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(54) CYCLOPENTANE DERIVATIVES

71 We, IMPERIAL CHEMICAL
INDUSTRIES LIMITED, Imperial Chemi-
cal House, Millbank, Londen, SWIP? 3JF, a
Bridsh Company, do hereby declare the inven-
tion, for which we pray thar a patent may be
granted to us, and the method by which it
is to be performed, to be particalarly descrited
in and by the following statement:-—

This inveation relates to new cyclopentane
derivatives, and in particular it relates to new
cyclopertane derivatives which are analogucs
of the narurally occurring compounds known
as prostaglandin F.z and prostaglandin E.,
showing a similar specirum of pharmacological
peopertics and being useful for similar pur-
poses. The refative potency of the new com-
pounds, howover, in respect of the particular
pharmnacclogics! effects shown is different from
that of the above naturally occurring prosing-
landins, end in partcular they are more potent
as luteolviic agenis than the corresponding
nataral prosvaglandins. That is 1o say, the
prostaglindin Foe analogues of the present
favention  we more potent  than  natural
prosiaglandin Fue and the prostaglandin E,
enalogues of the prosont invention arc more

Price 259
[ ]

poteni than natural prestaglandin E.. The new
compounds are, in 2 similar way, more poient
as stimulants of uterine smooth muscie than
the corresponding natural prostaglanding Fae
and B, and the prestaglandin X3, analcaees of
the inveation are particularly valuable in this
respect. The new compounds are therefore
advaniageous when used as contraceptives, for
the tenminadon of pregnancy or for control
of the oestrus cycle, es hypotensives or {or
the relief of tronchospasm. The newr com-
pounds of the invention are also wuseful for
eddition to semen intended for ariificial
insemination of domesiic animals, the success
rate of insemination being thercby increased,
especiaify in pigs.

The cyclopentane derivatives described in
this specification will be named as derivatives
of prostanoic acid of the formwula shown below
and numbered as shown:-—

30

45




71 2

10

- 20

30

40

50

According to the invention there is pro-
vided a prostanoic acid derivative of the
formula:— :

0

wherein R is 2 hydroxymethyl or carboxy
radical, or an atkoxycarbonyl radical of up
to 11 carbon atoms; cither R® is a hydroxy
sadical or an alkanoyloxy radical of 1 to 4
carbon atoms and R* is 2 hydrogen aton,
or R? and R® together form the oxo radical;
A is an ethylene or transvinylene radical;X is
an alkylene radical of 1 to 3 carbon atoms

‘bearing as substituents 0, 1 or 2 alkyl radicals,

each of 1 to 3 carbon atoms; Y is an oxygen
or sulphur atom, a sulphinyl (—SO-—) radi-
al or an alkylimino (-NAlkyl-) radical of up
ro 4 carbon atowns; and R is an arvl, benzyl
or furfuryl radical, which is unsubstituted or
which is substituted by hydroxy or halogen
atoms, nitro or phenyl radicals, aikyl, alkenyl,
halogenoalkyl, alkoxy, alkenvioxy or acyl-

amino tadicals of up to 4 carbon atems orf
dialkylamino radicals wherein ecach alkyl is

of 1 1o 3 carbon atoms; which compound con-
tains 0 or 1 alkyl radicals of up to 4 carbon
atoms on carbon atoms 2, 3 or 4; and for those
compounds wherein R! is a carboxy radical,
the pharmnceutically acceptable salts thereof.

A suitable valie for R when it is an alkoxy-
carbonyl radical of up to 11 cerben atoms
is, for example, the 2 ethoxycarbonyl uthoxy-
carbenyl, n butoxvcarbonyl or n-decvloxycar-
bonyl radical, preferably an alkexycarbonyl
radical of up to 6 ar 7 carbon atoms.

A suitable value for R® when it is an
alkanovloxy radical of 1 to 4 carbon atoms
is, for cxample, the acetoxy oOF propionylexy

A suitable value for X when it is an alkylene
radical of 1 to 3 carbon atoms bearing  as
cubstituents 0, 1 or 2 alkyl radicals, each of
1 to 3 carbon atoms is, for example a methyl-
ene, ethylene or tririethylenc radical bear-
ing 0, 1 or 2 methy] substituents, for example
e nethylene, cthylidene, isopropylidene and
wimethylene radicals.

A suitable value for Y when it is an alkyl-
imino radical of up to 4 carbon atoms is,
for example, the racthylimino (CH,—N<)
radical. .

A suitable value for A is the trans-vinylene
racical. :

A suitzble value for R* when it is an aryl
radical optionally substituted, is for examplc
a phenyl, naphthyl, or furfuryl benzyl radical
opticnally substituted by not than two halo-
gen aroms, phenyl, hydroxy, methyl, t-butyl,
allyl, mcthoxy, of allyloxy radicals, chloro-

allyl or fuorcalkyl each of 1 10 4 carbon
atems or dimethylamino radicals.

Suitable halogen atcm substituents in R*
are, for example, chlorine, bremine or fluorine
atonis.  Suitable alkyl, alkoxy, alkenyl or
alkenyloxy  substitucnts of up to ¢ carbon
atems in R' are, for example methyl, t-butyl,
allyl, metioxy Of allyloxy radicals. Suitable
halogenoalkyl substituents of 1 to 4 carbon
aroms in R are, for example chloroalkyl or
fluoroalkyl radicals, far cxample trifluoro-
methyl radicals. Suitable dialkylamino radicals
wherein cach alkyl is of 1 to 3 carbon atomis,
which may be substituents in R* are, for
example, dialkylamino radicals wherein the two
alkyl radicals are the same, for example the
dinethylamino radical.

Suitable substituted aryl radicals arc for
exanple, chicrophenyl, chloronaphihyl, bromo-
pheayl, fluorophenyl,  tolyl, xylyl, methyl-
naphthyl, t-butylphenyl, mcth}'lch‘-.orophcnyl,
trifluorcracthylpienyl, hydroxyphenyh, meth-
oxyphenyl, methoxynaphthyl, bivhenylyl, di-
methyiaminephenyl and teurahydrenaphthyl
radicals.

Proferred aryl radicals contain 1ot more
than two substituents as detined  above.
Particular values for R* are, thercforce, the

phenyl, benzyl, fucfuryl, 1 -naphthyl, 2-
naphthyl, 2-, 3. and  4-chlorophenyl, 4-
bromovphenyl,  2- 3. and 4- fluoro:

phenyl, 2,3, 24 2,5+ 2,6+ 3,4- and
3,5--clichlorophcnyl, 2-, 3- and 4-tolyl, 2,3+
3,4- and 3,5-xylyl, 4-t-butylphenyl, 3-allyl-
pheayl, 3 trifluoromcthylphenyl, 4-hydroxy-
phenyl, 2-, 3- and  4-methoxyphenyl, 4-bi-
phenyiyl, 3-dimethvlaminophenyl, 2-chloro-4-
methylphenyl, 1-chlore-2-naphthyl, 4-chloro-
2-naphthyl, 6-methyl-2-naphthyl, G-methoxy-
2-naphthyl and 5,6,7,8-tetrahyd1'0—2—x1aphthyl
radicals. )

A suitable value for the alkyl radical of up
10 4 carbon atoms which may be present as
a substituent on carbon atom 2,3 cr 4is, for
example the methyl rvadical.

Examples of basc-addition salis arc¢ the
ammoniuty, alkyl-ammoenium containing 1 to
4 alkyl radicals each of 1 to 6 carbon atoms,
alkanolammoniurn containing -1 to 3 2-
hydroxyethyl radicals, and alkali metal salts,
for example the tricthylammoniuni, cthanol-
ammoniu, dicthanolammonium, sodium and
potassium salts.

It will be observed that the compouhds of
the formula I contain at least five asymmetric
carbon aioms, namely carbon atonis 8, %
11, 12 and 15, the configurations at four of
which, 8, 9, 11 and 12 arc specified in formula
1. and that carbon atoms 2, 3 and 4 may
also be asymmeirically substituted, so that it is
clear that such compounds can exist in at least
two optically active forms. It is to be under-
stood that the uscful proparties of the race-
mate may be preseit Lo differing extents in the
optical isormers, and that this inventicn relates
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1o the racemic fum' of the compounds of
formuda I and any oprically active form which
shows the above waul properties, it being a
murier of conuncn gencral knowledge how the
optically active fo:ms may te obtained, and
to determine  their  respactive  biclogical
praperties.

It is also to be understood that the above
definition encempasses both C-15 epimers and
that in all chemical formulze shown bere-
aficr ia this spcclﬁc"rion the same fixed
stereo-cheinistry at C~S, @, 11 and 12 &s that
shown in foermula I is impliad.

Although both C-15 cpimers of a2 con-
pound of the inverticn possess  desirable
pharmaculegical pronuuu, that epimer which
is more pol'ir on thin laver chromatogiaphy is
the more active, for example in the luicolytic
test, and the more polar C-15 cpimers are
therefore prefecred.

A preferred group of oyclonantane deriva-
tives of the investion, decause of their high
luicolvtic or  smooth  muscle stimulant
propertics, comprises those compunnds wherein
R!' is a chlorophenyl, fluoren lcm'l trifucro-
methylphenyl or unsubstituied naphthyt radi-

cal, especially those compounds wherein R
is the carboxy, melhn.x)wrlmml or Indroxy-
moethyd )‘s‘ft"f‘u v ihase com-

! radical, an
vounds wharein R is Ln 3. or 4-chlorephenyl,
2- cor 4- i}uorop}‘c.z‘.}, ~triflue .om".l\i')rr‘m]
or mw batituted naphthy]l  radical. A pf.x-

ticulasly preferred su ronp compiises those
compounds wherein I3t s the carboxy,

mcthoxycarbonyl or hy d;o""-ﬂmh 1 radical,
R* is the hydroxy radical and R* is 2 hydro
gen atom, or R? and R* topether fn*m. the oxo
radical, A is the frgus-vinylenc radical, X is
the methylene or isopropylidene radical, Y is
an oxygen atom and 0 75 ths 3- or 4-ch!
phenyl, 2 or  d-iflasicphenyl,  3- tridi
mcth\lnhn.u or 2-:"117!1‘1 vi radical, optionsils
bearing a mahyl substituont on carben atorn
2.

Particular  preferred  compounds of e
invention  are 16 - (4 - ﬁuoroph TGNy -
9..':',11:51',15 - tribydroxy - 17,18,19,20 - tetra-

or -~ S - cis ~ 13 - trans - prcm'%d enoic  acid,
nu.th,! 16 - (4 - ﬁ'mwpumm}.\'\ ~ O, 11,15
trihydroxy - 17,18,19,20 - tctranor - 5 - cis-
12 - frans - prostadiencate, 16 - (2 - fluoro-
pheaexy) - 9211415 - tribydroxy-
17,18,19,20 - tciranor - 5 - cis - 13 - frans-
prostadienoic acid, 16 - (4 - chloroplicioxy)-
9¢,13¢,15 - trihvdroxy - 17,18,19,20 - tctra-
nor - 5 - ¢is ~ 13 - trans - prostadicnoic  acid,
methy) 16 - (4 - chlorephenoxy) - 9,1 12,15-
wilydroxy - 37,18,19,20 - teranor - 5 - cis-
13 - frans - prostadicnoate, 16 - (4 ~ chloro-
phenoxy) - %,110,15 - trihydroxy
17 18,1920 - tetraner - 5 - cis - 13 - frans-
pxo~1°c1r"70~
AT L mh\""'m:}-’ - 17,181 9._.(‘

-5 - cry - 13 - pans - miostadioncis acrﬁ,
aetiiyl 16 - (3 - chlorophenoxy) - 92,112,135~

OrQ-

o5y

trihydroxy - 17,18,19,20 - tetranor - 5 - ¢fs-
12 - frans - prost adicnoa te, 16 - (3 - chioro-
ph"‘lcm') 9a,11e,i5 - tribydroxy - 2 - methy I-
17,15,39,20 - tetranor - 5 - ¢is - 13 - trans-
£33 u,..xdienol O, 11215 - trihydroxy - 16-
(3 - wifluoromethyiphenoxy) - 17,18,19,20-
teirznor -~ 5 - ¢isy - 13 - jrans - prostadicnocic
acid, 9 lley13 - wihydroxy - 16 - (2-
naphihylozy) - 17,1819,20 ~ tetranor - § - ¢is-
1% - trans - prostadiznoic  acid, 14 - (4-
chlorophe nm’y\ - 90,1115 - trihydroay-
16,16 - dimethyl - ]/_.]S,I‘),ZO fetraror -
5 - cis - 13 - trans - p.mstadimoic acid and
16 - {4 - chlerophenosy; - 11,15 ~ dihydroxy-
Y - oxo - 17,18,19,20 - tetrawor - 3 - cis-
13 - iraas - prostadienoic  acid.

The cyclopentase derivarives cof the inven-
tion rmay be manufactured by metheds known
in thamsclves for the manufacture of chemicaliy
analogous compounds. Thus, the fullowiag

rocesses for the manufacture of the cyclo-
peniane derivative of the fonmula 1, aze pro-
vided as further ferivres of the invention: —

(a) for those compounds wherein R7 is a
carboxy radical, the hydrolysis of a compound
O‘. 11:\. 10!’.]‘111;&.

’i\_—f”'t 5C00k
<" A- (H—X—Y R

()

or of a mixed anhydride thereof, wherein A,
X, Y, R:, R* and R! h:;vn rh'- meanings
- arc each a teira-

\ viexy radical, or an acyloxy
radica‘, of 1 to 6 f"""l on '!i(*'nk;, '.\H\"rc"fhr

(i‘) for those compounds wherein R! is an
oxycarbonyl radical of up to 11 carbon
tie reaction of an acid of the formu-

J AR -
H0 ”

whetcin A, X, Y, R%, R* and R* have the
meenings stated ubc\":, with & diazesikane of
the formuia R™.N,, whercin W is an alkyl
radical of 1 to 10 C’i“] hon atori,; oF

©) for those compounds wherein R! s
an alkoxycarbonyl r‘lucal of + up 1o 11 carbon
atoms, the reaction of a salt, for examnle the
sifver salt, of an acid of the formuala YIT, with
an aikyl halide of 1 to 10 carbon atems, for
xazaple the alkyl fodide; or
(@) for those compeunds w

\

erein R is the
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35

40

hydroxymethy! radieal an .
sulphur atown, or an alkylinino ra
reduction of an ester of the formula T whercin
R* is an alkoxycarbony! radical, for exemple
an alkoxycarbonyl radical of up e 11 carbon
atoiys, for example with a compley metal
hydride, for example lthiim  aluminium
hydride, or

(e) for those campounds wherein Y is the
sulphinyl radical, the oxidatien of 2 thio-
compound of the formula: —

; “A-CHEH)-X-5RH
46 {v)

wherein R, R#, RY RY, A and X have the
meanings defined in claim 1, for examwple
with sodium periodate.

A suitable mixed anhydride is a mixed an-
hydreide with a lower alkanoic acid, for
example a lower alkanoic acid of up to 8 car-
bon atoms, for cxample acctic acid.

The hydrolysis in process (a) tnay be carricd
out under either acidic or buasic conditions,
for example in agueous acetic acid, or in an
aqueous or alcoholic solution of an alkali
mictal carbeunate, for example potassium car-
bonate in methanol, and it may be carried cut
at ambient temperature or at an clevated
temperature of up to 60° C.

The stacting material of the formula II
wherein A Js a trans-vinylene radical, and Y
is an oxygen or sulphur atom, used in the
process of the invention may be obtained by
reaction of the known aldehyde V (Ac =
acetyl or p-phenylbenzoyl) with a phoschon-
ate of the formula

{CH,;0),P*O.-CH.CO.X.Y . R*

(which is prepared from dimethyl methylphos-
phonate and an ester of the formula

R.Y.X.COO alkyl,

in the presence of butyllithium), or with a
pliosphorane of the formula

Ph,P: CH.CO.XY.R*

i prepared from triphenyiphorphine
and & compound of the {ormula

RUY.XCOCHD,

to give m unsaturated ketone VI The ketone
VI is reduced with zinc berohydride w the
corresponding  unsaturated alcohel VI, and
the protecting acyl group is then removed
with potassium carbonae in methanol 1o give
a diol VIIL The dicl VIII is protected as a
bis-tetrahydropyrany! cther and ihz factone
ring is then reduced with di-iscbutyl alu-
niinium hydride to give a lactol X, or altern-
atively the die! VIIL is reduced with disobuzyl
aluminitm hydride o give a wiol which may
be acylated and sclectively hydrolysed to give
the lactol bis-ester (X, RP==R¥==zcyloxy).
The Jactol X s reacted with the phosphonium
vlide anion obtained from (4-carboxybutyl)-
triphenyiphosphonium brewiide and a strong
base, 1o give a carboxylic acid of the formula
IL

The starring material of 1he formula 11
wherein A is an cthylene radical, and Y is ar
oxygen or sulphur aromn, used in the process
of the inveniion, may be obtained by hydro-
genating an unsatwzated ketone VI oin the
presence of 5%  palladivm-on-carbon
catalyst, or with nickel boride, to give a satur-
ated ketone X[, and repeating the procedure
outlined above using the saturated kerone XI
in place o° the unsaturated ketone VI,

The starting marterial of the formula I
wherein R® is an alkancyloxy radical may be
obtained from the cerresponding compound
wherein R* is a hydroxy radical by acylation
with an acid anhydride in pyeidine to give a
9-cster-1-mixed anhydride.

The starting material of the formula I, I11
or IV wherein R? and R® together form the
oxo radical, may be obtained from the corres-

. poading starting material of the formula 1I,

wherein R® s hydroxy and R* is hydrogen, by
oxidation with Jones’ reagen: (chromic acid
in ketonc), followed, as sequired, by hydroylsis
of the terrahydropyranyvl protecting groups and
esterification of the cacboxslic acid group.

It is, of course. to be understood that an
opticaliv active compound of the Invention
may be cbtained cither by wesolving the corres-
ponding racainate, or by carrying out the
above-described reaction  sequences  starting
from an cpuically active intermediate, for
example from zn oprically active aldehyde of
the formula IV (Ac == acetyl or p-phenyl-
benzoyl).
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Ac represents an acyl radical,
5 As stated above, the compounds of the in combination, or concurrently with oxy-

16

Pt
1%

30

invention possess a profile of phanmacological
propertics which cdiffers from that of the
naturally occurring prostaglandins ¥.e and
LE.. Thus, for example, 16 - (4 - fluorophen-
oxy) - 9x,110,15 - tribydroxy - 17,18,19,20-
tetranor - 5 - ¢is -'13 - frans - prostadienoic
acid is approximartely 200 Umes as aciive as
prostaglandin Fue in a luteolytic test in the
bamster {:ra! dosing), and abour 10 timcs
the smoocth miuscle stimulant activity of
prostaglandin Fye.

Also as stated above, the compounds of the
invention are uscful, for example, for the in-
duction of labour ia childbirth, and for this
purpoese arc used in the same way as it is
known to usc the naturally-occurring
prostaglandins E; snd E,, that is 1o say, by
administering 2 sterile, substantially aqueous
solution centaining from G.01 to 10 xg./ml,
preferably .01 to 1 ug./ml of active com-
pound, by inuavenous iafusion until Iabonr
commences. Also, for this punpose, the com-
pounds of the iavenuon may be used in
coinbinaticn, or coucurcently, wirh a urcrine
stimulani, for exawiple oxviocin, in the same
way that it is known o use prostagtandin Voo

tocin for the induction of iabour.

When a compound of the invention is to
be used for the centrol of the ocstrus cycle in
animals, it mzy be usad in combination, or
concurrently, with & gonadotephin, for
example PAISG (pregrent mare senum gona-
dotrophin) or HCG (human chlerionic gona-
doirophin) 1o hasten the onset of the next
cycie.

Thus, according to a further featre of the
invention rhere is provided a pharmaceuiical

or veicrinary composition comprising & pro-

stanoic acid dermivative of the invention,
together with 2 pharmaceutically or veterinarily
acceptable diluent or carrier.

The comnpaositions may be in 2 forin sujieble
for oral administration, for example tablets or
capsules, in a form suitable for inbalation,
for example an aerosol or 2 sciution saitable
for spraying, in a form suitable for parenteral
adiinistration, for exmnple sterile injectable
aqueous or oily selutions or suspensions, or in
the form of a suppostiory, suitable for anal or
vaginal vse. As stated above, when the com-
pound of the invention is to be used for the
Induciicn of Jabour in childbirth, & prefesrcd
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composition of rhe invention is a sierile, svb-
stantially aqueous, injectable solution.
The comositions of the invention may be
prepared by conventionsl means, and may
mcorporate conventional excipients.

The invention is illustrated, but not limaited,
by the following Examples: —

Example 1.

A solution of 9« - hydroxy - 16 ~ phenoxy-
11a15 - bisftetrahydropyran - 2 - yloxy)-
17,18,19,20 - 1ciranor - 5 - cie - 13 - trans-
prostadienoic acid (120 mg.) in 1.5 mi. of 2: 1
mixture of acetic acid and water, was stirred
at 50° C. for 4 hours. The solvents were
evaporated, the residue was disselved in dilute
aqueous socdium bicarbonate solution (2 ml.)
and the solution was extracted with ethyl
acctate (3 X 2 ml) and the cxtracts were
discarded. The aqueous schution vras acidified
to pH 3—4 with 2N aqueous oxalic acid and
the acidified solution was extracted with ethyl
acatate (4 X 5 ml). The erhyl acetate extracts
where washed with a 1:1 mixture of satur-
ated brine and water, and were then dried.
After cvaporation of the eyl acctate, the
residue censisted of a mixture of the C-15
epimers of 9a,ile,15 - trihydroxy - 16-
phenoxy - 17,18,19,20 - tetranor - § - cis-
13 - trans - prosiadienoic acid. Thin-layer
chromatography on silica gel plates, supplied
commercially by Merck of Dammsradr, using
a mixture of benzenc: dioxan: acctic acid
(20:10:1) as the developing solvent, separ-
aied the C-15 epimers, having Ry values of
0.3 and 0.4, respectively. {Throughout this
Yixample Ry values refer to silica gel plates
supplied commercially by Merck of Darm-
stadt, and the spots were detected either by
fluorescence, or by spraying the plates with a
sotution of ceric amumonium nitrate in sulphuric
acid). The nm.r. spectrum of cach isomer
(in deuterated ucerone) showed the following
characteristic bands (§ values): —

5.6—6.1, broad muitiplet, 5 aromatic protons

4.2—4.8, broad muiriplets, 4 olefinic protons

2.9--3.8, broad multplets, 3k, H—C—O
and 4 exchangeable protons

The bis-tetrahydropyranyl cther used as
starting material may be prepared as
follows: «m .

n-Bugyl lithium (69 mi. of a 1.2M solution
in hexane) was added to a sclution of dimethyl
methylphosphonate (103 g) in dry tetra-
hydrofuran ar -78° C. in an atmosphere of
nitrogen. After 10 minutes, 2 solution of
phenoxyacetyl chloride (4.1 g.) in dry tetra-
hydrofuran (20 ml.) was added dropwise, and
the mirture was stirred for 4 hours at —78¢ C.
The reactivn mixture was nemralised with
aceric acid and the solveits were removed
under reduced pressure. The resicie was
shaken with a mixture of ether (100 ml.) and

water (20 ml), and ths orgenic phase was
scparared and washed with brine. The sclu-
tlon was dricd, the solvents were cvaporated
and thz residuc was distiled in a bulb
distillation apperatis at an oven temperatore
of 160°C. znd 0.1 mm. pressure, to give
dimethyl 2 - oxo - 3 - phenoxyeropylphes-
phonare.

A solution of distedayl 2 - oxo - 3 - phen-
oxypropylphosphonate (1.01 g) in dey 1,2-
dimethoxyethane (20 ml) at -78°C, was
ireated with n-butyl-lithium (2.75 mi of a
1.2M solution in hexane), and the mixture was
sticced for 15 minuates. To this raixture was
added a sclution of 483 - formayt - 2,3,3a3,6283-
tetrahydro - 2 - oxo - Se - (p - phenyl-
benzoylexy)cvclopenteno[b]furan (1.95 g.) in
L,2~diinethoxycthane (30 wl), and after 1
hour the reaction mixture was neutralised
with glacial acctic acid and all solvents were
removed by ovaporation  wnder  reduced
pressure  below 35°C. The residue  was
chromatographed on “ Florisil ” (uade mark)
silica using solutions of ethyl ccetare in
racthylene chloride as eluaat, to yicld the un-
saturated ketone product as a white solid,
[Re == 0.6 (1:1 cthyl acetate/benzene)].

To a solution of the unsaturawed ketone
(500 mg.) in dry 1,2-dimethoxyceihane (20 ml)
at 0° C. was added 1.5 ml. of a 0.5 M solution
of zinc borohydride in 1,2-dimcthoxyethane.
The mixture was stived at rcom temperature
for 30 minutes, then sawrated scdium hydro-
gen tartrate solution was added until efferves-
(10 ml.). iN Hydrochloric acid (2.1 ml.) was
added, the organic layer was separated,
washed with a 1:1 mixture of sarurated brine
and water, then dried. The solvents wers
cvaporated to give a mixture of epimeric un-
saturated alcohols. [Ry = 0.5 (1:1 ethyl
acctate/benzenc)].

The mixture of epiraeric unsatvrated
alcohols (500 mg.) was stirred vigorcusly for
2 hours with fincly powdercd anbhydrous
potassium carbonace (140 mg.) in methanol
(10 ml.) 1N Hvdrochloric acid (2.1 ml) was
added, followed by ethyl acetate (50 ml). The
organic leyer was scparated, washed sucecssive-
Iy wich saturated sodium bicarbonate solution
and saturated brinz, and dried, aind the sol-
vents were cvaporated. The residuc was
chromatographed on Florisil (20 g.). Ylution
with cther removed by-preducts, and subse.
quent elurion with ecthyl acetate gave a
mixturc of the C-15 epimeric dicls [Ry = 0.2
(ctiyl acetate)].

To a solution of the epimeric diols (316 mg.)
in meihylene chloride (3 ml) under an atmo-
sphere of nitrogen were added successively
redistilled 2,3-dihvdropyran (1.2 ml) and a
solution of anhydrous toluene-p-sulphonic acid
in tetrahydrefuran (0.1 ml of a 1% solution).

After 10 minutes, pyridine (3 drops) were
added, followed by ecthyl acctats (50 ml).
The solution was washed successively with
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1,350,971

saturated sodium hicarbouate solution and
saturated brine, and was dried. Evaporation
of the solvents gave a mixture of cpimeric
bis-tetrahydropyranyl ethers as a clear oil.
[Re = 0.6 (cthyl acetatz)].

To a solution of the epimeric bis-terrahydro-
pyranyl ethers (420 mg.) in dry tolucne (10
ml) under an awmosphere of nitrogen at
—-78°C. was added 1 ml of a 2.2 mmole/
ml. solution of di-isobutyl aluminium hydrids
in toluene. After 15 miuutes the reaction
was quenched by the dropwise addition of
methanol (3 ml) and after a further 15
minutes at room temperature a mixture of
1:1 saturated brine/waoter (25 ml) was
added, and the mixture was extracted with
ethyl acetate (3 X 50 ml). The extract was
washed with saturated brine, and dried, and
the solvents were evaporaied to give a
mixwre of epimers of 2,3,3a83,6a5 -~ tetra-
hydro - 2 - hydroxy - 48 - [4 - phenoxy-
3 - (tetrahydrepyran - 2 - yloxy) - 1 - trans-
butenyl] - 5« - (tetrahydropyran - 2 - yloxy)-
cyclopenteno[b]furan. [Ry = 04 (1:1 ethyl
acetate/benzene)].

Finely powdered (4-carboxybutyl)triphenyl-
phosphonium bromide (1.11 g.) was heated to
100° C. under vacuum for 1 hour. The
cvacuated reaction vessel was filled with an
atmosphere of dry nitrogen, the solid was
dissolved in dimcthylsulphoxide (5 ml) and
the solution was cooled to room temper-
ature. To this solution was added dropwise
235 ml of a 2M solution of methanesul-
phinylraethyl sodiumi in diniethy! sulphaxide
followed by a solution of the mixture of
cpimers of the cyclopenteno[b]furan bis-
terrahydropyranyl  ether (400 mg) in a
mixture of dimcthyl sulphoxide (1¢ ml) and
benzene (2 ml.). The solution was stirred for
3 hours, and the solvent was removed by
evaporation under reduced pressure at a
temperature below 40° C. The residue was

shaken with water (10 ml.) and ethyl acetate
(10 ml.) and the squeous phase was separated,
extracted with ethyl acetate (2 X 10 ml.) and
the extracts discarded. The aqueous solution
was acidified to pH 3—4 with 2N aqueous
oxalic acid, and exiracted with a mixture of
cqual parts of ether and petroleum ether
(b.p. 40—69" C.) (§ X 10 ml.). The organic
phasz was separated, washed with saturated
brine and was dried. Evaporation of the sol-
vonts  gave 9« - hydroxy - 16 - phenoxy-
11,15 - bis(tetrahvdropyran - 2 - yloxy)-
17,18,19,20 -~ tetranor - S - ¢fs - 13 - trans-
prostadiencic acid as a clear cil. [Rp = 0.5
{ethyl acetate)].

Example 2.

The process described in Example 1 was
repeated, using the appropriatc phosphonate
reagent, to give the compounds shown below.
The products were identified by nm.r.
spectroscopy and are characterised below
either by Ry value on thin layer chromato-
graphy, or by accurate mass measurcment by
mass spectrometry of either the molecular ion
or the (M* — methyl) ijon, whichever is
more appropriate, of the tetra (trimethylsilyl)
derivative, which is prepared by adding to the
compound toc be mass measured bis-trimethyl-
silyl-trifluoroacetamide concaining 194 tri-
methylchlorosilane (Regisil-~trade mark) and
leaving the mixture for 1 hour. In some cases,
phosphonate reagent, or the unsaturated ketone
intermediate in which Ac is p-phenylbenzoyl
have been characterised and appropriate data
for these compounds are also given.

OH
y
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1,330,971
No. R, A . X

1 phenyl —CH:CH—- —CH,—

2 phenyl ~~CI:CH— ~-CH(CH)—

3 phenyl ~-CH:CH— —C(CH,) ~

4 phenyl —CH:.CH~— —(CH,)s~—

5 benzyl ~—CH:CH— —CH,—

6 2-naphihyl —CH:.CH— —CH,—

7 4-chlorophenyl —CH:CH— ~CHy—~—

8 4-chlorophenyl —CH,CH,~ —CHy—

9 3-chlorophenyl —CH:CH— " = CHp—
10 2-chlorophenyl —CH:CH— —CH,y—
11 2,4-dichlorophenyl —CH:CH— —CH,—
i2 4-bromophenyl ~CI1:CH— —CHy—
13 4-fluorophenyl —CH:CH— —CH—
14 4-tolyl —CH:CH~— —CH,—
15 3-tolyl —CH:CH— —CHy—
16 4-t-butylphenyl —CH:CH— —CHy—
17 3-triflucromethylphenyi ~-CH:CH— —CHy—
18 4-methoxyphenyl —CH:CH— —CH,—
19 2-methoxyphenyl ~—CH:CH— —CHy—
20 —CH:CA— —CH,—

4-biphenylyl

ne
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9 1,350,971 9
Mass specirum Enone
Phosphonate m.p. (°C.)
No. Isomer* Found Calculated b.p. (°C./mm.) {(Formula VI)
1 mp M+=678.3610 678.3625 178—185/0.05 155158
Ip M*==678
2 mp M+—CH;=677.3540 677.3545 175/0.2 —
1p M+=692 692
3 mixed M+—CH,=681.3660 691.3702 1306/0.1 -—
4 mp M*+=706.3921 706.3928 166—168/0.1 120—122
Ip M+*=706
5 mixed M+=692.3753 692.3781 170/0.1 99—101
6 mp 1+==728.3744 728.3781 | m.p.=85~86°C. 185187
7 mp M+—CH;=697.2948 697.3001 170—173/0.1 132—135
1p M+=712 712
8 mp{a) | M*=714.3399 714.3391 170—173/0.1 132—135
1p(a) M*r=T714
) mp M*+—CH,=697.2297 697.3000 | 180/0.2 —
Ip Mt+=712 712
10 mp M+=712.3216 712.3235 | 174—178/0.1 129—132
Ip M*712
11 mp M*+—CH,=731.2599 | 731.2609 - 136—138
12 mixed M+—CH,;=:741.2485 741.2497 — —
13 mp M+=696.3468 696.3529 — 162
1p M+=696
14 mixed M+=692.3738 692.3781 164/0.05 149
15 mp M+=692.3752 692.3781 180,0.5 140—141
Ip M+=692
16 mixed M+==734.4213 734.4251 _— —
17 mp M+=746.3467(b) 746 .3499 115117
Ip ©
18 mp M+=708.3717 708.3731 —_ ——
ip M+=708
19 mp M+=708.3710 708.3731 — —_
Ip M+=708
20 mp M+==754.3944 754.3938 | m.p.==63—£4°C. -
1p M+=1754
i

* mp==morepoiar, lp=Iless polar isomer on silica gel thin laver chremetography.
(a) products synihesised from respectively the more polar aad less polar enol intermediates.
() Ry=:0.45 after 2 runs onsilica gel t.1.c. with 539 acetic acid in ethyl acetate.
(&> Ry=:0.50after 2 runs onsilica gel t.L.c. as for (b).

/
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In the manufacture of corapounds 8, wherein
A is an ethylene radical, the unsaturated
ketone intermediate is reduced to the satur-
zted ketone as follows:—

The more polar epimer (epimers at C-3 of
the butenyl side-chain) of 4% - (4 - p - chloro-
phenoxy - 3 - hydroxybut - 1 - trans - enyl)-
2,3,3a83,6a8 - tetrahydro - 2 - oxo - Sa-
(¢ - phenylbenzoyloxy)cyclopentene - [bi-
furan (360 mg.) was dissolved in ethanol
(25 ml.) and the solution was added to nickel
boride, previously prepared from nickel acet-
ate (620 mg.) and sodium borohydride (2.5 ml
of a 1 M solution). The mixture was shaken
with hydrogen for 3 hours and was then
filtered, and the filtrate was evaporated to
dryness to give 43 - (4 - p - chicrophenoxy-
3 - hydroxybutyl) - 2,3,338,6a83 - tetrahydro-
2 - 0x0 - 5a ~ {p - rhenylbenzoyloxy)cyclo-
penteno[b} furan, Ry = 04 (50% ethyl
acetate in toluene). The saturated ketone was
then used, in place of the unsaturated ketone,
in the remainder of the process described in
Example 1.

Example 3.

To a solution of the more polar C-15 epimer
of 16 - (4 ~ chlorophenoxy) « 9a,1le,15-
trihydroxy - 17,18,19,20 - tctranor - § - cis-
13 - trans - prostadienoic acid (15 mg.) in

methano! (1 ml.) at 0° C. was added an excess

-of a solution of diazomethane in cther. After

10 minutes the solvents were evaporated to
give a single C-15 epimer of methyl 16-
(4 - chlorophenuxy) - 9a,11e,15 - trihydroxy-
17,18,19,20 - tetranor - 5 - cis - 13 - ¢rans-
prostadienoate as a clear oil, Ry = 0.3 (ethyl

acetate). The nm.r. spectrum showed the
following characterisiic bands (6 values): —

6.8—7.2, 4 aromatic protons
5.3—5.7, 4 olefinic protons
3.6, Co0CH,

Example 4. .

The process described in Example 1 was
repeated, using the appropriate phosphon-
ate reagent, or an cquivalent phosphorane
R*—X—Y-~CH,.CO.CH: PPh, to give the
compounds shown below. The products were
identified by n.m.r. spectroscopy and are
characterised below ecither by Ry value on
thin layer chromatography, or by accurate mass
measurement by mass spectrometry of the
molecular ion of the appropriate fully pro-
tected (trimethylsilyl) derivative, which is pre-
pared by adding, to the compound to be mass
measured, bis - trimethylsilyltrifiuoroacetamide
containing 19 trimethvichlorosilane (Regisil-
trade mark) and leaving the mixture for 1
hour. In some cases, the phosphonate reagent,
or the unsaturated ketone intermediate have
been characterised and appropriate data for
these compounds are also given.

oH

qll\f/\/\.co}”‘
! CHOH)-X-Y-R*
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i1 1,350,971 11
Other
substituents in
No. R¢ X Y prostanoic acid
21 phenyl —CH,— ~N(CH )}~ —_
22 4-chlorophcny* —C(CH),— ~—O0— -
23 4-chlorophenyl —CH,— —8— _—
24 3-fluorophenyl —CH,— A —
25 2-fluorophenyl —-CH,y— —(— —
26 | 3,4-dichlorophenyl —CHy— —0— -
27 2,5-dichlorophenyl —CH,— —0— —
28 2-tolyl —CH,— —~0— —_
29 2,3-xylyl —CH,— —O— —
30 3,5-xylyl —CH,— —0— —
31 2-chloro-4-methylphenyl —CH ,— —~0— —
32 3-dimethylaminophenyl ~CHy— —0— —
33 1-naphthyl —CH,— ~0— —
34 4-chloro-1-paphthyl ~—CH,— ~0— —
35 2-naphthyl —CH,— e 2-methyl
36 6-methyl-2-naphthyl —CH,— —O— —
37 6—metimxy—2-naphthyl —CHy— —0-— —
38 3-chlorophenyl —CH,— ~0— 2-methyl
39 2,3-dichlorophenyl —CH,— —0— —
40 | 2,6-dichlcrophenyl —CH,— —0— —
41 3,5-dichloropheny! —CH,— —0— —
42 .- | 4-chloro-3-methylphenyl. - —CH,— —_0— —_
43 3-methoxyphenyl —CH,— —0— —
4 1-chloro-2-naphthyl ‘ —CHp~ —~0— —_
45 5,6,7,8-tetrahydro-2-naphthyl —CH,— - Qe —




12 1,350,971 12
Mass spectrum Enone
Phosphonate m.p. (°C.)
No. Isomer (a) Found Calculared b.p. (°C./mm.) (Formula VI)*
21 mp M*+=621.3994 691.3940 | (b) 145150
Ip 691
22 mp M--CH,+=:725,3302 725.3313 150/0.05 ©
1p
23 mp M+=728.2977 728.3006 1 (b) 135--138
Ip
24 mp M+=696.3496 696.3531 (d) 138—139
‘1p 696 :
25 mp M+=696.3510 696.3531 | (e) 144
1p 695
26 mp M*==746.2791 746.2844 | () 150—152
1p 746
27 mp M+==746.2799 746.2844 | (®) 187—-190
1p : 746
28 mp M#==692.3813 692.3781 154—160/0.05 165—167
ip 692
29 mp Mt+=706,3971 706.3935 180/0.15 166—-168
1p 706
30 mp M+=706.3922 706.3935 | — 140—142
lp 706
31 mp M*+=726 726 —_ 113—115
Ip 726
32 mp M+=721.4020 721.4047 | (b) 138—145
ip 721
33 mp M+==728.3830 728.3781 | (h) 185187
1p 728
34 mp M+=762.3356 762.3388 | (i) G)
ip 762
35 mp M+742.3946 742.3937 | m.p. 8586 185187
ip 742
36 mp M+==742.3902 742.3937 | m.p. T1--72 153
Ip 742
37 mp M+758.3910 758.3887 | m.p. 58—59 195
1p 758
38 mp M+=726.3346 726.3391 180/0.2 (k)
Ip 726
39 mp M+—CH,=731.2644 731.2609 175/0.03 153—155
1p M+—CH,;=731
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13 1,350,971 13
Mass spectrum Enone
Phosphonate m.p. (°C)
No. Isomer (a) { Found Calculated b.p. (°C./mm.) (Formula VI)Y*
40 mp M+=746.2844 746.2844 | m.p. 89—90 140—142
1p 746
41 mp M+746.2829 746.2844 | m.p. 80—82 138—i39
1p 746
42 mp M+==726.3397 726.3391 | — 143
1p 726
43 mp M+=708.3745 708.3730 | 129—130
1p 708
44 mixed M+=762.3402 762.3391 | m.p. 61—62 195
45 mp(m)
1p(n)
(a) mp=more polar, Ip==less polar.

(n)

(m) and (n);

these compounds synthesised from phosphoranes (not phosphonates), made as described below.

Ryp=0.5 (509, ethyl acetate in toluene).

Ryp==0.2 (409, ethyl acetate in methylenc dichlor
Ry=0.4 (5%, acetic acid ia ethyl acctate)
Ry=0.3 (509, ethyl acctate in chloroform)
Ryp=0.23 (509, ettiyl acetate in chloroform)

ide)

Rp=0.3 (509 ethyl acetate in methylenc dichloride)

Ryr=0,4 (10%, methanol in ethyl acetate)
Ry=0.8 (509, cthyl acetate in toluene)
Rr=0.6 (50%, cthyl acetate in toluene)

Rp=0.4 (509, ethyl acetate in mcthylene dichjoride)
(m) Ryp=0.25 (3% acetic acid in cthyl scetate)

Rp=0.30(3% acetic acid in cthyl acetate)

* Ac is p-phenylbenzoyl.

10

15

20

The preparation of a phosphorane, which
may be used in place of a phosphonate in the
preparation of a cyclopentane derivative of
the invention, is exemplified by the prepar-
ation of [3 - (3 - dimethylaminophenoxy)-
acetonylidene] - triphenylphosphorane  as
foilows: —

n-Butyl-lithium (3.85 ml. of a 13 M
solution in hexane) was added to a solution
of 3-dimethylaminophenol (685 mg.) in di-
methoxyethane (20 ml.) at ~70° C. under an
atmosphere of nitrogen. The solution was
allowed to warm to room temperature, a
solution of 3 - iodoacetonylidenc - triphenyl-
phosphorane (2.22 g.) in benzene (100 ml.)
was added, and the mixture was heated under
reflux for 2 hours. The mixture was then
diluted with toluene (100 ml.), washed with
water (2 X 50 ml) and dried, the solvenis
were evaporated and the residue was trituraied
with ether to give {3 - (3 - dimethvlamine-

3 6.8 (1H, aromatic), 6.6 (2H, aromatic), 5.4 (2H, olefinic) and 5.7 (2H, clefinic).

phenoxy ) acetonylidene ] triphenylphosphor ~
ane, m.p. 110—115°C.

In 2 similar manner were prepared the
analogous N-mrethylanilino (gun) and 4-
chlorophenyltihio (m.p. 158—-165° C.} phos-
phoranes.

Exampic S.

The process described in Example 3 was
repeated, using -the appropriate more polar
C-15 epimer, in placc of the more polar
C-15 cpimer of 16 - (4 - chiorophenoxy)-

9,112,15 ~ trihydroxy - 17,18,19,20 - tetra- -

nor - 5 - cis - 13 - trans - prostadiencic acid,

to give the following methyl csters as single

C-15 epimers: —-

a) methyl 16 - (4-- fluorophenoxy)-
94,11¢,15 - trihydroxy - 17,18,19,20-
tetranor - 5 ~ ¢is - 13 - frans - prostadi-
enoate, Ry == 0.3 (5% methanol in tolu-
ene) 8 = 6.8—7.2 {arematic), 5.3—5.7
(4 olcfindc protons), 3.6 (nwihyl ester).
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g) methyl

b) methyl 9e,11,15 - trihydroxy - 16-
(2 - naphthyloxy) - 17,18,19,20 - tetra-
nor - 5 - c¢is - 13 - frans - prostadienoate,
M7T = 670.3542 (calculated 670.3541).

¢} methyl 9«,114,15 - tribydroxy - 2-
methyl - 16 - (2 - nophthyloxy) -
17,18,19,20 - vetranor - 5 - cis - 13-
trans -~ prostadicnoate, M* = 684.3678
(calculated 684,3697).

d) methyl 9¢,11e,15 - trihydroxy - 16-
(6 - methyl - 2 - naphthyloxy) -
17,18,19,20 -~ tetranor - 5 - cis - 13-
trans - prostadiencate, M+ = 684.3739
(calculated 684.3693).

e) methyl 9¢,110,15 - trihydroxy - 16-
(6 - methoxy - 2 - naphthyloxy)-
17,18,19,20 - tetranor - 5 - cis ~ 13-
trans - prostadienoate, M* = 700.3681
(calculated 700.3647).

f) methyl 16 - (3 - chlorophenoxy)-
94,112,15 - trihydroxy - 17,18,19,20-
terranor - 5 - ¢is - 13 - trans - prostadien-
oate, Ry = 0.3 (ethyl acetate), MT =
654.2973 (calculated 654.2995).

97,11«,15 - trihydroxy - 2-

methy! - 16 - (3 - chlorophenoxy)-

17,18,19,20 - tetranor - 5 - cis - 13-

tran; - prostadienoate, Ry = 0.4 (ethyl

acetate), M* = 668.3133 (cakulated

668.3151).

Examnple 6.

16 - (4 ~ Chlorophcnoxy) - 9a,11e,15 - tri-
hydroxy - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostanoic acid (20 mg. of
the more polar C-15 epimer) was treated with
an excess of dilute aqueous ammonia to form
the ammonium salt. The excess of ammonia
was evaporated under reduced pressure, and
the residue was treated with the stoichiometric
amount of silver nitrate to form the silver
salt. The silver salt was filtered off, dried,
dissolved in n-butyl iodide (0.5 ml.) and
stirred at room temperature for 1 hour. The
solution was extracted with ethyl acetate, the
ethyl acetate extract was evaporated to dry-
ness, and the residuc was chromatographed on
Florisi! (1 g.) using 50% ethyl acetate in
toluene as eluant, to give n-butyl 16-
(4 - chicrophenoxy) - 9e, 11,15 - trihydroxy-
17,18,19,20 - tetranor ~ 5 - cis - 13 - trans-
prostadiencate, M* for the tris-(trimethylsilyl)
derivative = 696.3427 (calculated 696.3464),
Ry = 0.4 {(ethyl acetate).

In a similar mzanner, but using ethyl iodide
i place of n-butyl iodide, there was obtained
ethyl 16 - (4 - chlorophenoxy) - 9a,114,15-
trihydroxy - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadienoate, M* = 668.3086
(calculated 668.3151).

Example 7.
A solution of the mixed anhydride of
acetic acid and the more polar C-15 cpimer of
92 - acetoxy - 16 - (4 - chiorophenoxy)-

11416 - bisfterrahydropyran - 2 - yloxy)-
17,18,19,20 - tetrancr - § - cis ~ 13 - trans-
prostadienoic acid (73 mg.) in 2 ml. of a 2:1
mixture of acetic acid and water, was sticred
at 47° C. under nitrogen for 4 hours. The
solvents were evaporated, the residue was
dissolved in dilute aqueous sodivm bicarbon-
ate solution (2 ml) and the solution was
extracted with ethyl acetate (3 X 2 mlb).
The extracts were discarded, the aqueous
solution was acidified to pH 3—4 with 2N
aqueous oxalic acid and the acidified solution
was extracted with ethyl acetate (4 X 5 ml).
The ethy! acetate extracts were washed with
a 1:1 mixture of saturated brine and water,
and were then dried. After evaporation of
the ethyl acctate, the residue was purified by
thin-layer chromartography on silica gel using

3%, acetic acid in cthyl acetate, to give the -

more polar C-15 epimer of 9« - acctoxy - 16-
(4 - chlorophenoxy) - 11,15 - dihydroxy-
17,18,19,20 - tetranor - 5 - ¢is -~ 13 - trans-
prostadienoic acid, M* = 682.2942 {calcalated
682.2944).

The bis-tetrahydropyranyl cther used as
starting material may be prepared as
follows: —

A solution of the more polar C-15 epimer
of 9a-hydroxy-16-(4-cholorphenoxy)-11e,15-
bis(tetrahydropyran - 2 - yloxy) - 17,18,19,20-
tetranor - 5 - cis - 13 - trans ~ prostadienoic
acid (70 mg.) in 0.15 ml. of a 2:1 mixture of
pyridine and acetic anhydride was kept at
room temperature for 16 hours. The volatile
material was evaporated and cyclohexane
(10 ml.) was added to, and boiled off from,
the residue three times, leaving the mixed
anhydride of acetic acid and 9. - acetoxy - 16-
(4 - chlorophenoxy) - 114,15 - bistetrahydro-
pyran - 2 - yloxy) - 17,18,19,20 - tetranor-
5 - ¢is - 13 - trans - prostadicnoic acid as a
vellow oil, v max (CHCl,) 1720, 1810 cm.

Example 8.
To a solution of 9« - acetoxy -~ 16 - (4-
chlerophenoxy) -~ 1le15 - dihydroxy-

17,18,19,20 - tetranor -~ 5 - cis - 13 - trans-
prostadienoic acid (12 mg.) in methanol
(1 ml) at 0° C. was added an excess of a
solution of diazomethane in ether. After 10
minutes, the solvents were evaporated, the
residue was dissolved in ether, and the solu-
tion was treated with lithium aliminium
hydride (50 mg.). The mixture was stirred at
room temperature for 1 hour, the excess of
hydride was destroved by the addition of
water (1 ml) and the mixture was extracted
with ethyl acetate 1o give 16 - (4 - chloro-
phenoxy) - 9a,11e15 - trihydroxy-

17,18,19,20 - tetranor - § - cis - 13 - trans-

prostadienol, Mt = 6983439 (calculated
698.3441), Ry = 0.2 (ethyl acetate).
In a similar manner, there were cbtained; —
16 - (3 - chlorophenoxy) - 9, 114,15 - tri-
hydroxy - 2 - methyt - 17,18,19,20 - tetra-
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nor - 5 - c¢is - 13 - trans - prosadienol,
Ry = 0.15 (ethyl acetate, M+ = 712.3575
(calculated 712.3597).

9¢,11e,15 - trihydroxy ~ 16 - (6 - methyl-
2 - naphthyloxy) - 17,18,1%,20 - tetranor ~ 5~
cis - 13 - trans - prostadienol, Ry = 0.2
(ethyl acetate).

- Example 9.

The process described in Example 1 was
repeated using the approprizte phosphonare
reagent, 10 give: —

a) 9a,11n1S - trihydroxy - 16 - (4-
hydroxyphenoxy) ~ 17,18,19,20 - tetranor-
5 - c¢is - 13 - trans - prostadienoic acid,
Ry = 0.2 and 0.3 (3%, acetic acid in
ethyl acetate). 4 = 6.82 (4H, aromatic),
53—5.7 (4H, olefinic), 3.98-—5.1
(10H, >CI1.0— and cxchangeable pro-
tons); phosphonute, R, = 0.2 (10%,
methanol in ethyl acctate); enone*,
m.p. 135—140° C.

b) 16 - furfuryloxy - 9a,114,15 - trikydroxy-
17,18,19,20 - tetranor ~ 5 - cis - 13-
trans - prostadienoic acid, Ry = 0.5 (3%,
acetic acid in ethyl acctate), & = 7.5

{111 aod 63 (2H) (furyl protons)
5.1-5.6 (4 H, olefinic): phosphonate,
b.p. 200° C./0.2 mm; enonc¥, m.p. 92—
93° C.

c) 16 - (3 - allylphenoxy) - Sellal5-
trihydroxy - 17,18,19,20 - tetranor - 5-
cis - 13 - trans - prostadienoic acid,
M* = 718.3892 (calculated 718.3938);
phosphonate, Ry = 0.32 (ethyl acetate);
enone*, m.p. 110—112° C.

* Formmula VI. Ac is p-phenylbenzoyl.

Example 10

The process described in Example 1 was
repeated, using a 9-oxo prostenoic acid deriva-
tive in place of a 9a-hydroxy prostanoic acid
derivative, to give the compounds shown
below, For ineasurement of mass spectra,
the acids were converted to methyl esters with
diazomethane, the 9-oxo group was protected
by conversion to the methoxime with
methoxylamine, and, where indicated, the
hydroxy groups at C-11 and C-15 were pro-
tected as the trimethylsilyl derivatives. N.m.z,
spectra were measured in deuterated acetone.
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ud" CHOH)-X-Y-R*

No. Rs X Y
46 phenyl ~—CH,— —O0—
47 phenyl —CH(CH)— —0~—
48 phenyl —(CHg)y— —0—
49 I-naphthyl ~—CHy— —Q—
50 2-naphthyl —CH,— —0—
51 4-chlerophenyl —CH,— —0—
52 4-chlorophenyl —~—CHy— S
53 3-chlorophenyl —CH,— —Q~
54 2-chlorophenyl —CH,— —0—
55 4-chlorophenyl —C(CH,), —0—
56 4-bromophenyl —CH.— —0—
57 4-fluorophenyl —CH,— —0—
58 3-fluorophenyl —CH,— —0—
59 2-finorophenyl —CHy— —0—
60 2,4-dichlorophenyl —~—CHy— —0—
61 2,5-dichlorophenyl —CHy— —0--
62 3,5-dichlorophenyl —CHy— —0—
63 4-tolyl —CH,— Q-
64 3-tolyl —CH,;— —O—
65 2-tolyl ~—CH,— —0—
66 3,5-xylyl —CH,— —~ 0O
67 4-chlorn-3-methyl-phenyl —CH,~ —0—
68 2-chloro-4-methyl-phenyl —CH,;— —0—
69 3-trifluoromethyl-phenyl ~—CHy-~ —0—
70 4-methoxyphenyl —CH,— ~—Q0—
71 Z-mcthoxyphenyl —CHy— —0—
72 4-chlore-1-naphthyl —CH,— —0—

————
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Characterising Data
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46

47

48
49

50

51

52

53

54
55

56

57

58

mixed

mixed

mixed

mixed

mixed

mp

mixed

mp

mixed

mixed

mixed

mixed

mixed

Ry=0.2 (acctone/cyclohexane/ethyl acerate—
1:1:2)

N.m.r.: 86.98—7.28 (5H, aromatic), 5.48 (2H,
cis olefin), 5.78 (2H, trans olefin), 3.5—4.5 (5H,
>CH.Q— and —COOH)

M+==589.3267 [calculated 589. 3255 for methyl
ester, 9-mcthoxime, 11,15-di-(trimethylsiiyl)
derivative). Ry=0.4 (3%, acetic acid in ethyl
acetate)

Ry=0.3 (3% acetic acid in ethyl acetate)

Ry=0.4 (3% acetic acid in ethyl acctate)'.

N.m.r.: aromatic protons oat § 8.3—8.5 (1H),
7.7—1.9(1H),7.2—7.5(4H) and 6.8—7.08
(1H)

Ry=0.3 (3%, acetic acid in ethyl acctate).

N.m.r.: aromatic protons at 3 7,7—7.8 (3H) and
7.1—7.5(4H)

M+=-609.2633 [calculated 609.2709 for methyl
ester, 9-methoxime, 11,15-di (trimethylsilyl)
derivative], Rp=0.4 (39 acetic acid in ethyl
acetate)

Rr==0.5 (3%, acetic acid in ethyl acetate).

N.m.t. :=aromatic protons at § 7.3 (4H)

Rp==0.3 (3%, acctic acid in ethyl acetate).

N.m.r.: aromatic protons at 3 7.15 (1H)and 6.9 (3H)

Ry=0.4 (3% aceticacid in ethyl acetate).

Rp=0.5 (39 acetic acid in ethyl acetate).

N.m.r.: aromatic protons at § 7.28 (2H), 7.19 (2H)
and 2 methyls at 8 1.25and 1.30(6H)

M+==509. 1417 (calculated 509. 1413 for methyl
ester, 9-methoxime)

Ry=0.3 (39, acetic acid in ethyl acetate)

N.m.r.: aromatic protons at § 6.91 (2H)and 7.08
(2H) _ . -

Ry=0.3 (2% acetic acid in ethyl acctate).

N.m.(r.: aromatic protons at 3 7.25 (1H) and 6.65
3R;
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No.

Isomer™

Characterising Data

59

60

61

62

63

65

66

67

63

69

70
71
72

mixed

mixed

mixed

riaixed

mixed

mixed

mixed

mixed

mixed

mixed

mp

mixed
mixed

mixed

Ry=0.4 (59 acetic acid in ethyl acetatc).
N.m.r.: aromatic protons at 3 7.¢5 (4H)
Rr==0.4(0.259%, acetic acid in ethyl acetate)

N.m.r.: aromatic protons at 8 7.12(1H), 7.3 (1H)
and 7.41 (1H)

Re==0.34 (39, acetic acid in ethyl acetate).

N.m.r.: aromatic protonsat 37.3(1H),7.15(1H)
and 5.9 (1H)

Ry=0.34 (3%, acetic acid in ethy] acetate).
N.m.r.: aromatic protons at § 6.9 (3H)
Ry==0.2 (cyclohexane/ethyl acetate /acetone, 2:2:1).

N.m.r.: aromatic protons at § 6.7 (2H)and 7.1 (2H),
and methylat § 2,28

Rr=0.5 (39 acetic acid in ethyl acetate}.

N.m.r.: aromatic protons at §7.05 (1H) and 6.73
(3H), and methyl at 5§ 2.28

M*=589.3234 [calculated 589.3254 for methyl
ester, methoxime, di (trimethylsityl) derivative].
Rp=0.35 (3%, acetic acid in ethy] acetate)
Rr=0.2 (cyclohcxane/acetone/ethyl acetate—4:1:2).

N.m.r.: aromatic protons at 3 6.5 (3H), and methyls
(6H)at2.28

-Rp==0.5 (59, acetic acid in ethyl acetate).

N.m.r.: aromatic protons at & 7.2 (1H)and 6.85
(2H), and methylat 2.3

Rr=0.4 (cyclohexane/cthy! acctate/acetone—4:2:1).

N.m.r.: arcmatic protons at 37.18 (1H) and 6.80
(2H), and methylat 2.2

Ry=0.5 (5% acetic acid in ethyl acetate).

N.m.r.: aromatic protonsat 3 7.5 (1H)and 7.25 (3H)
Rp=0.6 (3%, acctic acid in ethyl acetate)

Rp==:0.65 and 0.7 {39, acctic acid in ethyl acetate)
Rp==0.4 (3% acetic acid in ethyl acctate),

N.m.r.: aromatic protons at 8 8.4 (1H),8.15(1H),
7.6 (3H) and 7.08 (1H)

* mp==more polar.
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The 9-oxo prostanocic acid derivatives used
as starting materials may be obtained by
oxidation of the corresponding %o-hydroxy
compound, as exemplified below for the pre-
paration of 9 - oxo - 16 - phenoxy - 112,15-
bis(tetrahydropyran - 2 - yloxy) - 17,18,19,20-
tetranor - 5 - cis - 13 - trans - prostadienoic
acid: —

To a solution of 9« - hydroxy - 16 - phen-
oxy - 1la,15 - bis(tetrahydropyran - 2-
yloxy) - 17,18,19,20 - tetranor - § ~ cis -~ 13-
trans - prostadienoic acid (270 mg.) in acetone
{56 ml.) at —10° C. was added Joncs’ reagent
(chromic acid in acetone), 0.163 ml). After
15 minutes, isopropanol (1 drop) was added,
followed by ethyl acetate (20 ml). The solu-
tion was washed with 1:1 saturated brine/
water, and was dried. Evaporation of the sol-
vents, and chromatography of the residue on
silica, using 1:1 ether/petroleum ether (b.p.
40—60° C.) as eluting solvent, gave the re-
quired  9-oxo-bis(tetrahydropyranyl ether),
Ry = 0.2 (509, ethyl acetate in tolucne).

Example 11.

The process described in Example 3 was
repeated, using 11,15 - dihydroxy - 16 ~ (2-
naphthyloxy) ~ 9 - oxo - 17,18,19,20 - tetra-
nor - 5 - cis - 13 - trans - prostadienoic
acid, in place of 16 - (4 - chlorophenoxy)-
92,11a,15 - trihydroxy - 17,18,19,20 - tetra-
nor - 5 - cis - 13 - trans - prostadienoic acid,
to give methyl 11,15 - dihydroxy - 16 - (2-
naphthyloxy) - 9 - oxo - 17,18,19,20 - tetra-
nor - 5 - cts - 13 - frans - prostadienoate,
Ry = 0.3 (ethyl acetate).

Example 12.

To a solution of 16 - (4 - chlorophenyl-
thio) - 9a,11x,15 - trihydroxy - 17,18,19,20-
tetranor - 5 ~ c¢is - 13 - trans - prostadienoic
acid (12 mg.) in methanol (0.5 ml.) at 0° C.
was added a solution of sodium periodate
(5 mg.) in water (0.5 ml). After 18 hours
the solvents were evaporated, and the residue
was extracted with acetone to give 16 - (4-
chlorophenylsulphinyl) - 92,1115 - tri-
hydroxy - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadienoic acid, M* =
7442918 (calculated 744.2956), Ry = 0.2
(3%, acetic acid in ethyl acetate).

Example 13.
% wfv

16 - (4 - fluorophenoxy) - 9a,114,15-

trihydroxy ~ 17,18,19,20 - tetranor-

5 -~ ¢is - 13 - trans - prostadienoic

acid 0.003
Sodium phosphate 2.90
Sodium hydrogen phosphate 0.30
Water for injection to 100

The sodium phosphate was dissolved in
about 80%, of the water, followed by the
prostadienoic acid derivative, and, when

dissolved, the sodium hydrogen phosphate.
The solution was made up to volume with
water for injection, and the pH was checked
to be between 6.7 and 7.7. The sclution was
filtered to remove particulate marter, sterilised
by filtration, and filled into presterilised neu-
tral glass ampoules under aseptic conditions.
Immediately before use, the contents of an
ampoule are diluted in sodium chleride B.P.
for administration by intravenous infusion.

The prostadienoic acid derivative may, of
coursz, be replaced by an equivalent amount
of another prostancic acid derivative of the
invention.

WHAT WE CLAIM IS:—
1. A prostanoic acid derivative of the formu-
la:—

RS
2
Y Mo -x-y-rF
Ho 0}

wherein R’ is a hydroxymethyl or carboxy
radical, or an alkoxycarbony! radical of up to
11 carbon atoms; either R? is a hydroxy radi-
cal or an dlkanoyloxy radical of 1 to 4 carbon
atoms and R? is a hydrogen atom, or R? and
R?® together form the oxo radical; A is an
ethylene or trans-vinylene radical; X is an
alkylene radical of 1 to 3 carbon atoms bear-
ing as substituents 0, 1 or 2 alkyl radicals, each
of 1 to 3 carbon atoms; Y is an oxygen or
sulphur atom, a sulphinyl (—SO—) radical
or an alkylimino (—NAlkyl—) radical of up
to 4 carbon atoms; and R* is an aryl, benzyl
or furfuryl radical which is unsubstituted or
which is substituted by halogen atoms,
hydroxy, nitro or phenyl radicals, alkyl,
alkenyl, halozenoalkyl, alkoxy, alkenyloxy or
acylamino radicals of up to 4 carbon atoms or
dialkylamino radicals wherein each alkyl is
of 1 to 3 carbon atoms; which compound con-
tains 0 or 1 alkyl radical of up to 4 carbon
atoms on carbon atom 2, 3 or 4; and for
those compounds wherein R is a2 carboxy
radical, the pharmaceuvtically accepiable salts
thereof.

2. A prostaneic acid derivative as claimed in
claim 1 wherein R! is a hydroxymethyl, car-
boxy, methoxycarbonyl, ethoxycarbonyl, n-
butoxycarbonyl or n-decyioxycarbonyl radical;
R? is a hydroxy, acetoxy or propionyloxy
radical and R* is a hydrogen atom, or R?
and R® together form the oxe radical; A has
the mcaning defined in claim 1; X is a
methylene, ethvlene or trimnethylene radical
bearing 0, 1 or 2 methyl substituents; Y is an
oxygen or sulphur atom, cr the sulphinyi or
methylimino radical; and R* is a phenyl,
naphthyl, benzyi or furfuryl radical contain-
ing as substituents not more than two halogen
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The 9-ox0 prostanoic acid derivatives uscd
as starting materials may be obtained by
oxidation of the corresponding 9x-hydroxy
compound, as exemplified below for the pre-
paration of 9 - oxo - 16 - phenoxy - 11,15-
bis(tetrahydropyran - 2 - yloxy) - 17,18,19,20-
tetranor - 5 - cis - 13 - frans - prostadienoic
acid: —

To a solution of 9« - hydroxy - 16 - phen-
oxy - 1lla15 - bis(tetrahydropyran - 2-
yloxy) - 17,18,19,20 - ietranor - S -~ ¢is - 13-
trans - prostadienoic acid (270 mg.) in acetone
(5 mL) at —10° C. was added Jones’ reagent
(chromic acid in acetone), 0.163 ml). Afier
15 minutes, isopropanol (1 drop) was added,
followed by ethyl acetate (20 ml). The solu-
tion was washed with 1:1 saturated brine/
water, and was dricd. Livaporation of the sol-
vents, and chromatography of the residue on
silica, using 1:1 ether/petroleum ether (b.p.
40—60° C.) as eluting solvent, gave the re-
quired  9-oxo-bis(tetrahydropyranyl  ether),
Ry = 0.2 (50%, cthyl acerate in tolucne).

Example 11.

The process described in Example 3 was
repeated, using 11x,15 - dihydroxy - 16 - (2-
naphthyloxy) - 9 ~ oxo - 17,18,19,20 - tetra-
nor - 5 - cis - 13 - trans - prostadienoic
acid, in place of 16 - (4 - chlorcphenoxy)-
9a,11a,15 - trihydroxy - 17,18,19,20 - tetra-
nor - 5 - ¢is - 13 - traus - prostadienoic acid,
to give methyl 114,15 - dihydroxy - 16 - (2-
naphthyloxy) - 9 - oxo - 17,18,19,20 - tetra-
nor - 5 - cis - 13 - trans - prostadienoate,
Ry = 0.3 (ethyl acetate).

Example 12.

To a solution of 16 - (4 - chlorophenyl-
thio) - 9«,11,15 - trihydroxy - 17,18,19,20-
tetranor ~ 5 - cis - 13 - trans - prostadienoic
acid (12 mg.) in methanol (0.5 ml.) at 0° C.
was added a solution of sodium periodate
(5 mg.) in water (0.5 ml). After 18 hours
the solvents were evaporated, and the residue
was extracted with acetone to give 16 - (4-
chlorophenylsulphinyl) - 92,110,15 - 1ri-
hydroxy - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadienoic acid, M* =
744.2918 (calculated 744.295¢), Ry = 0.2
(3% acetic acid in ethyl acetate).

Example 13.

% wfv

16 - (4 - fluorophenoxy) ~ 9¢,11a,15-

trihydroxy - 17,18,19,20 - tetranor-

5 - cis - 13 - trans - prostadienoic

acid 0.063
Sodium phosphate 290
Sodium hydrogen phosphate 0.30
Water for injection to 100

The sodivm phosphaie was dissolved in
about 80% of the water, followed by the

prostadiencic acid derivative, and, when

dissolved, the sodium hydrogen phosphate.
The solution waz made up tc volume with
water for injection, and the pH was checked
to be between 6.7 and 7.7. The sclution was
filtered to remove particulate marter, sterilised
by filtration, and filled into presterilised neu-
tral glass ampeules under aseptic conditions.
Immediately before use, the contents of an
ampcule are diluted in sodiumi chleride B.P.
for administration by intravenous infusion.

The prosiadienoic acid derivative may, of
coursz, be replaced by an equivalent amount
of another prostanoic acid derivative of the
invention,

WHAT WE CLAIM IS:—
1. A prostanocic acid derivative of the formu-
la: —

QS
2
Y NA-cubH-x-Y-R?
HO 0]

wherein R? is a hydroxymethyl or carboxy
radical, or an alkoxycarbonyl radical of up to
11 carbon atoms; either R® is a hydroxy radi-
cal or an dlkanoyloxy radical of 1 to 4 carbon
atoms and R? is a hydrogen atom, or R? and
R? together form the oxo radical; A is an
ethylene or trans-vinylene radical; X is an
alkylene radical of 1 to 3 carbon atoms bear-
ing as substituents 0, 1 or 2 alkyl radicals, each
of 1 to 3 carbon atoms; Y is an oxygen or
sulphur atom, a sulphinyl (—SO-—) radicai
or an alkylimino (—NAlkyl—) radical of up
to 4 carbon atoms; and R* is an aryl, benzyl
or furfuryl radical which is unsubstituted or
which is substituted by halogen atoms,
hydroxy, nitro or phenyl radicals, alkyl,
alkenyl, halczenoalkyl, alkoxy, alkenyloxy or
acylamino radicals of up to 4 carbon atoms or
dialkylamino radicals wherein each alkyl is
of 1 to 3 carbon aton:s; which compound con-
tains 0 or 1 alkyl radical of up to 4 carbon
atoms on carbon atom 2, 3 or 4; and for
those compounds whercin R! is a carboxy
radical, the pharmaccutically acceptable salts
thereof.

2, A prostanoic acid derivative as claimed in
claim 1 wherein R! is a hydroxymethyl, car-
boxy, methoxycarbonyl, ethoxycarbonyl, n-
butoxycarbonyl or n-decyloxycarbonyl radical;
R? is a hydroxy, acetoxy or propionyloxy
radical and R® is a hydrogen atom, or R?
and R*® together form the oxe radical; A has
the mecaning defined in claim 1; X is a
methylcne, ethylene or trimmethylene radical
bearing U, 1 or 2 methyl substituents: Y is an
oxygen or sulphur atom, or the sulphinyi or
methylimine radical; and R* is a phenyl,
naphthy], benesvi or furfuryl radical contain-
ing as substituents not more than two halogen
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atoras, phenyl, hydroxy, methyl, t-butyl,
allyl, methoxy or allyloxy radicals, chlorc-
alkyl or fluoroalkyl radicals cach of 1 w 4
carbon atoms or dimethvlamine radicals;
which compound contains 0 or 1 alkyl radi-
cals of up to 4 carbon atoms on carbon atom
2, 3 or 4; and for those compounds wherein
R js a carboxy radical the ammonium, alkyl-
ammonium containing 1 to 4 alkyl radicals
each of 1 to 6 carbon atoms, alkanolammonium
containing 1 to 3 2-hydroxyethy! radicals, and
alkali metal salts thereof.

3. A prostanoic acid derivative of the formu-
ja I shown in claim 1, wherein R? is a hydroxy-
methyl, carboxy, mecthoxycarbenyl, cthoxy-
carbonyl or n-butoxycarbonyl radical; R? is
a hydroxy or acetoxy radical and R® is a
hydrogen atom, or R? and R* together form
the oxo radical; A is the ethylene or trans-
vinylene radical; X is the methylene, ethyli-
dene, isopropylidene or trimethylene radical;
Y is an oxvgen or sulphur atom, or the sul-
phinyl or methylimino radical; and R* is the
furfuryl or benzyl radical, or a phenyl or
naphthyl radical containing as substituents not
more than two chlorine, bromine or fluorine
atoms, or phenyl, hydroxy, methyl, t-butyl,
allyl, methoxy, trifluoromethyl or dimethyl-
amino radicals; which compound optionally
bears a methyl substituent on carbon atom 2.

4. A prostanoic acid derivative as claimed in
any preceding claim wherein R' is a chloro-
phenyl, chioronaphthy!, bromophenyl, fluoro-
phenyl, tolyl, xvlyl, methyinaphthyl, t-butyl-
phenvl, methylchlorophenyl, trifluoromethyl-
phenyl, hydroxyphenyl, mcethoxyphenyl,
mecthexynaphthyl, biphenylyl, dimethylamino-
phenyl or tetrahydronaphthyl radical.

5. A prostanoic acid derivative as claimed
in any preceding claim wherein R* is the
phenyl, benzyl, furfuryl, 1-naphthyl, 2-naph-
thyly 2-, 3- or 4-chlorophenyl, 4-bromophenyl,
2-, 3- or 4- fuorophenyl, 2,3-, 2.4-, 2,5-,
2,6-, 3,4~ or 3,5-dichlorophenyl, 2-, 3- or 4-
tolyl, 2,3-, 3,4- or 3,5-xylyl, 4-t-butylphenyl,
3-allylphenyl,  3-trifluvoromethyiphenyl, 4-
hydroxyphenyi, 2-, 3- or 4-mecthoxyphenyl,
4-biphenylyl, 3-dimethylaminophenyl, 2-
chloro-4-methylpheny}, 4-chloro-3-methyl-
phenyl,  1-chloro-2-naphthyl,  4-chloro-2-
naphthyl, 6-methyl-2-naphthyl, 6-methoxy-2-
naphthyl  or  5,6,7,8-tetrahyvdro-2-naphthyi
radical.

6. A prostanoic acid derivative of the
formula 1 shown in claim 1, wherein R! is a
carboxy radical or an alkoxycarbonyl radical
of up to 6 ca:bon atoms; either R? is a hydroxy
radical or an =alkanoyloxy radical of 1 to
4 carbon atoms a~d R* is a hydrogen atom,
or R? and R® together form the oxo radical;
A is an ethylene or ¢rans-vinylene radical;
X is an alkylene radical of 1 to 3 carbon
atems bearing as substituents 0, 1 or 2 alkyl
radicals, cach of 1 to 3 carbon atoms; and
R* is an aryl radical, which is unsubstituted

or which is substitwied by halogen aroms, nitro
radicals, alkyl, alkoxy or acvlamino radicals
of 1 to 4 carbon swms or dialkvlamino radi-
cals wherein ezch alkyl is of 1 to 3 carbon
atoms; and for those compounds wherein R?
is a carboxy radical, pharmaceutically accept-
able salts thereof.

7. A prosanoic acid derivative of the
formula I given in claim 1 wherein R is a
hydroxymethyl or carboxy radical, or an
alkoxycarbonyl radical of up to 7 carbon atoms;
either R? is a hydroxy radical or an alkanoyl-
oxy radical of 1 1o 4 carbon atoms and R®
is a hydrogen atom, or R? and R? together
form the ¢xo radical; A is an ethylene or trans-
vinylene radical; X is an alkylene radical of
1 to 3 carbon atoms bearing as substituents
0, 1 or 2 alkyl radicals, each of 1 to 3 carbon
atoms; and R, is an aryl or benzyl radical,
which is unsubstituted or which is substituted
by halogen atoms, 'nitro or phenyl radicals,
alkvl, halogenoalkyl;, alkexy or acylamino
radicals of 1 to 4 carbon atoms or dialkyl-
amino radicals wherein each alkyl is of 1 to
3 carbon atoms; and those compounds where-
in R is a carboxy radical, pharmaceutically
acceptable salts thereof.

8. A prostanoic acid derivative as claimed
in any one of claims 1, 2, 3, 6 and 7 wherein
R* is a chlorophenyl, fluorophenyl, trifluoro-
methyl or unsubstituted naphthyl radical.

9. A prostanoic acid derivative as claimed
in any one of claims 1, 2, 3, 6 and 7 wherein
R! is a carboxy or methoxvcarbonyl radical
and R* is a chlorophenyl, fluorcphenyl, tri-
fluoromethyl or unsubstituted naphthyl radi-
cal.

10. A prostanoic acid derivative as claimed
in any one of claims 1, 2, 3 and 7 wherein
R! is the hydroxymethyl radical and R* is
a chlorophenyl, fluorophenyl, trifluoromethyl
or unsubstituted naphthyl radical.

1i. A prostanoic acid derivative as claimed
in any one of claims 8, 9 and 10 wherein R*
is the 3- or 4-chiorophenyl, 2- or 4-fluoro-
phenyl,  3-trifiuvoromethylphenyl  or  2-
naphthyl radical.

12. A prostanoic acid derivative of the
formula I given in claim 1, wherein R? is
the carboxy or methoxycarbonyl radical, R? is
the hydroxy radical and R* is & hydrogen atom
or R? and R together form the oxo radical,
A is the trans-vinylene radical, X is the
methylene or isopropylidene radical, Y is an-
oxygen atom and R* is the 3- or 4-chloro-
phenyl, 2- or 4-fluvorophenyl, or 2-naphthyl
radical.

13. A prostanoic acid derivative of the
formula I given in claim 1 wherein R?! is
the carboxy, methoxycarbonyl or hydroxy-
methyl radical, R? is a hydroxy radical and
R® is a hydrogen atom, or R? and R® together
form the oxo radical, A is the frans-vinylene
radical, X is the methylene or isopropylidene
radical, Y is an oxygen atom and R’ is the 3-
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or 4-chlorophenyl, 2- or 4-Suoropheayl, 3-
triflucromethylphenyl or 2-naphthyl radical.

14. A prostanoic acid derivative as claimed
in claim 12 or 13 which additionally bears a
methyl substituent on carben atom 2.

15. The compounds 16 - (4 - fluorophen-
oxy) - 9a,114,15 - trihydroxy - 17,18,19,20-
tetranor - 5 - cis ~ 13 -~ trans - prostadienoic
acid, methyl 16 - (4 - fluorophenoxy)-
9a,11e,15 ~ tribydroxy - 17,18,19,20 - tetra-
nor - 5 - c¢is - I3 - trans - prosiadienoate,
16 - (2 - fluorophenoxy) - 9a,1}n,15 - tri-
hydroxy - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadienoic acid, 16 - (4-
chlorophenoxy) - 9e,11a,15 - trihydroxy-
17,18,19,20 - tetranor - 5 - cis - 13 - trans-
prostadicneic acid, methyl 16 - (4 - chloro-
phenoxy) - 9211415 - trihydroxy-
17,18,19,20 - tetranor - 5 - cis - 13 - trans-
prostadienoate, 16 - (3 - chlorophenoxy)-
9,112,135 - trihydroxy - 17,18,19,20 - tetra-
nor - 5 - cis - 13 - trans - prostadienoic acid,
methyl 16 - (3 - chlorophenoxy) - 9¢,11,15-
trihydroxy - 17,18,19,20 - tetranor - S - cis-
13 - trans - prostadienoate, 9¢,11a,15-
trihydroxy - 16 - (2 - naphthyloxy)-
17,18,19.20 - tetranor - 5 - cis - 13 - frans-
prostadicnoic acid, and 16 - (4 - chlorc-
phenoxy) - 94,1115 - trihydroxy - 16,16-
dimethyl - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadienoic acid.

16. The compounds 16 - (4 - chlorophen-
0xy) - 9q,11e,15 - trihydroxy - 17,18,19,20-
tetranor - § - c¢is - 13 - trans - prostadienol
and 94,1115 - trihydrexy - 16 - (3 - tri-
fluoromethylphenoxy) - 17,18,19,20 - tetranor-
5 - cis - 13 - trans - prostadienocic acid.

17. The compound 16 - (3 - chloro-
phenoxy) - 9a,114,15 - trihydroxy - 2-
methyl - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadicnol.

18. The compound 16 - (4 - chloro-
phenoxy) - 1l1a,15 - dihydroxy - 9 - oxo-
17,18,19,20 - tetranor - 5 - cis - 13 ~ {rans-
prostadienoic acid.

19. A compound as claimed in any preced-
ing claim which is the more polar of the C-15
epimers as shown by thin layer chromato-
graphy.

20. A compound as claimed in any pre-
ceding claim which is in a racemic form.

21. A compound as claimed in any one of
claims 1 to 19 which is in a luteolytically
effective, optically-active form.

22. A process for the manufacture of a
prrostanoic acid derivative as claimed in claim
1 which comprises: —

(a) for those compcunds wherein R! is a
carboxy radical, the hydrolysis of a com-
pound of the formula: —

. R¥ .
> A-CH-X-Y-R*
gy £ Q)

or of a mixed anhydride thereof, wherein A,
X, Y, R2, R* and R* have the meanings stated
sbove, and R® and R® are each a tetrahydro-
pyran-2-yloxy radical, or an acyloxy radicai
of 1 to 6 carbon atoms, whereafter when a salt
is required the product is reacted with a base;
or

(b) for those compounds wherein R! is an
alkoxycarbonyl radical of up to 11 carbon
atoms, the reaction of an acid of the formu-
la:—

7 R

7 .-"\:=/\6Hz)=°"°“

{ A-CHOH)-X-Y-R¥
He (m)

vherein A, X, Y, R%, R* and R* have the
meanings stated above, with a diazoalkane of
the formula R".N,, wherein R7 is an alkyl radi-
cal of 1 to 10 carbon atoms; or

(c) for those compounds wherein R! is an
alkoxycarbonyl radical of up to 11 carbon
atoms, the reaction of a salt of an acid of
the formula IT with an alkyl halide of 1 to
10 carbon atoms; or

(d) for those compounds wherein R' is the
hydroxymethyl radical and Y is an oxvgen
or sulphur atom or an alkylitino radical,
the reduction of an ester of the formula 1
wherein R? is an alkoxycarbonyl radical of up
to 11 carbon atoms; or

(e) for thosc compounds wherein Y is the
sulphinyl radical, the oxidation of a thio-
compound of the formula: —

g &

p .f\z/\/\Kl

J A-CHEH)-X-SRH
nd )

wherein R, K2, R* R% A and X have the
meanings deiined in claim 1.

23. A process as claimed in claim 22 wherein
the hydrolysis is carried out in an aqueous or
alcoholic solution of an alkali mctal caroon-
ate.

24. A process as ciaimed in claim 22 which
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is carried out with a solution of potassivm
carbonate in methanol.

25. A process as claimed in claim 22
wherein the salt of an acid cf the formula 1I
is the silver salt.

26. A process as claimed in claim 22 wherein
the alkyl halide is an alkyl iodide.

27. A process as claimed in claim 22 whercin
the reduction is carried out with a complex
metal hydride.

28. A process as claimed in claimt 27 wherein
the complex metal hydride is lithium alu-
minium hydride. -

29. A process as claimed iu claim 22 wherein
the oxidation is carried out with sedium perio-
date.

30. A pharmaceutical or veterinary com-
position which comprises a prostanoic acid
derivative as claimed in claim 1 together with
a pharmaceutically or veterinariiy acceptable
diluent or carrier.

31. A composition as claimed in claim 30
which is in a form suitable for oral ad-
ministration, for inhalation, for parenteral ad-
ministration, or for anal or vaginal use.

32. A composition as claimed in claim 31
which is a tabler, capsule, acrosol, solution suit-
able for spraying, sterile injectable aqueous or
oily solution or suspension, or a suppository.

33. A composition as claimed in claim 30
which is a sterile, substantially aqucous
solution ccntaining from 0.01 to 10 wg./ml
of the prostanoic acid derivative.

34. A prostanoic acid derivative as claimed
in claim 1 substantially as hercinbefore
described in any one of Examples 1 to 12.

35. A prostanoic acid derivative as claimed
in claim 6 substantially as hercinbefore
described in Example 1.

36. A prostanoic acid derivative as claimed
in claim 7 substantially as “hereinbefore
described in any one of Examples 1 to 3.

37. A pharmaceutical or veterinary com-
position as claimed in claim 30 substantially as
hercinbefore described in Example 13.

J. D. ATKINSON,
Agent for the Applicants.
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ERRATA

SPECIFICATICN No. 1,350,971

Page 2, line 37, after propionyloxy insert

radical.

Page 2, linc 54, for or furfuryl benzyl read
benzyl or furfuryl

Page 2, linc 58, for allyl read alkyl .

Page 4, linc 85, for ketone) read acetone) for
hydroylsis read hydrolysis

Page 5, line 39, for chlorionic read chorionic
Page 6, line 94, for stired read stirred

Page 6, line 97, delete whole line insert cence
ceased. Ethyl acetate (100ml.) was

Page 7, line 74, after cascs, insert the

Page 11, Table No. 22 Headed R* for 4-
chlorepheny read 4-chlorophenyi

Page 12, Table No. 37 3rd column for

M+ 758,3910

¥ read  Mt= 758,3910

758

Page 13, Table No. 41 3rd column, for

746,2829
M*746

+_746,282%
ead M =746

Page 14, line 92, for cholerphenoxy read

chlorcphenoxy

THE PATENT OFFiCE
21st October, 1974
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