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(71) \Ve, U"1PFRIAL CHEMICAL 
INDGSTRIES LL\HTED, Impciial Chemi­
cal House., Millbank, Lonrlcn, S\Vll' 3JF, a 
Bri~ish Co;:,1p2ny, do hereby dcdan: tLc inYcn-

pNem than natural prostagl:mdin E". The new 
compound:; an:, in r. similar ·way, more potent 
as stimul::mts of uterine smooth rnmc:.~ than 

5 tion, for which we pray that a paten~ may be 
granted to us, anC the method by which ic 
is to he ocrforrncd. to be p[:1ticularlv dcsc-rfocd 
in and L:, the foilowing -statement:':··-· 

This invc;1tion relates to new cyclopema.nc 
JO derivatives, and in particular it relates to new 

cydop::eta;ic dcriv::tivcs which are analo~o.H:s 
of the narurdly o.:cu.:-ring compounds kno•sn 
as prcstagiandin F,!l'. and pro$tnglanc1.in E"' 
showing a $imihr ~pcctnicn. of phan11aco!os:ical 

15 prcop.:'.rtie;~ ar.J being nsefol for ~imilar pur­
pose~. The rclatiw: potency of the new com­
pou;i_ds, Low;:;;•cr, in respect of the partict<lar 
Pl"r1"-•'c 1 ~-1·-~ 1 cff1'r·ts .,• .. o;·cr11"< d''fr·1·~n· 'ro·" ,-U~ 1 ..... "t..._' !! ... ~,. .... a... l -... .,lJ l'.. ~.,. J•l.!tr.· CJ. t i lr..t 

tn:n of tac aooVt::: n~rnr~1lly occurrmg prostng-
20 fondi1::., <uid in partic1•:,·,r they arc more po<mt 

ns lutco!y1.ic agrnt~ tha!1. the. corresponding 
Dr!tnrnl pr~1~:·aghudms. 1 l!:tt is to say, the 
prostar.Lndin F:tt ;inalogucs of the present 
inw:1t[c.n are more pDtcnt than natural 

25 prc-s:agl:::ndi'.' F""' nnd 1h_c pro:rngla::din E2 

21u1!ogucs or the pres:::-nt 111ventto::i arc more 

[Price 25p) 

-._..,·.1 
·.:-:· 

the cc.rrc:;ponding na:ural prosragfondi:is F,.u 30 
and E2, and the prost1glandin E~ .'.lll?lo;;,•('s 0£ 
the im·cntion are p!irticularly \'aiuaHe in this 
rcspecr. The new compounds arc therefore 
ad\·ant.-.gcous when us;;d cs contraceptives, for 
the tcnnin::nion of pregnancy or for control 35 
of the o.:.strus cycle, es hypNensives er for 
the relief r,f bronchc:;;,::.sm. The ne;-; ccim­
po,1n::L of th\: i11vc1~tio11 :>,re al~o u:;.~foJ for 
addition to semen intended for &l'Lificial 
inioemination of CO!TICi;liC: ar.imals, the MlC.CeSS 40 
rate of insemination being t:hercby ir,crcnscci, 
espcciaily in pigs. 

The cyclopentant: derivative:; dcscrib;;d in 
this specification will be named as tlC'fivatives 
of prostanoic acid of r'1c formula shown belo1v 45 
and munhcred as shown: --

H I 
9 I ,. s J... £"0'' a ... ~~/~_,J.,, ,, ,~ " '·' :. 

,1-fv~,~'--j'·. H I~ ;.,..; 17 19 

.i 
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According to the invention there is pro­

vided a prostanoic acid d.:rivative of the 

- formula:-

5 •.vhcrcin R1 is a hydrox)1ncthyl or carboxy 

radical, or an alkoxycarbonyl radical of up 

to 11 carbon atorns; either R2 is a hydroxy 

radical or r.n alka:1oyloxy radical of 1 to 4 

c:irbon atoms and R" is a hydrogen <1.tom, 

10 or R2 and R3 together form the oxo radical; 

A is an ethykn.;: or transvinylene radical;X is 

:m alkvlcnc radical of 1 to 3 carbon atoms 

bearing as substitucnts 0, 1 or 2 alkyl radicals, 

•>.~ch of 1 to 3 carbon atoms; Y is an oxyg.:!n 

15 c·· s;;lplmr atom, a sulphinyl (-SO---) radi-­

c:il or an alkylirnino (-NAlkyl-) radical of up 

ro { c:arbon atoms; and R' is an ary!, bcm;yl 

0r furfuryl rndical, which is unsub~ritutcd or 

which ts substituted by hydroxy or halogen 

20 moms, nitro or phenyl radicals, aikyl, alkenyl, 

h.:tlogcnoalkyl, alkoxy, alkenyioxy or acyl­

i!mino radicals of up to 4 carbon atoms or 

di~G~yhrnino radicals wherein each nlkyl is 

0f 1 to 3 carbon atoms; which compound con-

25 tains 0 er 1 alkyl radicals of up to 4 carbon 

atoms en carbon atoms 2, 3 or 4; i:nd for those 

c,x,1ucunds \Vhcrcin R 1 is a carb0xv r <tCtical, 

tr.e pharmnccutically acceptable salt~ tht.:reof. 

A ~uitabk value for R 1 when it is an alkoxy-

30 carbonyl radical of up to 11 c<.:rbc·n atoms 

is, fer example, the mcthoxycarbonyl t:thoxy­

carbc:iyl, n butoxycarbonyl or n-dr:cyloxycar­

bonyl radical, preferably an alkoxycarbonyl 

radical of up to 6 or 7 carbon atoms. 

35 A suitable value for R 2 when it is an 

alkanoyloxy radic,1! of 1 to 4 carbon atoms 

is, fo,: c:xample, the acctoxy or propionyloxy 

A s11itable value for X when it is an aikvlene 

radicr1I of 1 to 3 carbon atcm1s bc:1ri1{g. as 

40 $Ubtituents 0, 1 or 2 alkyl rndic<.>ls, e.::ch of 

1 to 3 carbon atoms is, for example a rn.ethyl­

ene, ethylene or trinethylenc radicd bear­

il!g 0, 1 or 2 methyl substituents, for example 

~he methylene_. cthylidene, isopropylidcnc and 

45 uimcthy !enc radicals. 

i\ su1rnblc value for Y when it is an alkvl­

imino radical of up to 4 carbon atoms ·is, 

fo::.- example, the mcthylimino (CH~-N' <) 

radical. 
50 :\ suitable value for A is the trims-vinyknc 

rarlicai. 
A suitable va!11e for R~ when it is an arvl 

radical optionally substituted, is for examp"tc 

a phenyl, naphthyl, or furfuryl benzyl radical 

55 optionally substituted by not than t\vo halo­

gen atoms, ph.?nyl, hydroxy, tn(;thyl, t-but:/l, 

allyl, mcthoxy, or allylmcy radicals, chloro-

ali\'l or i'.l.uoroaikd each of 1 to 1 carbon 

ate-ms or c!imcthd(lmi110 radicals. 

Suitable halogc;n atom sub,titH::nts m R 1 60 

are, for example, chlorine, l:£ominc or fluorine 

aton:s. Suitable dkyl, alkoxy, alkenyl or 

alkrnvlox"· substitucnts of uo to '~ carbon 

atcms I'' ·n.· are, for ex8mpie 'methyl, t-butyl, 

al!yl, mct:10xy or allyb:.::y radicals. Suitable 65 

hal0gencrn.!kyl snbstitueuts of 1 to 4 carbon 

ntoms m R 1 are, for example chloroalkyl or 

fiuoroalkyl radicals, for example triHuoro­

mcthyl nidicais. Suitable dialkylam!no radicals 

whc;;cin cat·h alkyl is of 1 to 3 carbon atoms, 70 

which m::iy be substituents in R~ arc, for 

exa:nplc, dialkylamino radi<:als wherein the two 

alkyl radicals are the same, for exnmplc the 

di111cthyiamino radical. 

Suitab!c st.bstitutcd nryl radicals arc for 75 

example, ch!crophcnyl, chloronaphthyl, bromo­

phcnyl, fluorophcnyl, tolyl, xyly!, m..::thyl­

naphthyl, t-bntylpli<:nyl, mcthylchlorophcnyl, 

triflnorcmethylphcnyl, hydroxyphcnyl, meth­

OX':'.lbcnvl, 1~cthox,1iaphthv!, biphr:nyld, di- 80 

m~tl1 yhrni111,11henyl, nnd 
0

tctrahydron:{phthyl 

r~<licals. 
Preferred arvl radkals contain not more 

than two substitucnts as dctincd above. 

Partt(ular values for R' arc, therefore, the 85 

phenyl, bcnzyl, fnrfuryl, 1-naphthyl, 2-

naphthyl, 2-, 3- and 4-c:hlorophenyl, 4-

brcmopheny!, 2-, 3- and 4- fluoro• 

phenyl, 2,3-, 2,4-_, 2,5-, 2,6-, 3,4- and 

3,5-dichlorophcnyl, 2-, 3- and 4-tulyl, 2,3-, 90 

3,,1- nnd 3,5-xylyl, 4-t-butylplwnyl, 3--allyl­

phcnyl, 3-trifluoromcthylphcnyl, 1-hydroxy­

pheny!, 2-, 3- r.nd 4-methoxyphcnyl, 4--bi­

phrnylyl, 3-dimcthyhminophcnyl, 2-chloro-4-

mcthylphcnyl, l-chlorc-2-naphthyl, •J.-chloro- 95 

2--naphthyl, 6-mcthyl-2-naphthyl, 6-inc:thoxy-

2-n:;ptthyl and 5,6, 7,8-tetrnhydro-2-naphthyl 

radicals. 
A bUitabk value for the alkyl radical of up 

to 4 C<lrbon atoms which may be present as 100 

a snb~-titucnt on carhon atom 2, 3 lJr 4 is, for 

cx,m1plc the methyl r~dical. 

E~>ampl:::s of basc--addition salts arc the 

ammonium, alkyl-ammonitim containing 1 to 

'1 alkvl raclic~ls each of 1 to 6 carbon atoms, 105 

~.lb.nolammonium containing · 1 to 3 2:. 

h·;droxvcthyl radicals, and alkali metal salts, 

f~r cxampic the tricthylammonium, cthanol-

811111l0nium, dicthar:olnmmonium, sodium and 

potassium salts. 
110 

It will be observed that the compoui1ds of 

the fonnula I contain at least five asymmetric 

carbon atoms, namely carbon aton1s 8, 9, 

11, 12 and 15, the configurations at four of 

which, 8, 9, 11 and 12 arc specified in formula 115 

L i:incl that carbon ntoms 2, 3 and 4 may 

aiso be asvmmctricallv substituted, so that it Is 
clear that· such compounds can exist in at least 

two optically activG forms. Ir is to be under-

stood that the useful prop:::rtics of the race- 120 

mate may be presem: to differing extents in the 

optic.'.ll isomers, and Lhat this inv-cnticn relates 
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to the raccmic fonn of the compound:; of 
formula 1 aad any (•11rical!y a...:tivc form vrhich 
sho;vs the ubovc useful properties, it being a 
m•itter of com.men gmcral knowledge hm'< the 
o!Jlicalk aclin! forms mar be o~taincJ, and 
t~ dcte:nnine lbcir resFctive bioh1gical 
properties . 

It i& also to b;; lmcicrstood that t}c abo·<c 
definition cnccmpasscs both C-15 cpimcrs rnd 
t}uit in all chcmic;d. formu!1:·.:: shown hcrc­
afii.:r in. this spi.:·:;fi-:;:tion,. the s~~mc fixed 
stcreo-chcmistrv nr C-S, 9, 11 and 12 r.s that 
shown in fonnuh I is impJi,:d. 

.Althm1gh both C-J 5 cpimcrs of a crn1 ... 
pouitd of ti·,:; ;Gv<::~ti0a po>sess dcsirahle 
pharm~culcr:ical p10pcr1ics, that epimcr which 
is mc.rc l'C>lar on thi:1 b\'Cr cl1ro:nato~·i·ap~iy i$ 
the more active, for rx;mplc in the "(\lLco!yLic 
test, and the more polar C-· 15 cpimcr:; arc 
therefore preferred. 

A prdcrred gronp 0f cydoi;::nrnne dcrivr..­
tivcs r•f th~ invc,;~io~1, bccaus.c of their high 
lutco!\'ti::: or ~111omh muscle sti:)1\l)Hnt 
properties, comprises those com~)u11nds wherein. 
R 1 is a chlorophcnyl, iiuoro~hcnyL trifluorn­
mcrhylphcHyl er ur.~ubstitutcd n:iph:hyl radi­
cal, especially 1hosr: co:nr'otmds wherein H.1 

is tk carhosy, rnc1h<•xyc2rbo:1} I r.r Ji:·~iro>:y­
m~tb;;l raclical, :i.nd p~.rt;cub:-1y 1k.::n. co;~i­
pound8 v ... ·h~rein !{:1 is the 3- or 4. rhiorc;)il~ ... nyl, 
2- er '1-iluorophc:?yl, 3- triflur.': onw~i:ylphenyl 
or unsub:;titut,:d J~;:ph:hyl radicd. A p;:r­
ticulnrl)' preferred ~uh ·;_•roup comp1iscs i.b,J;;c 
compounds wherein I~: is the carboxv, 
mctl~oxycarbonyl or hydrm:y·•ncthyl p_,fa;al., 
R" is the hdrox·,· rndir.c .. l rmd. R" is :~ hrclrn 
r,cn atom, c;r R2 and R' together form the oxo 
rac.licaJ, /\ is th::: hms-viny!cnc radirnl, X is 
lhc 1nc.:thylc1~c or i~opi opyiidc:nc r:1dicrt!, \' is 
an oxygc'.ll atom nnd :···:::' is th:-. 5-- or 1:--d1!0ro·· 
pl1cnyl, 2.. er •l-··il<1C•r<:pb.'nyl, 3-tri:J.u.<;.·o­
mrthylphcnyl er 2·rrnph:l:~,1 rndicsl, upt[oy:1ly 
bearing a mc:1hyl ::.t.'.>~>~itu:,,;t on carbc•n atom 
2. 

Particular prcfcrw:! compouads of the 
invention arc 16 - (-1 ·· fluorop!wnc•:..y;-
9.r:·,J.la,15 ·- trihydrnxy ·· 17,18,l!;!,20 - tttra­
no; - 5 - cis - 13 - trm:s - prostadi~noic add, 
lrKthyl 16 ·· (4 - !lucnuph'.'.noxy) - 9tt,lh,l5-
triltydwxy - 17,18,19,2.0 - tctranor - 5 - cis-
13 - tra•.:s - prostadienoatc, 16 - (2 - fluoro­
pbc-aoxy) 9 . .'.l',l lff, 15 tr i h y cir ox y-
17,I 8,i 9,20 - tc:1ranor - 5 - cis - 13 - trnns­
prostaoicnoic acid, 16 - ( 4 - chlor0phc1;oxy)-
9a, l k<,15 - trihyctroxy - 17,18,19,20 - tctra­
nor ·· 5 - cis - 13 - trans - prosradicnoic F.cid, 
methyl 16 - (4 - cliioropl~cnoxy) - 9<r,Hl',15-
trihydroxy - j7,18,19,?0 - tetn:fair - 5 ·· cis-
13 - trans - prostadicnoatc, 1.6 - (4 ·· chloro·· 
phcnnxy) 9<r,l 1.,,·,15 tr i hydroxy· 
17,18,19,20 - tftrano!- - 5 • cis - 13 ·· tmr.s­
pro;:tadie:10J, 1 G - (3 -· c:hlorophcnm:y~-
9o:,J 1 .,,J; - trihydrc,:y- 17,lfl,19,20 ·· ::dr<.·· 
no~· .. 5 · cil· - 13 - ~l;u;s ·· 2~:vst:..2.:~t'";ci: a~i::!, 

methyl Hi - (3 - c-hloror-hcnuxy) - 9.:r,l h,15-

trihyclroxy - l 7,18,19,20 - tctrnnor - 5 - c.is-
13 - irans - pros.tadicnoate, 16 - (3 ·· chioro­
ph~noxy) - 9tr,1 k,i5 - trihydroxy -· 2 - mcthyl-
17,lG,J 9,20 - tetrn.nor - 5 - cis - 13 - tl'ans­
pn.istadienol, 9,r, 1L~·,15 -· trihydroxy - 16· 70 
(3 - trifii.il>romc1hylphcnoxy) - 17,1S,19,20-
tclr~:11or .. 5 - cis - 13 - iran~ - prostHdicnoic 
r.:cid, 9G:, lb, 15 - tri!1ydrnxy - 16 -· (2-
n~phthyhxy) - 17,18 .. ~9,2~ - trn:anor - J ·· ljs-
13 - trans - p;o&ta:;1"::no1G acid, lu - \4- '/5 
chloro!)hcnorr) - 9o,l 1:r,]5 trihydro:-.y-
16) 6 - cJiir.cthyl - 17,l~,19,20 - tetramr-
5 - cis - 13 -· trans - prostadicnoic acid and 
16 - (4 - chk:·0ch.::<1oxy) - 1 Lr.15 - dihydroxv-
Y ·· oxo - 17,i8,19,2t> .. tctr~.110r - 5 - cir- 80 
13 - ii'wis ·· prosrndicaoic .~cid. 

The C'\"cliJpcnta:'c- d~!·ivarivcs cf the inveJJ-
tion liD/ br-ma1mfacturcd by mcthcds know'l 
in th-:.:msclves for the manufacture of chcm;ca!i\· 
ann!ogous comrt'unds. Thus, the following 
pro~·csscs foi· rhc 111anufacturc of the cydo- 8S 
pcn«mc dcriv::?tiv.:: of the formuia J, u:·c pro­
vided as funhcr fr21ures of the inwmio:1: -·· 

(a) for tho:c compounds wherein R: i-> a 
carb~;y radical, the hydrolysis of a compomid 
of the formula: - 90 

or of a mixed anhydride thereof, wherein !\, 
X, Y, lF, K; and R' have tht: meanings 
sw1cd :-:hove, and R:. wid R'· arc each ~ tc1:·a­
hydropyrnn - 2 - yloxy rrtdi~~al, or an acyk,xy 95 
r<1cFc~l of l to 6 c~·.:·l~on Hio:ns~ \,·h,:~rcuft..:-r 
wl!eil a rnlt is rc,111i:-,:d t!i.'. prudllct is r.~actcd 
\;·ith ~ b~!-:.=; or 

(b) for those compounds wherein R 1 is an 
alkoxycarbonyl radical of up to 11 nirhon 100 
atoms, t:iC r.:::i.ction of r.n acid of rhc formu-
fa: -· 

v1 herein A, X, Y, R~, R" ancl. R·! h~rvc the 
me~ni;1gs stated ab(M.\ \':ith a di:nn:ii!~an~ of J05 
the fom1U:a R'.N2 , wherein R7 is an alkvl 
radical of 1 to 10 carbo:1 ato':·1:,; or -

(c) for those cw1rrn1.'.ids whcrdu R' is 
an alkoxycarbonyl radical of ~1p tn 11 ::arbon 
atoms, the rc3ction of a s::ilr, for cxt<~n~ilc the 110 
:;iJvcr salt, of an acid of the formdn II~!, w:th 
an r.ll;yl iialide of l to 10 earl.mu atu'r;s, for 
c~~rl~:"r.1p!e the aik\·l iodfde; or 

(d). fo:· those com}1cunds wherein R 1 is the 
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hydroxymethyl r::dicn.1 2nd Y is rhe axygcg or 
:mlp!mr atcrn, or an a!kyUmiJ.~:) rn-:'.\cal, th·:: 
reduction of a;1 e5!"cr .:_.f the foi·:nula I wherein 
R 1 is an alkoxyc<lfOl'ayl radic<1!., fo1· e;{;ompk 
an :!lkoxycarbonyl radical of Hp to 11 rnrbon 
atoms, for cx:1mplc with a cm:r:pic-.; met?.! 
hydride, for example !i::hirnn altmJ!nici:n 
hvdridc, or 

· (e) for those compmmds wherein Y is the 
sulphinyl radical, the oxidllticn of ?. thio­
compoun<l of the formula: -

wherein R', R2
, R", R4, A and X have the 

meanings defined in claim 1, for cxm:1plc 
15 with sodium pcriodatc. 

A suitable mixed anhydride is a mixed an­
hydride with a lower alkanoic acid, for 
cxampk a lov;er alkanoic acid of up to 8 car­
bon atoms, for example acetic acid. 

20 The hydrolysis in process (a) may be carricd 
out under either acidic or lxisic condition~, 
for example in aqueous acetic acid, or in :m 
aqueous or alcoholic solution of an ?.!kali 
metal carbonate, for example potassium car~ 

25 bonarc in methanol, and it may cc carried out 
at ambient temperature or at an clcvat::-d 
temperature of up to 60° C. 

The starting material of the fonnula II 
whzrein A is a trans-vinylenc radical, and Y 

30 is an oxygen or sulphur :itom, used in the 
nroccss of the invention mav be obtained bv 
~ellction of the known a!ct.!hydc V (Ac ,;:, 
~:cetyl or p-phcnylbem:oyl) with a phosfhor.­
atc: of the formula 

35 

(whkh is pic·p~m:d from <:limdhyl 1nethylphos­
phon:atc and a~1 f,jtcr of the formula 

R 1.Y.X.COO a.!kyl, 

in the presence of butyllithium), or with a 
40 pho$phorane of the fonnula 

Ph.,P: CH.CO.X.Y.R4 

(wf:!c11 is p•r.:pard from triphenylphoY.phinc 
and a c,mip·Jund of ti:\! formula 

to gi';c m rnis:.ituratd kc~une VI. The kctor.c 
VI is rcduccc.l with zinc borolw<lridc ro the 
correspc.ndin~ unsaturated akol;ol VII, and 
1hc protei::ting acyl grnup is then r.::rnovcd 
wi~h potr:ssium carbomi.c in methr..no! to give 
a <liul V .flL The diol VIII io; protected as a 
bis-tctrahydropyrany! ctk1· 21J. th;:: 1actone 
ring is then. reduced wi!h <li-isobutyl alu­
miniwn hydticle to gi\·e a iactol X, or altem­
ativc!v the dH Vlll is r..::dt~ccd with diS(Jbutvl 
alum:nium j·,ydridc to givC' a triol which may 
be acvlated and f.ck:ctivdv hvdrolvscd to give 
the iactoi bis-e:;tcr ex: Il'c:=R·=~;cyloxy). 
The lact0l X is reacted wir.h the phosphonium 
ylide anion t'bt:iincd from (4-earb0xybnt~:l)­
triphcnylplmsphonimn brr.midc and a strong 
base, to give a earboxylic: aciu of the fonnula 
II. 

The starring 111ati:dal of 1he fn1mula II 
wherein A is nn ethylene radb1.l, and Y is an 
oxygen or rnlphur :nmn, usr:d in the process 
of the invention, may be 0~1tained by hydm­
gcnar.ing an tmsat!natcd !.::ctone VI in the 
presence of 5% p<11la<lium-on-·carbon 
t:<ltalyst, or with nickel boridc, to give a satur­
ated :,etone XI, and repeating the procedure 
outlined no.,ve using the saturated ketone XI 
in place o·' the unsaturated ketone ·vI. 

The st:ir~ing material of the formula II 
wherein R" is an alkanoyloxy radical may be 
obtained fror1 the ccrre:.ponding compound 
\\)1crda R' is a hydroxy radical by acylatioa 
with an acid anhydrick in pycidine to give a 
9-ester-· 1-mixcd anhvdridc. 

The starting mate~ial of the fonnula II, III 
or IV wherein R2 an<l R' tor?:cthcr fonn the 
oxo rnciic,11, may be ohtained i'rom the corrcs·· 

, ponding ~ranmg material of the formula II, 
wherein R~ is hydroxy and R' is hydrogen, by 
oxidation v;iLh J~ncs' rcagc:1t (chromic acid 
in ketone), followed, as ;-equircd, by hydroylsis 
uf the tetrahydropyrnny\ protecting groups and 
csterification of the cuboxylic acid group. 

It is, of cm:rs..:. to be undi.!r~tood th<1.t an 
optic<:lly act.iv•! c0r.1p1rnnc! of the inventio:1 
may be obtaii1cd either by :;·..:soh'ing the corres­
ponding rnccrnatc, or by carrying out the 
abo~·e-dcscrib::<l reaction sequences st:uting 
from an cptical ly ac:ive intermediate, for 
example from r:n optically active alclchyclc of 
the fonnula IV (Ac =-= z:r;etyl or p-phenyl­
bcnzoyl). 
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+ (Me0)2.1'-CH.CO.X. Y.R4 -> ~XYR• i+ 

v 

VII 

Ac represents an :lcyl r:::dical. 

As stated above, the compounds of the 
invention poEscss a profile of phannacological 
proper-ties which C:iffcrs from that of the 
naturally o;::nirring pros::aglar1dins F~c.: r.:id 
E2. Thus, for rxamplc, 16 - (4 - fluorophcn­
oxy) - 9~,,]Ja,15 ·- trihydroxy - 17,18,19,20· 
tetranor - 5 - ds - · 13 - trans - prostadienoic 
acid is approximately 200 times a$ ac1ivc ris 
prosraglandin F,ia in a lutcolytic rc:;t in the 
hamster (:..:ml do~ing), and about ] 0 times 
the smo:::tb mus::Ie stimulant ~ctivitv of 
prostaglandin F2 t~- ~ 

Also as stared above, the compounds of Lhe 
invention art useful, for example, for the in­
d~ctioi1 of labour in childbirth, and for this 
purpose arc used in the same way as it is 
known to use the naturally-occurring 
prostaglandins E1 &nd E2 , that is to say, by 
administering a ~tr.rile, st~bstimtially aqueous 
solution containing from 0.01 to 10 p.g./ml., 
prefcrah!y 0.01 to l ,•!g./m!. cf !!Ctivc com­
pound, hy intravenous i:ifu:;iou until labour 
commences. Also, for this r.-:;<posc, the corn-· 
f.oOun~s ?f th·~ i.nventi0n may . be used _ in 
c~1nbn'!2.-:..1t:.n, or co~1cur~·ej!tly~ . v:]~:!1 a. uti:nnc 
st1n1ulan\: for exarnpL: oxytoc1n, Bl Ute sar;1.c 
way that it is l;,1~owa w use prosta~,;landin F,!Y 

Ah 11 
0 

VI 

r\ 
~ XYR" ./ f 

HO OH 

VJII 

-) 

x 

in combination, or concurrently with oxy­
tocin for the in':luction cf iahour. 

When a CMtpound of tee invention fr to 
be used for the ('CEtrnl of the oestrus cvde in 
animals, it may be us~d in combination, or 
concurrently, with a goziadotrcp!)in, for 
e..xample l'MSG (pregr.r.nt mare serum gcma­
dotrophin) or HCG (human chlorionic gona-· 
dotrophin) to hasten the on3et of the next 
cycic. 

Thus, according to a further fcatnre of the 
invention ~here is provided a phai;11aceulic<1l 
or veterinary composition comprising i< prv-· 
stanoic acid derivati'vc of the invention, 
together v;ith a pharmaceuticdly or vcterinarily 
accr~ptabk diluent or carrier. 

The conipositions may be in. a form suitr:bk 
for oral achninisttation, for exa'.npk: tablets or 
capsules, in a form suic.hlc fo1· inhahti0n, 
for cxamok an aerosol or z. so~ution S'.1itable 
for sr-.rayfr:g, in a form s:.iirnbk for p;cntcr:ll 
admidstration, for example s~cile injcctr1hlc 
aqneous or oily solution~ or: 5uspcn&ions, or in 
the form of 11 rnpµository, suitable for ~na! or 
vaginal use. )\; stated abo\'e, wh.:r:. the com­
pout"<l cf t)~c im.,~1:tion is to be used for the 
incit·clicn of I.abour in childbirth, a preferred 
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composi::ion of the invention is a slerile, sub­
stantially aqueous, inj.x:tabk solution. 

The compositions of the invention 1m:y be 
prepared by convention~l means, and may 

5 incorporate conventior!al cx.:ipients. 
The invention is i!lustrat<!d, but not li::.1ited, 

by the following Examples: -

Example 1. 
A solution of 9a ·· hydroxy - 16 ·· phenoxy-

10 11.a,15 - bis(tctrahydropyran - 2 - yloxy}-
17,18,19,20 - tctranor - 5 - cis .. 13 - trans­
prcstadienoic acid (120 mg.) in 1.5 ml. of 2: l 
mixture of acetic acid and water, was stirred 
at 50° C. for 4 homs. The solvents were 

15 e~·aporated, the rcsitlue mis dissolved in dilut.:­
aqu(;OUS sodium bicarbonate solut·ion (2 ml.) 
and the ~;olntion \vas extracted with ethyl 
acetate (3 X 2 ml.) and the extracts were 
discarded. The aqueous sclution v.·os acidified 

20 to pH 3-4 with 2N aqueous oxalic acid ancl 
th•! addi.f1ed :;o!ution was extracwl with ethyl 
ac<~tate (4 X 5 ml.). The ethyl accut~ extracts 
where washed with a 1 : 1 mixture tJf satur­
ated brine and water, and were rhe11 dried. 

25 i\fter evaporation of the c::hyl ::cerate, the 
residue consisted of a mixture of the C-15 
epiincrs of 9n:_,llcr,15 - trihyt!roxy - 16-
phenox:y - 17,18,19,20 - tctrm1or - 5 - cis-
13 - trans - prostadienoic acid. Tliin-by':!r 

30 chromatography on silica gel plates, supplied 
commercially by Merck of Dannstadt, using 
a mixture of benzene: dioxan: ac1:tic acid 
(20: 10: 1) as the developing solvent, separ· 
atcd the C-15 epimers, haviw~ R~ va!ues of 

35 0.3 and 0.4, rcsp.'!crivcly. (Throughout this 
Example R1• values refer to silica gel plates 
supplied commercially by .Merck of Dann­
stadt, and the spots were detected either by 
fluorescence, or by spraying the plates v;ith a 

4.0 solution of eerie ammonium nitrate in sulphuric 
acid). The n.111.r. spectrum of each isomer 
(in dcuter:.i.ted ::cetone) showed the following 
characteristic bamis (13 vabes): --

5.6--6.1, broad mu~tiplet, 5 ~rom:itic protons 
45 4.2-1.8, broad multiplets, 4 olcfinic protom: 

2.9---3.8, brcr.d multiplets, 3H, H-G-0 
and 4 exchangeHble protons 

The bis-tetrahydmpyranyl ether used as 
starting material may be prepared as 

50 follows: -
n-Butyl lithium (69 ml. of a l.2M solution 

in hexane) was added to a solution of dim.:thyl 
methylphosphonate (10.3 g.) in <lry tetra­
hydrofuran at ·- 78° C. in an atmosphere of 

55 nitrogen. After 10 minutL'S, a solution of 
phcnoxyacetyl chloride (4.1 g.) in dry tetra· 
hydrofuran (20 ml.) was added dropwise, and 
the minurc ·.vas stirred for 4 hours at - 7gc. C. 
Th:! rcactiun mixture was neui:ralised with 

60 ace1ic acid and the solvents were removed 
under reduced pressure.:. 111e residlle \Wis 

slu;ken with a mixture of ether (100 ml.) and 

w~t;;;· (20 ml.), and th,; orgm;ic phasr: was 
5cparatc;i and \-;·::i;hed wilh brine. The sclu-
tion was ddc.J, the solvcncs 1.ver;; C''.':ll~<)r:ncd 65 
and t.!1~ residue was distil!cl in a bulb 
distillat'.O!l app:1ratas i1t an ow:n temperature 
of 160., C. i:nd O. l mm. prc;;Hi:-;;, to give 
diinethyl 2 - cxo - 3 - phenOX)Trnpylpbcs­
phon.ne. 

A solution of dimethyl 2 ·- oxo - 3 - ph,!n­
oxypropy!1~hosphonate (1.01 g.) in dry 1,2-
dimcthoxyethane (20 ml.) :!t -- 78° C. was 
treated with a-butyl-lithium (2.75 mi. of a 
l.2i\,i solution in hexnne), and th!.! mixture v;as 
stirred fol" 15 mi1mtes. To this mixture \~as 
added a sr:lution of 4,B .. fo.rmyl - 2,3,3ai3,6:i/J­
tctrnhydro - 2 - oxo - Ser • (p ·· phenyl­
bc:nzoykxy)cyclopcntci10 [b J furn;~ (1.95 g.) in 
l,2-dimethoxycthane (J 0 ml.), '.l.nd after l 
hour the reaction mixture was neutrali:>cd 
\~·ith glacial Jcctic acid and all ~;o\·,·cnts were 
rcmov<:d by cvaporati.:m 11ndcr reduced 
pn:s~ure below 35° C. The n'~idue ,;·as 
chromatographed on " ~7iori;;il " (Lr;:de mark) 
silica using sclutiom of ethyl r.cc:::>.J:c: i:i 
mcrhy!enc chloride as eluanr, to yield ~he un­
saturated ketone product as a white solid. 
[ R1• =-~ 0. 6 (1 : 1 ethyl acetnte/brnw1c) J. 

To a solution of the u;r;aturatcd ketone 
(500 mg.) in dry 1,2-dimethoxycth:-.nc (20 ml.) 
m 0° C. \Yas added 1.5 ml. rif <1 0.5 M solution 
of zinc borohydridc in 1,2-climcthoxycthanc. 
The mixture W?S stircd at room temperature 
for 30 minute8, then saturated sodium hydro­
gen t:>.rtratr solution wa:; added until cfferves­
(10 ml.). 1N Hydrochloric acid (2.1 ml.) was 
added, the organic iaycr was separated, 
washed with a 1: 1 mi:'l:turc of $;·1uratcd brine 
and water, chen dried. The solvents were 
ev<l.porated to give a mixture of epimeric un~ 
saturated alcohols. [R11 = 0.3 (1: 1 ethyi 
i-;cetate/bcnzenc)J. 

The mixtnre of epimcric uDsatt:rated 
alcohols (500 mg.) was stirred vigorously for 
2 hours with finely powdered anhydrous 
porassiwn carhonac:! (140 mg.) in meth:mol 
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(10 ml.;. 1~ Hydrcchloric ~cid (2.l ml.) was 
ndded, fol!owcd by ethyl acct~Hc (50 ml.). The 
organic lryc-r w:is separated, washed successive·- 110 
.!y wi •h r.aturatcd sodium bic::rbuna1:c solution 
ar.d saturated brine, and driec!, :!i:d th<: sol--
vents were evaporated. The residue was 
chroma~ographcd on Florisil (20 g.). Eh:tion 
with ether rcmo\·cd by-products, ::.nc.l subse. 115 
quent elnr!on with ethyl acetate gave a 
mixture of the C-15 cpimeri<: diob [Rv = 0.2 
(ethyl acetate) J. 

To a solution of the epimeric diols (316 mg.) 
in methylene cii!cride (3 ml.) ·..in.dcr :m atmo- l?..0 
sphere of nitrogen were added 5ucces~ively 
redistillcd 2,3-dihydropyran (1.2 ml.) and a 
solution of anhydrous loluene-p-s11.lphonic: acid 
in tetrahydrcfurnn (0.1 ml. of ;i 1 "le solution). 

After 10 mim_;i:cs, pyridine (3 drops) were U<3 
arirl. 0 d t"ollo""'U1 

"'· ct·r.· ··l ~.-,,-·\t•' ('O ml) .. ~I \.. ! · ..,,,._ •I w • '-) (.:. .... ..:..l.... •,. ,,f ..,. • 
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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. 

5 [RP o-= 0.6 (ethyl acetat<:)]. 
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To a solution of the cpimeric bis-tetrahydro­
pyranyl ethers (420 mg.) in dry toluene (10 
ml.) under an atmosphere of nitrogen at 
- 78° C. was added 1 ml. of a 2.2 mmolc/ 
ml. solution of di-isobutyl aluminium hydride 
in toluene. After 15 minutes the reaction 
was quenched by the dropwise a<ldition cf 
methanol (3 ml.) and after a further 15 
minutes at room temperature a mixture of 
1 : 1 saturated brine/w:!ter (25 ml.) was 
added, and the mixtur~ was extracted with 
ethyl acetate (3 X 50 ml.). The extract v.«1s 
washed "'ith saturated brine, and dried, and 
the solvents were evaporated to give a 
mixture of c:pimers of 2,3,3a,8,6a!1 - tetra­
hydro - 2 - hydroxy - 4.B - [ 4 - phenoxy-
3 - (tetrahydrcpyran - 2 - yloxy) - 1 - tmns­
bmcnyl] - 5tr - (retrahydropyran - 2 - yloxy)­
cyclopentcno[b ]furan. [R1· = 0.4 (1: 1 ethyl 
acetate /benzene)}. 

Finely powdered ( 4-carboxybut-yl)triphenyl­
phosphonium bromide (1.11 g.) was heated to 
100° C. under vacuum for 1 hour. The 
evacuated 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 
2.35 ml. of a 2i\i :;olution of methanc:;ul­
phinylmethyl sodium in dimt!thyl sulphoxidc 
followed by a solution of the mixture of 
cpimcrs of the cyclopenteno[b]furan bis­
telrahydropyranyl ether (400 mg.) in a 
mixture of dimethyl sulphoxide (10 ml.) and 
benzene (2 ml.). The solutio:i. was ~tirred for 
3 hours, and the sol vent was removed bv 
cyaporation under reduced pressure at 2 
temperature below 40° C. The residue w:is 

shaken with water (10 ml.) and ethyl acetate 
(10 ml.) and the aqueous phase was separated, 45 
extracted with e!hyl acetate (2 X 10 ml.) and 
the extracts discarded. The aqueous solution 
was acidified to pH 3-4 with 2N aqueous 
oxalic acid, and i:Xl!"actcd with a mixture of 
equal part" of ether and petroleum ether 50 
(b.p. 40-60'-, C.) (5 X 10 ml.). The organic 
pha~e was separated, washed with saturated 
brine and was dried. Evaporation of the sol­
v·.~nts gave 9cr - hydroxy - 16 - phenoxy-
J 11.1~,15 - bis(tetrahydropyran - 2 - yloxy)- 55 
17,18,19,20 - tetrz.nor - 5 - cis - 13 - t1·ans­
prostadienoic acid as a clear oil. [Rr = 0.5 
(ethyl acetate)]. 

Example 2. 
The process described in Example 1 was 60 

repeated, using the appropriate phosphonate 
reagent, to give the compounds shown below. 
The products were identified by n.m.r. 
spectroscopy ~nd arc characterised below 
either by R .. value on thin layer chromatO·· 65 
graphy, or by accurate mass measurement by 
mass spectrometry of either the molccul2r ion 
or the (.M.+ - methyl) ion, whichever is 
more appropriate, of the tetra (trimcthylsilyl) 
derivative, which is prepared by adding to the 70 
compound to be mass measured bis--trimethyl­
silyl-trifluoroacetamide concaining 1 % tri­
methylchlorosilane (Regisil--trade mark) and 
leaving the mixture for 1 hour. In some cases, 
phosphonate reagent, or the unsaturated ketone 75 
im:ennediatc in which Ac is p-phenylbenzoyl 
have been characterised and appropriate data 
for these compounds are also given. 

<?H 
\ 

<X. ~C.00>{ • A-G1(01-1)-X-OR..'+ 
OH 
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-r---
No. R4 _J__._:~--- x 

-~~ ... ---
1 phenyl -Cfi:CH·-- -CH2-

2 phenyl ·-CH:CH- -·-CH(CH3)-

3 phenyl --CH:CH- -C(CHJ4-

,--··· 
I No. 

~1· 
2 

4 phenyl -CH:CH- --(CHJ3-

5 benzyl -CH:CH- -CH2-
3 

6 2-naphthyl -CH:CH- -CH2-
·1 

7 4-chlorophenyl -CH:CH- -CH2- ~ .. 
8 4-chlorophenyl -CH~CH2- -CH2- 6 
9 3-chlorophenyl -CH:CH·- · .--CH2- 7 

IO 2-chlorophcnyl -CH:CH- -CH 2-

11 2,4-<lichlorophenyl -CH:CH- -CH2-
~\ 

12 4-bromophenyl -CII:CH- --CH2- ry 

13 4-flnorophenyl -CH:CH- -CH2-

14 4-tolyl -CH:CH- -CH2-
10 

15 3-tolyl -CH:CH- -CH2- 11 

16 4-t-bntylphenyl -CH:CH- -CH2-

17 13-trifluoromethylphenyi --CH:CH- -CH2-

12 

13 

18 4-methoxyphenyl -CH:CH- -CH2-

H 
19 2-methoxyphenyl -CH:CH- -CH2-

15 
20 4-biphcnylyl -CH:CH- -CH2-

16 

li 

18 

~-
,. mp' 
(a) ~. ~ 

(b) r.. 
(c) R 
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Mass spec>.rum 1- T 
Phosphonate 

No. Isomer* Foimd Calculated b rec ' ) .p. \ .1mm. 
-

1 mp M+=678.3610 678.3625 178-185/0.05 
I 

lp M+=678 

2 mp M+-CH3=677 .3540 677.3545 175/0.2 
Ip M+=692 692 

3 mixed M+-CH3=691.3660 691.3702 130/0.l 

4 mp M+=706.3921 706.3928 166-168/0.l 
Ip M+=706 

5 mixed M+=692.3753 692.3781 170/0.l 

6 mp J\1+=728.3744 728.3781 m.p.=8S-86°C. 

7 mp M+-CH3 =697 .2948 697.3001 170-173/0.l 
lp M+=712 712 

8 mp( a) M+=714.3399 714.3391 170-173/0.1 
lp(a) M+=714 

9 mp M 1-CH3=-697 .2297 697.3000 180/0.2 
Ip M+=712 712 

10 mp M+=712.3216 712.3235 174-178/0.1 
Ip M+112 

.. 

11 mp M+-CH3=731.2599 731.2609 -
12 mixed M+-CH3 ==741.2485 741.2497 -
13 mp .M+=696.3468 696.3529 -

lp M+=696 

14 mixed M+=692.3738 692.3781 16-1/0.05 

15 mp M+=692.3752 692.3781 180/0.5 
Ip M+=692 

16 mixed M+=734.4213 734.4251 -
17 mp M+=746 .3467(b) 746.3499 

lp (c) 

18 mp M+=708.3717 708.3731 -
jp M+=708 

19 mp M+=/08.3710 708.3731 I _ Ip M+=708 

20 mp M+=754.39<14 754.3938 _m.p.=63-.£4°C. 
Ip M+=754 

I 

* mp=more poiar, lp=lcss polar isomer on silica gel thin layer chror:.:c.tography. 
(a) prnducts syntl:;,~sised from respect.ivcly the more pol?..r and b<• pol~ cnol intermediates. 
(b) Rr.·="0 .45 after 2 runs on siii:::a gel t.l.c. with 5 % acetic acid h ethyl acetate. 
(c) RF==O. 50 after 2 nms on silica gel t.l.c. as for (b). 

9 

En one 
m.p. (°C.) 

(Formula. VI) 

155-158 

-

-
120-122 

99-101 

185-187 

132-135 

132-135 

-

129-132 I 
136-138 

-
162 

149 

140-11:1 

-
115-117 

--

-

- __ J 
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In the i:rnnufacture of corn~·ounds 8, whe:-:::n 
A is an ethylene radkal, the unsaturated 
ketone intermediate is reduced to the satur­
ated ketone as follows: -

5 The more polar epimer (epimers at C-3 of 
the butenyl side-chain) of 4/:? - (4 - p - ehloro­
phenoxy - 3 - hydroxybut - 1 - trans - enyl)-
2,3,3a/3,6a,B - tetrahydr1J - 2 - oxo - Sa.~ 
(p - phenylbenzoyloxy)cyclopcnteno - [bl-

. 10 furan (360 mg.) was dissolved in ethanol 
(25 ml.) and the solution w,1s 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 

15 with hydrogen for 3 hours and was then 
filtered, and the filtrate was evaporated to 
dryness to give 4,B - (4 - p - chlcrophenoxy-
3 - hydroxybutyl) - 2,3,3a/l,6af3 - tetrahydro-
2 - oxo - Sa - (p - phenylbenzoyloxy)cyclo-

20 penrcno[b] furan, RF = 0.4 (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. 

25 Example 3. 
To a solution of the more polar C-15 epimer 

of 16 - (4 - chlorophenoxy) - 9·:r,1l•x,15-
trihydroxy - 17,18,19,20 - tctranor - 5 - cis-
13 - trans - prosradienoic acid (15 mg.) in 

30 methanol (1 ml.) at 0° C. was added an excess 
· of a solution of diazomethanc in ether. After 

10 minutes the so1':ents were evaporated to 
give a single C-15 epimcr of methyl 16-
(4 - chlorophen~xy) - 9a,1l{r,15 - trihydroxy-

35 17,18, 19,20 - tetranor - 5 - cis - 13 - trans­
prostadienoate as a clear oil, RF = 0.3 (ethyl 

acct~tc). The n.m.r. 5p2ctmm showed the 
following characteristic bands (.3 values): -

6.8-i.2, 4 aromatic protons 
5.3-5.7, 4 olefinic protons 40 
3.6, COOCff3 

Example 4. 
The process described in Example 1 was 

repeated, using the appropriate phosphon-
ate reagent, or an equivalent phosphorane 45 
R4-X-Y--CH2.CO.CH: PPh3 to give the 
compounds shown below. The products were 
identified by n.m.r. spectroscopy and are 
characterised below eithtr by Rr value on 
thin layer chromatography, or by accurate mass 50 
measurement by mass spectrometry of the 
molecular ion of the appropriate fully pro­
tected (trimethy!silyl) dcrh-ative, which is pre­
pared by adding, to the compow1d to be mass 
measured, bis - trimethylsilyltrifluoroacetamide 55 
containing 1 % trimeth~·lchlorosilane (Regisil­
trade mark) and !caving tllc mixture for 1 
hour. In some ca~cs, the phospbonate reagent, 
or the unsaturated ketone intcnncdiare have 
been characterised and appropriate data for 60 
these compounds are also given. 
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NI R4 

21 I phenyl 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

hcny' 

hcnyl 

hcnyl 

4-chlorop 

4-chlorop 

3-fluotop 

2-fluorop 

3,4-dichl 

2,5-dichl 

henyl 

orophcnyl 

orophenyl 

2-tolyl 

2,3-xylyl 

3,5-xylyl 

2-chloro-4-methylphenyl 

32 3-dimeth ylaminophenyl 

33 1-naphth yl 

34 4-chloro-1-naphthyl 

35 2-naphth yl 

36 6-methyl -2-naphthyl 

37 6-methox y-2-naphthyl 

38 3-chlorop ,!J.enyl 

39 2,3-dichl orophenyl 

40 2,6-dichl cropbcnyl 

3,5-diehl orophenyl 41 

42 4-chloro-3-meu.'1.ylphenyl. 

yphenyl 

4 1-chloro-2-naphthyl 

.. 

trahydro-2-naphthyl li 
3-methox 

J 5,6,7,8-te ---

1,350,971 11 

Other 
substituents in 

x y prostanoic acid 

-CH 2- -N(CH3}- -
-C(CH3) 2- -0- -
-CH2- -s- -
-CH2- -0- -
-CH2- -0- -
-CH2- -0- -
-CH2- -0- -
-CH2- -0- -
-CH2- -0- -
-CH2- -0- -
-CH 2- -0- -
-CH2- -0- -
-CH2-- -0- -
-CH2- -0- -
-CH2- -0- 2-methyl 

-CH2- -0- -
-CH2- -0-- -
-·CH2- -0- 2-methyl 

·-CH2- -0- --
-CH2- -0- I -
-CH2- -0- -
-CH2- -0-- .. - . . 

-CH2- -0- -
-CH2- -0- - J -CH2_:_ I --0-· -
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M<.15s spectr11m I En one r--·-··----R Phosphonate m.p. (°C.) 
No. Isomer (a) Found Calculated b.p. (°C./mm.) (Formuia VI)* 

--- No. 
21. mp lvF = 691. 3994 691. 3940 (b) 145-150 

lp 691 I 40 

22 mp M--CH~+=725.3302 725.3313 150/0.05 (c) 
Ip 11 

23 mp M+=728.2977 728.3006 I (b) 135-·-138 
Ip '11 

24 mp j\f+:=.--;696.3496 696.3531 (d) 138-139 
Ip 696 .u 

25 mp M+=696.3510 696.3531 (e) 144 
lp 695 4·1 

26 lvi+=746.2791 746.2844 (f) 150-152 
.. -

mp .. J 

lp 746 
·-·""··--~ 

27 M+==746.2799 746.2844 (g) 187·-·190 {::i) , .. 
mp .. 
Ip 746 (l->) ti· 

r r~· !~ .. ·1 

28 mp l'\'1'°==692.3813 692.3781 154-160/0.05 165-167 (d) H 
(c) " Ip 692 " (f) R: 

29 M+=706.3971 706.3935 180/0.15 166-·168 
{tr\ B mp \M/ 

Ip 706 (h) F. 
(i) R' 
(" H, 30 mp .M+=706.3922 706.3935 140-142 11 
(lo:) !'.; 

lp 706 .. 
('' i: .. II 

31 mp M+=726 726 113--115 (Ln) " (n; !·~ 
Ip 726 (m) a~. 

32 mo M+=721.4020 721.4047 (b) 138-145 .. ,.\,: i Ip 721 

33 mp M+=728.3830 728.3781 (h) 185-187 
Ip 728 

34 M+= 762. 3356 762.3388 (i) (j) 
n. 

mp 
p~ 

Ip 762 5 f ~-

35 .M+742.3946 742.3937 m.p. 85-86 185-187 .1'. 
mp 
lp 742 

<>· 

f. 

36 mp M.+=742. 3902 742.3937 m.p. 71--72 153 11) 
Ip 742 

~ .. 
i': 

37 I M+758.3910 758.3887 m.p. 58-59 195 n· 
mp .1. 
Ip 758 

~~ 

38 .i\{+=726.3346 726.3391 180j0.2 (k) 
Vi <· 

mp ,. 
lp 726 f 

39 mp M+-CH3=731.2644 731.2609 175/0.03 153-155 
Ip M+-CH3 =731 • .. 

20 
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-139 
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-167 

-168 

-142 

-115 

·-145 
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i) 

·-137 

~:) 

·-155 
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Mass spectrum En one 
Phosphonate m.p. (°C.) 

No. Isomer (a) Found Calculated b.p. (°C./mm.) (Formula VI)* 
-

40 mp M.+=746.2844 '/46.2844 m.p. 89-90 140-142 
Ip 746 

41 mp M+746.2829 746.2844 m.p.80-82 138-i39 
Ip 746 

42 mp M+=726.3397 726.3391 - 143 
Ip 726 

43 mp I M+=708.3745 708.3730 'l) 129-130 I., 
Ip 708 

44 mixed M+=762.3402 762.3391 m.p. 61-62 195 

45 mp(m) 
lp(n) 

-- -
(a) mp=morepolar, lp=lesspolar. 
(b) these compounds synthesised from phosphoranes (not phosphonates), made as described below. 
(c) R,,·=0.5 (50% ethyl acetate in toluene). 
(d) Rp=0.2 (40% ethyl acetate in methylene dichloride) 
(e) R:i.·=0.4 (5% acetic acid i:::l ethyl acetate) 
(f) Rp=O. 3 (50% ethyl acetate in chloroform) 
(g) RF=O .23 (50~10 ethyl acetate in chloroform) 
(h) RF=O. 3 (50% ethyl acctat..: in methylene dichloride) 
{i) Rp=0,4 (10% methanol in ethyl acetate) 
(j) Rp=O. 8 (50% ethyl acetate in toluene) 
(k) Rp=0.6 (50% ethyl acetate in toluene) 
(I) RF=O .4 (50% ethyl acetate in methylene dichloride) 
(m) RF=O. 25 (3% acetic acid in ethyl ~.cetate) 
(n) Rp=O .30 (3% acetic acid in ethyl acetate) 
(m) and (n); 8 6.8 (lH, aromatic), 6 .6 (2H, aromatic), 5 .4 (2H, olefinic) and 5. 7 (2H, olefinic). 

* Ac is p-phcnylbcnzoyl. 

The preparation of a phosphorane, which 
may be used in place of a phosphonate in the 
preparation of a cyclopentane derivative of 

5 the invention, is exemplified by the prepar­
ation of [3 - (3 - dimethylaminophcnoxy)­
acetonylidene] - triphenylphos;ihoranc as 
foilows:-

n-Butyl-lithium (3.85 ml. of a 1.3 M 
10 solution in hexane) was added to a solution 

of 3-dimcthylaminophenol (685 mg.) in di-· 
methoxycthane (20 ml.) at - 70° C. un<ll'r an 
atmosphere of nitrogen. The solution was 
allowed to warm to room temperature, a 

15 solution of 3 - iodoacetonylidcne - triphcnyl­
phosphoranc (2.22 g.) in benzene (100 ml.) 
was added, and the mixture was heated under 
reflux for 2 hours. The mixture was then 
d:Iu·.ed with toluene (100 ml.), washed with 

20 \'.'ater (2 X 50 ml.) and dried, the solvent:• 
\Vere evaporated and the residue was trituraid 
with ether to give [3 - (3 - dimethylr ... ninc-

phenoxy ) acetonylidene J triphenylphosphor -
ane, m.p. 110-115° C. 

Tn a similar manner wer:: prepared the 25 
analogous N -:nethylanilino (gum) and 4-
chlorophcnylthio (m.p. 158-16P C.) phos-· 
phoranes. 

Example 5. 
The process described in Example 3 was 30 

repeated, using . the appropriate more polar 
C-15 epimcr, in place of the more polar 
C-15 cpimer of 16 - (4 - chiorophenoxy)-
9a,lla,15 - trihydroxy - 17,18,19,20 - tetra-
nor - 5 - cis - 13 - trans - prostadicnoic acid, 35 
to give the following methyl esters as single 
C-15 epimers: ---
a) methyl 16 - (4 · - fiuorophenoxy)-

9.:i.;,l la,15 - trihyd;:-oxy •· 17,18,19,2<J­
tetranor - 5 - cis - 13 - trans - orostacli- •10 
enoate, Rr = 0.3 (5 % methanoi in tolu-· 
enc) o = 6.S-7.2 (aromatic), 5.3--5.7 
(4 o!cfinic proton!>), 3.6 (m..::thyl ester). 
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b) 

5 c) 

methyl 9a,lla,15 - trihydroxy - 16-
(2 - naphthyloxy) - 17,18,19,20 - tetra­
nor - 5 - cis - 13 - trans - prostadienoate, 
i\-t+- = 670.3542 (calculated 670.3541). 
methyl 9a,11a,15 - trihydroxy - 2-
methyl - 16 - (2 - n::phthyloxy) -
17,18,19,20 - tetranor - 5 - cis - 13-
trans - prostadienoate, lVt+- = 684J678 
(calculated 684,3697). 

10 d) methyl 9,a,lla,15 - trihydroxy - 16-
(6 - methyl - 2 - naphthyloxy) -
17,18,19,20 - tetranor - 5 - cis - 13-
trans - prostadienoate, M+ = 684.3739 
(calculated 684.3693). 

15 e) methyl 9l':,l la,15 - trihydroxy - 16-
(6 - mcthoxy - 2 - naphthyloxy)-
17, 18,19,20 - tetranor - 5 - cis - 13-
frans - prostadienoate, M+ = 700.3681 
(calculated 700.3647). 

20 f) methyl 16 - (3 - chlorophenoxy)-
9'.t',lb,15 - trihydroxr - 17,18,19,20-
terranor - 5 - cis - 13 - trans - prostadien­
oate, Rr = 0.3 (ethyl acetate), 1.1+ = 
654.2973 (calculated 654.2995). 

25 g) methyl 9·!1:,l la,15 - trihydroxy - 2-
mcthyl - 16 - (3 - chlorophenoxy)-
17,18,19,20 - tetranor - 5 - cis - 13-
ttans - prostadienoate, RF -- 0.4 (ethyl 
acetate), J\'1+ = 668.3133 (calculated 
668.3151). 30 

Example 6. 
16 - (4 - Chlorophcnoxy) - 9a,lla,15 - tri­

hydroxy - 17,18,19,20 - tctranor - 5 - cis-
13 - trans - prostanoic acid (20 mg. of 

35 the more polar C-15 epimer) wus treated with 
an excess of dilute aqueous ammonia to form 
the ammonium salt. The excess of ammonia 
was evaporated under reduced pressure, and 

40 
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 hGur. The 

45 
solution was extracted with ethyl acetate, the 
ethyl acet.1te extract was evaporated to dry­
ness, and the residue was chromatogrnphed on 
Florisil (1 g.) using 50'10 ethyl acetate in 
toluene as eluant, to give n-butyl 16-

SO (4 - chlorophenoxy) - 9.a,lla,15 - trihydroxy-
17,18,19,20 - tetranor - 5 - cis - 13 - trans­
prosta<lienoate, /1'17 for the tris-(trimethylsilyl) 
derivative = 696.3427 (calculated 696.3464), 
RF = 0.4 (ethyl acetate). 

In a similar nmmer, but using ethyl iodide 55 in place of n-butyl iodide, there was obtained 
ethyl 16 - (4 - chlorophenoxy) - 9:t,1 b,15-
trihydroxy - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadienoate, M+ = 668.3086 
( calculat.e·1 668.3151). 

60 Example 7. 
A solution of the mixed anhydride of 

acetic ar.:id :md the more polar C-15 cpimer of 
9a - acetoxy - 16 - (4 - chlorophenoxy)-

l la,16 - bis(tetrahydropyran - 2 - yloxy)-
17,18,19,20 - tetrancr - 5 - cis - 13 - trans·· 
prostadienoic acid (73 mg.) in 2 ml. of a 2: 1 
mixture of acetic acid and water, was stirred 
at 4'7° C. under nitrogen for 4 hours. The 
solvents were evaporated, the residue was 
dissolved in dilute aqueous sodium bicarbon­
ate solution (2 ml.) and the solution was 
extracted with ethyl acetate (3 X 2 ml.). 
The extracts were discarded, the aqueous 
solution was acidified to pH 3-4 with 2N 
aqueous oxalic acid anci the acidified solution 
was extracted with ethyl acetate (4 X 5 ml.). 
The ethyl acetate extracts were washed with 
a 1 : 1 mixture of saturated brine and water, 

65 

70 

75 

anci were then dried. After evaporation of 
the ethyl acetate, the residue was purified by 80 
thin-layer chromatography on silica gel using 
3 % acetic acid in ethyl acetate, to give the 
more polar C-15 epimer of 9.~ - acetoxy- 16-
(4 - chlorophenoxy) ·-. lla,15 - dihydroxy-
17, 13,19,20 - tetranor - 5 - cis - 13 - trans­
prostadienoic acid, A\+ = 682.2942 (calculated 
682.2944). 

The bis-tetrahydropyranyl ether used as 
sta1ting material may be prepared as 
follows:-

A solution of the more polar C-15 epimer 
of 9cr-hydroxy-16-( 4-cholorphenoxy)-lla,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 cycl.ohexane 
(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) - 11.:x,15 - bistetrahydro­
pyran - 2 - yloxy) - 17,18, 19,20 - tetranor-
5 - cis - 13 - t1·ans - prostadienoic acid as a 
yellow oil, v max (CHC13) 1720, 1810 cm-1

• 

Example 8. 
To a solution of 9·~ - acetoxy - 16 - (4-

chlcrophenoxy) l la, 15 dihydroxy-
17,18, i 9,20 - tetranor - 5 - cis - 13 - trans­
prostadienoic acid (12 mg.) in methanol 
(1 ml.) at 0° C. was added an excess of a 
solution of diazom~thane in ether. After 10 
minutes, the solvents were evaporated, the 
residue was dissolved in ether, and the solu­
tion was treated with lithium aluminium 
hydride (50 mg.). The mixture was stirred at 
room temperature for 1 hour, the excess of 
hydride was destroyed by the addition of 
water (1 ml.) a:-id the mixture was extracted 
with ethyl acetate to give 16 - (4 - chloro­
phenoxy) 9a,lfo,15 trihydroxy­
.17,18,19,20 - tetranor - 5 - cis - 13 - trans­
prostadienol, · M+ - 698.3439 (calculated 
698.3441), RF = 0.2 (ethyl acetate). 

In a similar manner, there were obtained: -
16 - (3 - chlorophenoxy) - 9u,1 l.!Y,l5 - tri­

hydroxy - 2 - methyl - 17,18,19,20 - tetra-
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nor - 5 - cis - 13 - trans - prostadienol, 
RF - 0.15 (ethyl acetate, M+ - 712.3575 
(calculated 712.3597). 

9a,lla,15 - trihydroxy - 16 - (6 - methyl-
5 2 - naphthyloxy) - 1"1,18,19,2.0 - tetranor - 5-

cis - 13 - trans - prostadienol, RF - 0.2 
(ethyl acetate). 

Example 9. 
The process described in Example 1 was 

10 repeated using the approprfah: phosphonate 
reagent, to give: -
a) 9a,lb,15 - trihydroxy - 16 - (4-

hydroxyphenoxy) - 17,18,19,20 - tetranor-
5 - cis - 13 - trans - prostadienoic acid, 

15 RF = 0.2 and 0.3 (3% acetic acid in 
ethyl acetate). ~ = 6.82 (4H, aromatic), 
5.3-5.7 (4H, olefinic), 3.98-5.l 
(lOH, > CILO- and exchangeable pro­
tons); phosphon:ate, RF = 0.2 (10% 

20 methanol in ethyl acetate); enone*, 
m.p. 135-140° C. 

b) 16 - fu::furyloxy - 9a,llrr,15 - trihydroxy-
17,18,19,20 - tctranor - 5 - cis - 13-
trans - prostadienoic acid, R:r = 0.5 (3 % 

25 acetic add in ethyl acetate), ?I = 7.5 

(HI and 6.3 (2H) (fury! protons) 
5.1-5.6 (4 H, olefinic); phosphonate, 
b.p. 200° C./0.2 mm; enonc.;., m.p. 92-
930 c. 

c) 16 - (3 - allylphenoxy) - 9...-r,lla,15-
trihydroxy - 17,18,19,20 - tetranor ·· 5-
cis - l3 - trans - prostadienoic acid, 
M+ - 718.3892 (calculated 718.3938); 
phosphonate, RF = 0.32 (ethyl acetate); 
enone*, m.p. 110-112° C. 

* Fonnula VI. Ac is p-phcnylbenzoyl. 

Example 10 
The process described in Example 1 was 

repeated, using a 9-oxo prostwoic acid deriva­
tive in place of a 9~hyd:oxy prostanoic acid 
derivative, to give the compounds shown 
below. For measurement of mass spectra, 
the acids were com·erted to methyl esters with 
diazomcthanc, the 9-oxo group was protected 
by conversion to the mcthoxime with 
methoxylamine, and, where indicated, the 
hydroxy groups at C-11 and C-15 were pro­
tected as the trimethylsilyl derivatives. N.m.r. 
spect~a were measured in dctaerated acetone. 

15 

30 

35 

40 

45 
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No. 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

6i 

68 

69 

70 

71 

0 . 

h---~_/"...._C.OOH 

~Cf.l(OH)-X·Y-R.* 
116 

R4 x 

phc:~yl -CH2-

phenyl -CH(CHs)-

phenyl -(CHz)3-

1-naphthyl -CH2-

2-naphthyl -CH2-

4-chlorophenyl -CH2-

4-chlorophenyl -CH2-

3-chlorophenyl -CH2-

2-chlorophenyl -CH2-

4-chlorophenyl -C(CHah 

4-bromophenyl -CH2-

4-fluorophenyl -CH2-

3-fluorophcnyl -CI-12-

2-fiuorophenyl -CH2-

2,4-dichlorophenyl -CH2-

2,5-dichlorophenyl -CH2-

3,5-dichlorophenyl -CH2-

4-tolyl -CH2-

3-tolyl -CH2-

2-tolyl -CH2-

3,5-xylyl -CH2-

4-chloro-3-methyl-phenyl -CH2-

2-chloro-4-methyl-phenyl -CH2-

3-trifiuoromcthyl-phenyl -CH2--

4-methoxyphenyl -CH2-

2-methoxyphenyl -CH2-

____?.:_ __ l 4-chl~ro-1-naphthyl -CH2-

16 
. .., 
! .' 

y 
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-0-

-0-
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No. Isomer* Characterising Data 

46 mixed Rp= 0. 2 (acetone j cyclohexane /ethyl acetate-
1 :1 :2) 

N.m.r.: 8 6. 98-7. 28 (SH, aromatic), 5 .48 (2H, 

-r 
cis olefin), 5. 78 (2H, trans olefin), 3. 5-4. 5 (5H, 
>CH.0- and -COOH) 

-t 

I 47 mixed M+=,,589 .3267 [calculated 589 .3255 for methyl 
ester, 9-mcthoxirne, 11,15-di-(trimethylsilyl) 
derivative]. R1 .. =0 .4 (3% acetic acid in ethyl 
acetate) 

48 mixed Ri.·=0.3 (3% acetic acid in ethyl acetate) 

49 mixed RJ."=0. 4 (3% acetic acid in ethyl acetate). 

N.m.r.: aromatic protons oat o 8. 3-8. 5 (lH), 
7. 7-7 .9 (lH), 7 .2-7 .5 (4H) and 6.8-7 .08 
(lH) 

50 mixed Rp=0.3 (3% acetic acid in ethyl acetate). 

N.m.r.: aromatic protons at~ 7. 7-7 .8 (3H) and 
7 .1-7 .5 (·1H) 

51 mp M + = 609 . 263 3 [calculated 609 . 2709 for methyl 
ester, 9-methoxime, 11,15-di (trimethylsilyl) 
derivative]. Rr=0.4 (3% acetic acid in ethyl 
acetate) 

52 mixed Rp=O. 5 (3% acetic acid in ethyl acetate). 

N.m.r. :=aromatic protons at o 7. 3 ( 4H) 

53 mp Rp=O .3 (3% acetic acid in ethyl acetate). 

N.m.r.: aromatic protons at o 7 .15 (lH) and 6. 9 (3H) 

54 mixed RJ<·=O .4 (3% acetic acid in ethyl acetate). 

55 mixed Rp=O. 5 (3% acetic acid in ethyl acetate). 

N.m.r.: aromatic protons at 8 7 .28 (2H), 7 .19 (2H) 
and 2 methyls at 8 1. 25 and 1 . 30 (6H) 

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

57 mixed Rp=0.3 (3% acetic acid in ethyl acetate) 

N.m.r.: aromatic protons at o 6. 91 (2H) and 7. OS 
(2H) 

58 mixed R~·=0.3 (2% acetic acid in ethyl acetate). 

N.m.r.: aromaticprotom at 87 .25 (IH) and6.65 
(3H) 
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' ----- - I No. Isomer"' Characterising Data 
;i:. 

nx: 
----------------·-

59 mixed R:r'=O .4 (5% acetic acid in ethyl acetate). 
cc: 

5 p::: 

N.m.r.: aromatic protons at o 7 .05 (4H) 
\.,; ...... 
t.-:'. 

60 mixed RF=O .4 (0. 25% acetic acid in ethyl acetate) 
~!<_"'. 

N.m.r.: aromatic protons at o 7 .12 (lH), 'l .3 (HI) 
.. and 7 .41 (lH) 

JO (.·~~ 

?V1 
/r,_: 
,-.:; 

61 mixed RF=0.34(3% acetic acid in ethyi acetate). 
\, 

r .. ::~ 

N.m.r.: aromatic protons at o 7. 3 (lH), 7 .15 (lH) 
and I). 9 (IH) 

15 i 5 
t .I 
iV: 

t ~.' 

62 mixed RF=O. 34 (3% acetic acid in ethyl acetate). 
w:1 
\'•'f 

N.m.r.: aromatic protons at o 6. 9 (3H) 

.,. 
20 5'il I 

.in 
, ... 

63 mixed RF=0.2 (cyclohexane/ethyl acetate/acetone, 2:2:1). 
I 

·-1·· 

ll, 

N.m.r.: aromatic protons at o 6. 7 (2H) and 7. 1 (2H), · ' 
and methyl at 8 2. 28 25 

64 mixed RF= 0. 5 (3 % acetic acid in ethyl acetate). 
r·· r . 't 
Ii(: i 

N.m.r.: aromatic protons at 87. 05 (lH) and 6. 73 
(3H), and methyl at o 2. 28 

!;··"> 
.., 

' '" 
30 fl,! 

65 mixed M. +=589. 3284 [calculated 589. 3254 for methyl 
ester, methoximc, di (trimcthylsilyl) derivative]. 
Rp=O. 35 (3% acetic acid in ethyl acetate) 

nn 
l·.' 
n.~. 

r,_,·. 

66 mixed R:r·=--=O. 2 ( cyclohcxane/~cetone/ethyl acetate-4: 1 :2). 
35 i{,. 

N.m.r.: aromatic protons at o 6. 5 (3H), and methyls 
(6H)at2.28 rh: 

67 mixed · Rp=0.5 (5% acetic acid in ethyl acetate). 
(:. 

.\0 .1~ 1 

\~ I 

N.m.r.: aromatic protons at a 7. 2 (lH) and 6. 85 
(2H), and methyl at 2. 3 ~ ! ,c 

',\ .i 

63 mixed Ri,'= 0 .4 ( cyclohexane/ ethyl acetate/ aceto11e--4 :2: 1 ). ·15 (!' 

"' 
N.m.r.: aromatic protons at 3 7 .18 (lH) and 6.80 l 

(2H), :md methyl at 2. 2 .. 
! 

69 mp R1:·=0. 5 (5% acetic acid in ethyl acetate). 

N.m.r.: aromatic protons at o i .5 (lH) and 7 .25 (3H) 
5(! 

! ~1 
70 mixed RF=O. 6 (3% acetic acid in ethyl acetate) 

71 mixed Rp=O .65 and 0. 7 (3% acetic acid in ethyl acetate) 55 
~~ 

72 mixed RF=0.4(3% acetic acid in ethyl acetate). .. '~·· 
~::. 

N.m.r.: aromatic protons at 3 8 .4 (lH), 8 .15 (lH); 
7 .6 (3H) and 7 .08 (IH) 

M ~ .... 

* mp=more polar. r; 
< 
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The 9-oxo prostanoic acid· derivatives used 
as starting materials may be obtained by 
oxidation of the corresponding 9a-hydroxy 
compound, as exemplified below for the pre-

5 paration of 9 - oxo - 16 - phenoxy - u~,15-
bis(tctrahydropyran - 2 - yloxy) - 17,18,19,20-
tetranor - 5 - cis - 13 - trans - prostadienoic 
acid:-

To a ~olution of 9a - hydroxy - 16 - phen-
10 oxy - lla,15 - bis(tetrahydropyran - 2-

yloxy) - 17,18,19,20 - tetranor - 5 - cis - 13-
trans - prostadienoic acid (270 mg.) in acetone 
(5 ml.) at - 10° C. was added Jones' reagent 
(chromic acid in acetone), 0.163 m!.). Aft-::r 

15 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 rrsidue on 

20 silica, using 1: 1 ether/petrolewn ether (b.p. 
40-60° C.) as eluting solvent, gave the re­
quired 9-oxo-bis(tetrahydropyranyl ether), 
RF = 0.2 (50% ethyl acetate in tolucn~). 

Example 11. 
25 The process described in Example 3 was 

repeated, using 1 la,15 - dihydroxy - 16 - (2-
naphthyloxy) - 9 - oxo - 17,18,19,20 - tetr&­
nor - 5 - cis - 13 - trans - prostadienoic 
acid, in place of 16 - (4 - chlorophenoxy)-

30 9a,lla,15 - trihydroxy - 17,18, 19,20 - tetra­
nor - 5 - cis - 13 - trans - prostadienoic acid, 
to give methyl lla,15 - dihydroxy - 16 - (2-
naphthyloxy) - 9 - oxo - 17,18,19,20 - tetra­
nor - 5 - cis - 13 - trans - prostadienoate, 

35 RF = 0.3 (ethyl acetate). 

Example 12. 
To a solution of 16 - (4 - chlorophcnyl­

thio) - 9·~,lb,15 - trihydroxy - 17,18,19,20-
tetranor - 5 - cis - 13 - trans - prostadienoic 

40 acid (12 mg.) in ~ethanol (0.5 ml.) at 0° C. 
was added a solut.ion 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-

45 chlorophenylsulphinyl) - 9a,l la,15 - tri­
hydroxy - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadienoic acid, M+ -
744.2918 (calculated 744.2956), RF - 0.2 
(3% acetic acid in ethyl acetate) . 

50 

55 

Example 13. 

16 - (4 - fluorophenoxy) - 9a,lla,15-
trihydroxy- 17,18,19,20 - tetranor-
5 - cis - 13 - trans - prostadienoic 
acid 

Sodium phosphate 

% w/v 

0.003 
2.90 
0.30 Sodiwn hydrogen phosphate 

Watl!r for injection to 100 

The sod!um p!iosphate was dissolved in 
60 about so:,,~ of the water, follcwed by the 

prostadienoic acid derivative, and, whcr. 

dissolved, the sodium hydrogen phosphate. 
The solutior. was made up to volwne with 
water for injection, and the pH was checked 
to be between 6.7 and 7.7. The solution was 65 
filtered to remove particulate matter, 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 chloride B.P. 70 
for administration bv intravenous infusion. 

The prostadienoic acid derivative may, of 
cours::, be replaced by an equivalent amount 
of another prostanoic acid derivative of the 
invention. 75 

WHAT WE CLAIM IS:-
1. A prostanok acid derivative of the formu­

la: -

wherein Ri is a hydrox)'methyl or carboxy 80 
radical, or an aLl(oxycarbonyl radical of up to 
11 carbon atoms; either R2 is a hydroxy radi-
cal or an :1lkanoyloxy radical of 1 to 4 carbon 
atoms and Ra is a hydrogen atom, or R2 and 
R3 together form the oxo radical; A is an 85 
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 90 
or an alkylimino (-N'Alkyl-) radical of up 
to 4 carbon atoms; and R4 is an aryl, benzyl 
or furfurvl radical which is unsubstituted or 
whkh is substituted by halogen atoms, 
hydroxy, nitro or phenyl radicals, alkyl, 95 
alkenyl, hak,t;enoalkyl, 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 100 
atoms on carbon atom 2, 3 or 4; and for 
those compounds wherein R' is a carboxy 
radical, the phannacel!tically acceptable salts 
thereof. 

2. A prostanoic acid derivative as claimed in 105 
claim 1 wherein R 1 is a hydroxymethy!, car­
boxy, methoxycarbonyl, ethoxycarbonyl, n­
butoxycarbonyl or n-dccyloxycarbonyl radical; 
R2 is a hydroxy, acetoxy or propionyloxy 
radical and Ra is a hydrogen atom, or R2 110 
and R3 together form the oxo radical; A has 
the meaning defined in claim 1 ; X is a 
methykr.e, ethylene or trimethyh!ne radical 
bearing 0, 1 or 2 methyl substituents; Y is an 
oxygen or suli)hur atom, or the sulphinyi or 115 
methylirnino rac:!!c!!l; and R' is a phenyl, 
naphthyl, benzyi or forfuryl radical contain-
ing as substituents not more than nm halogen 

•I, O' 
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The 9-oxo prostano~c acid derivatives med 
as starting materials may be ob~aincd by 
oxidation of the corresponding 9:t-hydroxy 
compound, as exemplified below for the pre-

5 partttion of 9 - oxo - 16 - phenoxy - 1 fo,15-
bis(tctrahydropyran - 2 - yloxy) - 17,18,19,20-
tetranor - 5 - cis - 13 - trans - prostadienoic 
acid:-

To a solution of 9a - hydroxy - 16 - phen-
10 oxy - lla,15 - bis(tetrahydropyra.n - 2-

yloxy) - 17,18,19,20 - tctranor - 5 - cis - 13-
trans - prostadienoic acid (270 mg.) in acetone 
(5 ml.) at -10° C. was added Jones' reagent 
(chromic acid in acetone), 0.163 ml.). Aft.::r 

15 15 minutes, isopropanol (1 drop) was add.::d, 
followed by ethyl acetate (20 ml). The solu­
tion was \vashcd with 1: 1 saturated brine:/ 
water, and was dried. Evaporation of the sol­
vents, and chromatography of the residue on 

20 silica, using 1: 1 ether/petroleum ether (b.p. 
40-60° C.) as eluting solvent, gave the re-· 
quired 9-oxo-bis(tctrahydropyranyl ether), 
R1• = 0.2 (50% ethyl acetate in toluene'). 

Example 11. 
25 The process described in Example 3 was 

repeated, using 1fo,15 - dihydroxy - 16 - (2-
naphthyloxy) - 9 - oxo - 17,18,19,20 - tetrr.­
nor - 5 - cis - 13 - trans - prostadienoic 
acid, in place of 16 - (4 - chlorcphenoxy)-

30 9a,Ufl',15 - trihydroxy - 17,18,19,20 - tetra­
nor - 5 - cis - 13 - trans - prostadienoic acid, 
to give methyl lb,15 - dihydroxy - 16 ·· (2-
naphthyloxy) - 9 - oxo - 17,18,19,20 - tctra­
nor - 5 - cis - 13 - trans - prostadienoate, 

35 R}· = 0.3 (ethyl acetate). 

Example 12. 
To a solution of 16 - (4 - chlorophenyl­

thio) - 9.-r,lla,15 - trihydroxy - 17,18,19,20-
tetranor - 5 - cis - 13 - trans - prostadienoic 

40 acid (12 mg.) in l!!Cthanol (0.5 ml.) at 0° C. 
was added a solut.ion of sodium periodate 
(5 mg.) in water (05 ml.). After 18 hours 
the solvents were evaporated, and the residue 
was extracted with acetone to give 16 - (4-

45 chlornphcnylsulphinyl) - 9a,l fo,15 - tri­
hydroxy - 17 ,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadienoic acid, M+ = 
744.2918 (calculated 744.2956), R, = 0.2 
(3% acetic acid ·in ethyl acetate). 

50 

55 

Example 13. 

16 - (4 - ftuorophenoxy) - 9a,lh,15-
trihydroxy- 17,18,19,20 - tctranor-
5 - cis - 13 - trans - prostadicnoic 
acid 

Sodium phosphate 

% w/v 

0.003 
2.90 
0.30 Sodium hydrogen phosphate 

Water for injection to 100 

The sod'.um p~osphate ·was dissolved in 
60 at.01.a SO°{-~ of the water, folk;.·.veri by rl~e 

prostadienoic acid derivative, and, wh>!r. 

dissolved, the sodium hydrogen phosphate. 
The solutior. wa3 made up to volume with 
water for injection, and the pH was checked 
to be between 6.7 and 7.7. The solution was 65 
filtered to remove particulate matter, sterilised 
by filtration, and filled into prcsteriliscd neu-
tral glass ampoules under aseptic conditions. 
Immediately before use, the contents of an 
ampoule arc di1utd in sodium chloride B.P. 70 
for administration b,· intrav.:!nous infusion. 

The prostadienoic acid derivative may, of 
com~:!, be rrplaccd by ::>.11 equivalent amount 
of another prostanoic acid derivative of the 
invention. 75 

WHAT W"E CLAIM IS:-
l. A prostanoic acid derivative of the formu­

la: -

wherein R1 is a hydroxymcthyl or carboxy 80 
radical, or an alkoxycarbonyl radical of up to 
11 carbon atoms; either R2 is a hydroxy radi-
cal or an alkanoyloxy radical of 1 to 4 carbon 
atoms and R3 is a hydrogen atom, or R2 and 
R3 together form the oxo radical; A is an 85 
ethylene or trans-viny1cne radical; X is an 
alkylene radical of 1 to 3 carbon atoms bear-
ing as rnbstituents 0, 1 or 2 alkyl radicals, each 
of 1 to 3 carbon atoms; Y is an oxygen or 
sulphur atom, a sulphinyl (-SO-) radical 90 
or an alkylimino (--NA!kyl-) radical of up 
to 4 carbon atoms; and R 1 is an aryl, benzyl 
or furfuryl radical which is unsubstituted or 
whi.::h is substituted by halogen aron:;;, 
hydroxy, nitro or phenyl radicals, alkyl, 95 
alkenyl, halc,t,.::noalkyl, alkoxy, alkenyloxy or 
acylamino radicals of up to 4 carbon atoms or 
dialkylamino radicals wherein each alkyl is 
of 1 to 3 carbon atoms; "vhich compound con-
tains 0 or 1 alkyl radical of up to 4 carbon 100 
atoms on carbon atom 2, 3 or 4; and for 
those compounds wherein R1 is a carboxy 
radical, the pharmacct~tical!y acceptable sa !ts 
thereof. 

2. A prostanoic acid derivative as claimed in 105 
claim 1 wherein R1 is a hydroxymethyl, car­
boxy, methoxycarbonyl, ethoxycarbonyl, n­
butoxycarbonyl or n-decyloxycarbonyl radical; 
R2 is a hydr0xy, acetoxy or propionyloxy 
radical and R" is a hydrogen atom, or R2 110 
and R3 together form the oxo radical; A has 
the meaning defined in claim 1; X is a 
methylene, ethylene or tr!methylene radical 
bearing 0, i or 2 methyl substituents: Y is an 
oxygen or sulphur atom, or the sulphinyi or 115 
methy!imina r.:icir.!'1; and R 1 is a phenyl, 
naph1hyl, b·~n:.:yi or forfuryl radical c0:itain-
ing as substitucnts not more tlmn two h~logen 
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atoms, phenyl, hydroxy, methyl, !-butyl, 
allyl, methoxy or allyloxy radicais, chloro­
alkvl or fluoroalkvl radicals r.'tch of 1 to 4 
carbon atoms or dimelhy!ami:lo radicals; 

5 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 
R1 is a carboxy radical the ammonium, alkyl­
ammonium containing 1 to 4 alkyl radicals 

10 each of 1 to 6 carbon atoms, alkano!ammo!lium 
containing 1 to 3 2-hydroxyethyl radicals, and 
alkali metal salts thereof. 

3. A prostanoic acid derivative of the formu­
la I shown in claim 1, wherein R1 is a hydroxy-

15 m.!thyl, carboxy, methoxycarbcmyl, ethoxy­
carbonyl or n-butoxycarbonyl radical; R2 is 
a hydroxy or acctoxy radical and R1 is a 
hydrogen atom, or R2 and R" together fonn 
the oxo radical; A is the ethylene or trans-

20 vinylene radical; X is the methylene, cthyli­
dcne, isopropylidcne or trimethylene radica I; 
Y is an oxygen or sulphur atom, or the sul­
phinyl or methylimino radical; and R1 is the 
furfuryl or benzyl rad;cal, or a phenyl or 

25 n~phthyl radical containing as substitucnts not 
more than two chlorine, bromine or fluorine 
atoms, or phenyl, hydroxy, methyl, t-butyl, 
allyl, methoxy, trifl.uoromethyl or dimethyl­
amino radicals; which compound optionally 

30 bears a methyl substituent on carbon atom 2. 
4. A prostanoic acid derivative as claimed in 

any preceding claim wherein R1 is a chloro­
phcnyl, chloronaphthy!, bromophenyl, fl.uoro­
phenyl, tolyl, xylyl, methylnaphthyl, t-butyl-

35 phenyl, methylchlorophenyl, trifluoromethyl­
phenyl, hydroxyphenyl, mcthoxyphenyl, 
mcthoxynaphthyl, biphenylyl, dimethylamino­
phcnyl or tetrahydronaphthyl radical. 

5. A prostanoic acid derivative as claimed 
40 m any preceding claim wherein R4 is the 

ppenyl, benzyl, furfuryl, 1-naphthyl, 2-naph­
tEyl, 2-, 3- or 4-chlorophenyl, 4-bromophenyl, 
2-, 3- or 4- ftuorophenyl, 2,3-, 2,4-, 2,5-, 
2,6-, 3,4- or 3,5-dichlorcphcnyl, 2-, 3- or 4-

45 tolyl, 2,3-, 3,4- or 3,5-xylyl, 4-t-butylphenyl, 
3-allylphenyl, 3-trifluoromethylphcnyl, 4-
hydroxyphenyi, 2-, 3- or 4-methoxyphenyl, 
4-biphenylyl, 3-dimethylaminophenyl, 2-
chloro-4-methy lpheny!, 4-chloro-3-mct hyl-

50 phenyl, l-chloro-2-naphthyl, 4-chloro-2-
naphthyl, 6-methyl-2-naphthyl, 6-methoxy-2-
naphthyl or 5,6,7,8-retrahydro-2-naphthyi 
radical. 

6. A prostanoic acid derivative of the 
55 formula I shown in claim 1, wherein R1 is a 

carboxy radical or an alkoxycarbonyl radical 
of up to 6 ca: bon atoms; dther R2 is a hydroxy 
radical or an alkanoyloxy radical of 1 to 
4 carbon atoms a,,d R' is a hydrogen atom, 

60 or R2 and R3 together fonn the oxo radical; 
A is an ethylene or trans-vinylcne radical; 
X is an alkylcne radical of 1 to 3 carbon 
atoms bearing as substituents 0, 1 or 2 alkyl 
radicals, cac.h of 1 to 3 carbon ator..1s; and 

65 R4 is an aryl radical, which is unsubstitmed 

or which is substituted by h<!logcn arnms, nitro 
radical~:, alkyl, alkoxy or acylamino radicals 
of 1 to 4 carbon ::'.•)rns or dialkyhmino radi-
cals wherein e"-ch a!kvl is of 1 to 3 carbon 
atoms; and for those ·cc.mpounds wherein R 1 70 
is a carboxy radical, pharmaceutically accept-
able salts then: of. 

7. A prostanoic acid derivative of the 
formula I given in claim 1 wherein R1 is a 
hydroxymethyl or carboxy radical, or an 75 
alkoxycarbonyl radical of up to 7 carbon atoms; 
either R2 is a hydroxy radical or an alkanoyl-
m:y radical of 1 to 4 carbon atoms and R3 

is a hydrogen atom, or R2 and R3 together 
fom1 the cxo radical; A is an ethylene or trans- 80 
vinyl enc radical; X is an alkylene radical of 
1 to 3 carbon atoms bearing as substituents 
0, 1 or 2 alkyl radicals, e:.ich of 1 to 3 carbon 
atoms; and R.1 is an aryl or benzyt radical, 
which is unsubstitt,ted or which is substituted 85 
by halogen atoms, ·nitre or phenyl radicals, 
alkyl, halogcnoalkyl; a!koxy or acylamino 
radicals of 1 to 4 carbon atoms or dialkvl­
amino radicals wherein each alkyl is of 1 ·to 
3 carbon atoms; and those compounds where- 90 
in R1 is a carboxy radical, phannaceutically 
acceptable salts thereof. 

8. A prostanoic acid derivative as claimed 
in any one of claims 1, 2, 3, 6 and 7 wherein 
R1 is a ch!orophenyl, fluorophcnyl, trifiuoro- 95 
methyl or unsubstituted naphthyl radical. 

9. A prostanoic acid derivative as claimed 
in any one of claims 1, 2, 3, 6 and 7 wherein 
R1 1s a carboxy or methoxycarbonyl radical 
and R1 is a chlorophenyl, fluorcphenyl, tri- 100 
f!uorometl1yl or unsubstituted naphthyl radi-
cal. 

10. A prostanoic acid derivative as claimed 
in anv one of claims 1, 2, 3 and 7 wherein 
R' is· the hydroxymethyl mdical and R4 is 105 
a chlorophcnyl, fluorophenyl, trifluoromethyl 
or unsubstituted naphthyl radical. 

1 i. A prostanoic acid derivative as claimed 
in any one of claims 8, 9 and 10 wherein R4 

is the 3- or 4-chiorophcnyl, 2- or 4-fl.uoro- llO 
phenyl, 3-trifiuoromethylphcnyl or 2-
naphthyl radical. 

12. A prostanoic acid derivative of the 
fommla I given in claim 1, wherein R1 is 
the carboxy or methox:;·carbonyl radical, R2 is 115 
the hydroxy radical and R" is r. hydrogen atom 
or R2 and R~ together form the oxo radical, 
A is the trans-viny!eJ'!c radical, X is the 
methylene or isopropylidene radical, Y 1s an 
oxygen atom and R' is the 3- or 4-chloro- 120 
phenyl, 2- or 4-ftuorophenyl, or 2-naphthyl 
radical. 

13. A prostanoic acid derivative of the 
fonnula I given in claim 1 wherein R 1 is 
the carboxy, mcthoxycarbonyl or hydroxy- 125 
methyl radical, R2 is a hydroxy radical and 
R3 is a hydrogen atom, or R2 and R" together 
fonn the o~;o radical, A is the trnns-vinylene 
r:idica.!, X is the methylene or isopropylidcne 
radical, Y is an oxygen atom and R' is the 3- 130 
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or 4-chlorophenyl, 2- or 4-·.:luorophcnyl, 3-
trifluoromethylphenyl or 2-naphthyl radic::il. 

14. A prostanoic acid derivative as claimed 
in claim 12 or 13 which additionally bears a 

5 methyl substituent on carbon atom 2. 
15. The compounds 16 - (4 - fluorophen­

oxy) - 9<1'.,n~,15 - trihydroxy - 17,18,19,20-
tetranor - 5 - cis - 13 - trans - prostadienoic 
acid, methyl 16 - (4 - fiuorophenoxv)-

10 9a,lfo,15 - trihydroxy - 17,18,19,20 - tctra­
nor - 5 - cis - f3 - trans - prostadienome, 
16 - (2 - fluorophenoxy) - 9a,lla,15 - tri­
hydroxy - 17,18,19,20 - tetranor - 5 - cis-
13 - tl'ans - prostadicnoic acid, 16 - (4-

15 chlorophenoxy) - 9a, 1I.a,15 - trihydroxy-
17,18,19,20 - tetranor - 5 - cis - 13 - traus­
prostadicnoic acid, methyl 16 - (4 - chloro­
phenoxy) - 9a,ll!f,15 - trihydroxy-
17,18,19,20 - tetranor - 5 - cis - 13 - tl'ans-

20 prosradienoate, 16 - (3 - chlorophenoxy1-
9a,llrr,15 - trihydroxy - 17,18,19,20 - tetr~­
nor - 5 - cis - 13 - trans - prostadienoic acid, 
m_ethyl 16 - (3 - chlorophenoxy) - 9a,ll.rr,15-
tnhydroxy - 17,18,19,20 - tetranor - 5 - cis-

25 13 - tl'ans - prostadienoate, 9a,l 1a,15-
trihydroxy - 16 - (2 - naphthyloxy)-
17,18,19,20 - tetranor - 5 - cis - 13 - trans­
prostadicnoic acid, and 16 - (4 - chlorc­
phenoxy) - 9n,l h:,15 - trihydroxy - 16,16-

30 dimethyl - 17,18,19,20 - tetranor - 5 - czs-
13 - trans - prostadienoic acid. 

16. The compounds 16 - (4 - chlorophen­
oxy) - 9a,1 fo:,15 - trihydroxy - 17,18,19,20-
tetranor - 5 - cis - 13 - trans - prostadienol 

35 and 9a,1 l!r,15 - trihydrcxy - 16 - (3 - trI­
f!uoromethylphenoxy) - 17,18,19,20 - tetranor-
5 - cis - 13 - tl'ans - prostadienoic acid. 

17. The compound 16 - (3 - chloro­
phenoxy) - 9a,1l!l:,15 - trihydroxy - 2-

40 methyl - 17,18,19,20 - tetranor - 5 - cis-
13 - trans - prostadi.:nol. 

18. Thi! compound 16 - (4 - chloro­
phenoxy) - 1 la,15 .- dihydroxy - 9 - oxo-
17,18,19,20 - tetranor - 5 - cis - 13 - trans-

45 prostadicnoic 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. 

50 20. A compound as claimed in any pre­
ceding claim which is in a racemic fom1. 

21. A compound as claimed in any one cf 
claims 1 to 19 which is in a luteol}tically 
effective, optically-active form. 

55 22. A process for the manufacture of a 
prostanoic acid derivative as claimed in claim 
1 which comprises: -
(a) for those compcunds wherein R1 is a 
carboxy radical, the hydrolvsis of a com-

60 pound of the formula: - ' 

or of a mixed anhydride thereof, wherein A, 
X, Y, R2, R" and R1 have the meanings stated 
above, and R' and R 6 are each a tetrahydro­
pyran-2-yloxy radical, or an acyloxy radical 65 
of 1 to 6 carbn atoms, whereafter when a salt 
is required the product is reacred with a base; 
or 
(b) for those compounds wherein R1 is an 
alkoxycarbonyl radical of up to 11 carbon 70 
atoms, th.:: reaction of an acid of the fomlU-
la: -

v.·herein A, X, Y, R2
, R" and R' have the 

meanings stated above, with a diazoalkane of 75 
the formula R'.N2, wherein Rr is an alkyl radi·· 
cal of 1 to 10 carbon atoms: or 
(c) for those compounds ~herein R1 is an 
alkoxycarbonyl radical of up to 11 carbon 
atoms, the reaction of a salt of an acid of 80 
the formula II with an alkyl halide of 1 to 
10 carbon atoms; or 
(d) for those compounds wherein R1 is the 
hydroxymethyl radical and Y is an o:;ygen 
or sulphur atom or an alkylit!'lino radical, 85 
the reduction of an ester of the formula I 
wherein R 1 is an alkoxycarbonyl radical of up 
to 11 carbon atoms; or 
(e) for thos:: compounds wherein Y is the 
sulphinyl radical, the oxidation of a thio- 90 
compound of the formula: -

wherein R1, R2, R3, R4, A and X have the 
meanings de1l.ne.d in claim 1. 

23 .• (process as claimed in claim 22 wherein 95 
the hydrolysis is carried out in an aqueous or 
alcoholic solution of an alkali metal carbon-
ate. 

24. A process as dairned b claim 22 which 
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is carried out with a soh1tion d potassium 
carbonate in methanol. 

22 
·-----·------· 

25. A process as daimed in claim 22 
wherein the salt of an acid cf the formula II 

5 is the silver salt. 

32. A compcrsition as claimed in claim 31 
which is a tablet, capsule, aerosol, solution suit­
abi.e for spraying, sterile injectable aqueous or 
oily solution or suspc;~>ion, or a suppository. 

33. A comoosition as ciaimed in claim 30 30 
which is a • sterile, substantially aqueous 
solution ccntainin:; from 0.01 to 10 111g./ml. 

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

27. A proci.:ss as claimed in claim 22 wherein 
the reduction is carried out with a complex 

10 metal hydride. 

of the prostanoic acid derivative. 
34. A prostanoic acid derivative as claimed 

28. A process as claimed in claim 27 wherein 
the complex metal hydride is lithium alu­
miniwn hydride. 

in claim 1 substantially as hereinbefore 35 
described in any one of Example.; 1 to 12. 

35. A prostanoic acid derivative as claimed 

29. A process as claimed iu claim 22 wherein 
\5 the oxidation is carried out with sodium perio­

date. 

in claim 6 substantiallv as hereinbefore 
described in Example 1. • 

30. A pharmaceutical or veterinary com­
position which comprises a prostanoic acid 
derivative as claimed in claim 1 together with 

20 a pharmaceutically or vcterinariiy acceptable 
diluent or carrier. 

36. A prostanoic acid derivative as claimed 40 
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 
hereinbefore described in Example 13. 45 

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

25 ministration, or for anal or vagiml use. 

J. D. ATKINSON, 
Agent for the Applicants. 
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ERRATA 
SPECIFICATION No. 1,350,971 

Page 2, line 37, after propionyloxy inse-l't 
radical. 

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

Page 2, line 58, for allyl read alkyl . 
Page 4, line 85, jor ketone) read acetone) for 

hydroylsis 1·ead hydrolysis 
Page 5, line 3 9, for chlorio;iic read chorionic 
Page 6, line 94, for stired read stirred 
Page 6; line 97, delete whole line insert cence 

ceased. Ethyl acetate (lOOml.) was 
Page 7, line 74, after cases, insert the 
Page 11, Table No. 22 Headed R~ for 4-

chloropheny read 4-chlorophenyi 
Page 12, Table No. 37 3rd column for 

M+ 758,3910 read J\.l+- 75803910 
758 - 758 

Page 13, Table No. 41 3rd column, for 
M+ 746,2829 .... ad M+- 746~2829 
l 746 • "'' l - 746 

Page 14, line 92, for cholorphenoxy read 
chlorophenoxy 
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