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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 pyridyl 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 
5 . medical use of said novel acids. . 

It is known that the arachidonic acid metabolite thromboxane A2 (hereinafter ref~rred to as ""D<A2 "} is a 
powerful vasoconstrictor and a potent aggregator of blood platelets. TXA2 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 

10 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 H2, F2 alpha and prostaglandin 02, can exert contractile effects. There are two principal ways in which 

t5 the effects of TXA2 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 TXA2 (or of prostaglandins H2. F2 alpha and/or 02). 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 involved in the production of TXA2 and in particular which inhibits the enzyme known 

20 as thcomboxane synthase (TXA2 synthase). Such an agent is said to be ·a TXAz synthase inhibitor. 
Accordingly, it may be seen that agents which possess TXA2 antagonist properties and which inhibit °fXA2 
synthase may be expected to be of therapeutic value in the treatment of one or more of the above 
mentioned diseases or Qther diseases in which n<A2 is involved. Also, agents which possess TXA2 
antagonist properties may be expected to be of value additionally in treating those .diseases in which 

25 prostaglandins H2,F2 alpha and/or 02 are involved, for example especially in treating asthmatic and 
inflammatory diseases. Although 1,3-dioxane TXA2 antagonists are known (for example, in European patent, 
publication number 9423981 ), 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. 

30 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 I (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 TXA2 synthase and also possess significant °fXA2 antagonist properties and are useful 
pharmaceuti~al agents. 

35 According to the invention there is provided a 1,3~dioxane alkenoic acid derivative of the formula I (set 
out hereinafter together with the other chemical formulae in Roman numerals) wherein: n is the integer 1 or 
2; Xis hydrogen, hydroxy or (1-4C)alkoxy; Y is methyleneoxy, vinylene or ethylene; A1 is (1·6C)alkylene; 
and 

(a) R2 is hydrogen; and R1 is naphthyl or phenylthio(1-6C)alkyl, optionally bearing 1 or 2 substituents 
40 selected from halogeno, cyano, nitro, (1-4C)alkyl, (1-4C)alkoxy and trifluoromethyl, or A1 is a group of the 

formula R'.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)alkylthio, (1-4C)alkylsulphinyl, ( 1-4C)alkylsulphonyl, (2-5C)alkanoyl, carboxy, [(1-4C)alkoxy ]carbonyl, 
[N·(1·4C)alkyl]carbamoyl, (1-5C)alkanoylamino and (1·4C)alkyl itself bearing a (1-4C)alkoxy, cyano, carboxy 

4S 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 A3 is thienyl or furyl optionally bearing 1 or 2 substituents independently selected from halogeno (1·4C)· 
alkyl, nitro and cyano; 
and A2 is (1-6C)alkylene oxy(1·6C)alkylene or (2-6C)alkenylene up to three carbon atoms of any of which 

so may be wholly or partially fluorinated, or A2 is a direct bond to R3; 
or R1 is a group of the formula Q2.A3,Q•-, in which: 
0 1 and Q2 are aromatic moieties, 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 A3 is oxy, thio, s~phinyl, sulphonyl, carbonyl, 
carbamoyl, iminocarbonyl, ureido, (1 ·6C)alkylene, oxy(1-6C)alkylene, (2·6C)alkenylene er a direct bond 
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(b) A1 is pentafluoroethyl and R2 is hydrogen, or both A1 and R2 are trifluoromethyl; or 
. (c) R1 and R2 are both independently alkyl or together form alkylene, such that R1 and R2 together 

contain 5·9 carbon atoms: and R"' is hydroxy, a physiologically acceptable alcohol residue, or (1 ·4C)· 
s alkanesulphonarnido; or a pharmaceutically acceptable salt thereof. 

It will be appreciated that the compounds of formula I 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 'TXA2 and inhibiting the synthesis of 'TXA2. it being well known in the art how to prepare individual optital 

-· 10 isomers (for example by synthesis from optically active starting materials or resolution of a racemic form) 
and how to determine the TXA2 antagonist properties and TXA2 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 R2 is hydrogen) of the 
1,3-dioxane moiety of formula I have cis-relative stereochemistry, as have the groups adjacent to Y when it · 

15 is vinylene (i.e. the latter compounds exist as the "Z" isomer). Further, although a particular configuration is 
shown in the chemical formulae attached hereto, this does not necessarily correspond to the absolute 
configuration. · 

It is to be understood that the g~neric term "alkylene" includes both straight chain and branched chain 
alkylene groups such as ethylene and ~thylidene and other generic terms are to be construed similarly. 

20 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 wfien 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 methyl substituents. 

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

Particular values for substituents which. may be present on R1 when It is naphthyl or phenylthio(1-6C)· 
alkyl, or on the aromatic ·moieties Q1 or Q2 as defined above include, for example: for (1 ·4C}alkyl: methyl 
and ethyl; for (1 ·4C)alkoxy: methoxy and ethoxy; and for halogeno: fluoro, chloro and bromo. A particular 

30 value for X when it is alkoxy is, for example methoxy or ethoxy. 
Particular values for substituents which may be present when R3 is phenyl, thienyl 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)alkylthio: methylthio and ethylthio; for (1 ·4C)alkylsulphinyl: methylsulphinyl and ethylsulphinyl; for (1-4C)-

35 alkylsulphonyl: methylsulphonyl and ethylsulphonyl: ·for (2·5C)alkanoyl: acetyl, propionyl, butyryl and 2· 
oxopropyl; for [(1·4C)alkoxy]carbonyl: methoxycarbonyl, ethoxycarbonyl and t-butoxycarbonyl; for [N·(1·4C)· 
alkyl]carbamoyl: N methylcarbamoyl, N-ethylcarbamoyl and N·propylcarbamoyl: for (1·5C}alkanoylamino: 
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)alkoxy]carbonyl 

40 (such as methoxycarbonyl or ethoxycarbonyl) substituent. 
Particular values for R"' when it is a physiologically acceptable alcohol 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, ethyl, 2-hydroxyethyl, 2-methoxyethyl, propyl or 3-
hydroxypropyl; phenyl; and benzyl; the latter two of which may bear 1 or 2 optional substituents selected 

45 from halogeno (such as fluoro, chloro, bromo or iodo), (1-4C)alkyl (such as methyl or ethyl) and (1·4C)· 
alkoxy (such as methoxy or ethoxy). 

Particular values for R4 when it is (1 ·4C)alkanesulphonamido include, for example, methanesul· 
phonamido, ethanesulphonamido and butanesulphonamido. · 

Particular values for A1 when it is (1·6C)alkylene include, for example: methylene, ethylene, 
so trimethylene, tetramethylene and 1,1-dimethylethylene) and 1,1-dimethyltrimethylene, of which values 

ethylene and trimethylene are generally preferred, ethylene being particularly preferred. 
Particular values for A2 when it is (1·6C}alkylene include, for example, {1·4C}alkylene (such as 

methylene, ethylene, trimethylene, isopropylidene and 1, 1 ·dimethylethylene) and 3,3-pentylidine; when it is 
(2·6C)alkenylene include, for example, vinylene, 1,3-propenylene and 1,4-buten-2-ylene; and when it is oxy· 

55 {1·6C)alkylene include, for example, oxymethylene, oxytetramethylene (i.e. a group of the formula: -0.· 
(CH2)"'· ), 1·oxy·1·methylethyl (i.e. a group of the formula: -O.C(CH3)2·} and 2-oxy-1,1-dimethylethyl (i.e. a 
group of the formula -O.CH2.C{CH3)2· ), it being understood that the oxy link is to the group R3 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-trifluoromethylethyl (i.e. a group of the formula: -O.C(Cf3)2- ). 

A particular value for R3 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 

5 cyano. 
0 1 is preferably a benzene moiety and 02 is typically a benzene, pyridine or napthalene moiety 

op'tionally substitued as defined above . 
Particular values for A3 when it is (1-6C)alkylene include, tor example, (1 ·4C)alkylene (such as 

methylene, ethylene, trimethylene, isopropylidene and 1, 1-dimethylethylene) and pentamethylene; when it is 
10 (2-6C)alkenylene include, for example, vinylene, 1,3-propenylene and 1,4-buten-2-ylene; and when it is oxy­

(1 ·6C)alkylene include, for example, oxymethylene, oxyethylene and oxytetramethylene (i.e. a group of the 
formula: -O.(CH2)d, it being understood that the oxy link may be to Q1 or a2. 

A generally preferred value for n is 1, for Xis hydrogen, for Y is cis-vinylene, for A1 is ethylene and for 
R4 is hydroxy. -

15 Specific values for R1 and R2 include, by way of example: 
a) when R1 and R2 are both trifluoromethyl; 
b) when R1 is thienyl or furyl, optionally containing a halogeno, cyano or nitro substituent, and R2 is 

hydrogen; 
c) when R1" is phenoxy(1-4C)alkyl (especially 1-methyl-1-phenoxyethyl), the phenyl moiety of which 

20 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) R1 is phenylthio(1-4C)alkyl (especially 1-methyl-1-phenylthioethyl), the phenyl moiety of which 
optionally bears 1 or 2 substituents independently selected from (1-4C)alkyl, (1·4C)alkoxy, halogeno, nitro, 

25 trifluoromethyf and cyano, and R2 is hydrogen; 
e) when R1 is naphthyl optionally bearing 1 or 2 substituents selected from halogeno, (1-4C)alkyl and 

nitro, and R2 is hydrogen: and 
f) when R1 is benzylphenyl, benzyloxyphenyl, (pyridylmethoxy)phenyl, (naphthylmethoxy)phenyl, 

phenoxyphenyl and (phenoxymethyl)phenyl. 
30 A group of compounds of the invention of particular interest comprises compounds of formula II 

wherein: R4 has the meanings defined above; A4 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 
R5 is a group of the formula R6.A5- in which: R6 is phenyl bearing a first substituent selected from (1·4C)­
alkyl, (1-4C)alkoxy, hydroxy, (2-5C)alkenyl, (1-4C)alkylthio, (1-4C}alkylsulphinyl, (1-4C)alkylsulphonyl, (2-5C)-

35 alkanoyl, carboxy, [(1-4C)alkoxy]carbonyl, [N·(1-4C)alkyl]carbamoyl, {1-SC)alkanoylamino and {1-4C)alkyl, 
the iatter bearing a (1-4C)alkoxy, cyano, car60xy or [(t-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 Rs; together with the pharmaceutically 
acceptable salts thereof. 

40 Particular values for substituents which may be present as part of Rs or R6 include, for example, those 
given hereinabove for R1• Particular values for R6 include, for example, when it is phenyl bearing a first (1-
4C)alkyl (especially methyl or ethyl), (1-4C)alkoxy (especially methoxy) or hydroxy substituent, optionally 
together with a second nitro, halogeno (especially fluoro, chloro or bromo) or trifluoromethyl substituent. 

Particular values for A"' include, for example, those defined above for A1 when it is (1-4C)alkylene, for 
45 example, ethylene, trimethylene and 1, 1 ·dimethylethylene, of which values, ethylene and trimethylene are 

generally preferred. 
Particular values for As include, for example; those defined above for A2 when it is a direct bond, (1 • 

4C)alkylene or oxy(1 ·4C)alkylene, such as a direct bond, isopropylidene and 1, 1-dimethylethylene, 1-oxy-1-
, methylethyl (i.e. a group of the formula: -O.C(CH3)2: ). ·--· 

so" Specific values for Rs include, for example, when it is 1-naphthyl, 2-naphthyl, 2-chloro-1-naphthyl, 2· 
thienyl, 3-thienyl, 5-cyano-2-thienyl, 5·bromo-2-thienyl, 4-bromo-2-thienyl, 4-chloro-2-thienyl, 5-chloro-2-
thienyl, 2-furyl, 5-bromo-2-furyl, 1-(4-methoxyphenoxy)-1-methylethyl, 1 ·(4-tert-butylphenoxy)-1-methylethyl, 
1-(2-methoxyphenoxy)-1-methylethyl, 1 ·(2-methylthiophenoxy)-1-methylethyl, 1 ·(4-methylthiophenoxy)-1-
methylethyl, 1-(2-methylsulphonylphenoxy)-1-methylethyl, 1·(4-methylsulphonylphenoxy)-1-methylethyl, 1-

55 methyl-1-(2-methylphenoxy)ethyl, 2-phenylthiophenyl, 2-phenylsulphonylphenyl, 2-biphenylyl, 2-benzoyl­
phenyl, alpha,alpha-diflurorobenzyl, 1-methyl-1 ·(4-methoxy-2-nitrophenoxy)ethyl, 1-methyl-1 ·(4-methyl-2-
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-
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nitrophenoxy)ethyl, 1-(2-hydroxyphenoxy)-1-methylethyl or (E)-2-met~oxystyryl. 
A further group of compounds of the invention of particUiar interest comprises compounds of formula Ill 

wherein A4 is (1-4C)alkylene; X1 is hydrogen or hydroxy; A6 is oxy, thio, sulphonyl, carbonyl, carbamoyl, 
iminocarbonyl, (1-6C)alkylene, oxy(1-6C)alkylene or a direct bond to 03, Q3 is benzene,· pyridine or 

5 naphthalene; R7 and RB are independently selected from hydrogen, halogeno, cyano, nitro, (1-4C)alkyl, (1 • 
4C)alkoxy and trifluoromethyl; and R4 has the meanings defined above; together with the pharmaceutically 
acceptable salts thereof. 

Particular values for A4 in th~ formula Ill compounds are, for example, as for the formula II compounds 
stated above. ,,, 

-- 10 Particular values for A6 include, for example, those defined above for A3 when it is (1-6C)alkylene or 
oxy(1-6C)alkylene, such as methylene,· ethylene, isopropylidene and oxymethylene, as well as oxy, thio, 
sulphonyl, carbonyl, carbamoyl, iminocarbonyl, and a direct bond to 03• 

Examples of particular values for R7 or RB 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 trifluoromethyl. 

rs Q3 is typically phenyl or pyridyl. 
Specific values for the group of the formula R8.Q3.A6 - in the formula Ill compounds include, for 

example, phenoxy, phenylthio, phenylsulphonyl, phenyl, benzoyl, benzyl, benzyloxy, 4-cyanobenzyloxy, 2-
pyridylmethoxy, 3-pyridylmethoxy, . 4-pyridylmethoxy, phenoxymethyl, 2-naphthylmethoxy, 2,5-dimethox­
ybenzyloxy, 4-nitrobenzyloxy and 3-cyanobenzyloxy. 

20 A particularly preferred value for R4 is hydroxy, for X1 is hydrogen and for A4 is ethylene. 
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 intereS.t and are 
provided together with their pharmaceutically acceptable salts, their physiologically acceptable biodeg-

25· · radable esters and (1-4C)alkanesulphonamides, as further features of the invention. 
It will be appreciated that the compounds of formula I are amphoteric when R4 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 salts, salts with 
organic amines and quaternary bases forming physiologically acceptable cations such as salts with 

30 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-toluenesulphonic 

35 and methanesulphonic acids. -
The compounds of formula I 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 R1, R2, R4 , X, Y, A1 and n have any of the meanings defined hereinbefore. 

40 (a) A diol derivative of the formula IV wherein one of T1 and T2 is hydrogen and the other is hydrogen 
or a group of the formula -CRaAb.OH {wherein Ra and Rb are the same or different (1JJJC) alkyl) is reacted 
with an aldehyde derivative of the formula R1 .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 
ethanol)} may conveniently be present in an excess. 

45 The reaction is generally performed in the presence of an acid such as hydrogen chloride, 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 ether, 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. -

so Those starting materials of formula IV wherein T1 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 ethyl)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 

55 temperature in range 10 to 80 • C using an aqueous mineral acid such as hydrochloric acid in an a/kanol 
such as ethanol or 2-propanol or an ether {such as tetrahydrofuran) as solvent. 

The starting materials of formula IV wherein one of T1 and T2 is hydrogen and the other is a group of 
the formula -CRaRb.OH are intermediates in the above-mentioned formation __ of the starting materials of 

5 
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formula IV wherein T1 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 

5 the other is methyl or ethyl with an excess of an aldehyde of the formula R1.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 R1 .CHO 
10 is not particularly reactive or tends to form an acyclic hemiacetal when reacted with the compound of the 

formula IV or V, for example when pentafluoropropionaldehyde is used In the production of formula I 
compounds wherein R' is a pentafluoromethyl group. Thus, a further procedure (c) of the invention 
comprises reacting a compound of the formula IV wherein one of T1 and T2 is hydrogen and the other is 
alkanesulphonyl (especially methanesulphonyl) or arenesulphonyl (especially benzene- or toluene-sul· 

1s phonyl) with an aldehyde of the formula R1 CHO (or a hydrate, acetal or hemiacetal thereof) in the presence 
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 suitable solvent or diluent (such as an ether 
described above) and at a ·temperature in the range, for example, 20·50 • C. 

20 The necessary starting alkanesulphonyl or arenesulphonyl esters of formula IV defined above may be 
conveniently obtained from the corresponding diol of formula IV (T1 = 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 

25 triethylamine or pyridine). 
d) For those compounds of formula I in which Y is vinylene and R4 is hydroxy, an aldehyde of the 

formula VI is reacted with a Wittig reagent of the formula: R3P=CH.A1.co2- 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. 

30 The process in general produces the required compounds of formula I 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-relative stereochemistry (ie. the "E" isomer) which may be removed by a conventional procedure 
SUcii as chromatography or crystallisation. 

35 The process may be conveniently performed in a suitable solvent or diluent, for example an aromatic 
solve~t such as benzene, toluene or chlorobenzene, an ether such as 1,2:-climethoxyethan~. 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 example, -so. c to 40. c. but is conveniently performed at or near room temperature, for example in the 

40 range 0 to 35° C. , 
(e) For those compounds wherein Xis hydroxy, a compound of the formula VII wherein Pis 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)alkanesulphonyloxy especially methanesul-
45 phonyloxy) and tiialkylsilyloxy 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 follows:-(1 ), allyl or tetra"hydropyran-2-yl: by 

50 •''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 

55 an aqueous (1·4C)alkanol] and at e.g. 0 to 60 • C; (4) alkyl: by treatment with an alkali metal thioalkoxide or 
diphenylphosphide (such as sodium thioethoxide in a solvent such as N,N-dimethylformamide at e.g. 50· 
160 • c. or lithium diphenylphosphide in a solvent such as methyl t-butyl ether or tetrahydrofuran at e.g. o-
60 • C); or (5) -benzyl: by palladium cataiysed hydrogenolysis in· an alkanoLsucb as etbaool.Ji.Lor 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 R1 is introduced by removal of a suitable· protecting group [such as (1 4C)alkyl and 
especially me~yl] is removed as a final step, for example, using the conditions referred to above for 

5 generation of a hydroxypyridyl group. 
(g) An ester of the formula VIII wherein R9 is (1-6C)alkyl (especially methyl, ethyl, propyl or t-butyl), 

phenyl or benzyl the latter two optionally bearing 1 or 2 halogeno, (1-4C)alkyl or (t-4C)alkoxy subsiituents, 
is decomposed. 

The decomposition may be carried out using any one or more of the conventional reagents pnd 
··- 10 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 solvent or diluent such as tetrahydrofuran, methanol, ethanol or t·butyl methyl ether and a 
temperature in the general range, for example, 1 O to 60 • C and, conveniently, at or near ambient 

ts temperature. Alternatively, when R9 is t·butyl, the decomposition may be carried out thermally by heating 
the compound of formula VIII at a temperature in the general range, for example, 80 to 150 • C, alone or in 
the presence of a suitable diluent such as diphenylether or diphenylsulphone. 

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

20 The hydrogenation is preferably carried out in the presence of a suitable catalyst such as a noble metal 
catalyst.for example, palladium or platinum metal convenientiy 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. -

25 · · The invention also includes a modification of the above procedure adapted to the production of those 
compounds of formula I 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). 

30 (i) For a compound wherein Y is methyleneoxy, an alcohol of the formula X is reacted with an alkanoic 
acid derivative of the formula XI 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 
35 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)alkanol when an alkali 
metal alkoxide is used, in N.N~imethylformamide 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 range, for example, 0 to 50 • C. In many cases it is preferred 

40 to preform a salt of the alcohol of formula X by reaction with the appropriate base and then react this salt 
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 Xis 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 

45 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. 9423981 and patent application no. 98690A2. The 
aldehydes of the formula VI may be obtained, for example, as shown in Schemes 1 and 2 hereinafter and 

so 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·enyl]oxazolidin-2-one of the 
formula XIV in which R10 is (1-4C)alkyl (especially isopropyl) itself obtained from aldol condensation of the 
corresponding 3 (4-pentenoyl)oxazolidin-2-one with pyridylcarboxaldehyde, as shown in Scheme 3 
hereinafter. 

55 The protected hydroxy derivatives of formula VII may be obtained for example 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 proc~ 
dur!~ analogous _!?_!~ose described above and to those set out in the accompanying Examples. · 
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The appropriate diols of formula IV for the production of dioxanes of formula I or V wherein the pyridyl 
moiety bearing X and the alkenoic acid side-chain have cis-relative stereochemistry, may be obtained, for 
example, using an analogous pr6cedure to that describedin European patent application, publication no. 
142323, starting from the appropriate pyridine-carboxaldehyde and succinic anhydride and a suitable base, 
such as that used for the aldol condensation of part (ii) of Scheme 3. 

The esters of formula VIII may be made, 'for example, by carrying out process (a) using the appropriate 
ester of the diol corresponding to formula IV. Those compounds of formula 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 XII (to give the X compounds in which n = 2) by 

10 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 II (to give the X compounds in which n = 1 ). 

The aldehydes or ketones of the formula R1 .CHO or R1 .CO.R2 which are new may be made, by 
conventional procedures well known in the art, such as are as illustrated in the accompanying Examples. 

1s 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 in situ just prior to carrying out the 
condensation process· (d) above. - -

It will be understood that the compounds of formula I wherein R4 is hydroxy may also be obtained by 
20 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 I wherein R4 is other than 
hydroxy may be made by conventional esterification or sulphonamidation procedures from the compounds 
wherein R4 is hydroxy (or a reactive derivative thereof) and the appropriate alcohol, phenol or (1-4C)· 

25 
alkanesulphonamide. Such procedures are also within the ambit of the invention. 

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

Further, when an optically active form of a compound of formula I is required, one of the aforesaid 
processes may be carried out using an optically active starting material (for example as described in 

30 Examples 46 and 47). Alternatively, the racemic form of a compound of formula I 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, whereatter the optically active form of said compound of 

35 forl'!lula I may be liberated by treatment with acid (or base) using a conventional procedure, for example 
usinti an aqueous mineral acid such as dilute hydrochloric acid (or aqueous alkali such as aqueous sodium 

45 

•' 

hydroxide). · 
Many of the intermeqiates defined herein are novel, for example those of formulae V (Ra = Rb = 

ethyl), VI, VII, VIII, IX and X, and are provided as further, separate features of the invention. 
As stated earlier, the compounds of formula I possess significant TXAa antagonist properties and are 

inhibitors of TXA2 synthase. The 1"XA2 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 "Chemistry, 
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 described by Born (Nature, 1962, 194, 927-929) 
and involving: -

(i) aggregating human, citrated, platelet-rich plasma by addition of .the TXAa mimetic agent U46819 
56 so that a dose-response curve is generated; 

(ii) generating a dose-response curve for U46619 stimulated platelet aggregation in the presence of 
increasing amounts of test compound generally in the.range 10-sM to 10-10M: and 

(iii} calculating _a Ke value indicating potency of TXA2 antagonism for the test compound, averaged 
over several concentrations, from the calculated 50% response value for U46619 aggregation in the 

55 presence and absence 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, 30. 283-307) by intravenous administration of the TXA2 mimetic agent, 
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(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 J.L.g/kg) in 
physiological saline solution and expressing bronchoconstriction as the maximum of that theoretically 

s 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 
(iii) 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) indicating,ihe 
10 potency .of TXA2 antagonism. · 

Test (b) may conveniently be modified to demonstrate the antagonism of the effects of lXA2 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-

1s tion of the platelet aggregation agent adenosine diphosphate (about 0.4-1.2 x 1Q-6M) together with the 
lXA2 mimetic agent, U46619. 

The antagonism of the effects of lXA2 on the vasculature may also be demonstrated, for example in 
rats in the following procedure: _ 

(d) Male rats {Alderley Park strain) are anaesthetised with sodium pentobarbital and blood pressure is 
20 monitored at the carotid artery. The n<A2 mimetic agent U4!3619 is administered intravenously at 5 J.L.g/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 tfi~ animal 
challenged with U46619, five mim.~tes after dosing with test compound and then successively every ten 

25 • minutes until the hypertensive effect ofU46619 is no longer blocked. 
The ~ 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, 11), 239-
24o) using a human platelet microsomal TXA2 synthase "Preparation and using a quantitative thin layer 
radiochromatographic method to assess the conversion of [1·14-CJarachidonic acid to the TXA2 metabolite 

30 thromboxane 82 (TXB2). 
The ~ synthase inhibitory properties of a test compound may also 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 10-3 M), centrifuged and the level of the lXA2 metabolite, 
TXB2, determined by a standard radioimmunoassay technique. By comparison of .the amount of TXB2 
present in the plasma from animals dosed with test compound with that in the plasma of a control group 
dosed with placebo, the TXA2 synthase inhibitory properties may be assessed. 

In general, the majority of compounds of formula I wherein R1 and R4- 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): Ks of< 1.5 x 10-6 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): ICso of< 1.0 x 1Q-6M 
test (f): significant inhibition of TXB2 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 I 
having effects in in vivo tests (c), (d) or (f) at several multiples of the minimum effective dose. 

50 In general, compounds of formula I wherein R4- is other than hydroxy show lower activity in the above in 
vitro tests but show similar activity to the compounds of formula I in which R4- is hydroxy in the in vivo testS. 
--The compound described in Example 1 hereinafter possesses both ~ antagonist and TXA2 synthase 
inhibitory properties as indicated by a Ke of 3.0 x 10-1 M in test (b) and an ICso of 4.0 x 10-8 M in test (e). 

As stated previously, by virtue of their combined TXA2 antagonist and TXA2 synthase inhibitory 
55 properties, the compounds of formula I may be used in the therapy or prevention of diseases or adverse 

conditions in warm-blooded animals in which TXAa (or prostaglandins H2, 02 and/or F2 alpha) are involved. 
In general, a compound of formula I will be administered for this purpose by an oral, rectal, intravenous, 
subcutaneous, intramuscular or inhalation route, so that a dose in the range, for example 0.01-15 mg/kg 

--··--··---

9 



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 I will generally be used in the form of a pharmaceutical composition 
comprising a- compound of formula I or, a pharmaceutically acceptable salt thereof as defined hereinabove, 

5 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; iii the form of an aerosol or a nebuliser solution or suspension, for administration by 

10 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 

r5 minimise contact of the active ingredient of formula I with stomach acids. 
The pharmaceutical compositions of the invention may also 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), b'eta-adrenergic 
blocker or a vasoqilator may usefully also be present in a pharmaceutical composition of the invention for 

20 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 TXA2 antagonist, such as a preferred 
compound.described in European patent application, Publication No. 201354, or a known TXA2 synthase 

25 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 TXA2 antagonist and TXA2 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 I are also useful as 
30 pharmacological tools in the development and standardisation of test systems for the evaluation of the 

effects of ~ 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 I may also be used because of their TXA2 
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 

35 during limb or organ transplants. When used for this purpose a compound of formula 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 .illustrate~ by the following non-limiting Examples in which Example 14 
described.the production of a starting material of formula V and, unless otherwise stated:-

4() (i) concentrations and evaporations were carried out by rotary evaporation in vacuo; 
(ii) operations were carried out at room temperature, that is in the range 18=26 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 

45 process development; 
(v) proton NMR spectra were normally determined at 90 or 200 MHz in CDCl3 using tetramethylsilane 

(TMS) as an internal standard, and are expressed as chemical shifts (delta values) in parts per million 
relative to TMS using conventional abbreviations for designation of major peaks: s, singlet; m, multiplet; t, 
triplet; br, broad; d,doublet; and · · 

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

Example! 

55 £· Toluenesulphonic acid (0.32~g) was added to a solution of 4(Z)-6·(2,2·dlmethyl-4-(3-pyridyl)-1,3· 
dioxan-cis-5-yl]hexenoic acid (A) (0.469g) in acetonitrile (7ml), and the mixture was stirred for 0.5 hours. A 
solutionOf 2·{4-methoxyphenoxy}-2·methylpropanal (0.894g) in acetonitrile (5ml) was added and the mixture 
was heated at reflux for 18 hours under an atmosphere of argon. The rnbrture ~a_~then allowed_JQ_J:..®l_ The 
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solution was basified with 2M aqueous sodium hydroxide solution, and then partitioned between water and 
ethyl acetate. The ·aqueous phase was acidified with acetic acid and extracted three times with ethyl 
acetate. The combined organic extracts were dried (MgSQ4) and concentrated to give an oil, which was 
purified by flash column chromatography, eluting first with dichloromethane and then 

s methanol/dichloromethane(1 :1 O v/v) to give 4(Z)·6·[(2,4,5-cis)·2·(1·(4·methoxyphenoxy)-1 ·methyfethyl)· 
4·(3-pyridyl)·1,3·dloxan·5-yl]hexenoic acid (0.345g),. as an oil which solidified on standing; NMA: 1.35· 
(3H,s), 1.38(3H,s), 1.55·1.8(2H,m); 2.25·2.55(5H,m), 3.75(3H,s), 3.95·4.25(2H,m), 4.75(1 H,s), 5.1·5.5(3H,m), 
6.75·7.0(4H,m), 7.35·7.75(2H,m) and 8.5·8.6(2H,m). 

The starting material A was prepared as follows: ,.· 
- 10 (i) Methyl 2·(nicotinoyl)acetate (17.9g, prepared by the method of E Weokert et al, J. Org. Chem., 1983, 

48, 5006) was added under argon to a solution of sodium metal (2.3g) in methanon20oml) and the resulting 
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 

15 extracted three times with ether. The combined extracts were washed with saturated brine dried (MgSQ4) 
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 (13.89); NMR 2.6·?.9(2H,m), 3.7(3H,s), 4.4(1H,m), 4.9-5.2(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). 

20 (ii) A solution of B (8.89) in dry THF (40ml) was added to suspension of lithium aluminium hydride 
(1.Sg) in dry THF (80ml) under argon at such a rate that the temperature did not exceed 1 O • C. After 2 
hours the mixture was cooled in ice. Ethyl acetate (20ml) was then added to destroy excess reagent, 
followed by saturated aqueous 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 50ml). 

25 • 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 me~hanol, 
(95:5 v/v), to give 2·ally1·1-(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(1 H,m), 7.2·7.4(1 H,m), 7.65·7.8(1 H,m) and 8.4-8.6(2H,m). 

(iii) A mixture of C (5.2g), p-toluenesulphonic acid (5.2g), and 2,2-dimethoxypropane (50ml}. was stirred 
30 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 5·allyl·2,2· 
dimethyl·4-(3·pyridyl}·1,3-dioxane (D} (mixture of 4,5-cis and trans 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(1 H,m), 7.6·7.8(1 H,m) and 8.45-8.65(2H,m). 

35 (iv) Ozone in oxygen was bubbled through a solution of D (3.4g), in ethyl acetate (130ml) at ·70 • C until 
a blue colour persisted throughout. Argon was then bubbled through the solution to disch~rge the excess 
ozone and a solution of triphenylphosphine (6.0g) in ethyl acetate (50ml) 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 

40 concentrated to give an oil which was purified by flash column chromatography, eluting with a mixture 
(60:40 v/v) of ethyl acetate and petroleum ether (b.p. 40-60 ·) to give initially 2,2-dimethyl-4-(3·pyridyl)·1,3· 
dioxan·cis·5·yl-acetaldehyde (E) as.an oil (0.Sg); 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(1H,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(1 H,s); and then the corresponding 4,5-trans isomer; NMR: 1.47(3H,s), 1.57(3H,s), 2.0· 

45 2.6(3H,m), 3.75-4.05(2H,m), 4.68(1 H,d, J = 10Hz), 7.25·7.40(1 H,m), 7.70·7.80(1 H,m), 8.50·8.65(2H,m) and 
9.5(1 H,br s); as an oil (0.7g). 

(v) A solution of E (0.20g) in dry tetrahydrofuran. (THF} (7 ml) was added under argon to a stirred, ice· 
cooled solution of the ylid prepared from (3-carboxypropyl)trlphenylphosphonium bromide (0.91g) and 
potassium t-butoxide (0.48g) in dry THF (30ml). The mixture was stirred for 2 hours and then treated with 

so 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 {50ml), dried (MgSQ4) and con· 
centrated. The residue was purified by flash column chromatography, eluting with 

55 dichloromethane/methanol (95:5, v/v}, to give 4(Z)·6·[2,2·dimethyl·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=12Hz, 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 8.4S-8.60(2H, m). 

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

11 
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(vi) A stirred solution of methyl magnesium iodide, [prepared from magnesium turnings, (32.Bg, t .35M), 
and methyl iodide, (84.1 ml, 1.35M)], in anhydrous ether. (750ml), was treated at 0 • C under an argon 
atmosphere with a solution of methyl dichloroacetate, (n.1 ag, 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 

5 cooled to o·c. Water, (100mt), was added and the mixture was acidified to pH4 using concentrated 
hydrochloric acid. The layers were separated and the aqueous phase extracted with ether (3x1 OOml). The 
combined extracts were dried, (Mg$Q4), and concentrated. The residual oil was distilled under reduced 
pressure to give 1, 1-dichloro-2-hydroxy-2-methylpropane, (57 .81 g), as an oil; b.p. 48-50 • C at 20mm Hg; 
NMR: 1.45(6H,s), 2.15(1 H,br s) and 5.65 (1 H,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 oft, 1-
dichloro-2-hydroxy-2-methylpropane, (5.01g, 35mmol), In ether, (70ml). The mixture was stirred under an 
argon atmosphere for 18 hours then diluted with ether, (100ml), and extracted 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, (MgSQ4), concentrated and 
purified by flash column chromatography, eluting with ethyl acetate/hexane, (10%, vlv), 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 

25 

in European patent application, publication no. 201351 for the preparation of 2-phenoxy-2-methylpropanaf. 

Example 2 
. -

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)-4-(3-
pyrldyl)-1,3-dloxan-5-yl]hexenolc acid as an oil, whichSolidified on standing, in 24% yield; NMR: 1.3-
(9H,s), 1.35(3H.s), 1.4(3H,s), 1.55-1.8(2H,m), 2.25·2.55(5H,m), 3.95·4.25(2H,m), 5.1-5.5(3H,m), 6.9-7.75-

30 (6H,m) and 8.5-8.6(2H,m). 

3S 

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-dichloro-2-hydroxy-2-methylpropane, having NMR: 1.26(9H,s), 1,41 (6H,s), 6.7-
7.3(4H,m) and 9.85(1 H,s). 

Exail)ple ~ 

5-Cyanothiophene-2-carboxaldehyde (500 mg) and p-toluenesulphonic acid (220 mg) were added to a 
stirred suspension of 4(Z)-6-(2,2-dimethyl-4-(3-pyridyl)-173-dioxan-cis-5·yl]hexenoic acid (305 mg) in aceto-

40 nitrile (10 ml). The mixture was stirred for 18 hours. Water (20 ml) and M sodium hydroxide solution (30 ml) 
were added and the mixture was washed with ethyl acetate (3 x 20 ml). The aqueous phase was acidified 
(acetic acid) to pH 4-5 and extracted with ethyl acetate (3 x 30 ml). The extracts were washed with 
saturated brine, dried (MgSQ4) 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-yl]hexenolc acid (148 

45 nig) as a colourless solid, m.P.129-132° C; NMR: 1.68(1-H, 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(1 H, s), 7.17(1 H, d), 7.36(1 H, m), 7.53(1 H, d), 7.72(1 H, d) and 8.57(2H. br s); 
m/e 383 (M-H). 

The starting 5-cyanothiophene-2-carboxaldehyde was obtained by oxidation of 5-cyano-2-methyl­
thiophene with chromium trioxide (Org. Syntheses, Collected Volume II, 441, 194!3) as a colourless solid -·· 

50.•'(60% yield), m.p. 91-93°C; 1R: 2215(CN) and 1670 (CHO) cm-1; m/e 137 (M\ 

Examples~ 

ss Using a similar procedure to that described in Example 3, but starting from the appropriately substituted 
heterocyclic aldehyde of formula A1 .CHO, the following acids of formula XIII were obtained in yields of 24-
42%:-

12 
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Example Rl m.p. Partial NMR Data I 
(°C) I· 

5 I 
4 4-Br-2-thienyl 72-74 S.92(1H, s), 7.12(1H, s), I 

7.23(1H, m). I 
10 

··j 
5 5-81·-2-thienyl 143-145 S.88(1H, s), 6.95(2H, m). I 

I 
6 4-Cl-2-thienyl 112-116 5~91(1H,s), 7.10(2H, m) I 

15 
I 

7 2-thienyl 149-151 S.97{1H, s)' 7 .02{1H, m), I 
7.18{1H, m). I 

20 I 

25" Example Rl m.p. Partial NMR Data I 
(oC) I 

I 
30 8 5-Cl-2-thienyl 153-155 5.85(-lH, s), 6.SO(lH, d), I . 

6.93(1H, d). I 
I 

9 2-foryl 
35 

139-141 . S.80(1H, s), 6.38(1H, m), I 
6.53(1H, m), 7.53(18, m). I 

I 
10 5-Br-2-furyl 157-158 5.75(1H, s), 6.33(1H, d), I. 

40 I . 6.55(1H, d). 

I 
t1 J-thienyl 146-148 S.80(1H, s), 7.30(3H, m). 

45 

50 Note 

55 

The starting aldehydes of formula A1 .CHO were commercially available but may be obtained by 
standard procedures such analogous to those described herein. 

Example 12 

2M Sodium hydroxide solution (2.0 ml) was added to a stirred solution of methyl 4(~)-6-[2,2-bls-

13 
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(trifluoromethyl)·4~(3-pyridyl)·1,3-dloxan·cls·5·yQ·hexenoate (G) (420 mg) in methanol (10 ml). After 2 
hours, water (40 ml) was added. The solution was acidified with acetic acid and then extracted with ethyl 
acetate (4 x 20 ml). The combined extracts were washed with saturated brine (20 ml), and then dried 
(MgS04). The solvent was removed by evaporation to give an oil which was purified by flash chromatog· 

s raphy, eluting with ethyl 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·bls(trlfluoromethyl)·4·{3·pyrldyl)· 
1,3·dloxan-cis-5-yl]!lexenolc acid (246 mg), m.p. 119-120 • C; NMR: 1.67(1 H, m), 1.94(1 H, m), 2.29(4H, 
m), 2.51 (1 H:rTl). 4.22(1 H, d, J = 11 Hz), 4.45(1 H, dm, J = 11 Hz), 5.20(1 H, m), 5.50(1 H, m), 5.62(1 H, d, J = 
1.5Hz), 7.40(1 H, m), 7.74 (1 H, dm, J = 7Hz) and 8.60(2H, m); microanalysis, found: C,49.4; H,4.2: N, 3.2%; 

10 C11H11N04F& requires: C,49.4; H,4.2; N, 3.4%: m/e 414 (M + H). 
The necessary starting material G was prepared as follows: 
(i) 1 M Hydrochloric acid (10 ml) was added to a solution of 4(Z)·6·[2,2-dimethyl-4-(3·pyridyl}·1,3·dioxan­

cis-5-yl]hexenoic 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 

15 washed with ethyl acetate (2 x 25 ml), acidified to pH 5 with acetic acid, and then saturated with solid 
sodium chloride. The aqueous mixture was then extracted with ethyl acetate (12 x 50 ml) and the combined 
extracts were dried (MgSO.). The solvent was removed by evaporation to give 4(Z)-erythro-8-hydroxy·7-
hydroxymethyl-8-(3-pyridyl)-4-octenoic acid (H) as a brown oil (1.114 g), which was used without further 
purification. For tlie purposes of characterisation, a sample was purified by flash chromatography eluting 

20 with methanol/dichloromethane (1 :5 v/v); NMR: 1.91 (3H, m), 2.23(5H, m), 3.59(2H, m), 5.02(1 H, 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=2Hz). 

(ii) p-Toluenesulphonic acid monohydrate (1.06 g} was added to a solution of H (1.114 g) in methanol 
(25 ml) and the mixture was was stirred for 3 hours. Triethylamine (0.83 ml) was added and the mixture was 
concentrated to a small volume. Saturated brine (20 ml) was added and the mixture was extracted with 

25 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 resultant oil was purified by MPLC, eluting with 
methanol/dichloromethane (1:12 v/v) to give methyl 4(2)-erythro-S-hydroxy-7-hydroxymethyl-8-(3-pyridyl)-4-
octenoate (I) as an oil (1.044 g); NMR (250 MHz, CDCl3): 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(1 H, d, J = 2Hz), 5.30(2H, m), 7.33(1 H, m), 7.79(1 H, m), 8.51 (1 H, m) 

30 and 8.61 (1 H, m). 
(iii) A solution of methanesulphonyl chloride (0.32 ml) in dichloromethane (2.0 ml) was added during ten 

minutes to a stirred solution of I (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 acetate (50 ml). The subsequent mixture 
was washed with water (2 x 15 ml}, saturated brine (15 ml), and dried {MgSQ4). The solvent was removed 

35 by ~vaporation to give an oil which was purified by MPLC, eluting with methanol/dichloromethane (1 :32 v/v), 
to give methyl 4(Z)-erythro-8-hydroxy-7-(methylsulphonyloxymethyl)-8-(3-pyridyl)-4-octenoate (J) as a 
colourless oil (886 mg): NMR (250 MHz, CDCl3): 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.n{1H, d J=7Hz) and 8.57(2H, m). 

(iv) Anhydrous potassium carbonate (2.78 g) and hexafluoroacetone sesquihydrate (4.53 g) were added 
40 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 ml) added. The resulting solution was extracted with ether (4 x 20 ml), and the combined organic 
extracts were washed with saturated brine (20 ml), then dried (MgS04). The solvent was removed by 
evaporation and the resultant residue purified by flash chromatography, eluting with ethyl acetate/hexane 
(40:60 v/v), to give methyl 4(Z)-6-[2,2·bis(trifluoromethyl)·4-(3-pyridyl)·1,3-dioxan·cis·S-yl]hexenoate (G) as a 

45 pale yellow oil (425 mg): NMR: 1.61 (1 H, m), 1.91 (1 H, m), 2.27(4H, m), 2.54(1 H, m).'"3.65(3H, s), 4.23(1 H, bd, 
J = 11 Hz), 4.44(1 H, dm, J = 1 1 Hz) 5.16(1 H, m), 5.46(1 H, m), 5.62(1 H, d, J = 1.5Hz), 7.38(1 H, m), 7. 70(1 H, 

• dm, J = 7Hz) and 8.58{2H, m): mte 428 (M + H) . 

srl' Example ~ 

An analogous hydrolysis procedure was used to that described in Example 12; but starting from methyl 
4(Z)-6·[(2.4,5-cis}-2-pentafluoroethyl 4-(3-pyridyl)-1,3-dioxan-5-yl}hexenoate. Evaporation of the extracts of 
the acidified reaction mixture gave a colourless oil which oil solidified on trituration with hexane. Recrystal-

55 lisation of the solid from ethyl acetate/hexane gave 4(Z)-6-[(2,4,S-cls)-2-pentafluoroethyl-4·(3-pyrldyl)-
1,3-dloxan-5-yl]hexenolc 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(1 H, m), 4.03(1 H, d, J = 11 Hz), 4.31 (1 H, d, J = 11 Hz), 5.21 (3H, m), 5.46(1 H, m), 6.35(1 H, b), 
7.39(1H, m), 7.72(1H. m) and 8.58 (2H, bs); microanalysis, found~ __ C__.51A:_!:!_,4.5: N,3.3%; (;11H19NQ4fs 

14 
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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-[(2,4,5-cis)-2• 
pentafluoroethyl-4-(3-pyridyl)-1,3-dioxan-5-yl}hexenoate as a yellow oil (59%); NMR: 1.61(1 H, m), 1.81 (1 H. 

•• 5 m), 2.30(4H, m), 2.53(1 H, m), 3.66(3H, s), 4.02(1 H, dm, J = 11 Hz), 4.29(1 H, dd, J = 11, 1.5Hz), 5.21 (3H, m), 
5.45(1 H, m), 7.34(1 H, m), 7.68(1 H, dm, J = 7Hz) and 8.56(2H, m); m/e 41 O (M + H) •. 

10 

Example 14 ,1 

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~ioxan-cis-5-yl]hexenoate (218 mg) in methanol (10 ml). After 5 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 ml), and then dried (Mg$04). The solvent was removed by 

15 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(Z)-6·[2,2·dlethyl-4·(3 pyrldyl)·1,3-dloxan-cls-5-
yl]hexenolc acid as a pale yellow oil (145 mg); NMR: 0.86(3H, t, J =7Hz), 1.08(3H, t. J=7Hz), 1.66(4Fi;-m), 
1.95(2H, m), 2.30(4H, m), 2.52(1 H, m), 3.84(1 H, d, J = 11 Hz), 4.15 (1 H, d, J = 11 Hz), 5.23(2H, m), 5.40(1 H, 
m), 6.32(1 H, br), 7.35(1 H, m). 7.75(1 H, dm, J = 7Hz) and 8.55(2H, m); rn/e 334 (M + H) •. On keeping for 

20 several weeks at 4 • C, the oil slowly crystallised. Trituration of the solid with hexane gave crystalline 
material of m.p. 12-n· C; microanalysis, found: C,68.2; H,8.4; N,4.2%; C19H2104 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-dimethyl-4-(3-pyridyl)-1,3-dioxane-cis-5-yl]hexenoic acid (5.0 g) in methanol 

2s ·· (50 ml) was treated with p-toluenesulphonic acid monohydrate (3.74 g). The mixture was stirred for 4 hours 
and then added to 5% w7v sodium hydrogen carbonate.solution (75 ml). This mixture was acidified (acetic 
acid) and extracted with ethyl acetate (4 x 20 ml). The combined extracts were washed with water (1 O ml) 
then dried (Hg$04) and the solvent removed by evaporation. The residual oil was purified by flash 
chromatography, eluting with dichloromethane/methanol (92:8 v/v} to give methyl 4(Z)·Z·erythro-8-hydroxy-

30 7-hydroxymethyt-8-(3-pyridyl)-4· octenoate as an oil (4.20 g} with an NMR spectrum Whlcilwas closely 
similar to that for the diol obtained in Example 12 (ii). 

(ii) A solution of the diol from (i) (400 mg), p-toluene sulphonic acid monohydrate (293 mg), 
diethylketone (290 microlitres) and trimethylorthoformate (383 microlitres) in acetonitrile (10 ml) was stirred 
for 4 hours. 5% w/v Sodium hydrogen carbonate solution (20 ml) was added and the mixture extracted with 

35 ethyl ace~ate (3 x 25 ml). The combined extracts were washed with saturated brine (15 ml), and then dried 
(Mg$04). 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~ioxan-cis-5-
yl]hexenoate as a pale yellow oil (218 mg); NMR (250 MHz, CDCl3): 0.87 {3H, t, J=7Hz), 1.08(3H, t, 
J = 7Hz), 1.49(1 H, m), 1.61 (1 H, m), 1.75(2H, m), 1.97(2H, m), 2.30(4H, m), 2.55(1 H, m), 3.65(3H, s), 3.81 (1 H, 

40 d, J = 11 Hz), 4.13(1 H, d, J = 11 Hz), 5.20(1 H. m), 5.28(1 H, d, J = 2Hz), 5.38(1 H, m}. 7.31 (1 H, m), 7.70(1 H, d, 
J = 7Hz) and 8.54(2H, m); m/e 348 (M + H) •. 

45 

Example 15 

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-ylJhexenoate, there was obtained 4(Z)-6·[2,2-dilsopropyl-4-(3-pyrfdyl)-1,3-dloxan·cls-5-yQ~ 
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(1 H, m), 2.96(1 H, m), 3.82(1 H, d, J = 11 Hz), 4.18(1 H, d, J = 11 Hz), 5.25(2H, m), 5.42(1 H, m), 7.33-

50 (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%; C21H31N040.25H20 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-diisopropyl-4-(3-pyridyl)-

55 1,3-dioxan-cis-5-yl]hexenoate was obtained as a pale yellow oi1(44%); NMR (250 MHz, CDC'3): 1.07(12H, 
m), 1.57(2H. m), 2.13(1 H, m), 2.30(4H, m), 2.53(1 H, m), 2.96(1 H, m), 3.64(3H, s), 3.80 (1 H, dd, J = 11, 
1.5Hz), 4.14(1 H,dm, J = 11 Hz), 5.20(1 H, m), 5.28(1 H, d, J·1.5Hz), 5.35(1 H, m}, 7.30(1 H, m), 7.20(1 H, d, 
J = 7Hz) and 8.55(2H, m): m/e 376 (M + H) •. 

15 
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Example 16 

TH{S SHEET ~AS BEEN 
REPLACED 

Using a similar procedure to that described in Example 1, but using 2·methyl·2·(4•methylsulphonyl· 
phenoxy)propanal as the aldehyde, there was obtained 4·(Z)·6·[(2,4,5-cls)·2·(1-methyl-1·(4·methylsul­
phonylphenoxy)ethyl)·4·(3·pyrldyl)·1,3-dioxan-5-yl]hexenoTc 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-(methylthio)· 
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 = 7Hz), 6.75· 
7.2(4H,m)]. This ester was oxidised with m·chloroperbenzoic acid in dichloromethane at ambient tempera· 
ture to give, after conventional work-up, ethyl 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 i:: 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-methylsulphonylphenoxy)· 

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 Example 1 but using the appropriate aldehyde, there 

25 

30 

were obtained:-

(Example 17): 

4(Z)·6·[(2,4,5-cis)·2·(1·[2·methoxyphenoxy}-1·methylethyl)·4·(3-pyrtdyl)·1,3-dloxan-S-yl]hexenolc 
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), 6.80-7.1.0(4H, 
m), 7.40·7.75(2H, m) and 8.45·8.60(2H, m), starting from 2-methyl-2·(2-methoxyphenoxy)propanal; 

(Example 18): 

4(Z)·6·[(2,4,5-cls)·2·(1·[2·methylphenoxy]-1·methylethyl)·4·(3-pyridyl)·1,3-dioxan-5-yOhexenolc. 
35 acid 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(5H, m), 3.95-4.25(2H, m), 4.85(1H, s), 5.10·5.50(4H, 11'1). 6.90·7.15(4H, 
m), 7.30-7.75(2H, m), 8.50-8.60(2H, m), starting from 2-methyl-2-(2-methylphenoxy)propanal; and 

40 (Example 19): 

4{Z)-6·[{2,4,5-cls )·2·(1·[2·nltro-4-methylphenoxy]·1-methylethy1)·4-(3·pyrldyl)·1,3·dloxan-5-yl]· 
hexenolc acid as 8n 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 8.45·8.60(2H, m). starting from 2-methyl-2·(2-nitro-4-methylphenoxy)propanal. 
The necessary starting aldehydes were obtained as follows:· 

(17) 2·methyl·2·(2·methoxyphenoxy)propanal: obtained as an oil, NMR: 1.35(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; . 

5IY
1 

(18) 2-methyl-2·(2-methylphenoxy)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-methylpropane; and 

(19) 2·methyl·2·(2·nitro-4-methylphenoxy)propanal: 
(i) A solution of 2·nitro-4-methylphenol (11.48g) in 1,3·dimethyl-3,4,5,6·tetrahydro·2(1 H)-

55 pyrimidinone (OMPU) (50ml) was cooled to 5 • C and treated with portions of sodium hydride (55% wtw 
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 (13.15g). The mixture was heated at about 100 • C 
for 18 hours, the~ cooled to room temperature and poured into a mixture of aqueous sodium hydroxide 

f 6 
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solution (1 M) and ethyl acetate. The organic solution was separated and washed twice with 1 M sodium 
hydroxide solution, then dried (MgS04) and concentrated. The resulting oil was purified by flash column 
chromatograph_y, eluting with a mixture of ethyl acetate and hexane, (increasing from 5:95 v/v to 10:90 vtv), 
to give ethyl ~-methyl-2-(2-nitro-4-methylphenoxy)propionate (4.48g) as an oil; NMR: 1.25 (3H, t), 1.60(6H, 

5 s), 2.35(3H, s), 4.25(2H, q) and 6.8-7.6(3H, m). 
(ii) A solution of ethyl 2-methyl-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 
toJuen~}. 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 quencheq.t>y 

-- 10 addition of aqueous ammonium chloride solution and ether. The resulting mixture was clarified by filtration 
through kieselguhr. 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/v to 15:85 v/v), 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(1 H, s). 

15 

Example 20 

. A solution of 4(Z)-6-[(2,4,5·cis)-2-(1-[2-methoxyphenoxyJ-1 ·methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-ylJ-
20 hexenoic acid (0.331g) in OMPU (6ml) maintained at 5° C ~as 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 1 M aqueous sodium hydroxide solution. The organic phase was separated and extracted {y.oice with 
sodium hydroxide solution. The combined aqueous extracts were then washed with dichloromethane and 

25 •· acidified to pH5-6 using acetic acid. The mixture was extracted three times with dichloromethane and these 
combined extracts were dried (MgS04) and concentrated- to give an oil. Purification by flash column 
chromatography, eluting with a mixture of methanol and dichloromethane (3:97 to 10:90, v/v) gave 4(Z)-6-[­
(2,4,5-cis l·2·(1 ·[2-hydroxyphenoxy]-1-methylethy1)·4·(3-pyrldyl)·1,3·dloxan·5-yl]hexenolc acid as an 
oil whicilsolidified on keeping to give solid (0.253g); NMR: 1.35(3H, s), 1.45(3H, s), 1.55-1.80(2H, m), 2.20· 

30 2.55(5H, m), 4.00·4.35(2H, m), 4.80(1H, s), 5.15·5.55(3H, m), 6.70·7.05(4H, m), 7.40-7.75(2H, m) and 8.50· 
8.65(2H, m). 

35 

Example 21 

Using an analogous procedure to that described in Example 1 but using 2-methoxycinnamaldehyde as 
the aldehyde component, there was obtained 4(Z)·6·[(2,4,5-cls)·2·(2E·[2·methoxyphenyl]ethenyl)-4·(3· 
pyrldyl)·1,3-dloxan·5-yl]hexenolc acid as an oil7° which solidified on keeping to give solid in 18% yield; 
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), 

40 6.85-7.85(7H, m) and 8.50·8.65(2H, m). 

Example~ 

45 The acid catalysed aldehyde/ketone exchange reactions described in any of the preceding Examples 

50 

may also be performed using 4(Z)-6-{2,2-diethyl-4-(3-pyridyl)·1,3-dioxan-cis-5-y1Jhexenoic acid (described in 
Example 14} instead of the 2.2.:aimethyl derivative (compound (A) described in part (v) of Example 1J. In 
general largely similar yields of compounds of the formula I 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-S-yl]hexenoic acid (A , as described in Example 1) (0.305g) in acetoni-

55 trile (10ml), under an atmosphere of argon. The mixture was heated at reflux for 18 hours and then allowed 
to cool. Ethyl acetate (1 Oml) was added and the mixture was extracted with 2M aqueous sodium hydroxide 
solution (60ml). The basic eXtract was acidified to pH4 with acetic acid and extracted with ethyl acetate 
(90mi). The combined organic extracts were dried (Mg$Q4) and concentrated to give an oil, which was 

17 
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purified by flash column chromatography, eluting with methanol/dichloromethane (1 : 10 to 1 :5 v/v), to give 4-
(Z)·6·[(2,4,5-cis )·2·(2·naphthyl)·4·(3·pyridyl)·1,3-dloxan-cls·5·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), 5.43 (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, 

s found: C. 73.5; H, 6.3; N, 3.3%; C2s.H2sNQ4,Q.25H20 requires: C, 73.6; H. 6.3; N, 3.4%. 

' Example 24 

10 Using an analogous procedure to that described in Example 23 but starting from 3-benzyloxybenzal-. 

15 

dehyde, there was obtained 4(Z)-6·[(2,4,5-cls)-2·(3-benzyloxyphenyl)-4·(3-pyrldyl)-1,3·dloxan-cls-5-yl]­
hexenoic acid, as a colourless solid, m.p. 1"25-128 • 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); rn/e 459 
(M + H) • ; microanalysis, found: C, 72.8; H, 6.4; N, 2.9%; C28H29N05 requires: C, 73.2; H, 6.4; N, 3.0o/o. 

Examples 25-45 

Using an analogous procedure to that described in Example 1, but starting from the appropriate 
20 aldehyde of the formula R1 .CHO and dioxane hexenoic acid A the following compounds of the formula Xiii 

were obtained:-

25 
(Example 25): 

R1 = 3-(4-cyanobenzyloxy)phenyl; isolated as a solid, m.p. 149-150 • C; partial NMR: 5.70(1H,s), 6.95-
(1 H,m), 7.28(4H,m), 7.55(2H,d), 7.65(2H,d), 7.73(1 H,d), 8.53(1 H,m), 8.62(1 H,s); 

30 (Example 26): 

35 

40 

R' = 1-naphthyl; isolated as a solid, m.p. 171-172° C; partial NMR: 6.3(1H,s), 7.32(1H,m), 7.52(3H,m), 
7.85(4H,m), 8.22(1 H,s), 8.52(11,d), 8.63(1 H,s); 

(Exaqiple 27): 

R' = 4-(4-cyanobenzyloxy)phenyl; isolated as a solid, m.p. 162·164 • C; 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 28): 

R1 = 2-benzyloxyphenyl; isolated as a solid, m.p. 142-144 • C; partial NMR: 6.15(1 H,s), 6.93(1 H,d), 
45 7.05(1 H,t). 7.31 (7H,m), 7.7S(2H,s), 8.51 (1 H,d), 8.58(1 H,s); 

(Example 29): ..... 
so.•' R1 = 4 benzyloxyphenyl; isolated as a solid, m.p. 200-204 • C; partial NMR: 5.72(1 H,s), 1:02(2H,d), 

55 

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

(Example 30): 

R1 = 4-(3-pyridylmethoxy)phenyl; isolated as a solid, m.p. 174 1n· C; partial NMA: ·5.62(1H,s), 6.93· 
(2H,d), 7.25(2H,d), 7.43(2H,d), 7.69(2H,s), 8.50(4H,m); 

18 ilii1iU1iUf 
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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.s), 7.55(2H,s), 7.78(1 H,m), 8.5.7(2H,m); · 

(Example 32): 

R1 = 3-phenoxyphenyl; isolated as a solid, m.p. 130;.132• C; partial NMR: 5.72(1H,s), 7.07(4H,m), lr55-
(6H,s), 7.82(1H,m), 8.55(2H,m); 

(Example 33): 

1s R1 = 3·(3-pyridylmethoxy)phenyl; isolated as a solid, m.p. 104-105° C; 5.70(1H,s), 6.98(1H,m), 7.18-

20 

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

(Example 34): 

R1 = 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,t), 7.37(2H,m), 7.47(2H,d), 7.58(2H,d), 7.n(2H,m), 8.55(2H,m); 

25· (Example 35): 

30 

35 

R1 = 2·(3-pyridylmethoxy)phenyl; isolated as a solid, m.p. 131·135 • C; partial NMR: 6.15(1 H,s), 6.92· 
(1 H,d), 7.08(1H,t),7.30(3H,m), 7.72(3H,m), 8.60(4H,m); 

(Example 36):. ------ •' 

R1 = 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 37): 

R1 = 3-(1-naphthylmethoxy)phenyl; isolated as a solid, m.p.115-117°C; partial NMR: 5.70(1H,s), 6.52· 
40 (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 38): 

45 R1 = 3-(2,5-dimethoxybenzyloxy)phenyl; isolated as a solid, m.p. 53-54 • C; partial NHR: 5.72(1H,s), 

50 

6.82(2H,m), 7.00(1 H,m), 7.15(2H,m), 7.31 (4H,m), 7.82(1 H,m), 8.57(2H,m); 

{Example 39): 

R1 = 2·(4-pyridylmethoxy)phenyl; isolated as a solid, m.p. 115-117 0 C; partial NMR: 6.14(1 H,s), 6.87-
(1 H,d), 7.0(1 H,t), 7.12(1 H,m), 7.60(7H,m), 8.6(2H,m). 

55 (Example 40): 

R1 = 2-chloro-1-naphthyl; isolated as a solid, m.p. 188-190 • C; partial NMA: 6.73(1H,s), 7.2(1H,s), 7.46· 
(2H,m), 7.62(1 H,m}, 7.75(3H,m), 8.53(2H,m), 9.02(1 H,d); 

19 
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R1 = 2·(2-pyridytmethoxy)phenyl; isolated as a solid, m.p. 86·88 • C; partial NMR: 6.18(1 H,s), 6.92· 
(1 H,d), 7.05(1 H,t), 7.18(1 H,t), 7.29(2H,m), 7.45(1 H,d), 7.57(1 H,d), 7.76(2H,dd), 8.55(3H,m}; 

(Example 42): 

R1 = 2·(4-nitrobenzyloxy}phenyl; isolated as a solid, m.p. 166·168 • C; partial NMR: 6.14(1 H,s), 6.88· 
10 (1 H,d), 7.11 (1 H,t), 7.32(2H,m), 7.50(2H,d), 7.76(2H,m), 8.16(2H,m}, 8.59(2H,m); 

(Example ~): 

15 R1 = 3·benzyloxy·4-methoxyphenyl; isolated as a solid, m.p: 128·130°C; partial NMR: 5.62( H,s), 6.90· 

20 

(1 H,d), 7.12(2H,m), 7.44{6H,m), 7.68(1 H,m), 8.55(2H,m); 

(Example 44): 

A1 = 3·(3-cyanobenzyloxy}-4-methoxyphenyl;.isolated as a solid, m.p. 148-149° C; partial NMA: 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); 

as (Example 45): 

R1 ~ 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(1 H,dd), 8.55(1 H,d). 

The novel starting benzaldehydes of formula R' .CHO were obtained by essentially the same general 
ao 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 

35 the residual material using hexane/ethyl acetate (up to 30% v/v) as eluant. The resultant benzaldehydes of 
form~la R1 .CHO were used as soon as possible and had the following properties:-

(1) 3-(4-cyanobenzyloxy)benzaldehyde; m.p. 96-97" C; partial NMR: 5.18(2H,s), 7.24{1H,m}, 7.50· 
(5H,m), 7.68(2H,d), 9.98(1 H,s). . 

(2) 4·(4-cyanobenzyloxy)benzaldehyde; m.p. 105-106" C; partial NMR: 5.23(2H,s), 7.06(2H,d), 7.54-
40 (2H,d), 7.69(2H,d), 7.86(2H,d), 9.90(1 H,s). 

(3) 2-benzyloxybenzaldehyde; m.p. 42-44 • C; partial NMR: · 5.20(2H,s), 7.03(2H,s), 7.44(SH,m), 7.86· 
(1 H,m), 10.58(1 H,s). 

(4) 4-(3-pyridylmethoxy)benzaldehyde; m.p. 75-n" C; partial NMR: 5.16(2H,s), 7.02(2H,m), 7.30· 
(1 H,m), 7.76(3H,m), 8.63(2H,m), 9.95(1 H,s). 

45 (5) 3·(3-pyridylmethoxy)benzaldehyde; m.p. 48·50 • C; partial NMR: 5.09(2H,s), 7.47(5H,m), 7.70-
(1 H,m), 8.47(2H,m), 9.90(1 H,s). 

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

(7) 2·(3-pyridylmethoxy)benzaldehyde;. m.p. 58-59 • C. 
50 ~· (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(1 H,dd), 8.37(1 H,d), 9.93(1 H,s). 
(9) 3·(1-naphthylmethoxy)benzaldehyde; m.p. 63-64 • C; partial NMR: 5.55(2H,s), 7.27(1H,m), 7.52(7H, 

m), 7.87(2H,m), 8.03{1 H,m), 9.98(1 H,5). 
(10) 3·(2,5-dimethoxybenzyloxy)benzaldehyde; obtained as an oil; partial NMR: 5.28(2H,s), 6.83· 

55 (2H,d), 7.05(1 H,m), 7.26(1 H,m), 7.45(3H,m), 9.97(1 H,s). 
(11) 2·(4-pyridylmethoxy)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-pyridylmethoxy)benzaldehyde: m.p. 67-68° C; partial NMR: 5.32(2H,s), 7.06(2H,m), 7.25· 

20 
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°(1 H,m), 7.53(2H,m), 7.75(1 H,m), 7.84(1 H,dd), 8.61 (1 H,d), 10.62(1 H,s). 
(13) 2-(4-nitrobenzyloxy)benzaldehyde; m.p. 110-111 • C; ·partial NMR: 5.31 (2H,s), 7.0(1 H,d), 7.1 (1 H,t), 

7.59(3H,m), 7.88(1H,dd), 8.28(2H,m), 10.36(1H,s). 
(14) 3-benzyloxy-4-methoxybenzaldehyde, obtained as an oil; partial NMR: 5.19(2H,s), 6.99(1H,m), 

5 7.38(7H,m), 9.82(1 H,s) . 

-· 10 

(15) 3-(3-cyanobenzyloxy)-4-methoxybenzaldehyde; m.p. 113-114°C; partial NMR: 5.20(2H,s), 7.02-
(1H,d), 7.42(1 H,d), 7.49(2H,m), 7.65(2H,m), 7.80(1 H,m), 9.83(1 H,s). 

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

Example~ 

Using an analogous procedure to that described in Example 1, but starting from 4(Z)-6-[(4S,5R-)-2.2· 
15 dimethyl-4-(3-pyridylr 1,3-dioxan 5-yl]hexenoic acid and 2-methyl-2-(2-nitro-4-methylphenoxy)propanal and 

2·(4-methoxyphenoxy)-2-methylpropanal, respectively, there were ·obtained: 
(Example 46): 4(Z)-6·[(2S,4S,5R)·2·[1·methyl-1-(2·nitro-4-methylphenoxy)ethyl]-4-(3-pyrfdyl)·1,3· 

dloxan-5-yl]hexenoic acid, asasolkJ in 25% yield, with 25 [alpha]0 ·117.6• (EtOH, c 0.635); and NMR: 
1.45(61-i,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-

20 (2H,m); and . 
(Example 47): 4-(Z)·6·[(2S,4S,5R)·2-[1·(4-metho,(yphenoxy)·1·m~thylethyl]-4-(3-pyrfdyl)-1,3-

dloxan-5-yl]hexenolc acid, as a sOiidln 28% yield, with 2S[alpha]0 -122.9° (EtOH, c 0.59); and NMA: 
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(1 H:S), 5.05·5:5{3H,m), 
6. 75·7. 7(6H,m),8.5-8.6(2H,m). 

25· 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-

oxazolidinone (4.68 g) in dry THF (75 ml), cooled to -78 • C under argon. The mixture 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 ml) was added dropwise. After the addition, the mixture was 

30 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 (MgSQ4) and concentrated. 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), 

35 4.95-5.15 (2H,m), 5.75-6.0(1 H,m). 
(ii) A 1 M solution of dibutylboron triflate in dichloromethane {32.7 ml) was added to a sqlution 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 mixture was stirred for 30 minutes at -78• C, and then allowed to 

40 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 ml, 30% 
w/v 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 ml). The combined extracts were dried (MgSQ4) and 
evaporated. The residue was purified by flash column chromatography, eluting with ethyl acetate/hexane 

45 (1:1 v/v, 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); 25 [alpha]0 = + 136.0 (EtOH, c 0.311 ); 
NMA: 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(1 H,m), 
7.25-7.35(1 H,m), 7.75-7.85(1 H,m), 8.5·8.65(2H,m). 

so (iii) 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 aqueous 
ammonium chloride solution (10 ml) and ether (50 ml) were added. Sufficient water was added to dissolve 
any precipitated inorganics and the mixture was then extracted with ether (3 x 50 ml). The combined 
extracts were dried (MgS04) and evaporated. The residue was purified by flash column chromatography, 

55 eluting with ethyl acetate to give methyl (2S)·2·[(1S)-1-hydroxy-1-(3-pyridyl)methyl]pent-4-enoate (C) (3.245 
g) as an oil; NMR: 2.3·2.6(2H,m), 2.8·2.9(1 H,m)7 3.6{3H,s), 4.95·5.1 (3H,m), 5.65-5.85(1 H,m), 7.25-7.35-
(1 H,m), 7.7-7.75(1 H,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 ml) 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 chloride solution (10 ml) and water (10 ml). The mixture was 
extracted with ethyl acetate (3 x 50 ml). The combined extracts were dried (MgSQ4) and evaporated. The 

s residue was purified by flash column chromatography eluting with ethyl acetate, gradually increasing to 
methanol/ethyl acetate (1:9 v/v), to give (1S,2R)-2·allyl-1-(3-pyridyl)-1,3-propanediol (0) (2.69 g), as an oil; 
NMR: 1.65-1.8(1 H,m), 1.95·2.15(2H,m), 3.1S·3A5(2H,m), 4.4-4.5(1 H,m), 4.75·5.0(3H,m), 5.25(1H,d,J=7Hz), 
5.6-5.85(1 H,m), 7.3-7.4(1 H,m), 7.65-7.7(1 H.m), 8.4-8.5(2H,m). 

(v) p-Toluenesulphonic acid monohydrate (2.91 g} was added to a solution of 0 (2.68 g) in 2.2· 
10 dimethoxypropane (15 ml) and the mixture was stirred for 18 hours. Triethylamine (10 ml) was added and 

the mixture was partitioned between ether (50 ml) and water (20 ml). The organic layer was dried (MgSQ4} 
and evaporated. The residue was purified by flash column chromatography, eluting with ethyl 
acetate/hexane (1 :1 v/v) 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(1 H,m), 1.~·2.0(1 H,m), 2.3-2.5(1 H,m), 3.85·4.2(2H,m), 4.9·5.0(2H,m), 

15 5.27(1 H,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 ally! compound (E} (530 mg) in methanol (30 ml) 

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 (50 ml) and water (20 ml). The organic layer was dried 

20 (MgSO") and evaporated. The residue was purified by flash column chromatography, eluting with a mixture 
of methanol and methylene chloride (5:95 vlv) to give 2-(4S,5R)·2,2-dimethyl-4-(3-pyridyl)-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(1 H,m), 3.6-3.85(1 H,m), 4.25-4.35(1 H,m), 5.28-
(1H,d,J=3Hz), 7.25·7.7(2H,m), 8.5-8.6(2H,m), 9.6(1 H,s). 

25 {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.n. 2.71, 2.82 
and 2.85 (1 H, CH-CHO)). 

(vii) The acetaldehyde (F) is then converted to 4(Z)-6-{(4S,5R)·2,2-dimethyl-4-(3-pyridyl)·1,3-dioxan-5-
yl)hexenoic acid, having 25 [alphalo ·113.3 (EtOH, c o.465) and NMR essentially identical with that of the 

30 racemic material described in Example 1, using an -analogous procedure to that described in the part (v} of 
Example 1. 

35 
Example 48 

p-Toluenesulphonic acid monohydrate (409 mg) was added to a stirred solution of 4(Z)·6·[2,2-dimethyl-
4-(3:Pyridyl)-1,3-dioxan-cis-5-yl]hexenoic acid (570 mg) and 2·(2-cyano-4-methylphenoxy)-2-methylpropanal 
(568 mg) in acetonitrile (5 ml), and the. mixture was stirred for 18 hours at 80 • C. Water (40 ml) and 2M 
sodium hydroxide solution (4 ml) were added and the mixture washed with ether (2 x 20 ml). The aqueous 

40 phase was acidified with acetic acid and extracted with ethyl acet~te (3 x 25 ml). The extracts were washed 
with saturated brine (2 x 15 ml}, dried (MgSO,) and evaporated. The residual gum was purified by MPLC, 
eluting with ethyl acetatelhexane/acetic acid (70:30:1 v/v) to give 4(Z)·6-[(2,4,5-cfs)·2·(1·(2-cyano-4· 
methylphenoxy)-1-methylethyl)·4·(3-pyrldyl)·1,3-dloxan-5·yQhexenolc acid hemi-hydrate (249 mg}, as 
a white foam; NMR: 1.48(3H,s). 1.50(3H,s), 1.57(1 H,m), 1.72(1 H,m), 2.09(0.75H,s), 2.27(4H,m), 2.30(3H,s), 

45 2.43(1 H,m). 4.02(1 H,dm J = 11 Hz), 4.19(1 H,dd, J = 11, 1.5Hz). 4.98(1 H,s), 5.18(1 H,d J = 2Hz), 5.25(1 H,m), 
5.41 (1 H,m), 5.77(1 H,b}, 7.09(1 H,d, J = 9Hz), 7.28(3H,m), 7.57(1 H,dm J = 8Hz), 8.45(1 H,bs), 8.51 (1 H,bd 
J=4Hz); microanalysis found: C.68.0; H,6.5; N,6.0%; C26H30N20s.iH20 requires: C,68.0; H,6.7; N,6.1%; . . 
m/e 451 (M+H) . 

The necessary starting aldehyde was obtained as follows:-
so"' (i) Anhydrous potassium carbonate (14.0 g) was added to a stirred solution of 2·bromo-4-methylphenol 

(19.0 g) and ethyl 2·bromo-2·methylpropionate (27.7 g) in 2·butanone (80 ml) and the .mixture heated at 
reflux for 3 hours, then cooled to ambient temperature and added to water (400 ml). This mixture was 
extracted with ether (1 x 300 ml, 2 x 150 ml) and the combined extracts washed with 1 M sodium hydroxide 
solution (2 x 100 ml), water (2 x 100 ml) and saturated brine (1 x 100 ml), then dried (MgS04) and the 

55 solvent removed by evaporation. The residual oil was distilled under reduced pressure to give ethyl 2·(2· 
bromo-4-methylphenoxy)-2-methylpropionate (A) (18.7 g), as an oil; b.p. 116-118" Cat 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. 78(1 H,d J = 8Hz), 6.96(1 H,dd J = 8, 1.5Hz), 

. 7.35(1H,d J=1.5Hz); m/e 318 (M+NH4)•. 
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(ii) Cuprous cyanide (3.76 g) was added to a stirred solution of A (10.54 g) in dimethylformamide (20 

ml) and then heated at reflux ter:nperature (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 ml: 55 ml) and 

stirring continued for 30 minutes. This solution was extracted with dichloromethane (1 x 100 ml, 2 x 50 ml) 

.. / s and the combined extracts washed with water (3 x 50 ml), then dried (MgSQ4) and the solvents removed in 

vacuo. The residue was purified by MPLC, eluting with 1 Oo/o 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=7Hz), 6.74-

(1 H,d J = 9Hz), 7.21 (1 H,m), 7.35(1 H,d J = 2Hz); m/e 265(M + NHc.) •. ,.-

·- 10 (iii) A stirred solution of B (2.47. g) in dry toluene (40 ml) under argon was cooled to -70 • C and treated 

dropwise with 1.5M diisobutylaluminium hydride in toluene (7.3 ml). Stirring was continued for a further 30 

minutes at -70 • C when a 10% v/v methanol in toluene solution (2 ml) 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 

15 extracted with ether (2 x 75 ml). The combined organic phases were washed with saturated brine (2 x 40 

ml), dried (MgSOc.) 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(31-:1,s), 6.74(1H,d 

J = 9Hzj, 7.26(1 H,m), 7.39(1 H,d J = 2Hz), 9.83(1 H,s); m/e 221 (M + NH4) •. 

20 

Example 49 
-

In a similar manner to Example 48, but starting from 2-(2-cyano-5-methylphenoxy)-2-methylpropanal 

25-· instead of 2·(2-cyano-4-methylphenoxy)-2-methylpropanal and heating the reaction for 48 hours instead of 

18 hours there was obtained 4(Z)-6·[(2,4,5·cls)·2·(1·(2·cyano-5-methylphenoxy)·1·methylethyl)·4-(3-

pyrldyl)-1,3-dloxan-5-yl]hexenolc acid hemihydrate (17%) as a white foam; NMR: 1.49(3H,s), 1.52(3H,s), 

1.59(1 H,m), 1.73(1 H,m), 2.28(4H,m), 2.36(3H,s), 2.43(1 H,m), 4.03(1 H,dm J = 11 Hz), 4.20(1 H,dd J = 11, 1 Hz), 

4.97(1 H,s), 5.17(1 H,d J = 2Hz), 5.23(1 H,m), 5.41 (1 H,m), 6.92(1 H,dd J = 7.1 Hz), 7.02(1 H,s), 7.30(1 H,m), 7.36-

30 (1H,d J=7Hz), 7.57(1H,m), 8.49(2H,m); microanalysis found: C, 68.1; H, 6.5; N,5.9%; C2&H30N20s.tH20, 

requires: C, 68.0; H, 6.7; N 6.1o/o; m/e 451 (M+H)·. 

The necessary aldehyde was prepared as follows:-

(i) In a similar manner to Example 48(i) but starting with 2-chloro-5-methylphenol instead of 2-bromo-4-

methylphenol and heating at reflux for 18 hours instead of 3 hours there was obtained ethyl 2·(2-chloro-5· 

35 methylphenoxy)-2-methylpropionate (72%) as a colourless oil; b.p. 109-110° Cat 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 (1 H,d J = 7Hz); m/e 274 (M + NH4)· 
+ 

(ii) In a similar manner to Example 48(ii), but starting from ethyl-2·(2-chloro-5-methylphenoxy)-2-

methylpropionate instead of etbyl 2-(2-bromo-4-methylphenoxy)-2-methylpropionate and using OMPU as 

40 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 OMPU, then dried (MgSQ4) and evaporated. The residue was 

purified by MPLC, eluting with 1 Oo/o v/v ethyl acetate in hexane to give ethyl 2·(2-cyano-5·methylphenoxy)-

2-methylpropionate (38%) as a colourless oil; NMR (250 MHz, COCl3): 1.24(3H,t J=7Hz), 1.67(6H,s), 2.33-
• 

45 (3H,s), 4.24(2H,q J = 7Hz), 6.60(1 H,s), 6.84(1 H,dm, J = 8Hz), 7.44(1 H,d J = 8Hz); m/e 265 (M + NH4) . 

(iii) In a similar manner to Example 48(iii), but starting from ethyl 2-(2-cyano-5-methylphenoxy)-2· 

methylpropionate 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, 

CDC'3): 1.53(6H,s), 2.34(3H,s), 6.62(1 H,s), 6.91 (1 H,d J = 8Hz), 7.47(1 H,d J = 8Hz), 9.34(1 H,s); m/e 221 

so (M+NH4). 

Example 50 

55 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·(Z}·6[(2,4,5-cls )·2-(1·(2-cyano-4-methoxyphenoxy)-1-methylethyl)-4-(3-pyrldyl)·1,3·dloxan-5·yl]· 

hexenolc acid, in 1 Oo/o yield; m.p. 130-140 • C; NMR: 1.46(3H,s)..JA.8C3J:::l.sl. 1.58(1 H,m), 1.72(1 H,m), 2.26-
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(4H,m), 2.42(1 H,m). 3.76(3H,m), 4.03(1 H,dm J = 11 Hz), 4.20(1 H,dd J = 11, 1.5Hz), 4.97(1 H,s), 5.17(1 H,d 
J = 2Hz), 5.24(1 H,m), 5.40(1 H,m), 6.93(1 H,d J = 2.5Hz), 7.02(1 H,dd J = 8,2.5), 7.12(1 H,d J = 8Hz), 7.30(1 H,m), 
7.57(1H,m), 8.50(2H,m); microanalysis found: C,66.5; H,6.2; N,5.8%; C2GH30N20G requires: C,66.9; H.6.5; 
N,6.0%; m/e 467 (M + H) •. . 

5 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 ml). After cooling at 
about 4 • C for 2 hours, the white solid was collected by filtration, washed with water and dried to give 2· 

10 hydroxy-5-methoxybenzaldoxine (A) (9.84 g) as white crystals; m.p. 119·120 • 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 
ml). After 1 hour, the resulting solid was collected by filtration. 2M Sodium hydroxide solution (150 ml) was 

1s 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 (MgS04) and the solvent removed by evaporation to give 2-cyano-4-
methoxyphenol (B) (783 g) as a white solid, m.p. 128·138 • C; NMR (250 MHz, CDCl3/0MSOd,): 3.66(3H,s), . . 

20 6.86(3H,m); m/e 167 (M + NH4) . 
(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 ml) 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 

25 ml) and dried (MgS04). Evaporation of the solvent and purification of the residual oil by medium pressure 
chromatography (MPLC), eluting with 25% vlv ethyl acetate in hexane, gave 2·(2-cyano-4-methox­
yphenoxy)-2-methylpropanal (677 mg) as a colourless oil: NMA 1.47(6H,s), 3.80(3H,s), 6.83(1 H,d J = 9Hz), 
7.03(2H,m), 9.86(1 H,s); mte 237 (M + NH4) •. 

30 

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-phenyldifluoromethyl-4-(3·pyridyl)·1,3-dloxan·5-yl]hexenoate. Evaporation of the extracts 

3S of the acidified reaction mixture gave a pale yellow oil, which solidified on trituratlon with hexane. 
Recrystallisation from ethyl acetate/hexane gave 4(Z}·6[(2,4,5-cls}·2-phenyfdlfluoromethyl·4-(3-pyrfdyl)-
1,3-dfoxan-5-yl]hexenolc acid (58%; m.p. 146-148° C; NMR:T.34(1H,m), 1.64(1H,m), 1.99(3H,m), 2.23-
(2H,m), 3.96(1H,bd J=11Hz), 4.13(1H,b~ J=11Hz), 5.09(3H,m), 5.35(1H,m), 7.13(1H,m), 7.46(3H,m), 7.60· 
(3H,m), 8.51(2H,m); microanalysis found: C,65.4; H,5.8; N,3.5%; C22H23NF204 requires: C,65.5; H,5.7; 

40 N,3.5%; m/e 404 (M + H) •. 
The starting ester was prepared as follows:-
(i) A stirred solution of ethyl 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 T.5M diisobutylaluminium hydride in toluene (3.5 ml) over 15 minutes. Stirring was 

4S 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 kieselguhr artd 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 (MgSQ4) and evaporated to give an oil. MPL:C, eluting with 20% vlv ethyl acetate in hexane gave ·--

so.'' 760 mg of a colourless oil (A) which was shown by NMR to be a mixture of alpha, alpha­
difluorophenylacetaldehyde and the corresponding hydrate and hemiacetal thereof. 

(ii) 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-

ss yl]hexenoate as a waxy solid (31 %); NMR: 1.30(1 H,m), 1.54(1 H,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), 5.31(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 aldehyde, there was obtained 4(Z)·6-[(2,4,5-cis)-2·(1-methyl-1·(4-methylsul· 

5 phonylphenoxy)ethy1)·4·(3-pyridyl)·1,3-dloxan-5-yl]hexeno'Tc acid, asan oil in 29% yield; NMR: 1.6· 
(6H,s), 1.7-2.6(7H,m), 3.2{3H,s), 4.0-4.25" (2H,m). 5.1 {1 H,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 16. 2-Methyl-2·(2-methylsul· 
phonylphenoxy)propanal was obtained as a solid In 51% yield (from carboxylate); NMR: 1.55(6H,s), ~r25· 

10 (3H,s), 6.85-7.55(3H,m), 8.0-8.5(1 H,m), 9.85(1 H,s), with isolation of the following intermediates:-

15 

(a) ethyl 2-methyl-2·(2-(methylthio)phenoxy)propionate: oil (38% yield from the phenol); NMR: 1·.2s­
(3H,t J = 7Hz), 1.6(6H,s), 2.4(3H,s), 4.25(2H,q J = 7Hz), 6.7·7.2(4H,m); and 

b) ethyl 2-methyl-2·(2-methylsulphonylphenoxy)propionate: oil [89% yield from (a)J; 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 t2.91(3H,s), 4.23(2H,q J=7Hz); 6.74(1H,d J=9Hz), 7.21(1H,m), 7.35(1H,d 
20 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:· 

25 

30 

(Example ~): 

4(Z)·6·[ (2,4,5-cis)-2·(1·methyl·1·(2-methylthiophenoxy)ethyl)-4-(3-pyridyl)·1,3-dioxan-5-yl)hexenoic acid, 
as a solid In 45o/;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(1 H,s), 
5.1-5.5(3H,m), 7.0·7.7(6H,m), 8.5·8.6(2H,m); and 

(Example 54): 

4(Z)·6·[(2,4,5-cis)-2·(1-methyl-1 ·(4-methylthiophenoxy)ethyl)·4-(3-pyridyl)-1,3·dioxan-5-yl)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· 

35 (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 

40 Example 16:-

(a) 2-methyl-2·(2-methylthiophenoxy)propanal, isolated as an oil; NMA: 1.45(6H,s), 2.4(3H,s), 6.7-7.2· 
(4H,m). 9.9(1 H.s): in 53% yield, 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· 
45 7.25(4H,m}, 9.85(1 H.s). 

Example 55 

Using an analogous procedure to that described in Example 1, but using from 2-thiophenoxybenzal· 
50 dehyde as the aldehyde, there was obtained 4(Z)·6-[2,4,5·cis)-4·(3·pyridyl)·2·(2-thlophenoxyphenoxy)-

1,3·dloxan-5-yl]hexenolc 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). 

55 

.... ~IC'";"'---_. __ ...... ~ ..... _ 

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

Examples 56·57 

25 
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Using an analogous procedure to that described in Example 1, but starting from 2-methyl-2-(2-nitro+ 
methoxyphenoxy)propanal and 2-methyl-2-(2-methyl-6-nitrophenoxy)propanal, respectively, there were ob-
tained:- · 

(Example 56): 

4(Z)-6-[(2,4,5-cis)-2·(1-methyl)-1 ·(2·nitro·4-methoxyphenoxy)ethyl)-4·(3-pyridyl)-1,3-dioxan-5-·y1]hexenoic 
acid, as a solid i0'10% 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), 

10 4.75(1H,s), 5.0·5.4(3H,m), 6.9-7.55(5H,m), 8.4-8.5(2H,m); and 

(Example 57): 

15 4(Z)·6-[(2,4,5-cis)-2·(1·methyl·1 ·(2·methyl·6·nitrophenoxy)ethyl)·4-(3·pyridyl)-1,3·dioxan·5·yl)hexenoic 
acid, as a solid i"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(1 H,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-
methylsulphonylphenoxy)propanal in Example 16:· 

20 (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% yield, 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-
25 (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% yield, by alkylation of 2-methyl-6-nitrophenol. 

3o 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·benzoylphenyl)·4·(3-pyrldyl)·1,3-dloxan-5-yl]­
hexenolc acid, as a solid in 64% yield; NMR: Ll5·1.45(2H,m), 1.85·2.25(5H,m), 3.6-3.9(2H,m), 4.7·5.3-

35 (3H,m), 5.55(1 H,m), 6.8-7.65(11 H,m), 8.05·8.2(2H,m). 

40 

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/dimethyl sulphoxide oxidation at ·50 • C to ambient temperature of 2-(alphahydroxybenzyl)­
benzyl alcohol, itself obtained as a solid in 26%; NMR: 2.95(1 H,br s), 4.45·4.65(2H,m}, 6.05(1 H,s), 7.2·7.4-
(9H,m): by lithium aluminium hydride reduction of 2·benzoylbenzoic acid. 

Examples~ 

Using an analogous procedure to that described in Example 23 but starting from the appropriate 
45 benzaldehyde of the formula R1 .CHO the following compounds were obtained:· 

(Example 59): 

5/ 4(Z)·6·[(2,4,5-cls)·2·{1·methyl·1·{phenylthlo)ethyl)·4·(3-pyrldyl)·1,3-dloxan·5·yQhexenolc 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· 
(1 H,s), 5.00{1H,d), 5.22(1 H,m}, 5.40(1 H,m), 5.70(1 H,m), 7.28(4H,m), 7.53(2H,m), 7.62(1 H,d), 8.50(2H.m); rn/e 
428 (M + H) : in 63% yield, starting from 2-methyl-2-(phenylthio)propanal; and 

55 

(Example 60): 

4(!)-6·{(2,4,S·cls )·2·(1-methyl-1·(4·fluorophenylthlo )ethyl)-4·(3-pyridyl)-1,3-dloxan-5-yQhexenolc 

26 
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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(1 H,m), 4.18-
(1 H,m), 4.56(1 H,s), 5.02(1 H,d), 5.31 (2H,m), 6.94(2H,m), 7.35(1 H,m), 7.55(3H,m), 8.52(2H,m); m/e 444 (M-H)· 
·;in 61% yield starting from 2-methyl-2-(4-fluorophenylthio)propanal. 

The starting benzaldehydes were obtained using a similar procedure to that described in part (vii) of 
s 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); mte 194(M+NH~)·; starting from phenylthiol and 1,1-dichloro-2-hydroxy-2-methylpropane; and 

b) 2-methyl-2·(4-fluorophenylthio)propanal: obtained 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+NH.i)·: starting from 4-fluorophenylthiol and 1,l·dichlorp-2-

- 10 hydroxy-2-methylpropane. 

Example 61 

1s The acid catalysed aldehyde/ketone exchange reactions described in any of the preceding Examples 

20 

25· 

30 

35 

40 

45 

50 

55 

23-60, may also be performed using 4(Z}·6-[2,2-diethyl-4-(3-pyridyl)·1,3-dioxan-cis-5-yl]hexenoic acid 
(described in Example 14) instead of the 2]-dimethyl derivative (compound (A) described in part (v) of 
Example 1 ]. In general largely similar yields of compounds of the formula I may be obtained. 

Example~ 

Illustrative pharmaceutical dosage forms suitable for presenting the compounds of the inv~ntion for 
therapeutic or prophlactic 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 prophylactic use in humans:-

(a) Tablet I mg/tablet 

Compound Z- 1.0 
Lactose Ph. Eur. 93.25 
Croscarmellose sodium 4.0 
Maize starch paste (5% wlv aqueous paste) 0.75 
Magnesium stearate 1.0 

(b) Tablet II mg/tablet 

Compound z: 50 
Lactose Ph. Eur 223.75 
Croscarmellose sodium 6.0 
Maize starch 15.0 
Polyvinylpyrrolidone (5% w/v aqueous paste) 2.25 
Magnesium stearate 3.0 

(c) Tablet Ill mg/tablet 

Compound z· 100 
Lactose Ph. Eur. 182.75 
Croscarmellose sodium 12.0 
Maize starch paste (5% wtv aqueous paste) 2.25 
Magnesium stearate 3.0 

27 
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(d) Capsule mg/capsule 

Compound Z" 10 
Lactose Ph.Eur. 488.5 
Magnesium stearate 1.5 

(e) Injection I (50 mg/ml) 

Compound z· (free acid form) 5.0% w/v 
1 M Sodium hydroxide solution 15.0% v/v 
0.1 M Hydrochloric acid (to adjust to pH 7.6) 
Polyethylene glycol 400 4.5% w/v 
Water for injection to 100% 

(f) Injection II (10 mg/ml) 

Compound z· (free acid form) 1.0% w/v 
Sodium phosphate EP 3.6% w/v 
0.1 M Sodium hydroxide solution 15.0o/o v/v 
Water for injection to 100% 

(g) Injection Ill (1 mg/ml, buffered to pH 
6) 

Compound 'l;' (free acid form) 0.1% w/v 
Sodium phosphate BP 2.26% w/v 
Citric acid 0.38% w/v 
Polyethylene. glycol 400 3.5% w/v 
Water for injection to 100% 

(h) Aerosol I mg/ml 

Compound Z" 10.0 
Sorbitan trioleate 13.5 
Trichlorofluoromethane 910.0 
Oichlorodifluoromethane 490.0 

(i) Aerosol II mg/ml 

Compound Z" 0.2 
Sorbitan trioleate 0.27 
Trichlorofluoromethane 70.0 
Oichlorodifluoromethane 280.0 
Oichlorotetrafluoroethane 1094.0 

26 
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(j) Aerosol Ill 

5 Compound Z' 
Sorbitan trioleate 
Trichlorofluoromethane 
Dichlorodifluoromethane 
Dichlorotetrafluoroethane 

- 10 

{k) Aerosol IV 
15 

Compound Z' 
Soya lecithin 
Trichlorofluoromethane 
Dichlorodifluoromethane 
Dichlorotetrafluoroethane 

20 

mg/ml 

2.5 
3.38 

67.5 
1086.0 
191.6 

mg/ml 

2.5 
2.7 

67.5 
1086.0 
191:6 

THIS SHEET HAS BEEN 
REPLACED 

1Ui1i!i1Hr 
25· Note 

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

30 The tablet compositions {a)-(c) may be enteric coated by conventionai means for example, with 

35 

40 

45 

50 

55 

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. 

29 
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so~~ A4:c.a.R4-

R~ = ,_. H :;.-- l 
N X 

30 
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CHEMICAL FORMULAE 

(continued) 

t4 l 4 
~ 

5 l ~t\·'( I\. C.O.ll... 

R = = P . "VII 

- fia ~ '="N . , . 
- 10 

. H ~ l q 
c~·Y. A.c.o.P.. 

15 Rl+o: ,,.. X 
'Till . 

R_l H :-..~ 

20 

~"_y\~ CJ:J.P..4 

~ x 
r.< 

25. R. ~ 

THIS SHEET HAS BEEN 

30 o;:b·CH20!-I REPLACED 

Rt+_ = ~ x 
i_20 H ~N X 

35 Th~i1i1i1i11inr · 1 ~ :XI L.~ .c..c.~ 

40 

H. 

~l_qo xn 
45 ~'2. H :-... X 

50 

55 
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1 

SCHEME 1 

RO,.C R~cxo:-: 
~x (vi) 

0 x 
N 

1 N l tWl + (l:l 

OMt. 

(iv) R¥XO- R~C:ro HO~~ 
0 '-= x HO '°' X 

HO ~ x 
N.-.: . ...... 

N"" . N 

t (Ill) ){ii) l l"•i) 
o~: HO~ + HO R'"+o ~ X ttoAQ-x X R :z. ,,,, 

N 
N 

tml \ 
( ... ;i) 

o~/~ o:xc.; R'-f-.o 'O ( ") Ri }'o . '-= X 
Ri ,,,, ·x 

N 
R:i. N 

Vl (n:t) 

1·i1ii11nr 
Reagents: 

Note: 

(i) NaOEt, EtOH, allyl bromide 
(ii) LiAIH4- or LiBH4-. THF 
~ii) TsOH, R1R2.co or R1R2.C(OMe)2 
(iv) Zn(BH4)2, Et20 
(v) 03, CH2Cl2, then Ph3P; or OsQ4, NaJQ4, t·BuOH, H20 
(vi) NaH, DMSO, BrCH2CH(OMe)2 • 
(vii) H•, H20 

R = (1·4C)alkyl, such as methyl (Me) or ethyl (Et); 

32 
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Ts = _e-toluenesulphonyl 

lif jf 11~1ur 
SCBEHB 2 THIS SHEET HAS BEEN 

5 REPLACED 

. ,. 
--· 10 ·o 

0 l"--k 
R

1+o R i o x 
p...2. x R.2. . N ..... 

15 XII 
[OJ 

VI (n=-t) l (;;;) 
20 

0 
OH 

R
1-+o x 

25- R2. x R~ 

X (n:1) l (;iJ 
X(n=1) 

{iv) 

30 

CHO o:xo:1 
l. "" . 

35 "2. 
x R+o X 

R'- N""' 

VI (" =l.) 

~ ;Y 
40 s) 

0 s 

45 R1+0 
R.2. 

50 Reagents: 

(i) B2H& then H202 
(ii) Pyridinium chl.orochromate, CH2Cl2 or DCCI, OMSO. pyridine, TFA 

{iii) NaBH._, EtOH; 
55 (iv) TsCI, pyridine; then Nal/acetone, 40-60 • C 

(v) 1,3-dithiane, LiN(i-Pr)2, THF at -1a· C 
(vi) Ammonium cerium(IV) nitrate, o • C 

33 
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SCHEME 3 

. 
l') 

. ~H j{ 
RO-;_CYO--

= ' I - N 
'1 

HO OH 
= :x. Y-0 

............ 

t<) 

l \ 

Reagents: 

(i) pentenoyl chlorlde/BulifTHF/-78° C 

THfS SHEET HAS BEEN 
REPLACED 

0 

t !c -p.. ~2. ~ R. H 

0 

"1Ao = 
"' ~2. H 

VI (n: 1) 

x 

(ii) Bu2B.S02CF3/(i-Pr)2 NEt/pyridinecarboxaldehyde/CH2Cl2; H202/pH7 

55 (iii) NaOR/ROH [R = (1-4C)alkyl such as Me] 

(iv) LiAIH4/THF 
(v) R1R2.CQ/ p-toluenesulphonic acid (p-Ts.OH) 

(vi) Q3/CH2C1;, then Me2S or Ph3P -

34 
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SCHEME 4 

5 

l 

RO,.C~ 11.0,c~C.:C.Pi.cO.R ,. 

10 
0 I~ X 

(iJ 
.,,. x 

N N 

15 111JiifHf ;•) 
H 

( c.Hi~"'. c = c. A1
• co,_R. 

0 
: 

20 

R
1--:"o 

~ x Rt H 

25- l lill) THIS SHEET HAS BEEN 
REPLACED 

H 1. . 
(c.Hl.\vc=.c.. A. COiH 

30 

p.2. H x 
35 l 

esterification or 

sulphonamidation as required 
40 

Reagents: 

45 (i) NaOEt, EtOH, Br(CH2)n.C•C.A1.C02R 
(ii) Na8H4; then R1R2CO, TsOH 
(iii) NaOR/ROH 
(iv) LiAIH4fTHF 
(v) R1R2.CO/ p·toluenesulphonic acid (p· Ts.OH) 

50 (vi} Oa/CH2ci;, then Me2S or PhaP [R-= (1·4C)alkyl such as Me] 

Claims 

55 1. A 1,3-dioxane alkenoic acid derivative of the formula I (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; A1 is (1·6C)alkylene; and 
a) A2 is hydrogen, and R1 is naphthyl or phenylthio(1 ·6C)alkyl optionally bearing 1 · or 2 substituents 

35 
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* C L M S * 
SCHEME 4 

5 

R.0,.C~ 
1 

fl. O,C ~: C. A. CO~fl. ,.· 
10 

0 I".;;: X li) 
N...-: ,,,., x 

N 

/'i) 15 

ill1ii1ilced 
H (c.th~f\·c.:: c. A1

• co,_R 
0 20 

R1--:l..o 
= x Rt H 

-

25· l (ill) THIS SHEET HAS BEEN 
REPLACED 

1 . 
(CHl..\v c::c.. A. col.H 

30 

R2. H x 
35 ! 

esterification or 

sulphonamidation as required 
40 

Reagents: 

45 (i) NaOEt, EtOH, Br(CH2)n.C•C.A1.C02R 
(ii) NaBH~: then R1R2CQ, TsOH 
(iii) NaOR/ROH 
(iv) LiAIH~ffHF 
(v) R1R2.CO/ p-toluenesulphonic acid (p-Ts.OH) 

50 (vi) Q3/CH2c1;, then Me2S or Ph3P [R-= (1·4C)alkyl such as Me) 

Claims 

55 1. A 1,3-dioxane alkenoic acid derivative of the formula I (set out as the final part of these claims} 
wherein: n is the integer 1 or 2; Xis hydrogen, hydroxy or (1·4C)alkoxy; Y is methyleneoxy, vinylene or 
ethylene; A1 is (1 ·6C}alkylene; and 
a) R2 is hydrogen, and R1 is naphthyl or phenylthio(1 ·6C)alkyl optionally bearing 1 or 2 substituents 

35 
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selected from halogeno, cyano, nitro, (1·4C)alkyl, (1·4C)alkoxy and trifluoromethyl, or R1 is a group of the 
formula R3.A2-, in which: 
R3 is phenyl bearing a substituent which is selected from (1·4C)alkyl, (1-4C)alkoxy, hydroxy, (2-SC)alkenyl, 
(1 ·4C)alkylthio, (1-4C)alkylsulphinyl, (1 ·4C)alkylsulphonyl, (2-5C)alkanoyl, carboxy, [(1-4C)alkoxy]carbonyl, 

s [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, trifluoromethyl, nitro and cyano; 
or R3 is thienyl or furyl optionally bearing 1 or 2 substituents indep~ndently selected from halogeno, (1-4C)­
alkyl, nitro and cyano; and A2 is (1-6C)alkylene, oxy(1-6C)alkylene or (2·6C)alkenylene, up to three carbon 

10 atoms of any of which may be wholly or partially fluorinated, or A2 is a direct bond to R3; 

or R1 is a group of the formula Q2,A3,Q1-, in which: 
0 1 and a2 are aromatic moieties, 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 A3 is oxy, thio, sulphinyl, sulphonyl, carbonyl, 

rs carbamoyl, iminocarbonyl, ureido, (1-6C)alkylene, oxy{1-6C)alkylene, (2-6C)alkenylene or a direct bond 
between 0' and a2; 
(b) R1 is trifluoroethyl and R2 is hydrogen, or both R1 and R2 are trifluoromethyl; or 
(c) R1 and R2 are both independently alkyl or together form alkylene, such that R' and R2 together contain 
5-9 carbon atoms; a!1d R4 is hydroxy, a physiologically acceptable alcohol residue, or (1-4C)-

20 alkanesulphonamido; 
or a pharmaceutically acceptable salt thereof. 

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

2s a) R2 is hydrogen; and R1 is naphthyl, 1-methyl-1-(phenylthio)ethyl or phenylthiomethyl, optionally bearing 1 
or 2 substituents selected from fluoro, chloro, bromo, cyano, nitro, methyl, ethyl, methoxy, ethoxy and 
trifluoromethyl, or R1 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, methylsulphinyl, ethylsulphinyl, methylsulphonyl, ethylsulphonyl, acetyl, propionyl, butyryl, 2-

30 oxopropyl, carboxy, methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, N-methylcarbamoyl, N-ethylcar­
bamoyl, N·propylcarbamoyl, formamido, acetamido and P,.opionamido, andlrom methyl 1-ethyl, 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 

35 thie!Jyl or furyl optionally bearing 1 or 2 substituents independently selected from fluoro, chloro, bromo, 
methyl, ethyl, nitro and cyano; and A2 is methylene. ethylene, trimethylene, isopr~pylidene, 1, 1-
dimethylethylene, oxyme_thylene, oxytetramethylene, 1-oxy-1-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 A2 is a direct bond to R3; 

40 or R1 is a group of the formula Q2.A3.Q1-, in which: 
0 1 and Q2 are aromatic moieties, 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 fluoro, chloro, 
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-

45 dimethylethylene, vinylene, 1,3-propenylene, 1,4-buten-2-ylene, oxymethylene, oxyethylene or a direct bond 
between Q' and Q2; 

(b) R1 is trifluoroethyl and R2 is hydrogen, or both R1 and R2 are trifluoromethyl; or 
(c) A' and R2 are poth 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 
so"' substituents. such that R1 and R2 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)alkyl and (1-4C)alkoxy, or R4 is methanesulphonamido, 
ethanesulphonamido or butanesulphonamido. 

ss 3. A compound as claimed in claim 1 wherein n is 1, Xis hydrogen, Y is cis·vinylene, A1 is ethylene, R4 

is hydroxy and R1 and R2 are selected from ·the following combinations: -
a) when R' and R2 are both trifluoromethyl; 
~} -ivhen R' is thienyl or furyl, optionally containing a halogeno, cyano or nitro substituent, and R2 is 
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c} when R1 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, haloger:io. nitro trifluoromethyl and cyano, and R2 is hydrogen; · 

5 d) R1 is phenylthio(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 R2 is 
hydrogen; · 
e) when R' is naphthyl optionally bearing 1 or 2 substituents selected from halogeno, (1-4C)alkyl and nitro, 
and R2 is hydrogen; and · ,· , 

-· 10 f) when R1 is benzylphenyl, benzyloxyphenyl, (pyridylmethoxy)p~enyl, (naphthylmethoxy)phenyl, phenox-
yphenyl and (phenoxymethyl)phenyl. 

4. A compound of formula II wherein: A4 i~ (1-4C)alkylene; X' is hydrogen or hydroxy; and R5 is 
naphthyl or thienyf optionally bearing a substituent selected from cyano, nitro, halogeno and (1-4C)alkyl, or 
Rs is a group of the formula R6.AS- in which: 

15 R6 is phenyl bearing a first substituent selected from (1-4C)alkyl, (1-4C)alkoxy, hydroxy, (2-5C)alkenyl, (1-
4C)alkylthio, (1-4C)alkylsulphinyl, (1-4C)alkylsulphonyl, (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)alkoxy, cyano, 
carboxy or [(1-4C)alkoxy]carbonyl, said phenyl optionally bearing a second substituent selected from (1-
4C)alJ<il, (1-4C)alkoxy, halogeno, trlfluoromethyl, nitro and cyano, and As is (1-4C)alkylene, oxy(1-4C)-

20 afkylene or a direct bond to Rs; 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; X1 is hydrogen; R4 is 
hydroxy, methoxy, ethoxy; and Rs is selected from: 1-naphthyl, 2-naphthyl, 2-chloro-1-naphthyl, 2.:t~ienyl, 3-
thienyl, 5-cyano-2-thienyl, 5-bromo-2-thienyl, 4-oromo-2-thienyl, 4-chloro-2-thienyl, 5-chloro-2-thienyl, 2-

25· · furyl, 5-bromo-2-furyl, 1-(4-methoxyphenoxy)-t-methylethyl, · 1 ·(4-tert-butylphenoxy)-1 ·methylethyl, 1-(2-
methoxyphenoxy)-1-methylethyl, 1-(2-methylthiophenoxy)-1-methylethyl, 1-{ 4-methylthiophenoxy)-1 • 
methylethyl, 1-(2-methylsulphonylphenoxy)1-methylethyl, 1-(4-methylsulphonylphenoxy)-1-methylethyl, 1-
methyl-1 ·(2-methylphenoxy)ethyl, 2-phenylthiophenyl, 2-phenylsulphonylphenyl, 2-biphenylyl, 2·benzoyl· 
phenyl, alpha,alpha-diflurorobenzyl, t-methyl-1-(4-methoxy-2-nitrophenoxy)ethyl, 1-methyl-1-(4-methyl-2-

30 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)-1 ·methylethyl or (E)-
2-methoxystyryl. -

6. A compound of the formula II wherein R5 is phenylthio-(1-6)alkyl, the phenyl moiety of which may 
35 optionally bear 1 or 2 substituents independently selected from (1-4C}alkyl, {1-4C)alkoxy, halogeno, nitre, 

trifluoromethyl and cyano; X1 is hydrogen or hydroxy; A"' is ethylene or trimethylene: and R4 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 (1·49)alkoxy, or R4 is methanesulphonamido, 

40 ethanesulphonamido or butanesulphonamido; or a pharmaceutically acceptable salt thereof. 
7 .. A compound of the formula Ill wherein A4 is (1-4C)alkylene; X1 is hydrogen or hydroxy; A' is oxy, 

thio, sulphonyl, carbonyl, carbamoyl, iminocarbonyl, (1-6C)alkylene, oxy(1-6C)alkylene or a direct bond to 
03; Q3 is benzene, pyridine or naphthalene; R7 . and R8 are independently selected from hydrogen, 
halogeno, cyano. nitro, (1·4C)alkyl, (1-4C)alkoxy and trifluoromethyl; and R4 is hydroxy, a physiologically 

45 acceptable alcohol residue, or (1-4C)alkanesulphonamido; or a pharmaceutically acceptable salt thereof. 
8. A compound as claimed in claim 7 wherein A4 is ethylene or trimethylene; X1 is hydrogen: R4 is 

hydroxy, methoxy, ethoxy; R7 is selected from hydrogen, fluoro, chloro, bromo, methyl, ethyl, methoxy, 
ethoxy, cyano, nitro and trifluoromethyl; and the group of the formula R8.Q3.A6 - is selcted from phenoxy, 
phenylthio, phenylsulphonyl, phenyl, benzoyl, benzyl, benzyloxy, 4-cyanobenzyloxy, 2-pyridylmethoxy, 3-

50 pyridylmethoxy, 4-pyridylmethoxy, . phenoxymethyl, 2-naphthylmethoxy, 2,5-dimethoxybenzytoxy, 4-
nitrobenzyloxy and 3-cyanobenzyloxy. 

9. A compound as claimed in any of claims 1-8 wherein R4 is hydroxy, X or X1 is hydrogen, and A"' is 
ethylene. 

10. A compound selected from: 
55 4(2)·6-[(2,4,5-cis)-2-(1 ·[2 methylphenoxy]-t-methylethyl)-4-{3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 

4(Z)-6-[{2,4,5-cis)-2·(1-[2-nitro-4-methylphenoxy]-1-methylethyl)·4-(3 pyridyl)· 1,3-dioxan-5-yl]hexenoic acid; 
4(Z)-6-[(2,4,5-cis}-2·(1-[2·hydroxyphenoxy]· 1-methylethyl)-4-(3 pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 
4(~l·6-[(2,4,5-cis}-2·(1 ·{2-cyano-4-methylphenoxy]-1-methylethyl-4- (3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 

37 

-- ---,·--·--·-···---···--··-· ..... 



,.,· .:;.., 

.... 

I 1111111111111 11111 1111111 1111 
* C L M S * EP 0 365 328 A2 

4(Z)-6-[(2,4,5·cis)-2·{1-[2-cyano-4-methoxyphenoxy ]-1-methylethyl)-4-(3 pyridyl)-1,3-dioxan 5-yl]hexenoic 
acid; and -
4(Z)·6·((2S,4S,5R)-2-(1-methyl-1·(2-nitro·4-methylphenoxy}ethyl]-4-(3·pyridyl)·1,3-dioxan-5·yl]hexenoic acid; 
ora physiologicaily acceptable biodegradable ester or (1-4C)alkanesulphonamide thereof; or a pharmaceuti-

5 cally acceptable salt thereof. 
11. A salt as claimed in any one preceding claim which is selected from alkali metal and alkaline earth 

metal salts, ammonium salts, salts with organic amines and quaternary bases forming physiologically 
acceptable cations, and also from salts with acids affording physiologically acceptable anions, such as salts 
with mineral acids. 

10 12. A process for the manufacture of a compound of the formula I or--a pharmaceutically acceptable salt 
thereof as claimed in claim 1 which is characterised in that: 
(a) a diol derivative of-the formula IV wherein one of T1 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 R1.CHO, or with an acetal, hemiacetal or hydrate thereof; 

15 (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 R1.CHO, or with a hydrate, acetal 
or hemiacetal thereof, in the presence of an acid; 
(c) for a compound of formula I in which R1 is pentafluoroethyl, a compound of the formula IV wherein one 
of T1 and T2 is hydrogen and the other is alkanesulphonyl or arenesulphonyl, is reacted with an aldehyde of 

20 the formula R1.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 I in which Y is vinylene and R~ is hydroxy, an aldehyde of the formula VI is 
reacted with a Wittig reagent of the formula: RaP=CH.A1.C02- M• wherein R is (1-6C)alkyl or aryl and M• 
is a cation; · 

25 (e) for a compound of formula I in which X is hydroxy, a compound of the formula VII wherein P is a 
protected hydroxy group is deprotected; 
(f) for a compound of formula I in which A1 contains a hydroxy substituent, a hydroxy protecting group is 
removed from the corresponding protected derivative of the formula I compound; 
(g) an· ester of the formula VIII wherein R9 is (1 ·6C)alkyl, phenyl or benzyl, the latter two optionally bearing 

30 1 or 2 halogeno, (1 ·4C)alkyl or (1-4C)alkoxy substituents, is decomposed; 
(h) for a compound of the formula I wherein Y is ethylene, a compound of the formula IX wherein Y2 ls 
vinylene or ethynylene is hydrogenated: or 
(i) for a compound wherein Y is methyleneoxy, an alcohol of the formula Xis reacted with an alkanoic acid 
derivative of the formula XI in which L is a suitable leaving group; · 

35 whereafter, when a salt of a compound of formula I is required, the compound of formula I is reacted with 
the -~ppropriate 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 I 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 

40 resolved; and 
wherein R1, R2, R4 , n, Y, A 1 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 pharmaceutical composition which comprises a compound of the formula I, or a pharmaceutically 
acceptable salt thereof, together with a pharmaceutically acceptable diluent or carrier. 

45 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 I (set out as 
the final part of these claims) wherein: n is the integer t or 2; X is hydrogen, hydroxy or (1 ·4C)alkoxy; Y is 

5 methyleneoxy, vinylene or ethylene; A1 is (1·6C)alkylene; and 
a) R2 is hydrogen, and R1 is naphthyl 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 R1 is a group of the 
formula R3.A2·, in which: 
R3 is phenyl bearing a substituent which is selected from (1-4C)alkyl, (1·4C)alkoxy, hydroxy, (2·5C)alk~nyl, 

---· 10 (1·4C)alkylthio, (1·4C)alkylsulphinyl, (1·4C)alkylsulphonyl, (2·5C)alkanoyl, carboxy, [(1·4C)alkoxy]carbonyl, 
{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, trifluoromethyl, nitro and cyano; 
or R3 is thienyl or furyl optionally bearing 1 or 2 substituents independently selected from halogeno, (1 ·4C)· 

15 alkyl, nitro and cyano; and A2 is (1 ·6C)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 A2 is a direct bond to R3; 

or R1 is a group of the formula 02.A'.01·, in which: · 
0 1 and Q2 are aromatic moieties, 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, 

20 cyano, nitro, (1·4C)alkyl, (1·4C)alkoxy and trifluoromethyl, 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 0 1 and Q2; 

(b) R1 is trifluoroethyl and R2 is hydrogen, or both R1 and R2 are trifluoromethyl; or 
{c) A1 and R2 are both independently alkyl or together form alkylene, such that R1 and R2 together contain 

25-- 5-9 carbon atoms; and R4 is hydroxy, a physiologically acceptable alcohol residue, or (1-4C)· 
alkanesulphonamido; 
or a pharmaceutically acceptable salt thereof; characterised in that:· 
(a) a diol derivative of the formula IV wherein one of T1 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 

30 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 R1 .CHO, or with a hydrate, acetal 
or hemiacetal thereof, in the presence of an acid; 
(c) for a compound of formula I in which R1 is pentafluoroethyl, a compound of the formula IV wherein one 

35 of T1 and T2 is hydrogen and the other is alkanesulphonyl or arenesulphonyl, is reacted with an aldehyde of 
the formula R1 .CHO, or a hydrate, acetal or hemiacetal thereof, in the presence of an acid c;atalyst, followed 
by base-catalysed cyclisation of the acyclic intermediate obtained; 
(d) for a compound of formula I in which Y is vinylene and R4 is hydroxy, an aldehyde of the formula VI is 
reacted with a Wittig reagent of the formula: RaP=CH.A1.C02- M• wherein R is (1·6C)alkyl or aryl and M• 

40 is a cation; · 
(e) for a compound of formula I in which X is hydroxy, a compound of the formula VII wherein P is a 
protected hydroxy group is deprotected; 
(f) for a compound of formula I in which R1 contains a hydroxy substituent, a hydroxy protecting group is 
removed from the corresponding protected derivative of the formula I compound; 

45 (g) an ester of the formula VIII wherein R9 is (1-6C)alkyl, phenyl or benzyl, the latter two optionally bearing 
1 or 2 halogeno, (1-4C)alkyl or (1-4C)alkoxy substituents, is decomposed; 
(h) for a compound of the formula I wherein Y is ethylene, 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 alkanoic acid 

50 derivative of the formula XI in which L is a suitable leaving group; 
whereafter, when a salt of a compound of formula I is required, the compound of formula I 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 I is required, one of the aforesaid processes may 

55 be carried out using an optically active starting material or the racemic form of the compound of formula I is 
resolved; and 
wherein R1, R2, R4

, n, Y, A1 and X have any of the meanings defined above; and 
wherein the chemical formulae referred to by Roman num~rals 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 1 is methylene, ethylene, trimethylene, tetramethylene or 
1, 1 ·dimethylethylene; and: 
a) R2 is hydrog.en; and R1 is naphthyl, 1-methyl-1-(phenylthio)ethyl or phenylthiomethyl, optionally bearing 1 

s or 2 substituents selected from fluoro, chloro, bromo, cyano, nitro, methyl, ethyl, methoxy, ethoxy and 
trifluoromethyl, or R1 is a group of the formula RS.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, methylsulphinyl, ethylsulphinyl, methylsulphonyl, ethylsulphonyl, acetyl, propionyl, butyryl, 2-
oxopropyl, carboxy, methoxycarbonyl, ethoxycarbonyl, t·butoxycarbonyl, N-methylcarbamoyl, N-ethylcar-

10 bamoyl, N-propylcarbamoyl, formamido, acetamido and propionamido, andTrom methyl, 1-ethyl,2-ethyl, 1-
propyl, 2:Propyl and 3-propyl, any of which alkyl groups itself bearing a methoxy, ethoxy, cyano, carboxy, 
methoxycarbonyl or ethoxycarbonyf 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 fluoro, chloro, bromo, 

15 methyl, ethyl, nitro and cyano; and A2 is methylene, ethylene, trimethylene, isopropylidene, 1, 1-
dimethylethylene, oxymethylene, oxytetramethyfene, 1-oxy-1-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 A2 is a direct bond to R3; • 

or f41 is a group of the formula 02.A•.01-, in which: 
20 Q1 and Q2 are aromatic moieties, 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 fluoro, chloro, 
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-propenylene, 1,4-buten-2-ylene, oxymethylene, oxyethylene or a direct bond 

25 between Q1 and Q2; 

(b) R1 is trifluoroethyl and R2 is hydrogen, or both R1 and R2 are trifluoromethyl; or 
(c) R1 and R2 are both independently methyl, ethyl, propyl, isopropyl, b!Jtyl or pentyl or together form 
tetrarnethylene, pentamethylene and hexamethylene, any of which may optionally bear 1 or 2 methyl 
substituents, such that R1 and R2 together contain 5-9 carbon atoms; and 

30 R4 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 siJbstituents selected from halogeno, (1-4C)alky1 and (1-4C)alkoxy, or R4 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 cis-
35 vinytene, A1 is ethylene, R4 is hydroxy and R1 and R2 are selected from the following combinations: -

a) when R1 and R2 are both trifluoromethyl; 
b) when R1 is thienyl or furyl, optionally containing a halogeno, cyano or nitro substituent, and R2 is 
hydrogen; 
c) when R1 is phenoxy(1 ·4C)alkyl, the phenyl moiety of which contains a first substituent selected from (1-

40 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, 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 R2 is 
hydrogen; 

45 e) when A1 is naphthyl optionally. bearing 1 or 2 substituents selected from halogeno, (1-4C)alkyl and nitro, 
and R2 is hydrogen; and 
f) when R1 is benzylphenyl, benzyloxyphenyl, (pyridylmethoxy)phenyl, (naphthylmethoxy)phenyl, phenox­

. yphenyl and (phenoxymethyl)phenyl. . 
, 4. A process as claimed in claim 1 for the manufacture of a compound of the formula I as defined in 

50,.. claim 1 but wherein in addition R4 is hydroxy, X or X1 is hydrogen, and A4 is ethylene. 
5. A process as claimed in claim 1 for the manufacture of a compound selected from: 

4(Z)-6-{(2,4,5-cis)-2·(1 ·{2-methylphenoxy]-1-methylethyl)-4-(3-pyridyl)-1,3·dioxan-5-yl}hexenoic acid; 
4(Z)·6·[ (2,4,5-cis)-2·(1 ·[2-nitro-4-methylphenoxy]-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 
4(Z)·6·{(2,4,5-cis)-2·(1-[2-hydroxyphenoxy]-1-methylethyf)-4-(3-pyridyl)· 1,3·dioxan-5-yl]hexenoic acid; 

55 4(Z)-6·[(2,4,5-cis)-2·(1·[2-cyano-4-methylphenoxy]·1 ·methylethyl)-4-(3-pyrldyl)-1,3·dioxan-5-yl]hexenoic acid; 
4(Z)-6-[ (2,4,5-cis)-2·(1-[2-cyano-4-methoxyphenoxy]-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic 
acid; and -
4(~)-6-[ (2~,4~,5~)-2-[1-methyl· 1·(2-nitro-4-methylphenoxy)ethyl]-4-(3-pyridyl)·1,3-di?xan-5-yl]hexenoic acid; 

42 
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or a physiologically acceptable biodegradable ester or (1-4C)alkanesulphonamide thereof; or a pharmaceuti· 
cally acceptable salt thereof. · 

6. The use of. .a compound of the formula I 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 

5 thromboxane A2 system by antagonising one or more of the actions of thromboxane A2 and/or inhibiting its 
synthesis in a warm-blooded animal. 
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AND WHEREIN, IN THE AFORESAID CLAIMS, THE CHEMICAL STRUCTURES ARE AS FOLLOWS:-

I; ( \ l 4-
l 9:J?)·= r Ui2i... 'CA . c_o .R. 
~-+o: 

p,_'2. H ~N x . 

l::l r. 1 4 
o ~-'-o"*~n-'t'. A . Cc.R. 

Ra.+o = 7 ·x 
Rb H 'N 

.... 
o~n-010 

Rl--1'0 = 7 

R.2 ~ ~ x 

I 

]V 

v 

VI 
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Pyridine derivatives. 

-' 
, ABSTRACT 

Tl')e invention concerns novel, pharmaceutically useful 1,3-dioxane alkenoic acid derivatives of the formula I 

_ .:ontaining a pyridyl moiety at position 4 of the dioxane ring and in which the groups at positions 2, 4 and 5 have 

els-relative stereochemistry, X is hydrogen, alkoxy or hydroxy, Y is vinylene, .n is 1 or 2, A1 is alkylene, the 

3ubstituents R1 and R2 at position 2 of the dioxane ring have a variety of values defined hereinafter, and R4 is 

hydroxy, a physiologically acceptable alcohol residue or alkanesulphonamido, and the pharmaceutically accept· 

able salts thereof. The invention also includes processes for the manufacture and use of the acid derivatives as 

well as pharmaceutical compositions for therapeutic use in one or more of a variety of diseases such as 

lschaemic heart disease, cerebrovascular disease, asthmatic disease and/or inflammatory disease. 
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PYRIDINE DERIVATIVES 

. DATE OF RECEIPT ..... ~~'.:!~: ..... 
· This invention concerns novel pyridine containing alkenoic acid derivatives and, more partic~larly, it 

li . concerns novel 1,3-dioxan-5-yl alkenoic acids containing a pyridyl moiety attached at position 4 of the 1 ,3-
aioxane ririg. 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. 5 

It is known that the arachidonic acid metabolite thromboxane Az (hereinafter ref~rred to as "TXAz ") is a 
powerful vasoconstrictor' and a potent aggregator· of blood platelets. TXA2 is also a potent constrictor of 
bronchial and tracheal smooth muscle. TXA2 may therefore be involve~ in a variety of disease conditions. 
for example ischaemic heart disease such as myocardial infarction. angina. cerebrovascular disease such . . 

1c 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 TXA2 exerts its physiological action through the thromboxane receptor, via which 
receptor various other prostanoid contractile substances derived from arachidonic acid, such as prostaglan­
dins H2,. F2 alpha and prostaglandin 02. can exert contractile effects. There are two principal ways in which 

rs the effects of TXA2 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. TXA2 (or of prostaglandins H2, Fz alpha and/or 02). 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 involved in the production of TXA2 and in particular which inhibil.S .the enzyme known 

20 as thcomboxane synthase (TXA2 synthase). Such an agent is said to be.· a TXA2 synthase inhibitor. 
Accordingly, it may be seen that agents which possess TXA2 antagonist properties and which inhibit TXAz 
synthase may be expected to be of therapeutic value in the treatment of one o~ more of the above 
mentioned diseases or other diseases in which TXA2 is involved. Also, agents which possess TXA2 
antagonist properties may be expected to be of value additionally in treating thos~ 'diseases in which 

,. 

.. 

·: . .... ; 
·:. 

25 prostaglandins Hz.Fa alpha and/or 02 are involved. for example especially in treating asthmatic and 
inflammatory diseases. Although 1,3-dioxane TXA2 antagonists are known {for example, in European patent, 
publication number 9423981), as are certain TXA2 synthase inhibitors (for example, in European patent 
application, publication number 98690A2), obtaining compounds which combine both properties to a useful · 

~( ·. 

30 

35 

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 r (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 ririg, are good 
inhibitors of TXA2 synthase and also possess significant TXA.2 antagonist properties and are useful 
pharmaceutical agents. 

According to the invention there is provided a 1,3-dioxane alkenoic acid derivative of the formula I (set 
out hereinafter together with the other chemical formulae in Roman numerals) wherein: n is the integer 1 or 
2; Xis hydrogen, hydroxy or (1-4C)alkoxy; Y is methyleneoxy, vinylene or ethylene; A1 is (1-6C)alkylene: 
and 

(a) R2 is hydrogen; and R1 is naphthyl or phenylthio(1-8C)alkyl, optionally bearing 1 or 2 substituents 
40 selected from halogeno. cyano. nitro, (1-4C)alkyl, (1·4C)alkoxy and trifluoromethyl, or R' is a group of the 

formula R'.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)alkylthio, (1 ·4C)alkylsulphinyl, (1-4C)alkylsulphonyl, (2·5C)alkanoyl, carboxy, [(1-4C)alkoxyJcarbonyl, 
(N-{1-4C)alkyl]carbamoyl, (1-5C)alkanoylamino and (1-4C)alkyl itself bearing a (1-4C)alkoxy, cyano, carboxy 

45 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 optior.aily bearing t er 2 substituents independently selected from halogeno (1-4C)· 
alkyl. nitro and cyano: 
and A2 is (1-6C)alkylene oxy( 1-6C)alkylene or (2-6C)alkenylene up to three carbon atoms of any of which 

so may be wholly or partially fluorinated. or A2 is a direct bond to Rl; 
or R' is a group of the formula 0 1 .A3.Q1-, in which: 
0 1 and 0 2 are aromatic moieties. one of which is a benzene moiety and the other of which is a benzene, 
pyridine or naphthe:i..:.iia moiety. any cf which may optionally bear a substituent selected from halogeno, 
cyano, r.i!ro, (t-.iC)alkyl, (1-4Clalkoxy and triiluoromethyl, and Al is oxy. thio, sulphinyl. sulphonyl, carbonyl, 
carba~oyf, imi:-:ocartonyl, 1.::e:co, (1 ·'3C)a!kylene, oxy(1-6C)alkylene, (2-6C)alkenylene er a direct bond 
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between Q1 and Q2; 

(b) R' is pentafluoroethyl and R2 is hydrogen, or both R' and R2 are trifluoromethyl; or 
(c) R1 and R2 are both independently alkyl or together form alkylene, such that R1 and R2 together 

contain 5-9 carbon atoms: and R" is hydroxy, a physiologically acceptable alcohol residue, or (1·4C)· 
s alkanesulphonamido; or a pharmaceutically acceptable salt thereof. 

It will be appreciated that the compounds of formula I 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 action::. 
of T'XA2 and inhibiting the synthesis of TXA2. it being well known in the art how to prepare individual optital 

10 isomers (for example by synthesis from optically active starting materials or resolution of a racemic form) 
and how to determine the TXA2 antagonist properties and txA2 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 R2 is hydrogen) of the 
1,3-dioxane moiety of formula I have cis·relative stereochemistry, as have the groups adjacent to Y when it 

is is vinylene (i.e. the latter compounds exist as the "Z" isomer). Further, although a particular configuration is 
shown in the chemical formulae attached hereto, this does not necessarily correspond to the absolute 
configuration. · 

It is to be understood that the generic term "aikylene" includes both straight chain and branched chain 
alkylene groups such as ethylene and $thylidene and other generic terms are to be construed similarly. 

20 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 R1 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, tetramethyJene, 
pentamethylene and hexamethylene, any of which may optionally bear 1 or 2 methyl substituents. 

2s·· A particular value for R1 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 A1 when It is naphthyl or phenylthio(1·6C)­
alkyl, or on the aromatic ·moieties Q1 or a2 as defined above include, for example: for (1 ·4C)alkyl: methyl 
and ethyl; for (1 ·4C)alkoxy: methoxy and ethoxy: and for halogeno: fluoro, chloro and bromo. A particular 

30 value for X when it is alkoxy is, for example methoxy or ethoxy. 
Particular values for substituents which may be present when R3 is phenyl, thienyl or furyl as defined 

above include, for example: for (1-4C)alkyl: methyl and ethyl; for (1·4C)alkoxy: methoxy and ethoxy; for 
halogeno: ffuoro, chloro and bromo: for (2·5C)alkenyl: vinyl, 2-propenyl and 3,3·dimethylpropenyl; for (1-
4C)alkylthio: methylthio and ethylthio; for (1·4C)alkylsulphinyl: methylsulphinyl and ethylsulphinyl; for (i-4C)-

35 alkylsulphonyl: methylsulphonyl and ethylsulphonyi: for (2·5C)alkanoyl: acetyl, propionyl, butyryl and 2· 
oxopropyl; for [(1·4C)aikoxy}carbonyl: methoxycarbonyl, ethoxycarbonyl and t·butoxycarbonyl: for [N-(1·4C)· 
alkyl}carbamoyl: N methylcarbamoyl, N-ethylcarbamoyl and N·propylcarbamoyl; for (1 ·SC)alkancylamino: 
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)alkoxy}carbonyl 

40 (such as methoxycarbonyl or ethoxycarbonyl) substituent. 
Particular values for R4 when it is a physiologically acceptable alcohol residue are those which render 

the subsequent ester biodegradable and are chosen from, for example, (1·6C)alkyl optionally bearing ~ 
hydroxy or (1·4C)alkoxy substituent, such as methyl, ethyl, 2·hydroxyethyl, 2-methoxyethyl, propyl or 3~ 
hydroxypropyl; phenyl; and benzyl; the latter two of which may bear 1 or 2 optional substituents selected 

45 from halogeno (such as fluoro, chloro, bromo or iodo), (1·4C)alkyl (such as methyl or ethyl) and (1·4C)· 
alkoxy (such as methoxy or ethoxy). 

Particular values for R4 when it is (1·4C)alkanesulphonamido include, for example, methanesul· 
phonaroido, ethanesulphonamido and butanesulphonamido. · 

Particular values for A1 when it is (1·6C)alkylene include, for example: methylene, ethylene. 
so trimethylene, tetramethylene and 1, l·dimethylethylene) and 1, 1 ·dimethyltrimethylene, of which values 

ethylene and trimethylene are generally preferred, ethylene being particularly preferred. 
Particular values for A2 when it is (1 ·6C)alkylene include, for example, (1·4C)alkylene (such as 

methylene, ethylene, trimethylene, isopropylidane and 1, 1 ·dimethylethylene) and 3.3-pentylidine; when it is 
(2·6C)alkenylene include, for example, vinylene, 1,3-propenylene and 1.4·buten·2·ylene: and when it is oxy· 

ss (1 ·6C)alkylene include, for example, oxymethylene, oxytetramethylene (i.e. a group of the formula: -0.· 
(CH2)4· }, 1-oxy+methylethyl (i.e. a group of the formula: ·O.C{CH3)2·) and 2-oxy·l,l·dimethylethyl (i.e. a 
group of the formula ·O.CH2.C(CH3)2· ), it being understood that the oxy link is to the group R3 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+trifluoromethylethyl {i.e. a group of the formula: ·O.C(Cf3)2· ). 

A particular value for Rl 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 

s cyano. 
0 1 is preferably a benzene moiety and 02 is typically a benzene, pyridine or napthalene moiety 

optionally substitued as defined above. 
Particular values for Al when it is (1~6C)alkylene include, tor example, (1·4C)alkylene (such as 

methylene, ethylene, trimethylene, isopropylidene and 1,1·dimethylethylene) and pentamethylene; when it is 
10 (2·6C)alkenylene include, for example, vinylene, 1,3-propenylene and t ,4-buten-2-ylene; and when it is oxy­

(1-SC)alkylene include, for example, oxymethyfene, oxyethylene and oxytetramethylene (i.e. a group of the 
formula: -O.(CH2)d. it being understood that the oxy link may be to 0 1 or 02. 

75 

A generally preferred value for n is 1, for X is hydrogen, for Y is cis·vinylene, for A' is ethylene and for 
R4 is hydroxy. - . . 

Specific values for R1 and R2 include, by way of example: 
a) when R1 and R2 are both trifluoromethyl; 
b) when R' is thienyl or furyl, optionally containing a halogeno, cyano or nitro substituent, and R2 is 

hydrogen; 
c) when R'" is phenoxy(1·4C)afkyl (especially t-methyl·1·phenoxyethyl), the phenyl moiety of which 

20 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-t-phenylthioethyl), the phenyl moiety of which -
optionally bears 1 or 2 substituents independently selected from (1·4C)alkyl, (1·4C)afkoxy, halogeno, nitro,-

2s trifluoromethyl and cyano, and R2 is hydrogen; 

30 

e) when R1 is naphthyl optionally bearing f or 2 substituents selected from halogeno, (1·4C)alkyl and 
nitro, and R2 is hydrogen; and 

f) when R1 is benzylphenyl, benzyloxyphenyl, (pyridylmethoxy)phenyl, (naphthylmethoxy)phenyl, 
phenoxyphenyl and (phenoxymethyl)phenyl. 

A group of compounds of the invention of particular interest comprises compounds. of formula II 
wherein: R .. has the meanings defined above; A4 is (1-4C)alkylene: X1 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 R6 .A5 • in which: A'· is phenyl bearing a first substituent selected from (1·4C)­
alkyl, (1-4C)alkoxy, hydroxy, (2·5C)alkenyl, (1·4C)alkylthio, (1·4C)alkylsulphinyl, (1-4C)alkylsulphonyl, (2-5C)-

35 alkanoyf, carboxy, [(1·4C)alkoxy]carbonyl, [N·(f·4C)alkyf]carbamoyl. (1-5C)alkanoylamino and (1·4C)alkyl, 
the iatter bearing a (1-4C)alkoxy, cyano, carbOxy or [(1·4C)alkoxy]carbonyf, 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 Rs; together with the pharmaceutically 
acceptable salts thereof. 

Particular values for substituents which may be present as part of R5 orR& include, for example, those 
given hereinabove for R1• Particular values for R6 include. for example, when it is phenyl bearing a first (1-
4C)alkyf (especiaflr methyl or ethyl), (1 ·4C)alkoxy (especially methoxy) or hydroxy substituent, optionally 
together with a second nitre, halogeno (especially fluoro, chloro or bromo) or trifluoromethyl substituent. 

· Particular values for A4 include, for example, those defined above for A1 when it is (1-4C)afkylene, for 
4S example, ethylene, trimethylene and 1, 1 ·dimethylethyfene, of which values, ethylene and trimethylene are 

generally preferred. 
Particular values for A5 include, for example. those defined above for A2 when it is a direct bond, (1-

4C)alkylene or oxy(.1 ·4C)alkylene. such as a direct bond, isopropylidene and 1, 1-dimethylethylene, 1 ·oxy-1-
methylethyl (i.e. a group of the formula: ·O.C(CH3)z.." ). 

so·'' Specific values for RS include, for example, when it is 1-naphthyl, 2-naphthyf, 2·chforo-1-naphthyl, 2· 
thienyl, 3-thienyl, S·cyano-2-thienyf, 5-bromo-2-thienyl, 4-bromo·2·thienyl, 4-chloro-2-thienyf, 5·chloro·2· 
thienyl, 2-furyl, 5-bromo-2-furyl. 1 ·(4-methoxyphenoxy)-1-methylethyl, 1-(4-tert-butylphenoxy)-1 ·methylethyl, 
1 ·(2-methoxyphenoxy)-1 ·methylethyl, 1·(2-methylthiophenoxy}·1 ·methylethyl, 1-( 4·methylthiophenoxy}-1-
methylethyf, 1-(2·methylsulphonylphenoxy)·1-methylethyl, 1·(4·methylsulphonylphenoxy)·1 ·methylethyl, 1-

ss methyl-1-(2-methylphenoxy)ethyl, 2-phenylthiophenyl, 2·phenylsulphcnylphenyl, 2·biphenylyl, 2-benzoyl­
phenyl, alpha,alpha-diflurorobenzyl, 1 ·methyl-1 ·{4·methoxy·2·nitrophenoxy)ethyl, 1 ·methyl·1 ·(4·methyl-2· 
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)etliyl, t ·methyl· 1 ·(2-
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i- nitrophenoxy)ethyl, 1-(2·hydroxyphenoxy)-t ·methylethyl or (E)·2·methoxystyryl. 

A further group of compounds of the invention of particUiar interest comprises compounds of formula Ill 

wherein A' is (1·4C)alkylene; X1 is hydrogen or hydroxy; A6 is oxy, thio, sulphonyl, carbonyl, carbamoyl; 

iminocarbonyl, (1·6C)alkylene, oxy(1·6C)alkylene or a direct bond to Q3, Q3 is benzene; pyridine or 

s naphthalene; R7 and R1 are independently selected from hydrogen, halogeno, cyano, nitro, (1 ·4C)alkyl, (1 • 

4C)alkoxy and trifluoromethyl; and R4 has the meanings defined above; together with the pharmaceutically 

acceptable salts thereof. 
Particular values for A4 in the formula Ill compounds are, for example, as for the formula II compounas 

stated above. ,.· 

10 Particular values for A' include, for example, those defined above for A3 when it is (1-6C)alJ<ylene or 

oxy(1·6C)alkylene, such as methylene, ethylene, isopropylidene and oxymethylene, as well as oxy,· thio, 

sulphonyl, carbonyl, carbamoyl, iminocarbonyl, and a direct bond to 03• 

Examples of particular values for R7 or R1 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 trifluoromethyl. 

15 Q3 is typically phenyl or pyridyl. 
Specific values for the group of the formula R1 .03.A6 • in the formula Ill compounds include, for 

example, phenoxy, phenylthio, phenylsulphonyl, phenyl, benzoyl, benzyl, benzyloxy, 4-cyanobenzyloxy, 2-

pyridylmethoxy, 3-pyridylmethoxy, . 4·pyridylmethoxy, phenoxymethyl, 2·naphthylmethoxy, 2,S·dimethox­

ybenzyloxy, 4·nitrobenzyloxy and 3-cyanobenzyloxy. 

20 A particularly preferred value for R' is hydroxy, for X' is hydrogen and for A"' is ethylene. 

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 pharmaceutically acceptable salts, their physiologically acceptable biodeg-

2s· radable esters and (1 ·4C)alkanesulphonamides, as further features of the invention. 

It will be appreciated that the compounds of formula I 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 salts, salts with 

organic amines and quaternary bases forming physiologically acceptable cations such as salts with 

30 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-toluenesulphonic 

3S and methanesulphonic acids. -

The compounds of formula I 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 R1, R2 , R', X. Y, A1 and n have any of the meanings defined hereinbefore. 

40 (a) A diol derivative of the formula IV wherein one of T1 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 R1 .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 ot 

ethanol)} may conveniently be present in an exces~. 

45 The reaction is generally performed in the presence of an acid such as hydrogen chloride. 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 ether, 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. • 

50 These starting materials of formula IV wherein T1 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 ethyl}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 

55 tempera:ure 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. 

Tha starting materials of formula IV wherein one of T1 and T2 is hydrogen and the other is a group of 

the for::-: .. la ·CRaRb.OH are intermediates in the above-mentioned form · f 
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formula IV wherein T1 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 

s the other is methyl or ethyl with an excess of an aldehyde of the formula R1 .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 R1.CHO 

10 is not particularly reactive or tends to form an acyclic hemiacetal when reacted with the compound of the 

formula IV or V, for example when pentafluoi'opropionaldehyde is used In the production of formula I 

compounds wherein R' is a pentafluoromethyl group. Thus, a further procedure (c) of the invention · 

comprises reacting a compound of the formula IV wherein one of T1 and T2 is hydrogen and the other "is 

alkanesulphonyl (especially methanesulphonyl) or arenesulphonyl (especially benzene- or toluene-sul· 

1s phony!) with an aldehyde of the formula R1 CHO (or a hydrate, acetal or hemiacetal thereof) in the presence 

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 suitable solvent or diluent (such as an ether 

described above) and at a.temperature in the range, for example, 20-50° C. 
20 The necessary starting alkanesulphonyl or arenesulphonyl esters of formula IV defined above may be 

conveniently obtained from the corresponding diol of formula IV (T1 = 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· 

2s triethylamine or pyridine). 
d) For those compounds of formula I in which Y is vinylene and R' is hydroxy, an aldehyde of the 

formula VI is reacted with a Wittig reagent of the formula: R3P=CH.A1.Co2- 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. 
30 The process in general produces the required compounds of formula I 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-relative stereochemistry (ie. the "E" isomer) which may be removed by a conventional procedure 

SUcil as chromatography or crystallisation. 
3S The process may be conveniently performed in a suitable solvent or diluent, for example an aromatic 

solve~t such as benzene, toluene or chlorobenzene, an ether such as t ,2-dimethoxyethan~. 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 example, ·80 • C to 40 • C. but is conveniently performed at or near room temperature, for example in the 

40 range 0 to 35 • C. . 
(e) For those compounds wherein Xis hydroxy. a compound of the formula Vil wherein Pis 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, (t-4C)alkanesulphonyloxy especially methanesul-

45 phonyloxy) and trialkylsilyloxy 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 follows:·(1 ), allyl or tetrahydropyran-2-yl: by 

so •''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 

ss an aqueous (1·4C}alkanol) and at e.g. 0 to 60 • C; (4) alkyl: by treatment with an alkali metal thioalkoxide or 

diphenylphosphide (such as sodium thioethoxide in a solvent such as N,N-dimethylformamice at e.g. 50-

160 • C, or lithium diphenylphosphide in a solvent such as methyl t·butyl ether or tetrahydrofuran at e.g. O· 
60 • C): or (5) benzyl: by palladium catalysed hydrogenolysis in - an a!kan'1-l-OU1J.M.L.J:Oi:!....c.u-""'"'""'"-~-l.lol-~-
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ambient temperature and pr~ssure 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 met~yl] is removed as a final step, for example, using the conditions referred to above for 

s generation of a hydroxypyridyl group. 
(g) An ester of the formula VIII wherein R9 is (1 ·6C}alkyl (especially methyl, ethyl, propyl or t·butyl), 

phenyl or benzyl the latter two optionally bearing 1 or 2 halogeno, (1·4C)alkyl or (1·4C)alkoxy subsiituents, 
is decomposed. 

The decomposition may be carried out using any one or more of the conventional reagents '"d 
... 10 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 jn an aqueous system conveniently in the presence of a 
suitable solvent or diluent such as tetrahydrofuran, methanol, ethanol or t·butyl methyl ether. ~nd a 
temperature in the general range, for example, 10 to 60. c and, conveniently, at or near ambient 

1s temperature. Alternatively, when R9 is t·butyl, the decomposition may be carried out thermally by heating 
the compound of formula VIII at a temperature in the general range, for example, 80 to 150 • C, alone or in 
the presence of a suitable diluent such as dlphenylether or diphenylsulphone. 

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

20 The hydrogenation is preferably carried out in the presence of a suitable catalyst such as a noble metal 
catalyst.for example, 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. · • 

25 •· The invention also includes a modification of the above procedure adapted to the production of those 
compounds of formula I 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). 

30 (i} For a compound wherein Y is methyleneoxy, an alcohol of the formula Xis reacted with an alkanoic 
acid derivative of the formula XI 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 
35 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)alkanol when an alkali 
metal alkoxide is used, in N,N·dimethylformamid.e 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 range, for example. 0 to 50 • C. In many cases it is preferred 

40 to preform a salt of the alcohol of formula X by reaction with the appropriate ba~e and then react this salt 
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 condition~ 

45 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. 9423981 and patent application no. 98690A2. The 
aldehydes of the formula VI may be obtained. for example, as shown in Schemes 1 and 2 hereinafter and 

so 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-enyl}oxazolidin·2-one of the 
formula XIV in which R10 is (1-4C)alkyl (especially isopropyl) itself obtained from aldol condensation of the 
corresponding 3 (4-pentenoyl)oxazolidin-2-one with pyridylcarboxaldehyde. as shown in Scheme 3 
hereinafter. 

ss The protected hydroxy derivatives of formula VII may be obtained for example 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 sat cut in the accompanying Examples. 

----·----·----_:...._---
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The appropriate diols of formula IV for the production of dioxanes of formula I or V wherein the pyridyl 
moiety bearing X and the alkenoic acid side-chain have cis·relative stereochemistry, may be obtained, for 
example, using an analogous procedure to that describedin European patent application, publication no. 
142323, starting from the appropriate pyridine-carboxaldehyde and succinic anhydride and a suitable base, 

s such as that used for the aldol condensation of part (ii) of Scheme 3. · 
The esters of formula VIII may be made, 'for example, by carrying out process (a) using the appropriate 

ester of the diol corresponding to formula IV. Those compounds of formula 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 XII (to give the X compounds in which n = 2) by 

to 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 II (to give the X compounds in which n = 1 ). 

The aldehydes or ketones of the formula R1 .CHO or R1 .CO.R2 which are new may be made,· by 
conventional procedures well known in the art, such as are as illustrated in the accompanying Examples. 

1s 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 butyflithium. They are generally formed in situ just prior to carrying out the 
condensation process' (d) above. - -

It wm be understood that the compounds of formula I wherein R4 is hydroxy may also be obtained by 
20 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 I wherein R4 is other than 
hydroxy may be made by conventional esterification or sulphonamidation procedures from the compounds 
wherein R4 is hydroxy (or a reactive derivative thereof) and the appropriate alcohol, phenol or (1 ·4C)= 

25 
alkanesulphonamide. Such procedures are also within the ambit of the invention. 

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

Further, when an optically active form of a compound of formula I is required, one of the aforesaid 
processes may be carried out using an optically active starting material (for example as described in 

30 Examples 46 and 47). Alternatively, the racemic form of a compound of formula I 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 
:JS forl!'ula I may be liberated by treatment with acid (or base) using a conventional procedure, for example 

using an aqueous mineral acid such as dilute hydrochloric acid (or aqueous alkali such as aqueous sodium 
hydroxide). 

40 

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

As stated earlier, the compounds of formula I possess significant TXA2 antagonist properties and are 
inhibitors of TXA2 synthase. The TXA2 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 Joneset alia in "Chemistry, 

4S 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 described by Born (Nature, 1962, 194. 927·929) 
and involving: --

•' (i) aggregating human, citrated, platelet-rich plasma by addition of .the TXA2 mimetic agent U46619 
so so that a dose-response curve is generated; 

(ii) generating a dose-response curve for U46619 stimulated p·latelet aggregation in the presence of 
increasing amounts of test compound generally in the range 10-•M to 10-10 M; and 

(iii) calculating .a Ka value indicating potency of TXA2 antagonism for the test compound, averaged 
over several concentrations. from the calculated 50% response value for U46619 aggregation in the 

ss presence and absence of test compound: or 
(c) a bronchoconstriction test involving measuring the inhibition by a test compound of the bron­

choconstriction induced in Kcnzett·Rossler. anaesthetised guinea-pig model (as modified by Collier and 
James, 8rit.J.Pharmacol., 196i. 30. 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 IJ.g/kg) in 
physiological saline solution and expressing bronchoconstriction as the maximum of that theoretically 
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 

(iii) calculating a dose-ratio for the test compound (that is the ratio of concentration of U4661S 
required to cause 50"/o bronchoconstriction in the presence and absence of test compound) indicating,the 
potency .of TXA2 antagonism. 

Test (b) may conveniently be modified to demonstrate the antagonism of the effects of TXA2 in vivo by 
assessing the effects of a test compound on the aggregation of blood platelets obtained after admTniStraiion 
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-

rs tion of the platelet aggregation agent adenosine diphosphate (about 0.4·1.2 x 10-sM) together with the 
TXA2 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 strain) 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 IJ.g/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 tli~ animal 

25. 
challenged with U46619, five minutes after dosing with test compound and then successively eve~ ten 
minutes until the hypertensive effect of"U46619 is no lo~ger blocked. 

The TXA2 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· 
240) using a human platelet microsomal TXA2 synthase preparation and using a quantitative thTrl layer 
radiochromatographic method to assess the conversion of [1·14C]arachidonic acid to the TXA2 metabolite 

30 thromboxane 82 (TX82). 
The TXA2 synthase inhibitory properties of a test compound may also be demonstrated in a standard 

proced~re [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 th·e 

35 cyclooxygenase inhibitor indomethacin (at about 1 o-3 M), centrifuged and the level of the TXA2 metabolite, 
TX82, determined by a standard radioimmunoassay technique. By comparison of the amount of TXB2 
present in the plasma from animals dosed w.ith test compound with that in the plasma of a control group 
dosed with placebo, the TXA2 synthase inhibitory properties may be assessed. 

In general, the majority of compounds of formula I wherein R' and R4 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): Ke of< 1.5 x 10-'M 
test (c): dose ratio of > 5, 1 hour after dosing at 1 O 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 

50 

test (e): ICso of< 1.0 x 10-6 M 
test (f): significant inhibition of TXB2 production 1 hour following a dose of 100 mgikg or less. 
No overt toxic or other untoward effects have been observed with representative compounds of formula I 
having effects in in vivo tests {c), (d) or (f) at several multiples of the minimum effective dose. 

In general, comPOu'nds of formula I wherein R4 is other than hydroxy show lower activity in the above in 
vitro tests but show similar activity to the compounds of formula I in which R .. is hydroxy in the in vivo testS. 
-The compound described in Example 1 hereinafter possesses both TXA2 antagonist and TXA2 synthase 
inhibitory properties as indicated by a Ke of 3.0 x 10-1 M in test (b)' and an IC;o of 4.0 x 10-s M in test (e). 

As stated previously, by virtue of their combined TXA2 antagonist and TXAz synthase inhibitory 
ss properties, the compounds of formula I may .be used in the therapy or prevention of diseases or adverse 

conditions in warm-blooded animals in which TXAz {or prostaglandins Hz, 02 and/or Fz alpha) are involved. 
In general, a compound of formula I will be administered for this purpose by an oral, rectal. intravenous, 
subcutaneous, intramuscular or inhalation route, so that a dose in the range, for example 0.01-15 mg;kg 

9 
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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 I will generally be used in the form of a pharmaceutical composition 
comprising a· compound of formula I or. a pharmaceutically acceptable salt thereof as defined hereinabove, 

s 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 

10 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 difuents 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 

rs minimise contact of the active ingredient of formula I with stomach acids. 
The pharmaceutical compositions of the invention may also 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), b'eta-adrenergic 
blocker or a vasoqilator m~y usefully also be present in a pharmaceutical .composition of the invention for 

20 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 rxA2 antagonist, such as a preferred· 
compound described in European patent application, Publication No. 201354, ·or a known TXA2 synthase-

2s 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 1'XA2 antagonist and TXA2 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 I are also useful as 
30 pharmacological tools in the development and standardisation of test systems for the evaluation of the 

effects of TXA2 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 I may also be used because of their TXA2 

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 

35 during limb or organ transplants. When used for this purpose a compound of formula 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:-

40 (i) concentrations and evaporations were carried out by rotary evaporation in vacuo; 
(ii) operations were carried .out at room temperature, that is in the range :18~6 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 

45 process development: 
(v) proton NMR spectra were normally determined at 90 or 200 MHz in CDCl3 using tetramethylsilane 

(TMS) as an internal standard, and are expressed as chemical shifts (delta values) in parts per million 
relative to TMS using conventional ·abbreviations for designation of major peaks: s, singlet; m, multiplet: t, 
triplet: br, broad: d,doublet: and · 

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

Example! 

ss p-To!uenesulphonic acid (0.32?g) was added to a solution of 4(Z)-6-[2.2-dimethyl-4-(3-pyridyl)-1.3-
dioxan·cis-5-yl}hexenoic acid (A) (0.469g) in acetonitrile (7ml), and the mixture was stirred for 0.5 hours. A 
solution cf 2·(4-methoxyphenoxy)·2·methylpropanal (0.894g) in acetonitrile (Sml) was added and the mixture 
was h~a~;d 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 
ethyl acetate. The ·aqueous phase was acidified with acetic acid and extracted three times with ethyl 
acetate. The combined organic extracts were dried (MgSO,) and concentrated to give an oil, which was 
purified by flash column chromatography, eluting first with dichloromethane and then 
methanoVdichloromethane(1:10 v/v) to give 4(Z)·6·{(2,4,5·cls)·2·(1·(4·methoxyphenoxy)·1·methylethyl)· 
4-(3-pyrldyl)·1,3·dloxan·5·yl]hexenoic 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), 3.95·4.25(2H,ni), 4.75(1 H,s), 5.1 ·5.5(3H,m), 
6.75·7.0(4H,m), 7.35-7.75(2H,m) and 8.5·8.6(2H,m). 

The starting material A was prepared as follows: ,.· 
(i) Methyl 2-{nicotinoyl)acetate (17.99, prepared by the method of E Wei:ikert et al, J. Org. Chem., 1983, 

48, 5006) was added under argon to a solution of sodium metal (2.3g) in methanol(200ml) and the resulting 
· 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 

15 extracted three times with ether. The combined extracts were washed with saturated brine dried (MgSOc.) 
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 (8) as a 
pale yellow oil (13.Sg): NMR 2.6·?.9(2H,m), 3.7(3H,s), 4.4(1H,m), 4.9-5.2(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). 

20 (ii) A solution of B (8.Sg) in dry THF (40ml) was added to suspension of lithium aluminium hydride 
(1.8g) in dry THF (SOml) 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 aqueous 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 5.Qml). 

2s· The combined organic fractions were washed with saturated brine, dried (MgSOc.) and concentrated. The 
residue was purified by flash column chromatography, eluting with a mixture of ethyl acetate and me~hanol, 
(95:5 v/v), 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(1 H,m), 7.2·7.4(1 H,m), 7.65·7.8(1 H,m) and 8.4·8.6(2H.m). 

(iii) A mixture of C (5.2g), p·toluenesulphonic acid (5.2g), and 2,2-dimethoxypropane (SOml). was stirred 
30 overnight at room temperature7 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 5·allyl-2,2· 
dimethyl·4-(3·pyridyl}-1,3·dioxane (0} (mixture of 4,S·cis and trans isomers) as an oil (4.6g); NMR: 1.4·1.6-

35 

(6H,m), t.6·2.5 (3H,m), 3.65-4.25(2H.m), 4.5-5.7(4H,m):1.2·7.4(1 H,m), 7.6-7.8(1 H.m) and 8.45·8.65(2H,m). 
(iv) Ozone in oxygen was bubbled through a solution of D (3.4g), in ethyl acetate (130ml) at ·70 • C until 

a blue colour persisted throughout. Argon was then bubbled through the solution to disch~rge the excess 
ozone and a solution of triphenylphosphine (6.0g) in ethyl ace.tate (50ml) 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 

40 concentrated to give an oil which was purified by flash column chromatography, eluting with a mixture 
(60:40 v/v) of etf:lyl acetate and petroleum ether (b.p. 40·60 ·) to give initially 2,2-dimethyl·4·(3·pyridyl)·1,3· 
dioxan·cis-5-yl·acetaldehyde (E) as. an oil (0.8g); NMR: 1.5(3H,s), 1.55(3H,s), 2.0·2.3{1 H,m), 2.3·2.5(1 H,m), 
2.8·3.0(1H,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(1 H,s); and then the corresponding 4,5·trans isomer: NMR: 1.47(3H,s). 1.57(3H,s), 2.0: 

45 2.6(3H.m), 3.75·4.05(2H,m}, 4.68(1 H,d, J = 10Hz}. 7.25-7.40(1 H,m), 7.70·7.80(1 H,m), 8.50·8.65(2H,m) and 
9.5(1 H,br s): as an oil (0.7g). 

{v) A solution of E (0.20g) in dry tetrahydrofuran (THF) (7 ml) was added under argon to a stirred. ice­
cooled solution of the ylid · prepared from (3·carboxypropyl)triphenylphosphonium ·bromide (0.91 g} and 
potassium t·butoxide (0.48g) in dry THF (30ml}. The mixture was stirred for 2 hours and then treated with 

so 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 (50mll. dried (MgS04) and con· 
centrated. The residue was purified by nash column chromatography, eluting with 

ss dichloromethane/methanol (95:5, v/v), to give 4(Z)·6·(2,2·dimethyl-4·(3 pyridyl)· 1,3·dioxan·cis·5·yl)hexenoic 
acid (A) as an oil (0.19g); NMA: 1.55(3H.s}, 1.57(3H,s), 1.5-2.6(7H,m). 3.85(1H,dd, J = t2Hz, 1.SHz), 4.15· 
(1 H,dm. J = 12Hz), 5.15·5.50(3H,m), 7.3·7.4(1 H, m}, 7.7·7.8(1 H,m), 8.1 (1 H, br s) a~n~d~8:;_::.4~S:,:·8t.:,5.6~01'°i..W~---:~ 

The 2·(4·methoxyphenoxy)-2·methylpropanal was obtained as iollows:- REPLACEMENT SHEET · 
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(vi) A stirred solution of methyl magnesium iodide, [prepared from magnesium turnings, (32.8g, 1.35M), 

and methyl iodide, (84.1 ml, 1.35M)], ·in anhydrous ether, (750ml), was treated at 0 • C under an argon 

atmosphere with a solution of methyl dichloroacetate, (n.1Sg, 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 

5 cooled to O • C. Water, (1 OOml), 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, (MgSOc.), and concentrated. The residual oil was distilled under reduced 

pressure to give 1, 1·dichloro·2·hydroxy·2·methylpropane, (57.81 g), as an oil: b.p. 48·50 • C at 20mm Hg: 

NMR: 1 .45(6H,s), 2. 15(1 H,br s) and 5.65 (1 H,s). 

ro (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-methylpropane, (5.01g, 35mr:nol), in ether, (70ml). The mixture was stirred under an 

argon atmosphere for 18 hours then diluted with ether, (.1 OOml), and extracted 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, (MgSOc.), concentrated and 

purified by flash column c~romatography, eluting with ethyl acetate/hexane, (10%, v/v). 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· 

. (1 H,s). · 
20 Note: the above starting material may also be obtained using an analogous procedure to that described 

25 

in European patent application, publication_ no. 201351 for the preparation of 2·phenoxy-2-methylpropanal. 

Example~ 

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,S-cls)·2·(1-[4-t·butylphenoxy]·1-niethylethyl)·4·(3-

pyrldyl)·1,3·dloxan-5·yl]hexenolc acid as an oil, whlchSolidified on standing, in 24% yield; NMR: 1.3-

(9H,s), t.35(3H,s), 1 .4(3H,s), t.55-1 .8(2H,m), 2.25·2.S5(5H,m), 3.95·4.25(2H,m), 5.1-5.5(3H,m), 6.9-7.75· 

30 (6H,m) and 8.5·8.6(2H,m). . 

35 

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·dichloro-2-hydroxy·2·methylpropane, having NMR: 1.26(9H,s), 1,41 (6H,s), 6.7· 

7.3(4H,m) and 9.85(.1 H,s). 

Example~ 

S·Cyanothiophene-2-carboxaldehyde (500 mg) and p-toluenesulphonic acid (220 mg) were added to a 

stirred suspension of 4(Z)-6-(2.2-dimethyl-4-(3-pyridyl)·1'7°3-dioxan-cis·5-yl}hexenoic acid (305 mg) in aceto· 

40 nitrile (10 ml). The mixture was stirred for 18 hours. Water (20 ml) and M sodium hydroxide solution (30 ml) 

were added and the mixture was washed with ethyl acetate (3 x 20 ml}. The aqueous phase was acidified 

(acetic acid) to pH 4-5 and extracted with ethyl acetate (3 x 30 ml). The extracts were washed with 

saturated brine, dried (MgSOc.) and evaporated. The residual gum was crystallised from hexane/ethyl 

acetate to give 4(Z)-6·((2,4,5-cls)-2·(5·cyano-2·th_lenyl)-4·(3·pyrldyl)·1,3-dloxan·5-yl]hexenoic acid (148 

45 mg) as a colourless solid, m.p.129-132 • C: NMR: L68(1 H, m). 1.84(1 H, m), 2.32(4H, m), 2.54(1 H, 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 s-cyano-2-methyl· 

thiophene with chromium trioxide (Org. Syntheses, Collected Volume II, 441, 194!3) as a colourless solid 

50·'' (60%. yield), m.p. 91·93 • C; 1 A: 2210 (CN) and 1670 (CHO) cm-1; m/e 137 (M\ 

SS 

Examples 4·11 

Using a similar procedure to that described in Example 3, but starting from the appropriately substituted 

heterocyclic aldehyde of formula A' .CHO, the following acids of formula XIII were obtained in yields of 2+ 

42%·- -- ··--··-· ---,..---::·:--:.~· ... 
. -----·----- REPLAGEME~JT \.)i\U: i 
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Example al m.p. Partial NMR Data 

(°C) 

5 

4 4-Br-2-thienyl 72-74 S.92(1H, s), 7.12(1H, s), 

7.23(1H, rn). 

10 

5-Br-2-thienylf 143-145 S.88(1H; s), 6.95(2H, rn). 

6 4-Cl-2-thienyl 112-116 5.91(1H,s), 7.10(2H, m) 
75 

7 2-thienyl 149-151 S.97(1H, s), 7.02(1H, rn), 

7 .18(1H, rn) • 
20 

50 Note 

SS 

The starting aldehydes of formula R' .CHO were commercially available but may be obtained by 
standard procedures such analogous to those described herein. 

Example 12 

2M Sodium hydroxice solution (2.0 ml) was ac!ded to a stirred solution of me~!'.Y.L~.(?J:6-[2,2-bis-

--- .... n;i.~-:>··:·····:--·~:··1:.~· si1rx1~ l 
13 

.., ............... _ ..... _. ____ .. ,,_., 
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(trlfluoromethyl)·4·{3-pyrfdyl)·1,3·dloxan·cls·5·yl]·hexenoate (G) (420 mg) in methanol (10 ml). After 2 

hours, water (40 ml) was added. The solution was acidified with acetic acid and then extracted with ethyl 

acetate (4 x 20 ml). The combined extracts were washed with saturated brine (20 ml), and then dried 

(MgSQ,). The solvent was removed by evaporation to give an oil which was purified by flash chromatog· 

s raphy, eluting with ethyl 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-bls(trlfluoromethyl)·4·(3·pyrldyl)· 

1,3·dloxan-cis·5·yl}hexenoic acid (246 mg), m.p. 11s-12o"c; NMR: 1.67(1H, m), 1.94(1H, m), 2.29(4H, 

m), 2.51 (1 H:tii), 4.22(1 H, d,- J = 11 Hz), 4.45(1 H, dm, J = 11 Hz), 5.20(1 H, m), 5.50(1 H, m), 5.62(1 H, d, J = 
1.5Hz), 7.40(1 H, m), 7.74 (1 H, dm, J = 7Hz) and 8.60(2H. m); microanalysis, found: C,49.4; H.4.2: N. 3.2o/o; 

10 C11H11NO,Fs requires: C.49.4; H,4.2; N, 3.40/a; m/e 414 (M + H) •. 
The necessary starting material G was prepared as follows: 
(i) 1 M Hydrochloric acid (10 ml) was added to a solution of 4(Z)·6·[2,2·dimethyl·4·(3·pyridyl)· 1,3·dioxan· 

cis·5·yl]hexenoic acid (1.42 g) in tetrahydrofuran (THF) (15 ml) and the mixture was stirred for 2 hou..S. 

Water (40 ml) was added and the pH adjusted to 12 with 2M sodium hydroxide solution. The mixture was 

1s washed with ethyl acetate (2 x 25 ml), acidified to pH 5 with acetic acid, and then saturated with solid 

sodium chloride. The aqueous mixture was then extracted with ethyl acetate (12 x 50 ml) and the combined 

extracts were dried (MgSO,). The solvent was removed by evaporation to give 4(Z)·erythro·8·hydroxy·7· 

hydroxymethyl·8·(3·pyridyl}·4-octenoic acid (H) as a brown oil (1.114 g), which was used without further 

purification. For tlie purposes of characterisation, a sample was purified by flash chromatography eluting 

20 with methanofldichloromethane (1 :5 v/v); NMR: 1.91 (3H, m), 2.23(5H. m), 3.59(2H, m), 5.02(1 H, m), 5.35(3H, 

m), 7.30(1 H, m), 7.76(1 H, m), 8.46(1 H, dd. J = 4 and 1 Hz) and 8.60(1 H, d, J = 2Hz). 

(ii) p· Toluenesulphonic acid monohydrate (1.06 g) was added to a solution of H (1.114 g) in methanol 

(25 ml) and the mixture was was stirred for 3 hours. Triethylamine (0.83 ml) was added and the mixture was· 

concentrated to a small volume. Saturated. brine (20 ml) was added and the mixture was extracted witli 

2s ethyl acetate (4 x 25 ml). The combined organic extracts were washed with saturated brine (10 ml), dried 

(MgSQ,) and the solvent was removed by evaporation. The resultant oil was purified by MPLC, eluting with 

methanoVdichloromethane (1 :12 v/v) to give methyl 4(Z)·erythro·8·hydroxy·7·hydroxymethyl·8·(3-pyridyl)·4-

octenoate (I) as an oil (1.Q44 g): NMR (250 MHz, COCl3): 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(1 H, d, J = 2Hz), 5.30(2H, m), 7.33(1 H, m), 7.79(1 H, m), 8.51 (1 H, m) 

30 and 8.61 (1 H, m). 
(iii) A solution of methanesulphonyl chloride (0.32 ml) in dichloromethane (2.0 ml) was added during ten 

minutes to a stirred solution of I (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 acetate (50 ml}. The subsequent mixture 

was washed with water (2 x 15 ml), saturated brine (15 ml), and dried (MgSQ,). The solvent was removed 

35 by ~vaporation to give an oil which was purified by MPLC, eluting with methanoVdichloromethane (1 :32 v/v), 

to give methyl 4(Z)·erythro·S-hydroxy·7·(methylsulphonyloxymethyl)·8·(3·pyridyl)·4·octenoate (J) as a 

colourless oil (886 mg): NMR (250 MHz, CDC'3): 2.24(8H, m), 3.01(3H, s), 3.68(3H, s), 4.10(1H, m), 4.31(1H, 

m), 5.02(1 H, d, J = 2H), 5.38(2H, m), 7.34(1 H, m), 7.n(1 H, d J = 7Hz) and 8.57(2H, m). 

(iv) Anhydrous potassium carbonate (2.78 g) and hexafluoroacetone sesquihydrate (4.53 g) were added 

40 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 ml) added. The resulting solution was extracted with ether (4 x 20 ml), and the combined organic 
extracts were washed with saturated brine (20 ml), then dried (MgSQ,). The solvent was removed by 

evaporation and the resultant residue purified by flash chromatography, eluting with ethyl acetate/hexane .. 

(40:60 v/v), to give methyl 4(Z)~6-(2,2·bis(trifluoromethyl)·4·(3·pyridyl)·1,3·dioxan-cis·5·yl]hexenoate (G) as a 

45 pale yellow oil (425 mg): NMR: 1.61 (1 H, m), 1.91 (1 H, m). 2.27(4H, m), 2.54(1 H, m).""3.65(3H, s), 4.23(1 H, bd, 

J = 11 Hz), 4.44(1 H, dm, J = 11 Hz) 5.16(1 H, m), 5.46(1 H, m), 5.62(1 H, d, J = 1.5Hz), 7.38(1 H, m), 7.70(1 H, 

dm, J = 7Hz) and 8.58(2H, m): m/e 428 (M + H) •. 

•' sd Example 13 

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

4(Z)·6·[(2.4,5·cis)·2·pentafluoroethyl 4·(3·pyridyl)·1,3·dioxan·5·yl]hexenoate. Evaporation of the extracts of 

the acidified reaction mixture gave a colourless oil which oil solidified on trituration with hexane. Recrystal· 

ss lisation of the solid from ethyl acetate/hexane gave 4(Z)·6·[(2,4,5-cis)·2-pentafluoroethyl·4·(3·pyridyl)· 

1,3·dloxan·5·yl]hexenolc acid (61 o/o); m.p. 121-124' C; NMR (250 MHz. CDCb): t.68(1 H, m), 1.85(1 H, m), 

2.30(4H, m), 2.51 (1 H. m), 4.03(1 H, d, J = 11 Hz), 4.31 (1 H, d, J = 11 Hz), 5.21 (3H, m), 5.46(1 H, m), 6.35(1 H, b), 

7.39(1H. m), 7.i2(11-l. mj and 8.58 (2H, bs); microanalysis. fci.:r:d: C "1 · .. :~ •. ..,.,. , 5 NO.Fs 

-------· . REPLACEMENT SHEET 
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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-[(2,4,5-cis)·2· 

pentafluoroethyl·4·(3·pyridyl)·1,3·dioxan-5-yl]hexenoate as a yellow oil (59%); NMR: 1.61(1 H, m), 1.81 (1 H, 

s m), 2.30(4H, m), 2.53(1 H, m), 3.66(3H, s), 4.02(1 H, dm, J = 11 Hz), 4.29(1 H, 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)°. 

--· to 
Example~ ,. 

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·yl]hexenoate (218 mg) in methanol (10 ml). After 5 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 ml}, and then dried (MgS04). The solvent was removed by 

1s 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(Z}·6·[2,2·dlethyl·4·(3 pyrldyl}·1,3·dloxan-cls·5· 

yl}hexenolc 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(1 H, m), 3.84(1 H, d, J = 11 Hz), 4.15 (1 H, d, J = 11 Hz), 5.23(2H. m), 5.40(1 H, 

m), 6.32(1 H, br), 7.35(1 H, m). 7.75(1 H, dm, J = 7Hz) and 8.55(2H, m); m/e 334 (M + H) •. On keeping for 

20 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%; C19H2104 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·dimethyl·4·(3·pyridyl)·1,3·dioxane-cis·5-yl}hexenoic acid (5.0 g) in methanol 

2S •· (50 ml) was treated with p·toluenesulphonic acid monohydrate (3.74 g). The mixture was stirred for 4 hours 

and then addea to 5% w7v sodium hydrogen carbonate solution (75 ml). This mixture was acidified (acetic 

acid) and extracted with ethyl acetate (4 x 20 ml). The combined extracts were washed with water (10 ml) 

then dried (HgSOc.) and the solvent removed by evaporation. The residual oil was purified by flash 

chromatography, eluting with dichloromethane/methanol (92:8 v/v) to give methyl 4(Z)·Z·erythro-8-hydroxy· 

30 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 Example 12 (ii). 

(ii) A solution of the diol from (i) (400 mg), p·toluene sulphonic acid monohydrate (293 mg), 

diethylketone (290 microlitr~s) and trimethylorthoformate (383 microlitres) in acetonitrile (10 ml) was stirred 

for 4 hours. 5'."o w/v Sodium hydrogen carbonate solution (20 ml) was added and the mixture extracted with 

3S ethyl acelate (3 x 25 ml). The combined extracts were washed with saturated brine (15 ml), and then dried 

(MgSO~). 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· 

yl]hexenoate as a pale yellow oil (218 mg); NMR (250 MHz, CDC'3): 0.87 (3H, t, J = 7Hz), 1.08(3H, t, 

J = 7Hz), 1.49(1 H, m), 1.61 (1 H, m), 1.75(2H, m), 1.97(2H, m), 2.30(4H, m), 2.55(1 H, m), 3.65(3H, s), 3.81 (1 H, 

40 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) •• 

4S 

Example~ 
.. 

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·yl]hexenoate, there was obtained 4(Z}·6·[2,2·diisopropyl-4·(3-pyridyl)·1,3·dioxan-cls-5-yl]· 

hexenolc acid as a pale yellow oil in 82% yield;-NMR: 1.04(12H, m), 1.59(2H, m), 2.13(1 H, m),2.28(4H, 

m), 2.50(1 H. m), 2.96(1 H, m), 3.82(1 H, d, J = 11 Hz), 4.18(1 H, d, J = 11 Hz), 5.25(2H, m), 5.42(1 H, m), 7.33· 

so (1 H, m), 7.74(1 H, 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%; C2, H31 N0&25H20 requires: C,68.9: H.8.6: N,3.8%. 

Tha 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-diisopropyl-4·(3-pyridyl)· 

ss 1,3·dioxan-cis·5-yl}hexenoate was obtained as a pale yellow oil(44%); NMR (250 MHz, CDC'3): t.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, 

1.5Hz), 4.14(1 H,dm, J = 11 Hz), 5.20(1 H, m), 5.28(1 H. d. J·1.5Hz), 5.35(1 H, m), 7.30(1 H, m), 7.20(1 H, d. 

J = 7Hz) and 8.55(2H, m): mie 376 (M + H) •. 

REPLACEMENT SHEET 
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Example!! 

Using a similar procedure to that described In Example 1, but using 2-methyl-2·(4-methylsulphonyl­
phenoxy)propanal as the aldehyde, there was obtained 4-(Z)-6-[(2,4,5-cls)-2-(1-methyl·1-(4-methylsul­

s phonylphenoxy)ethyl)·4·(3·pyrldyl)·1,3·dloxan·5·yl}hexenoTc 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(1 H,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-(met~ylthio)-
ro 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 = 7Hz), 6.75-

7.2(4H,m)]. This ester was oxidised with m-chloroperbenzoic acid in dichloromethane at ambient tempera­
ture to give, after conventional work-up, e'iiiyl 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,tn), 
7.8-7.85(2H,m)] which was then reduced with DIBAL to give 2-methyl-2-(4-methylsulphonylphenoxy)· 

rs 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 1!::!! 

20 Using an analogous procedure to that described in Example 1 but using the appropriate aldehyde, there 

25 

30 

were obtained:-

(Example 17): 

4(Z)-6-[(2,4,5-cls)·2·{1-[2-methoxyphenoxy]-1-methylethyl)-4-(3-pyrldyl)·1,3-dloxan-S·yl}hexenolc 
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(1 H, s), 5.10·5.50(4H, m), 6.80·7. t0(4H, 
m), 7.40·7.75(2H, m) and 8.45-8.60(2H, m), starting from 2·methyl·2·(2·methoxyphenoxy)propanal; 

(Example 18): 

4(Z)·6·{(2,4,5-cls )·2·(1-[2-methyl phenoxy]·1 ·methylethyl)·4·(3-pyrldyl )· 1,3-dloxan-5-ylJhexeno ic. 
35 acid as an oil, which solidified on keeping, to give solid in 15% yield: NMR: 1.40(3H.s), 1.45(3H, s), 1.50· 

1.8c5(2H, m), 2.25(3H, s), 2.15·2.60(5H, m), 3.95-4.25(2H, m), 4.85(1H, s}, 5.10·5.50(4H, 111). 6.90·7.15(4H, 
m), 7.30-7.75(2H, m), 8.50-8.60(2H, m), starting from 2-methyl-2-(2-methylphenoxy)propanal; and 

4C (Example 19): 

4(Z)·6·[(2,4,5-cls)-2-(1~(2-nltro-4·methylphenoxy]·1-methylethyl)·4-(3-pyrldyl)·1,3-dloxan-5-y1J­
hexenolc acid asan 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(1 H, s), 5.05·5.50(3H, m), 7.10-7.70(5H, m) and 

45 8.45·8.60(2H, m). starting from 2-methyl-2·(2-nitro-4-methylphenoxy)propanal. 
The necessary starting aldehydes were obtained as follows:· 

(17) 2-methyl-2-(2-methoxyphenoxy)propanal: obtained as an oil, NMR: 1.35(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·methyl-2-(2-methylphenoxy)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-methylpropane: and 

( 19) 2-methyl-2-(2-nitro-4-methylphenoxy)propanal: 
(i) A solution of 2-nitro-4-methylphenol (11.48g) in 1,3-dimethyl-3.4,5,6-tetrahydro·2( 1 H)· 

ss pyrimidinone (OMPU) (SOml) was cooled to 5 • C and treated with portions of sodium hydride (55% wtw 
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 Sg). The mixture was heated at about 100 • C 
for 18 hours, then cooled to room temperature and po~red into a mixture of .~Q.l,!~.Q.1.1~.s.odium hydroxide 

.. 
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solution (1 M} and ethyl acetate. The organic solution was separated and washed twice with 1 M 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 v/v), 

to give ethyl ~-methyl-2·(2-nitro-4-methylphenoxy)propionate (4.48g) as an oil; NMR: 1.25 (3H, t), 1.60(6H, 

5 s), 2.35(3H, s), 4.25(2H, q) and 6.8·7.6(3H, m). 

(ii} A solution of ethyl 2·methyl·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 !n 

to!uen~). The mixture was stirred for 2 hours and then additional DIBAL was added until reaction wa1:1 

complete, (ca. 4.4ml) as monitored by thin layer chromatographic (tic). The reaction was quencheq.by 

- 10 addition of aqueous ammonium chloride solution and ether. The resulting mixture was clarified by filtration 

through kieselguhr. 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/v to 15:85 v/v), gave 2·methyl·2·(2·nitro·4·methylphenoxy)propanal as an oil, (1.89g): NMR: 

1.45(6H. s), 2.35(3H, s), 6.S-7.6(3H, m) and 9.85(1H, s). 

15 

Example 20 

. A solution of 4(Z)·6·[(2,4,5·cis)·2·(1 ·[2·methoxyphenoxy]·1 ·methylethyl)·4·(3·pyridyl)-1,3-dioxan·5·yl]· 

20. hexenoic acid (0.331g) in DMPU{6ml} maintained at s· 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-

1350 C for 3 hours. The mixture was cooled to room temperature and poured into a mixture of ethyl acetate 

and 1 M aqueous sodium hydroxide solution. The organic phase was separated and extracted ~ice .with 

sodium hydroxide solution. The combined aqueous extracts were then washed with dichloromethane and 

25 • acidified to pH5·6 using acetic acid. The mixture was extracted three times with dichloromethane and these 

combined extracts were dried (MgS04) and concentrated to give an oil. Purification by flash column 

chromatography, eluting with a mixture of methanol and dichloromethane (3:97 to 10:90, v/v) gave 4(Z)·6·[· 

(2,4,5-cis)-2·(1·{2-hydroxyphenoxy]-1-methylethyl)-4·(3-pyrldyl)-1,3-dloxan-5-yl]hexenolc acid as an 

oil whiChsolidified on keeping to give solid (0.253g): NMR: 1.35(3H, s), 1.45(3H, s), 1.55·1.80(2H, m}, 2.20· 

30 2.55(5H, m), 4.00·4.35(2H, m), 4.80(1H, s), 5.t5-5.55(3H, m), 6.70·7.05(4H, m), 7.40·7.75(2H, m) and 8.50· 

8.65(2H, m). 

35 
Example~ 

Using an analogous procedure to that described in Example 1 but using 2-methoxycinnamaldehyde as 

the aldehyde component, there was obtained 4(Z)·6·[(2,4,5-cls)·2·(2E·[2·methoxypheny1Jethenyl)·4·(3· 

pyridyl)-1,3-dloxan-5-yl]hexenoic acid as an oil-;" which solidified on keeping to give solid in 18% yield; 

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), 

40 6.85·7.85(7H, m) and 8.50·8.65(2H, m). 

Example~ .. 
45 The acid catalysed aldehyde/ketone exchange reactions described in any of the preceding Examples 

so 

may also be performed using 4(Z)·6-[2,2·diethyl·4·(3-pyridyl)·1,3·dioxan-cis·S·yl]hexenoic acid (described in 

Example 14) instead of the 2.2~imethyl derivative [compound (A) described in part (v) of Example 1 ]. In 

general largely similar yields of compounds of the formula I 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-S·yl]hexenoic acid (A , as described in Example 1) (0.305g) in .acetoni-

55 trile (10ml), under an atmosphereof 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 e~tract was acidified to pH4 with acetic acid and extracted with ethyl acetate 

(90m:). The combined organic extracts were dried (MgSO~) and concentrated to give an oil, whic ·, as ·--REPLACEMENT SHEET. 
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purified by flash column chromatography, eluting with methanoVdichloromethane (1:10 to 1:5 v/v), to give 4-
(Z)-6-((2,4,5-cls)-2-(2·naphthyl)-4-(3-pyridyl)-1,3·dloxan-cls-5-y1J-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), 5.43 (1H,m), 
5.88 (1 H,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, 

s found: C. 73.5; H, 6.3; N, 3.3%; C25,H2sN0,,0.25H20 requires: C, 73.6; H, 6.3; N, 3.4%. 

Example 24 

to Using an analogous procedure to that d.escribed in Example 23 but starting from 3-benzyloxybenzal-

15 

dehyde, there was obtained 4(Z)-6·((2,4,S-cis)-2-(3·benzyloxypheliyl)-4-(3-pyrldyl)-1,3-dloxan-cls·5-yl]­
hexenolc acid, as a colourless solid, m.p. 125-128 • C, in 43 "lo 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%; C28H29N05 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 
20 aldehyde of the formula R' .CHO and dioxane hexenoic acid A the following compounds of the formula Xiii 

were obtained:· 

25 
(Example 25): 

R1 = 3-(4-cyanobenzyloxy)phenyl; isolated as a solid, m.p. 149-150' C; partial NMR: 5.70(1H,s), 6.95-
(1 H,m), 7.28(4H,m), 7.55(2H,d), 7.65(2H,d), 7.73(1 H,d), 8.53(1 H,m), 8.62(1 H,s); 

30 (Example 26): 

35 

R' = 1-naphthyl; isolated as a solid, m.p. 171-172 • C; partial NMR: 6.3(1 H,s), 7.32(1 H,m), 7.52(3H,m), 
. 7.85(4H,m), 8.22(1 H,s), !3.52(11,d), 8.63(1 H,s); 

(Exarriple 27): 

R' = 4-(4-cyanobenzyloxy)phenyl; isolated as a solid, m.p. 162·164 • C; partial NMR: 5.69(1 H,s), 6.97-
(2H.d), 7.36(1H,m), 7.52(4H,m), 7.70(3H,m), 8.53(2H,m); 

(Example 28): 

R' = 2-benzyloxyphenyl; isolated as a solid, m.p. 142-144 • C; partial NMR: 6.15(1 H,s), 6.93(1 H,d), 
45 7.05(1 H,t), 7.31 (7H,m), 7.78.(2H,s), 8.51 (1 H,d), 8.58(1 H,s); 

(Example 29): 

so·" R' = 4 benzyloxyphenyl; isolated as a solid, m.p. 200·204 • C; partial NMR: 5.72(1 H,s), 7.02(2H,d), 
7.18(1 H,m), 7.40(7H,m), 7.72(1 H,s), 8.48(1 H,d), 8.53(1 H,s); 

(Example 30): 
SS 

R' = 4·(3-pyridylmethoxy)phenyl; isolated as a solid, m.p. 174 1n· C; partial NMR: 5.62(1 H,s), 6.93-
(2H,d), 7.25(2H,d), 7.43(2H,d), 7.69(2H.s), 8.50(4H.m): --.. -·---·· ........ i 
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(Example ~): 

R1 = 4-phenoxyphenyl: isolated as a solid, m.p. 142·144 • C; partial NMR: 5.72(1H,s), 7.07(5H,s), 7.35· 
(3H,s}, 7.55(2H,s), 7.78(1 H,m}, 8.57(2H,m}; · 

5 

(Example 32): 

R1 = 3-phenoxyphenyl; isolated as a solid, m.p. 130·132° C: partial NMR: 5.72{1H,s), 7.07(4H,m), 'MS· 
- 10 (6H,s), 7.82(1 H,m}, 8.55(2H,m); 

(Example 33): 

15 R1 = 3·(3-pyridylmethoxy)phenyl; isolated as a solid, m.p. 104-105°C; 5.70(1H,s), 6.98(1H,m), 7.18· 

20 

(1 H,m}, 7.33{4H,m), 7.71 (1 H,m}, 7.88(1 H,m), 8.55(3H,m), 8.82(1 H,m): 

(Example 34): · 

R1 = 2·{4-cyanobenzyloxy)phenyl; isolated as a solid, m.p. 159-162° C: partial NHR: 6.15(1H,s), 6.88· 
(1 H,d), 7.09{1 H,t), 7.37(2H,m), 7.47{2H,d), 7.58{2H,d), 7.77(2H,m), 8.55(2H,m); 

25· (Example 35): 

30 

35 

R1 = 2·(3-pyridylmethoxy)phenyl: isolated as a solid, m.p. 131-135° C; partial NMR: 6.15(1H,s), 6.92· 
(1 H,d), 7.08(1 H,t), 7.30(3H,m), 7.72(3H,m), 8.60(4H,m); 

(Example 36): . 

Rt = 4-benzyloxy-3-nitrophenyl; isolated as a solid, m.p. 150·152 • C; partial NMA: 5:70(1 H,s), 7.12· 
(1 H,d}, 7.38(6H,s), 7.73(2H,m), 8.04{1 H,d), 8.57(2H,d}; 

(Example 37): 

Rt = 3·(1 ·naphthylmethoxy)phenyl; isolated as a solid, m.p. 115·117 0 C; partial NMR: 5.70(1 H,s}, 6.52· 
40 {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 38): 

45 Rt = 3·(2,5-dimethoxybenzyloxy)phenyl; isolated as a solid, m.p. 53-54 • C; partial NHR: 5.72(1 H.s), 

50 

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 39): 

Rt = 2·(4-pyridylmethoxy)phenyl; isolated as a _solid, m.p. 115·117° C; partial NMR: 6.14{1 H,s). 6.87· 
(1H,d), 7.0(1H,t), 7.12(1H,m), 7.60(7H,m), 8.6(2H,m). 

55 (Example 40}: 

R1 = 2·chloro·1 ·naphthyl; isolated as a solid, m.p. 188·190 • C; partial NMR: 6.73{1 H,s), 7.2(1 H,s), 7.46· 
(2H,m), 7.62(1 H,m), 7 .75{3H,m), 8.53(2H,m), 9.02(1 H.d); .--------·-·~:_:-::~··;,.-:;:;:--·\ 

'\ qEPLACEMENI ~he~. 
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(Example 41): 

R' = 2·(2-pyridylmethoxy)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,t), 7.29(2H,m), 7.45(1H,d), 7.57(1H,d), 7.76(2H,dd), 8.55(3H,m); 

(Example 42): 

R' = 2·(4-nitrobenzyloxy)phenyl; isolated as a solid, m.p. 166·168°C; partial NMR: 6.14(1H,s), 6.88-

ro (1H,d), 7.11(1H,t), 7.32(2H,m), 7.50(2H,d), 7.76(2H,m), 8.16(2H,m), 8.59(2H,m); 

(Example 43): 

ts R' = 3·benzyloxy·4-methoxyphenyl: isolated as a solid, m.p: 128-130° C; partial NMR: 5.62( H,s), 6.90· 

20 

(1H,d), 7.12(2H,m), 7.44(6H,m), 7.68(1H,m), 8.55(2H,m); 

(Example 44): 

R' = 3-(3-cyanobenzyloxy)-4-methoxyphenyl; isolated as a solid, m.p. 148-149° C; partial NMR: 5.63· 

(1 H,s), 6.92(1 H,d), 7.13(2H,m), 7.32(1 H,m), 7.45(1 H,m), 7.58(1 H,m), 7.68(2H,m), 7.80(1 H,s), 8.55(2H,m); 

2s (Example 45): 

R1 = 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(1 H,dd), 8.55(1 H,d). 

The novel starting benzaldehydes of formula R' .CHO were obtained by essentially the same general 

30 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 

35 the residual material using hexane/ethyl acetate (up to 30o/o 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)benzaldehyde; m.p. 96-97° C; partial NMR: 5.18(2H,s), 7.24(1H,m), 7.50· 

(5H,m), 7.68(2H,d), 9.98(1 H,s). 
(2) 4-(4-cyanobenzyloxy)benzaldehyde; m.p. 105-106° C; partial NMR: 5.23(2H,s), 7.06(2H,d), 7.54-

40 (2H,d), 7.69(2H,d), 7.86(2H,d), 9.90(1 H,s). 

so.·' 

(3) 2-benzyloxybenzaldehyde: m.p. 42-44 • C; partial NMR: 5.20(2H.s), 7.03(2H,s), 7.44(6H,m), 7.86-

(1 H,m), 10.58(1 H,s). 
(4) 4·(3-pyridylmethoxy)benzaldehyde; m.p. 75-n· C; partial NMR: 5.16(2H,s), 7.02(2H,m), 7.30· 

(1 H,m), 7.76(3H,m), 8.63(2H,m), 9.95(1 H,s). 

(5) 3·(3-pyridylmethoxy)benzaldehyde; m.p. 48·50' C: partial NMR: 5.09(2H,s), 7.47(5H,m), 7.70-

(1 H,m), 8.47(2H,m), 9.90(1 H,s), 
(6) 2-(4-cyanobenzyloxy)benzaldehyde; m.p. 102·103; partial NMR: 5.28{2H,s), 7.01(2H,m), 7.55· 

(3H,m), 7.70(2H,m), 7.88(1 H,m), 10.55(1 H,s). 

(7) 2·(3·pyridylmethoxy)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(1 H,dd), 8.37(1 H,d), 9.93(1 H,s). 

(9) 3·(1·naphthylmethoxy)benzaldehyde; m.p. 63·64 • C; partial NMR: 5.55(2H,s), 7.27(1 H,m), 7.52(7H, 

m), 7.87(2H,m), 8.03(1 H,m), 9.98(1 H,5). • 

(10) 3·(2,5·dimethoxybenzyloxy)benzaldehyde; obtained as an oil; partial NMR: 5.28(2H,s), 6.83· 

55 (2H,d), 7.05(1 H,m), 7.26(1 H,m), 7.45(3H,m), 9.97(1 H.s). 

(11) 2·(4-pyridylmethoxy)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(1 H,s). 

(12) 2·!2·pyridylmethoxy)benzaldehyde: m.p. 67·68 • C; partial N~f!.: .. s .. ~.2(~tl.s), 7..06(2H,m), 7.25-
-~- •. 
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(1 H,m), 7.53(2H,m), 7.75(1 H,m), 7.84(1 H,dd), 8.61 (1 H,d), 10.62(1 H,s). 
(13) 2·(4-nitrobenzyloxy)benzaldehyde; m.p. 110-111 • C; partial NMR: 5.31 (2H,s), 7.0(1 H,d), 7.1 (1 H,t), 

7.59(3H,m), 7.88(1H,dd), 8.28(2H,m), 10.36(1H,s). 
(14) 3-benzyloxy-4-methoxybenzaldehyde, obtained as an oil; partial NMR: 5.19(2H.s), 6.99(1 H,m), 

s 7.38(7H,m), 9.82(1 H,s). 
(15) 3·(3-cyanobenzyloxy)-4-methoxybenzaldehyde; m.p. 113-114 • C; partial NMR: 5.20(2H,s), 7.02-

(1 H,d), 7.42(1 H,d), 7.49(2H,m}, 7.65(2H,m), 7.80(1 H,m), 9.83(1 H,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(1 H.dd), 8.11 (1 H,d), 9.88(1 H,s). ,~· 

-- 10 

Example 46-47. 

Using an analogous procedure to that described in Example 1, but starting from 4(Z)·6·[(4S,5R·)·2,2· 

1s dimethyl-4·(3-pyridyl)-1,3-dioxan 5-yl]hexenoic acid and 2-methyl-2·(2-nitro-4-methylphenoxy)propanal and 

2·(4-methoxyphenoxy)-2·methylpropanal, respectively, there were obtained: 
(Example 46): 4(Z)·6·[(2S,4S,5R)·2·[1-methyl·1 ·(2·nltro-4-methylphenoxy)ethyl]·4·(3-pyridyl)·1,3-

dloxan·5·yl]hexenolc acid, as a soiid in 25% yield, with 25 (alpha]o ·117.6• (EtOH, c 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(1 H,s), 5.05-5.5(3H,m). 7.15=7.6(5H,m), 8.4-8.55-

20 (2H,m); and 

2s· 

(Example 47): 4·(Z)-6·[(2S,4S,5R)·2·[1·(4·methoxyphenoxy)·1-methylethyl]·4·(3-pyrldyl)·1,3· 

dloxan·S·yl}hexenolc acid, as a sOiidln 28% yield, with 25 [alpha]o ·122.9• (EtOH, c 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(1 H:S). 5.05·5:5(31:1,m), 

6.75·7.7(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 45·(·)-isopropyl-2· 

oxazolidinone (4.68 g) in dry THF (75 ml), cooled to -78. C under argon. The mixture 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 ml) was added dropwise. After the addition, the mixture was 

30 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 (MgSQ,) and concentrated. The residue was purified by flash column 

chromatography. eluting with ethyl acetate/hexane (20:80 v/v) to give (45)-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), 

35 4.95-5.15 (2H,m), 5.75~6.0(1H,m). 
(ii) A 1 M solution of dibutylboron triflate in dichloromethane (32.7 ml) was added to a sqlution 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 mixture was stirred for 30 minutes at ·78 • C, and then allowed to 

40 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 ml, 30o/o 

w/v aqueous solution) was added. ihe mixture was stirred for 30 minutes and then poured into water (50 

ml) and extracted with dichloromethane (3 x 100 ml). The combined extracts were dried (MgSQ4) and 

evaporated. The residue was purified by flash column chromatography, eluting with ethyl acetatethexanEt 

45 (1 :1 v/v, gradually increasing to 100% ethyl acetate), to give (4S)·(3-((2S)·2·[(1 S+ hydroxy-1-(3-pyridyl)· 

methyl]pent·4·enoyl)·4-isopropyloxazolidin·2·one (8), as a solid. ni:p. 112-t 13 • C (after recrystallisation from 
toluene); 25[alpha}o = + 136.0 (EtOH, c 0.311); 

50 

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(1 H,m), 

7.25-7.35(1 H,m), 7.75·7.85(1 H,m), 8.5·8.65(2H,m). 
(iii) A solution of sodium methoxide (30% wlw) in methanol (3.65 ml) was added to a solution of 8 (5.76 

g) in methanol (40 ml), cooled to s.· C. The mixture was stirred for 15 minutes and then saturated aqueous 

ammonium chloride solution (10 ml) and ether (50 ml) were added. Sufficient water was added to dissolve 

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, 

55 eluting with ethyl acetate to give methyl (2S)-2·[(1 S)·l·hydroxy+(3-pyridyl)methyl}pent·4·enoate (C) (3.245 

g) as an oil; NMR: 2.3·2.6(2H,m), 2.8·2.S(1 H.m):- 3.6(3H,s), 4.95-5.1 (3H,m), 5.65-5.85(1 H,m), 7.25-7.35· 
(1 H,m), 7.7-7.75(1 H,m), 8.45·8.6(2H,m). 

(iv) A solution of C (3.88 g) in THF (10 ml) was added dro..e.·:ti§.~ • ..!..£OOled suspension of lithium -·---.......... . 
' REPLACEMENT. Sri~~r 1 
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aluminium hydride (767 mg) in THF (50 ml) 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 chloride solution (10 ml) and water (10 ml). The mixture was 
extracted with ethyl acetate (3 x 50 ml). The combined extracts were dried (MgSQ4) and evaporated. The 

5 residue was purified by flash column chromatography eluting with ethyl acetate, gradually increasing to 
methanol/ethyl acetate (1 :9 v/v), to give (1 S,2R)·2·allyl+(3·pyridyl)-1,3·propanediol (0) (2.69 g). as an oil; 
NMR: 1.65-1.8(1 H,m), 1.95-2.15(2H,m), 3.1S·3A5(2H,m), 4.4-4.5(1 H,m), 4.75-5.0(3H,m), 5.25(1H,d,J=7Hz), 
5.6-5.85(1 H,m), 7.3·7.4(1 H.m). 7.65·7.7(1 H.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-
10 dimethoxypropane (15 ml) and the mixture was stirred for 18 hours. Triethylamine (10 ml) was added and 

the mixture was partitioned between ether (50 ·ml) and water (20 ml). The organic layer was dried (MgSOc.) 
and evaporated. The residue was purified by flash column chromatography, eluting with ethyl 
acetate/hexane (1 :1 vlv) to give (4S,5R)·5-allyl·2.2·dimethyl·4·(3·pyridyl)·1,3·dioxane (E) (2.39 g), as an bil; 
NMR: 1.53(3H,s). 1.55(3H,s), 1.6-1:75(1 H,m), 1.9-2.0(1 H,m), 2.3·2.5(1 H,m), 3.85-4.2(2H,m), 4.9-5.0(2H,m), 

15 5.27(1H,d,J=3Hz), 5.45·5.7(1 H,m), 7.25-7.35(1 H,m), 7.65·7.7(1 H,m), (8.5·8.6(2H,m). 
(vi) Ozone was passed through a solution of the . allyl compound (E) (530 mg) in methanol (30 ml) 

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 (50 ml) and water (20 ml). The organic layer was dried 

20 (MgSOc.) andevaporated. The residue was purified by flash column chromatography, eluting with a mixture 
of methanol and methylene chloride (5:95 v/v) to give 2·(4S,5R)·2.2·dimethyl-4-(3-pyridyl)·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(1 H,m), 3.8-3.85(1 H,m), 4.25·4.35(1 H,m), 5.28- • 
(1H,d,J=3Hz), 7.25·7.7(2H,m), 8.5·8.6(2H,m), 9.6(1 H,s). -

25 [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 (1 H, CH-CHO)]. 

(vii) The acetaldehyde (F) is then converted to 4(Z)·6·[(4S,5R)·2,2·dimethyl·4-(3·pyridyl)-1,3-dioxan-5-
yl]hexenoic acid, having 25 [alpha]0 -113.3 (EtOH. c o.465) and NMR essentially identical with that of the 

30 racemic material described in Example 1, using an analogous procedure to that described in the part (v) of 
Example 1. 

35 

Example 48 

p·Toluenesulphonic acid monohydrate (409 mg) was added to a stirred solution of 4(Z)·6·[2,2-dimethyl-
4-(3i>yridyl)-1,3·dioxan-cis·5·yl}hexenoic acid (570 mg) and 2·(2·cyano-4-methylphenoxy)·2-methylpropanal 
(568 mg) in acetonitrile 15 ml), and the mixture was stirred for 18 hours at 80 • C. Water (40 ml) and 2M 
sodium hydroxide solution (4 ml) were added and the mixture washed with ether (2 x 20 ml). The aqueous 

40 phase was acidified with acetic acid and extracted with ethyl acetate (3 x 25 ml). The extracts were washed 
with saturated brine (2 x 15 ml), dried (MgS04) and evaporated. The residual gum was purified by MPLC, 
eluting with ethyl acetate/hexane/acetic acid (70:30:1 vlv) to give 4(Z)·6·[(2,4,5-cls)-2-(1-(2-cyano-4-
methylphenoxy)-1-methylethyl)-4·(3·pyrldyl)·1,3·dioxan-5-yijhexenoic 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), 

45 2.43(1 H,m), 4.02(1 H,dm J = 11 Hz), 4.19(1 H,dd, J = 11, 1.5Hz), 4.98(1 H,s), 5.18(1 H,d J = 2Hz), 5.25(1 H,m), 
5.41(1 H,m), 5.77(1 H,b), 7.09(1 H,d, J = 9Hz), 7.28(3H,m), 7.57(1 H,dm J = SHz), 8.45(1 H,bs), 8.51 (1 H,bd 
J =4Hz); microanalysis found: C,68.0; H,6.5; N,6.0%; C2sH30N20s.tH20 requires: C,68.0; H,6.7; N,6.1%; 
m/e 451 (M + H)°. 

•• S<f 
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·methylphenol 

(19.0 g) and ethyl 2·bromo·2-methylpropionate (27.7 g) in 2-butanone (80 ml) and the mixture heated at 
reflux for 3 hours, then cooled to ambient temperature and added to water (400 ml). 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 (Mg504) and the 

55 solvent removed by evaporation. The residual oil was distilled under reduced pressure to give ethyl 2-(2• 
bromo·4·methylphenoxy)·2·methylpropionate (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), 2.26(3H,s), 4.26(2H,q J = 7Hz), 6. 75(1 H,d J = SHz), 6.96(1 H,dd J = 8, 1.5Hz), 

7.35(1 H.d J = 1.5Hz): mie 318 (M +NH.).. r··1~E.PtJ'~c8:11·;;.;.~:i:·· ;:. .. . 
___ ._ ............................... ---··-······- ... . 
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(ii) Cuprous cyanide (3.76 g) was added to a stirred solution of A (10.54 g) in dimethylformamide (20 
ml) and then heated at reflux tei;nperature (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 ml: 55 ml) and 
stirring continued for 30 minutes. This solution was extracted with dichloromethane (1 x t 00 ml, 2 x 50 ml) 

s and the combined extracts washed with water (3 x 50 ml), then dried (MgSO~) 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 (8) (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 = 7Hz), 6.74· 
(1 H,d J = 9Hz), 7.21 (1 H,m), 7.35(1 H,d J = 2Hz); m/e 265(M +NH&)•. . ,,• 

- 10 (iii) A stirred solution of B (2.47.g) in dry toluene (40 ml) under argon was cooled to ·70° C and treated 
dropwise with 1.5M diisobutylaluminium hydride in toluene (7.3 ml). Stirring was continued for a further 30 
minutes at -70° C when a 10% v/v methanol in toluene solution (2 ml) 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 filte~ed through kieselguhr. The organic phase was separated and the aqueous phase 

rs extracted with ether (2 x 75 ml). The combined organic phases were washed with saturated brine (2 x 40 
ml), dried (MgSO,) 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(1 H,d 
J = 9Hz), 7.26(1 H,m), 7.39(1 H,d J = 2Hz), 9.83(1 H,s); m/e 221 (M +NH&)•. . 

20 

Example 49 

. -
In a similar manner to Example 48, but starting from 2·(2-cyano·5·methylphenoxy)·2·methylproganal 

25 • instead of 2-(2-cyano-4-methylphenoxy)·2-methylpropanal and heating the reaction for 48 hours instead of 
18 hours there was obtained 4(Z)-6·[(2,4,5-cls)·2·(1·(2·cyano-5-methylphenoxy)-1-methylethyl)·4-(3· 
pyridyl)·1,3·dloxan·S-yl]hexenolc acid hemihydrate (17o/o) as a white foam; NMR: 1.49(3H,s), 1.52(3H,s), 
1.59(1 H,m), 1.73(1 H,m), 2.28(4H,m), 2.36(3H,s), 2.43(1 H,m), 4.03(1 H,dm J = 11 Hz), 4.20(1 H,dd J = 11, 1 Hz), 
4.97(1 H,s), 5.17(1 H,d J = 2Hz), 5.23(1 H,m), 5.41 (1 H,m), 6.92(1 H,dd J = 7.1 Hz), 7.02(1 H,s), 7.30(1 H,m), 7.36· 

30 (1H,d J=7Hz), 7.57(1H,m), 8.49(2H,m): microanalysis found: C, 68.1; H, 6.5; N,5.9%; C2&H30N20s.tH20. 
requires: 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(i) but starting with 2·chloro·5-methylphe.nol instead of 2-bromo-4-

. methylphenoi and heating at reflux for 18 hours instead of 3 hours there was obtained ethyl 2·(2-chloro-5· 
35 methylphenoxy)-2-methylpropionate (72%) as a colourless a.ii; b.p. 109-110 • C at 0.5 mm Hg; NMR: 1.28-

pH.t J = 7Hz), 1.60(6H,s), 2.26(3H,s), 4.26(2H,q J = 7Hz), 6.72(2H,m), 7,21 (1 H,d J = 7Hz); m/e 274 (M +NH&)-

(ii) In a similar manner to Example 48(ii), but starting from ethyl·2-(2-chloro-5-methylphenoxy)·2· 
methylpropionate instead of etbyl 2·(2-bromo·4·methylphenoxy)-2-methylpropionate and using DMPU as 

.:a 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 OMPU, then dried (MgSO~) and evaporated. The residue was 
purified by MPLC, eluting with 10% v/v ethyl acetate in hexane to give ethyl 2·(2-cyano-5-methylphenoxy)· 
2·methylpropionate (38%) as a colourless oil; NMR (250 MHz. CDC'3): 1.24(3H.t J = 7Hz), 1.67(6H,s), 2.33·'" 

45 (3H,s), 4.24(2H,q J = 7Hz), 6.60(1 H,s). 6.84(1 H,dm, J = 8Hz), 7.44(1 H,d J = 8Hz); mie 265 (M + NH4) •. 
(iii) In a similar manner to Example 48(iii), but starting from ethyl 2·(2-cyano-5-methylphenoxy)-2-

methylpropionate 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, 
COC'3): 1.53{6H,s), 2.34(3H,s), 6.62{1 H,s), 6.91 (1 H,d J = 8Hz), 7.47{1 H,d J = 8Hz), 9.34(1 H,s}; m/e 221 

so (M + NH,)
0

• 

Example 50 

ss Using a similar procedure to that described in Example 48, but starting from 2·(2-cyano-4-methox-
ypt:enoxy)-2-methylpropanal instead of 2·(2-cyano·4·methylphenoxy)·2·methylpropanal, there was obtained 
4·{Z) ·6[(2,4,S·c is )·2-( 1 ·(2-cya no·4·m ethoxyphenoxy)· 1-methyl ethyl) -4-( 3-pyrl dyl)· 1,3•dloxa n·S·ylJ· 
hexanoic acid.in 10% yield; m.p. 130·140 'C; NMR: 1.46(3H.s), 1 .48(3H,s), 1.58(1 H,m), 1.72(1 H,m), 2.26· 

23 
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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(1 H,m), 5.40(1 H,m), 6.93(1 H,d J = 2.5Hz), 7.02(1 H,dd J = 8,2.5), 7.12(1 H,d J = 8Hz), 7.30(1 H,m), 
7.57(1H,m), 8.50(2H,m): microanalysis found: C,66.5: H,6.2: N,5.8%: C2sH30N20; requires: C,66.9: H,6.5: 
N,6.0%: m/e 467 (M + H) •. . 

s 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 ml). After cooling at 
about 4 • C for 2 hours, the white solid was collected by filtration, wash.ad with water and dried to give · 2· 

10 hydroxy·5·methoxyben2:aldoxine (A) (9.84 g) as white crystals; m.p. 119-120 • C, NMR: 3.77(3H,s), 6.70· 
{1 H,d J = 2Hz), 6.90(2H,m), 7.47(1 H,s), 8.19(1 H,s), 9.39(1 H,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 
ml). After 1 hour, the resulting solid was collected by filtration. 2M Sodium hydroxide solution (150 ml) was 

1s 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 (MgSQ,) and the solvent removed by evaporation to give 2-cyano-4-
methoxyphenol (8) (783 g) as a white solid, m.p. 128·138 • C; NMR (250 MHz, CDCf3/0MSOds): 3.66(3H,s), 

20 6.86(3H,m); m/e 167 (M + NH4).·. · · 
{iii) Anhydrous potassium carbonate (1.38 g) was added to a stirred solution of 8 (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 ml) 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 (1 o-

25 ml) and dried {MgS04-). Evaporation of the solvent and purification of the residual oil by medium pressure 
chromatography (MPLC}, eluting with 25% v/v 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{1 H.d J = 9Hz). 
7.03(2H,m), 9.86(1 H,s); m/e 237 (M + NH4-) •. 

Example~ 

An analogous hydrolysis procedure was used to that described in Example 12, but starting from methyl 
4(Z)·6·[(2,4,5-cis)·2·phenyldifluoromethyl-4-(3-pyridyl)-t ,3-dioxan-5-yl]hexenoate. Evaporation of the extracts 

35 of the acidified reaction mixture gave a pale yellow oil, which solidified on trituration with hexane. 
Recrvstallisation from ethyl acetate/hexane gave 4(Z)·6{(2,4,5-cls)·2-phenyldlfluoromethyl-4·(3·pyrldyl)-
1,3·dloxan·5·yllhexenolc acid (58%; m.p. 146·148 • C; NMR:T.34(1 H,m), 1.64(1 H,m), 1.99(3H,m}, 2.23· 
(2H,m), 3.96(1 H,bd J = 11 Hz}, 4.13(1 H,bd J = 11 Hz), 5.09(3H,m), 5.35(1 H,m), 7.13(1 H,m), 7.46(3H,m), 7.60· 
(3H,m), 8.51(2H,m): microanalysis found: C,65,4: H,5.8; N,3.5%: C22H23NF20 .. requires: C,65.5; H,5.7; 

40 N,3.5%; m/e 404 (M + H) •. 
The starting ester was prepared ~s follows:· 
(i) A stirred solution of ethyl 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 dropwisa Wliii TIM diisobutylaluminium hydride in toluene (3.5 ml) over 15 minutes. Stirring was 

•5 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 kieselguhr 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 (MgSO .. ) and evaporated to give an oil. MPLC, eluting with 20% v/v ethyl acetate in hexane gave 
so•' 760 mg of a colourless oil (A) which was shown by NMR to be a mixture of alpha, alpha­

difluorophenylacetaldehyde and the corresponding hydrate and hemiacetal thereof. 
(ii} In a similar manner to Example 12(iv), but using the ald~hyde 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· 

55 yl]hexenoate 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(1 H,dm J = 11 Hz), 4.14{1 H,d J = 11 Hz), 5.08(3H,m), 5.31 (1 H,m), 7.33(1 H,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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Example~ 

Using a similar procedure to that described in Example 1. but using 2·methyl·2·(2·methylsulphonyl· 
phenoxy)propanal as the aldehyde, there was obtained 4(Z)·6·[(2,4,5-cls)·2·(1·methyl·1·(4·methylsul· 

s phonylphenoxy)ethyl)·4·(3-pyrldyl)·1,3·dloxan·S·yl}hexenoTc acid. asan oil in 29% yield; 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 16. 2·Methyl·2·{2·methylsul· 
phonylphenoxy)propanal was obtained as a solid In 51% yield (from carboxylate); NMR: t.55(6H,s), ~:25· 

10 (3H,s), 6.85·7.55(3H,m), 8.0·8.5{1 H,m), 9.85(1 H.s), with isolation of the following intermediates:· 

15 

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

b) ethyl 2·methyl·2·(2-methylsulphonylphenoxy)propionate: oil [89% yield from (a)]; NMR: 1.25(3.H,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(1 H,m). . . 

Examples 53-54 

Using a similar procedure t2.91 (3H,s), 4.23(2H,q J = 7Hz). 6.74(1 H,d J = 9Hz), 7.21 (1 H,m), 7.35(1 H,d 
20 J = 2Hi); m/e 265(M + NH4f. 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:· 

25 

30 

(Example 53): 

4(Z)·6·[(2,4,5-cis)·2·(1 ·methyl-1·(2·methylthiophenoxy)ethyl)·4-(3·pyridyl)·1,3·dioxan·5·yl]hexenoic 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(1 H,s), 
5.1·5.5(3H,m), 7.0·7.7(6H,m), 8.5·8.6(2H,m); and 

(Example 54): 

4(Z)·6·[(2,4,5·cis)·2·(1·methyl·1·(4·methylthiophenoxy)ethyl)·4·(3·pyridyl)· 1 ,3·dioxan-5-yl]hexenoic acid, 
as a solid in 260/;-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· 

35· .(1H,s), 5:t-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 

40 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(1 H,s); in 53% yield, 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), 6.7~ 
45 7.25(4H,m), 9~85(1 H,s). 

Example~ 

Using an analogous procedure to that described in Example ·1, but using from 2-thiophenoxybenzal· 
so dehyde as the aldehyde, there was obtained 4(Z)·6·[2,4,5·cls)-4·(3·pyridyl)·2·(2-th!ophenoxyphenoxy)· 

1,3·dioxan·5-yl]hexenolc acid, as a solid in 26% yeild: NMR: 1.7·1.9(2H,m), 2.2-2.5(5H,m), ~-1·4.3(2H.m), 
5.2·5.5(3H,m), 6.15(1 H.m), 7.1 ·7.9(11 H,m), 8.45·8.6(2H,m). 

SS 

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

Examples 56-57 1 T ~~ 11'11 tr" E,.1 REPU\CEME!\i. .., 

(o~~ 
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Using an analogous procedure to that described in Example 1, but starting from 2·methyl·2·(2·nitro-4· 
rriethoxyphenoxy)propanal and 2·methyl·2-(2·methyl·6·nitrophenoxy)propanal, respectively, there were ob­
tained:-

(Example 56): 

4(Z)·6·[(2,4,5·cis)·2-(1·methyl)·1-(2·nitro-4-methoxyphenoxy)ethyl)·4·(3·pyridyl)· 1 ,3·dioxan·5·yl ]hexenoic 
acid, as a solid i0l0% 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), 

10 4.75(1 H,s), 5.0·5.4(3H,m), 6.9·7.55(5H,m), 8.4·8.5(2H,m); and 

(Example 57): 

rs 4(Z)·6-[(2,4,5·cis)·2-(1·methyl·1-(2·methyl·6·nitrophenoxy)ethyl)·4-(3·pyridyl)· 1,3·dioxan·5·yl]hexenoic 
acid, as a solid i"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(1 H,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-
methylsulphonylphenoxy)propanal in Example 16:· 

20 (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% yield, 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_: 
2s {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% yield, by alkylation of 2-methyl-6-nitrophenol. · 

30 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,S·cis )·2·{2·benzoylphenyl)·4-(3-pyrldyl}· 1,3·dloxan-5·yl]· 
hexenolc acid, as a solid in 64% yield; NMR: Ll5·1.45(2H,m), 1.85·2.25(5H,m), 3.6·3.9(2H,m), 4.7·5.3· 

35 (3H,m), 5.55(1 H,m), 6.8·7.65(11 H,m), 8.05·8.2(2H,m). 

40 

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/dimethyl sulphoxide oxidation at ·50 • C to ambient temperature of 2-(alphahydroxybenzyl)· 
benzyl alcohol, itself obtained as a solid in 26%; NMR: 2.95(1 H,br s), 4.45·4.65(2H,m), 6.05(1 H,s), 7.2·7.4-
(9H;m); by lithium aluminium hydride reduction of 2·benzoylbenzoic acid. 

Examples~ 

Using an analogous procedure to that described in Example 23 but starting from the appropriate 
4S benzaldehyde of the formula R' .CHO the following compounds were obtained:· 

(Example 59): 

•' 
50 4(Z)·6·[(2,4,5-cls)·2-{1·methyl-1·(phenylthlo)ethyl)·4-(3·pyrfdyl)·1,3·dloxan-5-yl]hexenolc acid. as 

55 

a colourless solid, m.p. 110-120 • C; NMR: 1.32(6H,s), 1.65(2H,m), 2.31(5H,m), 3.90(1H,d). 4.18(1H,d), 4.55· 
(1 H,s), 5.00(1 H,d), 5.22(1 H,m), 5.40(1 H,m), 5.70(1 H,m), 7.28(4H,m), 7.53(2H,m), 7.62(1 H,d), 8.50(2H,m): m/e 
428 (M + H) ·: in 63% yield, starting from 2-methyl·2-(phenylthio)propanal: and 

(Example 60): 

4 (~)-6·[(2,4,5-cl s )·2-(1-methyl· 1-( 4·fluoro ph enylthio) ethyl) .4. (3-pyridy I)· 1,3·d ioxan-5-yl]hexe noic · 

----···---·---- REPLACEMENT SHEET 
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acid, as a colourless solid, m.p. 109·111 • C; NMA: 1.33(6H,s), 1.64(2H.m), 2.34(5H,m), 3.90(1 H,m), 4.18· 
(1 H,m), 4.56(1 H,s), 5.02(1 H,d), 5.31 (2H.m), 6.94(2H,m), 7.35(1 H,m), 7.55(3H,m), 8.52(2H,m); m/e 444 (M·H)· 
•; in 61 o/o yield starting from 2·methyl·2·(4·fluorophenylthio)propanal. 

The starting benzaldehydes were obtained using a similar procedure to that described in part (vii) of 
s Example 1 and had the following properties: 

(a) 2-methyl·2·(phenylthio}propanal: obtained in 40% yield as an oil, NMA: 1.25(6H,s), 7.25{5H,m), 
9.28(1 H,s); m/e 194(M + NH4) ·; starting from phenyllhiol and 1, 1-dichloro·2·hydroxy·2·methylpropane; and 

b) 2-methyl·2·(4-fluorophenylthio)propanal: obtained in 14% yield as an oil, NMA: 1.31(6H,s), 6.9ij­
(2H,m}, 7.36(2H,m), 9.28(1 H,s); m/e 21 S(M + NH4) ·; starting from 4-fluorophenylthiol and 1, 1 ·dichlor,o-2· 

10 hydroxy-2-methylpropane. · 

Example~ 

1s The acid catalysed aldehyde/ketone exchange reactions described in any of the preceding Examples 

20 

23·60, may also be performed using 4(Z)·6·[2,2·diethy1·4-(3-pyridyl)·1,3-dioxan-cis·S·yl}hexenoic acid 
(described in Example 14) instead of the 2]-dimethyl derivative [compound (A) described in part (v) of 
Example 1 ]. In general largely similar yields of compounds of the formula I may be obtained. 

Example 62 

Illustrative pharmaceutical dosage forms suitable for presenting the compounds of the inv~ntion for 
therapeutic or prophlactic use include the following tablet, capsule, injection and aerosol formulations, which 

2s· may be obtained by conventional procedures well known in the art· of pharmacy and are suitabie for 
therapeutic or prophylactic use in humans:· · 

(a) Tablet I mg/tablet 

30 Compound 'Z" 1.0 
Lactose Ph. Eur. 93.25 
Croscarmeflose sodium 4.0 
Maize starch paste (5% w/v aqueous paste) 0.75 
Magnesium stearate 1.0 

35 

(b) Tablet II mg/tablet 

Compound z· 50 
Lactose Ph. Eur 223.75 
Croscarmellose sodium 6.0 
Maize starch 15.0 .. 

45 
Polyvinylpyrrolidone (5% w/v aqueous paste) 2.25 
Magnesium stearate 3.0 

so 
(c) Tablet Ill mg/tablet 

Compound z· 100 
Lactose Ph. Eur. 182.75 
Croscarmellosa sodium 12.0 

55 Maize starch paste (5% w/v aqueous paste) 2.25 
Magnesium stearate 3.0 

~----·----

27 
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(d) Capsule mg/capsule 

Compound z· 10 

Lactose Ph.Eur. 488.5 

5 Magnesium stearate 1.5 

10 (e) Infection I (50 ~g/ml) 

Compound z· (free acid form) 5.0% w/v 

1 M Sodium hydroxide solution 15.0% v/v 

0.1 M Hydrochloric acid (to adjust to pH 7.6) 

Polyethylene glycol 400 4.5% w/v 

Water for injection to 100%· 75 

20 (f) Infection II (10 mg/ml) 

Compound 'l:' (free acid form) 1.0% w/v 

Sodium phosphate EP 3.6% w/v 

0.1 M Sodium hydroxide solution 15.0% v/v 

25 Water for injection to 100% 

30 (g) Injection Ill (1mg/ml, buffered to pH 

6) 

Compound Z" (free acid form) 0.1% w/v 

Sodium phosphate BP 2.26% w/v 

Citric acid 0.38% w/v 

Polyethylene glycol 400 3.5% w/v 35 

Water for injection to 100% 

(h) Aerosol I mg/ml 

. Compound z· 10.0 .. 
Sorbitan trioleate 13.5 
Trichlorofluoromethane 910.0 
Dichlorodifluoromethane 490.0 

(i) Aerosol II mg/ml· 

Compound z· 0.2 . 

Sorbitan trioleate 0.27 

SS 
T richlorofluoromethane 70.0 
Dichlorodifluoromethane 280.0 
Dichlorotetrafluoroethane 1094.0 

28 

R~,§~~~~r 
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(j) Aerosol Ill mg/ml 

5 Compound "Z: 2.5 
Sorbitan trioleate 3.38 
T richlorofluoromethane 67.5 
Oichlorodifluoromethane 1086.0 
Oichlorotetrafluoroethane 191.6 ,. 

10 

(k) Aerosol IV mg/ml 

15 Compound "Z: 2.5 
Soya lecithin 2.7 
Trichlorofluoromethane 67.5 
Oichlorodifluoromethane 1086.0 
Oichlorotetrafluoroethane 191.6 

20 

25· Note 
-. 

• The active ingredient Compound Z is a compound of formula I, or a salt thereof, tor example a 

compound of formula I described in any of the preceding Examples, and especially as described in · 

Example 18, 19, 20, 46 or 48; 
30 The tablet compositions (a)-(c) may be enteric coated by conventionai means for example, with 

35 

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 suspendi·ng agent such as sorbitan monooleate, sorbitan sesquioleate, polysor­

bate 80, polyglycerol oleate or oleic acid. 

~ iii1iii1Dii 
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SCBEKE 1 

s 

('Ii) 
to 

ts 

(iv} 

20 . 

2S 

30 

3S 

40 

·' sa 

SS 

Reagents: 

(i) NaOEt, EtOH, allyt bromide 

(ii) LiAIH4 or Li8H4, THF 
(iii) TsOH, R1R2.CO or A'R2.C(0Me)2 

(iv) Zn(8H4)z, Et20 

( ") 

(v} 03, CH2Cl2, then Ph3P: or Os04, Nal0&, t·BuOH, H:zO 
(vi} NaH, OMSO, BrCH2CH(OMe)2 -

(vii) H·. HzO 

Note: 

R = (1 ·4C)alkyl, such as methyl (Me) or ethyl (El); 

R."2.C xo:OMe, OMe. 

0 ~ x 
N l lW) +(I;) 

HO:xo:oMe. OMe. 

HO """' x 
N" l (iii) 

.. 
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Ts = e·toluenesufphonyl 

SCHEME 2 

5 

~ -· ·-· 70 

45-
·o CHO 

0 . 

R' 1'o '(}-x R14' X 
R'2. "" . p.1 . N 

15 XII [ N VJ (n• 1) I 
(i) (iii} 

., 
20 

0 OH 1 ~oH 
R

17'o x 
R+o · ~- X· 

R2. , 
2s· Rl , N • 

X (n:1) 
1(;;) x (n= 1) I 

{iii) 

30 

~HO R~~ O:xo:1 l .....;;: . 
·35 p..i N X R+o X 

R~ N" 

VI (n =l.) 

'~ ;Y 
40 

s~ 

iiiiii1nr s 
45 x 

so Reagents: 

SS 

(i) B2H;· then H:iO:i 

(ii} Pyridinium chl.orochromate, CH2Cl2 or DCCI, DMSO. pyridine, TFA 
(iii) NaBH&, EtOH; 

(iv) TsCJ, pyridine; then Nallacetone, 40·60 • C 
(v} 1,3-dithiane, UN(i-Pr):i. THF at ·78' C 
(vi) Ammonium cerium(IV) nitrate. o' C REPLACEMENT SHEET 
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SCHEME 3 

l') 

HO OH YQX 
.......... 

ll 

Reagents: 

(i) pentenoyl chloride/Buli/THF/ ·78° C 

0 

t~o -R -2. :: R H 

0 

01ko = 
f' R2. H 

VI (n:1) 

x 

(ii) Bu2 B.S02 CF3/(i·Pr)2 NEt/pyridinecarboxaldehydeiCH2 Cl2; H2 02/pH7 
(iii) NaORIROH [R = (1·4C)alkyl such as Me] 
(iv) LiAIH,/THF 

(v) R1R2.co1 p·toluenesulphonic acid (p· Ts.OH) 
(vi) Q3/CH2Cl'i°, then Me2S or Ph3P - REPL"AC~~~;;·r: j\i;:·-;:H--E· 1-~·r--1 L·il~ ··~•'.I I i.J i .... ---··----
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SCHEME 4 

l 
esterification or 

sulphonamidation as required 

·Reagents: 

(i) NaOEt, EtOH, Br(CH2)n.C•C.A1.C02R 

(ii) NaBH .. : then R1R2CO, TsOH 
(iii) NaORiROH 
(iv) LiAIH .. rrHF 

(v) R1R2.CO/ p·toluenesulphonic acid (p-Ts.OH) 

(vi) 03/CH2Cl2". then Me2S or Ph3P (R-= (1·4C)alkyl. such as Me} 

Claims 

• 

REPLACEMENT SiifTl 
I 09 NOV 1996 l 

ss 1. A 1,3·dioxane alkenoic acid derivative of the formula I (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 methy!eneoxy, vinylene or 

ethylene; A' is (1 ·6C)alkylene: and 

a) R2 is hydrogen, and R1 is naphthyl or phenylthio(1·6C)alkyl optionally b.;arlr.g 1 or 2 substituents 
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Reagents: 

(i) NaOEt, EtOH, Br(CH2},..C•C.A' .C02R 
(ii) NaBH&: then R1R2CQ, TsOH 
(iii) NaORiROH 
(iv) LiAIH&!THF 
(v) R1R2.co1 p-toluenesulphonic acid (p-Ts.OH) 

l 
esterification or 

sulphonamidation as required 

09 NOV 1996 
(vi} Q3/CH2Ci;, then Me2S or Ph3P [R-= (1-4C)alkyl_ such as Me] 

Claims 

.. 

ss 1. A 1,3-dioxane alkenoic acid derivative of the formula I (set out as the final part of these claims) 
wherein: n is the integer t or 2; Xis hydrogen, hydroxy or (1·4C)a!kcxy; Y is meth::!eneoxy, vinylene or. 
ethylene; A1 is (1·6C)alkylene; and 
a) R2 is hydrogen, and R1 is naphthyl or phenylthio(1 ·6C)alkyl optionally bear:r.g 1 or 2 substituents 
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selected from halogeno, cyano, nitro, (1·4C)alkyl, (1·4C)alkoxy and trifluoromethyl, or R1 is a group of the 
formula R3.A2·, in which: 
Rl is phenyl bearing a substituent which is selected from (1·4C)alkyl, (1·4C)alkoxy, hydroxy, (2·5C)alkenyl, 
(1 ·4C)alkylthio, (1 ·4C)alkylsulphinyl, (1 ·4C)alkylsulphonyl, (2·5C)alkanoyl, carboxy. [(1 ·4C)alkoxy}carbonyl, 

s {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, trifluoromethyl, nitro and cyano; 
or R3 is thienyl or furyl optionally bearing 1 or 2 substituents indep~ndently selected from halogeno, (1·4C)· 
alkyl, nitro and cyano; and A2 is (1 ·6C)alkylene, oxy(1 ·6C)alkylene or (2·6C)alkenylene, up to three carbon 

10 atoms of any of which may be wholly or partially fluorinated, or A2 is a direct bond to Rl; 
or R1 is a group of the formula 0 2.A3.01·, in which: 
Q 1 and QZ are aromatic moieties. 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 halogerio, 
cyano, nitro, (1·4C)alkyl, (1·4C)alkoxy and trifluoromethyl, and A3 is oxy, thio, sulphinyl, sulphonyl, carbonyl, 

rs carbamoyl, iminocarbonyl, ureido, (1 ·6C)alkylene, oxy(1 ·6C)alkylene, (2·6C)alkenylene or a direct bond 
between Q 1 and Q2: 

(b) R1 is trifluoroethyl and R2 is hydrogen, or both R1 and R2 are trifluoromethyl; or 
(c) RI and R2 are both independently alkyl or together form alkylene, such that R1 and R2 together contain 
5·9 carbon atoms: arid R" is hydroxy, a physiologically acceptable alcohol residue, or (1·4C)· 

20 alkanesulphonamido; 
or a pharmaceutically acceptable salt thereof. 

2. A compound as claimed in claim 1 wherein n and Y have the meanings defined in claim 1. X is • 
hydrogen, hydroxy or methoxy; A 1 is methylene, ethylene. trimethylene, tetramethylene or 1, 1 • _ 

dimethylethylene: and: 
25 a} R2 is hydrogen; and R1 is naphthyl, 1-methyl-1-(phenylthio)ethyl or phenylthiomethyl, optionally bearing 1 

or 2 substituents selected from fluoro, chloro, bromo, cyano, nitro, methyl, ethyl, methoxy, ethoxy and 
trifluoromethyl, or R1 is a group of the formula R3.A2·, in which: Rl is phenyl bearing a substituent which is 
selected from methyl, ethyl, methoxy, ethoxy, hydroxy, vinyl, 2-propenyl, 3,3-dimethylpropenyl, methylthio, 
ethylthio, methylsulphinyl, ethylsulphinyl, methylsulphonyl, ethylsulphonyl, acetyl, propionyl, butyryl, 2-

30 oxopropyl, carboxy, methoxycarbonyl, ethoxycarbonyl, t·butoxycarbonyl, N-methylcarbamoyl, N·ethylcar­
bamoyl, N-propylcarbamoyl, formamido, acetamido and propionamido. andfrom methyl 1-ethyl,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 

35 thieQyl or furyl optionally bearing 1 or 2 substituents independently selected from fluoro, chloro. bromo, 
methyl, ethyl, nitro and cyano; and A2 is methylene, ethylene, trimethylene, isoprppylidene, 1.1-
dimethylethylene, oxymethylene, oxytetramethylene, 1-oxy·1-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 A2 is a direct bond to R3; 

40 or R1 is a group of the formula OZ.A3.01·, in which: 
Q1 and Q2 are aromatic moieties, 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 fluoro, chloro, 
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-
45 dimethylethylene, vinylene. 1,3-propenylene, 1,4-buten-2-ylene. 'oxymethylene, oxyethylene or a direct bond 

between Q1 and Q2; 

(b) R1 is trifluoroethyl and R2 is hydrogen. or both R1 and R2 are trifluoromethyl; or 
(c) R' and R2 are poth 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 ·· 
so• substituents. such that R1 and R2 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)alkyl and (1·4C)alkoxy, or R~ is methanesulphonamido, 
ethanesulphonamido or butanesulphonamido. 

ss 3. A compound as claimed in claim 1 wherein n is 1, Xis hydrogen, Y is cis·vinylene, A1 is ethylene. R4 

is hydroxy and R1 and R2 are selected from the following combinations: -
a) wh~n R.1 and R2 are both trifluoromethyl; 
t·~ .,·i-;;11 R' is thienyl or furyl, optionally containing a halogeno. cyano or nitro substituent, and R2 is 

36 
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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 A2 is hydrogen; · 

s d) R' is phenylthio(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 R2 is 

hydrogen; 
e) when .R1 is naphthyl optionally bearing 1 or 2 substituents selected from halogeno, (1·4C)alkyl and nitro, 

and R2 is hydrogen; and · , , 
- to f) when A1 is benzylphenyl, benzyloxyphenyl, (pyridylmethoxy)p~enyl, (naphthylmethoxy)phenyl, phenox· 

yphenyl and (phenoxymethyl)phenyl. 
4. A compound of formula II wherein: A" i~ (1·4C)alkylene; X1 is hydrogen or hydroxy; and R5 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 R'.As. in which: · . 

1s R; is phenyl bearing a first substituent selected from (1·4C)alkyl, (1·4C)alkoxy, hydroxy, {2·5C)alkenyl, (1· 

4C)alkylthio, (1 ·4C)alkylsulphinyl, (1 ·4C)alkylsulphonyl. (2·5C)alkanoyl, carboxy, [{1 ·4C)alkoxyJcarbonyl, [N· 

(1·4C)alkyl]carbamoyl, (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, trlfluoromethyl, nitro and cyano, and As is (1·4C}alkylene, oxy(1·4C)· 

20 alkylene or a direct bond to Rs; 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; X1 is hydrogen: R4 is 

hydroxy, methoxy, ethoxy; and R5 is selected from: 1-naphthyl, 2-naphthyl, 2-chloro+naphthyl, 2~thien'l£I, 3· 

thienyl, 5-cyano-2-thienyl, 5-bromo-2-thienyl, 4-oromo-2-thienyl, 4·chloro·2·thienyl, 5·chloro·2·thien~I. 2· 

2s· furyl, 5·bromo·2·furyl, 1·{4-methoxyphenoxy)-1-methylethyl, 1 ·{4-tert-butylphenoxy}-1-methylethyl, 1·{2· 

methoxyphenoxy)-1-methylethyl, 1 ·(2·methylthiophenoxy)·1-methylethyl, 1 ·(4-methylthiophenoxy)·1 • 

methylethyl, 1 ·(2-methylsulphonylphenoxy)1 ·methylethyl, 1·{4-methylsulphonylphenoxy)·1 ·methylethyl, 1 • 

methyl·1·(2-:methylphenoxy)ethyl, 2-phenylthiophenyl, 2-phenylsulphonylphenyl, 2·biphenylyl, 2·benzoyl· 

phenyl, alpha,alpha·diflurorobenzyl, 1 ·methyl·1·(4·methoxy·2·nitrophenoxy)ethyl, 1·methyl·1 ·(4·methyl·2· 

30 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, t-methyl· 1 ·(2·cyano·4·methoxyphenoxy)ethyl, 1 ·methyl·1 ·{2· 

cyano·5·methylphenoxy)ethyl, 1 ·methyl-1 ·(2-nitrophenoxy)ethyl, 1·{2·hydroxyphenoxy)·1 ·methylethyl or (E)· 

2-methoxystyryt. -

6. A compound of the formula II wherein R5 is phenylthio·(1 ·6)alkyl, the phenyl moiety of which may 

35 optionally bear 1 or 2 substituents independently selected froni (1 ·4C)alkyl, {1 ·4C)alkoxy, halogeno, nitro, 

trifluoromethyl and cyano: X1 is hydrogen or hydroxy; A4 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 (1·49)alkoxy, or A.., is methanesulphonamido, 

40 ethanesulphonamido or butanesulphonamido; or a pharmaceutically acceptable salt thereof. 

7 •. A compound of the formula Ill wherein A' is (1·4C)alkylene; X1 is hydrogen or hydroxy; A6 is oxy, 

thici, sulphonyl, carbonyl, carbamoyl, iminocarbonyl, (1·6C)alkylene, oxy(1·6C)alkylene or a direct bond to 

Q3; 0 3 is benzene, pyridine or naphthalene; R7 and R8 are independently selected from hydrogen, 

halogeno, cyano, nitro. {1·4C)alkyl, (1·4C)alkoxy and trifluoromethyl; and R4 is hydroxy, a physiologicallf 

4S 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: X1 is hydrogen: R4 is 

hydroxy, methoxy, ethoxy; R7 is selected from hydrogen. fluoro, chloro, bromo, methyl, ethyl, methoxy, 

ethoxy, cyano, nitro and trifluoromethyl; and the group of the formula R9 .03.A'· is selcted from phenoxy, 

phenylthil?, phenylsulphonyl, phenyl. benzoyl, benzyl, benzyloxy, 4-cyanobenzyloxy, 2-pyridylmethoxy, 3· 

so pyridylmethoxy, 4-pyridylmethoxy, phenoxymethyl, 2-naphthylmethoxy, 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 X1 is hydrogen, and A' is 

ethylene. 
10. A compound salected from: 

ss 4(Z)·6·[(2.4,5-cis)·2·P ·(2 methylpheiloxy ]· 1-methylethyl)·4·(3·pyridyl)· 1 ,3-dioxan-5-yl )hexenoic acid; 

4(Z)·6·((2.4,5·cis)·2·( 1 ·(2-nitro-4-methylphenoxy ]· 1 ·rnethylethyl)·4·(3 pyridyl)· 1,3-dioxan-5-yl)hexenoic acid; 

4(Z)·6·{(2.4,5-cis)·2·(1 ·[2·hydroxyphenoxy]·1 ·methylethyl)·4·(3 pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 

4@·6·{(2.4,5-cis)-2·( 1 ·[2·Cj'ano-4-methy lphenoxy]· 1 ·mathylethyl·4· (3-pyridyl)· 1,3-dioxan-5-yl]hexenoic acid: 

.------·'""-·,----·-----.. .. 
37 
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4(Z)·6·[(2,4,S·cis)·2-(1·[2·cyano·4-methoxyphenoxy]·1 ·methylethyl)-4·(3 pyridyl)· 1 ,3·dioxan 5-yl]hexenoic 

acid; and -
4(Z)-6·[(2S,4S,5R)-2·(1-methyl-1-(2·nitro-4-methylphenoxy)ethy1J-4-(3-pyridyl)-1,3·dioxan·5-yl]hexenoic acid; 

ora physiOlogicilly acceptable biodegradable ester or (1 ·4C)alkanesulphonamide thereof; or a pharmaceuti-

s cally acceptable salt thereof. 
11. A salt as claimed in any one preceding claim which is selected from alkali metal and alkaline earth 

metal salts, ammonium salts, salts with organic amines and quaternary bases forming physiologically 

acceptable cations, and also from salts with acids affording physiologically acceptable anions, such as salts 

with mineral acids. . 

10 12. A process for the manufacture of a compound of the formula 1.or:-a pharmaceutically acceptable salt 

thereof as claimed in claim 1 which is characterised in that: 

(a) a diol derivative of the formula IV wherein one of T1 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 R1.CHO, or with an acetal, hemiacetal or hydrate thereof; 

1s (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 R1.CHO, or with a hydrate. acetal 

or hemiacetal thereof, in the presence of an acid; 

(c) for a compound of formula I in which R1 is pentafluoroethyl, a compound of the formula IV wherein one 

of T1 and T2 is hydrogen and the other is alkanesulphonyl or arenesulphonyl, is reacted with an aldehyde of 

20 the formula R1.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 I in which Y is vinylene and R' is hydroxy, an aldehyde of the formula VI is 

reacted with a Wittig reagent of the formula: R3P=CH.A1.Co2- M. wherein R is (1-6C)alkyl or aryl and M·-

is a cation; · 

2s (e) for a compound of formula I in which X is hydroxy, a compound of the formula VII wherein P is a 

protected hydroxy group is deprotected; 

{f) for a compound of formula I in which R1 contains a hydroxy substituent, a hydroxy protecting group is 

removed from the corresponding protected derivative of the formula I compound: 

(g) an ester of the formula VIII wherein R9 is (1·6C)alkyl, phenyl or benzyl, the latter two optionally bearing 

30 1 or 2 halogeno, (1·4C)alkyl or (1·4C)alkoxy substituents, is decomposed; 

(h) for a compound of the formula I wherein Y is ethylene, 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 alkanoic acid 

derivative of the formula XI in which L is a suitable leaving group: · 

3S whereafter, when a salt of a compound of formula I is required, the compound of formula I is reacted with 

the -~ppropriate 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 I 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 

40 resolved; and 
wherein R1, R2, R4 , n, Y, A1 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 pharmaceutical composition which comprises a compound of the formula I, or a pharmaceutically 

acceptable salt thereof, together with a pharmaceutically acceptable diluent or carrier. 

4S ANO WHEREIN, IN THE AFORESAID CLAIMS, THE CHEMICAL STRUCTURES ARE AS FOLLOWS: 

SO•'' iiUi1Jii1ffiH1bT 
SS 

38 

HEPLAGEMENTSHEET ., 

[09NOV19961 



s 

70 

rs 

20 

2s· 

30 

. 3S· 

. 40 

4S 

so 

SS 

EP 0 365 328 A2 

H o - A4 /. 
s l~- .cc.R .-

g /N -,; ~ ~ l . x N . 

. 39 

lI 

I If llllJ 1111~ llljl 111[111 1111 
* 

I . •• 



,,. 

5 

70 

15 

20 

25 

30 

35 

40 

4S 

.. 
so' 

55 

EP 0 365 328 A2 

· I 1111111111111 11111 1111111 1111 · 
* C L M S * 

H 1 4 

1
-!JO: (c.H:i)".Y. A. .co.P.. 

~ = = p R,. ~ ~ . . 

H l q 
c~-(~~n.Y. A.c.o.R 

Rl+o :: :;."' X 
R_l H ~N 

H 2 1 4 
~:Y. A. CO.R 

# x . . 
p._ ~ 

o~.,.CH20I-/ 
Rt-1. :;..-

: 0 = x 
~'2. H :.-..N 

l ~ L .P\. c.c.~ XI 

Ym 

IX 

----

CLAIMS (continued) 

CHEMICAL FORMULAE 

iii1iii1rnifHr 

x 

----, 
REPLACEMENT SHEFT I r-------.... 

09 NOV 1996 . 
-- = ·=-= --. J 

.. 



11111111111111111111111111 1111 EP 0 365 328 A2 
* t L M S * 

.. 

Claims for the following Contracting States: GA and ES. 

1. A process for the. manufacture of a 1,3·dioxane alkenoic acid derivative of the formula I (set out as 
the final part of these dalms) wherein: n is the integer 1 or 2; X is hydrogen, hydroxy or (1 ·4C)alkoxy; Y is 

s methyleneoxy, vinylene or ethylene; A' is (1·6C)alkyiene; and 
a) R2 is hydrogen, and R1 is naphthyl or phenyithio(1·6C)alkyl optionally bearing 1 or 2 substituents 
selected from halogeno, cyano, nitro, (1 ·4C)aikyl, (1 ·4C)alkoxy and trifluoromethyl, or A1 is a group of the 
formula R3.A2·, in which: 
R3 is phenyl bearing a substituent which is selected from (1·4C)alkyl, (1·4C)alkoxy, hydroxy, (2·5C)alkenyl, 

10 (1·4C)alkylthio, (1-4C)alkylsulphinyl, {1·4C)alkylsulphonyl, (2·5C)alkanoyl, carboxy, [(1·4C)alkoxy}carbonyl, 
[N-(1 ·4C)alkyl}carbamoyl, (1-SC)alkanoylar:nino 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, trifluoromethyl, nitro and cyano; 
or R3 is thienyl or furyl optionally bearing 1 or 2 substituents independently selected from halogeno, (1 ·4C)· 

1s alkyl, nitro and cyano; and A2 is (1·6C)aikylene, oxy(1·6C)alkylene or (2·6C)alkenylene, up to three carbon 
atoms of any of which may be wholly or partially fluorinated, or A2 is a direct bond to R3; 

or R1 is a group of the formula Q2;A3,Q1-, in which: · 
0 1 and a2 are aromatic moieties, 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. 

20 cyano, nitro, (1·4C)alkyl, (1·4C)alkoxy and trifluoromethyl, and A3 is oxy, thio, sulphinyl, sulphonyl, carbonyl, 
carbamoyl, iminocarbonyl, ureido, (1·6C)alkylene, oxy(1-6C)alkylene, (2·6C)alkenyiene or a direct bond 
between Q1 and Q2; 

(b) R1 is trifluoroethyl and R2 is hydrogen, or both R1 and R2 are trifluoromethyl; or 
(c) R1 and R2 are both .independently alkyl or together form alkyiene, such that R1 and R2 together centain 

as· 5·9 carbon atoms; and R' is hydroxy, a physiologically acceptable alcohol residue, or (1·4C)· 
alkanesulphonamido; 
or a pharmaceutically acceptable salt thereof; characterised in that:· 
(a) a diol derivative of the formula IV wherein one of T1 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 

30 an aldehyde derivative of the formula R1.CHO. or with an acetal, hemiacetal or hydrate thereof; 
(b) a t ,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 R1 .CHO, or with a hydrate, acetal 
or hemiacetal thereof, in the presence of an acid; 
(c) .for a compound of formula I in which R1 is pentafluoroethyl, a compound of the formula IV wherein one 

3S of T1 and T2 is hydrogen and the other is alkanesulphonyl or arenesulphonyl, is reacted with an aldehyde of 
the formula R1 .CHO, or a hydrate, acetai or hemiacetai thereofL in the presence of an acid ~atalyst, followed 
by base-catalysed cyclisation of the acyclic intermediate obtained; 
(d) for a compound of formula I in which Y is vinylene and A' is hydroxy, an aldehyde of the formula VI is 
reacted with a Wittig reagent of the formula: R3 P =CH.A 1.C02 - M • wherein R is (1-6C)alkyl or aryl and M • 

40 is a cation; 
(e) for a compound of formula I in which X is hydroxy, a compound of the formula VII wherein P is a 
protected hydroxy group is deprotected: 
(f) for a compound of formula I in which R1 contains a hydroxy substituent, a hydroxy protecting group is 
removed irom the· corresponding protected derivative of the formula I compound; .. 

45 (g) an estar of the formula VIII wherein R9 is (1 ·6C)alkyl, phenyl or benzyl, the latter two optionally bearing 
t or 2 halogeno, (t-4C)alkyl or (1·4C)alkoxy substituents, is decomposed; 
(h) for a compound of the formula I wherein Y is ethylene. 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 Xis reacted with an alkanoic acid 

so derivativ~ of the formula XI in which L is a suitable leaving group; 
whereafter, when a salt of a compound· of formula I is required, the compound of formula I is reacted with 
the apprcpriate 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 I is required, one of the aforesaid processes may 

ss be carried out using an optically active starting material or the racemic form of the compound of formula I is 
resolved: and 
wherein R'. R2, R', n. Y, A' and X have any of the meanings defined above: and 
wherein t:-:a chemical formulae referred to by Roman num~rals 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; A1 is methylene, ethylene, trimethylene, tetramethylerie or 
1, 1 ·dimethylethylene; and: 
a) R2 is hydrog_en; and R1 is naphthyl, 1·methyl·1-(phenylthio)ethyl or phenylthiomethyl, optionally bearing 1 
or 2 substituents selected from fluoro, chloro, bromo, cyano, nitro, methyl, ethyl, methoxy, ethoxy and 
trifluoromethyl, or R1 is a group of the formula ffl.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, methylsulphinyl, ethylsulphinyl, methylsulphonyl, ethylsulphonyl, acetyl, propionyl, butyryl, 2· 
oxopropyl, carboxy, methoxycarbonyl, ethoxycarbonyl, t·butoxycarbonyl, N-methylcarbamoyl, N·ethylcar-

10 bamoyl, N·propylcarbamoyl, formamido, acetamido and propionamido, andTrom methyl, 1·ethyl,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 Rl'is 
thienyl or furyl optionally bearing 1 or 2 substituents independentiy selected from fluoro, chloro, bromo, 

1s methyl, ethyl, nitre and cyano; and A2 is methylene, ethylene,· trimethylene, isopropylidene. 1,1· 
dimethylethylene, oxymethylene, oxytetramethylene, 1-oxy-1-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 A2 is a direct bond to R3; · 
or f\1 is a group of the formula 02.A3.01·, in which: 

20 Qt and Q2 are aromatic moieties. 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 fluoro, chloro, 
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-pr.openylene, 1,4-buten·2·ylene, oxymethylene, oxyethylene or a direct bond' 

2s between a1 and QZ; 
(b) R1 is trifluoroethyl and R2 is hydrogen, or both R1 and R2 are trifluoromethyl; or 
(c) R1 and R2 are both independently methyl, ethyl, propyl, isopropyl, b~tyl or pentyl or together form 
tetramethylene, pentamethylene and hexamethylene, any of which may optionally bear 1 or 2 methyl 
substituents, such that R1 and R2 together contain 5·9 carbon atoms; and 

30 R4 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, 
ethanesulphonamido or butanesulphonamido. 

3. A process as claimed in claim 1 wherein in the starting maeterials n is 1, X is hydrogen, Y is cis· 
35 vinytene, A1 is ethylene, R' is hydroxy and R1 and R2 are selected from the following combinations: -

a} when R1 and R2 are both trifluoromethyl; 
b) when R1 is thienyl or furyl, optionally containing a halogeno, cyano or nitro substituent, and R2 is 
hydrogen; 
c) when R1 is phenoxy(1·4C)alkyl, the phenyl moiety of which contains a first substituent selected from (1· 

40 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) R1 is phenylthio(1·4C)alkyl, the phenyl moiety of which may optionally bear 1 or 2 substituene;; 
independently selected from (1-4C)alkyl, (1-4C)alkoxy, halogeno, nitre, trifluoromethyl and cyano, and R2 is 
hydrogen; 

45 e) when Rt .is naphthyl optionally. bearing 1 or 2 substituents selected from halogeno, (1-4C)alkyl and nitr-... 
and R2 is hydrogen; and 
f) when Rt is benzylphenyl, benzyloxyphenyl, (pyridylmethoxy)phenyl, (naphthylmethoxy)phenyl, phenox­

. yphenyl and (phenoxymethyl)phenyl. . 
, 4. A process as claimed in claim 1 for the manufacture of a compound of the formula I as defined in 

so•' claim 1 but wherein in addition A& is hydroxy, X or X1 is hydrogen, and A' is ethylene. 
5. A process as claimed in claim 1 for the manufacture of a compound selected from: 

4(Z)·6·((2,4,5-cis)·2·( 1-(2-methylphenoxy ]· 1·methylethyl)-4·(3·pyridyl)·1 ,3·dioxan-5-yl]hexenoic acid; 
4(Z)·6·((2,4,5-cis)-2·(1 ·(2-nitro·4·methylphenoxy)-1 ·methylethyl)-4~(3·pyridyl)·1,3-dioxan-5-yl]hexenoic acid; 
4(Z)·6·( (2,4,5-cis)-2·(1 ·(2-hydroxyphenoxy ]· 1 ·methylethyl)·4·(3·pyridyl)-1.3·dioxan·5·yl]hexenoic acid: 

55 4(Z)·6·((2,4,5·cis)·2-(1 ·(2-cyano-4-methylphenoxy]-1 ·methylethyl)·4·(3·pyridyl)-1,3·dioxan·5·yl]hexenoic ac:·. 
4(Z)·6·( (2,4,5-cis)-2·( 1 ·[2·cyano·4·methoxyphenoxy ]· 1-methylethyl)-4·(3·pyridyl)· 1 ,3-dioxan-5-yl]hexenoic 
a~;~ - . 

4(~)-6·((2~.4~.5~)-2·(1 ·methyl-1 ·(2·nitro·4·methylphsnoxy)sthyl]-4·( •- · , ':l .... ; xan-5-vllhexenoic aciu· 
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or a physiologically acceptable biodegradable ester or (1-4C)alkanesulphonamide thereof; or a pharmaceuti· 

cally acceptable salt thereof. 
6. The use ot a cor:np9und of the formula I or a pharmaceutically acceptable salt thereof, as defined in 

claim 1, in the manuftictlire of a novel medicament for use iil producing a beneficial effect on the 

s thromboxane A2 system by antagonising one or more of the actions of thromboxane A2 and/or inhibiting its 

synthesis in a warm-blooded animal. 
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AND WHEREIN, IN THE AFORESAID CLAIMS, THE CHEMICAL STRUCTURES ARE AS FOLLOWS:· 
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Pyridine derivatives. 
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.ABSTRACT 
.. 

The' invention concerns novel, pharmaceutically useful 1,3-dioxane alkenoic acid derivatives of the formula I 
,;ontaining a pyridyl moiety at position 4 of the dioxane ring and in which the groups at positions 2, 4 and S have 
.:is-relative stereochemistry, X is hydrogen, alkoxy or hydroxy, Y is vinylene, !' is 1 or 2, A' is alkylene, the 
Tu°bstituents R1 and R2 at position 2 of the dioxane ring have a variety of values defined hereinafter, and R4 is 
hydroxy, a physiologically acceptable alcohol residue or alkanesulphonamido, and the pharmaceutically accept· 
able salts thereof. The invention also indudes processes for the manufacture and use of the acid derivativ.es as 
well as pharmaceutical compositions for therapeutic use in one or more of a variety of diseases such as 
1schaemic heart disease, cerebrovascular disease, asthmatic disease and/or inflammatory disease. 
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PYRIDINE DERIVATIVES 

REPLACEivIBI'-rf · 5HEETS · ·· so · · 
rt Description : paged .. J •• to paged .~:t. 
l;I Claim(s) : paged .k'!. to paged.~'!".. 
9 Drawing(s) : paged .. 

1
. to paged ..... 

IP Abstract : paged.~ ... to paged •. :'. 

,DATE OF RECEIPT ...... !!L~f.~.! .. 
This inv~ntion concerns novel pyridine containing alkenoic 

· .. -··· .... 

acid derivatives and, more particularly, it concerns novel 1,3-dioxan-

5-yl alkenoic acids containing a pyridyl 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 

A2 (hereinafter referred to as "TXA2
11 ) is a powerful vasoconstrictor 

and a potent aggregator of blood platelets. TXA2 is also a potent 

constrictor of bronchial and tracheal smooth muscle. TXA2 may 

therefore ~e 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 TXA2 exerts its physiological action 

through the thromboxane re~eptor, via which receptor various other 

prostanoid contractile substances derived from arachidonic acid, such 

as prostaglandins n2, F2 alpha and prostaglandin n2, can exert 

contractile effects. There are two principal ways in which the 

effects of TXA2 can be ameliorated. The first is by administering a 

pharmacological agent which preferentially occupies the thromboxane 

recepto~, but yet does not produce the contractile effects which 

follow ~he binding of TXA2 (or of prostaglandins H2, F2 alpha and/or 

o2). S~ch 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 involved in the production of TXA2 and in 

particular which inhibits the· enzyme known as thromboxane synthase 

(TXA2 synthase). Such an agent is said to be a TXA2 synthase 

inhibitor. Accordingly, it may be seen that agents which possess TXA2 
antagonht properties and which inhibit TXA2 synthase may be expected 

to be of therapeutic value in the treatment of one or more of the 

above .mentioned dise~,~es,.,or other disease~ ·;.in which TXA2 is involved. 

~ -
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Also, agents which possess TXA2 antagonist properties may be expected 

to be ot value additionally in treating those diseases in which 

prostaglandins e2,F2 alpha and/or o2 are involved, for example 

especially in treating asthmatic and inflammatory diseases. Although 

1,3-dioxane TXA2 antagonists are known (for example, in European 

patent, publication number 94239Bl), as are certain TXA2 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 ~ow discovered (and this is the basis for 

our invention) that, surprisingly, certain 1,3-dioxan-5-yl alkenoic 

acids of the formula I (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 TXA2 synthase and also possess significant TXA2 
antagonist properties and are useful pharmaceutical agents. 

According to the invention there is provided a 1,3-dioxane 

alkenoic acid derivative of the formula I (set out hereinafter 

together with the other chemical formulae in Roman numerals) wherein: 

n is the integer 1 or 2; X is hydrogen, hydroxy or (1-4C)alkoxy; Y is 

methyleneoxy, vinylene or e.thylene; A1 is (1-6C)alkylene; and 

a) R2 is hydrogen; and R1 is naphthyl or phenylthio{l-6C)alkyl, 

optionally bearing 1 or 2 substituents selected from halogeno, cyano, 

nitro, (l-4C)alkyl, (1-4C)alkoxy and trifluoromethyl, or R1 is a group 

of the formula R3.A2-, in which: 

R3 is phenyl bearing a substituent which is selected from (1-4C)alkyl, 

(1-4C)alkoxy, hydroxy, (2-SC)alkenyl, (1-4C)alkylthio, 

(1-4C)alkylsulphinyl, (1-4C)alkylsulphonyl, (2-SC)alkanoyl, carboxy, 

[(1-4C)alkoxy}carbonyl, [~-(1-4C)alkyl]carbamoyl, (1-SC)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, 

trifluoromethyl, nitro and cyano; 

or R3 is thienyl or furyl optionally bearing 1 or 2 substituents 

independently selected from halogeno, (1-4C)alkyl, nltto and cyano; 

and A2 is (1-6C)alkylene, oxy(l-6C)alkylene or (2-6C)alkenylene, up to 

three carbon atoms of any of which ~ay be wholly or partially 

fl ' d A2 ' d' b d ·R3 uor1nate , or is a irect on to ; 
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1 2 3 1 or R is a group of the formula Q .A .Q -, in which: 

o1 and o2 are aromatic moieties, 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 A3 is 

oxy," thio, sulphinyl, sulphonyl, carbonyl, carbamoyl, iminocarbonyl, 

ureido, (l-6C)alkylene, oxy(l-6C)alkylene, (2-6C)alkenylene or a 

direct bond between o1 and Q2; 

(b) R1 is pentafluoroethyl and R2 is hydrogen, or both R1 and R2 

are trifluoromethyl; or 

(c) R1 and R2 are both independently alkyl or together form 

alkylene, such that R1 and R2 together contain 5-9· carbon atoms; and 

R4 is hydroxy, a physiologically acceptable alcohol residue, or 

(l-4C)alkanesulphonamido; 

or a pharmaceutically acceptable salt thereof. 

It will be appreciated that the compounds of formula I 

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 TXA2 
and inhibiting the synthesi.s of TXA2, it being well known in the art 

how to prepare individual optical isomers (for example by synthesis 

from optically active starting materials or resolution of a racemic 

form) and how to determine the TXA2 antagonist properties and TXA2 
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 po;ition 2, when R2 is hydrogen) of the 1,3-dioxane moiety of 

formula I have cis-relative stereochemistry, as have the groups 

adjacent to Y when it is vinylene (i.e. the latter compounds exist as 

the "Z" isomer). Further, although a particular configuration is 

shown in the chemical formulae attached hereto, this 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 
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chain isomers such as "!-butyl" being referred to specifically when 

required. 

Particular values for R1 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 methyl substituents. 

A particular value for R1 when it is phenylthio(l-6C)alkyl 

is, for example, 1-methyl-1-(phenylthio)ethyl or phenylthiomethyl, 

optionally substituted as defined hereinabove. 

Particular values for substituents which may be present on 

R1 when it is naphthyl or phenylthio(l-6C)alkyl, or on the aromatic 

moieties o1 or o2 as defined above include, for example: for 

(l-4C)alkyl: methyl and ethyl; for (l-4C)alkoxy: methoxy and ethoxy; 

and for halogeno: fluoro, chloro and bromo. A particular value for X 

when it is alkoxy is, for example, methoxy or ethoxy. 

Particular values for substituents which may be present when 

R3 is phenyl, thienyl or furyl as defined above include, for example: 

for (l-4C)alkyl: methyl and ethyl; for (1-4C)alkoxy: methoxy and 

ethoxy; for halogeno: fluoro, chloro and bromo; for (2-SC)alkenyl: 

vinyl, 2-propenyl and 3,3-dimethylpropenyl; for (l-4C)alkylthio: 

methylthio and ethylthio; for (1-4C)alkylsulphinyl: methylsulphinyl 

and ethylsulphinyl; for (1-4C)alkylsulphonyl: methylsulphonyl and 

ethylsulphonyl; for (2-SC)alk~noyl: acetyl, propionyl, butyryl and 

2-oxopropyl; for [(1-4C)alkoxy]carbonyl: methoxycarbonyl, 

ethoxycarbonyl and !-butoxycarbonyl; for [~-(1-4C)alkyl]carbamoyl: 

N-methylcarbamoyl, N-ethylcarbamoyl and N-propylcarbamoyl; for 

(1-SC)alkanoylamino: formamido, acetamido and propionamido; and for 

substituted (1-4C)alkyl: methyl, 1-ethyl, 2-ethyl, or 1-, 2- or 

3-propyl, bearing a (l-4C)alkoxy (such as methoxy or ethoxy), cyano, 

carboxy or L(l-4C)alkoxy]carbonyl (such as methoxycarbonyl or 

ethoxycarbonyl) substituent. 

Particular values for R4 when it is a physiologically 

acceptable alcohol residue are those which render the subsequent ester 

biodegradable and are chosen from, for example, (l-6C)alkyl optionally 

bearing a hydroxy or (1-4C)alkoxy substituent, such as methyl, ethyl, 

2-hydroxyethyl, 2-methoxyethyl, propyl or 3-hydroxypropyl; phenyl; and 

benzyl; the latter two of which may bear 1 or 2 o tional substituents 
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selected from halogeno (such as fluoro, chloro, bromo or iodo), 

(l-4C)alkyl (such as methyl or ethyl) and (l-4C)alkoxy (such as 

methoxy or ethoxy). 

Particular values for R4 when it is (1-4C)alkanesulphonamido 

include, for example, methanesulphonamido, ethanesulphonamido and 

butanesulphonamido. 

Particular values for A1 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, ethylene being 

particularly preferred. 

Particular values for A2 when it is (l-6C)alkylene include, 

for example, (l-4C)alkylene (such·as·methylene, ethylene, 

trimethylene, isopropylidene and 1,1-dimethylethylene) and 3,3-pentyl­

idine; when it is (2-6C)alkenylene include, for example, vinylene, 

1,3-propenylene and 1,4-buten-2-ylene; and when it is oxy(l-6C)­

alkylene include, for example, oxymethylene, oxytetramethylene (i.e. a 

group of the formula: -O.(CB2)4- ), 1-oxy-1-methylethyl (i.e. a group 

of the formula: -O.C(CB3)2- ) and 2-oxy-1,1-dimethylethyl (i.e. a 

group of the formula -O.CB~.C(CB3)2- ), it being understood that the 

oxy link is to the group R. and not to the 1,3-dioxane ring. 

Particular values for A2 when it contains fluoro 

substituents include, for example, when it is difluoromethylene or 

2,2,2-trifluoro-l-oxy-1-trifluoromethylethyl (i.e. a group of the 

formula: -O.C(CF3)2- ). 

A particular value for R3 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. 

o1 is preferably a benzene moiety and o2 is typically a 

benzene, pyridine or napthalene moiety, optionally substitued as 

defined above. 

Particular vaiues for A3 when it is (1-6C)alkylene include, 

for example, (l-4C)alkylene (such as methylene, ethylene, 

trimethylene, isopropylidene and 1,1-dimethylethylene) and 

pentamethylene; when it is (2-6C)alkenylene include, for example, 

vinylene, 1,3-propenylene and 1,4-buten- - lene; and when it is 
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oxy(l-6C)alkylene include, for example, oxymethylene, oxyethylene and 

oxytetramethylene (i.e. a group of the formula: -O.(CH2)4-), it being 
1 2 . 

understood that the oxy link may be to Q or Q • -

A generally preferred value for n is 1, for X is hydrogen, 

for Y is cis-vinylene, for A1 is ethylene and for R4 is hydroxy. 

Specific values for Rl and R2 include, by way of example: 

a) when R1 and R2 are both trifluoromethyl; 

b) when R1 is thienyl or furyl, optionally containing a 

halogeno, cyano or nitro substituent, and R2 is hydrogen; 

c) when R1 is phenoxy(l-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 (l-4C)alkyl, (l-4C)alkoxy, halogeno, 

nitro, trifluoromethyl and cyano, and R2 is hydrogen; 

d) R1 is phenylthio(l-4C)alkyl (especially 1-methyl-1-

phenylthioethyl), the phenyl moiety of which optionally bears 1 or 2 

substituents independently selected from (l-4C)alkyl, (1-4C)alkoxy, 

halogeno, nitro, trifluoromethyl and cyano, and R2 is hydrogen; 

e) when R1 is naphthyl optionally bearing 1 or 2 substituents 

selected from halog'eno, (l-4C)alkyl and ni tro, and R2 is hydrogen; and 

f) when R1 is benzylphenyl, benzyloxyphenyl, 

(pyridylmethoxy)phenyl, (naphthylmethoxy)phenyl, phenoxyphenyl and 

(phenoxymethyl)phenyl. 

A group of compounds of the invention of particular interest 

comprises compounds of formula II wherein: R4 has the meanings defined 

above; A4 is (l-4C)alkylene; x1 is hydrogen or hydroxy; and R5 is 

naphthyl.or thienyl optionally bearing a substituent selected from 

cyano, nitro, halogeno and (l-4C)alkyl, or RS is a group of the 

formula R6 .AS~ in which: R6 is phenyl bearing a first substituent 

selected from (1-4C)alkyl, (1-4C)alkoxy, hydroxy, (2-SC)alkenyl, 

(l-4C)alkylthio, (l-4C)alkylsulphinyl, (l-4C)alkylsulphonyl, 

(2-5C)alkanoyl, carboxy, [(1-4C)alkoxy]carbonyl, [~-(l-4C)alkyl]­

carbamoyl, (1-SC)alkanoylamino and (l-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, 

(l-·4C)alkoxy, halogeno, trifluoromethyl, nitro and cyano, and AS is 

(l-4C)alkylene, oxy(l-4C)alkylene or a direct bond to RS; 

together with the pharmaceutically ~salts thereof. 
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Particular values for substituents which may be present as 

part of .RS or R6 include, for example, those given hereinabove for R1• 

Particular values for R6 include, for example, when it is -phenyl 

bearing a first (l-4C)alkyl (especially methyl or ethyl), (1-4C)alkoxy 

(especially methoxy) or hydroxy substituent, optionally together with 

a second nitro, halogeno (especially fluoro, chloro or bromo) .or 

trifluoromethyl substituent. 

Particular values for A4 include, for example, those defined 

above for A1 when it is (l-4C)alkylene, for example, ethylene, 

trimethylene and 1,1-dimethylethylene, of which values, ethylene and 

trimethylene are generally preferred. 

Particular values for AS include, for example, those defined 

above for A2 when it is a direct bond, (1-4C)alkylene or oxy(l-4C)­

alkylene, such as a direct bond, isopropylidene and 1,1-dimeth­

ylethylene, 1-oxy-1-methylethyl (i.e. a group of the formula: 

-O.C(CH3)2- ). 

Specific values for R5 include, for example, when it is 

1-naphthyl, 2-naphthyl, 2-chloroTl-naphthyl, 2-thienyl, 3-thienyl, 

5-cyano-2-thienyl, 5-bromo-2-thienyl, 4-bromo-2-thienyl, 

4-chloro-2-thienyl, 5-chloro-2-thienyl, 2-furyl, 5-bromo-2-furyl, 

1-(4-methoxyphenoxy)-1-methylethyl, 1-(4-~-butylphenoxy)-1-

methylethyl, 1-(2-methoxyphenoxy)-1-methylethyl, 1-(2-methylthio­

phenoxy)-1-methylethyl, 1-(4-methylthiophenoxy)-1-methylethyl, 

1-(2-methylsulphonylphenoxy)-1-methylethyl, 1-(4-methylsulphonyl­

phenoxy)-1-methylethyl, 1-methyl-1-(2-methylphenoxy)ethyl, 2-phenyl­

thiophenyl, 2-phenylsulphonylphenyl, 2-biphenylyl, 2-benzoylphenyl, 

alpha,alj>ha-diflurorobenzyl, 1-methyl-1-(4-methoxy-2-nitrophenoxy)­

ethyl, 1-methyl-1-(4-methyl-2-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)-1-methylethyl or (!)-2-methoxystyryl. 

A further group of compounds of the invention of particular 

interest comprises compounds of formula III wherein A4 is (l-4C)alkyl­

ene; x1 is hydrogen or hydroxy; A6 is oxy, thio, sulphonyl, carbonyl, 

carbamoyl, iminocarbonyl, (1-6C)alkylene, oxy(l-6C)alkylene or a 

direct bond to o3; o3 is benzene, pyridine or naphthalene; R7 and R8 
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are independently selected from hydrogen, halogeno, cyano, nitro, 

(l-4C)alkyl, (1-4C)alkoxy and trifluoromethyl; and R4 has the meanings 

defined above; together with the pharmaceutically acceptable salts 

thereof. 

Particular values for A4 in the formula III compounds are, 

for example, as for the formula II compounds stated above. 

Particular values for A6 include, for example, those defined 

above for A3 when it is (l-6C)alkylene or oxy(l-6C)alkylene, such as 

methylene, ethylene, isopropylidene and oxymethylene, as well as oxy, 

thio, sulphonyl, carbonyl, carbamoyl, iminocarbonyl, and a direct bond 

to o3• 

Examples of particular values for R7 or R8 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 

trifluoromethyl. o3 is typically phenyl or pyridyl. 

Specific values for the group of the formula R8.o3.A6- in 

the formula III compounds include, for example, phenoxy, phenylthio, 

phenylsulphonyl, phenyl, benzoyl, benzyl, benzyloxy, 4-cyanobenzyloxy, 

2-pyridylmethoxy, 3-pyridylmethoxy,.4-pyridylmethoxy, phenoxymethyl, 

2-naphthylmethoxy, 2,5-dimethoxybenzyloxy, 4-nitrobenzyloxy and 

3-cyanobenzyloxy. 

A particularly preferred value for R4 is hydroxy, for X1 is 

hydrogen and for A4 is ethylene. 

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 

inventi~n. Of these compounds, those described in Examples 18, 19, 

20, 46 and 48 are of particular interest and are provided together 

with their pharmaceutically acceptable salts, their physiologically 

acceptable biodegradable esters and (l-4C)alkanesulphonamides, as 

further features of the invention. 

It will be appreciated that the compounds of formula I are 

amphoteric when R4 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 salts, salts with organic amines and 
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quaternary bases forming physiologically acceptable cations such as 

salts with methylamine, dimethylamine, trimethylamine, ethylene­

diamine, piperidine, morpholine, pyrrolidine, piperazine, 

ethanolamine, triethanolamine, ~-methylglucamine, tetramethylammonium 

hydroxide and benzyltrimethylammonium 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 ~-toluenesulphonic and 

me~hanesulphonic acids. 

The compounds of formula I 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 R1, K2, R4, X, Y, 

A1 and n have any of the meanings defined hereinbefore. 

(a) A diol derivative of the formula IV wherein one of T1 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 (l-4C). alkyl) is 

reacted with an aldehyde derivative of the formula R1.cHO or an 

acetal, hemiacetal or hydrate thereof. 

The latter aldehyde [or its hydrate, or its acetal or hemi­

acetal with a (l-4C)alkanol (such as methanol or ethanol)] may 

conveniently be present in an excess. 

The reaction is generally performed in the presence of an 

acid such as hydrogen chloride, hydrogen bromide, sulphuric acid, 

phosphoi:.ic acid, methanesulphonic acid or £-toluenesulphonic acid, 

conveniently in the presence of a suitable solvent or diluent, such as 

dichloromethane, toluene, xylene or an ether, for example, tetra­

hydrofuran, dibutyl ether, methyl t-butyl ether or 1,2-dimethoxy­

ethane, and at a temperature in the range, for example, 0 to 80°C. 

Those starting materials of formula IV wherein T1 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 ethyl)and the other is (1-4C)alkyl, obtained by an analogous 

procedu~e to process (d) hereinbelow, for example as described in. 
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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 

tetrahydrofurari) as solvent. 

The starting materials of formula IV wherein one of .T1 and 

T2 is hydrogen and the other is a group of the formula -CRaRb.OH are 

intermediates in the above-mentioned formation of the starting 

materials of formula IV wherein T1 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 R1.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, ~t is necessary to modify procedures (a) and 

(b) where the aldehyde of formula R1.ceo is not particularly reactive 

or tends to form an acyclic hemiacetal when reacted with the compound 

of the formula IV or V, for example when pentafluoropropionaldehyde is 

used in the production of formula I compounds wherein R1 is a 

pentafluoromethyl group. Thus, a further procedure (c) of the 

invention comprises reacting a compound of the formula IV wherein one 

of T1 and T2 is hydrogen and the other is alkanesulphonyl (especially 

methanesulphonyl) or arenesulphonyl {especially benzene- or 

toluene-sulphonyl) with an aldehyde of the formula R1 CHO (or a . 
hydrate, acetal or hemiacetal thereof) in the presence 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 suitable 

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 arenesulphonyl 

esteL·s of formula IV defined above may be conveniently obtained from 

REPLACEMENT-- S~HTf-·1· --·-----, 
18 JUN 1997 I I 

______ __:.} 



- 11 -

the corresponding diol of formula IV (T1 = T2 = hydrogen) by reaction 

with one molecular equivalent of· the appropriate alkanesulphonyl or 

arenesulphonyl halide (such as methanesulphonyl chloride or 

£-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 pyridine5. 

(d) For those compounds of formula I in which Y is vinylene and 

R4 is hydroxy, an aldehyde of the formula VI is reacted with a Vittig 

reagent of the formula: R3P=CH.A1.co2- H+ wherein R is (l-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 I 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 .!!!!!!-relative 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, 

!-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 example, -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 Xis hydroxy, a compound of the 

formula VII wherein P is a protected hydroxy group (including 

(l-4C)alkoxy), is deprotected by conventional means. 

Examples of particularly suitable protected hydroxy groups 

include, for example, (l-4C)alkoxy (such as methoxy), benzyloxy, 

ally loxy, t et i:-ahyd ropyi:-an-2-y loxy, ( 1-4C) alkanesulphonyloxy 

(especially methanesulphonyloxy) and trialkylsilyloxy of up to 10 

carbon atoms. 

The deprotection conditions used necessarily depend on the 

nature of the protected hydroxy grou s. The removal of specific 
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hydroxyl protecting groups is well documented in standard organic 

chemist~y 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 follows:-

(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 !-butyldimethylsilyl, which is preferred): by reaction with aqueous 

tetrabutylammonium fluoride or sodium fluoride conveniently in a 

suitable solvent or diluent, such as tetrahydrofuran, or !-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 (l-4C)alkanol) and at 

e.g. 0 to 60 °C; (4) alkyl: by treatment with an alkali metal 

thioalkoxide or diphenylphosphide (such as sodium thioethoxide in a 

solvent such as N,N-dimethylformamide at e.g. 50-160 °C, or lithium 

diphenylphosphide in a solvent such as methyl !-butyl ether or 

tetrahydrofuran at e.g. 0-60 °C); or (5) benzyl: by palladium 

catalysed hydrogenolysis in an alkanol such as ethanol at or near 

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 

R1 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. 

(g) - An ester of the formula VIII wherein R9 is (l-6C)alkyl 

(especially methyl, ethyl, propyl or !-butyl), phenyl or benzyl the 

latter two optionally bearing 1 or 2 halogeno, (l-4C)alkyl 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 



- 13 -

hydroxide in an aqueous system conveniently in the presence of a 

suitable solvent or diluent such as tetrahydrofuran, methanol, ethanol 

or !-butyl methyl ether and a temperature in the general range, for 

example, 10 to 60°C and, conveniently, at or near ambient temperature. 

Alternatively, when R9 is !-butyl, the decomposition may be carried 

out thermally by heating the compound of formula VIII at a temperature 

in the general range, for example, 80 to 150°C, alone or in the 

presence of a suitable diluent such as diphenylether or 

diphenylsulphone. 

(h) For a compound of the formula I wherein Y is ethylene, a 

compound of the formula IX 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 example, 

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 I 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 

palladiJJm 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 Xis reacted with an·alkanoic acid derivative of the formula 

XI 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 (l-4C)alkanol when an alkali metal alkoxide 
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is used, in N,N-dimethylformamide or an ether, such as tetrahydrofuran 

or !-butyl methyl ether, when an alkali metal hydride is used, or in 

an ether when an al~ane derivative is used. The process fs generally 

carried out at a temperature in the range, 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 

salt 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. 94239Bl 

and patent application no. 98690A2. The aldehydes of the formula VI 

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-enyl]oxazol­

idin-2-one of the formula XIV in which RlO is (1-4C)alkyl (especially 

isopropyl) itself obtained from aldol condensation of the 

corresponding 3-(4-pentenoyl)oxazolidin-2-one with pyridylcarbox­

aldehyde, as shown in Scheme 3 hereinafter. 

_ The protected hydroxy derivatives of formula VII may be 

obtained for example 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 procedures analogous to those 

described above and to those set out in the accompanying Examples. 

The appropriate diols of formula IV for the production of 

dioxanes of formula I or V wherein the pyridyl moiety bearing X and 

the alkenoic acid side-chain have cis-relative stereochemistry, may be 

obtained, for example, using an analogous procedure to that described 

in European patent application, publication no. 142323, starting from 
. --
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the appropriate pyridine-carboxaldehyde and succinic anhydride and a 

suitable base, such as that used for the aldol condensation of part 

(ii) of Scheme 3. 

The esters of formula VIII may be made, for example, by 

carrying out process (a) using the appropriate ester of the diol 

corresponding to formula IV. Those compounds of formula 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 XII (to give the X compounds 

in which n = ?> 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 II (to give the X compounds 

in which n = 1). 

The aldehydes or ketones of the formula R1 .CHO or R1.co.R2 

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 !-butoxide or butyllithium. They are generally formed in 

situ just prior to carrying out the condensation process (d) above. 

It will be understood that the compounds of formula I 

wherein R4 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 c~mpounds of formula.I wherein R4 is other than hydroxy may be 

made by conventional esterification or sulphonamidation procedures 

from the compounds wherein R4 is hydroxy (or a reactive derivative 

thereof) and the appropriate alcohol, phenol or (1-4C)alkanesulphon­

amide. Such procedures are also within the ambit of the invention. 

Yhereafter, when a salt of a compound of formula I is 

required, it may be obtained by reaction with the appropriate base or 

acid affording a physiologically acceptable ion, or by any other 

conventional salt formation procedure. 

Further, when an optically active form of a compound of 

formula 1 is required, one of the aforesaid processes may be carried 
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out using an optically active starting material (for example as 

des~rib~d in Examples 46 and 47). Alternatively, the racemic form of 

a compound of formula I may be reacted with an optically active form 

of a suitable organic acid or base, for example, camphorsulphonic 

acid, ephedrine, N,N,N-trimethyl(l-phenylethyl)ammonium hydroxide or 

1-phenylethylamine, followed by conventional separation of th~· 

diastereoisomeric mixture of salts thus obtained, for example by 

fractional crystallisation from a suitable solvent, for example a 

(l-4C)alkanol, whereafter the optically active form of said compound 

of formula I may be liberated by treatment with acid (or base) using a 

conventional procedure, for example using an aqueous mineral acid such 

as dilute hydrochloric acid (or aqueous alkali such as aqueous sodium 

hydroxide). 

Many of the intermediates defined herein are novel, for 

example those of formulae V (Ra= Rb = ethyl), VI, VII, VIII, IX and 

X, and are provided as further, separate features of the invention. 

As stated earlier, the compounds of formula I possess 

significant TXA2 antagonist properties and are inhibitors of TXA2 
synthase. The TXA2 antagonism may be demonstrated in one or other of 

the following standard tests:-

(a) The rat aortic st_rip 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 

"Chemistry, 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 described by Born 

(Nature, 1962, 194, 927-929) and involving: 

(i) aggregating human, citrated, platelet-rich plasma by addition of 

the TXA2 mimetic agent U46619 so that a dose-response curve is 

generated; 

(ii) generating a dose-response curve for U46619 stimulated platelet 

aggregation in the presence of increasing amounts of test compound 

(generally in the range 10-SM to 10-lOM); and 

(iii) calculating a KB value indicating potency of TXA2 antagonism 

for the test compound, averaged over several concentrations, from the 

calculated 50% response value for U46619 aggregation in the presence 
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and absence of test compound; or 

{c) . a bronchoconstriction test involving measuring the 

inhibition by a test compound of the bronchoconstriction fnduced in 

Konzett-Rossler, anaesthetised guinea-pig model (as modified by 

Collier and James, Brit.~.Pharmacol., 1967, 30, 283-307) by 

intravenous administration of the TXA2 mimetic agent, U46619, .wnich 

involves: 

(i) obtaining a cumulative dose-response curve to U46619 induced 

bronchoconstriction by intravenous administration of constant volumes 

of increasing concentrations of U46619 (0.2-4 µg/kg) in physiqlogical 

saline solution and expressing bronchoconstriction as the maximum of 

that theoretically 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 

(iii) 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) 

indicating the potency of TXA2 antagonism. 

Test (b) may conveniently be modified to demonstrate the 

antagonism of the effects of TXA2 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 concentration of the platelet aggregation agent adenosine 
-6 

diphospW.te (about 0 .• 4-1.2 x 10 H) tog~ther with the TXA2 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 strain) are anaesthetised with 

sodium pentobarbital and blood pressure is monitored at the carotid 

artery. The TXA2 mimetic agent U46619 is administered intravenously 

at 5 ~g(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 
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administered either intravenously (via the jugular vein) or orally 

(via a ~annula) directly into the stomach and the animal challenged 

with 046619, five minutes after dosing with test compound-and then 

successively every ten minutes until the hypertensive effect of U46619 

is no longer blocked. 

The TXA2 synthase inhibitory properties of a test ~dmpound 

may be demonstrated using the standard in vitro test procedure [test 

(e)} described by Howarth et alia (Biochem. Soc. Transactions, 1982, 

10, 239 - 240) using a human platelet microsomal TXA2 synthase 

preparation and using a quantitative thin layer radiochromatographic 

method to assess the conversion of [1-14c]arachidonic acid to the TXA2 
metabolite thromboxane B2 (TXB2). 

The TXA2 synthase inhibitory properties of a test compound 

may also 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 cyclooxygenase inhibitor indomethacin (at about 10-3 

M), centrifuged and the level of the TXA2 metabolite, TXB2, determined 

by a standard radioimmunoassay technique. By comparison of the amount 

of TXB2 present in the plasma from animals dosed with test compound 

with that in the plasma of a control group dosed with placebo, the 

TXA2 synthase inhibitory ~roperties may be assessed. 

In general, the majority of compounds of formula I wherein 
1 4 R and R are hydroxy show effects in the following ranges in one or 

more of the above tests:-

test (a): pA2 of > 5.5 
-6 test (b): KB ·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 046619 induced hypertension for at 

least 1 hour following oral dosing at 50 mg/kg or less 
-6 test (e): rc50 of < 1.0 x 10 M 

test (f): significant inhibition of TXB2 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 I having effects in in vivo tests 

--··----.., 
REPLACEMENT SHEf.'i 

E
--··1 

7 ! 
_J 



- 19 -

(c), (d) or (f) at several multiples of the minimum effective dose. 

In general, compounds of formula I wherein R4 is other than 

hydroxy show lower activity in the above in vitro tests but show 

similar activity to the compounds of formula I in which R4 is hydroxy 

in the in vivo tests. 

The compound described in Example 1 hereina~ter pos~esses 

both TXA2 antagonist and TXA2 synthase inhibitory properties as 

indicated by a Ks of 3.0 x 10-7M in test (b) and an rc50 of 4.0 x 

10-8M in test (e). 

As stated previously, by virtue of their combined TXA2 
antagonist and TXA2 synthase inhibitory properties, the compounds of 

formula I may be used .fn the therapy or prevention of diseases or 

adverse conditions in warm-blooded animals in which TXA2 (or 

prostaglandins H2, o2 and/or F2 alpha) are involved. In general, a 

compound of formula I will be administered for this purpose by an 

oral, rectal, intravenous, subcutaneous, intramuscular or inhalation 

route, so that a dose in the range, for example 0.01-15 mg/kg 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 I will generally be used in the 

form of a pharmaceutical composition comprising a compound of formula 

I 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 ~e 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 
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administration may conveniently be formed with an enteric coating, for 

example.comprising cellulose acetate phthalate, to minimise contact of 

the active ingredient of formula I with stomach acids. 

The pharmaceutical compositions of the invention may also 

contain one or more agents known to be of value in diseases or 

conditions intended to be treated; for example a known platel~t 

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 TXA2 antagonist, such as a preferred compound 

described in European patent application, Publication No. 201354, or a 

known TXA2 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 TXA2 
antagonist and TXA2 synthase inhibitory effects for the required 

therapeutic effect in any of the aforesaid diseases or disease 

cond i t ions . 

In addition to their use in therapeutic medicine, the 

compounds of formula I are also useful as pharmacological tools in the 

develop~ent and standardisation of test systems for the evaluation of 

the effects of TXA2 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 I may also be used because of their 

TXA2 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. Vhen used 

for this purpose a compound of formula 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. 
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per litre is achieved in the blood. 

The invention will now be illustrated by the following non­

limi ting 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 ~; 

(ii) operations were carried out at room temperature, that is in 

the range 18-26°C; 

(iii) flash column chromatography was performed on Fluka Kieselgel 

60 (catalogue no. 60738) obtained from Fluk.a AG, Buchs, Switzerland 

Cff-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 CDC13 using tetramethylsilane (TMS) as an internal standard, and 

are expressed as chemical shifts (delta values) in parts per million 

relative·to TMS using conventional abbreviations for designation of 

major peaks: s, singlet; m, multiplet; t, triplet; br, broad; 

d,doublet; and 

(vi) all end-products yere isolated as racemates and had 

satisfactory microanalyses. 
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Example 1 

£-Toluenesulphonic acid {0.325g) was added to a solution of 

4{Z)-6-[2,2-dimethyl-4-{3-pyridyl)-1,3-dioxan-cis-5-yl]hexenoic acid 

{A) {0.469g) in acetonitrile {7ml), and the mixture was stirred for 

0.5 hours. A solution of 2-(4-methoxyphenoxy)-2-methylpropanal 

(0.894g) in acetonitrile (5ml) was added and the mixture was ~~ated at 

reflux for 18 hours under an atmosphere of argon. The mixture was 

then allowed to cool. The solution was basified with 2M aqueous 

sodium hydroxide solution, and then partitioned between water and 

ethyl acetate. The aqueous phase was acidified with acetic acid and 

extracted three times with ethyl acetate. The combined organic 

extracts were dried {MgS04) and concentrated to give an oil, which was 

purified by flash column chromatography, eluting first with 

dichloromethane and then methanol/dichloromethane(l:lO v/v) to give 

4(~)-6-[{2,4,5-cis)-2-(1-(4-methoxyphenoxy)-1-methylethyl)-4-

(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid (0.345g), as an oil which 

solidified on standing; NMR: 1.35(3H,s), l.38(3H,s), 1.55-1.8(2H,m), 

2.25-2.SS(SH,m), 3.75(3H,s), 3.95-4.25(2H,m), 4.75(1H,s), 

S.1-5.5(3H,m), 6.75-7.0(4H,m), 7.35-7.75(2H,m) and 8.5-8.6(2H,m). 

The starting material A was. prepared as follows: 

(i) Methyl 2-(nicotinoyl)acetate (17.9g, prepared by the method 

of E Yenkert et al, J. Org. Chem., 1983, 48, 5006) was added under 

argon to a solution of sodium metal (2.3g) in methanol (200ml) and the 

resulting 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 (MgS04) 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.Sg); NMR 

2.6-2.9(2H,m), 3.7(3H,s), 4.4(18,m), 4.9-S.2(2H,m), 5.5-6.0(lH,m), 

7.2-7.S(lH,m), 8.1-8 •. 3(1H,m), 8.7-8.8(1H,m) and 9.l-9.2(1H,m). 
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(ii) A solution of B (8.Bg) in dry THF (40ml) was added to 

suspension of lithium aluminium hydride (l.Bg) in dry THF (80ml) under 

argon at such a rate that the temperature did not exceed I0°C. After 

2 hours the mixture was cooled in ice. Ethyl acetate (20ml) was then 

added to destroy excess reagent, followed by saturated aqueous 

ammonium chloride (50ml). The precipitate was removed by fil~ration 

and washed with ethyl acetate. The aqueous phase was separated and 

extracted with ethyl acetate (3 x 50ml). 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 v/v), to give 2-allyl-1-(3-pyridyl)-l,3-propanediol (C) (5.3g), 

as an oil (mixture of diastereomers); NMR: 1.8-2.2(3H,m), 

3.6-4.1(48,m), 4.7-5.2(3H,m), 5.6-5.9(18,m), 7:2-7.4(1H,m), 

7.65-7.8(18,m) and 8.4-8.6(28,m). 

(iii) A mixture of C (5.2g), ~-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 

5-allyl-2,2-dimethyl-4-(3-pyridyl)-l,3-dioxane (D) (mixture of 4,5-cis 

and trans isomers) as an oil (4.6g); NMR: 1.4-1.6(68,m), 1.6-2.5 

(3H,m), 3.65-4.25(28,m), 4.5-5.7(4H,m), 7.2-7.4(1H,m), 7.6-7.S(lH,m) 

and 8.45-8.65(28,m). 

(iv) Ozone in oxygen was bubbled through a solution of D (3.4g), 

in ethyl, acetate (130ml) at -70°C until a blue colour persisted 

throughout. Argon was then bub.bled through the solution to discharge 

the excess ozone and a solution of triphenylphosphine (6.0g) in ethyl 

acetate (50ml) 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 ~n 

oil which was purified by flash column chromatography, eluting with a 

mixture (60:40 v/v) of ethyl acetate and petroleum ether (b.p. 40-60°) 

to give initially 2,2-dimethyl-4-(3-pyridyl)-1,3-dioxan-cis-5-yl­

acetaldehyde (E) as an oil (0.8g); NMR: 1.5(38,s}, 1.55(3H,s), 
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2.0-2.3(1H,m), 2.3-2.S(lH,m), 2.8-3.0(lH,m), 3.8(1H,dd, J=12Hz, 

1.5Hz), 4.3(1H,dm, J=l2Hz), 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), 2.0-2.6(3H,m), 3.75-4.05(2H,m), 

4.68(1H,d, J=10Hz), 7.25-7.40(1H,m), 7.70-7.SO(lH,m), 8.50-8.~5(2H,m) 

and 9.5(1H,br s); as an oil (0.7g). 

(v) A solution of E (0.20g) in dry tetrahydrofuran (THF) 

(7 ml) was added under argon to a stirred, ice-cooled solution of the 

ylid prepared from (3-carboxypropyl)triphenylphosphonium bromide 

(0.91g) and potassium !-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 (50ml), dried (MgS04) and concentrated. 

The residue was purified by flash column chromatography, eluting with 

dichloromethane/methanol (95:5, v/v), to give 4(~)-6-(2,2-dimethyl-

4-(3-pyridyl)-l,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=12HZ, 

1.5Hz), 4.15(1H,dm, J=l2Hz), 5.15-5.50(3H,m), 7.3-7.4(1H, m), 

7.7-7.8(1H,m), 8.l(lH, br s) and 8.45-8.60(2H, m). 

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

(vi) A stirred solution of methyl magnesium iodide, [prepared 

from magnesium turnings, (32.Sg, 1.35M), and methyl iodide, (84.lml, 

l.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. Yater, (lOOml), 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, (MgS04), and· 

concentrated .. The residual oil was di.stilled under reduced pressure 

I~ 
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to give .l,1-dichloro-2-hydroxy-2-methylpropane, (57.Slg), as an oil; 

b.p. 48-50°C at 20mm Hg; NMR: 1.45(6H,s), 2.15(1H,br s) arid 5.65 

(lH,s). 

(vii) A solution of 4-methoxyphenol, (21.72g, 0.175mol), in 

aqueous sodium hydroxide solution, (5.8M, 30ml), was treated with 

cetyltrimethyl ammonium bromide, (0.25Sg, 0.7mmol), followed by a 

solution of 1,1-dichloro-2-hydroxy-2-methylpropane, (5.0lg, 35mmol), 

in ether, (70ml). The mixture was stirred under an argon atmosphere 

for 18 hours then diluted with ether, (lOOml), and extracted with 

aqueous sodium hydroxide solution, (2M, 4x50ml), to remove unreacted 

phenol. The combined aqueous extracts were extracted with eth~r, 

(lOOml), and the organic phase was washed with aqueous sodium 

hydroxide solution, (2M, 50ml), and water, (lOOml). The combined 

organic extracts were dried, (Mgso4), concentrated and purified by 

flash column chromatography, eluting with ethyl acetate/hexane, (10%, 

v/v), 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). 

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 

Using an analogous procedure to that described in Example 1 

but starting from 2-(4-!-butylphenoxy)-2-methylpropanal, there was 

obtain.ed 4(~)-6-( (2, 4, 5-cis)-2-(1-( 4-!-butylphenoxy]-l-methylethyl)-

4-( 3-pytj.dyl)-1, 3-dioxan-5-yl )hexenoic acid as an oil, which 

solidified on standing, in 24% yield; NMR: 1.3(9H,s), 1.35(3H,s), 

1.4(3H,s), 1.55-1.8(2H,m), 2.25-2.55(5H,m), 3.95-4.25(2H,m), 

S.1-S.5(3H,m), 6.9-7.75(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-!-butylphenol and 

1,1-dichloro-2-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 

5-Cyanothiophene-2-carboxaldehyde (500 mg) and ~-toluene­

sulphonic. acid (220 mg) were added to a stirred suspension of 

4 (~)-·6-l 2, 2-dimethyl-4-(3-pyridyl)-1, 3-dioxan-£!!-5-yl ]hexenoic acid 
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(305 mg) in acetonitrile (10 ml). The mixture was stirred for 18 

hours •. Yater (20 ml) and M sodium hydroxide solution (30 ml) were 

added and the mixture was washed with ethyl acetate (3 x 20 ml). The 

aqueous phase was acidified (acetic acid) to pH 4-5 and extracted with 

ethyl acetate (3 x 30 ml). The extracts were washed with saturated 

brine, dried (MgS04) and evaporated. The residual gum was 

crystallised from hexane/ethyl acetate to give 

4(~)-6-[(2,4,5-cis)-2-(5-cyano-2-thienyl)-4-(3-pyridyl)-1,3-dioxan-

5-yl]hexenoic acid (148 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(48, 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 5-cyano-2-methylthiophene with chromium trioxide (Org. 

Syntheses, Collected Volume II, 441, 1943) as a colourless solid (60% 
-1 + 

yield), m.p. 91-93°C; lR: 2210 (CN) and 1670 (CHO) cm ; m/e 137 (M ). 

Examples 4-11 

Using a similar procedure to that described in Example 3, 

but starting from the appropriately substituted heterocyclic aldehyde 

of formula R1 . CHO, the foll.owing acids of formula XIII were obtained 

in yields of 24-42%:-

Example m.p. 

(°C) 

4 4-Br-2-thienyl 72-74 

5 5-Br-2-thienyl 143-145 

6 4-Cl-2-thienyl 112-116 

7 2-thienyl 149-151 

Partial NMR Data 

5.92(1H, s), 7.12(1H, s), 

7.23(1H, m). 

5.88(1H, s), 6.95(2H, m). 

5.91(1H,s), 7.10(2H, m) 

5.97(1H, s), 7.02(1H, m), 

7.18(1H, m). 

-----·--··--~--, 
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Example I Rl m.p. Partial NHR Data 

I (°C) 

8 5-Cl-2-thienyl 153-155 5.85(1H, s), 6.80(1H, d), 

6.93(1H, d). 

9 2-furyl 139-141 5.80(1H, s), 6.38(1H, m), 

6.53(1H, m), 7.53(1H, m). 

10 5-Br-2·-furyl 157-158 5.75(1H, s), 6.33(1H, d), 

6.55(1H, d). 

11 3-thienyl 146-148 5.80(1H, s), 7.30(3H, m). 

Note The starting aldehydes of formula R1.CHO were commercially 

available but may be obtained by standard procedures such analogous to 

those described herein. 

Example 12 

2M Sodium hydroxide solution (2.0 ml) was added to a stirred 

solution of methyl 4(~)-6-(2,2-bis(trifluoromethyl)-4-(3-pyridyl)-l,3-

dioxan-cis-5-yl]-hexenoate (G) (420 mg) in methanol (10 ml). After 2 

hours, water (40 ml) was added. The solution was acidified with acetic 

acid and then extracted with ethyl acetate (4 x 20 ml). The combined 

extracts were washed with saturated brine (20 ml), and then dried 

(MgS04 )~ 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 a white solid. This 

was recrystallised from ethyl acetate/hexane to give crystalline 

4(Z)-6-[2,2-bis(trifluoromethyl)-4-(3-pyridyl)-l,3-dioxan-cis-5-yl]­

hexenoic acid (246 mg), m.p. 119-120°C; NMR: 1.67(1H, m), 1.94(1H, m), 

2.29(4H, m), 2.Sl(lH, m); 4.22(1H, d, J= 11 Hz), 4.45(1H, dm, J=llHz), 

5.20(1H, m), S.SO(lH, m), 5.62(18, d, J = 1.5Hz), 7.40(18, m), 7.74 

(lH, dm, J=7Hz) and 8.60(2H, m); microanalysis, found: C,49.4; H,4.2; 
+ N, 3.2%; c17H17No4F6 requires: C,49.4; H,4.2; N, 3.4%; m/e 414 (M+H) • 
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The necessary starting material G was prepared as follows: 

(i) lM Hydrochloric acid (10 ml) was added to a solution of 

4(Z)-6-[2,2-dimethyl-4-(3-pyridyl)-1,3-dioxan-cis-5-yl]hexenoic 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 ethyl 

acetate (2 x 25 ml), acidified to pH 5 with acetic acid, and then 

saturated with solid sodium chloride. The aqueous mixture was then 

extracted with ethyl acetate (12 x 50 ml) and the combined extracts 

were dried (MgS04). The solvent was removed by evaporation to give 

4(Z)-erythro-8-hydroxy-7-hydroxymethyl-8-(3-pyridyl)-4-octenoic acid 

(H) as a brown oil (1.114 g), which was used without further 

purification. For the purposes of characterisation, a sample was 

purified by flash chromatography eluting with methanol/dichloromethane 

(1:5 v/v); 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 lHz) and 

8.60(1H, d, J=2Hz). 

(ii) £-Toluenesulphonic acid monohydrate (1.06 g) was added to a 

solution of H (1.114 g) in methanol (25 ml) and the mixture was was 

stirred for 3 hours. Triethylamine (0.83 ml) was added and the 

mixture was concentrated to a small volume. Saturated brine (20 ml) 

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 (MgSO~) ·and the solvent was removed by evaporation. 

The resultant oil was purified by MPLC, eluting with 

methanol/dichloromethane (1:12 v/v) to give methyl 4(Z)-erythro-

8-hydro~-7-hydroxymethyl-8-(3-pyridyl)-4-octenoate (I) as an oil 

(1.044 g); NMR (250 MHz, CDC13): l.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). 

(iii) A solution of methanesulphonyl chloride (0.32 ml) in 

dichloromethane (2.0 ml) was added during ten minutes to a stirred 

solution of I (995 mg) and t.riethylamine (0.59 ml) in diC:hloromethane 

(20 ml). The mixture was stirred for a further 1 hour and then 

diluted with ethyl acetate (50 ml). The subsequent mixture was washed 

with water (2 x 15 ml), saturated brine (15 ml), and dried (MgS04). 
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The solvent was removed by evaporation to give an oil which was 

purified by MPLC, eluting with methanol/dichloromethane (1:32 v/v), to 

give methyl 4(Z)-erythro-8-hydroxy-7-(methylsulphonyloxymethyl)-8-(3-

pyridyl)-4-octenoate (J) as a colourless oil (886 mg); NMR (250 MHz, 

CDC13): 2.24(8H, m), 3.01(3H, s), 3.68(3H, s), 4.lO(lH, 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 ml) added. The resulting solution was extracted with 

ether (4 x 20 ml), and the combined organic extracts were washed with 

saturated brine (20 ml), then dried (MgS04). The solvent was removed 

by evaporation and the resultant residue purified by flash 

chromatography, eluting with ethyl acetate/hexane (40:60 v/v), to give 

methyl 4(Z)-6-[2,2-bis(trifluoromethyl)-4-(3-pyridyl)­

l,3-dioxan-cis-5-yl]hexenoate (G) as a pale yellow oil (425 mg): NMR: 

l.61(1H, m), 1.91(1H, m), 2.27(4H, m), 2.54(1H, m), 3.65(3H, s), 

4.23(1H, bd, J=llHz), 4.44(1H, dm, J=llHz) S.16(1H, m), 5.46(1H, m), 

5.62(1H, d, J=l.5Hz), 7.38(1H, m), 7.70(1H, dm, J=7Hz) and 8.58(2H, 

m); m/e 428 (M+H)+. 

Example 13 

An analogous hydrolysis procedure was used to that described 

in Example 12, but starting from methyl 4(Z)-6-[(2,4,5-cis)-2-penta­

fluoroethyl-4-(3-pyridyl)-l,3-dioxan-5-yl]hexenoate.. Evaporation of 

the extracts of the acidified reaction mixture gave a colourless oil 

which o:Ll solidified on trituration with hexane. Recrystallisation of 

the solid from ethyl acetate/hexane gave 4(Z)-6-[(2,4,5-cis)-2-penta­

fluoroethyl-4~(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid (61%); m.p. 

121-124°C; NMR (250 MHz, CDC13): 1.68(1H, m), 1.85(1H, m), 2.30(4H, 

m), 2.51(1H, m), 4.03(1H, d, J=llHz), 4.31(1H, d, J=llHz), 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; H,4.5; N,3.3%; c17a18No4F5 
+ 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 
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4(~)-6-[(2,4,5-cis)-2-pentafluoroethyl-4-(3-pyridyl)-1,3-dioxan-5-

yl]hexenoate as a yellow oil (59%); NMR: 1.61(1H, m), 1.81(1H, m), 

2.30(4H, m), 2.53(1H, m), 3.66(3H, s), 4.02(1H, dm, J=llHz), 4.29(1H, 

dd, J=ll,l.SHz), 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 

2M sodium hydroxide solution (3.0 ml) was added to a stirred 

solution of methyl 4(~)-6-(2,2-diethyl-4-(3-pyridyl)-1,3-dioxan-cis-

5-yl]hexenoate (218 mg) in methanol (10 ml). After 5 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 ml), and then dried 

(MgS04). 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(~)-6-[2,2-

diethyl-4-(3-pyridyl)-1,3-dioxan-cis-5-yl]hexenoic acid as a pale 

yellow oil (145 mg); NMR: 0.86(38, t, J=7Hz), 1.08(3H, t, J=7Hz), 

1.66(4H, m), 1.95(2H, m), 2.30(4H, m), 2.52(18, m), 3.84(1H, d, 

J=llHz), 4.15 (lH, d, J=llHz), 5.23(2H, m), 5.40(1H, m}, 6.32(1H, br), 

7.35(1H, m), 7.75(1H, dm, J=7Hz) and 8.55(2H, m); m/e 334 (M+H)+. On 

keeping for several weeks ~t 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%; c19H27o4 

requires: C,68.4; H,8.2; N, 4.26% 

The necessary starting methyl ester was prepared as 

follows:-

(i) A solution of 4(~)-6-(2,2-dimethyl-4-(3-pyridyl)-1,3-

dioxane-cis-5-yl]hexenoic acid (5.0 g) in methanol (SO ml} was treated 

with £-toluenesulphonic acid monohydrate (3.74 g). The mixture was 

stirred for 4 hours and then added to 5% w/v sodium hydrogen carbonate 

solution (75 ml). This mixture was acidified (acetic acid) and 

extract~d with ethyl acetate (4 x 20 ml). The combined extracts were 

washed with water (10 ml), then dried (MgS04) and the solvent removed 

by evaporation. The residual oil was purified by flash 

chromatography, eluting with dichloromethane/methanol (92:8 v/v) to 

give methyl l~(Z)-Z-erythro-8-hydroxy-7-hydroxymethyl-8-(3-pyridyl)-4-
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octenoate as an oil (4.20 g) with an NMR spectrum which was closely 

similar .to that for the diol obtained in Example 12 (ii). 

(ii) A solution of the diol from (i) (400 mg), ~-toluene 

sulphonic acid monohydrate (293 mg), diethylketone (290 microlitres) 

and trimethylorthoformate (383 microlitres) in acetonitrile (10 ml) 

was stirred for 4 hours. 5% w/v Sodium hydrogen carbonate so~~tion 

(20 ml) was added and the mixture extracted with ethyl acetate (3 x 25 

ml). The combined extracts were washed with saturated brine (15 ml), 

and then dried (MgS04). 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-yl]hexenoate as a pale yellow oil (218 mg); 

NMR (250 MHz, CDC13): 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=llHz), 4.13(1H, d, J=llHz), 

S.20(1H, m), 5.28(1H, d, J=2Hz), S.38(1H, m), 7.31(1H, m), 7.70(1H, d, 

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

Example 15 

In a similar manner to Example 14 but starting from methyl 

4(~)-6-(2,2-diisopropyl-4-(~-pyridyl)-1,3-dioxan-cis-5-yl]hexenoate, 

there was obtained 4(~)-6-(2,2-diisopropyl-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.SO(lH, m), 

2.96(1H, m), 3.82(1H, d, J=llHz), 4.18(1H, d, J=llHz), S.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%; 

c21H31No40.2SH2o 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(~)-6-[2,2-diisopropyl-

4-(3-pyridyl)-l ,3-dioxan-cis-5-yl]hexenoate was obtained as a pale 

yellow oil(44%); NMR (250 MHz, CDC13): 1.07(12H, m), 1.57(2H, m), 
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2.13(1H, m), 2.30(4H, m), 2.53(1H, m), 2.96(1H, m), 3.64(3H, s), 3.80 

(lH, ddt J=ll, 1.SHz), 4.14(1H,dm, J=llHz), 5.20(1H, m), 5.28(18, d, 

J-1.SHz}~ 5.35(1H, m), 7.30(1H, m), 7.20(1H, d, J=7Hz) and 8.55(2H, 

m}; m/e 376 (M+H}+. 

Example 16 

Using a similar procedure to that described in Example 1, but using 

2-methyl-2-(4-methylsulphonylphenoxy)propanal as the aldehyde, there 

was obtained 4-(~)-6-[(2,4,5-cis)-2-(l-methyl-l-(4-methylsulphonyl­

phenoxy)ethyl)-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic 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(28,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-

(methylthio)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=7Hz), 6.75-7.2(4H,m}]. This ester 

was oxidised with ~-chloroperbenzoic acid in dichloromethane at 

ambient temperature to give, after conventional work-up, ethyl 2-

methyl-2-(4-methylsulphonylphenoxy).propionate [oil, slowly 

solidifying: 92% yield; NM~: 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-methylsulphonylphenoxy)­

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(18,s). 

Examples 17-19 

Using an analogous procedure to that described in Example 1 

but using the.appropriate aldehyde, there were obtained:-

(Example 17): 4(~)-6-((2,4,S-cis)-2-(l-[2-methoxyphenoxy]-1-methyl­

ethyl)-4-(3-pyridyl)-l,3-dioxan-5-yl]hexenoic 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.SS(SH, 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; 
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(Example 18): 4(Z)-6-[(2,4,5-cis)-2-(l-[2-methylphenoxy]-1-methyl­

ethyl)-4-(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid as an oil, which 

solidified on keeping, to give solid in 15% yield; NMR: 1:40(3H,s), 

1.45(3H, s), 1.S0-1.80(2H, m), 2.25(3H, s), 2.15-2.60(5H, 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.S0-8.60(2H, m), starting from 

2-methyl-2-(2-methylphenoxy)propanal; and 

(Example 19): 4(~)-6-[(2,4,5-cis)-2-(1-[2-nitro-4-methylphenoxy]-1-

methylethyl)-4-(3-pyridyl)-l,3-dioxan-5-yl]hexenoic 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(2B, m), 

4.80(1H, s), 5.05-5.50(3H, m), 7.10-7.70(58, m) and 8.45-8.60(2H, m). 

starting from 2-methyl-2-(2-nitro-4-methylphenoxy)propanal. 

The necessary starting aldehydes were obtained as follows:­

(17) 2-methyl-2-(2-methoxyphenoxy)propanal: obtained as an oil, NMR: 

l.35(6H, s), 3.75(3H, s) and 6.80-7.25(48, m), using a procedure 

analogous to that described in Example 1 but starting from 

2-methoxyphenol and 1,l-dichloro-2-hydroxy-2-methylpropane; 

(18) 2-methyl-2-(2-methylphenoxy)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-methylpropane; and 

(19) 2-methyl-2-(2-nitro-4-methylphenoxy)propanal: 

(i) A solution of 2-nitro-4-methylphenol (ll.48g) in 

l,3-dimethyl-3,4,S,6-tetrahydro-2(1H)-pyrimidinone (DMPU) {50ml) was 

cooled t9 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 far 2 hours, then cooled to 5°C and treated with ethyl 

2-bromo-2-methylpropionate (13.lSg). 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 solution (lM) and ethyl acetate. 

The organic solution was separated and washed twice with lM 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 
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to 10:90 v/v), to give ethyl 2-methyl-2-(2-nitro-4-methylphenoxy)­

propionate (4.48g) as an oil; NMR: 1.25 {38, t), 1.60{6H, s), 2.35{3H, 

s}, 4.25(2H, q) and 6.8-7.6(3H, m). 

(ii) A solution of ethyl 2-methyl-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.s~· 

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 {tlc}. The reaction was 

quenched by addition of aqueous ammonium chloride solution and ether. 

The resulting mixture was clarified by filtration through kieselguhr. 

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/v 

to 15:85 v/v), gave 2-methyl-2-{2-nitro-4-methylphenoxy)propanal as an 

oil, (1.89g); NMR: 1.45(6H, s), 2.35(38, s), 6.8-7.6{3H, m) and 

9.85{1H, s). 

Example 20 

A solution of 4(~)-6-°[ (2,4,5-cis)-2-{1-[2-methoxyphenoxy]-1-

methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid (0.33lg} 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 lM aqueous sodium hydroxide solution •. The organic 

phase was separated and extracted twice with sodium hydroxide 

solutio~. The combined aqueous extracts were then washed with 

dichloromethane and acidified to pH5-6 using acetic acid. The mixture 

was extracted· three times with dichloromethane and these combined 

extracts were dried (MgS04) and concentrated to give an oil. 

Purification by flash column chromatography, eluting with a mixture of 

methanol and dichloromethane {3:97 to 10:90, v/v) gave 4(~)-6-

[ (2,4,5-~is)-2-(1-[2-hydroxyphenoxy)-1-methylethyl)-4-(3-pyridyl)-

1,3-dioxan-5-yl]hexenoic 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(58, m), 4.00-4.35(28, m), 4.80(1H, s), 5.15-5.55{3H, m), 

6.70-7.05(48, m), 7.40-7.75(2H, m) and 8.50-8.65{2H, m). ------· ... 
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Example 21 

. Using an analogous procedure to that described in Example 1 

but using 2-methoxycinnamaldehyde as the aldehyde component, there was 

obtained 4(~)-6-((2,4,5-cis)-2-(2~-[2-methoxyphenyl]ethenyl)-4-

(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid as an oil, which solidified 

on keeping to give solid in 18% yield; 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 22 

The acid catalysed aldehyde/ketone exchange reactions 

described in any of the preceding Examples may also be performed using 

4(~)-6-[2,2-diethyl-4-(3-pyridyl)-1,3~dioxan-cis-5-yl]hexenoic 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 I may be obtained. 

Example 23 

2-Naphthaldehyde (0.468g) and ~-toluenesulphonic acid 

(0.22g) were added to a solution of 4(Z)-6-[2,2-dimethyl-4-

(3-pyridyl)-1,3-dioxan-cis-5-yl]hexenoic acid (A , as described in 

Example 1) (0.305g) in acetonitrile (lOml), under an atmosphere of 

argon. The mixture was hea~ed at reflux for 18 hours and then allowed 

to cool. Ethyl acetate (lOml) was added and the mixture was extracted 

with 2M aqueous sodium hydroxide solution (60ml). The basic extract 

was acidified to pH4 with acetic acid and extracted with ethyl acetate 

(90ml). The combined organic extracts were dried (Mgso4) and 

concentrated to give an oil, which was purified by flash column 

chromat~raphy, eluting with methanol/dichloromethane (1:10 to 1:5 

v/v), to give 4(Z)-6-[(2,4,5-cis)-2-(2-naphthyl)-4-(3-pyridyl)-1,3-

dioxan-cis-5-yl]-hexenoic acid, as a solid, (0.224g), m.p. 138-142°C; 

NMR: 1.74 (2H,m), 2.28 (4H,m), 2.64 (lH,m), 4.18-4.34 (2H,m), 5.27 

(3H,m), 5.43 (lH,m), 5.88 (lH,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%; c25H25No4,0.25H2o requires: c, 73.6; H, 6.3; N, 3.4%. 
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Example 24 

. Using an analogous procedure to that described in Example 23 

but starting from 3-benzyloxybenzaldehyde, there was obtained 

4(Z)-6-[(2,4,5-cis)-2-(3-benzyloxyphenyl)-4-(3-pyridyl)-1,3-

dioxan-cis-5-yl]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 (lH,m), 4.~Z-4.28 

(2H,m), 4.85 (lH,m), 5.12 (2H,s), 5.27 (2H,m), 6.98-7.75 (llH,m) and 

8.58 (2H,m); m/e 459 (M + H)+ ; microanalysis, found: C, 72.8; H, 6.4; 

N, 2.9%; C28H29N05 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 formula R1.CHO and 

dioxane hexenoic acid A the following compounds of the formula XIII 

were obtained:-

(Example 25): R1 
= 3-(4-cyanobenzyloxy)phenyl; isolated as a solid, 

m.p. 149-150°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): R1 
= 1-naphthyl; isolated as a solid, m.p. 171-172°C; 

partial 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 27): R1 = 4-(4-cy~nobenzyloxy)phenyl; isolated as a solid, 

m.p. 162-164°C; partial NMR: 5.69(1H,s), 6.97(28,d), 7.36(1H,m), 

7.52(48,m), 7.70(38,m), 8.53(2H,m); 

(Example 28): R1 = 2-benzyloxyphenyl; isolated as a solid, m.p. 142-

1440C; partial NMR: 6.15(18,s), 6.93(18,d), 7.0S(lH,t), 7.31(7H,m), 

7.78(28,s), 8.51(18,d), 8.58(1H,s); 

(Example 29}: R1 = 4-benzyloxyphenyl; isolated as a solid, m.p. 200-

2040C; partial NMR: 5.72(1H,s), 7.02(28,d), 7.18(1H,m}, 7.40(7H,m}, 

7.72(1H,s), a~48(1H,d), 8.53(1H,s); 

(Example 30): R1 = 4-(3-pyridylmethoxy)phenyl; isolated as a solid, 

m.p. 174-177°C; partial NMR: 5.62(1H,s}, 6.93(2H,d), 7.25(28,d}, 

7.43(28,d), 7.69(2H,s), 8.50(4H,m); 

(Example 3~): R1 
= 4-phenoxyphenyl; isolated as a solid, m.p. 142- --

1440C; partial NMR: 5.72(18,s), 7.07(58,s}, 7.35(3H,s), 7.55(2H,s), 

7.78(1H,m), 8.57(2H,m); 
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(Example 32): R1 = 3-phenoxyphenyl; isolated as a solid, m.p. 130-

1320C; partial NMR: 5.72(1H,s), 7.07(4H,m), 7.35(6H,s), 7.82(1H,m), 

8.55(2H,m); 

(Example 33): R1 
= 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 34): R1 
= 2-(4-cyanobenzyloxy)phenyl; isolated as a solid, 

m.p. 159-162°C; partial NMR: 6.lS(lH,s), 6.88(1H,d), 7.09(1H,t), 

7.37(2H,m), 7.47(2H,d), 7.58(2H,d), 7.77(2H,m), 8.55(2H,m); 

(Example 35): R1 = 2-(3~pyridylmethoxy)phenyl; isolated as a solid, 

m.p. 131-135°C; partial NMR: 6.15(1H,s), 6.92(1H,d), 7.08(1H,t), 

7.30(3H,m), 7.72(3H,m), 8.60(4H,m); 

(Example 36): R1 
= 4-benzyloxy-3-nitrophenyl; isolated as a solid, 

m.p. 150-152°C; partial NMR: S.70(1H,s), 7.12(1H,d), 7.38(6H,s), 

7.73(2H,m), 8.04(1H,d), 8.57(2H,d); 

(Example 37): R1 = 3-(1-naphthylmethoxy)phenyl; isolated as a solid, 

m.p. 115-117°C; partial NMR: S.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), 

8.0S(lH,m), 8.55(2H,m); 

(Example 38): R1 = 3-(2,5-dimethoxybenzyloxy)phenyl; isolated as a 

solid, m.p. 53-54°C; parti~l NMR: 5.72(1H,s), 6.82(2H,m), 7.00(lH,m), 

7.15(28,m), 7.31(4H,m), 7.82(1H,m), 8.57(2H,m); 

(Example 39): R1 = 2-(4-pyridylmethoxy)phenyl; isolated as a solid, 

m.p. 115-117°C; partial NMR: 6.14(1H,s), 6.87(1H,d), 7.0(lH,t), 

7.12(1H,m), 7.60(7H,m), 8.6(2H,m). 

(Example 40): R1 = 2-chloro-1-naphthyl; isolated as a solid, m.p. 

188-190:c; partial NMR: 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); 

(Example 41):· R1 = 2-(2-pyridylmethoxy)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(18,t), 7.29(2H,m), 7.45(1H,d), 7.57(1H,d), 7.76(2H,dd), 

8.55(3H,m); 
. 1 . 
(Exampl~ 42): 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.ll(lH,t), 

7.32(2H,m), 7.50(2H,d), 7.76(2H,m), 8.16(2H,m), 8.59(2H,m); 

(Example 43): R1 = 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); -:-·---·-··-- ····i 
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(Example 44): R1 
= 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 45): R1 
= 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(1B,4d), 

8.SS(lH,d). 

The novel starting benzaldehydes of formula R1.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 residual material using hexane/ethyl acetate (up 

to 30% v/v) as eluant. The resultant benzaldehydes of formula R1 .CHO 

were used as soon as possible and had the following properties:-

( l) 3-(4-cyanobenzylqxy)benzaldehyde; m.p. 96-97°C; partial NMR: 

5.18(2H,s), 7.24(1H,m), 7.SO(SH,m), 7.68(2H,d), 9.98(1B,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.i.s), 7.03(2H,s), 7.44(6H,m), 7.86(1H,m), 10.58(1H,s). 

(4) 4-(3-pyridylmethoxy)benzaldehyde; m.p. 75-77°C; partial NMR: 

S.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-pyridylmethoxy)benzaldehyde; m.p. 48-S0°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)benzaldehyde; m.p. 102-103; partial NMR: 

S.28(2H,s), 7.01(2H,m), 7.55(3H,m), 7.70(2H,m), 7.88(1H,m), 

10.SS(lH,s). 

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

(B)· 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),· 
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9.93(1H,s). 

(9) . 3-(1-naphthylmethoxy)benzaldehyde; m.p. 63-64°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), 7.0S(lH,m), 7.26(1H,m), . ' 

7.45(3H,m), 9.97(1H,s). 

(11) 2-(4-pyridylmethoxy)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-pyridylmethoxy)benzaldehyde; m.p. 67-68°C; partial NMR: 

S.32(2H,s), 7.06(2H,m), 7.25(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(lH,d), 7.l(lH,t), 7.59(3H,m), 7.88(1H,dd), 

8.28(2H,m), 10.36(1H,s). 

(14) 3-benzyloxy-4-methoxybenzaldehyde, obtained as an oil; 

partial NMR: S.19(2H,s), 6.99(1H,m), 7.38(7H,m), 9.82(1H,s). 

(15) 3-(3-cyanobenzyloxy)-4-methoxybenzaldehyde; m.p. 113-114°C; 

partial NMR: S.20(2H,s), 7.02(1H,d), 7.42(1H,d), 7.49(2H,m), 

7.65(2H,m), 7.80(1H,m), 9.8~(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.ll(lH,d), 

9.88(1H,s). 

Example 46-47 

_ Using an analogous procedure to that described in Example 

1, but starting from 4(~)-6-[(4S,5~)-2,2-dimethyl-4-(3-pyridyl)-1,3-

dioxan-S-yl]hexenoic acid and 2-methyl-2-(2-nitro-4-methylphenoxy)­

propanal and 2-(4-methoxyphenoxy)-2-methylpropanal, respectively, 

there were obtained: 

(Example 46): 4(~)-6-[(2§,4§,5~)-2-[l'-methyl-1-(2-Iiitro-4-methyl­

phenoxy)ethyl]-4-(3-pyridyl)-1,3-dioxan-5-yl)hexenoic acid," as a solid 

in 25% yield·, with 25 [alpha] 0 -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(SH,m), 8.4-8.55(2H,m); and 
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(Example 47): 4(~)-6-[(2~,4~,5~)-2-[1-(4-methoxyphenoxy)-1-methyl­

ethyl]-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid, as a solid in 28% 

yield, ~ith 25 [alpha] 0 -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(SH,m), 3.75(3H,s), 3.9-4.2(2H,m), 

4.75(18,s), S.05-5.5(3H,m), 6.75-7.7(6H,m),8.S-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 45-(-)-isopropyl-2-oxazolidinone (4.68 g) in 

dry THF (75 ml), cooled to -78°C under argon. The mixture was allowed 

to warm to -S0°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 ml) 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 (MgS04) and concentrated. The 

residue was purified by flash column chromatography, eluting with 

ethyl acetate/hexane (20:80 v/v) to give (4~)-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(38,m), 2.9-3.2(2H,m), 4.15-4.5(3H,m), 4.95-5.15 

(2H,m), 5.75-6.0(lH,m). 

(ii) A lM solution of dibutylboron triflate in dichloromethane 

(32.7 ml) 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 S°C for 30 minutes and 

then cooled to -78°C. 3-Pyridinecarboxaldehyde (3.1 ml) was added 

dropwise. The mixture 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 

ml, 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 ml). The combined extracts were dried 

(MgS04) and evaporated. The residue was purified by flash column 

chromatography, eluting with ethyl acetate/hexane (1:1 v/v, gradually 

increasing to 100% ethyl acetate),to give (4~)-(3-[(2~)~2-[(1~-1-
-;:'~~-:;.-·1 
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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); 2S[alpha]0 = +136.0 (EtOH, ~ 0.311); 

NMR: 0.8S(6H,dd,J=7Hz), 2.1S-2.7(4H,m), 4.0-4.2(2H,m), 4.3-4.S5(2H,m), 

4.9S-S.1(3H,m), S.6S-S.9(1H,m), 7.25-7.3S(1H,m), 7.7S-7.8S(1H,m), 8.5-

8.6S(2H,m). 

(iii) 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 S°C. The mixture was stirred for 15 minutes and then saturated 

aqueous ammonium chloride solution (10 ml) and ether (50 ml) were 

added. Sufficient water was added to dissolve any precipitated 

inorganics and the mixture was then extracted with ether (3 x 50 ml). 

The combined extracts were dried (MgS04) and evaporated. The residue 

was purified by flash column chromatography, eluting with ethyl 

acetate to give methyl (2~)-2-[(1~)-1-hydroxy-1-(3-

pyridyl)methyl]pent-4-enoate (C) (3.245 g) as an oil; NMR: 2.3-

2.6(2H,m), 2.8-2.9(1H,m), 3.6(3H,s), 4.95-S.1(3H,m), 5.65-5.85(1H,m), 

7.2S-7.3S(1H,m), 7.7-7.75(18,m), 8.45-8.6(28,m). 

(iv) A solution of C (3.88 g) in THF (10 ml) was added dropwise 

to a cooled suspension of lithium aluminium hydride (767 mg) in THF 

(SO ml) at such a rate to m~intain 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 chloride solution (10 ml) and water (10 ml). The mixture was 

extracted with ethyl acetate (3 x 50 ml). The combined extracts were 

dried (MgS04) and evaporated. The residue was purified by flash 

column s_hromatography, eluting with ethyl acetate, gradually 

increasing to methanol/ethyl aceta.te (1:9 v/v), to give (1~,2!9-2-

allyl-1-(3-pyridyl)-1,3-propanediol (D) (2.69 g), as an oil; 

NMR: 1.6S-1.8(1H,m), l.9S-2.1S(28,m), 3.15-3.45(2H,m), 4.4-4.S(lH,m), 

4.7S-S.0(3H,m), .S.2S(l8,d,J=7Hz), S.6-S.8S(1H,m), 7.3-7.4(1H,m), 

7.65-7.7(1H,m), 8.4-8.5(28,m). 

(v) £-Toluenesulphonic acid monohydrate (2.91 g) was added to a 

solution of D (2.68 g) in 2,2-dimethoxypropane (lS ml) and the mixture 

was stirred for 18 hours. Triethylamine (10 ml) was added and the 

mixture was paL·ti tioned between ether (SO ml) and water (20 ml). The 

organic layer was dried (MgS04) and evaporated. The residue was 

purified by flash column chromatography, eluting with e~hyl _R_E_P_L_A-CE-~-llE-~-IT-S-H-EE_T_.., 
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acetate/hexane (1:1 v/v) to give (4~,5!)-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(lH,m), 2.3-2.5(1H,m),-3.85-

4.2(2H,m), 4.9-5.0(2H,m), S.27(1H,d,J=3Hz), 5.45-5.7(1H,m), 7.25-

7.35(18,m), 7.65-7.7(1H,m), (8.5-8.6(2H,m). 

(vi) Ozone was passed through a solution of the allyl co~~ound 

(E) (530 mg) in methanol (30 ml) 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 (SO ml) and water (20 ml). The organic 

layer was dried (MgS04) and evaporated. The residue was purified by 

flash column chromatography, eluting with a mixture of methanol and 

methylene chloride (5:95 v/v) to give 2-[4~,5!)-2,2-dimethyl-4-(3-

pyridyl)-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(18,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 (~)-(-)-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 (lH, C~-CHO)]. 

(vii) The acetaldehyde (F) is then converted to 4(~)-6-[(4~,5~)-

2,2-dimethyl-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid, having 
25 [alpha] 0 -113.3 (EtOH, £ 0.465) and NMR essentially identical with 

that of the racemic material described in Example 1, using an 

analogoys procedure to that described in the part (v) of Example 1. 
Example 48 

Q-Toluenesulphonic acid monohydrate (409 mg) was added to a 

stirred solution of 4(Z)-6-[2,2-dimethyl-4-(3-pyridyl)-1,3-dioxan-cis-

5-yl]hexenoic acid (570 mg) and 2-(2-cyano-4-methylphenoxy)-2-

methylpropanal (568 mg) in acetonitrile (5 ml), and the mixture was 

stirred for 18 hours at 80°C. Water (40 ml) 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 acetic acid and extracted 

with ethyl acetate (3 x 25 ml). The extracts were washed with 

sat.urated brine (2 x 15 ml), dried (MgS04) and evaporated. The 

----.-·--1 
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residual gum was purified by MPLC, eluting with ethyl acetate/hexane/ 

acetic acid (70:30:1 v/v) to give 4(Z)-6-[(2,4,5-cis)-2-(1-(2-cyano-4-

methylphenoxy)-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic 

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=llHz), 4.19(1H,dd, J=ll, .!.5Hz), 

4.98(1H,s), 5.18(1H,d J=2Hz), 5.25(1H,m), 5.41(1H,m), 5.77(1H,b), 

7.09(1H,d, J=9Hz), 7.28(3H,m), 7.57(1H,dm J=8Hz), 8.45(1H,bs), 

8.51(1H,bd J=4Hz); microanalysis found: C,68.0; H,6.5; N,6.0%; 

c26H30N2o5•1'2H2o requires: C,68.0; H,6.7; N,6.1%; 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-methylphenol (19.0 g) and ethyl 2-bromo-

2-methylpropionate (27.7 g) in 2-butanone (80 ml) and the mixture 

heated at reflux for 3 hours, then cooled to ambient temperature and 

added to water (400 ml). This mixture was extracted with ether (1 x 

300 ml, 2 x 150 ml) and the combined extracts washed with lM sodium 

hydroxide solution (2 x 100 ml), water (2 x 100 ml) and saturated 

brine (1 x 100 ml), then·dried (MgS04) and the solvent removed by 

evaporation. The residual oil was distilled under reduced pressure to 

give ethyl 2-(2-bromo-4-met~ylphenoxy)-2-methylpropionate (A) (18.7 

g), as an oil; b.p. 116-118°C at 0.5 mm Hg; NMR: 1.28(3H,t J=7Hz), 

l.60(6H,s), 2.26(3H,s), 4.26{2H,q J=7Hz), 6.78(1H,d J=BHz), 6.96(1H,dd 
+ J=8, 1.SHz), 7.35(1H,d J=l.SHz); m/e 318 (M+NH4) • 

(ii) Cuprous cyanide (3.76 g) was added to a stirred solution of 

A (10.54 g) in dimethylformamide {20 ml) and then heated at reflux 

tempera~re (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 ml: 55 ml) and stirring continued 

for 30 minutes. This solution was extracted with dichloromethane (1 x 

100 ml, 2 x 50 ml) and the combined extracts washed with water (3 x 50 

ml), then dried (M~so4 ) and the solvents removed in~· The 

residue was purified by MPLC, eluting with 10% v/v ethyl 

acetate in hexane to give ethyl 2-(2-cyano-4-methylphenoxy)-2-methyl­

propionate (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(38,s), 4.23(2H,q J=7Hz), 6.74(1H,d J=9Hz), 7.21(1H,m), 7.35{1H,d 
+ J=2Hz); m/e 265(M+NH4) . 
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(iii) A stirred solution of B (2.47 g) in dry toluene (40 ml) 

under ar.gon was cooled to -70°C and treated dropwise with 1.SH 

diisobutylaluminium hydride in toluene (7.3 ml). Stirring was 

continued for a further 30 minutes at -70°C when a 10% v/v methanol in 

toluene solution (2 ml) was added and the mixture warmed to ambient 

temperature. The solution was added to a vigorously stirred :lee-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 (HgS04) and evaporated. 

Purification of the residue by HPLC, 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; NHR: 1.50(6H,s), 2.31(3H,s), 

6.74(1H,d J=9Hz), 7.26(1H,m), 7.39(1H,d J=2Hz), 9.83(1H,s); m/e 221 
+ (M+NH4) • 

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 obtained 4(Z)-6-[(2,4,5-cis)-2-(1-(2-

cyano-5-methylphenoxy)-1-methylethyl)-4-(3-pyridyl)-1,3-dioxan-5-

yl]hexenoic 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=llHz), 4.20(1H,dd J=ll, lHz), 4.97(1H,s), 

5.17(1H,d J=2Hz), 5.23(1H,m), 5.41(1H,m), 6.92(1H,dd J=7.1Hz), 

7.02(1H~), 7.30(1H,m), 7.36(1H,d J=7Hz), 7.57(1H,m), 8.49(2H,m); 

microanalysis found: C, 68.1; H, 6.5; N,5.9%; c26a30N2o5 .~a2o, 
+ requires: C, 68.0; H, 6.7; N 6.1%; m/e 451 (H+H) . 

The necessary aldehyde was prepared as follows:-

(i) In a similar manner to Example 48(i), but starting with 2-

chloro-5-methylphenol instead of 2-bromo-4-methylphenol and heating at 

reflux fo1· 18 hours instead of 3 hours there was obtained ethyl 2-(2-

chlorn-5-methylphenoxy)-2-methylpropionate (72%) as a colourless oil; 

b.p. 109-110°C at 0.5 mm Hg; NMR: l.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+NH4) + • REP 1 Arr=~·~;;·;~--~·:·,~~ ... ~ 
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(ii) In a similar manner to Example 48(ii), but starting from 

ethyl 2-(2-chloro-S-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 tne 

solution washed with water (3 x 50 ml) to removed the DMPU, then dried 

(Mgso4) and evaporated. The residue was purified by MPLC, eluting 

with 10% v/v ethyl acetate in hexane to give ethyl 2-(2-cyano-5-

methylphenoxy)-2-methylpropionate (38%) as a colourless oil; NMR (250 

MHz, CDC13): 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+NH4) • 

(iii) In a similar manner to Example 48(iii), but starting from 

ethyl 2-(2-cyano-5-methylphenoxy)-2-methylpropionate 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, CDC13): l.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+NH4)+. 

Example 50 

Using a similar procedure to that described in Example 48, but 

starting from 2-(2-cyano-4-methoxyphenoxy)-2-methylpropanal instead of 

2-(2-cyano-4-methylphenoxy)-2-methylpropanal, there was obtained 

4-(Z)-6[(2,4,5-cis)-2-(1-(2-cyano-4-methoxyphenoxy)-1-methylethyl)-4-

(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid, in 10% yield; m.p. 130-140 

°C; NMR~ 1.46(3H,s), 1.48(3H,s), 1.58{1H,m), l.72(1H,m), 2.26{4H,m), 

2.42(1H,m), 3.76(3H,m), 4.03(1H,dm J=llHz), 4.20(1H,dd J=ll, 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=B,2.5), 7.12(1H,d J=8Hz), 7.30(1H,m), 

7.57(1H,m), 8.50(2H,m); microanalysis found: C,66.S; H,6.2; N,5.8%; 

c26H30N2o6 requires: C,66.9; H,6.5; N,6.0%; m/e 467 (M+H)+. 

The starting aldehyde was prepared as follows:-

(i) 2M sodium hydroxide solution was slowly added to a stirred 

solution of 2-hydroxy-5-methoxybenzaldehyde (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 
---------·-·· .. 
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then added to water (600 ml). After cooling at about 4 °C for 2 

hours, the white solid was collected by filtration, washed with water 

and dried to give 2-hydroxy-5-methoxybenzaldoxine (A) (9.84 g) as 

white crystals; m.p. 119-120 °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 (SO ml) ~~s 

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 ml). After 1 hour, the resulting solid was 

collected by filtration. 2M Sodium hydroxide solution (150 ml). 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 SO ml). The 

combined extracts were washed with water (20 ml), then saturated brine 

(20 ml), dried (Mgso4) and the solvent removed by evaporation to give 

2-cyano-4-methoxyphenol (B) (783 g) as a white solid, m.p. 128-138 °C; 
' + NMR (250 MHz, CDC13/DMSOd6): 3.66(3H,s), 6.86(3H,m); m/e 167 (M+N84) • 

(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. Yater (20 ml) 

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 ml) and dried (Mgso4). Evaporation of the solvent and 

purification of the residual oil by medium pressure chromatography 

(MPLC),_eluting with 25% v/v ethyl acetate in hexane, gave 

2-(2-cyano-4-methoxyphenoxy)-2-methylpropanal (677 mg) as a colourless 

oil; NMR 1.47(6H,s), 3.80(3H,s), 6.83(1H,d J=9Hz), 7.03(2H,m), 
+ 9.86(1H,s); m/e 237 (M+NH4) . 

Example 51 

An analogous hydrolysis procedure was used to that described 

in Example 12, but stat·ting from methyl 4(Z)-6-[ (2,4,5-cis)-2-

phenyldifluoromethyl-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoate. 

Evaporation of the extracts 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-

phenyldifluoromethyl-4-(3-pyridyl)-1,3-dioxan-5-yl)hexenoic acid (58%; 
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m.p. 146-148°C; NMR: 1.34(1H,m), 1.64(1H,m), 1.99(3H,m), 2.23(2H,m), 

3.96(1H,bd J=llHz), 4.13(1H,bd J=llHz), 5.09(3H,m), 5.35(1H,m), 

7.13(1H,m), 7.46(3H,m), 7.60(3H,m), 8.51(2H,m); microanalysis found: 

C,65,4; H,5.8; N,3.5%; c22a23NF2o4 requires: C,65.5; H,5.7; N,3.5%; 

m/e 404 (M+H}+. 

The ·starting ester was prepared as follows:-

(i) A stirred solution of ethyl alpha,alpha-

difluorophenylacetate (1.0 g) (prepared according to Middleton and 

Bingham, ~· Org. Chem., 1980 45, 2883) in dry toluene (15 ml) under 

argon was cooled to -70°C and treated dropwise with 1.5M 

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 

kieselguhr 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 (MgS04) and evaporated to 

give an oil. MPLC, eluting with 20% v/v ethyl acetate in hexane gave 

760 mg of a colourless oil (A) which was shown by NMR to be a mixture 

of alpha, alpha-difluorophe.nylacetaldehyde and the corresponding 

hydrate and hemiacetal thereof. 

(ii) In a similar manner to Example 12(iv), but using the 

aldehyde mixture A instead of hexafluoroacetone sesquihydrate and 

using 60% v/v ethyl in hexane as eluant in the chromatographic 

purification, there was obtained methyl 4(!)-6-[(2,4,5-cis)-2-

(phenyl~ifluoromethyl)-4-(3-pyridyl)-l,3-dioxan-5-yl]hexenoate as a 
waxy solid (31%); NMR: l.30(1H,m), 1.54(1H,m), 1.98(3H,m), 2.20(2H,m), 

3.57(3H,s), 3;97(1H,dm J=llHz), 4.14(1H,d J=llHz), 5.08(3H,m), 

5.31(1H,m), 7.33(1H,m), 7.47(3H,m), 7.61(3H,m), 8.49(1H,d J=lHz), 

8.54(1H,dd J=4,1Hz); m/e 418 (M+H)+. 

Example 52 

Using a similar procedure to that described in Example 1, but using 

2-methyl-2-(2-methylsulphonylphenoxy)propanal as the aldehyde, there 

was obtained 4(~)-6-((2,4,5-cis)-2-(1-methyl-l-(4-methylsulphonyl­

phenoxy)ethyl)-4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid, as an oil 

in 29% yieldf NMR: 1.6(6H,s), 1.7-2.6(7H,m), 3.2(3H,s), 4.0-4.25 

(2H,m), 5.l(lH,s), 5.2-5.5(3H,m), 7.l-8.0(6H,m), 8.5- 8.6(2H,m). 
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The necessary aldehyde was obtained starting from 2-

(methyl!hio)phenol in an analogous manner to that described for 2-

methyl-2-( 4-me thylsulphonylphenoxy)propanal in Example 16: 2-Methyl-

2-(2-methylsulphonylphenoxy)propanal was obtained as a solid in 51% 

yield (from carboxylate); NMR: 1.55(6H,s), 3.25(3H,s), 6.85-

7.55(38,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% 

yield from the phenol); NMR: 1.25(3H,t J=7Hz), l.6(6H,s), 2.4(3H,s), 

4.25(2H,q J=7Hz), 6.7-7.2(4H,m); and 

(b) ethyl 2-methyl-2-(2-methylsulphonylphenoxy)propionate: oil (89% 

yield from (a)]; NMR: 1.25(38, 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 t2.91(3H,s), 4.23(2H,q J=7Hz), 
. + 

6.74(1H,d J=9Hz), 7.21(1H,m), 7.35(1H,d 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-

methyl thiophenoxy)propanal, respectively, there were obtained:­

(Example 53): 4(~)-6-[(2,4,5-cis)-2-(1-methyl-1-(2-

methylthiophenoxy)ethyl)-4~(3-pyridyl)-1,3-dioxan-5-yl]hexenoic 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(lH,s), 5.1-5.5(3H,m), 7.0-7.7(6H,m), 

8.5-8.6(2H,m); and 

(Example 54): 4(~)-6-[(2,4,5-cis)-2-(1-methyl-1-(4-methylthio­

phenoxy)ethyl)-4-(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid, as a solid 

in 26% 1ield; 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-S.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% yield, 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). R.EPLACEMENT SHEET l 
-··-----· I 

18 JUN W97 ) ' 



- 49 -
Example SS 

Using an analogous procedure to that described in Example 1, 

but using from 2-thiophenoxybenzaldehyde as the aldehyde, there was 

obtained 4(~)-6-[2,4,S-cis)-4-(3-pyridyl)-2-(2-thiophenoxyphenoxy)-

1, 3-dioxan-S-yl]hexenoic acid, as a solid in 26% yeild; NMR: 1.7-

1.9(2H,m), 2.2-2.S(SH,m), 4.1-4.3(2H,m), 5.2-5.5(3H,m), 6.lS(lH,m), 

7.l-7.9(11H,m), 8.45-8.6(2H,m). 

The 2-thiophenoxybenzaldehyde was made in known manner from 

2- fluorobenzaldehyde and thiophenol. 

Examples S6-57 

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 

obtained:-

(Example S6): 4(~)-6-[(2,4,5-cis)-2-(1-methyl)-1-(2-nitro-4-

methoxyphenoxy)ethyl)-4-(3-pyridyl)-1,3-dioxan-S-yl]hexenoic 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,s), S.O-S.4{3H,m), 6.9-7.SS{SH,m), 

8.4-8.5(2H,m); and 

(Example 57): 4(Z)-6-[(2,4,5-cis)-2-(l-methyl-l-(2-methyl-6-

nitrophenoxy)ethyl)-4-(3-py~idyl)-1,3-dioxan-5-yl]hexenoic acid, as a 

solid in 7% yield; NMR: 1.25(3H,s), 1.3(3H,s), 1.45-1.65(2H,m), 2.0S-

2.4(8H,m), 3.8-4.05(2H,m), 4.7(1H,s), 5.0-5.5{3H,m), 6.9S-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-methylsulphonylphenoxy)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: l.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% 

yield, 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-
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nitrophenoxy)propionate, itself obtained as an oil; NMR: 1.35(3H,t 

J=7Hz),.l.5(6H,s), 2.3(3H,s), 4.25(2H,q J=7Hz), 7.0S-7.55(3H,m); in 8% 

yield, by alkylation of 2-methyl-6-nitrophenol. 

Example 58 

Using a similar procedure to that described in Example 1, 

but using 2-benzoylbenzaldehyde as the aldehyde; there was obtained 

4(~)-6-((2,4,S-cis)-2-(2-benzoylphenyl)-4-(3-pyridyl)-1,3-dioxan-5-

yl]hexenoic acid, as a solid in 64% yield; NMR: l.15-1.45(2H,m), 1.85-

2.25(SH,m), 3.6-3.9(2H,m), 4.7-S.3(3H,m), S.SS(lH,m), 6.8-7.65(11H,m), 

8.0S-8.2(2H,m). 

The 2-benzoylbenzaldehyde was obtained as a solid in 82% 

yield; NMR: 7.4-8.1(9H,m), 10.0S(lH,s), by oxalyl chloride/dimethyl 

sulphoxide oxidation at -S0°C to ambient temperature of 2-(alpha­

hydroxybenzyl)benzyl alcohol, itself obtained as a solid in 26%; NMR: 

2.95(1H,br s), 4.45-4.65(2H,m), 6.0S(lH,s), 7.2-7.4(9H,m); 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 benzaldehyde of the formula R1.CHO 

the following co·mpounds were obtained:-

(Example_59)_: 

4(~)--6-l(2,4,5-cis)-2-(1-methyl-1-(phenylthio)ethyl)-4-(3-pyridyl)-

1,3-dioxan-5-ylJhexenoic acid, as a colourless solid, m.p. 118-120 °c; 

NMR: 1.32(6H,s), 1.65(2H,m), 2.31(SH,m), 3.90(1H,d), 4.18(1H,d), 

4.SS(lH,s), 5.00(lH,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, ~tarting from 2-methyl-2-(phenylthio)propanal; and 

(Example 60): 

4(~)-6-((2,4,5-cis)-2-(1-methyl-1-(4-fluorophenylthio)ethyl)-4-

(3-pyridyl)-1,3-dioxan-S-yl)hexenoic acid, as a colourless solid, m.p. 

109-111 °C; NMR: 1.33(6H,s), 1.64(2H,m), 2.34(SH,m), 3.90(1H,m), 

4.18(1H,m), 4.56(1H,s), 5.02(1H,d), S.31(2H,m), 6.94(2H,m), 

7.35(1H,m), 7.55(3H,m), 8.52(28,m); m/e 444 (M-H)+; in 61% yield 

starting from 2-methyl-2-(4-fluorophenylthio)propanal. 

'rhe stat·ting benzaldehydes were obtained using a similar 

procedure to that described in part (vii) of Example 1 and had the 

following properties: 
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(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+NH4) ; starting 

from phenylthiol and 1,1-dichloro-2-hydroxy-2-methylpropafie; and 

{b) 2-methyl-2-(4-fluorophenylthio)propanal: obtained 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-fluorophenylthiol and 1,1-dichlo~o-2-

hydroxy-2-methylpropane. 

Example 61 

The acid catalysed aldehyde/ketone exchange reactions 

described in any of the preceding Examples 23-60, may also be 

performed using 4(~)-6-[2,2-diethyl-4-(3-pyridyl)-1,3-dioxan-cis-5-

yl]hexenoic 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 I may be 

obtained. 

Example 62 

Illustrative pharmaceutical dosage forms suitable for 

presenting the compounds of the invention for therapeutic or 

prophlactic use include the following tablet, capsule, injection and 

aerosol formulations, which may be obtained by conventional procedures 

well known in the art of p~armacy and are suitable for therapeutic or 

prophylactic use in humans:-

(a) Tablet I mg/tablet 

Compound Z* 1.0 

Lactose Ph. Eur. 93.25 

Croscarmellose sodium 4.0 

Maize starch paste (5% w/vaqueous paste) 0.75 

Magnesium stearate 1.0 

(b) Tablet II mg/tablet 

Compound Z* 50 

Lactose Ph. Eur 223.75 

Croscarmellose sodium 6.0 

Maize starch 15.0 

Polyvinylpyrrolidone (5% w/v aqueous paste) 2.25 

Magnesium stearate 3.0 
REPLACEMENT SHEET 
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(c) Tablet III 

Compound Z* 

Lactose Ph. Eur. 

Croscarmellose sodium 

- 52 -

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

Magnesium stearate 

(d) Capsule 

Compound Z* 

Lactose Ph.Eur. 

Magnesium stearate 

(e) Injection I (SO mg/ml) 

mg/tablet 

100 

182.75 

12.0 

2.25 

3.0 

mg/capsule 

10 

488.5 

1.5 

Compound Z* (free acid form) 5.0% w/v 

lM Sodium hydroxide solution 15.0% v/v 

O.lM Hydrochloric acid (to adjust to pH 7.6) 

Polyethylene glycol 400 4.5% w/v 

Yater for injection to 100% 

(f) Injection II (10 mg/ml) 

Compound Z* (free acid forll!) 

Sodium phosphate EP 

O.lM Sodium hydroxide solution 

Water for injection 

1.0% w/v 

3.6% w/v 

15.0% v/v 

to 100% 

(g) Injection III (lmg/ml, buffered to pH 6) 

Compoun~ Z* (free acid form) 

Sodium phosphate BP 

Citric acid 

Polyethylene glycol 400 

Yater for injection 

(h) Aerosol I 

Compound Z* 

Sorbitan trioleate 

Trichlorof luoromethane 

Dichlorodifluoromethane 

0.1% w/v 

2.26% w/v 

0.38% w/v 

3.5% w/v 

to 100% 

mg/ml 

10.0 

13.5 

910.0 

490.0 

-- ·------~-------~ -·---. --



(i) Aerosol II 

Compound Z* 

Sorbitan trioleate 

Trichlorof luoromethane 

Dichlorodifluoromethane 

Dichlorotetrafluoroethane 

(j) Aerosol III 

Compound Z* 

Sorbitan trioleate 

Trichlorofluoromethane 

Dichlorodifluoromethane 

Dichlorotetrafluoroethane 

(k) Aerosol IV 

Compound Z* 

Soya lecithin 

Trichlorofluoromethane 

Dichlorodifluoromethane 

Dichlorotetrafluoroethane 

Note 

- 53 -

mg/ml 

0.2 

0.27 

70.0 

280.0 

1094.0 

mg/ml 

2.5 

3.38 

67.5 

1086.0 

191.6 

mg/ml 

2.5 

2.7 

67.5 

1086.0 

191.6 

* The active ingredient Compound Z is a compound of formula I, or a 

salt thereof, for example a compound of formula I 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 

conventional 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, 

polysorbate 80,-polyglycerol oleate or oleic acid. 
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SCHEME 1 

(vi) 

R~c:x;; 
HO """ X 

N...: . 

l (\;) 

Rq_c 

HO 

0 

R'1 7'o 
R2.. 

0 
(") 

R1 J .. o 
R2. 

VI 

{vii) 

(i) NaOEt, EtOH, allyl bromide 

(ii) LiAlH4 or LiBH4, THF 

(iii) TsOH, R1R2.co or R1R2.C(OMe)2 

(iv) Zn(BH
4

)
2

, Et 2o 

(v) o3, CH2c12, then Ph3P; or 

Os04, NaI04, !-BuOH, HzO 

(vi) NaH, DMSO, BrCH2CH(OMe) 2 
(vii) u+, H2

o 

x 

x 

oMe. 
oMe.. 

x 

x 

Note: R = {1-4C)alkyl, such as methyl (Me) or ethyl (Et); 

Ts .= 2-toluenesulphonyl 
REPLACEMEf~T ~S'·;;~::r-1 
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SCHEME 2 

0 

R
1+o 

P..'- x 
XII 

lea 

0 OH 

R1 -J'o x R2. 

x (t\:!l) l (HJ 

CHO 

R'+~X R2.. N .... 

VI (n=l.) 

~ 
0 

Rl+o 
R'-

Reagents: 

(i) B2H6 then H2o2 
(ii) Pyridinium chlorochromate, CH2c12 

or DCCI, DMSO, pyridine, TFA 

(iii) Na~H4 , EtOH; 

(vi) Ammonium cerium(IV) nitrate, 0°C 

0 

Rt io 
K R'- N .... 

VI (n~ 1) l {ii1) 

x 
X("=1) 

{iv) 

o:xo:1 R1+o ~ X 
R~ N 

7 
s) 

s 

x 

(iv) TsCl, pyridine; then 

NaI/acetone, 40-60°C 

(v) 1,3-dithiane, LiN(!-Pr) 2 , 

at -78°C 

THF 

..__ __ .. _____________ _ 



OH 

Ro1cYO: - ;x 
- ' I = ·' N .'- '1 

HO 0\-l l(Qx 
' l \ 

Reagents: 
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SCHEME 3 

. 
l') 

t<) 

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

lO 
R o-
-
~N 
o~o 

0 

1 !D .. n~ :: 
t"\ R'"' H 

0 

01ko a 
'"" R2 H 

VI (n=l) 

(ii) Bu2s.so2cF3/(i-Pr) 2NEt/pyridinecarboxaldehyde/CH2
cl2

; H
2
o

2
/pH7 

(iii) NaOR/ROH [R = (l-4C)alkyl such as Me] 

(iv_) LiAlH4/THF (v) R1R2 .CO/ E-toluenesulphonic acid (E-Ts.OH) 

(vi) o31cH2c12, then Me2s or Ph3
P 
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SCHEME 4 

~i) 
H ~ 1 . R 

( Ctt1)". C. = C.. A • COi 

l 
esterification or 

. suiphonamidation as required 

1 
(i) NaOEt, EtOH, Br(CH2)n.C=C.A .co2R 

(ii) NaBH4; then R1R2co, TsOH 

(iii) NaOR/ROH 

(iv) LiAlH4/THF 

(vi) 03/CH2cl2, 

(v) R1R2.co/ p_-toluenesulphonic acid (E_-Ts.OH) 

then Me2s or Ph3P 

[R = (1-4C)a1kyl such as Mel REPLACEMENT SHEET 
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CLAIHS 

Yhat is claimed is:-

1. A 1, 3-dioxane alkenoic acid derivative of the formula I (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 
' 1 or ethylene; A is (l-6C)alkylene; and 

a) R2 is hydrogen, and R1 is naphthyl or phenylthio(l-6C)alkyl 

optionally bearing 1 or 2 substituents selected from halogeno, cyano, 

nitro, (l-4C)alkyl, (l-4C)alkoxy and trifluoromethyl, or R1 is a group 

of the formula R3 .A2-, in which: 

R3 is phenyl bearing a substituent which is selected from (l-4C)alkyl, 

(l-4C)alkoxy, hydroxy, (2-SC)alkenyl, (l-4C)alkylthio, 

(1-4C)alkylsulphinyl, (1-4C)alkylsulphonyl, (2-SC)alkanoyl, carboxy, 

[(1-4C)alkoxy]carbonyl, [~-(l-4C)alkyl)carbamoyl, (1-SC)alkanoylamino 

and (1--4C)alkyl itself bearing a (l-4C)alkoxy, cyano, carboxy or 

[(l-4C)alkoxy]carbonyl, and the phenyl optionally bearing a second 

substituent selected from (l-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; 

~nd A2 is (1-6C)alkylene, oxy(l-6C)alkylene or (2-6C)alkenylene, up to 

three carbon atoms of any of which may be wholly or partially 

fluorinated, or A2 is a direct bond to R3; 

or R1 is a group of the formula o2.A3.o1-, in which: 

o1 and o2 are aromatic moieties, 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, ~itro, (l-4C)alkyl, (l-4C)alkoxy and trifluoromethyl, and A3 is 

oxy, thio, su·lphinyl, sulphonyl, carbonyl, carbamoyl, iminocarbonyl, 

ureido, (1-6C)alkylene, oxy(l-6C)alkylene, (2-6C)alkenylene or a 

direct bond between o1 and a2; 

(b) R1 is trifluoroethyl and R2 is hydrogen, or both R1 and R2 

are trifluoromethyl; or 

(c) R1 and R2 are both independently alkyl or together form 

alkylene, such that R1 and R2 together contain 5-9 carbon atoms; and 

R4 is hydroxy, a physiologically acceptable alcohol residue, or 

(l-:4C)alkanesulphonamido; 

or a pharmaceutically acceptable salt thereof. REPLACEMEN1· S~~~r 
--···-··-----, 
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2. A compound as claimed in claim 1 wherein n and Y have the 

meanings defined in claim 1, X is hydrogen, hydroxy or methoxy; A1 is 

methylene, ethylene, trimethylene, tetramethylene or 1,1-dimethyl­

ethylene; and: 

a) R2 is hydrogen; and R1 is naphthyl, 1-methyl-1-(phenylthio)-

ethyl or phenylthiomethyl, optionally bearing 1 or 2 substituents 

selected from fluoro, chloro, bromo, cyano, nitro, methyl, ethyl, 

methoxy, ethoxy and trifluoromethyl, or R1 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, methylsulphinyl, ethyl­

sulphinyl, methylsulphonyl, ethylsulphonyl, acetyl, propionyl, 

butyryl, 2-oxopropyl, carboxy, methoxycarbonyl, ethoxycarbonyl, 

!-butoxycarbonyl, !-methylcarbamoyl, !-ethylcarbamoyl, !-propyl­

carbamoyl, formamido, acetamido and propionamido, and from methyl, 

1-ethyl, 2-ethyl, 1-propyl, 2-propyl and 3-propyl, any of which alkyl 

groups-itself bearing a methoxy, ethoxy, cyano, carboxy, methoxy~ 

carbonyl 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 R
3 is thienyl or furyl o_ptionally bearing 1 or 2 subs ti tuents 

independently selected from fluoro, chloro, bromo, methyl, ethyl, 

ni tro and cyano; .and A2 is methylene, ethylene, trimethylene, 

isopropylidene, 1,1-dimethylethylene, oxymethylene, oxytetramethylene, 

1-oxy-1-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 A2 is a direct 

bond to-R3; 

or R1 is a greup of the formula o2.A3.o1-, in which: 

Ql d a2 . . . f h' h . b . d an are aromatic moieties, one o w ic is a enzene moiety an 

the other of which is a benzene, pyridine or naphthalene moiety, any 

of which may optionally bear a substituent selected from fluoro, . . . . 

chloro, bromo, cyano, nitro, methyl, ethyl, methoxy, ethoxy, tri­

fluoromethyl, and A3 is oxy, thio, sulphinyl, sulphonyl, carbonyl, 

carbamoyl, iminocarbonyl, ureido, methylene, ethylene, trimethylene, 

isopropylidene, 1,1-dimethylethylene, vinylene, 1,3-propenylene, 

1,4~buten-2-ylene, oxymethylene, oxyethylene or a direct bond between 

o1 and o2; . 

~1ii11f U11i1UT 
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(b) · R1 is trifluor.oethyl and R2 is hydrogen, or both R1 and R2 

are trifluoromethyl; or 

(c) R1 and R2 are both independently methyl, ethyl,-propyl, 

isopropyl, butyl or pentyl, or together form tetramethylene, 

pentamethylene and hexamethylene, any of which may optionally bear 1 
. 1 2 . 

or 2 methyl substituents, such that R and R together contaiQ 5-9 

carbon atoms; and 

R4 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 R4 is methanesulphonamido, 

ethanesulphonamido or butanesulphonamido. 

3. A compound as claimed in claim 1 wherein n is 1, X is 

hydrogen, Y is cis-vinylene, A1 is ethylene, R4 is hydroxy and R1 and 

R2 are selected ·from the following combinations: 

a) when R1 and R2 are both trifluoromethyl; 

b) when R1 is thienyl or furyl, optionally containing a 

halogeno, cyano or nitro substituent, and R2 is hydrogen; 

c) when R1 is phenox_y(l-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)aikyl, (1-4C)alkoxy, halogeno, nitro, trifluoromethyl and 

cyano, and R2 is hydrogen; 

d) R1 is phenylthio(l-4C)alkyl, the phenyl moiety of which may 

optionally bear 1 or 2 substituents independently selected from 

(l-4C)alkyl, (1-4C)alkoxy, halogeno, nitro, trifluoromethyl and cyano, 

and R2 is hydrogen; 

e) when R1 is naphthyl optionally bearing 1 or 2 substituents 

selected from halogeno, (l-4C)alkyl and nitro, and R2 is hydrogen; and 
. 1 

f) when R is benzylphenyl, benzyloxyphenyl, 

(pyridylmethoxy)phenyl, (naphthylmethoxy)phenyl, phenoxyphenyl and 

(phenoxymethyl)phenyl. 

4. A compound of formula II wherein: A4 is (l-4C)alkylene; x1 

is l:tydrogen or hydroxy; and R5 is naphthyl or thienyl optionally 

bearing a substituent selected from cyano, nitro, halogeno and 
........ __ , __ ................. , 
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(l-4C)alkyl, or RS is a group of the formula R6.A5- in which: 

R6 is p~enyl bearing a first substituent selected from (1-4C)alkyl, 

(1-4C)alkoxy, hydroxy, (2-SC)alkenyl, (1-4C)alkylthio, (1~4C)alkyl­

sulphinyl, (1-4C)alkylsulphonyl, (2-SC)alkanoyl, carboxy, [(l-4C)­

alkoxy]carbonyl, [~-(1-4C)alkyl]carbamoyl, (1-SC)alkanoylamino and 

(l-4C)alkyl, the latter bearing a (l-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 (l-4C)alkylene, 

oxy(l-4C)alkylene or a direct bond to RS; and R4 is hydroxy, a 

physiologically acceptable alcohol residue, or (l-4C)alkane­

sulphonamido; or a pharmaceutically acceptable salt thereof. 

S. A compound as claimed in claim 4 wherein A4 is ethylene or 

trimethylene; x1 is hydrogen; R4 is hydroxy, methoxy, ethoxy; and RS 

is selected from: 1-naphthyl, 2-naphthyl, 2-chloro-1-naphthyl, 

2-thienyl, 3-thienyl, S-cyano-2-thienyl, S-bromo-2-thienyl, 

4-bromo-2-thienyl, 4-chloro-2-thienyl, S-chloro-2-thienyl, 2-furyl, 

5-bromo-2-furyl, 1-(4-methoxyphenoxy)-1-methylethyl, 

1-(4-tert-butylphenoxy)-1-methylethyl, 1-(2-methoxyphenoxy)-1-

methylethyl, 1-(2-methylt~iophenoxy)-1-methylethyl, 

1-(4-methylthiophenoxy)-1-methylethyl, 1-(2-methylsulphonylphenoxy)-

1-methylethyl, 1-(4-methylsulphonylphenoxy)-1-methylethyl, 1-methyl-

1-(2-methylphenoxy)ethyl, 2-phenylthiophenyl, 2~phenylsulphonylphenyl, 

2-biphenylyl, 2-benzoylphenyl, alpha,alpha-diflurorobenzyl, 

l-methyl-1-(4-methoxy-2-nitrophenoxy)ethyl, 1-methyl-1-(4-methyl-2-

ni trophenoxy)ethyl, 1-methyl-1-(2-methyl-6-nitrophenoxy)ethyl, 

l-methyl-1-(2-cyano-4-methylphenoxy)ethyl, 1-methyl-1-(4-chloro-2-

cyanophenoxy)ethyl, 1-methyl-1-(2-cyano-4-methoxyphenoxy)ethyl, 

l-methyl-1-(2-cyano-5-methylphenoxy)ethyl, 1-methyl-1"."(2-nitro­

phenoxy)ethyl, 1-(2-hydroxyphenoxy)-1-methylethyl or (!)-2-methoxy­

styryl. 

6. A compound of the formula II wherein RS is phenylthio-

(1-6)alkyl, the phenyl moiety of which may optionally bear 1 or 2 

substituents independently selected from (1-4C)alkyl, (1-4C)alkoxy, 

halpgeno, nitro, trifluoromethyl and cyano; x1 is hydrogen or hydroxy; 

-------~········. ·-· 
REPLACEMENT ~': ;: f.T 

. -· .,] 
18 JUN fJ97 



- 64 -
, 1111111 11111111111 11111 fl 1111 

* C L M S * 

A4 is ethylene or trimethylene: and R4 is hydroxy, a physiologically 

acceptable alcohol residue selected from (l-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 
. 4 

selected from halogeno, (1-4C)alkyl and (1-4C)alkoxy, or R is 

methanesulphonamido, ethanesulphonamido or butanesulphonamidoi 'or a 

pharmaceutically acceptable salt thereof. 

7. A compound of the formula III wherein A4 is (l-4C)alkylene; 

x1 is hydrogen or hydroxy; A6 is oxy, thio, sulphonyl, carbonyl, 

carbamoyl, iminocarbonyl, (1-6C)alkylene, oxy(l-6C)alkylene or a 

direct bond to a3; o3 is benzene, pyridine or naphthalene; R7 and R8 

are independently selected ·from hydrogen, halogeno, cyano, nitro, 

{l-4C)alkyl, (l-4C)alkoxy and.trifluoromethyl; and R4 is hydroxy, a 

physiologically acceptable alcohol residue, or (1-4C)alkane­

sulphonamido; or a pharmaceutically acceptable salt thereof. 

8. A compound as claimed in claim 7 wherein A4 is ethylene or 

trimethylene; x1 is hydrogen; R4 is hydroxy, methoxy, ethoxy; R7 is 

selected from hydrogen, fluoro, chloro, bromo, methyl, ethyl, methoxy, 

ethoxy, cyano, nitro and trifluoromethyl; and the group of the formula 

R8.o3.A6- is selcted from ~henoxy, phenylthio, phenylsulphonyl, 

phenyl, benzoyl, benzyl, benzyloxy, 4-cyanobenzyloxy, 

2-pyridylmethoxy, 3-pyridylmethoxy, 4-pyridylmethoxy, phenoxymethyl, 

2-naphthylmethoxy, 2,5-dimethoxybenzyl~xy, 4-nitrobenzyloxy and 

3-cyanobenzyloxy. 

9. A compound as claimed in any of claims 1-8 wherein R4 is 

hydroxy, X or.x1 is hydrogen, and A4 is ethylene. 

10. A compound selected from: 

4(Z)-6-[(2,4,5-cis)-2-(l-[2-methylphenoxy]-1-methylethyl)-

4-{3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 

4{~)-6-[(2,4,5-cis)-2-(1-(2-nitro-4-methylphenoxy]-1-methylethyl)-4-

(3-pyridyl)-l,3-dioxan-S-yl]hexenoic acid; 

4(~)-6-((2,4,5-cis}-2-{l-[2-hydroxyphenoxy]-l~methylethyl)-4-

(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 

4(~)-6-l(2,4,5-cis)-2-(l-[2-cyano-4-methylphenoxy]-1-methylethyl)-4-
,-----
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(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 

4(~)-6-((2,4,5-cis)-2-(1-[2-cyano-4-methoxyphenoxy]-1-methylethyl)-4-

(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid; and 

4(~)-6-[(2~,4~,5~)-2-(1-methyl-l-(2-nitro-4-methylphenoxy)ethyl]-

4-(3-pyridyl)-1,3-dioxan-5-yl]hexenoic acid; 

or a physiologically acceptable biodegradable ester or 

(l-4C)alkanesulphonamide thereof; or a pharmaceutically acceptable 

salt thereof. 

11. A salt as ··claimed in any one preceding claim which is 

selected from alkali metal and alkaline earth metal salts, ammonium 

salts, salts with organic amines and quaternary bases forming 

physiologically acceptable cations, and also from salts with acids 

affording physiologically acceptable anions, such as salts with 

mineral acids. 

11. A process for the manufacture of a compound of the formula I 

or a pharmaceutically acceptable salt thereof as claimed in claim 1 

which is characterised in that: 

(a) a diol derivative of the formula IV wherein one of T1 and T2 

is hydrogen and the other i~ hydrogen or a group of the formula 

-CRaRb.OB, wherein Ra and Rb are the same or different (l-4C)alkyl, is 

reacted with an aldehyde derivative of the formula R1.cuo, 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 R1.CBO, or with a 

hydrate, acetal or hemiacetal thereof, in the presence of an acid; 

(c) for.a compound of formula I in which R1 is pentafluoroethyl, 

a compound of the formula IV wherein one of T1 and T2 is hydrogen and 

the other is alkanesulphonyl or arenesulphonyl, is reacted with an 

aldehyde of the formula R1 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 I in which Y is vinylene and R4 is 

hydroxy, an aldehyde of the formula VI is reacted with a Yittig 

reagent of the formula: R3P=CH.A1.co2- M+ wherein R is (1-6C)alkyl 

or aryl and M+ is a cation; 
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(e) for a compound of formula I in which X is hydroxy, a 

compoun~ of the formula VII wherein P is a protected hydroxy group 

is deprotected; 

(f) for a compound of formula I in which R1 contains a hydroxy 

substituent, a hydroxy protecting group is removed from the 

corresponding protected derivative of the formula I compound; _ · 

(g) an ester of the formula VIII wherein R9 is ·(l-6C)alkyl, 

phenyl or benzyl, the latter two optionally bearing 1 or 2 halogeno, 

(1-4C)alkyl or (l-4C)alkoxy substituents, is decomposed; 

(h) for a compound of the formula I wherein Y is ethylene, 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 alkanoic acid derivative of the formula 

XI in which L is a suitable leaving group; 

whereafter, when a salt of a compound of formula I is 

required, the compound of formula I 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 I is required, 

one of the aforesaid proces~es may be carried out using an optically 

active starting material or the racemic form of the compound of 

formula I is resolved; and 
. 1 2 4 1 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 pharmaceutical 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 

FOLLOYS:-

SC34967 
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ABSTRACT 

PYRIDINE DERIVATIVES 

The invention concerns novel, pharmaceutically useful 1,3-dioxane 

alkenoic acid derivatives of the formula I containing a pyridyl moiety 

at position 4 of the dioxane ring and in which the groups at positions 

2, 4 and 5 have cis-relative stereochemistry, X is hydrogen, alkoxy or 

hydroxy, Y is vinylene, n is 1 or 2, A1 is alkylene, the substituents 

R1 and R2 at position 2 of the dioxane ring have a variety of values 

defined hereinafter, and R4 is hydroxy, a physiologically acceptable 

alcohol residue or alkanesulphonamido, and the pharmaceutically 

acceptable salts thereof. The invention also includes processes for 

the manufacture and use of the acid derivatives as well as 

pharmaceutical compositions for therapeutic use in one or more of a 

variety of diseases such as ischaemic heart disease, cerebrovascular 

disease, asthmatic disease.and/or inflammatory disease. 

.. ""··· 
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CIA1MS 

What is claimed is:-

. 1. A 1,3-dioxane alkenoic acid derivative of the fonnula I: 

(I) 

wherein: n is the integer 1 or 2; x is hydrogen, hydroxy or 
( 1-4C )alkoxy; Y is methyleneoxy, vinylene or ethylene; A 1 is 
(1-6C)alkylene; and 

a) R2 is hydrogen, arrl R1 is ~pbt;hyl or phenylthio( 1-6C)al]_wl 
optionally bearing 1 or 2 substituents selected fran halogeno, cyano, 
nitro, (1-4C)alkyl, (l-4C)alkoxy arrl trifluoranethyl, or R1 is a group 
of the fonnula R3 .A2-, in which: 
R3 is phenyl bearing a substituent which is selected fran (l-4C)alkyl, 
(l-4C)alkoxy, hydroxy, (2-SC)alkenyl, (l-4C)alkylthio, 
(1-4C~alkylsulphinyl, (l-4C)alkylsulphonyl, (2-SC)alkanoyl, carboxy, 
[(l-4C)alkoxy]carbonyl, C!!-(1-4C)alkyl]carbancyl,· (1-SC)alkanoylamino 
and (l-4C)alkyl itself ·~ing a (l-4C)alkoxy, cyano, carboxy or 
( ( 1-4C)alkoxy]camonyl, and the phenyl optionally bearing a second 
substituent selected fran (l-4C)alkyl, (l-4C)alkoxy,· halogeno, 
trifluoranethyl, nitro and cyano; 
or R3 is thienyl or fw:yl optionally bearing 1 or 2 substituents 
independently selected fran halogeno, (1-4C)alkyl, nitro and cyano; 
and A2 i~ (l-6C)alkylene, oxy(l-6C)alkylene or (2-6C)alkenylene, up to 
three carbon atans of any of which may be wholly or partially 
fluorinated, or A2 is a direct bond to R.3; 
or R1 is a group of the foilllllla r}.A3.Q1-, in which: 
Q1 and Q2 are aranatic noieties, one of which is a benzene noiety and 
the other of which is a benzene, pyridine or naphthalene noiety, any 
of which may optionally bear a substituent selected fran halogeno, · 
cyano, nitro1 ( l-4C)alkyl, ( l-4C)alkoxy and trifluoranethyl, .and A3 is 
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oxy, thio, sulphinyl, sulphonyl, carbonyl, carbancyl, iminocarbonyl, 
ureido, ( 1-6C )alkylene, oxy( 1-.6C )alkylene, ( 2-6C) alkenylene or a · 

direct bond between Q1 and Q2 i . 
(b) R1 is pentafluoroethyl and R2 is hydrogen, or both ·Rl and R2 

are trifluoranethyl; or 

( c) R1 and R2 are both independently al~l or together fonn 
alkylene, such that Rl and R2 together contain 5-9 carbon atans; and 

R4 is hydroxy, a physiologically acceptable alcohol residue, or 
(l-4C)alkanesulphonamido; 

or a phannaceutically acceptable salt thereof. 

2. A canpound as claimed in claim 1 wherein n and Y have the 
meanings defined in claim 1, X is hydrogen, hydroxy or methoxy; A1 is 
methylene, ethylene, trimethylene, tetramethylene or 1,1-dimethyl­
ethylene; and: 

a) R2 is hydrogen; and R1 is naphthyl, 1-methyl-1-(phenylthio)-
ethyl or phenylthianethyl, optionally bearing 1 or 2 substituents 
selected fran fluoro, chloro, braro, cyano, nitre, methyl, ethyl, 
methoxy, ethoxy and trifluoranethyl, or R1 is a group of the fonnula 
R3 .A2-, in which: R3 is phenyl bearing a substituent which is selected 
fran methyl, ethyl, methoxy, ethoxy, hydroxy, vinyl, 2-propenyl, 
3, 3-dimethylpropenyl, methylthio, ethylthio, methylsulphinyl, ethyl­

sulphinyl, methylsulphonyl, ethylsulphonyl, acetyl, propionyl, 

butyryl, 2-oxopropyl, carboxy, methoxycarbonyl, ethoxycarbonyl, 
_:!:-butoxycarbonyl, ~-methylcarlJancyl, ~-ethy lcarbarooyl, ~-propyl­
carl:>arooyl, fomamido, acetamido and propionamido, and frail methyl, 
1-ethyl, 2-ethyl, 1-propyl, 2-propyl and 3-propyl, any of which alkyl 
groups itself bearing a methoxy, ethoxy, cyano, carboxy, methoxy­
carlJonyl or ethoxycarbonyl substituent, and the phenyl optionally 
bearing a second substituent selected fran methyl, ethyl, methoxy, 

ethoxy, fluror, chloro, braro, trifluoranethyl, nitre and cyano; 
or R3 is thienyl or furyl optionally bearing 1 or 2 substituents 
independently selected fran fluoro, chloro, braoo, methyl, ethyl, 
nitre and cyano; and A

2 is methylene, ethylene, trimethylene, 

isopropylidene, 1,1-dimethylethylene, oxymethylene, oxytetramethylene, 
1-oxy-1-methylethyl, 2-oxy-1,1-dimethylethyl, vinylene, 
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1,3-propenylene or 114-buten-2-ylene, up to three carbon atans of any 
of which may be wholly or partially fluorinated, or A2 is a direct 
bond to R3 ; . 

or R1 is a group of the fonnula ~.A3.Q1-, in which: 
Q1 and Q2 are aranatic mieties, one of which is a benzene miety and 
the other of which is a benzene, pyridine or naphthalene miety, any .... 
of whi~ may optionally bear a substituent selected fran fluoro, 
chloro, braoo, cyano, nitro, methyl, ethyl, methoxy, ethoxy, tri­
fluoranethyl, and A3 is oxy, thio, sulphinyl, sulphonyl, carbonyl, 
carbalroyl, :iminocarbonyl, ureido, methylene, ethylene, trimethylene, 
isopropylidene, 1, 1-dimethylethylene, vinylene, l, 3-propenylene, 
1,4-buten-2-ylene, oxymethylene, oxyethylene or a direct bond between 
Ql and Q2; 

(b) R1 is pentafluoroethyl and R2 is hydrogen, or both R1 and R2 

are trifluoranethyl; or 

( c) R1 and R2 are both independently methyl, ethyl, propyl, 
isopropyl, butyl or pentyl, or together fonn tetramethylene, 
pentamethylene and hexamethylene, any of which may optionally bear 1 
or 2 methyl substituents, such that R1 and R2 together contain 5-9 
carbon atans; and 

R4 is'hydroxy, a physiological!~ ~ceptable alcohol residue selected 
fran ( l-6C) alkyl: optionally bearing a hydroxy or ( l-4C) alkoxy 
substituent; phenyl; and benzyl; the latter two of which may 
optionally bear 1 or 2 optional substituents selected fran halogeno, 
(l-4C)alkyl and (l-4C)alkoxy, or R4 is methanesulphonamido, 
ethanesulphonamido or butanesulphonamido. 

3. . A canpound as cla:imed. in claim 1 wherein n is 1, X is 
hydrogen, Y is cis-vinylene, A1 is ethylene, R4 is hydroxy and R1 and 
R2 are selected fran the following canbinations: 
a) when R1 and R2 are both trifluoranethyl; 
b) when R1 is thienyl or fury!, optionally containing a 
halogeno, cyano or ilitro substituent, and R2 is hydrogen; 
c) when R1 is phenoxy( 1-4C)alkyl, the phenyl miety of which 
contains a first substituent selected fran (l-4C)alkyl and 

(l-4C)alkoxy, optionally together with a second substituent selected 
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fran (1-4C)alkyl, (l-4C)alkoxy, halogeno, nitro, trifluoranethyl and 
cyano, and R2 is hydrogen; . 

d) R1 is phenylthio(l-4C)alkyl, the phenyl noiety of wbich may 
optionally bear 1 or 2 substituents independently selected fran 
(l-4C)alkyl, (l-4C)alkoxy, halogeno, nitro, trifluoranethyl and cyano, 
and R2 is hydrogen; 

e) when R1 is naphthyl optionally bear~g 1 or 2 substituents 
selected fran halogeno, (l-4C)alkyl and nitro, and R2 is hydrogen; and 
f) when R1 is benzylphenyl, benzyloxyphenyl, 
(pyridylmethoxy)phenyl, (naphthylmethoxy) phenyl, phenoxyphenyl and 
(phenoxymethyl) phenyl. 

4. A catplUild of foilllUla II: 

0 

s ~ -R~H 
H 

(II) 

wherein: A4 is (l-4C)alkylene; x1 is hydrogen or hydroxy; and Rs is 
naphthyl or thiehyl optionally bearing a substituent selected fran 

·cyano, nitre, halogeno and (l-4C)alkyl, or Rs is a group of the 
formula R6 .A5- in which: 

R6 is phenyl bearing a first substituent selected fran (l-4C)alkyl, 
(1-4C)alkoxy, hydroxy, (2-SC)alkenyl, (l-4C)alkylthio, (l-4C)alkyl­
sulphinyl, (l-4C)alkylsulphonyl, (2-SC)alkanoyl, carboxy, [(l-4C}­
alkoxy]~l, CN-(l-4C)alkyl]carbancyl, (l-SC)alkanoylamino and 
(l-4C)alkyl, the ·latter bearing a (1-4C)alkoxy, cyano, carboxy or 
[(l-4C)alkoxy]carbonyl, said phenyl optionally bearing a second 
substituent selected fran (l-4C)alkyl, (l-4C)alkoxy, halogeno, 
trifluoranethyl, .nitro and cyano, and As is (l-4C)alkylene, 
oxy(l-4C)alkylene or a direct bond to RS; and R4 is hydroxy, a 
physiologically acceptable alcohol residue, or (l-4C)alkane­
sulphonamido; or a phannaceutically acceptable salt thereof. · 
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5. A canpound as claimed in claim 4 wherein A 4 is ethylene or 

trimethylene; x1 is hydrogen; R4 is hydroxy, methoxy, ethoxy; and R5 

is selected fran: 1-naphthyl, 2-naphthyl, 2-chloro-1-naphthyl. 
2-thienyl, 3-thienyl, 5-cyano-2-thienyl, 5-braro-2-thienyl, 
4-braro-2-thienyl, 4-chloro-2-thienyl, 5-chloro-2-thienyl, 2-furyl, 
5-braro-2-furyl, 1-(4-methoxyphenoxy)-l-methylethyl, .... 
1-(4-tert-butylphenoxy)-l-methylethyl, 1-(2-methoxyphenoxy)-l-
methylethyl, 1-(2-methylthiophenoxy)-1-methylethyl, 
1-(4-methylthiophenoxy)-l-methylethyl, 1-(2-methylsulphonylphenoxy)-
1-methylethyl, 1-(4-methylsulphonylphenoxy)-1-methylethyl, 1-methyl-
1-( 2-methylphenoxy) ethyl, 2-ph.enylthiophenyl I 2-phenylsulphonylph.enyl I 
2-biphenylyl, 2-benzoylphenyl, alpha,alpha-diflurorobenzyl, 
1-methyl-1-(4-methoxy-2-nitrophenoxy)ethyl, 1-methyl-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, 
l-methyl-1-(2-cyano-5-methylphenoxy)ethyl, 1-methyl-1-(2-nitro­
phenoxy)ethyl, 1-(2-hydroxyphenoxy)-l-methylethyl or {E;)-2-methoxy­
styryl. 

6. 
, 

A ~ of the foIIIUlla II: 

4 4-A .co.R 

xi (II) 

wherein R5 is phenylthio(l-6)alkyl, the phenyl roiety of which may 
optionally bear 1 or 2 substituents independently selected fran 
(l-4C)alkyl, (l-4C)alkoxy, halogeno, nitre, trifluoranethyl and cyano; 
x1 is hyctrocjen or hydroxy; 
A4 is ethylene or trimethylene: and R4 is hydroxy, a physiologically 
acceptable alcohol residue selected fran ( 1-6C)alkyl optionally 
bearing a hydroxy or (l-4C)alkoxy substituent; phenyl; and benzyl; the 
latter two of which may optionally bear 1 or 2 optional substituents 
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selected fran halogeno, ( 1-4C)alkyl and ( 1-4C)alkoxy, or R4 is 

methanesulphonamido, ethanesulphonamido or butanesulphonamido; or a 
phannaceutically acceptable salt thereof. 

7. A canpound of the fonnula III: 

(III) 

wherein A4 is (l-4C)alkylene; x1 is hydrogen or hydroxy; A
6 is oxy, 

thio, sulphonyl, carbonyl, carbam::Jyl, iminocarbonyl, (l-6C)alkylene, 

oxy( 1-6C) alkylene or a direct bond to Q3; Q3 is benzene, pyridine or 

naphthalene; R7 and R8 are independently selected fran hydrogen, 

halogeno, cyano, nitre, (1-4C)alkyl, (l-4C)alkoxy and trifluoranethyl; 

and R4 is hydroxy, a physiologically acceptable alcohol residue, or 

(l-4C)alkanesulphonamido; or a phannaceutically acceptable salt 

thereof. , 

8. A cmipOund as claimed in claim 7 wherein A 4 is ethylene or 

trimethylene; x1 is hydrogen; R4 is hydroxy, methoxy, ethoxy; R7 is 

selected fran hydrogen, fluoro, chloro, braro, methyl, ethyl, methox:y, 

ethoxy, cyano, nitre and trifluoranethyl; and the group of the fonnula 

R8 .Q3 .A6- is selcted fran phenoxy, phenylthio, phenylsulphonyl, 

phenyl I benzoyl, benzyl I benzyloxy I 4-cyanobenzyloxy I 

2-pyridylmethoxy, 3-pyridylmethoxy, 4-pyridylmethoxy, phenbxymethyl, 

2-naphthylmethoxy, 2, 5-d:imethoxybenzyloxy, 4-nitrobenzyloxy and 

3-cyanobenzyloxy. 

9. A carpound as claimed in any of claims 1-8 wherein R4 is 

hydroxy, X or x1 is hydrogen, and A1 or A4 is ethylene.· 

10. A canpound selected fran: 

4(Z)-6-[(2,4,5-cis)-2-(l-[2-methylphenoxy]-l-methylethyl)-
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4-(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid; 

4(!)-6-[(2,4,5-cis)-2-(l-[2-nitro-4-methylphenoxy]-l-methylethyl)~4-

(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid; 

4(!)-6-((2,4,5-cis)-2-(l-[2-hydroxyphenoxy]-l-methylethyl)-4-

( 3-pyridyl )-1,3-dioxan-5-yl]hexenoic acid; 

4(!)-6-[(2,4,5-cis)-2-(l-[2-cyano-4-methylphenexy]-l-methylethyl)-4-
(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid; 
4(!)-6-[(2,4,5-cis)-2-(l-[2-cyano-4-methoxyphenoxy]-l-methylethyl)-4-
(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid; and 

4(!)-6-[(2§,4§,5,B)-2-[l-methyl-1-(2-nitro-4-methylphenoxy)ethyl]-
4-(3-pyridyl)-l,3-dioxan-5-yl]hexenoic acid; 

or a physiologically acceptable biodegradable ester or 

(l-4C)alkanesulphonamide thereof; or a phannaceutically acceptable 
salt thereof. 

11. A salt as claimed in Birf one preceding claim which is 

selected fran alkali metal and alkaline earth metal salts, armonium 
salts, salts with organic amines and quaternary bases fanning 
physiologically acceptable cations, and also fran salts with acids 

affording physiologically acceptable anions, such as salts with 

minercil acids. 

12. A process for the ·manufacture of a canpound of the fonnula I 

or a phannaceutically acceptable salt thereof as claimed in claim 1 
which is characterised in that: 
(a) a diol derivative of the fonnula IV: 

(IV). 

wherein one of T1 and T2 is hydrogen and the other is hydrogen or a 
group of the fonnula -CRaRb.CJI, wherein Ra and Rb are the sarre or 
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different (l-4C)alkyl, is reacted with an aldehyde derivative of the 

fonnula R1 .CID, or with an ace:tal, hemiacetal or hydrate thereof; 
(b) a 1,3-dioxane of fonnul.a V: 

H f, 1 4 
·c~= \.c.\.i~~-Y.A .Co.R ~ 

Ra.+o ~ './"' x 
Rb ti 'N (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 

fonrula R1 .CID, or with a hydrate, acetal or hemiacetal thereof, in 
the presence of an acid; 
(c) for a canpound. of fonnula I in which R1 is pentaflooroethyl, 
a canpound of the fonrula r.v: 

, 
(J.V) 

wherein one of T1 and T2 is hydrogen and the other is alkanesulphonyl 
or arenesulphonyl, is reacted with an aldehyde of the fonrula R1.0D, 
or a hydrate, acetal or hemiacetal thereof, in the presence of an acid 
catalyst, followed by base-catalysed cyclisation of the acyclic 
intennecti,ate obtained; 

(d) for a canpound of fonnula I in which Y is vinylene and R4 is 
hydroxy, an aldehyde of the fonnula VI: 
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is reacted with a Wittig reagent of the formula: ~P=CH.A1 -~ - M+ 
wherein R is (l-6C)alkyl or aryl and M+ is a cation; 
( e) for a canpound of fonnul.a I in which X is hydroxy, a 
canpound of the .formula VII: 

':4 1 4 : (CH~".Y. A . CO.R. 

p (VII) 

wherein P is a protected hydroxy group is deprotected; 
(f) for a canpound of formula I in which R1 contains a hydroxy 
substftuent, a hydroxy protecting group is reroved fran the 
corresponding protected derivative of the formula I canpound; 
( g) an ester of the formula VIII: 

(VIII) 

wherein OR9 is (1-6C)alkyl, phenyl or benzyl, the latter two 
optionally bearing 1 or 2 halogeno, (l-4C)alkyl or (l-4C)alkoxy 
substituents, is decixnposed; 
(h) for a canpound of the for:mula I wherein Y is ethylene, a 
canpound of the for:mula IX: 
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H . 2. l 4 
~°"'f ~ .... Y. A. co.~ 
~~ot(~j}-x crx) 

wherein i2- is vinylene or ethynylene is hydrogenated; or 
( i) for a canpound wherein Y is nethyleneaxy, an alcohol of the 

fontv.lla X: 

(X) 

is reacted with an alkanoic acid derivative of the fonnula XI: 

, 

L l 4-.A. ca.R 
(XI) 

in which L is a suitable leaving group; 
.whereafter, when a salt of a canpound of fonnula I is 

required, the canpound of fonnula I is reacted with the appropriate 
base or acid affording a physiologically acceptable ion, or by any 
other conventional salt fonnation procedure; and 
when an optically active fonn of a canpound of fonnula I is required, 
one of the aforesaid processes may be carried out using an optically 
active starting material or the racemic fo:an of the canpound of 
fonnula I is resolved; and 
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wherein R1 , -rf-, R4 , n, Y, A 1 and X have any of the meanings defined in 
claims 1-3 or 9. 

13. A phannaceutical canposition which canprises a caopound of 
the fonnula I, or a phannaceutically acceptable salt thereof, together 
with a phannaceutically acceptable diluent or carrier • ... 

, 
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PYRIDINE DERIVATIVES 

.e.--
The invention concerns ·novel, pharmaceutically useful 1,3-dioxane 

alkenoic acid derivatives of the formula I containing a pyridyl moiety 

at position 4 of the dioxane ring and in which the groups at positions 

2, 4 and 5 have cis-relative stereochemistry, X is hydrogen, alkoxy or 

hydroxy, Y is vinylene, n is 1 or 2, A1 is alkylene, the substituents 

R1 and R2 at position 2 of the dioxane ring have a variety of values 

defined hereinafter, and R4 is hydroxy, a physiologically acceptable 

alcohol residue or alkanesulphonamido, and the pharmaceutically 

acceptable salts thereof. The invention also includes processes for 

the manufacture and use of the acid derivatives as well as 

pharmaceutical compositions for therapeutic use in one or more of a 

variety of diseases such as ischaemic heart disease, cerebrovascular 

disease, asthmatic disease and/or inflammatory disease. 
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