, J=7Hz), 1.08(3H, t, J=7Hz), 1 66(4H m),
1.95(2H, m), 2.30(4H, m), 2.52(1H, m), 3.84(1H, d, J=11Hz), 4.15 (1H, d, J=11H2), 523(2H m), 5.40(1H,
m), 632(1H br}, 735(1H m). 7.75(1H, dm, J=7Hz) and 8.55(2H, m); m/e 334 (M+H) On keeping for
several weeks at 4 C, the oil slowly crystallised. Trituration of the solid with hexane gave crystalline
material of m.p. 72-77" C; microanalysis, found: C,68.2; H,8.4; N,4.2%; C1sH2704 requires: C,68.4; H,8.2; N,
4.26%

The necessary starting methyl ester was prepared as follows:-

(i) A solution of 4(Z)—6-[2 2-dimethyi-4-(3-pyridyl)-1 3-dcoxane-cus-5-yl]hexeno:c acid {5.0 g) in methanol
(50 mi) was treated with p-toluenesulphonic acid monohydrate (3. 74 g). The mixture was stirred for 4 hours
and then added to 5% wiv sodium hydrogsn carbonate. solution (75 mi). This mixture was acidified (acetic
acid) and extracted with ethyl acetate (4 x 20 mi). The combined extracts were washed with water (10 ml)
then dried (HgSO.:) and the solvent removed by evaporation. The residual oil was purified by flash
chromatography, eluting with dichloromethane/methanol (92:8 viv) to give methyl 4(Z)-Z-erythro-8-hydroxy-
7-hydroxymethyl-8-(3-pyridyl)-4- octenoate as an oil (4.20 g) with an NMR spectrum which was closely
similar to that for the diol obtained in Exampie 12 (ji).

(i) A solution of the diol from (i) (400 mg), p-toluene sulphonic acid monohydrate (293 mg),
diethylkstone (290 microlitres) and trimethylorthoformate (383 microlitres) in acetonitrile (10 mi) was stirred
for 4 hours. 5% wiv Sodium hydrogen carbonate solution (20 mi) was added and the mixiure extracted with
ethyl acetate (3 x 25 ml). The combined extracts were washed with saturated brine (15 m!), and then dried
{(MgS0.). The solvent was removed by evaporation and the residual oil purified by flash chromatography,
eluting with ethyl acetate/hexane (55:45 v/v) to give methyl 4(Z)-6-[2,2-diethyl-4-(3-pyridyl)-1,3-dioxan-Cis-5-
yllhexenoate as a pale yellow oil (218 mg); NMR (250 MHz, CDCls): 0.87 (3H, t, J=7Hz), 1.08(3H, t,
J=7Hz), 1.49(1H, m), 1.61(1H, m), 1.75(2H, m), 1.97(2H, m), 2.30{4H, m), 2.55(1H, m), 3.65(3H, s), 3.81(1H,
d, J=11Hz), 4.13(1H, d, J=11Hz), 5.20(1H. m), 5.28(1H, d, J=2Hz), 5.38(1H, m), 7.31(1H, m), 7.70(1H, d,

"~ J=7Hz) and 8.54(2H, m); m/e 348 (M + H)’.

Example :l_q

In a similar manner to Example 14 but starting from methyl 4(Z)-6-[2,2 diisopropyl-4-(3-pyridyl)-1,3-
dioxan-cis-5-yllhexenoate, there was obtained 4(2)-6-[2,2-dfisoprop-il-4-(3-pyridyl)-1,3-dioxan-cis-.5-yl]'-
hexenoic acid as a pale yellow oil in 82% yield; NMR: 1.04(12H, m), 1.59(2H, m), 2.13(1H, m), 2.28(4H,
m), 2.50(1H, m), 2.96(1H, m), 3.82(1H, d, J=11Hz), 4.18(1H, d, J=11Hz2), §.25(2H, m), 5.42(1H, m), 7.33-
(1H, m), 7.74(1H, dm, J=7Hz) and 8.64(2H, m): m/e 362 M+ H)'. On keeping at 4° C for several weeks, this
oil slowly crystallised. Trituration of the solid with hexane gave crystalline material of m.p. 74-82°C;
microanalysis, found C,69.1; H,8.8; N,3.9%; Ca1H31NQ.0.25H20 requires: C,68.9; H,8.6; N,3.8%.

The starting ester was prepared using a similar procedure to that in Example 14(ii) except that 2,4-
dimethyl-3-pentanone was used in place of diethylketone. Thus, methyl 4(Z)-6-[2,2-diisopropy|-4-(3-pyridyl)-
1,3-dioxan-cis-5-yllhexenoate was obtained as a pale yellow 0il{(44%); NMR (250 MHz, CDCls): 1.07(12H,
m), 1.57(2H, m), 2.13(1H, m), 2.30(4H, m), 2.53(1H, m), 2.96(1H, m), 3.64(3H, s), 3.80 (1H, dd, J=11,
1.5H2z), 4.14(1H,dm, J=11Hz), 5.20(1H, m), 5.28(1H, d, J-1.5Hz2), 535(1H m), 7.30(1H, m), 7.20(1H, d,
J=7Hz) and 8. 55(2H m); m/e 376 (M + H)
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Using a similar procedure to that described in Example 1, but using 2-methyl-2-(4-methyisulphonyl-
phenoxy)propanal as the aldehyde, there was obtained 4-(Z)~6-[(2,4,5-cls)-2-(1-methyl-1-(4-methylsul-
5 phonylphenoxy)ethyl)-4-(3-pyridyl)-1,3-dioxan-5-yilhexenoic acid as an oil in 20% yield; NMR: 1.45-
(6H,s), 1.8-2.45(7H,m), 3.2(3H.s), 3.95-4.1 (2H.m), 4.9(1H,s), 5.15-5.45(3H,m), 7.2-7.85(6H,m), 8.45-8.5-
(2H,m).

The necessary aldehyde was obtained by an analogous procedure to that described in connection with
. Example 19 starting from 4-(methylthio)phenol which was converted to ethyl 2-methyl-2-(4-(methyithio)-
10 phenoxy)propionate {[oil, 20% yield; NMR: 1.25(3H,t J =7Hz), 1.6(6H,s), 2.45(3H,s), 4.25(2H,q J=T7Hz), 6.75-
7.2(4H,m)]. This ester was oxidised with m-chloroperbsnzoic acid in dichloromethane at ambient tempera-
ture to give, after conventional work-up, sthyl 2-methyl-2-(4-methylsulphonylphenoxy)propionate {oil, slowly
solidifying: 92% yield; NMR: 1.25(3H,q J=7Hz), 1.65(6H,s), 3.0(3H,s), 4.25(2H.,q J =7Hz), 6.9-6.95(2H,m),
7.8-7.85(2H,m)] which was then reduced with DIBAL to give 2-methyl-2-(4-methylsuiphonylphenoxy)-

15 propanal as a solid (66% yield); NMR: 1.5(6H,s), 3.05(3H,s), 6.9-7.0(2H,m), 7.8-7.9(2H,m), 9.8(1H,s).

Examples 17-19

20 - Using an analogous procedure to that described in Exampie 1 but using the appropriate aldehyde, there
were obtained:-

{Example 17):
25 -
4(Z)-6-[(2,4,5-cis)-2-(1-[2-methoxyphenoxy]-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yljhexenoic
acid as an oil, which solidified on keeping, to give solid in 40% yield; NMR: 1.35(3H, s), 1.40(3H, s), 1.55-
1.80(2H, m), 2.20-2.55(5H, m), 3.78(3H, s), 3.95-4.25(2H, m), 4.80(1H, s), 5.10-5.50(4H, m), 6.80-7.10(4H,
m), 7.40-7.75(2H, m) and 8.45-8.60(2H, m), starting from 2-methyl-2-(2-methoxyphenoxy)propanal;
30

(Example _1_8.):

4(2)-6-{(2,4 5-cls)-2-(1 -[2-methylphenoxyl-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yllhexenoic
3s acld as an oil, which solidified on keeping, to give solid in 15% yield; NMR: 1.40(3H,s), 1.45(3H, s), 1.50-
1.80(2H, m), 2.25(3H, s), 2.15-2.60(SH, m), 3.95-4.25(2H, m), 4.85(1H, s), 5.10-5.50(4H, m), 6.90-7.15(4H,
m), 7.30-7.75(2H, m), 8.50-8.60(2H, m), starting from 2-methyl-2-(2-methyiphenoxy)propanal; and

40 (Example 1_g):

4(2)-6(2,4,5-cis)-2-(1-[2-nitro-4-methylphenoxy]-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yi}-
hexenolc acid as an oil, which solidified on keeping, to give in 28% yield; NMR: 1.45(6H, s), 1.50-1.80(2H,
m), 2.35(3H, s), 2.15-2.50(5H, m), 3.90-4.20(2H, m), 4.80(1H, s), 5.05-5.50(3H, m), 7.10-7.70(5H, m) and
45 B8.45-8.60(2H, m). starting from 2-methyl-2-(2-nitro-4-methyiphenoxy)propanal.
The necessary starting aldehydes were obtained as follows:-

(17) 2-methyl-2-(2-methoxyphenoxy)propanal: obtained as an oil, NMR: 135(6H s), 3.75(3H, s) and
6.80-7.25(4H, m), using a procedure analogous to that described in Example 1 but starting from 2-
methoxyphenol and 1,1-dichloro-2-hydroxy-2-methylpropane; - -

so’ (18) 2-methyi-2-(2-methyliphenoxy)propanal: obtained as an oil, NMR: 1.45{6H, s), 2.25(3H, s) and
6.60-7.20(4H, m), using a procedure analogous to that described in Example 1 but starting from 2-
methylphenol and 1,1-dichloro-2-hydroxy-2-methyipropane; and

(19) 2-methyi-2-(2-nitro-4-methylphenoxy)propanal: .

(i) A soluton of 2-nitro-4-methyiphenol (11.48g) in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-

§6 pyrimidinone (DMPU) (50ml) was cooled to 5°C and treated with portions of sodium hydride (55% w/w
dispersion in mineral oil, 3.27g). The mixture was stirred at room temperature for 2 hours, then cooled to

5° C and treated with ethyl 2-bromo 2-methylpropionate (13.1 5g). The mixture was heated at about 100" C

for 18 hours, then cooled to room temperature and poured into a mixture of aqueous sodium hydroxide
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solution (1M) and ethyl acetate. The organic solution was separated and washed twice with 1M sodium
hydroxide solution, then dried (MgS04) and concentrated. The resulting oil was purified by flash column
chromatography, eluting with a mixture of ethyl acetate and hexane, (increasing from 5:95 v/v to 10:90 viv),
to give ethyl 2-methyl-2-(2-nitro-4-methylphenoxy)propionate (4.48g) as an oil; NMR: 1.25 (3H, t), 1.80(€H,
s), 2.35(3H, s), 4.25(2H, q) and 6.8-7.6(3H, m).

{ii) A solution of ethyl 2-methy!~2-(2-nitro-4-methylphenoxy)propionate (4.47g) in toluene (50ml) was
cooled to 78" C and treated dropwise with diisobutylaluminium hydride (DIBAL, 11.3ml, 1.5M solution in
toluene). The mixture was stirred for 2 hours and then additional DIBAL was added until reaction was
complete, (ca. 4.4ml) as monitored by thin layer chromatographic (tic). The reaction was quenched.by
addition of aqueous ammonium chioride solution and sther. The resulting mixture was clarified by filtration
through kiessiguhr. The organic phase was separated, dried (MgS04) and concentrated to give an oil.
Purification by flash column chromatography, eluting with a mixture of ethyl acetate and hexane (increasing
from 10:90 v/iv to 15:85 vA), gave 2-methyl-2-(2-nitro-4-methylphenoxy)propanal as an oil, (1.89g): NMR:
1.45(6H, s), 2.35(3H, s), 6.8-7.6(3H, m) and 9.85(1H, s).

Example gg

.A solution of 4(Z)-6-{(2.4,5-cis)-2-(1-[2-methoxyphenoxy]-1-methylethyi)-4-(3-pyridyi}-1,3-dioxan-5-yl]-
hexenoic acid (0.331g) in DMPU (6ml) maintained at 5" C was treated sequentially with sodium hydride
(216mg, 50% w/w dispersion in mineral oil) and ethanethiol (0.3ml) and the mixture was then heated at 130-
135° C for 3 hours. The mixture was cooled to room temperature and poured into a mixture of ethyl acetate
and 1M aqueous sodium hydroxide solution. The organic phase was separated and extracted twice with
sodium hydroxide solution. The combined aqueous extracts were then washed with dichioromethane and
acidified to pH5-6 using acstic acid. The mixture was extracted three times with dichloromethane and these
combined exiracts were dried (MgSO4) and concentrated. to give an oil. Purification by flash column
chromatography, eluting with a mixture of methanol and dichioromethane (3:97 to 10:90, viv) gave 4(2)-6—[-
(2,4,5-cis)-2-(1-[2-hydroxyphenoxy]-1-methyiethyl)-4-(3-pyridyl)-1,3-dloxan-5-y{lhexencic acid as an
oil which solidified on keeping to give solid (0.253g); NMR: 1.35(3H, s), 1.45(3H, s), 1.55-1.80(2H, m), 2.20-
2.55(5H, m), 4.00-4.35(2H, m), 4.80(1H, s), 5.15-5.65(3H, m), 8.70-7.05(4H, m), 7.40-7.75(2H, m} and 8.50-
8.65(2H, m).

Example _2_1_

Using an analogous procedure to that described in Example 1 but using 2-methoxycinnamaidehyde as
the aldehyde component, there was obtained 4(Z)-6-[(2,4 5-cis)-2-(2E—[2-methoxyphenyl]ethenyl) 4-(3-
pyridyl)-1,3-dioxan-5-yllhexenoic acid as an oil, which solidified on “keeping to give solid in 18% yieid:
NMR: 1.60-1.80(2H, m), 2.15-2.65(5H, m), 3.85(3H,.s), 4.00-4.30(2H, m), 5.10-5.50(4H, m), 6.30-6.40(1H, m),
6.85-7.85(7H, m) and 8.50-8.65(2H, m).

Example gg

The acld catalysed aldehyde/ketone exchange reactions described in any of the preceding Examples
may also be performed using 4(Z)-6-{2,2-disthyl-4-(3-pyridyi)-1,3-dioxan-cis-5-ylJhexenoic acid (described in
Example 14) instead of the 2,2-dimethyl derivative [compound (A) described in part {v) of Exampls 1}. In
general largely similar yislds of compounds of the formula | may be obtained.

Example 23

2-Naphthaldehyde (0.468g) and p-toluenesulphonic acid (0.22g) were added to a solution of 4(Z)-6-[2,2-
dimethyl-4-(3-pyridyl)-1,3-dioxan-cis-3-yI]hexenoic acid (A , as described in Example 1) (0.305g) in acetoni-
trile (10ml), under an atmosphere of argon. The mixture was heated at reflux for 18 hours and then allowed
to cool. Ethyl acetate (10ml) was added and the mixture was extracted with 2M aqueous sodium hydroxide
soluticn (60ml). The basic extract was acidified to pH4 with acetic acid and extracted with ethyl acetate
(60mi). The combined organic extracts were dried (MgSOs) and concWe an oil, which was
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purified by flash column chromatography, eluting with methanol/dichloromethane (1:10 to 1:5 vA), to give 4-
(Z)-6-[(2.4, 5-cls)-2-(2-naphthyl)-4-(3-pyr|dyl)-1 3-dloxan—cis-s-yl]-hexenolc acid, as a solid, (0.224g),
m.p. 138-142° C; NMR: 1.74 (2H,m), 2.28 (4H.m), 2.64 (1H,m), 4.18-4.34 (2H,m), 5.27 (3H.m), §.43 (1H,m),
5.88 (1H,s), 7.33-7.68 (4H,m), 7.85-8.02 (5H.m) and 8.52-8.63 (2H,m); m/e 404 (M + H) microanalysis,
found: C, 73.5; H, 6.3; N, 3.3%; C2s,H25NO4,0.25H2 0 requires: C, 73.6; H, 6.3; N, 3.4%.

' Example 24

Using an analogous procedure to that described in Example 23 but starting from 3-benzyloxybenzal-.
dehyde, there was obtained 4(Z)-6-[(2,4,5-cis)-2-(3-benzyloxyphenyl)-4-(3-pyridyl)-1,3-dioxan-cis-5-yli]-
hexenoic acid, as a colourless solid, m.p. 125-128° C, in 43 % yield; NMR: 1.75 (2H,m), 2.28 (4H.m), 2.55
{1H,m), 4.12-4.28 (2H,m), 4.85 (1H,m), 5.12 (2H,s), 5.27 (2H,m), 6.98-7.75 (11H.m) and 8.58 (2H,m); m/e 459
M + H)" : microanalysis, found: C, 72.8; H, 6.4; N, 2.9%; C28H29NOS requires: C, 73.2; H, 6.4; N, 3.0%.

Examples 25-45

Using an analogous procedure to that described in Example 1, but starting from the appropriate
aldehyde of the formufa R'.CHO and dioxane hexenoic acid A the following compounds of the formula Xili
were obtained:-
(Example 25):

R!' = 3-(4-cyanobenzyloxy)phenyi; isolated as a solid, m.p. 1 49-150° C; partial NMR: 5.70(1H,s), 6.95-
(1H,m), 7.28(4H,m), 7.55(2H,d), 7.65(2H,d), 7.73(1H.d), 8.53(1H,m), 8.62(1H,s);
(Example 26):

R! = t-naphthyl; isolated as a solid, m.p. 171-172‘ C; partiat NMR: 6.3(1H,s), 7.32(1H,m), 7.52(3H,m),
7.85(4H,m), 8.22(1H,s), 8.52(11,d), 8.63(1H,s);
(Example _'LZ):

= 4-(4-cyanobenzyloxy)phenyl; isolated as a solid, m.p. 162;164'0; partial NMR: 5.69(1H,s), 6.97-

(2H.d), 7.36(1H,m), 7.52(4H,m), 7.70{3H,m), 8.53(2H,m);
(Example 2_8_):

R' = 2-benzyloxyphenyl; isolated as a solid, m.p. 142-144° C; partial NMR: 6.15(1H,s), 6.93(1H.d),

7.05(1H,1), 7.31(7H,m), 7.78(2H,s), 8.51(1H,d), 8.58(1H,s);

(Example 29)

so.*’ R' = 4 benzyloxyphenyl; isolated as a solid, m.p. 200-204 C; parual NMR: 572(1Hs) 7.02(2H,d),

§5

7.18(1H,m), 7.40(7TH,m), 7.72(1H,s), 8.48(1H.d), 8.53(1H,s);

(Example 2}:

= 4-(3-pyridyimethoxy)phenyl; isolated as a solid, m.p. 174 177°C; partial NMR: 562(1H.s) 6.93-
(2H d) 7.25(2H,d), 7.43(2H,d), 7.69(2H,s), 8.50(4H,m);
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(Example _3_1_ )

R! = 4-phenoxyphenyl; isolated as a solid, m.p. 142-144° C; partial NMR: 5.72(1H,s), 7.07(5H,s), 7.35-
(3H.8), 7.55(2H,s), 7.78(1H,m), 8.57(2H,m); ’
(Example gg):

R' = 3-phenoxypheny!; isolated as a solid, m.p. 130-132° C; partial NMR: 5.72(1H,s), 7.07(4H,m), 7.85-
(6H.s), 7.82(1H,m), 8.55(2H,m}; '
(Example 33)

= 3-(3-pyridylmethoxy)phenyl; isolated as a solid, m.p. 104-105° C; 5.70(1H,s), 6.98(1H,m), 7.18~

(1H, m) 7.33(4H,m), 7.71(1H,m), 7.88(1H,m), 8.55(3H,m), 8.82(1H,m);
(Example 3_4):

= 2-(4-cyanobenzyloxy)phenyl; isolated as a solid, m.p. 159-162° C; partial NHR: 6.15(1H,s), 6.88-
(1H.d), 7.09(1H.,}), 7.37(2H.m), 7.47(2H,d), 7.68(2H,d), 7.77(2H.m), 8.55(2H,m});

{Example 3_5_):
= 2-(3-pyridylmethoxy)phenyl; isolated as a solid, mp. 131-1 35° C; partial NMR: 6.15(1H,s), 6.92-
(1H,d), 7.08(1H,1), 7.30(3H,m), 7.72(3H,m), 8.60(4H,m);
{Example ?_6_):,,_._ )
~ R' = 4-benzyloxy-3-nitrophenyl; isolated as a solid, m.p. 150-152° C; partial NMR: 5.70(1H,s), 7.12-
{1H,d), 7.38(6H,s), 7.73(2H,m), 8.04(1H,d), 8.57(2H,d);
(Example §Z):
= 3-(1-naphthylmethoxy)pheny}; isolated as a solid, m.p. 115-117 " C; partial NMR: 5.70(1H,s), 6.52-
(1H,m), 7.03(1H,m), 7.18(1H,d), 7.33(3H,m), 7.47(3H,m), 7.60(1H,d), 7.81(3H,m), 8.05(1H,m), 8.55(2H,m);
{Example §§):
R' = 3-(2,5-dimethoxybenzyloxy)phenyl; isolated as a solid, m.p. 53-54° C; partial NHR: 5.72(1Hs),
6.82(2H,m), 7.00(1H,m), 7.15(2H,m), 7.31(4H,m), 7.82(1H,m), 8.57(2H,m);
{Example §§_):
= 2-(4-pyridyimethoxy)phenyl; isolated as a solid, m.p. 115-117°C; partual NMR: 6.14(1H,s), 6.87-
(1H, d) 7.0(1H,1), 7.12(1H,m), 7.60(7H,m), 8.6(2H,m).
(Example ﬂ):

R' = 2-chloro-1-naphthyl; isolated as a solid, m.p. 188-190" C; partial NMH 6.73(1H,s), 7.2(1H,s), 7.46-
(2H,m), 7.62(1H,m), 7.75(3H,m), 8.53(2H,m), 9.02(1H,d);
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(Example ﬂ):

R' = 2-(2-pyridyimethoxy)phenyl; isolated as a solid, m.p. 86-88" C; partial NMR: 6.18(1H,s), 6.92-
{1H,d), 7.05(1H,t), 7.18(1H,1), 7.29(2H,m), 7.45(1H,d), 7.57(1H.d), 7.76(2H,dd), 8.55(3H,m);

{Example _AE):

R' = 2-(4—nitrobenzyloxy)phenyl; isolated as a solid, m.p. 166-168" C; partial NMR: 6.14(1H,s), 6.88-
(1H,d), 7.11(1H,1), 7.32(2H,m), 7.50(2H,d), 7.76(2H.m), 8.16(2H,m), 8.59(2H.m);

(Examp.le ‘_13):

R' = 3-benzyloxy-4-methoxyphenyl; isolated as a solid, m.p.' 128-130 " C; partial NMR: 5.62( H,s), 6.90-
{(1H,d), 7.12(2H,m), 7.44(6H,m), 7.68(1H,m), 8.55(2H,m); :

{(Example ﬂ):

R!' = 3-(3-cyanobenzyloxy)-4-methoxyphenyl; isolated as a solid, m.p. 148-149° C; partial NMR: 5.63-
(1H,s), 6.92(1H,d), 7.13(2H,m), 7.32(1H,m), 7.45(1H,m), 7.58(1H,m), 7.68(2H.m), 7.80(1H,s), 8.55(2H,m);

(Example ﬁ):

' = 4-benzyloxy-3-cyanophenyl, isolated as a solid, m.p. 164-165" C; partial NMR: 7.41(7H,m), 7.78-
(3H,m), 8.48(1H,dd), 8.55(1H,d).

The novel starting benzaldehydes of formufa R'.CHO were obtained by essentially the same general
procedure, starting from the appropriate hydroxybenzaldehyde and appropriate benzyl bromide or
(bromomethyl)pyridine. These starting materials were heated together in the presence of an excess of
anhydrous potassium carbonate in ethyl methyl ketone under reflux for 2-18 hours until the reaction was
essentially complete as judged by thin layer chromatographic analysis (TLC) on silica. The product was
then isolated by concentration of the supernatant reaction mixture and flash chromatographic purification of
the residial material using hexane/ethyl acetate (up to 30% v/v) as eluant. The resultant benzaldehydes of
formula R'.CHO were used as soon as possible and had the following properties:-

(1) 3-(4-cyanobenzyloxy)oenzaldehyde; m.p. 96-97° C; partial NMR: 5.18(2H,s), 724(1H m), 7.50-
(SH,m), 7.68(2H.d), 9.98(1H,s).

(2) 4-(4-cyanobenzyloxy)benzaldehyde; m.p. 105-106 C; partial NMR: 5.23(2H,s), 7.06(2H,d), 7.54-
{2H,d), 7.69(2H,d), 7.86(2H,d), 9.90(1H,s).

(3) 2-benzyloxybenzaldehyde; m.p. 42-44° C; partial NMR '5.20(2H,s), 7.03(2H,s), 7.44(6H,m), 7.86-
(1H,m), 10.58(1H,s).

(4) 4-(3-pyridyimethoxy)benzaidehyde; m.p. 75-77° C; partial NMR: 5.16(2H,s), 7.02(2H,m), 7.30-
{1H,m), 7.76(3H.m), 8.63(2H,m), 9.95(1H,s).

(5) 3-(3-pyridyimethoxy)benzaldehyde; m.p. 48-50° C; partial NMR: 5.09(2H,s), 7.47(5H,m), 7.70-
(1H,m), 8.47(2H,m), 9.90(1H,s).

{6) 2-(4-cyanobenzyloxy)benzaidehyde; m.p. 102-103; partial NMR: 5.28(2H,s), 7.01(2H,m), 7.55-
{3H,m), 7.70(2H,m), 7.88(1H,m), 10.55(1H,s).

(7) 2-(3-pyridyimethoxy)benzaldehyde; m.p. 58-59° C.

(8) 4-benzyloxy-3 nitrobenzaldehyde; m.p. 86-88° C; partial NMR: 5.34-(2H,s), 7.24(2H,m), 7.42-
{4H,m), 8.03(1H,dd), 8.37(1H,d), 9.93(1H,s).

(9) 3-(1-naphthylmethoxy)benzaidehyde; m.p. 83-64° C; partial NMR: 5.55(2H.s), 7.27(1H,m), 7.52(7H,
m), 7.87(2H,m), 8.03(1H,m), 9.98(1H,5).

(10) 3-{2,5-dimethoxybenzyloxy)benzaldehyde; obtained as an oil; partial NMR: 5.28(2H,s), 6.83-
{2H,d), 7.05(1H,m), 7.26(1H,m), 7.45(3H,m), 9.97(1H.s).

(11) 2-(4-pyridyimethoxy)benzaldehyde; m.p. 137-140°C; partial NMR: 5.33(2H,s), 7.20(2H,m), 7.52-
(2H.d), 7.71(2H,m), 8.58(2H,d), 10.48(1H,s).

{12) 2-(2-pyridyimethoxy)benzaldehyde; m.p. 67-68° C; partial NMR: 5.32(2H,s), 7.06(2H,m), 725-
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(1H,m), 7.53(2H,m), 7.75(1H,m), 7.84(1H,dd), 8.61(1H,d), 10.62(1H,s).

(13) 2-(4-nitrobenzyloxy)benzaldehyde; m.p. 110-111 " C; partial NMR: 5.31(2H,s), 7.0(1H,d), 7.1(1H.1),
7.59(3H,m), 7.88(1H,dd), 8.28(2H,m), 10.36(1H,s).

(14) 3-benzyloxy-4-methoxybenzaidehyde, obtained as an oil; partial NMR: 5.19(2H,s), 6.99(1H,m),
7.38(7H,m), 8.82(1H,s).

{15) 3-(3-cyanobenzyloxy)-4-methoxybenzaldehyde; m.p. 113-114°C; partial NMR: 5.20(2H,s), 7.02-

| (1H.d), 7.42(1H.d), 7.49(2H,m), 7.65(2H.m), 7.80(1H,m), 9.83(1H,s).

(16). 4-benzyloxy-3-cyanobenzaldehyde; m.p. 117-118°C; partial NMR: 5.32(2H.,s), 7.14(1H.d), 7.42-
(5H,m), 8.03(1H,dd), 8.11(1H,d), 9.88(1H,s). o

Example 46-47

Using an analogous procedure to that described in Example 1, but starting from 4(Z)-6-[(4s 5R-)-2 2-
dimethyl-4-(3-pyridyl)-1,3-dioxan 5-yithexenoic acid and 2-methyl-2-(2-nitro-4-methylphenoxy)propanal and
2-(4-methoxyphenoxy)-2-methylpropanal, respectively, there were obtained:

(Example 46) 4(2)-6- [(2S,4S, 5R)—2-[1-methyl-1-(2-n|tro-4-methylphenoxy)ethyl]-4-(3-pyridyl)- 3"
dioxan-5-yllhexénoic acid, as a soiid in 25% yleld, with [alphalp -117.6" (EtOH, ¢ 0.635); and NMR:
1.45(6H,s), 1.5-1.75(2H,m), 2.2-2.4(8H,m), 3.9-4.2(2H,m), 4.8(1H,s), 5.05-5.5(3H,m), 7.15-7.6(5H,m), 8.4-8.55-
{2H,m); and

(Example 47): 4- (Z)-s-[(zs 4S8 58)—2-[1 (4-methoxyphenoxy)- -methylethyl]-4-(3-pyridyl) -1,3-
dioxan-5-yljhexenoic acid, as a solid in 28% vyield, with S[alpha]p -122.9° (EtOH, ¢ 0.59); and NMR:
1.35(3H,s), 1.4(3H,s), 1.55-1.8(2H,m), 2.2-2.6(5H,m), 3.75(3H,s), 3.9-4.2(2H,m), 4.75(1H.s), 5.05-5.5(3H,m),
8.75-7.7(6H,m),8.5-8.6(2H,m).

The optically active starting 2,2-dimethyl-1,3-dioxane hexenoic acid derivative was obtained as follows:-

{i) A 1.53M solution of butyllithium in hexane (23.9 ml) was added to a solution of 4S-(-)-isopropyl-2-
oxazolidmone (4.68 g) in dry THF (75 ml), cooled to -78° C under argon. The mnxture was allowed to warm
to -50°C and then stirred for 30 minutes. The mixture was then recooled to -78° C and a solution. of 4-
pentenoyl chloride (4.33 g) in dry THF (10 mil) was added dropwise. After the addition, the mixture was
stirred at -78" C for 30 minutes, and then allowed to warm to -20° C. Saturated aqueous ammonium chloride
solution (20 ml) was added and the mixture was extracted with ethyl acetate {3 x 100 ml). The combined
organic phases were dried (MgSO:) and concenirated. The residue was purified by flash column
chromatography, eluting with ethyl acetate/hexane (20:80 v/v) to give (4S)-4-isopropyl-3-(4-pentenoyl)-
oxazolidin-2-one (A) (6.34 g), as an oil; NMR: 0.85-0.95(6H,m), 2.3-2.5(3H,m), 2.9-3.2(2H,m), 4.15-4.5(3H,m),
4.95-5.15 (2H,m), 5.75-8.0(1H,m).

(i) A 1M solution of dibutylboron triflate in dichloromethane (32.7 mi) was added to a solution of A (6.28
g) in dry dichloromethane (110 ml), cooled to 5°C under argon, followed by diisopropylethylamine (6.25
ml). The reaction mixture was stirred at 5° C for 30 minutes and then cooled to -78" C. 3-Pyridinecarboxal-
dehyde (3.1 ml) was added dropwise. The mixiure was stirred for 30 minutes at -78" C, and then allowed to
warm to -50° C over 30 minutes. The cooling bath was removed and the reaction mixture was stirred at
room temperature for 2 hours. The mixture was then cooled to 5° C and hydrogen peroxide (11.5 mi, 30%
wiv aqueous solution) was added. The mixture was stirred for 30 minutes and then poured into water (50
ml) and extracted with dichloromethane (3 x 100 mi). The combined extracts were dried (MgSO¢) and
evaporated. The residue was purified by flash column chromatography, eluting with ethyl acetate/hexane
(1:1 viv, gradually increasing to 100% ethyl acetate).to give {(4S)-(3-[(2S)-2-[(1S-1- hydroxy-1-(3-pyridyl)-
methyl]pent-4-enoyl)-4-isopropyloxazolidin-2-one (B), as a solid, m.p. 112-113" C {after recrystallisation from
toluene); Z{alphalp = +136.0 (EtOH, c 0.311);

NMR: 0.85(6H,dd,J =7Hz), 2.15-2.7(4H,m), 4.0-4.2(2H,m), 4.3-4.55(2H,m), 4.95-5.1(3H,m), 5.65-5.9(1H,m),
7.25-7.35(1H.m), 7.75-7.85(1H,m), 8.5-8.65(2H,m).

(i) A solution of sodium methoxide (30% w/w) in methanol (3.65 ml) was added to a solution of B (5.76
g) in methanol (40 ml), cooled to 5° C. The mixture was stirred for 15 minutes and then saturated agueous
ammonium chloride solution (10 ml) and ether (50 ml) were added. Sufficient water was added to dissoclve
any precipitated inorganics and the mixture was then extracted with ether (3 x 50 ml). The combined
extracts were dried (MgSO.) and evaporated. The residue was purified by flash column chromatography,
eluting with ethyl acetate to give methyl (2S)-2-[(1S)-1-hydroxy-1-{3-pyridyi)methyilpent-4-enoate (C) (3.245
g) as an oil; NMR: 2.3-2.6(2H,m), 2.8-2.9(1Hm), 3.6(3H,s), 4.95-5.1(3H,m), 5.65-5.85(1H,m), 7.25-7.35-
(1H.m), 7.7-7.75(1H,m), 8.45-8.6(2H,m).

{iv) A solution of C (3.88 g) in THF (10 ml) was added dropwise to a cooled suspension of lithium
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aluminium hydride (767 mg) in THF (50 mi) at such a rate to maintain the temperature below 10° C. After
the addition was complete, the mixture was stirred at 5° C for 4 hours. Ethyl acetate (20 ml) was added,
followed by saturated aqueous ammonium chioride solution (10 ml) and water (10 ml). The mixture was
extracted with ethyl acetate (3 x 50 mi). The combined extracts were dried (MgSO.) and evaporated. The
residue was purified by flash column chromatography eluting with ethyl acetate, gradually increasing to
methanol/ethyl acetate (1:9 viv), to give (1S,2R)-2-allyl-1-(3-pyridyl)-1,3-propanediol (D) (2.69 g), as an oil;
NMR: 1.65-1.8(1H,m), 1.95-2.15(2H,m), 3.15-3.45(2H,m), 4.4-4.5(1H,m), 4.75-5.0(3H,m), 5.25(1H,d,J =7Hz),
5.6-5.85(1H,m), 7.3-7.4(1H.m), 7.65-7.7(1H,m), 8.4-8.5(2H,m).

{v) p-Toluenesulphonic acid monohydrate (2.91 g) was added to a solution of D (2.68 g) in 2,2-
dimethoxypropane (15 ml) and the mixture was stirred for 18 hours. Triethylamine (10 mi) was added and
the mixture was partitioned between ether (50 ml) and water {20 m!). The organic layer was dried (MgSQO;)
and evaporated. The residue was purified by flash column chromatography, eluting with ethyl
acetate/hexane (1:1 viv) to give (4S,5R)-5-allyl-2,2-dimethyl-4-(3-pyridyl)-1,3-dioxane (E) (2.39 g), as an oil;
NMR: 1.53(3H,s), 1.55(3H,s), 1.6-1.75(1H,m), 1.9-2.0{1H,m), 2.3-2.5(1H,m), 3.85-4.2(2H,m), 4.9-5.0(2H,m),
5.27(1H,d,J = 3Hz), 5.45-5.7(1H,m), 7.25-7.35(1H,m), 7.65-7.7(1H,m), (8.5-8.6(2H,m).

(vi) Ozone was passed through a solution of the allyl compound (E) (530 mgq) in methanol (30 mi)
cooled to -78° C, until a blue colouration was formed. The mixture was purged with argon before methyl .
sulphide (1.6 ml) was added. The mixture was then stirred at room temperature for 18 hours, before being
concentrated in vacuo and partitioned between ether (S0 ml) and water (20 mi). The organic layer was dried
{MgSQs) and “evaporated. The residus was purified by flash column chromatography, eluting with a mixture
of methanol and methylene chioride (5:95 viv) to give 2-[4S 5R)-2 2-dimethyl-4-(3- pyndyl)-1 3-dioxan-5-yl]-
acetaldehyde (F), as an oil;

NMR: 1.53(3H,s), 1.55(3H.,s), 2.15-2.4(2H,m), 2.85-2.95(1H,m), 3.8-3.85(1H,m), 4.25-4.35(1H,m). 5.28-
(1H,d,J = 3Hz), 7.25-7.7(2H,m), 8.5-8.6(2H.m), 9.6(1H,s).

{Note: The optical purity was assessed as >99% by proton NMR by addition of (R)~(-)-2,2.2-trifluoro-1-(9-
anthryl)ethanol and observing the region 2.7-2.9 (delta), which showed 4 doublets centred at 2.77, 2.71, 2.82
and 2.85 (1H, CH-CHO)}.

(vii) The acetaldehyde (F) is then converted to 4(Z)-8-[(4S,5R)-2,2-dimethyl-4-(3-pyridyl)-1,3-dioxan-5-
ylthexenoic acid, having 25[alphalp -113.3 (EtOH, ¢ 0.465) and NMR essentially identical with that of the
racemic material described in Example 1, using an analogous procedure to that described in the part (v) of
Example 1.

Example 4_8_

p-Toluenesulphonic acid monohydrate (409 mg) was added to a stirred solution of 4(Z)-6-[2,2-dimsthyl-
4-(3-pyridyl)-1,3-dioxan-cis-5-ylihexenoic acid (570 mg) and 2-(2-cyano-4-methylphenoxy)-2-methylpropanal
(568 mg) in acetonitrile_(_S ml), and the mixture was stirred for 18 hours at 80" C. Water (40 mi) and 2M
sodium hydroxide solution (4 ml) were added and the mixture washed with ether (2 x 20 ml). The aqueous
phase was acidified with acstic acid and extracted with ethyl acetate (3 x 25 ml). The extracts were washed
with saturated brine {2 x 15 mi), dried (MgSQ.) and evaporated. The residual gum was purified by MPLC,
eluting with ethyl acetate/hexane/acetic acid (70:30:1 vw) to give 4(Z)-6-[(2,4,5-cis)-2-(1-(2-cyano-4-
methylphenoxy)-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yllhexenoic acid hemi-hydrate (249 mg), as
a white foam; NMR: 1.48(3H.,s), 1.50(3H,s), 1.57(1H,m), 1.72(1H,m), 2.09(0.75H,s), 2.27(4H,m), 2.30(3H,s),
2.43(1H.m), 4.02(1H,dm J=11Hz), 4.19(1H,dd, J=11, 1.5Hz), 4.98(1H,s), 5.18(1H,d J=2Hz), 5.25(1H,m),
5.41(1Hm), 5.77(1H.b), 7.09(1Hd, J=9Hz), 7.28(3H,m), 7.57(1H,dm J=8Hz), 8.45(1H,bs), 851(1H,bd
J=4Hz); macroanalysls found: C,68.0; H,6.5; N,6.0%; Ca¢H3oN20s5.3H20 requires: C,68.0; H,6.7; N,6.1 /e.
m/e 451 (M + H)

The necessary starting aldehyde was obtained as follows:-

(i) Anhydrous potassium carbonate (14.0 g) was added to a stirred solution of 2-bromo-4-methyiphenol
{19.0 g) and ethyl 2-bromo-2-methylpropionate (27.7 g) in 2-butanone (80 mi) and the mixture heated at
reflux for 3 hours, then cooled to ambient temperature and added to water (400 mil). This mixture was
extracted with ether (1 x 300 ml, 2 x 150 ml) and the combined extracts washed with 1M sodium hydroxide
solution (2 x 100 ml), water (2 x 100 ml) and saturated brine (1 x 100 ml), then dried (MgSOs) and the
solvent removed by evaporation. The residual oil was distilled under reduced pressure to give ethyl 2-(2-
bromo-4-methylphenoxy)-2-methyipropionate {A) (18.7 g). as an oil; b.p. 116-118° C at 0.5 mm Hg; NMR:
1.28{3H,t J=7Hz), 1.60(6H,s), 226(3H.s). 4.26(2H.q J =7Hz), 6.78(1H,d J=8Hz), 6.98(1H,dd J=8, 1.5H2),
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(i) Cuprous cyanide (3.76 g) was added to a stirred solution of A (10.54 g) in dimethylformamiae (20
ml) and then heated at reflux temperature (bath temperature 180° C) for 4.5 hours. After cooling the residue
was added to a stirred solution of ferric chloride/12M hydrochloric acid/water (14 g: 3.5 mi: 55 ml) and
stiming continued for 30 minutes. This solution was extracted with dichloromethane (1 x 100 ml, 2 x 50 mi)
and the combined extracts washed with water (3 x 50 ml), then dried (MgS0s) and the solvents removed in
vacuo. The residue was purified by MPLC, eluting with 10% v/v ethyl acetate in hexane to give ethyl 2-(2-
cyano-4-methylphenoxy)-2-methylpropionate (B) (7.01 g) as a colourless oil which crystallised slowly on
keeping at 4 C; m.p. 54-56° C, NMR: 1.24(3H,t J=7Hz), 1.65(6H.s), 2.91(3H.s), 4.23(2H.q J=7Hz2), 6.74-
(1H.d J=9Hz2), 7.21(1H,m), 7.35(1H.d J=2Hz), m/e 265(M + NHe) . . o

(iit) A stirred solution of B (2.47.9) in dry toluene (40 ml) under argon was cooled to -70° C and treated
dropwise with 1.5M diisobutylaluminium hydride in toluene (7.3 mi). Stirring was continued for a further 30
minutes at -70° C when a 10% viv methanol in toluene solution (2 mi) was added and the mixture warmed
to ambient temperature. The solution was added to a vigorously stirred ice-water mixture (50 ml), stirred for
2 hours and then filtered through kieselguhr. The organic phase was separated and the aqueous phase
extracted with ether (2 x 75 ml). The combined organic phases were washed with saturated brine (2 x 40
ml), dried (MgSOs) and evaporated. Purification of the residue by MPLC, eluting with 10% v/v ethyl acetate
in hexane gave an oil which slowly crystallised. Trituration with hexane and filtration gave 2-(2-cyano-4-
methylphenoxy)-2-methylpropanal (600 mg), m.p. 60-64°C; NMR: 1.50(6H,s), 2.31(3H,s), 6.74(1Hd
J=9Hz), 7.26(1H,m), 7.39(1H,d J=2Hz), 9.83(1H.s); m/e 221 M+ NH.)".

Example 49

In a similar manner to Example 48, but starting from 2-(2-cyano-5-methylphenoxy)-2~methylpropanal
instead of 2-(2-cyano-4-methylphenoxy)-2-methylpropanal and heating the reaction for 48 hours instead of
18 hours there was obtfained 4(2)-6-[(2,4,5-cis)-2-(1-(2-cyano-5-methylphenoxy)-1-methylethyl)-4-(3-
pyridyt)-1,3-dioxan-5-yllhexenoic acid hemihydrate (17%) as a white foam; NMR: 1.49(3H,s), 1.52(3H.,s),
1.59(1H,m), 1.73(1H,m), 2.28(4H,m), 2.36(3H.,s), 2.43(1H.m), 4.03(1H,dm J=11Hz), 4.20(1H.dd J=11, 1Hz),
4.97(1H,8), 5.17(1H,d J=2Hz), 5.23(1H,m), 5.41(1H.m), 6.92(1 H.dd J=7.1H2), 7.02(1H,s), 7.30(1H,m), 7.36-
(1Hd J=7H2), 7.57(1H,m), 8.49(2H,m); microanalysis found: C, 68.1; H, 6.5; N,5.9%; C2gH3oN20s5.3H20,
roquires: C, 68.0; H, 6.7; N 6.1%; m/e 451 (M+H)".

The necessary aldehyde was prepared as follows:-

{i) In a similar manner to Example 48(j) but starting with 2-chloro-5-methyiphenol instead of 2-bromo-4-
methylphenol and heating at reflux for 18 hours instead of 3 hours there was obtained ethyl 2-(2-chioro-5-
methylphenoxy)-2-methylpropionate (72%) as a colourless oil; b.p. 109-110° C at 0.5 mm Hg; NMR: 1.28-
(3H.t J=7Hz), 1.60(6H,s), 2.26(3H,s), 4.26(2H.q J=7Hz), 6.72(2H,m), 7.21(1H,d J=7Hz); m/e 274 (M+NH.)-

(i) In a similar manner to Example 48(ii), but starting from ethyl-2-(2-chloro-5-methylphenoxy)-2-
methylpropionate instead of ethyl 2-(2-bromo-4-methylphenoxy)-2-methylpropionate and using DMPU as
solvent in place of dimethylformamide and heating for 18 hours at 200° C there was obtained, after
evaporation of the dichloromethane extracts a liquid. This was dissolved in ether (200 ml) and the solution
washed with water (3 x 50 ml) to removed the DMPU, then dried (MgSO.) and evaporated. The residue was
purified by MPLC, eluting with 10% viv ethyl acetate in hexane to give ethyl 2-(2-cyano-5-methylphenoxy)-
2-methylpropionate (38%) as a colourless oil; NMR (250 MHz, CDCl3): 1.24(3H,t J=7Hz), 1.67(6H.s), 2.33-
(3H.s). 4.24(2H,q J=7Hz), 6.60(1H,s), 6.84(1H,dm, J=8Hz), 7.44(1H,d J =8Hz); m/e 265 (M + NH;)'.

(i) In a similar manner to Example 48(jii), but starting from ethyl 2-(2-cyano-5-methylphenoxy)-2-
methyipropionate instead of ethyl 2-(2-cyano-4-methylphenoxy)-2-methylpropionate there was obtained 2-(2-
cyano-5 methylphenoxy)-2 methylpropanal (28%), as a crystalline solid; m.p. 57-59° C; NMR (250 MHz,
CDCla): 1’.53(6H.s). 2.34(3H,s), 6.62(1H,s), 6.91(1H,d J=8Hz), 7.47(1H.d J=8Hz), 9.34(1H,s); m/e 221
{(M+NH,) .

Example E'l(_)_

Using a similar procedure to that described in Example 48, but starting from 2-(2-cyano-4-methox-
yphenoxy)-2-methylpropanal instead of 2-(2-cyano-4-methylphenoxy)-2-methylpropanal, there was obtained
4-(2)-6[(2,4,5-_cls_)-2—(1-(2~cyano-4-methoxyphenoxy)-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yl]-
hexanoic acid, in 10% yield; m.p. 130-140 * C; NMR: 1.46(3H,s). 1.48(3H.s). 1.58(1H,m), 1.72(1H,m), 2.26-
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(4H,m), 2.42(1H,m). 3.76(3H,m), 4.03(1H.dm J=11Hz), 4.20(1H,dd J=11, 1.5Hz), 4.97(1H,s), 5.17(1H,d
J =2Hz), 5.24(1H,m), 5.40(1H,m), 6.93(1H.d J=2.5Hz), 7.02(1H,dd J=8,2.5), 7.12(1H,d J=8Hz), 7.30(1H,m),
7.57(1H,m), 8.50(2H,m); m:croanalysas found: C 66.5; H,6.2; N,5.8%; CasHaoN20s requires: C,66.9; H,6.5;
N,6.0%; m/e 467 (M-l-H)

The starting aldehyde was prepared as follows:-

{i} 2M sodium hydroxide solution was slowly added to a stirred solution of 2-hydroxy-5-methoxybenzal-
dehyde (9.4 g) and hydroxylamine hydrochloride (5.37 g) in methanol (100 ml) until the pH was 7. Stirring
was continued for a further 20 minutes and the mixture was then added to water (600 mi). After cooling at
about 4 °C for 2 hours, the white solid was collected by filtration, washed mth water and dried to give 2-
hydroxy-5-methoxybenzaldoxine (A) (9.84 g) as white crystals; m.p. 119-1 20 *C, NMR: 3.77(3H,s), 6.70-
(1H,d J=2Hz), 6.90(2H,m), 7.47(1H,s), 8.19(1H,s), 9.39(1H,b); m/e 168(M + H)

(ii} A solution of A (9.84 g) in acetic anhydride (50 ml) was heated for 6 hours under reflux. The mixture
was left overnight at ambient temperature and was then added to a vigorously stirred ice water mixture (400
mi). After 1 hour, the resulting solid was collected by filtration. 2M Sodium hydroxide solution (150 mi) was
added to a stirred solution of this solid in methanol (50 ml). Stirring was continued for 1 hour. The clear
solution obtained was washed with ether (50 ml), acidified with 2M hydrochloric acid solution to pH4 and
extracted with ethyl acetate (3 x 50 ml). The combined extracts were washed with water (20 ml), then
saturated brine (20 ml), dried (MgSOs) and the solvent removed by evaporation to give 2-cyano-4-
methoxyphenol (B) (783 g) as 2 white solid, m.p. 128-138 " C; NMR (250 MHz, CDCla/DMSQd;): 3.66(3H,s),
6.86(3H,m); m/e 167 (M + N....«,) .

(iii) Anhydrous potassium carbonate (1.38 g) was added to a stirred solution of B (745 mg) and 2-
bromo-2-methylpropanal (755 mg) in tetrahydrofuran (20 ml). The mixture was heated under reflux for 1
hour and then left overnight at ambient temperature. Water (20 mi) was added and the mixture extracted
with ether (2 x 20 ml). The combined extracts were washed with water (2 x 10 ml), then saturated brine (10
mi) and dried (MgS0Os). Evaporation of the solvent and purification of the residual oil by medium pressure
chromatography (MPLC), eluting with 25% viv ethyl acetate in hexane, gave 2-(2-cyano-4-methox-
yphenoxy)-2-methylpropanal (677 mg) as a colourless oil: NMR 1.47(6H,s), 3.80(3H,s), 6.83(1H.d J=8Hz),
7.03(2H,m), 9.86(1H,s); m/e 237 (M + NHd)".

Example 51

An analogous hydrolysis procedure was used to that described in Example 12, but starting from methyl
4(Z)-6-[(2,4,5-cis)-2-phenylidifluoromethyl-4-(3-pyridyl)-1,3-dioxan-5-ylJhexenoate. Evaporation of the exiracts
of the acidified reaction mixture gave a pale yellow oil, which solidified on trituration with hexane.
Recrystallisation from ethyl acetate/hexane gave 4(Z)-6[(2,4,5-cis)-2-phenyidifiuoromethyl-4-(3-pyridyl)-

1,3-dioxan-5-yllhexenoic acid (58%; m.p. 146-148° C; NMR: 1.34(iH.m), 1.64(1H,m), 1.99(3H,m), 2.23-
(2H,m), 3.96(1H,bd J=11Hz), 4.13(1H,bd J=11Hz2), 5.09(3H,m), 5.35(1H,m), 7.13(1H.m), 7.46(3H,m), 7.60-
(3H,m), 8.51(2H.m); mlcroanalysns found: C.654; H.5.8; N,3.5%; Caz H23Ng04 requires: C,85.5; H,5.7;
N,3.5%; m/e 404 (M+H)".

The starting ester was prepared as follows:-

(i) A stirred solution of ethy! alpha,alpha-difluorophenylacetate (1.0 g) (prepared according to Middleton
and Bingham, J. Org. Chem., 1980 45, 2883) in dry toluene (15 ml) under argon was cooled to -70° C and
treated dropwise with 1.6M diisobutylaluminium hydride in toluene (3.5 ml) over 15 minutes. Stirring was
continued for a further 1 hour at -70° C when methanol (1 ml) was added. The solution was allowed to warm
to ambient temperature and added to a vigorously stirred ice-water mixture. Stirring was continued for 2
hours, the mixture filtered through kieseiguhr and the phases separated. The aqueous phase was extracted
with ethyl acetate (3 x 25 ml) and the combined organic phases washed with saturated brine (2 x 20 ml),
then dried (MgSOs.) and evaporated to give an oil. MPLC, eluting with 20% v/v ethy! acetate in hexane gave

so”’ 760 mg of a colourless oil (A) which was shown by NMR to be a mixture of alpha, alpha-

56

difluorophenylacstaldshyde and the corresponding hydrate and hemiacetal thereof.

(i) In a similar manner to Example 12(iv), but using the aldehyde mixture A instead of hex-
afluoroacetone sesquihydrate and using 60% v/v ethyl in hexane as eluant in the chromatographic
purification, there was obtained methyl 4(Z)-6-[(2,4,5-cis)-2-(phenyldifluoromethyl)-4-(3-pyridyl)-1,3-dioxan-5-
yllhexenoate as a waxy solid (31%); NMR: 1.30(1H,m), 1.54(1H, m), 1.98(3H,m), 2.20(2H.m), 3.57(3H.s),
3.97(1H,dm J=11Hz), 4.14{(1H,d J=11Hz), 5.08(3H,m), 531(1H m), 7.33(1H,m), 7.47(3H,m), 7.61(3H.m),
8.49(1H.d J=1Hz), 8.54(1H,dd J=4,1Hz); m/e 418 M+H)".
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Using a similar procedure to that described in Example 1, but using 2-methyl-2-(2-methylsulphonyl-
phenoxy)propanal as the aldehyds, there was obtained 4(2) 6-[(2, 4,5-cis}-2-(1-methyl- ~(4-methylsul-
phonylphenoxy)ethyl)-4-(3-pyridyl)-1,3-dioxan-5-yilhexenoic acid, as an oil in 29% vyield; NMR: 1.6-
(6H.s), 1.7-2.6(7H,m), 3.2(3H,s), 4.0-4.25 (2H,m). 5.1(1H,s), 5.2-5.5(3H,m), 7.1-8.0(6H,m), 8.5- 8.6(2H,m).

The necessary aldehyde was obtained starting from 2-(methylthio)phenol in an analogous manner to
that described for 2-methyl-2-{(4-methylsulphonylphenoxy)propanal in Example 18. 2-Methyl-2-(2-methylsul-
phonylphenoxy)propanal. was obtained as a solid In 51% yield (from carboxylate); NMR: 1.55(6H,s), 3:25-
{3H.s), 6.85-7.55(3H,m), 8.0-8.5(1H,m), 9.85(1H,s), with isolation of the following intermediates:- .

(a) ethyl 2-methyl-2-(2-(methylthio)phenoxy)propionate: oil (38% vyield from the phenol); NMR: 1.25-
(3H,t J=7Hz), 1.6(6H,s), 2.4(3H,s), 4.25(2H,q J=T7Hz), 6.7-7.2(4H,m); and

b) ethyl 2-methyl-2-{2-methylsulphonylphenoxy)propionate: oil [89% yisld from (a)]; NMR: 1.25(3H,t
J=7Hz), 1.7(6H,s), 3.25(3H,s), 4.3(2H,q J=7Hz), 6.9-7.55(3H,m), 7.95-8.05(1H,m).

Examples 53-54

Using a similar procedure t291(3H s), 4.23(2H.q J= 7Hz) 6.74(1Hd J=9Hz), 7.21(1H,m), 7.35(1Hd
J=2Hz); m/e 265(M+NH4) o that described in Example 1 but using 2-methyl-2-(2 methylthiophenoxy)-
propanal and 2-methyl-2-(4-methylthiophenoxy)propanal, respectively, there were obtained:-

(Example §§_):

4(_Z_)-6-[(2,4,5-Ei_s_)-2-(1 -methyl-1-(2-methylithiophenoxy)ethyl)-4-(3-pyridyl)-1,3-dioxan-6-ylJhexenoic acid,
as a solid In 45% yield; NMR: 1.45(3H.,s), 1.5(3H,s), 1.55(2H,m), 2.2-2.5(8H,m). 4.0-4.25(2H,m), 5.0(1H,s),
5.1-56.5(3H,m), 7.0-7.7(6H,m), 8.5-8.6(2H,m); and

{Example :.Si):

4(Z)-6-[(2.4,5-cis)-2-(1-methyl-1-(4-methylthiophenoxy)ethyl)-4-(3-pyridyl)-1,3-dioxan-5-y}hexenoic acid,
as a solid in 26% yield; NMR: 1.35(3H,s), 1.4(3H,s), 1.6-1.8(2H,m), 2.2-2.5(8H,m), 3.95-4.25(2H,m), 4.75-
(1H,s), 5.1-5.5(3H,m), 6.9-7.75(6H,m), 8.5-8.6(2H,m).

The starting aldehydes were obtained in an analogous manner to that described for 2-methyl-2-(4-
methylsulphonylphenoxy)propanal in

Example 16:-

{a) 2-methyl-2-(2-methylthiophenoxy)propanal, isolated as an oil; NMR: 1.45(6H,s), 2.4(3H,s), 6.7-7.2-
{4H.m), 9.9(1H,s); in 53% vyield, by reduction of ethyl 2-methyl-2-(2-methylthiophenoxy)propionate; and

(b) 2-methyl-2-(4-methylthiophenoxy)propanal, isolated as an oil; NMR: 1.4(6H,s), 2.45(3H,s), 6.75-
7.25(4H,m), 9.85(1H.s).

Example 55

Using an analogous procedure to that described in Example 1, but using from 2-thiophenoxybenzal-
dehyde as the aldehyde, there was obtained 4(Z)-6-[2,4,5-cis)-4-(3-pyridyl)-2-(2-thiophenoxyphenoxy)-
1,3-dioxan-5-yilhexenolc acid, as a solid in 26% yeild; NMR: 1.7-1.9(2H,m), 2.2-2.5(5H,m), 4.1-4.3(2H,m),
5.2-5.5(3H.m), 6.15(1H.m), 7.1-7.9(11H,m), 8.45-8.6(2H,m).

The 2-thiophenoxybenzaldehyde was made in known manner from 2- ﬂuorobenzaldehyde and
thiophenol.

Examples 56-57
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Using an analogous procedure to that described in Example 1, but starting from 2-methyl-2-(2-nitro-4-
methoxyphenoxy)propanal and 2-methyl-2-(2-methyl-6-nitrophenoxy)propanal, respectively, there were ob-
tained:-

(Example 56):

4@)-6-[(2.4,5-93)—2—(1 -methyl)-1-(2-nitro-4-methoxyphenoxy)sthyl)-4-(3-pyridyl)-1,3-dioxan-5-yllhexenoic
acid, as a solid in 10% yield; NMR: 1.35(6H.,s), 1.45-1.7(2H,m), 2.1-2.4(5H,m), 3.75(3H,s), 3.85-4.1(2H,m),
4.75(1H,8), 5.0-5.4(3H,m), 6.9-7.55(5H,m), 8.4-8.5(2H,m); and

(Example 57):

4(Z)-6-[(2,4,5-cis)-2-(1-methyl-1-(2-methyl-8-nitrophenoxy)ethyl)-4-(3-pyridyl)-1,3-dioxan-5-yi]hexenoic
acid, as a solid in 7% yield; NMR: 1.25(3H,s), 1.3(3H,s), 1.45-1.65(2H,m), 2.05-2.4(8H,m), 3.8-4.05(2H,m),
4.7(1H,s), 5.0-5.5(3H,m), 6.95-7.5(5H,m), 8.35-8.5(2H,m).

The starting aldehydes were obtained in an analogous manner to that described for 2-methyl-2-(4-
methylisulphonylphenoxy)propanal in Example 16:-

{a) 2-methyl-2-(2-nitro-4-methoxyphenoxy)propanal, isolated as an orange oil; NMR; 1.45(6H,s), 3.8-
{3H,s), 6.9-7.3(3H,m), 9.85(1H,s); in 41% yield by reduction of ethyl 2-methyl-2-(2-nitro-4-methoxyphenoxy)-
propionate, itself obtained as an oil; NMR: 1.3(3H,t J=7Hz), 1.6(6H,s), 3.8(3H,s), 4.25(2H,q J = 7Hz), 7.0-7.3-
(3H,m); in 8% vyield, by alkylation of 4-methoxy-2-nitrophenoxol; and

(b) 2-methyl-2-(2-methyl-6-nitrophenoxy)propanal, isolated as a yellow oil; NMR: 1.35(6H,s), 2.3-
(3H,s), 7.1-7.6(3H,m), 9.85(1H,s); in 65% yield, by reduction of ethyl 2-methyl-2-(2-methyl-6- nitrophenoxy)-
propionate, itself obtained as an oil; NMR: 1.35(3H.t J=7Hz), 1.5(6H,s), 2.3(3H,s), 4.25(2H,q J=7Hz), 7.05-
7.55(3H,m); in 8% vyield, by alkylation of 2-methyl-8-nitrophenol.

Example 58

Using a similar procedure to that described in Example 1, but using 2-benzoylbenzaldehyde as the
aldehyde, there was obtained 4(Z)-6-[(2,4,5-cis)-2-(2-benzoyiphenyl})-4-(3-pyridyl)-1,3-dioxan-5-yl}-
hexenoic acid, as a solid in 64% yield; NMR: 1.15-1.45(2H,m), 1.85-2.25(5H,m), 3.6-3.9(2H,m), 4.7-5.3-
(3H,m), 5.55(1H,m), 6.8-7.65(11H,m), 8.05-8.2(2H,m).

The 2-benzoylbenzaldehyde was obtained as a solid in 82% yield: NMR: 7.4-8.1(9H,m), 10.05(1H,s), by
oxalyl chloride/dimethy! sulphoxide oxidation at -50° C to ambient temperature of 2-(alphahydroxybenzyl)-
benzyl alcohol, itself obtained as a solid in 26%; NMR: 2.95(1H,br s), 4.45-4.65(2H,m), 6.05(1H,s), 7.2-7 4-
(9H,mY); by lithium aluminium hydride reduction of 2-benzoylbenzoic acid.

Examples 59-60

Using an analogous procedure to that described in Example 23 but starting from the appropriate
benzaldehydse of the formula R'.CHO the following compounds were obtained:-
{(Example 29_)_:

4(2)-6-[(2 4 5-cls)-2-(1-methyl-1 {phenylthio)ethyl)-4-(3-pyridyl)-1,3-dioxan-5-ylJlhexenoic acid, as
a colourless solid, m.p. 118-120 ° C; NMR: 1.32(6H,s), 1.65(2H,m), 2.31(5H,m), 3.90(1H,d), 4.18(1H,d), 4.55-
(1H,s), § 00{1 H.d), 5.22(1H,m), 5.40(1H,m), 5.70(1H,m), 7.28(4H.m), 7.53(2H,m), 7.62(1H,d), 8.50(2H.m); m/e
428 (M+H) ; in 63% yield, starting from 2-methyl-2-(phenylthio)propanal; and
(Example ‘6_0_2:

4(_Z_)-6-[(2,4,5-ﬂ§_)-2-(1-methyl-1 -(4-fluorophenylthio)ethyl)-4-(3-pyridyl)-1,3-dioxan-5-yijhexenoic
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acid, as a colourless solid, m.p. 109-111 *C:; NMR: 1.33(6H,s), 1.64(2H,m), 2.34(5H,m), 3.90(1H,m), 4.18-
(1H,m), 4.58(1H,s), 5.02(1H,d), 5.31(2H,m), 6.94(2H,m), 7.35(1H,m), 7.55(3H,m), 8.52(2H,m); m/e 444 (M-H)-
"1 in 61% yield starting from 2-methyl-2-(4-fluorophenylthio)propanal.
The starting benzaldehydés were obtained using a similar procedure to that described in part (vii) of

Example 1 and had the following properties:

(a) 2-methyl-2-(phenylthio)propanal: obtained in 40% yield as an oil, NMR: 1.25(6H,s), 7.25(5H,m),
9.28(1H,s); m/e 194(M + NH;,)'; starting from phenylthiol and 1,1-dichloro-2-hydroxy-2-methylpropane; and

b) 2-methyl-2-(4-fluorophenylthiojpropanal: obtamed in 14% yield as an oil, NMR: 1.31(6H,s), 6.99-
(2H,m), 7.36(2H,m), 9.28(1H,s); m/e 216(M+NH4) ; starting from 4-ﬂuorophenylth|ol and 1,1-dichiorp-2-
hydroxy-2-methylpropane.

Exampie §1

The acid catalysed aldehyde/ketone exchange reactions described in any of the preceding Examples
23-60, may also be performed using 4(Z)-6-[2,2-diethyl-4-(3-pyridyl)-1,3-dioxan-cis-5-yllhexenoic acid
(described in Example 14) instead of the 2,2-dimethyl derivative [compound (A) described in part (v) of
Example 1]. In general largely similar yields of compounds of the formula | may be obtained.

Exampie E?.

llustrative pharmaceutical dosage forms suitable for presenting the compounds of the invention for
therapeutic or prophiactic use include the following tablet, capsule, injection and aerosol formulations, which
may be obtained by conventional procedures well known in the art of pharmacy and are suitable for
therapeutic or prophyiactic use in humans:- '

(a) Tablet 1 mg/tablet

Compound Z* 1.0 This Sheet Has Been Repl
Lactose Ph. Eur. 83.25 ”II,I"
Croscarmetlose sodium 40

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

Magnesium stearate 1.0
{b) Tablet 1 mgftablet
Compound Z* 50
Lactose Ph. Eur 223.75
Croscarmellose sodium 6.0

Maize starch 15.0
Polyvinylpyrrolidone (5% wiv aqueous paste) 2.25 .

Magnesium stearate 3.0

(c) Tablet Iit mgftablet

Compound Z* 100

Lactoss Ph. Eur. 182.75

Croscarmellose sodium 12.0

Maize starch paste (5% w/v aqueous paste) 225

Magnesium stearate 3.0
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{(d) Capsule mg/capsule
Compound Z* 10 o
Lactose Ph.Eur. 488.5
5 Magnesium stearate 1.5 THIS SHEET HAS BEEN
REPLACED
10 {e) Injection | {50 mg/mi)
Compound Z* (free acid form) 5.0% wiv
" 1M Sodium hydroxide solution 15.0% wiv This Sheet H
0.1M Hydrochloric acid (to adjust to pH 7.6) 18 Saect Has Been Replaced
Polyethylene giycol 400 4.5% wiv , ,",I" l"l" "
1% Water for injection . to 100%

20 (f) Injection Il (10 mg/ml)
Compound Z" (free acid form) 1.0% wiv
Sodium phosphate EP 3.6% wiv
0.1M Sodium hydroxide solution | 15.0% viv
25 Water for injection to 100%
30 {(9) Injection Il (1mg/ml, buffered to pH
6)
Compound Z* (free acid form) 0.1% wiv .
Sodium phosphate BP 2.26% wiv
25 Citric acid 0.38% wiv
Polysthylene glycol 400 3.5% wiv
Water for injection to 100%
40 -~
{nh) Aerosol | mg/mi
Compound Z* 10.0
Sorbitan trioleate 13.5
45 Trichlorofiuoromethane 910.0
Dichiorodifiuoromethane | 490.0
50
(i) Aerosol Il : - mgfmi
Compound Z* 0.2
Sorbitan trioleate 0.27
o5 Trichloroflucromethane 700
Dichlorodifluoromethane 280.0
Dichlorotetrafluorosthane | 1094.0
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(i) Aerosol ill mg/mi
Compound Z° ’ 25
Sorbitan trioleate 3.38 .
Trichlorofluoromethane 67.5 N
Dichlorodifluoromethane | 1088.0 THIS SHEET HAS BEE
Dichlorotetrafluorosthane 1916 REPLACED ',
(k) Aerosol IV mg/ml
Compound Z° 25
Soya lecithin 27 Sheet Has Been Replaced

Trichlorofluoromethane 675
Dichlorodifluoromethane 1086.0

Dichlorotetrafluorosthane 1916

Note

* The active ingredient Compound Z is a compound of formula |, or a salt thereof, for example a
compound of formula | described in any of the preceding Examples, and especially as described in
Example 18, 19, 20, 46 or 48.

The tablet compositions (a)-(c) may be enteric coated by conventionai means for example, with
cellulose acetate phthalate. The aerosol compositions (h)-(k) may be used in conjunction with standard,
metered dose aerosol dispensers, and the suspending agents sorbitan trioleate and soya lecithin may be
replaced by an alternative suspending agent such as sorbitan monooleate, sorbitan sesquioleate, polysor-
bate 80, polyglycerol oleate or oleic acid.
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CHEMICAL FORMULAE
(continued)

Y Ay, Aicor™

5 0™ .
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)

H @Y Alcor’ |
. P %\O N i
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20 _ 2. l .
Y .Y, A cort
26 R:20'f' Vi X
—T5 SHEET HAS BEEN
REPLACED
% o~ ? (O"?)nc"HloH
P\l’g]\o ~ X X
2~ H XN Sheet Has Been Replaced
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40
.
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(iv) Zn(BHs)2, E2O

(v) Oa, CH2Clz, then PhsP; or OsOs, NalOs, t-BuOH H0

(vi) NaH, DMSO, 8rCH.CH(OMe).

(vii) H*, HO

§5
Note:

R = (1-4C)alkyl, such as methyl (Me) or ethyl (Et);
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SCHEME 1
5
OMe
RAe - <ome
(i) . o N
10 1\(}_ ’ X
. N
s . (W) + (53)
5 OoMe
. RO,C F Ho oMe
(iv) _ X
v NG HO X
HO X NI
20 ' N7
(‘ i) (i) (i)
1 4
25 o oMe
OMe
Ho/\r\‘/ . R, X
N 7 » X
Ho : >4 oH R N
30 N N
Gid) 'y (vii)
35 .
o/j P CHO
R1 Fale) N ) - 1_:!\ N
{ X 3 O X
R z R
40 N . N
Vi (n= |)
This Sheet Has Been Re[ilaced
) AN R
Reagents:
(i) NaOEt, EtOH, allyl bromide
(i} LiAlH4 or LiBHs, THF
" (iii) TSOH, R'R2.CO or R'R2.C(OMe)2
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Ts = P_—toluenesulphonyl

N TN ik
o cHo
L R'—Ng =
R § o ~ X R.ﬁ. N/_ X
Rz P
. N VI (n=1) |
® (iid)
o oH
Rl"’.-!\o N
R}' 7z X
X (ns2) )
NnN=
| " {iv)
CuHo '
o o CH,
R o NS ¢ g I
2 < Ri N?
Vi (n=2) )
Reagents:

(i) B2Hs then H202

(i) Pyridinium chlorochromate, CH2Clz or DCCI, DMSO, pyridine, TFA
(iit) NaBH,, EtOH;

(iv) TsCl, pyridine; then Nal/acetone, 40-60 C

{v) 1,3-dithiane, LiN(i-Pr)2, THF at -78°C

(vi) Ammonium cerium(IV) nitrate, 0° C
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o 6—3, | ~ 0

15
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25
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MDA

t
50/

Reagents:

(i) pentenoyl chloride/BuLi/THF/ -78°C

(ii) Bu2B.S02CF5/(i-Pr)2 NEtlpyridinecarboxaldehydelCHzClz: H202/pH7
55 (i)} NaOR/ROH [R = (1-4C)alkyl such as Me]

(iv) LiAIH./THF

(v) R'R2.CO/ p-toluenesulphonic acid (p-Ts.OH)

(vi) O3/CH2Clz, then MezS or PhaP
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SCHEME 4

- i

This Sheet Has Been Reli

MR

Reagents:

(i) NaOEt, EtOH, Br(CH2),.C=C.A'.CO2R
(i) NaBH.; then R'R2CO, TsOH

(iii) NaOR/ROH

(iv) LIAIHo/THF

{v) R'R2.CO/ p-toluenesulphanic acid (p-

(vi) O3/CH,Clz, then MezS or PhsP [R =

Claims

v

l (i)

»
Fid

| THIS SHEET HAS BEEN

REPLACED

Y _(cH),.C=C. A COH

esterification or

sulphonamidation as required

Ts.OH)
(1-4C)alkyl such as Me]

1. A 1,3-dioxane alksnoic acid derivative of the formula | (set out as the final part of these claims)
wherein: n is the integer 1 or 2; X is hydrogen, hydroxy or (1-4C)alkoxy; Y is methyleneoxy, vinylene or

ethylene; A' is (1-6C)alkylene; and

a) R? is hydrogen, and R' is naphthyl or phenylthio(1-6C)alkyl optionally bearing 1 or 2 substituents
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Roe RO,C ~_-(CHy),-C=C. A COR
Lo} N (‘I) NS v
I ~ X » X
N N7
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coO,R

THIS SHEET HAé BEEN
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. CO.H

es terif.iqat_ion or

sulphonamidation as required

Reagents:

(i) NaOEt, EtOH, Br(CH2),.C=C.A'.CO2R

(i) NaBH..: then R'R2CO, TsOH

(ili) NaOR/ROH

(iv) LIAIHo/THF

{v) R'"R2.CO/ p-toluenesulphonic acid (p-Ts.OH)

{vi) 03/CH2zClz, then Me2S or PhsP [R = (1-4C)alkyl such as Me}

Claims
1. A 1,3-dioxane alkenoic acid derivative of the formula | (set out as the final part of these claims)
wherein: n is the integer 1 or 2; X is hydrogen, hydroxy or (1-4C)alkoxy; Y is methyleneoxy, vinylene or

ethylene; A! is (1-6C)alkylene; and
a) R? is hydrogen, and R' is naphthyl or phenylthio(1-6C)alkyl optionally bearing 1or 2 substituents
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selected from halogeno, cyano, nitro, (1-4C)alkyl, (1-4C)alkoxy and trifluoromethyi, or R! is a group of the
formula R8.A2-, in which:

A3 is phenyl bearing a substituent which is selected from (1-4C)alkyl, (1-4C)alkoxy, hydroxy, (2-5C)alkenyi,
(1-4C)alkylthio, (1-4C)alkyisulphinyl, (1-4C)alkyisulphonyl, (2-5C)alkanoyl, carboxy, [{1-4C)alkoxylcarbonyl,
[N-(1-4C)alkyl]carbamoyl, (1-5C)alkanoylamino and (1)4C)alkyl itself bearing a (1-4C)alkoxy, cyano, carboxy'
or [{1-4C)alkoxy]carbonyl, and the phenyl optionally bearing a second substituent selected from (1-4C)alkyl,
(1-4C)alkoxy, halogeno, trifluoromsthyl, nitro and cyano;

or R3 is thienyl or furyl optionally bearing 1 or 2 substituents independently selected from halogeno, (1-4C)-
alkyl, nitro and cyano; and A? is (1-6C)alkylene, oxy(1-6C)alkylene or (2-6C)aikenylens, up to three carbon
atoms of any of which may be wholly or partially fluorinated, or A? is a direct bond to R¥;

or R! is a group of the formula Q2.A3.Q-, in which:

Q! and Q2 are aromatic moietiss, one of which is a benzene moiety and the other of which is a benzene,
pyridine or naphthalene moiety, any of which may optionally bear a substituent selected from halogeno,
cyano, nitro, (1-4C)alkyl, (1-4C)alkoxy and triflucromethyl, and A3 is oxy, thio, sulphinyl, sulphonyl, carbonyl,
carbamoyl, iminocarbonyl, ureido, (1-6C)alkylene, oxy(1-6C)alkylene, (2-6C)alkenylene or a direct bond
between Q' and Q?;

{b) R is trifluoroethyl and R? is hydrogen, or both R' and R? are trifluoromethyl; or

{¢) R! and R? are both independently alkyl or together form alkylene, such that R' and R? together contain
5-0 carbon atoms; and R* is hydroxy, a physiologically acceptable alcohol residue, or (1-4C)-
atkanesuiphonamido;

or a pharmaceutically acceptable salt thereof.

2. A compound as claimed in claim 1 whersin n and Y have the meanings defined in claim 1, X is
hydrogen, hydroxy or methoxy; A' is methylene, ethylene, trimethylene, tetramethylene or 1,1-
dimethylethylene; and:

a) R? is hydrogen; and R is naphthyl, 1-methyl-1-(phenyithio)ethyl or phenylithiomethyl, optionally bearing 1
or 2 substituents selected from fluoro, chloro, bromo, cyano, nitro, methyl, ethyl, methoxy, ethoxy and
trifluoromethyl, or R! is a group of the formula R3.A2-, in which: R® is phenyl bearing a substituent which is
selected from methyl, ethyl, methoxy, ethoxy, hydroxy, vinyl, 2-propeny!, 3,3-dimethylpropenyl, methyithio,
ethylthio, methylsulphinyl, ethylsulphinyl, methylsulphonyl, ethylsulphonyl, acetyl, propionyl, butyryl, 2-
oxopropyt, carboxy, methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, N-methylcarbamoyl, N-ethylcar-
bamoyl, N-propyicarbamoyl, formamido, acetamido and propionamido, and from methy! 1-sthyl, 2-ethyl, 1-
propyl, 2-propyl and 3-propy!, any of which alkyl groups itself bearing a methoxy, ethoxy, cyano, carboxy,
methoxycarbonyl or ethoxycarbonyl substituent, and the phenyl optionally bearing a second substituent
selected from methyl, sthyl, methoxy, ethoxy, fluror, chloro, bromo, trifluoromsthyl, nitro and cyano; or R? is
thieny!l or furyl optionally bearing 1 or 2 substituents independently selected from fluoro, chloro, bromo,
methyl, ethyl, nitro and cyano; and A? is methylene, ethylene, trimethylene, isopropylidens, 1,1-
dimethylethylene, oxymethylene, oxytetramethylene, 1-oxy-i-methylethyl, 2-oxy-1,1-dimethylethyl, vinylene,
1,3-propenylene or 1,4-buten-2-ylene, up to three carbon atoms of any of which may be wholly or partially
fluorinated, or A? is a direct bond to R3;

or R! is a group of the formula Q2.A%.Q'-, in which:

Q' and Q2 are aromatic moieties, one of which is a benzene mmety and the other of which is a benzene,
pyridine or naphthalene moiety, any of which may optionally bear a substituent selected from fluoro, chioro,
bromo, cyano, nitro, methyl, ethyl, methoxy, ethoxy, trifluoromethyl, and A3 is oxy, thio, sulphinyl, sulphonyl,
carbonyl, carbamoyl, iminocarbonyl, ureido, methylene, ethylene, trimethylene, isopropylidene, 1,1-
dimethylethylene, vinylene, 1,3-propenylens, 1,4-buten-2-ylene, oxymethylene, oxyethylens or a direct bond
between Q' and Q2; '
{b) R is trifiuoroethyl and R2 is hydrogen, or both R' and R? are trifluoromethyl; or

{c) R’ and R? are both independently methyl, ethyl, propyl, isopropyl, butyl or pentyl, or together form
tetramethylene, pentamethylene and hexamethylene, any of which may optionally bear 1 or 2 methyl
substituents, such that R' and R? together contain 5-9 carbon atoms; and

R* is hydroxy, a physiologically acceptable alcohol residue selected from (1-6C)alkyl optionally bearing a
hydroxy or {1-4C)alkoxy substituent; phenyl; and benzyl; the latter two of which may optionally bear 1 or 2
optional substituents selected from halogeno, (1-4C)alkkyl and {1-4C)alkoxy, or R* is methanesulphonamido,
ethanesulphonamido or butanesulphonamido.

3. A compound as claimed in claim 1 wherein n is 1, X is hydrogen, Y is cis-vinylene, A' is ethylene, R*
is hydroxy and R' and R2 are selected from the following combinations:

a) when R' and R? are both trifluoromethyl;
b} when R' is thienyl or furyl, optionally containing a halogeno, cyano or nitro substituent, and R2? is
nen 7 s Tieny! or turyl, op
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¢) when R' is phenoxy(1-4C)alkyl, the pheny! moiety of which contains a first substituent selected from (1-
4CJalkyl and (1-4C)alkoxy, optionally together with a second substituent selected from (1-4C)alkyl, (1-4C)-
alkoxy, halogeno, nitro trifluoromethyl and cyano, and R? is hydrogen; '
d) R' is phenyithio(1-4C)alkyl, the phenyl moiety of which may optionally bear 1 or 2 substituents
independently selected from (1-4C)alkyl, (1-4C)alkoxy, halogeno, nitro, trifluoromethyl! and cyano, and R?is

_hydrogen;

e) when R!' is naphthy! optionally bearing 1 or 2 substituents selected from halogeno, (1-4Cjalky! and nitro,
and R? is hydrogen; and ) »

f) when R! is benzylphenyl, benzyloxyphenyl, (pyndylmethoxy)phenyl (naphthylmethoxy)phenyl, phenox-
yphenyl and (phenoxymethyi)phenyl.

4. A compound of formula Il wherein: A* is (1-4C)alkylene; X' is hydrogen or hydroxy; and RS is

naphthyl or thienyl optionally bearing a substituent selected from cyano, nitro, halogeno and (1-4C)alkyl, or
RS is a group of the formula RE.AS- in which:
RS is phenyl bearing a first substituent selected from (1-4C)alkyl, (1-4C)alkoxy, hydroxy, (2-5C)alkenyl, (1-
4Cjalkyithio, (1-4C)alkylisulphinyl, (1-4C)alkyisulphonyl, (2-5C)alkanoyl, carboxy, {(1-4Cjalkoxylcarbonyi, [N-
(1-4C)alkyljcarbamoyl, (1-5C)alkanoylamino and (1-4C)alkyl, the latter bearing a (1-4C)alkoxy, cyano,
carboxy or [(1-4C)alkoxy]carbonyl, said phenyl optionally bearing a second substituent selected from (1-
4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl, nitro and cyano, and AS is (1-4C)alkylene, oxy(1-4C)-
alkylene or a direct bond to R®; and R* is hydroxy, a physiologically acceptable alcohol residue, or (1-4C)-
alkanesulphonamido; or a pharmaceutically acceptable salt thereof.

5. A compound as claimed in claim 4 wherein A* is ethylene or trimethylene; X' is hydrogen; R* is
hydroxy, methoxy, ethoxy; and R® is selected from: 1-naphthyl, 2-naphthyl, 2-chloro-1-naphthyl, 2-thienyl, 3-
thienyl, S-cyano-2-thienyl, 5-bromo-2-thienyl, 4-bromo-2-thienyl, 4-chloro-2-thienyl, S-chloro-2-thisnyl, 2-
furyl, S-bromo-2-furyl, 1-{(4-methoxyphenoxy)-1-methylethyl,. 1-(4-tert-butylphenoxy)-1-methylethyl, 1-(2-
methoxyphenoxy)-1-methylethyl, 1-(2-methylthiophenoxy)-1 -methylethyi, 1-(4-methyithiophenoxy)-1-
methylsthyl, 1-(2-methylsulphonylphenoxy)1-methyiethyl, 1-(4-methylsulphonyiphenoxy)-1-methylethyl, 1-
methyl-1-(2-methylphenoxy)ethyl, 2-phenylthiophenyl, 2-phenylsulphonyiphenyl, 2-biphenylyl, 2-benzoyl-
phenyl, alpha,alpha-diflurorobenzyl, 1-methyl-1-(4-methoxy-2-nitrophenoxy)ethyl, 1-methyi-1-(4-methyl-2-
nitrophenoxy)ethyl, 1-methyl-1-(2-methyl-6-nitrophenoxy)ethyl, 1-methyl-1-(2-cyano-4-methylphenoxy)ethyl,
1-methyl-1-(4-chloro-2-cyanophenoxy)ethyl, 1-methyl-1-(2-cyano-4-methoxyphenoxy)ethyl, 1-methyl-1-(2-
cyano-5-methylphenoxy)ethyl, 1-methyl-1-(2-nitrophenoxy)ethyl, 1-(2-hydroxyphenoxy)-t1-methylethyi or (E)-
2-methoxystyryl. -

6. A compound of the formula It wherein R® is phenyithio-(1-8)alkyl, the phenyl moiety of which may
optionally bear 1 or 2 substituents independently selected from (1-4C)alkyl, (1-4C)alkoxy, halogeno, nitro,
trifluoromethyl and cyano; X' is hydrogen or hydroxy; A* is ethylene or trimethylene: and R* is hydroxy, a
physiologically acceptable alcohol residue selected from (1-6C)alkyl optionally bearing a hydroxy or (1-4C)-
alkoxy substituent; phenyl; and benzyl; the latter two of which may optionally bear 1 or 2 optional
substituents selected from halogeno, (1-4C)alkyl and (1-4C)alkoxy, or R* is methanesulphonamido,
ethanesulphanamido or butanesulphonamido; or a pharmaceutically acceptabie salt thereof.

7..A compound of the formula Il wherein A* is (1-4C)alkyiene; X' is hydrogen or hydroxy; A® is oxy,
thio, sulphonyl, carbonyl, carbamoyl, iminocarbonyl, (1-6C)alkylene, oxy(1-6C)alkyiene or a direct bond to
Q3 @ is benzens, pyridine or naphthalene; R7 and R® are independently selected from hydrogen,
halogeno, cyano, nitro, (1-4C)alkyl, (1-4C)alkoxy and trifluoromethyl; and R* is hydroxy, a physiologically
acceptable alcohol residue, or (1-4C)alkanesulphonamido; or a pharmaceutically acceptable salt thereof.

8. A compound as claimed in claim 7 wherein A* is ethylene or trimethylene; X' is hydrogen; R* is
hydroxy, methoxy, ethoxy: R? is selected from hydrogen, fiuoro, chloro, bromo, methyl, ethyl, methoxy,
ethoxy, cyano, nitro and trifluoromethyl; and the group of the formula R8.QR.A%- is selcted from phenoxy,
phenyithio, phenyisulphonyl, phenyl, benzoyl, benzyl, benzyloxy, 4-cyanobenzyloxy, 2-pyridylmethoxy, 3-
pyridyimethoxy, 4-pyridylmethoxy, = phenoxymethyl, 2-naphthyimethoxy, 2,5-dimethoxybenzyloxy, 4-
nitrobenzyloxy and 3-cyanobenzyloxy.

9. A compound as claimed in any of claims 1-8 wherein R* is hydroxy, X or X' is hydrogen, and A* is
sthylene.

10. A compound sglected from:
4Z)-6-[(2.4 5-cns)-2-(1 -{2 methylphenoxy]-1-methylethyi)-4-(3-pyridyl)-1,3-dioxan-5-yllhexenoic acid;
4(2)-6-{(2.4 5-cxs)-2 {1-{2-nitro-4-methylphenoxy]-1-methylethyl)-4-(3 pyridyl)-1,3-dioxan-5-ylJhexenoic acid;
4(Z)-6-[(2 4 5-c:s)-2 {1-{2-hydroxyphenoxy]-1-methylethyl)-4-(3 pyridyl)-1,3-dioxan-5-yllhexenoic acid;
4(Z)-6-[(2 4 5-cns)-2-(1-{2-cyano-4-methylphenoxy]-1 methylethyl-4- (3-pyridyl)-1,3-dioxan-5-yilhexenoic acid;
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4@_)—6-[(2,4,5-&)—2—(1 -[2-cyano-4-methoxyphenoxy]-1-methylethyl)-4-(3  pyridyl)-1,3-dioxan S-ylJhexenoic
acid; and

4(2)-6-[(28 4S 5R)-2—{1 -methyl-1 -(2-mtro-4-methylphenoxy)ethyl]-4-(3-pyndyl) -1,3-dioxan-5-yl{}hexenoic acid;
ora physnologlcally acceptable biodegradable ester or (1-4C)alkanesulphonamide thereof; or a pharmaceuti-
cally acceptable sait thereof.

11. A salt as claimed in any one preceding claim which is selected from alkali metal and alkaline earth
metal salts, ammonium salls, salts with organic amines and quaternary bases forming physiologicalily
acceptable cations, and also from salts with acids affordmg physiologically acceptab|e anions, such as salts
with mineral acids.

12. A process for the manufacture of a compound of the formula ! or-a pharmaceutscally acceptable sait
thereof as claimed in claim 1 which is characterised in that:

(a) a diol derivative of the formula IV wherein one of T' and T2 is hydrogen and the other is hydrogen or a
group of the formula -CRaRb.OH, wherein Ra and Rb are the same -or different (1-4C)alkyl, is reacted with
an aldehyde derivative of the formula R'.CHQ, or with an acetal, hemiacetal or hydrate thereof;

{b) a 1,3-dioxane of formula V wherein one of Ra and Rb is hydrogen, methyl or ethyl and the other is
methyl or ethyl, is reacted with an excess of an aldehyde of the formula R'.CHO, or with a hydrate, acetal
or hemiacetal thereof, in the presence of an acid;

(c) for a compound of formula | in which R' is pentafluoroethy!, a compound of the formula IV wherein one
of T' and T2 is hydrogen and the other is alkanesulphonyl or arenesulphonyl, is reacted with an aidehyde of
the formula R.CHO, or a hydrate, acetal or hemiacetal thereof, in the presence of an acid catalyst, followed
by base-catalysed cyclisation of the acyclic intermediate obtained;

(d) for a compound of formula | in which Y is vinylene and R* is hydroxy. an aldehyde of the formula VI |s
reacted with a Wittig reagent of the formuia: RsP = CH.A'.CO;~ M wherein R is (1-6C)alkyl or aryl and M"
is a cation; '

{e) for a compound of formula | in which X is hydroxy, a compound of the formula Vil wherein P is a
protected hydroxy group is deprotected;

(f) for a compound of formula ! in which R contains a hydroxy substxtuent. a hydroxy protecting group is
removed from the corresponding protected derivative of the formula | compound;

(g) an ester of the formula VIl wherein R? is (1-6C)alkyl, phenyl or benzyl, the latter two optionally bearing
1 or 2 halogeno, (1-4C)alky! or {1-4C)alkoxy substituents, is decomposed;

(h) for a compound of the formula | wherein Y is ethylens, a compound of the formula IX wherein Y2 is
vinylene or ethynylene is hydrogenated: or

(i) for a compound wherein Y is methyleneoxy, an alcohol of the formula X is reacted with an alkanouc acid
derivative of the formula Xl in which L is a suitable leaving group; -
whereafter, when a salt of a compound of formula 1 is required, the compound of formula | is reacted with
the “appropriate base or acid affording a physzologtcally acceptable ion, or by any other conventional salt
formation procedure; and

when an optically active form of a compound of formula | is required, one of the aforesaid processes may
be carried out using an optically active starting material or the racemic form of the compound of formula I is
resolved; and

wherein R!, R, R*, n, Y, A! and X have any of the meanings defined in claims 1-3 or 9; and

wherein the chemical formulae referred to by Roman numerals are set out as the final part of these claims.

13. A pharmacsutical composition which comprises a compound of the formula I, or a pharmaceutically
acceptable salt thereof, together with a pharmaceutically acceptable diluent or carrier.

AND WHEREIN, IN THE AFORESAID CLAIMS, THE CHEMICAL STRUCTURES ARE AS FOLLOWS:
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Claims for the following Contracting States: GR and ES.

1. A process for the manufacture of a 1,3-dioxane alkenoic acid derivative of the formula | (set out as
the final part of these claims) wherein: n is the integer 1 or 2; X is hydrogen, hydroxy or (1-4C)alkoxy; Y is
methyleneoxy, vinylene or ethylens; A' is (1-6C)alkylene; and
a) R? is hydrogen, and R! is naphthy! or phenylthio(1-6C)alkyl optionally bearing 1 or 2 substituents
selected from halogeno, cyano, nitro, (1-4C)alkyl, (1-4C)alkoxy and trifluoromethyl, or R' is a group of the
formula R3.A?-, in which:

R? is pheny! bearing a substituent which is selected from (1-4C)alkyl, (1-4C)alkoxy, hydroxy, (2-5C)alkenyl,
(1-4C)alkylthio, (1-4C)alkyisulphinyl, (1-4C)alkyisulphonyl, (2-5C)alkanoyl, carboxy, [(1-4C)alkoxy]carbonyl,
[N-(1-4C)alkyl]carbamoyl, (1-5C)alkanoylamino and {1-4C)alky! itself bearing a (1-4C)alkoxy, cyano, carboxy
ar [(1-4C)alkoxy]carbonyl, and the pheny! optionaly bearing a second substituent selected from (1-4C)alkyl,
(1-4C)alkoxy, halogeno, frifluoromethyl, nitro and cyano;

or R? is thienyl or furyl optionally bearing 1 or 2 substituents independently selected from halogeno, (1-4C)-
alikyl, nitro and cyano; and A? is (1-6C)alkylene, oxy(1-6C)alkylene or (2-6C)alkenylene, up to three carbon
atoms of any of which may be whoily or partially fluorinated, or Az is a direct bond to R3;

or R' is a group of the formula Q2.A3.Q'~, in which:

Q' and Q? are aromatic moisties, one of which is a benzene moiety and the other of which is a benzene,
pyridine or naphthalene moiety, any of which -may optionally bear a substituent selected from halogeno,
cyano, nitro, {1-4C)alkyl, (1-4C)alkoxy and trifluoromethyl, and A? is oxy, thio, sulphinyl, sulphonyl, carbonyl,
carbamoyl, iminocarbonyl, ureido, (1-6C)alkylens, oxy(1-8C)alkylene, (2-6C)alkenylene or a direct bond
between Q' and Q%

(b) R is trifluoroethyl and R2 is hydrogen, or both R' and R? are trifluoromethyl; or

{c) R' and R? are both independently alkyl or togsther form alkylene, such that R' and R? together contain
5-9 carbon atoms; and R* is hydroxy, a physiologically acceptable alcohol residue, or (1-4C)
alkanesulphonamido;

or a pharmaceutically acceptable salt thereof; charactensed in that:-

(a) a diol derivative of the formula 1V wherein one of T' and T2 is hydragen and the other is hydrogen or a
group of the formula -CRaRb.OH, wherein Ra and Rb are the same or different (1-4C)alkyl, is reacted with
an aldehyde derivative of the formula R'.CHO, or with an acetal, hemiacetal or hydrate thereof;

(b) a 1,3-dioxane of formula V wherein one of Ra and Rb is hydrogen, methyl or ethyl and the other is
methyl or ethyl, is reacted with an excess of an aldehyde of the formula R'.CHO, or with a hydrate, acetal
or hemiacetal thereof, in the presence of an acid;

{c) for a compound of formula | in which R! is pentafluoroethyl, a compound of the formula IV wherein one
of T' and T2 is hydrogen and the other is alkanesulphonyl or arenesulphonyl, is reacted with an aldehyde of
the formula R'.CHO, or a hydrate, acetal or hemiacetal thereof, in the presence of an acid catalyst, followed
by base-catalysed cyclisation of the acyclic intermediate obtained;

(d) for a compound of formula 1 in which Y is vinylens and R* is hydroxy, an aldehyde of the formula VI is
reacted with a Wittig reagent of the formula: R3P=CH.A'.CO,~ M” wherein R is {1-6C)alkyl or aryl and M’
is a cation; "

(e) for a compound of formuia | in which X is hydroxy, a compound of the formuia ViI wherein P is a
protected hydroxy group is deprotected;

{f) for a compound of formula | in which R' contains a hydroxy substituent, a hydroxy protecting group is
removed from the corresponding protected derivative of the formula | compound;

(g) an ester of the formula VIl wherein R? is (1-6C)alkyl, phenyl or benzyl, the latter two optionally bearing
1 or 2 halogeno, (1-4C)alky! or (1-4C)alkoxy substituents, is decomposed;

{h) for a compound of the formula | wherein Y is ethylens, a compound of the formula IX wherein Y2 is
vinylene or sthynylene is hydrogenated; or

(i) for a compound wherein Y is methyleneoxy, an alcoho! of the formula X is reacted with an alkanoic acid
derivative of the formula X! in which L is a suitable leaving group;

whereafter, when a salt of a compound of formula | is required, the compound of formula 1 is reacted with
the appropriate base or acid affording a physiologically acceptable ion. or by any other conventional salt
formation procedure; and

when an optically active form of a compound of formula | is required, one of the aforesaid processes may
be carried out using an optically active starting material or the racemic form of the compound of formula 1 is
resolved; and

wherein R', R2, R*, n, Y, A" and X have any of the meanings defined above; and

wherein the chemical formulae referred to by Roman numerals are set out as the final part of these claims.
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2. A process as claimed in claim 1 wherein in the starting materials n and Y have the meanings defined
in claim 1, X is hydrogen, hydroxy or methoxy; A' is methylene, ethylene, trimethylene, tetramethylene or
1,1-dimethylethylene; and:

a) R? is hydrogen; and R' is naphthyl, 1-methyl-1-(phenylthio)ethyl or phenyithiomethyl, optionally bearing 1
or 2 substituents selected from fluoro, chloro, bromo, cyano, nitro, methyl, ethyl, methoxy, ethoxy and
trifluoromethyl, or R! is a group of the formula R3.A2-, in which: R3 is phenyl bearing a substituent which is
selected from methyl, ethyl, methoxy, ethoxy, hydroxy, vinyl, 2-propenyl, 3,3-dimethylpropenyl, methylthio,
ethylthio, methylsuiphinyl, ethylsulphinyl, methyisulphonyi, ethyisuiphonyi, acetyl, propionyl, butyryi, 2-
oxopropyl, carboxy, methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, N-methylcarbamoyl, N-ethyicar-
bamoyl, N-propylcarbamoyl, formamido, acetamido and ﬁropionamido. and from methyl, 1-ethy|,—2-ethyl. 1-
propyl, 2-propyl and 3-propyl, any of which alkyl groups itself bearing a methoxy, ethoxy, cyano, carboxy,
methoxycarbonyl or ethoxycarbonyl substituent, and the phenyl optionally bearing a second substituent
selected from methyl, ethyl, methoxy, ethoxy, fluror, chloro, bromo, trifluoromethyl, nitro and cyano; or R3 is
thienyl or furyl optionally bearing 1 or 2 substituents independentiy selected from fiuoro, chloro, bromo,
methyl, ethyl, nitro and cyano; and A? is methylene, ethylene, trimethylene, isopropylidene, 1,1-
dimethylethylene. oxymethylene, oxytetramethylene, 1-oxy-1-methylethyl, 2-oxy-1,1-dimethylethyl, vinylens,
1.3-propenylene or 1.4-buten-2-ylene, up to three carbon atoms of any of which may be wholly or partially
fluorinated, or A2 is a direct bond to R?;
or R! is a group of the formula Q?.A3.Q-, in which:
Q' and Q2 are aromatic moieties, one of which is a benzene moiety and the other of which is a benzene,
pyridine or naphthalens moiety, any of which may optionally bear a substituent selected from fluoro, chioro,
bromo, cyano, nitro, methyl, ethyl, methoxy, sthoxy, trifluoromethyl, and A? is oxy, thio, suiphinyl, sulphony,
carbony!, carbamoyl, iminocarbonyl, ureido, methylene, ethylene, trimethylene, isopropylidene, 1,1-
dimethylethylene, vinylens, 1,3-propenylene, 1,4-buten-2-ylene, oxymethylene, oxyethylene or a direct bond
between Q! and Q3;
(b} R is trifluoroethyl and R? is hydrogen, or both R' and R? are trifluoromethyl; or
(c) R' and R? are both independently methyl, ethyl, propyi, isopropyl, butyl or pentyl or together form
tetramethylene, pentamethylene and hexamethylene, any of which may optionally bear 1 or 2 methyl
substituents, such that R! and R? together contain 5-@ carbon atoms; and
R* is hydroxy, a physiologically acceptable alcohol residue selected from (1-6C)alkyl aptionally bearing a
hydroxy or (1-4C)alkoxy substituent; phenyl; and benzyl; the latter two of which may optionally bear 1 or 2
optional substituents selected from halogeno, (1-4C)alkyl and (1-4C)alkoxy, or R* is methanesulphonamido,
ethanesulphonamido or butanesulphonamido.

3. A process as claimed in claim 1 wherein in the starting maeterials n is 1, X is hydrogen, Y is cus-
vinylene, A’ is ethylens, R* is hydroxy and R! and R? are selected from the following combinations:

a) when R! and R2? are both trifluoromethyl;

b) when R! is thienyl or furyl, optionally containing a halogeno, cyano or nitro substituent, and R? is
hydrogen;

c) when R! is phenoxy(1-4C)alkyl, the phenyl moiety of which contains a first substituent selected from (1-
4C)alkyl and (1-4C)alkoxy, optionally together with a second substituent selected from (1-4C)alkyl, (1-4C)-
alkoxy, halogeno, nitro, trifluoromethyl and cyano, and R2 is hydrogen;

d) R' is phenyithio(1-4C)alkyl, the phenyl moiety of which may optionally bear 1 or 2 substituents
independently selected from (1-4C)alkyl, (1-4C)atkoxy, halogeno, nitro, trifluoromethyl and cyano, and R? is
hydrogen;

¢) when R' is naphthyl optionally bearing 1 or 2 substituents selected from halogeno, (1-4C)alkyl and nitrg,
and R? is hydrogen; and

f) when R! is benzyiphenyl, benzyloxyphenyl, (pyridyimethoxy)phenyl, {(naphthylmethoxy)phenyl, phenox-

.yphenyl and (phenoxymethyli)phenyl.

4. A process as claimed in claim 1 for the manufacture of a compound of the formula | as defined in
cialm 1 but wherein in addition R* is hydroxy, X or X! is hydrogen, and A* is ethylens.

8. A process as claimed in claim 1 for the manufacture of a compound selected from:
4(2)-6-[{2,4 5-cus)-2~(1 -[2-methylphenoxy]-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yi}hexenoic acid;
4(Z)-6-[(2 4 5-cas)-2-(1 -[2-nitro-4-methylphenoxy]-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid;
4(2)-6-[(2 4 5-c:s)-2-(1-[2-hydroxyphenoxy] 1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yilhexenoic acid;
4(_2_)-6-[(2 4 5-c:s)-2-(1 -[2-cyano-4-methylphenoxy]-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yiJhexenoic acid;
4(2)-6-[(2 4 5-?:T§)-2-(1 -[2-cyano-4-methoxyphenoxy]-1-methylethyl)-4-(3-pyridy|)-1 3-dioxan-5-yilhexenoic
acid; and
4(Z)—6-[(2$ 4S 5R)—2—[1-methy!—1 {2-nitro-4-methylphenoxy)ethyi]- 4-(3-pyndyl)—1 3-d:oxan-5-yl]hexenouc acid;
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or a physiologically acceptable biodegradable ester or (1-4C)alkanesulphonamide thereof; or a pharmacsuti-
cally acceptable salt thereof. '

6. The use of a compound of the formula | or a pharmaceutically acceptable salt thereof, as defined in
claim 1, in the manufacture of a novel medicament for use in producing a beneficial effect on the
thromboxane A2 system by antagonising one or more of the actions of thromboxane A2 and/or inhibiting its
synthesis in a warm-blooded animal.

AND WHEREIN, IN THE AFORESAID CLAIMS, THE CHEMICAL STRUCTURES ARE AS FOLLOWS:-
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