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a -British Company of Dagenham, Essex,  do hereby declare the invenion.for
which we pray 'that a pa   may be granted to us, and  the method by which
it-is to be performed, to be particularly described in and by the following
statement: 5      This invention relates to new therapeutically useful
cyclopentane derivatives, to  .5 a process for preparing them, and to
pharmaceutical compositions containg them. The  new  cyclopentane
derivatives  of the present invention are. those compounds of the general
formula:- [err] 10       wherein [err] represents  a hydroen atom or a
carboxylic acyl group, preferably a   10 straight- or branched-chn aloyl
groupcontaining from 1 to 4 carbon atoms or a benzoyl group, and either (i)
[err] represents a group of the generalformula: - [err] 15    (wherein
[err] and [err] -are identical or different and each represetis a hydrogen
atom  15 or a straight- or branched-chain alkyl: group containing: from 1
to 4 carbon atoms, for example a methyl group, R5 represents a hydrogen
atom or,preferably, a straight- or branched-chain alkyl group containing
from 1 to 10, preferably from 1 to 5, more particularly 4, carbon atoms, -a
straight- or- branched -chain alkoxy group contg 20      from  1  to 10
,preferably from 1 to 4, carbon atoms, a cycloalkyl group  containing  20,
from-5: to 7' carbon atoms, an adamantyl group, or represents a straight-or
branched- . chain alkyl group containing from 1 to 6 carbon atoms,
preferably methyl, substituted by a straight-or branched-chain alkoxy group
containing from l to 6 carbon atoms, preferably ethoxy, by a cycloalkyl
group containing from 5 to 7 carbon  atoms or by 25      an adamantyl
group, or the group [err] together  forms a  cycoalkyl group con-  25
taining from 5  to 7 carbon atoms, preferably cyclopentyl  or cyclohexyl,
or an adamentyl  group), X represents a trans-vinylene or and y repre-
sents a carbonyl group or a group of: the general formula:- 30       wherin
[err] represent a hydrogen atom or a straight- or branched-chain alkyl
group  30 containing from I to 4 carbon atoms, preferably methyl, and [err]
represents a hydrogen    1,468 830 atom or when [err] represent a
carboxylic acyl group [err] reprsents a  hydrogen atom or a carboxylic acyl
group , preferably a straight or   branched-chain alkanoyl  group
containing from   to 4 carbon atoms or a benzoyl group,or else (ii) [err]
represents a group of the general formula:- 



5 [err] [ wherein A presents a straight- or branched-alylene chain
contining from 1 to 12, preferably from 1  to 7 carbon atoms, Z represents
a ,direct bond or an oxygen or sulphur atom and [err] represents  an aryl
or heterocyclyl group (more pary  a 10  phenyl,naphthyl ,furyl  or tienyl
group), which may be substituted, for example by one or more  substituents
selected from  halogen (e.g. chlorine or bromine ) atoms,  10 straight- or
branched -chain alkyl and alkoxy groups containg from  1 to 6  arbon     10
atoms, and trihalomethyl e.g. trifluoromethyl groups], X in  formula I
represent an 15 ethylene or trans-vinylee group and Y in Formula I
represents a carbonyl group of formula  III (wherein [err] and [err] are as
here inbefore defined), or else 15 (iii) [err] represents a group R8 as
hereinbefore defined, and  X and Y in formula I   15 represent
simultaneously ethylene and carbonyl, trans-vinylene and carbonyl  or
ethylene and   [err] groups respectively [err] being  as hereinbefore
defined). As will be apparent to those skilled in the art the structure
shown in general formula I has at least two centres of chirality these two
centres of chirality being centres of chiraity, a further centre of
chirality occurs when   Y represents a group of formula III and still
further centres of chirality may occur in the group [err]. The presence of
centres of chirality as is well known   leads to the exstence of isomerism.
However, the compounds  of  formula  I of the present invention all have
such a 25       configuration that the side chains attached to the ring
carbon atoms in  positions. 8 and  25  ' 12 are trans with respect to each
other. Accordingly, all isomers of general   formula I, and mixtures
thereof, which  have those side chains  attached to the ring  carbon atoms
in positions 8 and 12,-in the trans-configuration  are within the scope of
the present intion. Preferably the groups attached to the 8 and 12
positions  of the 30     cyclopentane ring are in the same configuration as
those in the natural products known 30 as prostaglandins, via . alpha and
beta respectively . In the present specificaton, unless otherwise indicated
alkyl groups are straight or branched-chain  and contain from 1 to 6 carbon
atoms. The compounds of the invention possess valuable pharmacological
properties 35         for example, properties typical of the related series
of natural products known  as  35 prmstaglandins including, for example,
the inhibition of gastric acid secretion, the production of hypotension,
bronchodilation, the stimulation of uterine contractioin luteolysis 40
For examples in laboratory screening  tests the  compounds produce  50%to
40 100% inhibition  of pentagastin-induced gastric acid secretion in the
rat at doses between 1.0 and 100 [err]/kg animal body weight/minute when
administered orally in solution in dilute aqueous alcohol [containing
sodium chloride (about 0.9%  w/v) and a small proportion of a wetting agent
e.g. Tween 80  ("Tween" is a registered 45      Trade Mark), to aid
solubility; Tween 80is a complex mixture of        polyoxyhlene  45 ethers
of mixed partial oleic esters of sorbitol anhydride]. More particularly 50%
inhibitions  of pentagastrin-induced  gastric acid secretion were obtained
in the rat at a dose of 4.0 [err]/kg animal body weight/ minute of
7-[2-(3-hydroxy-4-methylner- trans-1-enyl)-5-oxocyclopentyl]heptanol and at
a  dose of 6.0 [err]/kg animal body 50      weight/minute   of
7-[2-(3-hydroxy-3-methyloct-trans-1-enyl)-5-oxocyclopentyl]-
50 In another laboratory test, the effects of aerosols  containing
compounds  of the invention were observed  in  conscious guinea pigs. Thus,
guinea  pigs were con- tinuously exposed to an aerosol containing a
compound, of the invention for a  period 55      of 3  minutes. Aer a pause
of 30 seconds the animal were exposed to an aerosol of   55 the
bronchoconstrictor histamine generated from  a solution of histamine in
water (2 mg/ml) and the time taken  for convulsions to occur (termed the
"preconvulsion time") was noted. The concentration of compound of formula I
in the solution from which the aerosol wasgenerated which would producea
100%  increase in pre- 60       convulsion time was then calculated
mathematically from results obtained from solu-     60 tions of compoun.ds
of formula I of various concentrations. For example it was calulated that
the preconvulsion time obtained in animals pre-treated with- an aerosol
generated from an  aqueous solution containing   142  [err]/ml of
7-[2-(3-hydroxy-  



3    1 468,830                             3
4-methyloct-trans-1-enyl)-5-oxocylopentyl]heptano  compared with the
preconvul- sion time obtained in control animals pre-treated with a similar
aerosol from which the compound of the invention was absent, would sho an
increase of 100% in the preconvulsion time. 5           In another
laboratory test, .rats were fed on a diet containig 0.5%  w/w cholesterol
and 0.25%  w/w cholic acid for 7 days. During the last 3 days some of the
rats received a daily oral dose of a solution of
7-[2-(3-hydroxy4-methyloct- trans-l-enyl)-5-oxocyclopentyl]heptanol in a
dilute (1%  v/v) solution of  alcohol in water at a rate of 100 [err]
active compound/kg animal body weight per day, while 10      the other,
control, rats received only the aqueous alcohol vehicle. At the end of the
10 7th day the treated animals had a 33%, lower blood cholesterol level and
a 43% lower blood triglyceride level, compared .with the control animals.
In. yet another laboratory test, 7[2(3-hydroxy-4-phenoxybu-trans-1-enyl)-5-
oxocyclopentyl]heptanol produced luteolysis in more than 50% of pregnant
hamsters 15  when administered subcutaneously at a dose of 2 mg/kg animal
body weight in     15 solution in a dilute (1% v/v). solution of alcohol in
water. As well as the compounds specifically named in the above test
descriptions, other compounds of. the invention showed useful levels of
activity in these and other laboratory tests.. 20          According to  a
feature of the present invention, compounds of general formula .I  20
wherein [err]represents a hydrogen atom, and R2, X and Y are as
hereinbefore defined, are prepared by the process which comprises the acid
hydrolysis of com- pounds of the general formula:- [err] 25      wherein
R2, X and Y are as hereinbefore defined, the symbols [err] represent
identical  25 alkyl groups or together form an ethylene linkage
unsubstituted or substituted by identical alkyl groups on each carbon atom,
the symbols [err] preferably representing together an' unsubstituted
ethylene linkage, and [err] represents a hydrogen atom, or when Y
represents a group of formula III wherein [err] represents an alkyl group
30     and [err] represents a. hydrogen atom, the. group  [err] optionally
represents a    30 group, hereinafter represented as [err] relatively inert
to Grignard reagents but readily hydrolysed to a hydroxy group when
required, for example [err] represents a trimethylsilyl group, and the
hydroxy group forming part of the said group of formula III within the
definition of Y is then optionally in the form of a Grignard 35
intermediate complex, that is to say the said hydroxy group is in a form
which may  35 be represented by. the formula [err] wherein Z' represents a
halgen, e.g. bromine or iodine, atom. The most suitable reaction cdions for
the hydrolysis may readily;be deter- mined with a minimum of
experimentation and may vary according to the values 40     of the various
symbols in formula  V.' When the: symbol [err]  represents  a group [err]
and  40 especially when the hydroxy  group forming part of the group of
formula III is in the form [err], the hydrolysis is preferably carried out
stepwise, first hydrolysing  [err] (when present) to hydroxy,  en'
hydrolysing [err] to hydroxy  then hydrolysing  [err] to oxo, finally
isolating the desired compound 45     of formula I, Optionally, but not
necessarily, isolation of the hydrolysis product is  45 carried.out  after
step of the stepwise hyrolysis. The hydrolysis of [err] (when present) to
hydroxy is preferaby. carried out  by means  of aqueous ammonium  chloride
solution, preferably below room temperature, e.g at about [err] 50      .
-The: hydrolysis of [err]to hydroxy without simultaneous- hydrolysis of
50 [err]  to oxo is preferably carried out in a medium of aqueous. lower
alkanol, eg. aqueous methanol, preferably in the -presence of a small
amount of an organic acid, e.g. glacial acetic acid, at room temperature.
On the other -hand the hyrolysis of [err] to hydroxy with the sensibly
simultaneous hydrolysis of [err]  to 55      oxo may be carried out in the
presence of a larger proportion of organic acid, e.g.  55 



acetic. acid, and in the absence of alkanol, for example in a mixture of g
acetic acid and water (about 2: 1 v/v), generally at around room
temperature. The hydrolysis of the group-C(0R)2- to oxo is generally
carnied out by means of an organic acid in the presence of water, for
example aqueous acetic acid,    4
1,468,830 .                                    4 e.g. an aqueos acetic acid
solution (e.g. 60 -99 % v/v), or p-toluenesulphonic acid in acetone
containing a' small amount of water, preferably  at temperatures between
[err] and [err] more particularly between [err] and [err] or alternatively
by means of a dilute inorganic acid  for example dilute hydrochloric acid,
preferably at  tempera- 5'      tures between [err] and [err] more
particularly  between [err] and [err].As a  5 further alternative the
hydrolysis  may be effected by subjecting the compound to chromatography,
preferably using an eluant containing some organic acid , for example
glacial acetic ad  By this means purification is effected  similtaneosly
with 10        Compounds of formula I wherein [err] represents a carboxylic
acyl group and the  10 symbol.Y represents a group containing'the symbol
[err] and [err] represents a hydrogen atom or a carboxylic acyl group, and
[err] X are as hereinbefore defied are prepared, accordifig to another
feature of the invention, by the acylation'of corres- ponding alcohols of
formula I by the application or adaptation of known methods, 15     for
example by reaction with the appropriate acid anhydride [for example acetic
15 anhydride when [err] and, where applicable, [err] in the desired product
represent  actyl group(s)] in the  presence of a base, e.g. pyridine,
preferably at ambient temperature, optionally in the presence of an inert
organic solvent such as an aromatic hydrocarbon (e.g. benzene). It is
generally easier to acylate the heptanol chain than it  is to acylate 20
the  hyndroy group (when present) within the  group Y, especially when Y
represents a group of formula III wherein [err] represents an alkyl group.
Accordingly ,when it is desired to 'acylate a' hydroxy group within the
group Y as well as to acylate the heptanol chain,  more vigorous conditions
such as use of a stronger baseor a higher  perature, or the absence of
inert organic solvent, or else longer reaction 25       times, are
generally selced.                                                        25
Compounds of formula V wherein X represents a trs-vinylene group, Y repro.
sents a carbonyl group and [err] represents a hydrogen atom, [err] and
[err] being as hereinbefore defined, may be prepared by the reaction of
compounds of the general formula: - 30
[err]                                                60 (wherein [err] is
as hereinbefore defined), either with compounds of the general formula.-
[err] (wherein [err]  is as heinbefore defined and [err] represents an
alkyl   group  or a phenyl 35       group unsubstituted- or substituted by
an alkyl group, and advantageously represets'  35 a phenyl or n-butyl
group), preferaly in the presence of an inert organic solvent and
preferably at a temperature between [err] and [err] ,for example in the
presence of tetrahydrofuran as  solvent at the reflux temperature  fthe
reaction' mixture or in the presence of hexamethylphosphotriamide as
solvent at between  [err] and [err] 40       or, prerably, with compounds
of the  al fmu: .                            -'         40 [err] (wherein
[err] is as hereiibefore defined and [err] represents an alkyl group of
from 1 to 4 carbon stoms, preferably a methyl group) inthe presence of a
strong base ,for example sodium hydride, and preferably in the presence of
an inert organic solvent, 45       for example an ether (e.g.
tetrahydrofuran), and' preferably at or near room tempera-  45 ture.
Compounds of formula'VI are described and claimed in the specification of
our British Patent No. 1,3.98,073. Compunds of formula V wherein either X
represents an ethylene group or Y :50      'represents a hydroxymethylene
group, or wherein both X and Y respectively have     50 those meanings,
[err] and [err] bein         before defined (hereinafter referred 



to as "compounds of formula Va"), may be prared by the reduction of
compounds of formula V wherein either .X represents a trans-vinylene group
or Y presents a carbonyl group, or wherein both X and Y respectively have
those  meanings, [err] 55       and [err] being as hereinbefore defined
(hereinafter referred to-as "compounds of   55 formula Vb"). Thus:-
1,468,830 (a) Compounds of formula Va wherein X represents an ethylene or
tans-vinylene group and  Y represents a hydroxymethylene group may be
prepared by reduction of the corresponding compounds of formula Vb wherein
X represents an ethylene or trans-vinylene group and Y represents a
carbonyl group, using means and conditions 5      capable of reducing
carbonyl groups to hydroxymethylene groups without affecting  5
carbon-carbon double bonds. The reduction is preferably effected by a metal
boro- hydride (e.g. sodium borohydride or potassium borohydride), usually
in an aqueous, alcoholic or aqueous  alcoholicmedium and at between  40 and
[err] prefer- ably between -5 and + [err] optionally in the presence  of a
base, for example 10      an alkali metal  hydroxide (e.g. aqueous sodium
hydroxide or aqueous potassium  10 hydroxide) or, especially when potassium
borohydride is employed, in aqueous or aqueous alcoholic conditions
buffered at a pH of from pH 7 to pH 9, e.g. at pH 8' (e.g. by the addition
-of aqueous citric acid solution). Alternatively the reduction is carried
out by reaction with aluminium isopropoxide, in the presence of
isopropanol, 15     preferably as the solvent medium, at an elevated
temperature, advantageously at the  15 reflux temperature of the reaction
mixture. (b) Compounds of formula Va wherein X represents  an ethylene
group and Y represents a carbonyl or hydroxymethylene group may be prepared
by reduction of the corresponding compounds of formula -Vb wherein X
represents a trans-vinylene 20
group, with means and in     20 conditions capable of reducing
carbon-carbon double bonds without affecting carbonyl groups. The reduction
is preferably effected by hydrogenation in the presence of a hydrogenation
catalyst for example' palladium on charcoal or rhodium on charcoal, in the
presence of an inert organic solvent, for example a lower alkanol, e.g.
ethanol, 25      generall at ambient temperature and elevated pressure,
e.g. at a.hydrogen pressure  25 of 15 kilograms per square centimetre. (c)
Compounds of formula  Va wherein X represents an ethylene' group' and Y
represents a hydroxymethylene group may be prepared by reduction of
corresponding compounds of formula Vb with means and in conditions capable
of reducing any 30      carbonyl groups present to hydroxymethylene groups
and any trans-vinylene groups  30 present to ethylene groups. The reduction
is preferably effected by hydrogenation in the presence of a. hydrogenation
catalyst, for example paladium on charcoal or Raney nickel, in the presence
of an inert organic solvent,. for example ,a lower alkanol, e.g. ethanol,
preferably at an elevated pressure, e.g. at a hydrogen pressure of 15 35
kilograms  per square centimetre. Compounds of formula V wherein X
represents a trans-vinylene group, Y represents a group of. formula III
wherein [err] represents an alkyl group containing from 1 to 4 carbon atoms
and [err] represents a hydrogen atom, [err] and [err] being as hereinbefore
defined, may be prepared, by means of the Grignard reaction followed by 40
hydrolysis, from compounds of the general formula IX or X -
40 [err] wherein [err] and [err] are as hereinbefore defined, and [err]
represents a straight- or branched-chain   alkyl group containing from  1
to 4 carbon atoms, preferably methyl. The Grignard reagent used may be
represented by  the general formula XI 45      or XII respectively:-
45 [err] wherein [err] and [err] are as hereinbefore defined. The Grignard
reaction is carried out in conditions typical of Grignard reactions, for
example in an ether (e.g. diethyl ether) at or near room temperature, to
form an 



50      intermediate of the general formula: -
50    6                                     1,468 830
6 [err] (wherein [err] and [err] are as hereinbefore defined) within
general formula V. As is  hereinbefore  described, the intermediate
compound of formula  XIII, 5    generally without isolation, is then
converted by hydrolysis to a compound of the       5 general formula: .
[err] (wherein [err] and  [err] are as hereinbefore defined) within general
formla V which is then hydrolysed to the  corresponding compound of
formula. V. wherein 10    [err]  represents a  hydrogen atom, X represents
a trans-vinylene group Y represents   10 a group of formula III wherein
[err] represents an alkyl group and [err] represent a hydrogen atom, and
[err] and R9: are as hereinbefore defined, as is hereinbefore  des- cribed.
The compounds of formulae IX and X may be prepared from the appropriate 15
alcohols of formula V wherein R10 represents a hydrogen atom,  X represents
a         15 trans-vinylene group,.Y represents a carbonyl group, and [err]
and [err] are as herein- before defined, by  the appication or adaptation
of known methods for the intro- duction of the [err] group.When [err]
represents a trimethylsilyl group, it may be introduced by reaction of the
alcohol with hexamethyldisilazanie, in the presence of 20
trimethyichlorosilane or hydroge chloride gas, in dry conditions, for
example in       20 dry tetrahydrofuran as solvent Compounds of formula V
wherein X represents an ethylene group, Y represents a group of formula III
wherein [err] represents an alkyl group and [err]     represents a hydrogen
atom, and [err]  and [err] are as hereinbefore defined, may be prepared by
25       the reduction of corresponding compounds of formula V wherein X
represents a             25 trans-vinylene  group  by  the application of
methods hereinbefore described for the reduction of carbon carbon double
bonds in compounds. of formula Vb to form compounds  of formula Va'wherein
X represents an ethylene group.: The compounds of  formula VI may be
prepared by the reaction sequence which 30       may be illustrated
schematically as follows:-       30 [err]    7
1,468,830                                      7 wherein R9 is as
hereinbefore defined and [err] represents a hydrogen atom or a suitable
acid labile group. Suitable acid labile groups represented by R1' are those
which are easily removed by acid hydrolysis and do not cause side
reactions, e.g. the 2-tetrahydropyranyl group unsubstituted or substituted
by, for example, at least one 5      lower alkyl group.
5 The reaction of an aldehyde of formula XV and an enamine (e.g. the
morpholine enamine) of cyclopentanone to yield  an alcohol of formula XVI
is carried out in an inert organic solvent, for example an aromatic
hydrocarbon (e.g. benzene) with continuous removal of water, preferably at
60-[err], followed by hydrolysis in 10      aqueous acid conditions (e.g
with hydrochloric acid), preferably at ambient tem-   10 perature, and then
heating with an acid (eg. concentrated hydrochloric acid), prefer- ably at
about [err] and  preferably in an inert organic solvent such as an alcohol
(eg. butanol) to cause the double bond to migrate with the exocyclic to the
endocyclic position. 15          The alcohols of general formula XVI are
reacted with a source of hydrogen      15 cyanide (e.g. acetone
cyanohydrin) preferably in the presence of a base, for example an alkali.
metal carbonate (e g. sodium carbonate), in an aqueous organic. solvent,
for example an aqueous lower alkanol (e.g. aqueous  methanol), preferably
at 50-[err] 



and advantageously at the reflux temperature of the solvent employed, to
give 20      ketonitriles of formula XVII.
20 The ketals of general formula XVIII are prepared from the ketonitriles
of formula XVII by the application  or adaptation of known methods for the
preparation of ketals from ketones, for. example by the reaction of a
compound of formula XVII with the.. appropriate alcohol or diol in the
presence of an acidic catalyst, for 25       example p-toluenesulphonic
acid, with continuous removal of water. Advantageously   25 the reaction is
effected in the presence of an inert organic solvent, for example an
aromatic hydrocarbon (e.g. benzene), at an elevated temperature, with the
con- tinuous removal of water by means of a Dean and Stark apparatus. The
ketals of general formula XVIII are reduced in an inert organic solvent, 30
for example a lower dialkyl ether (e.g. diethyl ether), preferably at a
temperature  30 between [err] and [err], to compounds of formula VI by
means of known complex metal reducing agents, preferably a dialkylaluminium
hydride (eg. diisobutyl- aluminium  hydride) in an inert organic solvent,
for example an aromatic hydro- carbon (e.g. benzene). 35          The enes
of cyclopentanone used as initial starting materials in the process  35 of
preparation of the compunds of formula VI may be prepared from  cyclo
pentanone and secondary amines, preferably in an aromatic hydrocarbon
solvent (e.g benzene or toluene), by the method of G. Stork et el, J. Am.
Chem. Soc., 1963, 85, 207. Preferred secondary amines ae 5- or 6-membered
nitrogen-containing secondary 40      heterocyclic bases, which may carry
in the ring one or two additional hetero atoms  40 selected from oxygen and
nitrogen (eg. morpholine). When the amine contains more than one nitrogen
atom  one of the nitrogen atoms is secondary and the .remainder are
tertiary By the term "known methods" as used in this specification is meant
methods 45      heretofore used or described in the literature.
45 As will be readily appreciated by those skilled in the art, the isomeric
forms of the compounds of the invention arising  from the aforementioned
centres of chirality may be separated by the application or adaptation of
known methods, for example diastereoisomeric forms may be separated by
chromatography using. selective 50      adsorption from solution or from
the vapour phase onto suitable adsorbents, or by  50 fractional
crysalisation from suitable solvent systems. Preferred compounds of the
present invention are the compounds within formula *    I as hereinbefore
defined and wherein one or more  of the following conditions applies- 55
(a) Y represent a group of  formula III wherein [err] represents a methyl
group;    55 (b) [err] represents a group of formula II wherein R4
represents a methyl group; (c) [err] represents a phenoxymethyl group.
Compounds of particular importance are the following-
7-[2-(3-hydroxy-3-methyloct-trans-l-enyl)-5-oxocyclopentyl]heptanol, 60
7-[2-(3-hydroxy-4-phenoxybut-trans-1-enyl)-5-oxocyclopentyl]heptanol,
60
7-[2-(3-hydroxy-3-methyl-4-phenoxybut-trans-1-enyl)-5-oxocyclopentyl]heptan
ol, 7-[2-(4-methyl-3-oxooct-trans-l-enyl)-5-oxocydopentyl]heptanol and
7-[2-(3-hydroxy-4-methyloct-trans -1-enyl)-5-oxocyclopentyl)heptanoL    8
8 1,468,830  8 The following Examples illustrates the compounds of tihe
present invention and their preparation. EXAMPLE. 1 7-
[2-(4-Methyl-3-oxooct-l-enyl)-5-oxocyclopentyl]heptnol. 5       (1)
Preparation of 2-(7-hydroxyheptyl)cyclopent-2-en-1-one
5 A  mixture of 7-(2-tetrahydropyranyloxy)heptanal (22 g.) and
1-morpholino- cyclopentene, ie. the morpholine enamine  of cycopentanone,
(21.4 g.) in benzene (25 ml) was heated under- reflux.for 12 hours
under:nitrogen, and the water liberated was continuously removed wiih :a
Dean and Stark.head. Benzene (10 ml.) and then, 



10     dropwise, 18%  hydrochloric acid (28 ml) were added and the mixture
.was stirred  10 for 2 hours. The organic. layer wasseparated and
evaporated. Concentration hydro- chloric acid (72 ml.) and butanol (300
ml)were added tothe residue.The mixtute was heated at [err] for 1 hour, and
then the solution was concentrated  to:give an oiL Diethyl ether was added,
and the ether solution was washed with aqueous 15      sodium bicarbonate
and then water, and dried over sodium sulphate. The solvent was  '15
evaporated and  the residue was. distilled under reduced pressure to give
2-(7- hydroxyheptyl)cyclopent-2-en-1-one  (1.1.7  g., b.p. 125-[err]/0.15
mm,Hg [err], 228 [err] (ethanol). The 7-(2-trahydropyranyloy)heptanal used
as stating material in the above 20   procedure was prepard as follows:-
-  - 3,4-Dihydro-2H-pyran (272 g.) was added. dropwise at [err] with
stirring to a mixture  of 7-hydroxyheptanenitrile -(284 g.) and
concentrated hydrochloric acid (10 drops). The temperature was allowed to
rise to [err] and was maintainedat this level -for one hour. The solution
was cooled and benzene (500 ml)was added. 25      The solution  was washed
with aqueous sodium  bicarbonate and then water  and  25 dried over sodium
sulphate. The solvent  was removed in vacuo, and the residue dis- tilled
under reduced pressure to give 7-(2-tetrahydropyranyloxy)heptanenitrile
(411 g.) b.p. [err] -Diisobutylaluminium  hydide (19.4 g ) in dry benzene
(50 ml.) was added drop- 30      wise at [err] to a stirred solution of
7-(2-tetrahydropyranyloxy)heptanenitrile (20.6  30 g.)in  dry diethyl ether
(200 ml) The solution was stirred at [err] for 30 minutes and was then
added  to 2N aqueous sulphuric acid (300, ml) at [err] .The mixture was
heated -at [err] for 30  minutes, and   then satutrated with sodium
chloride and the layers were separated.The aqueous layer was extraced with
diethyl ether and 35      the combined organic layers were washed wi
aqueous sodium bicarbon,     thn        35 aqueous sodium chloride, and
dried over sodium sulphate. The solvent was evaporated and the residue was
distilled under reduced pressure to give 7-(2-tetrahydropyranyl- oxyhepanal
(12.7 g.),b.p. 78-l06C./0 .1 mm.[err] The  above. procedure may  also be
carried out replacing the 7-(2-tetrahydro- 40       pyranyloxy)heptanal by
7-hydroxyheptanal rprepared as described above for 7-(2-
tetrahydropyranyloxy)heptanal, but  using 7-hydroxyheptanenitrile in place
of 7-(2- tetrahydropyranyloxy)heptanenitrie]. Advantageously
7-hydroxyheptanal can be prepared in one step from aleuritic acid using
the method described below. 45           Sodium hydroxide (13.2 g.) in
water (660 ml) was added to aleuritic acid (100  45 g.) and the suspension
stirred at [err] to 10C To the resulting suspension of sodium aleuritate
wasadded sodium  periodate (80 g) in water (800 ml.) over 1 hour ,with- out
allowing the temperature to rise above 15C, Dichlormethane (200  ml)was
then added and the mixture stirred for a further 2.5 hours at [err]   A.
further 50    amount of   dichloromethane(300 m.l)and saturated aqueous
sodium bicarbonate  50 (100 ml) were added and the mixture vigorously
stirred. The  precipitated sodium iodate was removed by filtraton and the
dichloromethane layer separated. The aqueous phase was washed with
diclhromiethane (500 ml) and the combined  di- chloromethane extracts dried
over anhydrous. magnesium sulphate.  Removal of the 55      dichloromethane
in vacuo  below 40,C gave 7-hydroxyhleptanal (43 g.), [err]   3400-  55
[err] 2700 [err], 1710 [err] (ii) Preparation of
2-(7-hydroxyheptyl)-3-oxocycopentanecarbonitrile . A mixture of
2-(7-hydroxyheptyl)cyclopent-2-en-1-one (17 g.), acetone cyano- hydrin (8.5
g.) 6%  aqueous sodium carbonate (8 ml.) and methanol (50 ml) was 60
stirred and heated under reflux for 4 hours. Methanol-was removed in vacuo
,water       60 (100 mL): was added and the mixture was extracted with
diethyl ether and dried over magnesium  suiphate. The solvent, was removed
- by evaporation, and the residue was distilled under reduced pressure to
give 2-(7-hydroxyeptyl)-3-oxocyclopentane cirbonitrile (133 g.), b.p.
144-182C./0.15 mm.Hg,[err] 1.4795.  -   -    



1,468,830                                     9 (iii)  Prearation of
7-cyano-6-(7-hydroxyhepty1)-1,4-dioxaspiro[4,4]nonane. A: mixture of 2-
(7-hydroxyheptyl)-3,oxocyclopentanecarbonitrile (20 g.), ethylene glycol
(5.6 g.), p-toluene sulphonic acid (1 g.) and benzene (160 ml.) was heated
to reflux  for 3  hours with continuous removal of water.The mixture was
cooled to. 5   ambient temperature anhydrous sodium carbonate was added,
and after filtration      5 through  a .bed of sodium carbonate, the
solvent. was removed under reduced pres- sure. The residue was distilled
under reduced pressure to give 7-cyano-6-(7-hydroxy-
heptyl)-1,4-dioxapsiro[4,4]nonane .(19.3 g.), b.p. 166-182C./0.l  minHg.
This. material was used as a starting material in the next stage, an
aliquot being redistiled 10     to .p. 177-[err]/0.l mm. Hg for elemental
analysis        -        10. Found:                 C, 67.1; H, 9.2; N,
4.89%; [err] requires:    C, 67.37; H, 9.42; N, 5.24%. (iv) Preparation of
7-formyl-6-(7-hydryheptyl)1,4               nane A solution of
diisobutylaluminium hydride (53 g.) in dry benzene (145 ml.) was 15
added, with rapid stirring, to a solution of
7-cyano-6-(7-hydroxyheptyl)-l,4-dioxaspiro-  15 [4,4]nonane '(432 g.) in
dry diethyl ether (432 ml.) at 10- 15C  Stirring at ambient temperature was
continued for [err] hours and the mixture was added. to 2N aqueous acetic
acid( litre) at a temperature lower than  [err] The organic phase was
separated and 'the aqueous layer was extracted with diethyl ether. The
corn- 20      bined organic  phases were washed with aqueous  sodium
bicarbonate, dried over     20 sodium  sulphate, the solvents  removed in
vacuo and the residue distilled under reduced. pressure to  give
7-formyl-6-(7-hydroxyheptyl)-1,4-dioxaspiro[4,4]nonane (25.3 g.)b.p.
164-[err]/0.040.05 mm.Hg,[err] 1710, [err] 2700 [err] (liquid film). 25.
(v)       preparation   of 6-(7-hydroxyheptyl)-7-(4-methyl-3-oxooct
-trans-1-enyl)-1,4-          25 dioxaspiro[4,4]nonane. A mixture   of
7-formyl-6-(7-hydroxyheptyl)-1,4-dioxaspiro[4,4]ninane (3.88 g.) and
2-methylhexanoylmethylenetriphenylphosphorane (6.0 g.) in dry
tetrahydrofuran (30 ml) was heated to reflux under nitrogen for 18 hours.
The solvent was removed 30      in vacuo and the residue  triturated
with-petroleum ether (b.p,-60-[err]), allowed  30 to stand at 0C., filtered
to remove triphenylphospihine oxide and the filtrate evaporated to give
6-(7-hydroxyhetyl)-7-(4-methyl-3-oxooct-trans-l enyl)-1,4dioxa-
spiro[4,4]nonane (5.56 g.), [err] 1620 [err] 1660 [err]
2-Methylhexanoylmethylenetriphelylphorane,used as starting material, was
prepared as follows:
35 A soluion of 1-chloro-3-methylheptan-2-one (49.4 g.) and
triphenylphosphine (79.5 g.) ,in chloroform (250 ml.) was. saturated with
nitrogen and refluxed under nitrogen overnight. The chloroform was removed
in vacuo and the residue (crude 3-methyl-2-oioheptyltriphenylphosphouium
chloride) was added portionwise to a 40      solution of sodium carbonate
'(109 g.) in water (1500 ml) and the mixture     was        40 stirred
vigorously for 24 hours. The solution was :etracted with diethyl ether, and
the ethereal extracts were dried over magnesium sulphate. The solvent was
removed by evaporation and the residue was cooled and triturated ;with
petroleum ether (b.p. 60-[err]) to give 2-methylhe
anoylmethylenetriphenylphosphorane (35;2 g.), mp. 45      [err]
45 1-Chloro-3--methylheptane-2-one used' as starting material, was prepared
as follows: 2-Methylhexanoyl chloride,(42.5 g.) was added dropwise at
.-[err] to a solution diazomethane (24 g.)in diethyl ether (600 ml.) and
the solution' was stirred for 50      1 hour at  ambient temperature.
Hydrogen chloride gas was then bubbled into the  50 solution until it
wasfully saturated. Crushed ice was added to give ap'proximately 1 litre of
aqueous solution. The organic lay  was separated and the aqueous layer was
extracted with diethyl ether. The combined organic layer were dried over
magnesium sulphate, evaporated, and the residue distilled under reduced
pressure to give 1- 55      chloro -3 methylheptan-2-one (49.5 g.), b.p.
[err]/l3 mm Hg.55 As an alternative mhod for the preparation of
6-(7-hydroxyhpty )-7-(4-methyl- 3-oxooct-trans-l-enyl)-1,4-d      ro
[4,4]nonane, the following procedure was, fol- 



lowed: Dimethyl 3-methyl-2-oxoheptylphosphonate (5.1 g; prepared as
described in the 60      Specification  of Netherlands Patent Application
No. 7,203,126) in.dry. tetrahydro-   60 furan (20 ml.) was added dropwise
to a stirred suspension of sodium hydride (0.52 g.)    10
1,468,830                               10 in dry tetrahydrofuran (150 ml.)
at ambient, temperature under nitrogen The reaction mixture was stirred at
ambient temperature until hydrogen  evolution had ceased, and then- treated
with a solution of 7-formyl-6-(7-hydroxyheptyl-1,4-dioxaspiro[4,4]-
noane(5.1 g.) in dry tetrahydrofuran (50 ml). After stirring for a further
period of 2 hours atambient temperature the reaction nixture was acidified
to pH 4 with      5 glacial acetic -acid and then  concentrated under
reduced pressure. The residue  was triturated with diethyl ether and
filtered. The filtrate was washed with dilute aqueous sodium carbonate
solution and water respectively, then dried over  sodium sulphate. Removal
of the solvent under reduced pressure gave crude 6-(7-hydroxy- 10
heptal)-7-(4-methyl-3-oxooct-trans-1-enyl)-1,4-dioxaspiro [4,4]nonane
(7.6g) [err] (liquid film) 3450 [err] 1680 [err] 1660 [err] 1620 [err] 1380
cm-1, 1040 [err] which was used in the next st  without further  urifi
bei  necessary. (vi) Preparation of
7-[2-(4-methyl-3-oxooct-trans-1-enyl)-5-oxocyclopetyl]heptanol A  mixture
of 6-(7-hydroxyheptyl)-7-(4-methyl-3-oxooct-trans-1-enyl)-1,4-dioxa- 15
spiro[4,4]nonane (1.0 g)and hydrochloric acid (25 ml; 1N) was stirred at
[err]  15 for 2 hours, cooled to ambient temperature and extracted with
diethyl ether. The ether extract was washed with. 2  aqueous sodium
carbonate solution and water nes- pectively then dried over  magnesium
sulphate. Removal  of the solvent under reduced pressure gave a crude
product (0.7 g.) which was purified preparative thin layer 20
chomatography on silica gel, using a mixture of diethyl ether, ethyl
acetate and      20 hexane (2:1:1 v/v) as eluant, to give-
7-[2(4-methyl-3-oxooct-trans-1-enyl)-5-oxo- cyclopentyl]heptnol (0.38 g)
[err] (liquid film,) 3450 [err] 1730 [err] 1690 [err] 1660 [err], 1380
[err] 995 [err]  (ethanol) 230 nm (s=13,600); Elemental analysis: Found:C,
74.9; H,11.0%; [err] requires C, 74.95;H, 10.8 %; 25      N.M.R.
(approximately 10%  solution in deuterochloroform): Triplets at  3.57 [err]
25 J=6 cycles/sec.) and 0.88 [err], doublet of doublets at 6.81 8 (J= 15.5
cycles/sec. and J=7 cycles/sec.), doublets at 6.20 [err] (J=15.5
cycles/sec.) and 1.11 [err] (J=7 cycles/ sec.), broad singlet 2.0 [err]
[err] (i) Preparation of
6-(7-hydroxyheptyl)-7-(3-hydroxy-4-methyloct-trans-1-enyl)-1,4-
dixaspiro[4,4]nonane 6-(7-Hydroxyheptyl)-7-(4-methyl -3-oxooct
-trans-1-enyl)-1,4- dioxaspiro[4,4]nonane [1.0 g.; prepared as hereinbefore
described in Example 1 (v)] 35     was dssolved in  methanol (50 ml) and
added to aqueous  sodium citrate 'solutio.       35 (130 ml; 2% w/v).To
this stirred solution, at -5 to 0C, solid potassium boro- hydride (2.24 g.)
was added portionwise at  such a rate as to avoid undue effervesence and
the reaction mixture was maintained at pH 8 by the occasional addition of
aqueous citric acid solution(10%  w/v). After the final addition of the
potasium 40       borohydride the reaction mixture was stirred at [err] to
[err] and pH 8 for 90 minutes.         40 Acetone   (50 ml) was then added
,     the solution was saturated with- sodium chloride, and  extracted with
diethyl ether. The combined ether extracts were washed with a saturatd
solution of sodium chloride in hydrochloric acid (2N) and saturated sodium
chloride s olution respectively then dried over  sodium, sulphate. Removal
of the 45        solvent under reduced pressur e gave crude
6-(7-hydroxyheptyl)-7-(3-hydroxy           45 methyloct
-trans-1-enyl)-1,4-dioxaspiro[4,4]nonane(0.6 g.), [err] [err] 970 [err]
which was used in the next stage  without further purification.
(ii)Preparation of
7-[2-(3-hydroxy-4-methyloct-trans-1-enyl)-5-oxocyclopentyl]- heptanol. 50 A
mixture of crude
6-(7-hydroxyheptyl)-7-(3-hydroxy-4-methyloct-trans-1-enyl)-   50
50 1,4-dioxaspiro[4,4] nonane (0.5)  and  hydrochloric acid (50 ml;2N) was
stirred at 



60 C or 2 hours, cooled to ambient temperature and then extracted with
diethyl ether. The ether extract was washed with water and dried over
magnesium sulphate. Removal  of the solvent under reduced  pressure gave a
crude product (0.4 g.) which 55 was purified by preparative thin layer
chromatography on silica gel, using a mixture of diethyl ether, ethyl   and
acetate and hexane (2:1: 1  v/v) as eluant, to give7-[2(3-
hyroxy-4-methyloct-trans-1-enyl)-5-oxocyclopentyl]heptanol (0.15) [err]
[err] 1725 [err] 970 [err]; Elemental analsis Found: C, 74.8; H  11.7%;
[err] requires C, 74.5; H, 11.53%; N.M.R. (approximately 10% solution in 60
deuterochloroform): multiplets at 5.7-5.5 [err],-3.98 8 and 1.05-0.7[err]
triplet at 3.6 [err]  60 (J=6 cycles/sec.), broad singlet at 2.05 [err]
EXAMPLE 3'
7-[2-(3-Hydroxy-3-methyloct-trans-l-enyl)-S-oxocyclopentyl]heptanol (i)
Preparation of
6-(7-hydroxyheptyl)7-(3-oxooct-trans-1-enyl)-1,4-dioxospiro[4,4]- nonane
- 5          A  mixture of
7-formyl-6-(7-hydroxyheptyl)-1,4-dioxaspiro[4,4]nonane  [6 g.;    5
prepared as hereinbefore described in Example 1 (iv)] and
hexanoylmethylenetriphenyl- phosphorane (8.5 g.) in dry tetrahydrofuran (50
ml) was heated to reflux under nitrogen for  16 hours. The solvent was
removed in vacuo and the residue triturated with petroleum ether (b.p.
60-[err]), cooled to [err] for 1 day, filtered to remove 10
triphenylphosphine oxide and the filtrate evaporated. The residue was again
triturated    10 with petroleum ether (h.p. 60-[err]) to remove further
triphenylphosphine oxide, filtered, and evaporated to give
6-(7-hydroxyheptyl)-7-(3-oxooct-trans-l-enyl)-1,4- dioxaspiro[4,4]nonane
(7.5 g.) [err]  1620 [err] 1660 [err]
Hexanoylmethylenetriphenylphosphorane, used as starting material, was
prepared 15      as follows:-
15 A solution of 1-chloroheptan-2-one (33 g.) -and triphenylphosphine (60
g.) in chloroform (50 ml.) was saturated with nitrogen and refluxed under
nitrogen overnight. The chloroform was removed in vacuo and the residue was
dissolved in dichloro- methane (150 ml). Dry diethyl ether (600 ml) was
added to precipitate 2-oxoheptyl- 20      triphenylphosphonium chloride (60
g.), m.p. 165 -[err] This compound (23 g.)     20 was added  portionwise to
a solution of sodium carbonate  (25 g.) in water (250. ml.) and the mixture
was stirred vigorously for 24 hours. The solution was extracted with
diethyl- ether, :and the ethereal extracts were dried over magnesium
sulphate. The solvent was removed by evaporation and the residue was cooled
and triturated with 25      petroleum ether  (b.p. 40-[err]). The  solid
thus obtained was recrystallised from  25 petroleum ether (b.p. 60-[err])
to give hexanoylmethylenetriphenylphosphorane (ii) Preparation of
6-(7-trimethylsilyloxyheptyl)-7-(3-oxoot-trans-1-enyl) 1,4-
dioxaspiro[4,4]nonane 30          Hexanmethyldisalazane (7.5 mL) and
trimethylchlorosilane (1.5 ml.) were added to  30 a. stirred solution of
6-(7-hydroxyheptyl)-7-(3-oxooct-trans-1-enyl)-1,44ioxaspiro[4,4]- nonane
(2.0 g.) in dry tetraydrofuran (100 ml) and the mixture was stirred  at
room temperature  for 24 hours. The mixture was then filtered and 'the
solvent was removed from. the filtrate in vacuo. Xylene (20 ml.) was added
to the residue and 35      the 'solvent was again removed in  vacuo. This
process. of adding xylene  and then  35 removing solvent in vacuo was
repeated twice more, and then petroleum ether (b.p. 60-[err]) was added to
the! residue. The mixture was filtered, and the filtrate concentrated in
vacuo to give 6-(7-trimethylsilyloxyheptyl)-7-(3-oxooct-trans-1-enyl)-
l,4-dioxaspiro[4,4]nonane 2.1 g.),[err] 845 [err], 1250 [err] (iii)
Preparation of
7(3-hydroxy-3-methyloct-trans-1-enyl)-6-(7-trimethylsilyloxy-     40
heptyl)-1,4-dioxaspiro[4,4]-nonane A  solution (2.86 ml.) of methyl
magnesium iodide in diethyl ether [prepared, in the manner well known in
the art, from methyl iodide (6 g.), magnesium (1.07 g.) and diethyl ether
:(20 ml.)] was added dropwise to a stirred solution of 6-(7-trimethyl- 45
silyloxyheptyl)-7-(3-oxooct-trans-1-enyl)-1,4-dioxaspiro[4,4]nonane (.1 g.)
in diethyl  45 ether (80 ml) at room temperature. The mixture was stirred
for 30 minutes and a 



further quantity (1.09 ml.) of the solution of methyl magnesium iodide in
diethyl ether was then added dropwise. The mixture was stirred for a
further 30 minutes and then added to saturated aqueous ammonium chloride
solution (250 ml.) at OOC. and 50      sirred for 15 minutes. The ether
layer was separated and the aqueous layer extracted  50 with diehyl ether.
The combined ether layers were concentrated in vacuo to give crude
7-(3-hydroxy-3-methyloct-trans-1-eyl)-6-(7-trimethylsilyloxyheptyl)-1,4-dio
xa- spiro[4,4]nonane (1.9 g.), [err] 845 [err], 1250 [err], 3400 [err],
pure enough to use in the next stage. 55      (iv) Preparation of
6-(7-hydroxyheptyl)-7-(3-hydroxy-3-methyloct-trans-1-enyl)-l,4-  55
dioxaspiro[4,4]nonane Methanol (30 ml.), water (15 ml)and glacial acetic
acid (3 drops) were added to 7 -(3 - hydroxy- 3 - methyloct - frans- I -
enyl) - 6 - (7- trimethylsilyloxyheptyl) - 1,4 - dioxaspiro[4,4]nonane (0.5
g.) and the mixture was stirred at room temperature 60      for 30 minutes.
An excess of diethyl ether was then added and the resulting solution  60
was 'washed with dilute aqueous sodium bicarbonate solution and sodium
chloride solution respectively, and dried over sodium sulphate, to give
crude 6-(7-hydroxy-    12:
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heptyl)-7-(3-hydroxy-3-methlyloct-trans-l-enyl)-1,4-dioxaspiro[4,4]nonane
(0.33 g) [err] 3400 [err] pure enough to use in the next stage. (v)
Preparation of 7-[2-(3-hydroxy-3-methyloct-trans-1-enyl)-5-oxocyclopentyl]-
heptanol 5          , 6 - (7 -Hydroheptyl-7(3 - hydrox- 3
-methyloct-.trans-l-enyl)-            5 1,4 -:diospiro[4,4]nonane (0.33 g )
was hydrolysed  by subjecting  it to preparative thin layer chromatography
on silica gel, eluting with a mixture of hexane , dichloro-
methane,tetrahydrofuran and glacial acetic acid (30: 10:3:3 v/v), to give
7- 2-(3- hydroxy-3-methyloct -trans-1-enyl)-5-oxocyclopentyl]heptanol
(0.12g) [err] 10      1720 [err] 3400 [err] N.M.R. (approximately 10%
solution in deuterochloroform):.       10 triplet at 0.9 [err] singlet at
1.30 [err], multiplets at  1.05-2.5 [err], singlet at 1.5 [err], triplet at
3.62[err] (J=6 cycles/second), multiplet at 5.5-5.7 [err]. Elemental
analysis: Found:              , C, 74.9; H, 11.3 %; 15
[err] requires:   C,74.5; H,11.3%..      15 EXAMPLE 4.
7-[2-(3-Cyclohexyl-3-oxopropyl)-5-oxocyclopentyl]heptanol (i) Preparation
of 7-(3-cyclohexyl-3-oxoprop-trans-1-enyl)-6-(7-hydroxyhepty1)-1,4-
diospio[4,4]nonane 20           A  solution of dimethyl 2
-cyclohexy-2-oxoethylphosphonate. (10.1 g.). in dry  20 tetrahydrofuran (40
ml) was added to  a stirred suspension of sodium hydride (1.04 g.) in dry.
tetrahydrofun (300 ml.). The mixture was  stirred at room temperatue until
the evolution,. of hydrogen had ceased,then treated dropwise with a
solution of 7-formyl-6-(7-hydroxyhepy1) 1,4-dioxaspiro[4,4]nonane [10.2 g.;
prepared as des- 25       cribed in Example 1 (iv) above] in dry
tetrahydrofuran (100 ml.) and stirred for a    25 further 2 hours. The
mixture was acidified to pH  4-by  the addition of glacial acetic acid, the
solvents were removed in vacuo, the residue was triturated with diethyl
ether and the solid. filtered off. The ethereal solution was washed with
aqueous sodium carbonate slution, dried over magnesium  sulphate  and
evaporated to dryness to 30       give
7-(33-cyclohexyl-3-oxoprop-trans-1-enyl)-6-(7-hydroxyheptyl)- 1,4
-dioxaspiro[4,4]nonane (16 g.) [err] 3400 [err] 1680 [err] 1650 [err] 1620
[err] 1040 [err] The dimethyl 2-cyclohexyl-2-oxoethyosphonat, used asl sta
material in the above preparation was prepared by treating a stirred
solution of dimethyl methyl- 35       phosphonate  (108 g.) in dry
tetraydrofuran (780 ml). at [err] to [err] under nitrogen, dropwise, during
20- minutes, with, a  solution of butyl lithium (64 g)in n-hexane (400 mL).
Stirring was continued at that temperature for a further 10 minutes, and
then the mixture was cooled to -60C.. and treated, dropwise during 



10 minutes, with a solution of ethyl cyclohexanecarboxylate (682 g.)in dry
tetra- 40       hydrofuran (200 ml). The mixture was stirred at - 60C. for
afurther 90 minutes     40 and then- ar room  temperature for 3 hours,and
then it was treated with glacial acetic acid (84 mL), evaporated to dryness
in vaco and the -residue treated with water. The mixtre was extracted twice
with diethyl ether-and the combined etheral extracts were washed with
water, dried over sodium sulphate.and evaporated to dryness in 45
vacuo. The residue  was distilled  to give dimethyl
2-cyclohexyl-2-oxoethylp1hosphonate (52g,), b.p  [err]/0.005 mm.Hg, [err]=
1700 [err] 1260 [err], 1040 [err] (i)    paration of
7-(3-cyclohexyl-3-oxopropyl)-6-(7-hydroxyheptyl)-1,4-dioxaspiro-
4 [4,4]nonane. A  solution of
7-(3-cyclohexyl-3-oxoprop-trans-1-enyl)-6-(7-hydroxyheptyl)-1,4- 50
dioxaspir[4,4]nonane (2.0 g.) in ethanol (50, ml) was  catalytically
reduced with hydrogen at a  presure of 7 kg/cm2 and in the,presence: of a
5% palladium on char- coal catalyst (0.5 g.) at room temperature for 3
hours. The catalyst was then filteted off and the ethanol evaporated off
from the filtrate, to give 7-(3-cyclohexyl-3-oxo-
propyl)-6-(7-hydroxyheptyl)-1,4-dioxaspiro[4,4]nonane (1.4 g.), [err]
3450 [err] 1700 55      [err] 55 (iii) Preparation of
7-[2-(3-cyclohexyl-3-oxopropyl)-5-oxocyclopentyl]heptanolol A mixture of
7-(3-cyclohexyl- 3-oxopropyl)-6-(7-hydroxyheptyl)-1,4-dioxaspiro-
4,4nonane(0.5 g.) in hydrochloric acid (20 nl.; 1N) was stirred at [err]
for hours, cooled to ambient temperature and extracted with. diethyl ether.
The ethereal 60      extract  was washed  with water, then dried over
sodium sulphate.. Removal of the      60    13
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pressure gave a crude-product (0.4 g.) which :was purified by preparative
thin layer chromatography on silica gel, using a mixture of diethyl ether,
ethyl acetate and hexane (2:1: 1 v/v) as eluant, to give
7-[2-(3-cyclohexyl-3-oxo-' propyl)-5-oxocyclopentyl]heptan-1-ol (0.16 g.),
[err] 3450 [err] 1730 cm-1, 1700 5       [err] 1060 [err];Elemental
analysis: Found: C, 74.6; H, 10.7%; [err]           5 requires: C,74.95;
10.78%.. EXAMPLE 5 7-[2-(3-Hydroxy-3-
methyloct-trans-1-enyl)-5-oxocyclopentyl] ,heptanol 7 - (3 - Hydroxy -3 -
methyloct - trans - 1 - enyl) - 6 - (7 - trimethylsiloxy- 10    heptyl) -
1,4 - dioxaspiro[4,4]nonane [0.5. g.; prepared as hereinbefore described in
10 Example 3 (iii)] ,water (10 ml) and glacial acetic acid (20 ml.) were
left to stand together at room temperature for 6 hours. The solution was
then evaporated in vacuo at a temperature below [err] Ethyl. acetate (150
ml) was added to the residue and the resulting solution was:washed with
water until the pH ef the washings was  5, 15:    dried over sodium.
sulphate, and evaporated to. give a crude product (0.37 g.).       15 The
crude product was subjected to preparative. thin layer chromatography on
silica gel,using a mixture of toluene, dioxan and acetic acid (65:15:- 1 by
volume) as eluant ,eluting twice,to give
7-[2-(3-hydroxy-3-methyloct-trans-1-enyl)-5-oxocyclo- pentyl]heptanol (0.12
g.). Elemental analysis: Found: C, 72.9; H, 11.2%; 20      [err]requires:
C, 72.6; H, 11.3%.                                            20 EXAMPLE 6
7-[2-(3-Hydroxy-3-methylhex-trans-1-enyl)-5-oxocyclopentyl]heptanol
Preparation of
6-(7-hydroxyheptyl)-7-(3-oxohex-trans-1-enyl),1,4-dioxaspiro- '[4,4]nonane
25           By. proceding in a similar manner tothat described. in.Example
3 (i) for the    25 preparation  of
6-(7-hydroxyheptyl)-7-(3-oxooct-trans-1-enyl)l,4-dioxaspiro[4,4]- nonane
but 'substituting the appropriate quantity of
butyrylmethylenetriphenylphos- phorane for the
hexanoylmethylenetriphenylphosphorane used as a starting material, there
was prepared
6-(7-hydroxyheptyl)-7-(3-oxohex-trans-1-enyl)-1,4-dioxaspiro[4,4]- 30
nonane, [err] 1620 [err] 1660 [err]
30 The butyryl methylenetriphenylphosphorane (m.p. 158-161C.), used as: a
start- 



ing material in the above preparation, was prepared from
1-chloropentan-2-one, via 2-oxopentyltrphenylphosphonium chloride (m.p.
[err]), by proceeding in a similar manner to that hereinbefore described in
Example 3(i) for the preparation of 35
heylmetylenetriphenylphosphorane from 1-chloroheptan-2-ne.
35 (ii) Preparation of
6-(7-trimethylslioxyheptyl)-7-(3-oxohex-tras-enyl)-1,4-dioxa-
spiro[4,4]nonane. By proceeding in a similar manner to that hereinbefore
described in Example 3 (i) for. the preparation of
6-(7-trimethylsiloxyheptal-7-(3-oxooct-trans-1-enyl)1,4- 40
dioxaspiro[4,4]nonane, but substituting the appropriate quantity of
6-(7-hydroxy-     40. heptyl)-7-(3 -oxohex-trans-1-enyl)-1,4-dioxaspiro 4,4
nonane. for the  6-(7-hydroxy- heptyl)-7-(3-oxooct-trans-1-enyl)-1,4
ioxaspiro[4,4]nonane used as a starting material, there was prepared
6-(7-trimethylsiloxyhepyl)-7-(3-oxohex-trans-1-enyl)-1-,4-doxa-
spiro[4,4]nonane, [err] 845 [err] 1250 [err] 45      (ii)Preparation of
7-(3-hydroxy-3-methylbex-trans -1-enyl)6-(7-trimethylsiloxy-              -
45 7-(3-hydroxy-3-methylhex-trans-l-enyl)-6-(7-trimethylsiloxy-  45
heptal)-1,4-dioxapiro [4,4]nonane. By proceedig in a similar  maaner to
that hereinbefore described in Example 3 (iii) for the  preparation of
7-(3-hydroxy-3-methyloct-trans-1-enyl)-6-(7-trimethylsiloxy-
heptyl)-1,4-dioxaspiro[4,4]nonane. but substitudng the appropriate quantity
of 6 - 50      (7- trimethylsiloxyheptyl) - 7 - (3 - oxohex - trans - 1 -
enyl) - 1,4 - dioxaspiro[4,4]-:  50 *    .      nonane for the
6-(7-trimethylsiloxyheptyl)7-(3-oxooct-trans-1-enyl) 1,4 - dioxaspiro-
[4,4]nonane used as starting material, there was prepared:'
7-(3-hydroxy-3-methylhex-
trans-1-enyl)-6-(7-trimethylsiloxyheptyl)-l,4-dioxaspiro [4,4nonane, [err]
1250 [err], 3400 [err] 55      (iv) Preparation of
7-[2-(3-hydroxy-3-methylhex-trans-1-enyl)5-oxocycopentyl]- heptanol
- By proceeding in a similar manner to that hereinbefore described. in
Example 5 for the - preparation.o  7-[2-(3-hydroxy-3-methyloct-trans
1-enyl}5-ozocyclopentyl heptanol, but substituting the  appropriate
quantity of. 7-(3-hydroxy-3-methylhex- 60
trans-l-enyl)-6-(7-trimethylsiloxyheptyl)-l,4-dioxaspiro [4,4]nonane
for.the 7 - (3 -      60    14
1,468,30                                         14 hydroxy -3- methyloct
-trans  1- enyl) -6 -(7-trimethylsiloxyheptyl) 1,4- dioxaspiro[4,4]nonane
used as starting material there was prepared 7-[2-(3-hydroxy-
3-methlyhex-trans-1-enyl)-5-oxocyclopentyl]heptanol Elemental analysis:
Found:- C;, 73.3; H. 10.9%, [err]     requires  C, 73.5; H,11.0%. N.M.R.
(approximately 10% 5       w/v solution in deuterochloroform): triplet at
0.9 8, singlet at 1.3 8, multiplets at  5 1.05-2.5 8, singlet at 1.75
[err], triplet at 3.62 [err], mutiplet at 5.5-5.7[err] EXAMPLE 7
7-[2-(5-Ethozy-3-hydroxy-3-methylpent-trans-1-enyl)-5-oxocyclopentyl]heptan
ol (i) Preparationof
6-(7-hydroxyheptyl)-7-(5-ethoxy-3-oxopent-trans-1-enyl)-1,4- 10
. dioxaspiro[4,4]nonane By proceeding in a similarmanner to that
hereinbefore described in Example 3 (i) for the preparation of
6-(7-hydroxyheptyl)-7-(3-oxooct-trans-1-enyl)-1,4-dioxaspiro- [4,4]nonane
but substituting the appropriate quantity of 3-ethoxypiopionylmeth-
triphenylphosphorane for the hexanoylmethylenetriphenylphosphorane used as
a start- 15      ing material ,there was prepared 6-(7-hydroxyheptyl)-7-(5
ethoxy-3-oxopent-trans-1-       15' enyl)-1,4-dioxapsiro[4,4]nonane, [err]
1620 [err] 1660 [err] The 3-ethoxypropionylmethylene triplenylphosphorane
(m.p. 63-[err]), used as a starting material in the above pepan, was
prepared from  1-chloro -4-ethoxy- butan-2-one, via
.4-ethoxy-2-obutytriheylphosphonium  chloride (m.p. 157- 20       1600C),
by proceeding in a similar manner to.. that hereinbefore described in
20 Example 3. (i) for the preparation of heaoylmethyleetriphenylphosphrane
from 1-chloroheptan-2-one. (ii) Preparation of
6-(7-trimethylsiloxyeptyl)-7-(5-ethhozy-3-oxopent-trans -1-enyl)-
1,4-ioxaspiro[4,4] nonane 25          By proceeding in a similar manner to
that hereinbefore describedin   Example 3    25 



(ii) for the preparation of
6-(7-trimethysiloxyhepty1)-7-(3-oxooct-trans-1-enyl)1,4-
dioxaspiro[4,4]nonane but substituting the appropriate quantity of
6-(7-hydroxyheptyl)- 7-(5-ethoxy 3-oxopent-trans-1-enyl)-1,4-dioxaspiro
[4,4]nonane for the 6-(7-hydroy- heptyl)-7-(3-oxooct -trs-1-en yl) -1,
4dioas iro[4,4]nonane .used as  starting material 30    there  was prepared
6-(7-trimethylsiloxyheptyl)-7-(5-athoxy-3-oxopent-has1-l)-           30
1,4-dioxaspiro[4,4]nonane, [err] 845 [err] 1250 [err] (iii) Preparation- of
7-(5-ethoxy-3-hydroy-3-methylpent-trans-enyl)-6-(7-trimethylk-
siloxyheptyl)-1,4-dioxaspiro[4,4]nanane By proceeding in a similar manner
to that hereinbefore described in Example 3 35       (iii) for the
preparation of 7-(3-hydroxy-3-methyloct-trans-l-enyl)-6-(7-timethyl-   35
siloxyheptyl)-1,4-dioxaspiro[4,4]nonane but substituting the appropriate
quantiy of 6 - (7 - trimethylsiloxyheptyl) - 7 - (5 - ethoxy - 3 - oxopent
- trans -1- enyl) - 1,4 - dioxospiro[4,4]nonan  for the
6-(7-trimethylsiloxyheptyl)-7-(3-oxooct-trans-1-
enyl)-1,4-dioxaspiro[4,4]nonane used as starting material, there was
prepared 7 - 40       (5-ethoxy-3-hydroxy-3-methylpent -trans - 1 - enyl) -
6 - (7- trimethyl-             40 silyheptyl)-,4-dioxaspiro[4,4]nonane,
[err] 845 [err] 1250 cm-', 3450 [err] (iv) Preparation of
7-[2-(5-ethoxy-3-hydroxy-3-methylpent-trans-l-enyl)-5-oo-
cyclopentyl]heptanol- By proceeding in a similar manner to that
hereinbefore described in Example 5 45      for the preparation of-
7-[2(3-hydroxy-3-methyloct-trans-4-enyl)-5-oxdclopentyl]-  45 heptanol, but
substituting the appropriate quantity of 7-(5-ehoxy-3-hydroxy-3-methyl-
.pent-trans-1-enyl)-6-(7-trimethylsiloxyheptyl)-1,4-dioxaspiro[4,4]nonane
for -the 7 - (3 - hydroxy - 3 - methyloct - trans - 1 -enyl) - 6 - (7 -
trimethylsiloxybelptyl) - 1,4 -: dioxaspiro[4,4]nonane used as startig
material, there was prepared: 7-[2-(5-ethoxy-3- 50
hydroxy-3-methylpent-trans-l-enyl)-5-oxocyclopentyl]heptanol.  Elemental
analysis:     50 Found: C, 69.2; H, 10.9%; [err] 1/2[err] requires C, 68.9;
H, 10.4% [err] 975 [err] 1720 [err] 3400 [err] N.M.R. (approximately  10%
w/v solution in dedterochloroform): triplet at  1.18 [err] (J=7
cycles/second), singlet at- 1.3 [err] multiplets at 1.-2.8 [err], 3.3-3.8
[err], 5.6-5.7 [err]. 55                     .       .          EXAMPLE 8
55
2-(7-Acetoxyheptyl)-3-(5-ethoxy-3-hydroxy-3-methylpen-trans-nyl)cyclpentano
ne 'A  solution of 7-[2-(5ethoxy-3-hydroxy
-3-methylpent-trans-1-enyl)-5-oxocyclo- pentyl]heptanol [0.4 g.; prepared
as  hereinfore: described in Example.. 7 (iv). in dry pyridin  (4 ml.) was
treated with acetic anhydride (4 ml.) and the resulting 60       solution
was  allowed to :stand at ambient temperature. for 3 days and then
60    15 diluted with water (100 ml) with external cooling by. means of an
ice-bath The  resulting  aqueous  solution  was  extracted. three times
with  chloro- form, and the combined extracts, were dried over sodium sulp
Evaporation in vacuo. gave, a crude product which was purified by
preparative thin layer chromato- 5    . graphy on silica gel using a
mixture of toluene, dioxan and, acetic acid (65: 15: 1 by  5 volume) as
eluant, to give 2-(7-acetoxyheptyl)-3-(5-ethoxy-3-hydroxy-3-methylpent-
trans-1-enyl)cyclopentanone (0.17 g.). Elemental analysis: Found: C, 68.7;
H, 10.3%; [err] requires C, 69.1; H, 10.0%. N.M.R. (approximately 10% w/v
solution in deuterochoroform): multiplets at 1.0-1.9 8, 1.9-2.9 [err],
singlet at 2.05 [err], multiplet 10      at 3.358, triplet at 4.05 8,
(J=6.5 cycles/second),multiplet at 5.6 [err].             10 EXAMPLE  9
7-[5-(3-Oxo-[err]-phenylalk-trans-l-enyl)-2-oxocyclopentyl]heptanols
(i)Preparation of
7-[5-(3-oxo-phenylalk-trans-1-enyl)-2-oxocyclopentyl]heptanols A.
suspension  of .
6-7-hydroxyheptyl)-7-(3-phenyl-3-oxoprop-trans-1-enyl)-1,4- 15
dioxaspiro[4,4]nonane [1.0 g.; prepared as hereinafter described in Example
9 (ii)] in  15 dilute hydrochloric acid (2N; 30. ml.) was stirred at
60-[err] for 1 hour. The mixture was extracted with diethyl ether and then
the combined ethereal extracts were washed with aqueous sodium bicarbonate
solution (10% w/v) and then with water and then dried over anhydrous
magnesium sulphate.The solution was evaporated and 



20      the residue was purified by preparative thin layer chromatography
on silica gel, using  20 a mixture of diethyl ether,. n-hexane and ethyl
acetate (2: 1: 1 by volume) as eluant, to give
7-[5-(3-oxo-3-phenylprop-trans-1-enyl)-2-oxocyclopentyl]heptanol (0.16 g.),
in the form of a yellow oil.. [Elemental analysis: Found: C, 76.9; H, 8.9%;
C21H,2805 requires C, 76.8; H, 8.6%, [err] 990 [err] 1620 [err] 1665 [err]
3400 [err] N.M.R. 25      (aproximay 10% w/v solution in
deuterochloroform): triplet at 3.6 [err]  (J=6 cycles/    25 second)
multiplets at -7.85-8.05 8, 7.4-7.65 [err], 6.85-7.15 8, 2.-2.98 and 1.1-
2.0 [err]]. By  proceeding in a similar manner, but replacing the
6-(7-hydrokyheptyl)-7-(3-
phenyl-3-oxoprop-trans-l-enyl)-1,4-dioxaspiro[4,4]nonane used as starting
material by 30      the appropriate quantities of 6-(7-hydrox
heptyl)-7-(3-oxo-6-phenylhex-trans-1-enyl)-  30 1,4-dioxaspiro[4,4] nonane,
6-(7-hydroxyheptyl)-7-(3-oxo-5-phenylpent-trans-1-enyl)-
1,4-dioxaspiro[4,4]nonane   and
6-(7-hydroxyheptyl)-7-(3-oxo-4-phenylbut-trans-1-
enyl)-1,4-dioxaspiro[4,4]nonane  [all three prepared as hereinafter
described in Example  9-(ii)],  there were prepared
7-[5-(3-oxo-6-phenylhex-trans-lenyl)-2-oxo- 35      cyclopentyl]heptanol
[Elemental analysis: Found: C, 77.9; H, 9.4%; [err]         35 requires C,
77.8; H, 9.25%. [err]  990 [err] 1625 [err] 1665- [err] 1685 curl, 1725
[err] 3400 [err] N.MR. (approximately 10%  w/v solution in
deuterochloroform): singlets  at 7.26 8 and 1.79 8, doublet at 6.16 [err]
(J= 16 cycles/second), doublet of doublets at 6.75 8 (J=16 and 7.5
cyles/second), triplet at 3.61 8 (J=6 cycles/ 40      second), multiplets
at 1.95-2.9 8 and 1.1-1.95 8], 7-[5-(3-oxo-5-phenylpent-trans-  40
l-enyl)-2-oxoyclopentyl]heptanol [Elemental analysis: Found: C, 77.6; H,
9.2%; [err]  requires C, 77.5; I, 9.05%. [err]985 [err], 1625 [err] 1660
[err] 1685 [err] 173O [err].3450 [err] N.M.R. (approximately 10% w/v
solution in deutero- chloroform): singlet at 1.98 8, doublet at 6.16 8
(J=15.5 cycles/second), doublet of 45      doublets at 6.77 [err] (J= 15.5
and 7.5 cycles/second), triplet at 3.61 [err] (J=6 cycles/  45 second),
multiplets at 7.25 [err], 2.93 8  and 1.0-2.8 [err]], and
7-[5-(3-oxo4-phenylbut- trans -1-enyl)2--oxocyclopentyl]heptanol [Elemental
analysis: Found: C, 76.9; H. 9.2%; [err] requires C, 77.15; H, 8.8%. [err]
990 [err], 1625 [err] 670 [err] 1690 [err]1730 [err] 3450 [err] N.M.R.
(approximately 10%  w/v solution in 50      deuterchloroform):  singlet at
3.82 8, doublet at 6.20 [err], (J=15.5 cycles/second),            50'
doublet of doublets at 6.858 (J= 15.5  and 7.5 cycles/second), triplet at
3.6 8 (J= 6  cycles/second), multipletsat 7.28 8 and 1.0-2.9 8],
respectively (ii) Preparation of
6-(7-hydroxyheptyl)-7-(3-oxo-w-phenylalk-trans-l-enyl)-l,4-dioxa-
spiro[4,4]nonanes 55         (a) A mixture of
7-formyl-6-(7-hydroxyheptyl)-1,4-dioxaspro[4,4]nonane [4.0   55 g.;
prepared as hereinbefore described in Example 1 (iv)] and
benzoylmethylenetri- phenylphosphorane (5.6 g  prepared according to the
method of F. Ramirez and S. Dershowitz,  J. Org Chem, 1957 22, 41) in
hexamethylphosphotriamide (35 ml) was heated on a steam bath under dry
nitrogen for 48 hours then poured. into water (200 60      ml.). The
mixture was extracted with diethyl ether and the ethereal solution was   60
washed with water, dried over anhydrous magnesium sulphate and evaporated.
The residue was triturated with a mixture of petroleum ether (b.p.
40-[err]) and diethyl ether, allowed to stand at [err] then filtered to
remove triphenylphosphine oxide. The    filrate  was evaporrated  to give
6-(7-hydroxyheptal)-7-(3-phenyl-3-oxoprop-trans-1-
enyl)-1,4-dioxaspiro[4,4]nonane (5.5 g.)- ([err] 950 [err] 985 [err] 1615
[err] 1660 cm-1, 3380 [err]
-, By proceeding in a similar manner, but substitutingthe appropriate
quantity of 5       4-phenylbutanoylmethyleneriphenylphospborane- [prepared
as hereiniafter deseribedin   5 Example 9 (iii)] for the
benzoylmethylenetriphenylhosphorane used as a starting material, there was
prepared 6-(7-hydroxyheptyl)-7-(3-oxo-6-penylhex-trans -1-enyl)-
1,4-diozaspiro[4,4]nonane [err]  950 [err] 990 [err] 1620 [err] 1680 [err]
3335 car  ) 10          (b) A solution of di  iyl
2-oxo-4-phenylbutylphosphonate [2.5 g; prepared as'   10 described
hereinafter in Example 9 (iv)] 'in anhydrous tetrahydrofuran (50 ml) was 



added to a stirred suspension of sodium hydride (0.24 g.) in
tetrahydrofuran (20 mL). The mixture was stirred at room temperature in an
atmosphere of nitrgen for 24 hours then treated dropwise with a solution of
7-formyl-6-(7-hydroxyheptyl)-1,4 15    dioxaspiro[4,4]e [2.7 g.; prepared
as described hereinbefore in Example 1 (iv)]       15 in tetrahydrofuran
(30 ml) and stirred  for'a further 2 hours in an atmosphere of nitrogen The
mixture  as acidified to pH 4 by the addition of glacial acetic acid, the
solvents were  removed in vacuo and the residue was extracted with diethyl
ether. The ethereal solution was washed with aqueous sodium bicarbonate
solution (10% 20      w/v) and then with'water and dried over-anhydrous
magnesium sulphate. Evaporation  20 of  the  solution gave
6-(7-hydroxyhepty )-7-(3-oxo-5-phenylpent-trans-1-enyl)1,4-
dioxaspiro[4,4]nonane (3.9 g.), in the form of a yellow oil ([err]  955
[err] 990 [err] 1625 [err]1665 [err] 1690 [err]) By proceeding in a similar
manner, but substituting the appropriate  quantity  of 25      dimethyl
2-oxo-3-phenlprophylphosphonate [prepared as herinafter described in
Example 9 (iv)] for the dimetyl 2-oxo-4-phenylbutylphosphonate used as a
starting material there was prepared
6-(7-hydroxyheptyl)-7-(3-oxo-phenylbut-trans-1-enyl)-
1,4-dioxaspiro[4,4]nonane [err]  955 [err] 990 [err] 1625 [err] 1665
[err]1685 [err]) 30     (iii)Preparation of
4-phenylbutanolmethylenetriphenylphosphorate  30
30 4-Phenylbutanoyl chloride (14.7 g.) was added dropwise to a stirred
solution of diazomethane  (7.5 g.) in dietlhylether (340 mL) at 0C. The
solution was stirred in an ice bath for 1 hour further and then it was
saturated with anhydrous  hydrgen chloride gas. After 1  hour at 0C, dry
nitrogeny was passed through this solution, 35       whichwas then poured
onto crushed ice (about 300 ml.). The ethereal layer was    35 separated
and  the aqueous phase was diluted with water (150 ml), saturated with
sodium  cloride, a   extracted  with diethyl ether. The  ombined ethereal
solutions were washed with  water, aqueoussodium carbonate solution (2N),
and then again with   water, and dried over 'anhydrous magnesium 'sulphate.
The soluton  was 40      evaporate and the residue was distilled, to give
1-cloro-2-oxo-5-phenylpentane (11.5  40 g.),. b.p. 150-[err]/10 mm.Hg
(Elemental  analysis: C,67.4; H, 7.1;Cl,18.0%; [err] requires C, 672; H,
6.7;, Cl ,18.0 % [err]   1455 [err] 1500, [err] 1725 - A solution of 1
-chloro-2-oxo-5-phenylpentane (6.55 g) in dry chloroform (30ml) 45
was addedto a solution of triphenylphosphine (8.7 g.) in dry cloroform (30
nil.) and  45 heated at reflux in an atmosphere of dry nitrogen for 4
hours. The solution was then evaporated under reduce pressure and the
residual oil was triturated with a mixture of light petroleum ether (b.p.
40-[err] and diethyl ether, to give a white solid. Recrystallisation of
this material from  a mixure of dichloromethane and diethyl 50      ether
gaie (4-phenylbutanol)-methyltriphenylphosphonium  chloride (11.2 g.) in
the  50: form of a white crystalline solid, m.p.192-195[err] (Elemental
analysis: C,76.0; H 62%; [err] requires: C, 75.9; H, 6.2%; [err] 1110 [err]
1445 [err] 1490 [err] 1695 ][err] A solution of sodium  (0.1 g.) in
anhydrous  ethanol (3.8 ml) was added to a 55      solution of
(4-phenylbutanoyl)methylyltriphenylphosphonium chloride (1.0 g) in  55:
anhydrous ethnol (10' ml.) and  the resulting mixture was left to stand  at
room temperature for  4 hours. The mixture was concentated to half its bulk
by removal of ethanol in vacuo and then diluted with water (50 ml.) and
extracted with chloro. form. T    combined chloroform extracts were washed
with water, dried over sodium 60      sulphate and evapoted to dryness.
The residual oil was triturated with light     60 petroleum ether (b.p.
40-[err]) and then recrystallised from cyclohexane to give
(4-phenybutanylmethylenetriphenlphosphorane  (0.6 g.), in the form  of
white crystalline solid, m.p. 93-95C, (Elemental analysis: C, 82.8; H, 6.5;
P, 7.6%;    17                  .   1, 468,830                          17
[err] requires : C, 82.4; H, 6.4; P, 7.3 %; [err] 1100 c     1400 [err]
1440 [err] 1485 [err] 1540 [err]) (iv) Preparation of dimethyl
2-oxo-w-phenylaylphosphonates 



A solution- of butyl lithium. (9.6 g.) in hexane (97 ml) and aydrous
diethyl. -  5       ether(160 ml.) was added during 20. minutes to a
stirred solution of-dimethyl methyl-  5 phosphonate (18.6 g.) in anhydrous
tetrahydrofuran (80 mL) at [err]in an atmos- phere of nitrogen. The
solution was stirred for a further 15 minutes at [err] and then a solution
of. ethyl B-phenylpropionate (13.4 g.) in anhydrous tetrahydrofuran (60
mL)'was added during 10 minutes at-60C This solution was stirred at [err]
10'    for 90 minutes and then at the ambient temperature for 150 minutes.
-Glacial acetic  10 acid (14.2 ml ) was then added and the solvents were
evaporated off. Water (75 ml.) was added' to the gelatinous: residue and
then the mixture was extracted with diethyl ether.  The ethereal extracts
were  washed with water, dried over anhydrous magnesium sulphate and the
ether was then-removed in vacuo. 15         :he residue was distilled, to
give dimethyl 2-oxo-4-phenylbutylphosphonate (10.7  15 g.) in the form of a
colourless oil  b.p. 155-158C./0.1  mm.Hg. (Elemental analysis. C, 56.4;
H,6.9; P. 11.8%; [err] requires:: C, 56.25; H, 6.7; P, 12.1%; v 835 [err]
1035 [err] 1180 [err] 1260 [err]1455 [err] 1710 [err]). By proceeding in a
similar manner, but replacing the ethyl. [err]-phenylpropionate 20
used as a starting material by the appropriate quantity of ethyl
phenylacetate, there  20 was prepared. dimethyl
2-oxo-3-phenylpropylphosphonate (b.p.' 143-150C./0.1 mm Hg; Eemental
analysis:,C,54.6 ;H,6.3%; [err] requires:C,54.5; H,6.2%; [err]  835 [err]
1035 [err] 1180 [err] 1260 [err] 1455 [err] 1710 [err]). EXAMPLE 10 25
25 -(5-[3-Oxo-4-(2-phenylethyl)oct-trans-enyl]-2-oxocydopentyl]heptanol  25
(i) Preparation of
7-{5-[3-oxo-4-(2-phenylthyl)oct-trans-1-enyl]-2-osylopentyl}- heptanol A
solution  of  6-(7-hydroxyheptyl)-7-[3-oxo-4-(2-phenylethyl)oct
-trans-1-enyl]- A  solution  of 6-(7-ydroxyheptyl)-
[3-oxo-4-(2-penylethyl)oct-trans-l-enyl]- 1,4-dioxospiro[4,4]nonane '[0.5
g; prepared as hereinafter described in Example 30     10 (ii)] in:acetic
acid (12 ml.) and water (6 ml.) was kept at room temperature for  30 4
hours then evaporated in. vacuo at a temperature below 500G. The residue
was dissolved in diethyl ether and the ethereal solution was washed with
water, dried over magnesium'sulphate and evaporated. The residue was
subjected to preparative thin layer  chromatography  .on .silica gel using
a mixture of diethyl ether, n-hexane and 35   ethyl acetate (2: 1: 1 by
volume) as eluant, to give 7-{5-[3-oxo-4-(2-phenylethyl)oct-  35
trans-1-enyl]-2-oxocyclopentyl)heptanol (0.11 g.) in the form  of a yellow
oil [Eleinental analysis: -Found: C, 78.9; H,10.2%; [err]  requires
C,:78.8; H, 9.9%;[err] .990 [err] 1620 [err] 1655 [err] 1680 [err] 725
-cm-1, 3400 cm-l; N.M.R. (approximately 10% w/v solution in
deuterochloroform): singlet at 7.21 [err], 40      doublet at 6.20 8
(J=16.5 cycles/second); doublet or double(ts at 676 [err] (J.7.5 and  40
16.5. cycles/second), triplets at 3.6 [err] (J=6 cycles/second)-and 0.86
[err] multiplets at 2.1-2.8 [err] 1.05-2.1 [err]]. (ii) Preparation of 6-
7-hydroheptyl)7-[4-2-phenylethyl)-3-oxooct-trans-1-enyl]- -
l,4-dioxaspiro[4,4]nonane 45          By proceeding in a similar manner to
that hereinbefore. described in Example   45 9 (ii) (b), but replacing the.
dimethyl 2-oxo-4- phenylbutylphosphponate used as start- ing  material by
the appropriate quantity of dimethyl 2-oxo-3-(2-phenylethyl)heptyl-
phosphonate [prepared as herenafter- described in Example 10 (iii)], there:
was pre- pared 6 - (7 -hydroxyheptyl) -7- [4-2-phenylethyl) - 3 -oxooct-
trans- l - 50      enyl] - 1,4 - dioxaspiro4,4]nonane ([err] 950 [err] 990
[err], 1620. cm-1, '1655 cnrl  50 1680 cm-). (iii) Preparation.of dimethyl
2-oxo-3-(2-phenylethyl)heptylphosphonate By proceeding in a similar manner
to that hereinbefore descnibed in Example 9(iv), but replacing the ethyl
-[err]-phenylpropioniate used as a starting material by the 55
appropriate quantity of ethyl 2-(2-phenylethyl)hexanoate, there was
prepared dimethyl  55 2-oxo-3-(2-phenylehyl)heptylphophosnate(b.p.
162-[err]/0.15 mmHg; Eemental analysis: C, 62.6; H,  8.6; P, 9.3%; [err]
requires: C, 62.6; H, 8.3; P. 9.5%, [err] 810 [err] 1030 [err] 1180 [err]
1260 [err] 1455 [err], 1700 [err]. The ethyl 2-(2-phenylethyl)hexanoate,
used  as a starting material, was prepared 60      by heating at reflux for
18 hours a solution of 2-(2-phenylethyl)hexanoic acid (17.0 g.)  60 



in anhydrous ethanol (15.5 ml) and concentrated sulphuric acid (1.5 ml).
The solu-    18                                        1,468,830
18 tion was then added to water (150 ml.) and the oil which separd was
extracted wit diethyl ether. The ethereal  solution was washed successively
with water, aqueous sodium carbonate solution (2N), and water, and then
dried over anhydrous magnesium sulphate -and evaporated The: residue was
distilled, to give ethyl 2-(2-phenylethyl)4 5       hexanate (15.25 g.) in
the form of. a colourless oil, b.p. 158-160C/7 mm.Hg   5 (Elemental
analysis: C, 77.5;H,:  9.9%; [err] requires: C, 77.4; H, 9.7%).. EXAMPLE 11
7-[2-(4-Methyl-3-oxopent-trans-l-enyl)-5-oxocydopentyl]heptanol (i)
Preparation of
6-(7-hydroxyheptyl)-7-(4-methyl-3-oxopent-trans-1--enyl)-1,4- 10
dioxaspiro[4,4]nonane              -
10 By proceeding  in a similar manner to that  hereinbefore described in
Example 1 (v) ,but substituting- the appropriate quantity of dimethyl
3-methyl-2-oxobutylphos- phonate for the dimethyl
3-methyl-2-oxoheptylphosphonate used.as a starting material, there  was
prepared  6-(7-hydroxyheptyl)-7-(4-methyl-3-oxopent -trans-1-enyl)-1,4- 15
dioxaspiro[4,4]nonane, [err] -3400 [err] 1680 [err] 1655 [err] 1615 [err]
1385 c1,  15 1040 [err] The dimethyl 3-methyl-2-oxobutylphosphonate (b.p.
125-[err]/1l mm.Hg; [err]2950 [err] 1710 [err] 1470 [err] 1260 [err] 820
[err] used as a starting material in the above preparation was  prepared by
proceeding in a similar manner 20      to that hereinbefore described in
Esample 9 (iv) for the preparation of dimethyl  20
Z-oxo-4-phenylbutylphosphonate, but substituting the appropriate quantity
of ethyl isobutyrate for the. ethyl -phenylpropionate used as starting
material (ii) Preparation of
7-[2-(4-methyl-3-oxopent-1-enyl)-5-oxocyclopentyl]heptanol By proceeding in
a similar manner to that hereinbefore described in Example 1 25      (vi),
but substituting the  appropriate quantity of
6-(7-hydroxyheptyl)-7-(4-methyl-3-  25
oxopent-trans-1-enyl)1,4-dioaspiro[4,4]nonane .for the
6(7-hydroxyheptyl)-7-(4-
methyl-3-oxooct-trans-1-enyl)-l,4-dioxaspiro[4,4]nonane used as starting
material, there was  prepared
7-[2-(4-methyl-3-oxopent-trans-1-entl)-5-oxocyclopentyl]heptanol Elemental
analysis: Found: C, 73.9; H , 10.8%[err] requires C, 73.4; H, 10.3 %;
[err] 3450 [err] 1730. cm-1, 1690 [err] 1660 [err]  1620 [err] 1385 [err]
30 990  cm-1; N.M.R. (approximately  10%  w/v solution in-
deuterochloroform): septuplet  at 2.88 [err], multiplets at 1.8-2.8 [err]
and 1.2-1.8 [err], doublet of doublts at 6.9 [err](J=7.5 and 15.5
cycles/second), at 3.65 [err] (J=6 cycles /second),doublets at 6.27 (J=15.5
cycles/second) and 1.17 [err] (J=7 cycles/second) and singlet at 2.1 8. 35
.          EXAMPLE 12   .                             35 *
7-[2-(3-Hydroxy-4-phenoxybut-trans-1-enyl)-5-oxocyclopentyl]heptnol (i)
Preparation of 6-(7-hydroxyheptyl)-7-(3-oxo-4-phenoxybut-trans-1-enyl)1,4-
dioaspiro[4,4]nonane -By proceding in a similar manner to that hereinbefore
described in Example 9 40      (ii), but replacing -the
benzoylmethylenetriphenylphosphorane used as a startg      40 material by
the appropriate quantity of phenoxyacetylme.thylenetriphenylphosphorane
there  was  prepared
6-(7-hydroxyheptyl)-7-(3-oxo-4-phenoxybut-trans-1-enyl)-1,4-
dioxaspiro[4,4]nonane. The phenoxyacetylmethylnentriphenylphosphorane, used
as a stting material, 45      was prepared as follows: -
-  -              45 A solution- of 1chlo 3-phenoxyacetone (6.8  g.) and
triphenylphosphine (12 g.) in chloroform  (16ml) was  saturated with
nitrogen and heated at reflux uer nitrogen overnight  An excess of dry
diethyl ether was added, and then the solvents were decanted from the gum
that separated. The remaining solvent was removed in vacuo 5.0     to give
crude 2-oxo-3-phenoxypropyltriphehylphosphonium chloride (10.35 g.). This
50 was stirred vigorously with a solution of sodium carbonate (18 g) in
water (180 ml) for 24 hours. The solution: was extracted with diethyl ether
and the ethereal extracts dried over sodium sulphate. The solvent was
removed -by evaporationi-to give .phenoy- 



acety1methylenetriphenylphosphorane (s.3 g.), a sticky solid. 55
The 1-chloro-3-phenoxyacetone, used as a starting matei  was p red as
55 follows:- 8N Jones reagent (100 ml) was  added dropwise  to a stirred
solution of 1-chloro- 2-hydroxy-3-phenoxypropane (28.3 g.) in' acetone (100
ml.) during 1 hour while  main- taining the reaction temperature at [err]
The     was then stirred for 4 hours 60       and then sufficient water was
added to dissolve- the precipitated- chromium salts. The  60 mixture was
extracted three times with diethyl ether and the combined ethereal ex-
tracts were dried over sodium sulphate, concentrated under reduced
pressure,dried    again over sodium sulphate, and concentrated further and
distilled, to give  -chloro- 3-phenoxyacetone (13.9 g.), b.p. 150-155C/20
mm.Hg. Preparation of 6-(7.hydroxyhepyl )-7-(3-hydroxy-4-phenoxybut-trans
-1-enyl)- 1,4-dioxaspiro[4,4]nonane -- 5        By proceeding in a similar
manner to that hereinbefore descrbed in Example 2      5 (i), but replacing
the  6-(7-hydroxyheptyl)-7-(4-methyl-3-oxooct-trans-1-enyl)-1,4-
dioxaspiro[4,4]nonane used as starting material by the appropriate
quantity. of 6. - (7-hydroxyheptyl)- 7 -(3-oxo - 4 -phenoxybut - trans -1
- enyl) - 1,4 - dioxa- spiro[4,4]nonane there was prepared
6-(7-hydroxyheptal)-7-(3-hydroxy-4-phenoxybut- 10
trans-1-enyl-1,4-dioxaspiro[4,4]nonane. (iii) Preparation of
7-[2-(3-hydroxy-4-phenoxybut-trans-l-enyl)-5-oxocycopentyl]- heptanol
. By proceeding in a similar manner to that hereinbefore described in
Example 2 (ii), but replacing the
6-(7-hydroxyheptyl)-7-(3-hydroxy4-methyloct-trans-l-enyl)-l,4- 15
dioxaspiro[4,4]nonane used as starting material by .the appropriate
quantity of 6 - (7 -  15 hydroxyheptyl)-7 - (3 - hydroxy - 4 - phenoxybut -
trans - 1 - enyl) -1,4 - dioxa- spiro[4,4]nonane, there was prepared
7-[2-(3-hyd   4-phenoxybut-trans-l-enyl)-5- oxocyclopentyl] helanol
[Elemental analysis: Found: C, 72.9; H, 9.0%; [err] requires C, 73.2; H,
9.0%; [err]  3400 [err] 1720 [err] 975 [err] N.M.R. (approxi- 20      .
marely 10%  w/v soluton in deuterochloroform): multiplets at 1.0-2.8 8,
3.5-4.1 [err]     20 4.3-4.7 [err] 5.6-5.9 [err], 6.8 -7.5 8]. EXAMPLE 13
7-
[2-(3-Hydroxy-3-methyl-4-phenoxybut-trans-1-enyl)-5-oxocyclopentyl]heptanol
(i) Preparation of
6-(7-trimethylsiloxyheptyl)-7-(3-oxo-4-phenoxybut-trans-1-enyl)- 25
1,4-dioxaspiro[4,4]nonane
25 By proceeding in a similar manner to that hereinbefore described in
Example 3 (ii) but replacing the
6-(7-hydroxyheptyl)-7-(3-oxooct-trans-l-enyl)-l,4-dioxspito [4,4]nonane by
the appropriate quantity. of 6-(7-hydroxyheptyl)-7-(3-oxo-4-phenoxy
but-trans -1-enyl)-1,4-dioxaspi[4,4]nonane, there   was prepared
6-(7-trimethylsioxy- 30
heptyl)-7-(3-oxo-4-phenoxybut-trans-1-enyl)-1,4-dioxaspiro[4,4]nonane. (ii)
Preparation of
7-(3-hydroxy-3-methyl-4phenoxybut-trans-1-eny1)-6-(7-trimethyl-
siloxyheptyl)-1,4-dioxaspiro[4,4]nonane By proceeding in a similar manner
to that hereinbefore described in Example 3 (iii), but replacing the
6-(7-trimethylsioxyheptyl)-7-(3-oxooct-trans-1-enyl)-1,4-dioxa- 35
spiro[4,4]nonane used as starting material by the appropriate quantity of 6
- (7 -   35 trimethylsiloxyheptyl) - 7 - (3-- oxo - 4 - phenoxybut - trans
- 1 - enyl) - 1,4 - dioxaspro4,4]nonanel, there was prepared
7-(3-hydroxy-3-methyl4-phenoxybut-trrans-
1-eny1)-6-(7-trimethylsiloxyheptyl)1,4-dioxaspiro[4,4]nonane. (iii)
Preparation of 7- [2-(3-hydroxy-3-methyl-4-phenoxybut-trans-1-enyl)-5-oxo-
40               cyclopentylheptanol
40 By proceeding in a similar manner to that hereinbefore describedn
Example 5, but replacing the
7-(3-hydroxy-3-methyloct-trans-enyl)-6-(7-trimethylsiloxyhe tyl)-
1,4-dixaspiro[4,4]nonane used as starting material by the appropriate
quantity of 7 - (3 --hydroxy - 3 - methyl-4 - phenoxybut - trans - 1 -
enyl) - 6 -.(7 -trimethyl- . 45      siloxyheptyl) -1,4 -
dioxaspiro[4,4]nonane, there was prepared 7[2-(3-hydroxy-3-         45
methyl-4-phenoxybut-trans-1-enyl)-5-oxocylopentyl]heptanoL   [Elemental
analysis 



Found: C, 67.5; H, 8.7%; [err] requires C, 67.3; H, 9.3%; [err] 975 1720
[err] 340cm [err] N.M.R. (approximately 10%  w/v solution in deutero
chloroform): multiplet at                  at                  3.6 8,
singlet at 50      3.85 [err] multiplets at 5.7-5.9 [err], 6.8-7.8[err]
.           -                50 The present invention includes within its
scope pharmaceutical composition which comprise at -least one compound of
the above-mentioned novel class of cyclopentane derivatives of general
formula I together with a pharmaceutical carrier or coating.In clinical
practice the novel compounds of the present invention will normally be 55
administerd orally, rectally, nasally, vaginally or parenterally.
55 The term "pharmaceutical composition", as used in the present
specification,  is meant to include compositions suitable for
administration to animals, more particularly farm-animals such as horses
and cattle and other domesic animals such as dogs, as well as compositions
suitable for admninistration to human beings. 60        . Solid
compositions for oral administration include compressed tablets, pills,
dis-  60    20                                            1,468,830
20 persible powders, and granules. in such solid compositions one or mor
ofthe active compounids is, or are admied with -at least one inert diluent
such as calcium carbonate  potato starch, alginic acid, or lactose. The
compositions may also com- prise, as is  normal practice, additional
substances other than inert diluents, e.g. 5        lubricating agents,
such as magnesium stearate. Liquid compositions for oral adminis       5
tration include pharmaceutically-acceptable emulsions, solutions,
suspensions ,syrups and elixirs containing inert diluents commonly used in
the art, such as water and liquid paraffin. Besides inert diluents such
compositions. mayalso comprise adjuvants such  as wetting and suspending -
agents and  sweetening, flavouring perfuming and 10       preserving
agents. The compositions according to the invention,for oral adminis-
10 tratin, also include capsules of absorbable material such as gelatin
containing one or more of the active substances with or without the
addition of diluents or excipients. Solid compositions for vaginal
administration include pessaries.formulated: in 15       manner known per
se and containing one, or more of the active compounds. -       -      15
Solid compositions for. rectl administration include suppositories
formulated in manner known  per se and containing one or more of the active
compounds Preparations according to the invention for parenteral
administration include sterile aqueous or.non-aqueous solutions
suspensions, or emulsions  Examples  of non- 20       aqueous. solvents or
suspendingmedia are  propylene glycol, polyethylene glycol,        20
vegetable oil such as olive oil, and injectable organic esters such as
ethyl oleate. These compositions may also include ddjuvants such as
presving,wetting, emulsifying and dispersing agents. They may be sterised,
for example, by filtration through a bacteria- retaiaing filter, by
incorporation. of sterilising agents in the compositions, by irradia- 25
tion, or by heating. They may also be mnnufactured in the form of sterle
solid com-    25 positions, which can  be disslved in sterile water  or
some other sterile injectable medium immediately before use.              -
- The percentage of active ingredient in the compositions of the invention
may be varied, it big mnecessary that it should constitute a proportion
such that a suit- 30       able dosage  for   therapeutic effect desired
shall be obtained. Obviously several         30 unit dosage forms may  be
administered at about the  same time. In general, the preparations should
normally contain -at least 0.025%  by weight of active substance when
required for administration by injection for.oral administration the
preparations will normally contain at least 0.1% by weight of active
substance. The dose emploed 35       depends  upon the desired therapeutic
effect the route of administration  -and the        35 duration of the
treatment. In the adulthuman, the doses  are generally :beeen 0.02 and 2.0
mg. by. aerosol administration  as bronchilators, between 0.0002 and 2.0
mg/kg. - body weight by intravenous administration, preferably  by inianous
infusion at a rate of' between 0001 and 1.0 mg/kg. body weight/minute  as
hypo- 40       tensives, between 0.001 and 0.3 mg./kg. body.weight orally
as inhibtors of gastric     40 



acid secretipn,between 0.01  and 1.0 mg/ kg. body weight by intravenous
adminis- tration, preferably by intravenous infusion at a rate.of between
0.02  and 20. [err]/kg body weight/minute as:stimulators of uterine
contraction, and between 1.0 and 50 [err]/kg  body' ,weight orally as
hypocholesteraemics and hypolipidaemics,and in 45       female mammals
between 10 and 500 [err]./kg. body weigt administered  vagially in
45 the control of oestrus f necessary these doses  may be repeated. as and
when required.   - The compounds of general formula I may be administered
orallyas broncho- dilators by any method known per se for  administration
by inhalation of drugs which 50       are not themselves gaseous under
normal c.,onditions of adinistration. Thus, a solution  50 of the -active
ingredient in a suitable pharmaceutically cceptable solvent,for example
water or aqueous ethanol preferably in the  presence of a pharmaceutically
acceptable wettg agent  e.g  Tween80, can be nebulized, by a mechanical
nebulizer ,for                 for example a. Writ Nebulizer to give an
aerosol of finely-divided liquid particles 55       suitable for
inhalation. Advantageously, the solution to be, nebulized is diluted
55 solutions containing  from 0.2 to 20 mg,and preferably 0.2 to 5.0 mg. of
active ingredient per ml of solution being particularly suitable. Aqueous
solutions may con- tain stabilizing agents.; suh as sodium- bisulphitesand
bufferin  agents to give an -iso tonic character, e.gsodium chloride sodium
citrate and citric acid.  - 60            The active ingredients mayalso be
administered orally byinhalation  in the          60 form-of.  aerosols
generated  from self-propelling  pharmaceutical compositions. Com-
positions suitable for this purposemay be obtained  by dissolving or
suspending in finely-divided form,  preferably micronized to  an average
particle size of less than.. 5 microns, the active ingredients in
parmaceutically-acceptable solvents e.g. ethanol, 65        which are
co-solvents assisting in dissolving the active ingredients in the volatile
liquid  65    21                                . 1,468,830  . .
21 propellants hereinafter described, or pharmaceutically-acceptable
suspending or dis- persing agents, for example aliphatic alcohols such as
oleyl alcohol, and  incorporating the solutions or suspensions. obtained
with pharmaceutically-acceptable volatie liquid prollants,  in.
conventional pressurized packs which may be made of any suitable 5
material, eg.   metal ,plastics or glass, adequate to withstand the
pressures    generated -     by the volatile propellant in the pack.
Pressurized pharmacutically-accepiable gases, such as nitrogen, may also
be used as propellants . The pressurized pack is .preferably fitted with  a
metered valve which dispenses a controlled quantity of the self-propelling
aerosol composition as a single dose 10          Suitable volatile liquid
propellants are known in the art and includefluoro-   10 chlorinated
alkanes containing from one to four, .and preferably one or two carbon
atoms,for example dichlorodifluoromethane, dichlorotetrafluoroethane,
trichloromono- fluoromethane and monochlorotrifluoromethane. Prefer- ably,
the vapour pressure- of the volatile liquid propellant is between 25 and 65
punds, 15     and                 more especially between 30 and   pounds,
per square inch gauge at210C. As is  15 well-known in the art, volatile
liquid propellants of different vapour pressures may be mixed in varying
proportions to give a propellant having a vapour pressure'appro- priate to
the production of a satisfactory aerosol and suitable for the chosen con-
tainer. -For example-dichlorodiuoromethane (vapour pressure 85 pounds per
square 20      inch gauge at 210C) and dichlorotetrafluoroethane (vapour
pressure 28 pounds per     20 square inch gauge at [err].) may be mixed in
varying proportions to glve propellants having vapour pressures inermediate
between those of two constituents e.g. a mixture of dichlorodifluoromethane
and dichlorotetrafluoroethane in the proportions 38:62 respectively by
weight has a vapour pressure of 53 pounds per square inch 25       gauge at
[err]                                   - .    .                  -
25 The sef-propeling pharmaceutical compositions may be prepared by
dissolv- ing the required quantity o active ingredint in. the co-solvent
or. combining the required quantity of active ingredient with a measured
quantity of suspending or dis- persing agent. A measured quantity of this
composition is then placed in an open 



30       container which is to be used as the pressurized pack. The
container and its contents  30 are then cooled below the boiling
temperature of the  volatile propellant to be used. The required quantity
of liquid propellant, cooled below its boiling temperature, is then added
and the contents of the container mixed. The container is then sealed with
the required  valve fitting, without allowing the temperature to rise above
he 35       boiling temperature  of the propellant.The temperature of the
sealed container is then  35 allowed to  rise to ammbient with shaking to
ensure complete homogeneity  of the contents to give  a pressured  pack
suitable for generating aerosols for  ihalation. Alternatively, the
co-solvent solutio  of the  active  ingredient or combination  of active
ingredient and susending or dispersing agent is placed  in the open
container, 40       the container  sealed with a valv,. and the liquid
propellant introduced under pressure.  40 Means for producing
self-propelling compositions for general aerosols for the administration of
medicaments are, for example, described in detail in United States Patents
Nos..2,868,691 and 3,095,355. .Preferably   the self-propelling
pharmaceutical compositions according to the 45       present invention
contain from 0.2 to 20 mg., and more particularly 0.2 to 5.0 mg.,  45. of
active ingredient per ml of solution or suspension. It. is important that
the pH of solutions - and suspensions used, according to the present
invention, to generate aerosols should be kept within the range 3 to 8. and
preferable that  they should. be stored at or below [err] to avoid
pharmacological deactivation of the active ingredient 50           In
carrying  out the present  invention the means of producing an aerosol for
50 inhalation should be selected in accordance with the physico-chemical
properties of the active ingredient. By the term
"pharmaceutically-acceptable" as applied in:this specification to solvents
wetting,suspending or dispersing agents, propelantsand gases  is meant 55
solvents, suspending  or dispersing agents, propellants and gases which are
non-toxic  55 when used in aerosols suitable for inhalation therapy. .  It
is highly desirable that the aerosos should  have. a. particle size less
than about 10 microns and preferably less than 5 microns, for example
between .5 and 3 microns, to: ensure effective distribution to very narrow
bronchioles. Preferably, 60       administration is by means of devices
enabling controlled. quantities of the. active  60 ingredients to be
administered, for example by means of the metered valves herein- before
mentioned. The following Examples illustrate pharmaceutical compositions
according.to the invention.    1,468,830 EXAMPLE 14
7-[2-(3-Hydroxy-3-methloct-trans-1-enyl)-5-oxocyclopentyl]heptanol(20 mg)
was dissolved in ethanol (10 ml) mixed with mannitol (18.5g) sieved through
a 30-mesh sieve dried at [err] for 90 minutes and again sieved through a 30
-mesh sieve.Aerosil -a registered Trade Mark (microfine silica) (200mg) was
added and the powder obtained was machine filled into one hundred No.2 hard
gelatin capsules to give capsules each containing which after swallowing
the capsules ,is released into the stomach EXAMPLE 15
7-[2-(3-Hydroxy-3-methyloct-3-methyloct-trans-1-enyl)5-oxocyclopentyl]hepta
nol (20mg) was dissolved in absolute ethanol (4 ml) containing Tween 80 (1%
w/v) and the solu- tion was diluted with distilled water (36 ml) to give
the solution od the active compound suitable for a pluraty of doses
suitable for intravenous injection. WHAT WE CLAIM IS:- 1.Cyclopentane
derivatives of the general formula:- [err] wherein [err] represents a
hydrogen atom or a carboxylic acyl group and eithjer (i) [err] represents
of the general formula:- [err] 



(wherein [err] and [err] are identical or di8fferent and each represents a
hydrogen atom or a straight or branched -chain alkyl group containing 1 to
4 carbon atos, and [err] represents a hydrogen atom or a straight atom or
branched -chain alkyl group con- taining from 1 to 10 carbon atoms,a
straight -or branched -chain alkoxy group con- taining from 1 to 10 carbon
atoms,a cycloalkyl group containing from 5 to 7 carbon atoms,an adamantyl
group,or represents a straight- or branched alkyl group containing from 1
to 6 carbon atoms substituted by a straight or branched -chain alkoxy group
containing from 1 to 6 carbon atom by a cycloalkyl group containing from 5
to 7 carbon atoms or by an adamatyl group or the group [err] together froms
a cycloalkyl group containing from 5 to 7 carbon atoms or an adamantyl
group),X represents a trans-vinylene or an ethylene  group and Y repre -
sents a carbonyl group of the general formula:- [err] wherein [err]
represents a ydrogen atom or a straight- or branched-chain alkyl group 35
containing from 1 to 4 carbon atoms and [err]represents a hydrogen atom or,
when [err]  35 represents a carboxylic acyl group, [err] represents a
hydrogen atom or a carboxylic acyl group, or else (ii)  [err] represents a
group of the general formula: [err] 40      (wherein A represents a
straight- or branched-alkylene chain containg from 1 to 12  40 carbon
atoms, Z represents a direct  bond or an oxygen or - sulphur atom  and
[err] .represents an aryl or heterocyclyl group which may be substituted by
one or more substituents selected from halogen atoms, straight- or
branched-chain alkyl and- alkoxy groups containing from  1 to 6 carbon
atoms, and trihalomethyl groups), X in 45      formula I represents an
ethylene or trans-vinylene group and Y in formula I repre-  45 sents a
carbonyl group or a group of formula III, wherein [err]  and [err] are as
herein- before defined, or else (iii) [err]represents a group [err] as
hereinbefore defined, and X and  Y  in formula I represent  simultaneously
ethylene and carbonyl, trans-vinylene and carbonyl, or 50      ethylene and
[err] groups respectively ([err] being as hereinbefore defined).    50
22                                       1,468,830
22 EXAMPLE 14
7-[2-(3-Hydroxy-3-methyloct-trans-1-enyl)-5oxocyclopentyl]hepanol  (20 mg)
was dissolved in ethanol (10 ml.), mixed with manitol (18.5 g ), sieved
through 30-mesh sieve, dried at [err] for 90 minutes and again sieved
through a 30-mesh 5       sieve. Aerosil-a registered Trade Mark (microfine
silica) (200 mg.) was added and  5 the powder obtained was machine filled
into one-hundred No. 2 hard gelatin capsules to give capsules each
containing 200 [err]. of 7-[2-(3-hydroxy-3-methyloct-
trans-l-enyl)-5-oxocyclopentyl]heptanol which, after swallowing the
capsules, is released into the stomach. 10
EXAMPLE 15                                        10 -
7-[2-(3-Hydroxy-3-methyloct-trans-1-enyl)-5-oxocyclopentyl]heptanol (20
mg.) was dissolved in absolute ethanol (4 ml) containing Tween 80 (1 % w/v)
and the solu- tion was diluted with distilled water (36 ml.) to give a
solution of the active compound suitable for a plurality of doses suitable
for intravenous injection. 15          WHAT WE CLAIM  IS:-
15 1. Cyclopentane derivatives of the general formula: - 0 [err] wherein
[err] represents a hydrogen atom or a carboxylic acyl group, and either (i)
R2 represents a group of the general formula: - [err] (wherein R3 and [err]
are identical or different and each represents a hydrogen atom or a
straight- or branched-chain alkyl group containing from I to 4 carbon
atoms, and R5 represents a hydrogen atom or a straight- or branched-chain
alkyl group con- 



taining from 1 to 10 carbon atoms, a straight- or branched-chain alkoxy
group con- 25      tamining from 1 to 10 carbon atoms, a cycloalkyl group
containing from 5 to 7 carbo  25 atoms, an adamantyl group, or represents a
straight- or branched-chain alkyl group containing from 1 to 6 carbon atoms
substituted by a straight- or branched-chain alkoxy group containing from I
to 6 carbon atoms, by a cycloalkyl group containing from 5 to 7 carbon
atoms or by an adamantyl group, or the group [err] 30      together forms a
cycloalkyl group containing from 5 to 7 carbon atoms, or an     30
adamantyl group), X represents a trans -vinylene or an ethylene group, and
Y repre- sents a carbonyl group or a group of the general formula:- wherein
[err] represents a hydrogen atom or a straight- or branched-chain alkyl
group 35      containing from 1 to 4 carbon atoms, and [err] represents a
hydrogen atom or, when [err]  35 represents a carboxylic acyl group, [err]
represents a hydrogen atom or a carboxylic acyl group, or else (ii) [err]
reprsents a group of the general formula: - [err] 40      (wherein A
represents a straight- or branched-alkylene chain containing from 1 to 12
40 carbon atoms, Z represents a direct bond or an oxygen or sulphur atom,
and [err] represents an aryl or heterocyclyl group which may be substituted
by one or more substituents selected from halogen atoms, straight- or
branched-chain alkyl and alkoxy groups containing from 1 to 6 carbon atoms,
and trihalomethyl groups), X in 45      formula I represents an ethylene or
trans-vinylene group and Y in formula I repre-  45 sents a carbonyl group
or a group of formula III, wherein [err] and [err] are as herein- before
defined, or else (iii) [err] represents a group R' as hereinbefore defined,
and X and Y in formula I represent simultaneously ethylene and carbonyl,
trans-vinylene and carbonyl, or 50      ethylene and [err] groups
respectively (RI being as hereinbefore defined).   50    23
1,468,830                                      23 2. Cyclopentane
derivatives according to claim  1 wherein [err] represents a hydrogen atom,
[err] represents a group of the general formula:- [err] (wherein [err] and
[err] are as defined in claim 1), X represents a trans-vinylene or 5
an ethylene group, and. Y represents. a. carbonyl group or a group of the
general formul: wherein [err]is as defined in claim 1 and [err] represents
a hydrogen atom. 3. Cylopentane derivatives according to claim 1 or 2
wherein R5 in formulas II 10      represents  a straight- or branched-chain
alkyl group containing from  1 to 5 carbon         10 4.  Cyclopentane
deriviatives to claim 1,2 or 3 wherein Y represents a group of the general
formula:- [err] 15       wherein Rs represents a methyl group and R' is as
defined in claim 1.                 I5 5. Cyclopentane derivatives
according to claim 1, 2, 3 or 4 wheren R2 repre- sents a group of the
general formula:- [err] wherein  [err] and [err] are, as. defined in claim
1 and [err]represents a methyl group 20           6. Cyclopentane
,derivatves according to claim 5 wherein [err] represents a straight  20
branched -chain alkyl group containing from 1 to 5 carbon atoms. 7.
Cyclopentane derivatives accordi  to claim 1 or 4 wherein      represents a
group  of  the general formula :- [err] 25       wherein A represents a
straight or branched  alkylene chain containing from 1 to 725 carbon atoms,
and Z and [err] are as defined in claim 1. 8. Cyclopentane derivatives
according to claim 1. or 7 wherein  [err] represents a 9.Cyclopentane
derivatives according to claim 1,4, 7 or 8 wherein [err] as a    group 30
of the general formula: [err] 



represents a phenoxy methl group   . 10.Cyclopentane derivatives according
to any one of claims 1 to  9 in which the group attached to the 8-position
of the cyclopentane ring of general formula I depicted in claim 1 is in
alpha configuration and the group attached to the 12- position of the   35
cyclopentane ring is in beta-configuration. 11. 7
-[2-(3-Hydroxy-3-methyloct-trans-1-enyl)-5-oxocyclopentyl]- heptanol.
12.7-[2-(3-Hydroxy-4-phenoxybut-trans-1-enyl)-5-oxocyclo- pentyl]heptanol.
13. 7-[2-(3-Hydroxy -4-phenoxybut-trans-1-enyl)-5-oxocyclo-
oxocyclopentyl]heptanol. 14.7-[2-(4-Methyl -3-oxooct-trans
-1-enyl)-5-oxocyclopentyl]- heptanol. 15.
7-[2-(3-Hydroxy-4-methyloct-trans-1-enyl)-5-oxocyclopentyl]- 45 heptanol.
16. 7- [2- (3 - Cyclohexyl -3 - oxopropyl) -5- oxocyclopenyl]heptanol
heptanol.    1,468830 18.7-2[2-(5-Ethoxy-3-hydroxy
-3-methylpent-trans-1-enyl)-5 oxocyclopentyl]heptanol. 19.
2-(7-Acetoxyheptyl)-3-(5-ethoxy-3-hydroxy-3-methylpent
trans-1-enyl)cyclopentanone. 20. 7-[5-(3-Oxo-3-phenylprop-trans
-1-enyl)-2-oxocyclophentyl]- heptanol.
21.7-[5-(3-Oxo-6-phenylhex-trana-1-enyl)-2-oxocyclopentyl]- heptanol. 22.
7-[5-(3-Oxo-5--phenylpent-trans-1-enyl)-2-oxocyclopentyl]- heptanol.
23.7-[5-(3-Oxo-4-phanylbut-trans-1-enyl)-2-oxocyclopentyl]- heptanol.
24.7-[5-(3-Oxo-4-(2-phenylthyl)oct-trans-1-enyl]-2-oxocyclo-
pentyl}heptanol.
25.7-[2-(4-Methyl-3-oxopent-trans-1-enyl)-5-oxocyclopentyl]- heptanol.
26.Process for the preparation of cyclopentane derivatives of general
formula I depicted in claim 1 , wherein [err] represents a hydrogen atom ,
and [err] X and Y are as defined in claim 1 , which comprises the acid
hydrolysis of compounds of the general formula : - [err] wherein [err] , X
and Y are as defined in claim 1, the symbols [err] represent identical
aikyl groups or together form an ethylene linkage unsubstituted or
substituted by identical alkyl groups on each carbon atom , and [err]
represents a hydrogen atom or when Y represents a group of formula III
depicted in claim 1 wherein [err] represents an alkyl group [err] and [err]
represents a hydrogen atom , the group-OR[err] optionally represents a
group relatively inert to Grignad reagents but readily hydrolysed to a
hydroxy group when required , and the hydroxy group forming part of the
said group of formula III within the definition of Y is then optionally in
the form of a Grignard intermidiate complex which may be represented by the
formulqa - OMgZ[err] wherein Z[err] represents a halogen atom. 27.process
according to claim 26 in which the symbols [err] together represent an
unsubstituted ethylene linkage. 28.Process according to claim 26 or 27
wherein the group [err] in formula V represents a trimethylsiloxy group.
29.Process for the preparation of cyclopentane derivatives of general
fromula I depicted in claim 1 ,wherein [err] represents a carboxylic acyl
group and [err] X and 



Y are as defined in claim 1,which comprises the acylation of a
corresponding alcohol of general formula I wherein [err] represents a
hydrogen atom. 30.Process for the preparation of cyclopentane derivatives
of general formula I depicted in claim i,wherein [err] represents a
carboxylic acyl group,the symbol Y represents a group of formula III
depicetd in claim 1 or [err] ,wherein [err] in said formulae represents a
carboxylic acyl group and [err] and X are as defined in claim 1 which
comprises the acylation of a corresponding alcohol of general formula I
wherein [err] represents a hydrogen atom or a carboxylic acyl group and Y
repesents a group of formula III or [err] and [err] in said formula III or
[err] represents a hydrogen atom. 31.Process for the preparation of
cyclopentane derivatives of general formula I depicted in claim 1
substantially as hereinbefore described . 32.Process for the preparation of
cyclopentane derivatives of general formula I depicetd in claim 1
substantially as hereinbefore described in any one of Examples 1 to 4.
33.Process for the preparation of cyclopentane derivatives in any one of
Examples 5 to 13. 34.Cyclopentane derivatives of general formula I depicetd
in claim 1 when prepared by the process claimed in any one of claims 26 to
33. 35.Pharmaceutical compositions which comprises as active  ingredient,at
least heptanol.
24.7-[5-(3-Oxo-4-(2-phanylthyl)oct-trans-1-enyl]-2-oxocyclo-
phetyl}heptanol.
25.7-[2-(4-Methyl-3-oxopent-trans-1-enyl)-5-oxocyclopentyl]- heptanol.
26.Process for the preparation of cyclopentane derivatives of general
formula I    25                                           1,468,830
25 one cyclophentane derivative as claimed in any one of claims 1 to 25 in
association with a pharmaceutical carrier or coating. 36. Pharmaceutical
compositions according. t  claim 35 substantially as herein- before
described with especial reference to Example 14 or 15. J. A. KEMP & CO.,
Chartered Patent Agents, 14, South Square, Gray's Inn, London, W.C.1.
Printed for Her Majesty's Stationery Office, by the Courier Press,
Leamington Spa, 1977 Published by The Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    ERRATUM
SPECIFICATION No. 1,468,830 Page 23, line 41, after Hydroxy insert -3-
methyl after -5- delete oxocylo- THE PATENT OFFICE 7th August, 1978    


