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1-ALKOXY-9-KETO-PROSTENOIC ACID 
DERVATIVES 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to novel 1 1-alkoxy substituted 
prostanoic acids and derivatives as well as to intermedi 
ates and methods for their preparation. The novel com 
pounds of this invention may be represented by the fol 
lowing general formula: 

O 
Y (Y-Z-E-R, . . . " ! --Cis-Cu- C-R. 

R OR2 

wherein R is lower alkoxy, co-hydroxy-substituted 
lower alkoxy, or co-tetrahydropyranyloxy-substituted 
lower alkoxy; R is hydrogen, lower alkyl, or triphenyl 
methyl; R is a straight chain alkyl group having from 
2 to 10 carbon atoms, a straight chain alkyl group hav 
ing from 2 to 10 carbon atoms and substituted with one 
or two lower alkyl groups, a straight chain alkenyl 
methyl group having from 3 to 10 carbon atoms, a 
straight chain alkenyl methyl group having from 3 to 10 
carbon atoms and substituted with one or two lower 
alkyl groups, a cycloalkyl group having from 4 to 9 car 
bon atoms, lower alkyl substituted cycloalkyl group 
having from 5 to 10 carbon atoms, a cycloalkyl 
substituted lower alkyl group having from 6 to 12 car 
bon atoms and in which the cycloalkyl group is option 
ally substituted with a lower alkyl group, a cycloalkenyl 
group having from 5 to 9 carbon atoms, a lower alkyl 
substituted cycloalkenyl group having 6 to 10 carbon 
atoms, a cycloalkenyl substituted lower alkyl group 
having from 6 to 12 carbon atoms and in which are cy 
cloalkenyl group is optionally substituted with a lower 
alkyl group, admantyl, or an adamantyl substituted 
lower alkyl group; R is hydroxy, an alkoxy group hav 
ing from 1 to 12 carbon atoms, or tetrahy 
dropyranyloxy; R is hydrogen or a lower alkyl group 
having up to 3 carbon atoms;Y is a divalent radical se 
lected from the group consisting of those of the formu 
lae: 

O HO H H OH 
N - N - 

C. , C and C 
/ N / N / N 

and Z is a divalent radical selected from the group con 
sisting of those of the formulae: 

is it. 
-(CE2)n-, -(CH)--CH- -(CH)n-CH-, 

R5 

H. H. 
cis 

-(CH)-o-CH- and -CH-C=C-(CH2)P- 
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2 
wherein n is an integer from 3 to 8, inclusive, p is an in 
teger from 2 to 6 inclusive, Rs is an alkyl group having 
up to 3 carbon atoms, and Rs is an alkyl group having 
up to 3 carbon atoms, a fluorine atom or a phenyl 
group; and the moiety -C13-C4- is ethylene or trans 
vinylene; with the proviso that when R is a lower alkyl 
group then R is hydrogen; and all optical isomers 
thereof. 
Also embraced within the scope of the present inven 

tion are the non-toxic, pharmaceutically acceptable 
salts of the novel compounds of the present invention 
when R is hydroxy. The cations comprised in these 
salts include, for example, the non-toxic metal cations 
such as the sodium ion, potassium ion, calcium ion, and 
magnesium ion as well as the organic amine cations 
such as the tri(lower alkyl)amine cations (e.g., triethyl 
amine, triethanolamine, procaine, and the like). 
The novel compounds of the present invention are 

obtainable as yellow oils having characteristic absorp 
tion spectra. They are relatively insoluble in water but 
are relatively soluble in common organic solvents such 
as ethanol, ethyl acetate, dimethylformamide, and the 
like. The cationic salts of the compounds when R is hy 
droxy are, in general, white to yellow crystalline solids 
having characteristic melting points and absorption 
spectra. They are relatively soluble in water, methanol, 
and ethanol but are relatively insoluble in benzene, di 
ethyl ether, and petroleum ether. 
DETAILED DESCRIPTION OF THE INVENTION 

The prostaglandins are a family of closely related 
compounds which have been obtained from various an 
inal tissues, and which stimulate smooth muscle, lower 
arterial blood pressure, antagonize epinephrine 
induced mobilization of free fatty acids, and have other 
pharmacological and autopharmacological effects in 
mammals. See Bergstöm et al., J. Biol. Chem. 238, 
3555 (1963) and Horton, Experientia 21, 1 13 (1965) 
and references cited therein. All of the so called natural 
prostaglandins are derivatives of prostanoic acid: 

H CE, CH, CH COOH 

The hydrogen atoms attached to C-8 and C-12 are in 
trans-configuration. The natural prostaglandins repre 
sent only one of the possible optical isomers. The com 
pounds of this invention include all possible optical iso 
CS. 

The novel compounds of the present invention may 
be readily prepared from certain 4-substituted cy 
clopentenone intermediates which may be represented 
by the following general formula: 

O 

-z--R', 

wherein R' is lower alkoxy or co-tetrahydropyranyloxy 
substituted lower alkoxy; R' is tetrahydropyranyloxy 
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or an alkoxy group having from 1 to 12 carbon atoms; 
and Z is as hereinabove defined. 
Certain of the 4-oxycylopentenone intermediates 

may be prepared from the corresponding 4 
unsubstituted cyclopentenones (I) in accordance with 
the reaction scheme of Flowsheet A, wherein Z' emi 
braces all of Z, but not cis-CH-CH = CH-(CH 
)-. 
The requisite cyclopentenones are described in Bel 

gium Pat. No. 786,215 (granted and laid open to in 
spection on Jan. 15, 1973) or can be obtained by analo 
gous procedures to those described in the aforesaid pa 
tent, 

in Flowsheet A which follows, Z, R' and R', are as 
hereinabove defined; R is a lower alkyl group, R' is 
hydroxy or an alkoxy group having from one to 12 car 
bon atoms, and m is an integer from two to five inclu 
SW. 

FLOWSHIEET A 

B 

/ 
U. U-r 

IO-(CH2)4-O 

L. Y ––o 
(IV) O (III) O 

X / Y 

IHO-(CH)n-O O arred R 

z--R", z--R', 
O (V) (VI) 

Introduction of the 4-oxy function into the 4 
unsubstituted cyclopentenones (I) is accomplished by 
first halogenating the 4-position with an allylic haloge 
nating reagent, preferably N-bromosuccinimide. The 
resulting 4-bromocyclopentenones (II) is then Solvo 
lyzed for the introduction of the oxy function. This step 
is preferably carried out in the presence of a silver salt 
to facilitate the displacement of the halide ion. The par 
ticular 4-oxy derivative that is formed is determined by 
the nature of the solvent system. Treatment of the 4 
bromocyclopentenone with silver fluoroborate in wa 
ter-acetone (for solubility) provides the 4 
hydroxycyclopentenone. When the solvent system is 
water-tetrahydrofuran, in addition to the 4-hydroxy de 
rivative there is also obtained the 4'-hydroxybutyloxy 
derivative (III), formed by solvolysis with tetrahydro 
furan. When the solvent is only tetrahydrofuran then 
only the latter compound is formed. Substitution of tet 
rahydrofuran with alcohols, e.g., methanol, ethanol, 
isopropanol, butanol and the like, provides the 4 
alkoxycyclopentenones (IV). With ethylene glycol or 
propylene glycol etc. the corresponding 4-(a)- 
substituted hydroxy alkoxy)-cyclopentenone (V) is ob 
tained. In the latter three procedures it is preferably to 
add a proton acceptor which will not react with (II), for 
example, sym-collidine. 
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4 
In general these procedures are operable with either 

the free carboxylic acid or alkyl carboxylate, as de 
sired. A particular alkyl carboxylate not provided by 
formula (I) can be obtained by hydrolysis to the acid 
and esterification in the usual way, for example with 
the appropriate alcohol, or for a t-butyl ester with iso 
butylene. However, for the subsequent alanate conju 
gate addition process it is necessary to utilize a cy 
clopentenone wherein the carboxylic acid as well as all 
free hydroxyl groups are blocked. A particularly useful 
blocking group for both functions is the tetrahydro 
pyranyl group since the group can easily be cleaved 
with weak acid under conditions which do not disrupt 
the subsequently-prepared, relatively-unstable 11-oxy 
9-keto system (g-oxy-ketone). Thus, it is not possible 
to effect a satisfactory chemical hydrolysis of an alkyl 
ester or of an O-alkanoyl group in an 11-oxy-9-keto 
prostanoic acid derivative under conditions to which 
this system is stable (enzymatic hydrolysis is possible). 
Of course these stability considerations do not apply in 
the “F” (9-hydroxy) series. 
The 9-keto-13-trans-prostenoic acids and esters of 

this invention may be prepared via the novel conjugate 
addition processed outlined in the Flowsheet B which 
follows. In Flowhseet B, R, R', R', R', and Z are as 
defined hereinabove; R is a lower alkyl group (each of 
three R8 radicals bonded to a aluminum does not neces 
sarily have to be the same), R", is lower alkyl or tri 
phenylmethyl, R' is hydrogen or lower alkyl and R', is 
lower alkoxy or co-hydroxy-substituted lower alkoxy. 

FOWSHIEET B 

O 
AlC3 

CHCH -- C-R3 --> 
th 

(VII) (VIII) 
O X. 

I &-R, G H C-R, trans I t trans d 
rwrm-rid 

b I l 
(IX) (X) 

OR OH 

H &H-R, H CH-R, 
tralas aS get - e. 

H H 

(XI) (XII) 
t 

OH 

R3CHO -- LiCCFI -} R-CH-C=CH 
(XIII) (XIV) (XV) 

OR 

R-CH-C=CH 
(XVI) 

OR OR 

H &H-R, (Rg). Al H. &H-R, aS g). aS le uvena d c 
Li H Rs-Al-R8 H 

EB R8 Li 
(XVII) (XVIII) 
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R1 - 

XVIII -- -z-e-R', 

O (XVIIIa) 

/ 
O 

(XX) 

In accordance with the reaction scheme of Flowsheet 
B, acetylene (VII) is treated with an appropriate acid 
chloride (VIII) in the presence of aluminum trichloride 
to provide the 1-chloro-3-keto-trans-l-alkene (IX). In 
terchange with sodium iodide, preferably in a ketone 
solvent such as acetone, provides the corresponding 
trans-vinyl iodide (X). Reduction of the keto function 
in (X) with sodium borohydride furnishes the alcohol 
(XII), which is then blocked with the triphenylmethyl 
group or a triphenylmethyl group substitued with one 
or two methoxy groups or an O-lower alkyl group is in 
troduced. Blocking the hdyroxy function can also be 
accomplished with a trialkylsilyl group. 
The blocked trans-vinyl iodide can also be obtained 

by treatment of the appropriate aldehyde (XIII) with 
lithium acetylide (XIV) in the usual manner, blocking 
the product 3-hydroxy-1-alkyne (XV) and then, in one 
operation, treating the resulting (XVI) successively 
with disiamylborane, trimethylamine N-oxide, and io 
dine and audeous sodium hydroxide, to give (XI). This 
latter procedure is preferred when R3 is adamaty, con 
tains a center of unsaturation, a cyclopropyl ring or 
other relatively sensitive feature. 
The blocked vinyl iodide (XI) is then submitted to 

metal interchange with an alkyl lithium, e.g. n-butyl 
lithium, at very low temperatures, e.g. 78c., which 
provides the vinyl lithium derivative (XVII), the trans 
configuration of the double bond being retained. After 
1 to 4 hours, addition of a trialkyl aluminum (Rs)3All, 
preferably trimethyl aluminum, to the solution of the 
lithio derivative (XVII) furnishes the lithio alanate in 
termediate (XVIII), also with retention of the trans 
configuration of the double bond. The cycloalkenone 
(XVIII), dissolved in ether or other non-prototropic 
solvent, is then added to the alanate solution. The re 
sulting solution is allowed to warm to room tempera 
ture and is kept for about 6 to 18 hours at ambient tem 
peratures. Potential hydroxy or carboxylic acid groups 
in cycloalkenone (XVIIIa) are blocked as ethers or es 
ters, preferably, with tetrahydropyranyl and/or trialkyl 
silyl groups. Interchange of alanate (XVIII) with cy 
cloalkenone (XVIIIa) results in the transfer of the 
trans-1-alkenyl ligand in (XVIII) with retention of the 
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6 
trans-configuration in a 14-conjugate manner to the 
cycloalkneone (XVIIIa) furnishing, after quenching 
the reaction solution, the 1,4-conjugate addition prod 
uct (XIX). It is important to note too that the trans 
alkenyl ligand from (XVIII) adds trans to the 4 
substituent in (XVIIIa). In (XIX) we are however not 
certain of the relative configuration of the side chains 
to each other. The situation is indicated in structure 
(XIX) by the M bond between the ring and the 

chain and is indicated in the nomenclature of the com 
pounds involved by the designation 83. In any event de 
blocking to (XX) with acid, e.g. treatment with acetic 
acid: tetrahydrofuran: water in the ratio of 3:1:1 at . 
35-45°C. for from 3 to 48 hours, results in the trans 
relationship between the chains. This procedure results 
in de-O-tritylation as well as hydrolysis of tetrahydro 
pyranyl and trialkylsilyl groups. Alkyl esters are not 
cleaved by this procedure, however these esters can be 
hydrolized by enzymatic or microbiological techniques 
known to the art. 

In order to ensure a trans-relationship in (XIX) these 
products can be submitted to conditions known in the 
literature to equilibrate the 8-iso PGE1 to a mixture 
containing about 90% of the trans product. These con 
ditions involve treatment with potassium acetate in 
aqueous methanol for 96 hours at room temperature. 
An alternative route, also involving conjugate addi 

tion of an alanate to a cycloalkenone, is outlined in 
Flowsheet C, which follows. In Flowsheet C R. R. Z, 
R", R', and R', are as hereinabove defined. 

FLOWSHIEET C 
(XV) 

O-C (C6H5)3 CH-CH-CH3 
H-CC- bH -H dH-Al-H 

Yi, dh, s-3 
(XXI) r 

CH3 CH3 

(XXII) 
O-C (C6H5)3 

H he 
C C=C R3 

CHCH- H CH (SN 
bhi " . es 

CH CH 

(XXIII) 

R/- O O-C (C6H5)3 

z-e-R' H. C. 
" + ce C=C R's CH-CH-5%r Yi 

/ d (XXIV) CH H 6 
b Li 
ot 

CH CH3 
(XXV) 

^ 
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FLOWSHEET C-Continued 

O O 
Z-E-R, 

tranS O-C (C6H5)3 

(XXVI) 

O O 
z--R", 

- Ne 
R.' CH (H-B, 

trans OH 

(XXVII) 

In accordance with the reaction scheme of Flow 
sheet C, the triphenylmethoxy substituted 1-alkyne 
(XXI), prepared by O-triphenylmethylation of the cor 
responding 1-alkyne-3-ol (XV, Flowsheet B), is treated 
with diisobutylaluminum hydride (XXII), which pro 
vides the alane (XXIII) containing the trans-double 
bond and is carried out in an inert solvent such as ben 
Zene, toluene, and the like at temperatures in the range 
of 40-60C. for several hours. It can also be carried 
out in a solvent such as tetrahydrofuran, usually in an 
approximate 2:1 mixture with benzene or hexane; in 
which case the reaction requires somewhat more vigor 
ous conditions, usually heating at about 70°C-75°C. for 
about eighteen hours. The subsequent reaction with 
methyl or n-butyl lithium (R-Li) is preferably carried 
out in a mixture of the above solvents with an ether 
type solvent such as diethyl ether, dibutyl ether, tetra 
hydrofuran and the like. This reaction is rapid and is 
preferably carried out at 0°C-10°C. with cooling. The 
conjugate l,4-addition of the resulting alanate salt 
(XXV) to the 4-oxy-cyclopent-2-en-1-one (XXIV) is 
preferably carried out at ambient temperatures for a 
period of 12 to 24 hours. This reaction is also best car 
ried out in an ether-type solvent such as diethyl ether, 
dibutyl ether, tetrahydofuran, and the like. The inter-, 
mediate alanate-enolate adduct is then carefully hy 
drolzed in situ, with dilute hydrochloric acid with cool 
ing, and the product (XXVI) is isolated in the usual 
manner, well known in the art. Removal of tetrahydro 
pryanyl blocking groups and of the triphenylmethyl 
blocking group can then be accomplished by treating 
with weak acid. A preferred procedure involves heating 
at 45°C. for 3.5 hours in a solvent system consisting of 
acetic acid:tetrahydrofuran:water in the proportion of 
4:2:1. If (XXVI) is a tetrahydropyranyl ester, there is 
then obtained the prostenoic acid (XXVII,R'=hy 
droxy). 
The 9-keto derivatives (XXVIII) of this invention 

can be converted to the corresponding 9-hydroxy de 
rivatives. If this conversion is effected with sodium bor 
ohydride, the product is a mixture of 9 cy- and 96 
hydroxy derivatives (XXIX) and (XXX) as set forth in 
the following reaction scheme: 
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8. 
FLOWSHEET D 

O O 

2-8-R, 
R 

R1-- I-C-C-C-R, 
OR2 

(XXVIII) 

1s 1. 

oII pH 2-8-R, l Z-C-R. 
Lt. '..?.l. R-- Co-C-E-R, R- - C-C-C-R. 

OR OR 
(XXIX) (XXX) 

In Flowsheet D R1, R2, R3, R1, R, Z and -C-C- 
are as hereinabove defined. When the reaction is car 
ried out with lithium perhydro-9b-boraphenylyl hy 
dride H. C. Brown and W. C. Dickason, Journ. Amer. 
Chem. Soc., 92,709 (1970)) the product is at least pre 
dominantly the 90-hydroxy derivative (XXIX), 
wherein the 9-hydroxy group is cis to the side-chain at 
tached to Cs and to the 11-oxy function. 
Those compounds of this invention embodying the 

-CH2-CH2- lingage at -Ca-Ca- may be pre 
pared from the corresponding A' derivatives, obtained 
via the alanate process, by catalytic reduction, prefera 
bly at low pressure with a noble metal catalyst in an 
inert solvent at ambient temperatures. 

In accordance with accepted convention, an o-sub 
stituent at the 8-, 9-, 1 1- or 12-positions is behind the 
plane of the paper whereas a S-substituent at these po 
sitions is in front of the plane of paper. This is usually 
represented by a - - - bond for an o-substituent, a - 
bond for a 6-substituent, and a w bond where both are 
indicated. Thus, the 9-hydroxy derivatives may be vari 
ously represented as follows: 

HO H. H. OH H OH 
Y / \/ 'r 

C C C 

/ N / N / N 
9-hydroxy. 93-hydroxy 9aff3-hydroxy 

The novel compounds of the present invention have 
utility as hypotensive agents, anti-ulcer agents, agents 
for the treatment of gastric hypersecretion and gastric 
crosion, bronchodilators, antimicrobial agents, anti 
convulsants, abortifacients, agents for the induction of 
labor, agents for the induction of menses, fertility 
controlling agents, central Nervous system regulatory 
agents, analgesic agents, salt and water-retention regu 
latory agents, diuretics, fat metabolic regulatory 
agents, serum-cholesterol lowering agents, anti 
inflammatory agents and as agents for the inhibition of 
platelet aggregation, and for the treatment of periodon 
tal disease, glucoma, uveitis, sickle cell anemia and 
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psoriasis. Certain of the novel commpounds of this in 
vention possess utility as intermediates for the prepara 
tion of other of the novel compounds of this invention. 
The compounds of this invention also provide protec 

tion against the ulcerogenic properties of certain non 
steroidal anti-inflammatory agents, e.g., indomethacin, 
aspirin, and phenylbutazone. 
The novel compounds of the present invention are 

useful as hypotensive agents and their hypotensive ac 
tivity was demonstrated in the following test procedure. 
This procedure is a modification of the technique de 
scribed by Pike et al., Prostaglandins, Nobel Symposium 
2, Stockholm, June, 1966; p. 165. 
Male Wistar strain rats (Royal Hart Farms) averaging 

approximately 250 grams in weight were fastened to rat 
boards in a supine position by means of canvas vests 
and limb ties. The femoral area was infiltrated subcuta 
neously with lidocaine and the iliac artery and vein 
were exposed and cannulated. Arterial blood pressure 
(systolic/diastolic) was recorded using a Statham P. 
Db pressure, the animals were anethetized before use 
with pentobarbital, 30 mg./kg. of body weight intrave 
nously, and also were given hexamethoxium bitartrate, 
2 mg/kg. of body weight intravenously. The test com 
pounds were prepared by ultrasonic dispersion in a sa 
line-Tween 80 vehicle. A constant intravenous dose 
volume of 0.5 ml. was administered and test doses 
ranged from 0.1 to 10.0 mg/kg. of body weight. In 
creasing or decreasing doses were selected depending 
on the dose response obtained. In Table I below are set 
forth doses at which at least a decrease of about 10 
mm. in diastolic blood pressure was observed for typi 
cal compounds of the present invention. 

TABLE I 

Effective dose 
(mg/kg. of 

Compound body weight) 

9-oxo-1 lo-methoxy-15-hydroxy 
- 13-trans-prostenoic acid 
9-oxo-1 loy-methoxy-15-hydroxy 
-15-methyl-13-trans-prostenoic 
acid 
9-oxo-1 la-methoxy-15-hydroxy 
-16, 16-dimethyl-13-trans-pro 
stenoic acid 
9-oxo-1 lo-methoxy-15-hydroxy 
-13-trans, 7-cis-prostadienoic 
acid 
9-oxo-3-oxa-1 lo-methoxy-15-hy 
droxy-16, 16-dimethyl-13-trans 
-prostenoic acid 
9-oxo-l log-methoxy-15-hydroxy 
-15-methyl-17, 18-cis-methano 
- 13-trans-prostenoic acid 
9-oxo-1 lo-methoxy-15-hydroxy-15 
-hydroxy-16, 19-trans-ethano-13 
-trans-prostenoic acid 
9-oxo-1 to-(2-hydroxyethoxy)-15 
-hydroxy-3-trans-prostenoic acid 
9-oxo-lla-(2-hydroxyethoxy)-15-hy 
droxy-16, 16-dimethyl-13-trans 
-prostenoic acid 
9-oxo-l lo-(2-hydroxyethoxy)-15 
-hydroxy-13-trans, l7-cis-pro 
stadienoic acid 

0 

0.5 

<1.0 

1.0 

2.0 

<2) 

<10 

1.0 

().5 

1.0 

This invention will be described in greater detail in 
conjunction with the following specific examples. 
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10 
In the following examples, unless otherwise specified, 

the products obtained include all possible optical iso 
e.S. 

EXAMPLE 
Preparation of 

2-(6-carboxy-6-fluorohexyl)cyclpent-2-en-1-one 
This cyclopentenone is prepared by the procedure 

described in Belgium Pat. No. 786,215 (Jan. 15, 1973) 
for the preparation of 2-(6-carboxyoctyl)cyclopent-2- 
en-1-one by substituting diethyl fluoromalonate for di 
ethyl ethylmalonate. 

EXAMPLE 2 

Preparation of 
2-(6-carboxy-6-phenylhexyl)cyclopent-2-en-1-one 
This cyclopentenone is prepared by the procedure 

described in Belgium Pat. No. 786,215 (Jan. 15, 1973) 
for the preparation of 2-(6-carboxyoctyl)cyclopent-2- 
en-l-one by substituting diethyl phenylmalonate for di 
ethyl ethylmalonate. 

EXAMPLE 3 

Preparation of 
2-(6-carboxyheptyl)cyclopent-2-en-1-one 

This cyclopentenone is prepared by the procedure 
described in Belgium Pat. No. 786,215 (Jan. 15, 1973) 
for the preparation of 2-(6-carboxyheptyl)cyclopent-2- 
en-1-one by substituting diethyl methyl malonate for 
diethyl ethylmalonate. 

EXAMPLE 4 

Preparation of 
2-(6-carbo-n-butoxyhexyl)cyclopent-2-en-1-one 
A solution of 50 g. of 2-(6-carboxyhexyl)cyclopent 

2-en-1-one Bagliet al., Tetrahedron Letters, No. 5,465 
(1966) in 1400 ml. of n-butanol containing 2.7 g of 
p-toluenesulfonic acid monohydrate is allowed to stand 
at room temperature in a stoppered flask for about 24 
hours. The solution is taken to dryness. The residue is 
taken up in ether and the ethereal solution is washed 
several times with saline solution, dried with anhydrous 
magnesium sulfate, and taken to dryness to afford the 
subject butyl ester. 

EXAMPLES 5-7 

. Treatment of 2-(6-carboxyhexyl)cyclopent-2-en 
1-one by the procedure of Example 4 with the appro 
priate alcohol affords the esters of the following table. 

TABLE 

Ex 
ample Alcohol Product Ester 

5 isopropanol 2-(6-carboisopropoxy 
hexyl)cyclopent-2-en 
--one 

6 methanol 2-(6-carbomethoxyhexyl)- 
cyclopent-2-en-1-one 

7 l-hydroxy- 2-(6-carbo-n-decyloxy 
-n-decanc hexyl)cyclopent-2-en 

-1-one 
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EXAMPLE 8 
Preparation of 

4-bromo-2-(6-carboxyhexyl)cyclopent-2-en-1-one 
A stirred mixture of 35.9 g (0.171 moles) of 2-(6- 5 

carboxyhexyl)cyclopent-2-en-1-one Bagli et al., Tet 
rahedron Letters, No. 5, 465 (1966), 35.0 g (0.197 
moles) of N-bromosuccinimide, and 600 ml. of carbon 
tetrachloride is refluxed for 35 minutes. The mixture is 
cooled to 5C. and filtered. The filtrate is washed with 
cold water, dried over magnesium sulfate, and taken to 
dryness to give an oil, Xin' = 225 mpu (8850); v 
max. = 1705 (carbonyl groups) and 1625 cm (olefin 
group). 

EXAMPLES 9-32 

In the manner of the preceding Example 8, the vari 
ous cyclopentenones of Table lA, which follows, are 
converted to the corresponding 4-bromo derivatives. 

Starting cyclo 
pent-2-en-1-one 

2-(6-carbethoxy 
hexyl)-cyclo 
pent-2-en-1-one 
2-(6-carbometh 
oxyhexyl)cyclo 
pent-2-en-1-one 
(Example 6) 
2-(4-carbethoxy 
butyl)cyclopent 
-2-en-1-one 
2-(3-carbethoxy 
propyl)cyclo 
pent-2-en-1-one 
2-(4-carboxy 
butyl)cyclopent 
-2-en-1-one 
2-(3-carboxy 
propyl)cyclo 
pent-2-en-1-one 
2-(8-carboxy 
octyl)cyclo 
pent-2-en-1- 
One 
2-(8-carbethoxy 
octyl)cyclopent 
-2-en-1-one 
2-(6-carboxy 
octyl)cyclopent 
-2-en-1-one 
2-(6-carbethoxy 
octyl)cyclopent 
-2-en-i-one 
2-(6-carboxy 
5,5-dimethyl 
hexyl)cyclopent 
-2-en-1-one 
2-(6-carbeth 
oxy-5,5-dimeth 
ylhexyl)cyclo 
pent-2-en-1-one 
2-(6-carboxy-5- 
-oxahexyl)cyclo 
pent-2-en-1-one 
2-(6-carbethoxy 
-5-oxahexyl)- 
-cyclopent-2-en 
--one 
2-(6-carboxy-6- 
-fluorohexyl)- 
-cyclopent-2-en 
l-one (Example 1) 
2-(5-carboxy 
pentyl)cyclopent 
-2-en-1-one 
2-(5-carbethoxy 
pentyl)cyclopent 
-2-en-1-one 

Table 1A 

Product 4-Bromocyclo 
pentenones 

4-bromo-2-(6-carbeth 
oxyhexyl)-cyclopent-2- 
en-i-one 
4-bromo-2-(6-carbo 
methoxyhexyl)cyclopent 
-2-en-1-one 

4-bromo-2-(4-carbeth 
oxybutyl)cyclopent-2- 
-en--one 
4-bromo-2-(3-carbeth 
oxypropyl)cyclopent-2- 
-en-l-one 
4-bromo-2-(4-carboxy 
butyl)cyclopent-2-en 
--one 
4-bromo-2-(3-carboxy 
propyl)cyclopent-2-en 
-1-one 
4-bromo-2-(8-carboxy 
octyl)cyclopent-2-en 
al-one 

4-bromo-2-(8-carbeth oxyoctyl)cyclopent-2- 
-en-1-one 
4-bromo-2-(6-carboxy 
octyl)cyclopent-2-en 
--one 
4-bromo-2-(6-carbethoxy 
octyl)cyclopent-2-en 
--one 
4-bromo-2-(6-carboxy 
-5,5-dimethylhexyl)- 
-cyclopent-2-en-1-one 

4-bromo-2-(6-carbeth 
oxy-5,5-dimethylhexyl)- 
-cyclopent-2-en-1-one 

4-bromo-2-(6-carboxy-5- 
-oxahexyl)cyclopent-2- 
-en-1-one 
4-bromo-2-(6-carbethoxy 
-5-oxahexyl)cyclopent 
-2-en-1-one 

4-bromo-2- 6-carboxy-6- 
-fluorohexyl)cyclo 
pent-2-en-1-one 

4-bromo-2-(5-carboxy 
pentyl)cyclopent-2-en 
--one. 
4-bromo-2-(5-carbeth 
oxypentyl)cyclopent-2- 
-en-1-one 
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Ex 
ample 
26 

30 

31 

3 2 

Starting cyclo 
pent-2-en-1-one 
2-(7-carboxy 
heptyl)cyclopent 
-2-en-1-one 
2-(7-carbethoxy 
heptyl)cyclo 
pent-2-en-1-one 
2-(6-carboxy-6- 
-phenylhexyl)- 
cyclopent-2-en 
-1-one (Example 
2) 
2-(6-carbo-n- 
-butoxyhexyl)- 
-cyclpent-2-en 
-1-one (Example 
4) 
2-(6-carbo-isch 
propoxyhexyl)- 
-cyclo ent-2- 
-en-1-one 
(Example 5) 
2-(6-carbo-n- 
-decyloxyhexyl)- 
-cyclopent-2-en 
-1-one (Example 
7) 
2-(6-carboxy 
heptyl)cyclo 
pent-2-en-1-one 
Example 3) 

12 
Table lA-Continued 

Product 4-Bromocyclo 
pentenones 

4-bromo-2-(7-carboxy 
heptyl)cyclopent-2-en 
-1-one 
4-bromo-2-(7-carbethoxy 
heptyl)cyclopent-2-en 
-1-one 
4-bromo-2-(6-carboxy 
-6-phenylhexyl)cyclo 
pent-2-en-1-one 

4-bromo-2-(6-carbo-n- 
butoxyhexyl)cyclopent 
-2-en-1-one 

4-bromo-2-(6-carbo 
-isopropoxyhexyl)- 
-cyclopent-2-en-1-one 

4-bromo-2-(6-carbo-n- 
-decyloxyhexyl)cyclo 
pent-2-en-1-one 

4-bromo-2-(6-carboxy 
heptyl)-cyclopent-2-en 
-l-one 

*Belgium Pat. No. 786,215 (January 15, 1973). 

EXAMPLE 33 

Preparation of 
4-methoxy-2-(6-carboxyhexyl)cyclopent-2-en-1-one 
To a stirred solution of 5.30 g. of crude 4-bromo-2- 

(6-carboxyhexyl)cyclopent-2-en-1-one (Example 8) in 
85 ml. of methanol at 0°-3°C. is added 4.40 g. (22.6 
mmole) of silver fluoborate in one portion. After 2 
minutes, the mixture is treated with 2.66 g. (24.8 
mmones) of 2,6-lutidine. After stirring for 30 minutes 
at 0-3°C. the mixture is stirred at ambient temperature 
for 45 minutes. Silver bromide is removed by filtration, 
and the filtrate is concentrated to a volume of 40 ml. 
The solution is treated with saturated sodium chloride 
solution and extracted with ether. The extract is 
washed successively with 0.5N hydrochloric acid solu 
tion, water, and saturated sodium chloride solution: 
dried over magnesium sulfate; and concentrated. Parti 
tion chromatography of the residue on Celite gives an 
oil, Minar' = 220 mpu (7450): v. - 1715 (car. 
bonyl groups) and 1095 cm (methoxy group). 

EXAMPLES 34-6 

Alcoholysis with the appropriate alcohol of the 4 
bromocyclopentenones listed in Table 2, directly fol. 
lowing, in the manner of Example 33 provides the 4 
alkoxycyclopentenones of the Table. 

Table 2 

Starting bromo Product 4-alkoxycyclo 
Ex- cyclopentenone pent-2-en-1-one 

ample of example 

34 9 4-ethoxy-2-(6-carbeth 
oxyhexyl)-cyclopent 
-2-en-1-one 

35 () 4-methoxy-2-(6-carbo 
methoxyhexyl)cyclo 
pent-2-en-1-one 



Starting bromo 
Ex- cyclopentenone 

of example ample 
36 11 

37 2 

38 13 

39 14 

40 5 

4. 6 

42 17 

43 8 

44 19 

45 2) 

46 2 

47 22 

48 23 

49 24 

50 25 

5 26 

5 2 7 

53 28 

54 32 

56 30 

57 31 

58 8 

60 8 

61 8 

13 
Table 2-Continued. 

pent-2-en-1-one 

3,876,690 

Product 4-alkoxycyclo 

4-propoxy-2-(4-carbeth 
oxybutyl)-cyclopent-2- 
-en-1-one 
4-isopropoxy-2-(3-car 
bethoxypropyl)cyclo 
pent-2-en-1-one 
4-methoxy-2-(4-car 
boxybutyl)cyclopent 
-2-en-1-one 
4-ethoxy-2-(3-carboxy 
propyl)cyclopent-2-en 
-l-one 
4-methoxy-2-(8-car 
boxyoctyl)cyclopent 
-2-en-1-one 
4-isopropoxy-2-(8-car 
bethoxyoctyl)cyclo 
pent-2-en-1-one 
4-methoxy-2-(6-car 
boxyoctyl)cyclopent 
-2-en-1-one 
4-n-butoxy-2-(6-car 
boxyoctyl)cyclopent-2- 
-en-1-one 
4-methoxy-2-(6-carboxy 
-5,5-dimethylhexyl)- 
cyclopent-2-en-1-one 
4-methoxy-2-(6-carbe 
thoxy-5,5-dimethylhex 
yl)cyclopent-2-en-1-one 
4-methoxy-2-(6-carboxy 
-5-oxahexyl)cyclopent 
-2-en-lone 
4-ethoxy-2-(6-carb 
ethoxy-5-oxahexyl)cyclo 
pent-2-en-1-one 
4-methoxy-2-(6-carboxy 
-6-fluorohexyl)cyclo 
pent-2-en-1-one 
4-methoxy-2-(5-carboxy 
pentyl)cyclopent-2-en 
--one 
4-sec-butoxy-2-(5-carb 
ethoxypentyl)cyclopent 
-2-en-l-one 
4-methoxy-2-(7-carboxy 
heptyl)cyclopent-2-en 
--one 
4-methoxy-2-(7-carb 
ethoxyheptyl)cyclopent 
-2-en-1-one 
4-methoxy-2-(6-carboxy 
-6-phenylhexyl)cyclo 
pent-2-en-1-one 
4-methoxy-2-(6-carboxy 
heptyl)-cyclopent-2- 
-en-i-one 4-methoxy-2-(6-carbo 
-n-butoxylhexyl)cyclo 
pent-2-en-1-one 
4-methoxy-2-(6-carbo 
-isopropoxyhexyl)cyclo 
pent-2-en-1-one 
4-methoxy-2-(6-carbo 
-n-decyloxyhexyl)cyclo 
pent-2-en-1-one 
4-ethoxy-2-(6-carboxy 
hexyl)cyclopent-2-en 
-1-one 
4-propoxy-2-(6-carboxy 
hexyl)cyclopent-2-en 
-1-one 
4-isopropoxy-2-(6-car 
boxyhexyl)cyclopent 
-2-en-1-one 
4-n-butoxy-2-(6-car 
boxyhexyl)cyclopent 
-2-en-1-one 
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EXAMPLE 62 
Preparation of 65 4-tert-butoxy-2-(6-carbethoxyhexyl)cyclopent-2-en 

1-one 

A stirred mixture of 6.35 g. (20 mmoles) of 4-bromo 
2-(carbethoxyhexyl)cyclopent-2-en-1-one (Example 

14 
9), 3.01 g. (11 moles) of silver carbonate, and 40 ml. 
of t-butanol is heated at 70°C. for 17 hours. The mix 
ture is cooled and filtered. After evaporation of t 
butanol the residue is treated with aqueous sodium 
chloride and extracted with 3:l ether-hexane. The ex 
tract is washed with saturated sodium chloride solution, 
dried over magnesium sulfate, and concentrated. The 
crude product is purified by chromatography on silica 
gel to give in order of elution: the subject compound as 
an oil; Xmax. MeOH = 219 mu (8860);wmax. = 1735 
(ester carbonyl group), 1725 ketone carbonyl group), 
and 1365 cm (tert-butyl group); and 4-hydroxy-2- 
(6-carbethoxyhexyl)cyclopent-2-en-1-one also as an 
oil 

EXAMPLE 63 

Preparation of 
4-(2-hydroxyethoxy)-2-(6-carboxyhexyl)cyclopent-2- 

en-1-one 

To a stirred solution of 19.1 g of crude 4-bromo-2- 
(6-carboxyhexyl)cyclopent-2-en-one (Example 8) in 
310 ml. of ethylene glycol is added 15.6 g. (80 mmole) 
of silver fluoborate during 2 minutes. The exothermic 
reaction is controlled to give a temperature of 29°C., 
and after 1 minute the mixture is treated during 1 min 
ute with 8.6 g. (80 mmole) of 2,6-lutidine. The mixture 
is stirred at ambient temperature for 2 hours, diluted 
with water, and filtered. The filtrate is diluted with sat 
urated sodium chloride solution and extracted with 
ether. The extract is washed with half-saturated sodium 
chloride solution containing a little hydrochloric acid 
and saturated sodium chloride solution. The extract is 
dried over magnesium sulfate and concentrated. Col 
umn chromatography of the residue on silica gel gives 
an oil, A max. MeOH = 216 m.p. (8350); v max. = 3340 
(hydroxyl groups), 1700 (carbonyl groups), and 1620 
cm (olefin group). 

EXAMPLES 64-85 

By the procedure described in Example 63, treat 
ment with the appropriate diol of the various 4 
bromocyclopentenones listed in Table 3, which fol 
lows, are converted to the corresponding 4-(co 
hydroxyalkyl)cyclopenteneones of the Table. 

TABLE 3 

Starting 4-bromo- Product 4-(c)-hydroxy 
Ex- -cyclopentenone alkoxy)cyclopent-2-en 

ample of Example --one 

64 9 4-3-hydroxyethoxy-2-(6- 
-carbethoxyhexyl)cyclo 
pent-2-en-1-one 

65 1() 4-p3-hydroxyethoxy-2-(6- 
-carbomethoxyhexyl)cy 
clopent-2-en-1-one 

66 4-y-hydroxypropoxy-2- 
-(4-carbethoxybutyl)- 
cyclopent-2-en-1-one 

67 12 4-3-hydroxyethoxy-2-(3- 
-carbethoxypropyl)cy 
clopent-2-en-1-one 

68 3 4-6-hydroxyethoxy-2-(4- 
-carboxybutyl)cyclopent 
-2-en-1-one 

69 4 4-3-hydroxyethoxy-2-(3- 
-carboxypropyl)cyclo 
pent-2-en-1-one 

7() 15 4-6-hydroxyethoxy-2-(8- 
-carboxyoctyl)cyclo 
pent-2-en-1-one 







3,876,690 
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(6-tetrahydropyranylcarboxyhexyl)-cyclopent-2-en 
l-one with dihydropyran and p-toluenesulfonic acid 
monohydrate in methylene chloride. 

EXAMPLE 127 
Preparation of 3-triphenylmethoxy-1-octyne 

A mixture of 1.26 g. ( 10.0 mmoles) of 1-octyn-3-ol, 
4.85g. (15.0 mmoles) of triphenylmethyl bromide, and 
50 ml. of dry pyridine is heated at 95°C. for 60 minutes 
with occasional swirling. The solution is cooled, treated 
with water, and extracted with ether. The extract is 
washed successively with water and saturated sodium 
chloride, dried over magnesium sulfate, and concen 
trated. The crude product is purified by chromatogra 
phy on Florisil and recrystallization from petroleum 
ether to give white crystals, m.p. 65-66°C. X max. 
(KBr) 3280 (acetylenic hydrogen), 1605, 1030, and 
702 cm (triphenylmethoxy group). 

EXAMPLE 128 

Preparation of 
l-iodo-3-triphenylmethoxy-trans-1-octene 

To a mixture of 0.650 g. (16.91 mmole) of sodium 
borohydride and 3.17 g. (45.2 mmoles) of 2-methyl-2- 
butene in 40 ml. of diglyme cooled to -5°C. under an 
inert atmosphere is added over 15 minutes 3.24 g. 
(22.6 mmoles) of boron trifluoride etherate and the re 
sulting mixture is stirred at 0°C. for 2 hours. To this 
mixture is then added over 5 minutes 8.32 g (22.6 
mmoles) of 3-triphenylmethoxy-1-octyne (Example 
127) in 10 ml. diglyme, the cooling bath is removed, 
and the mixture is stirred at ambient temperature for 
1.5 hours. The mixture is cooled to 0°C. and 6.0 g of 
finely divided anhydrous trimethylamine oxide is added 
over 10 minutes. The cooling bath is removed and the 
mixture is stirred at ambient temperatures for 0.5 hour. 
The mixture is then poured into 200 ml. of 15% sodium 
hydrooxide solution, a solution of 16 g. (63 mmoles) of 
iodine in 20 ml. of tetrahydrofuran is added immedi 
ately, and the resulting mixture is stirred for 0.5 hour. 
The organic phase is separated and the aqueous phase 
is washed with ether. The combined organic phase and 
washings are decolorized with 5% sodium thiosulfate 
solution, washed with saturated brine, dried (Na2SO4), 
and evaporated. The residue is dry-columned chro 
matographed upon alumina using hexane is eluent and 
the title compound is isolated as an oil. 

EXAMPLES 129-138 

In accordance with the method described in Example 
127, the various 3-hydroxy-1-alkylenes listed in Table 
6 below are converted to the corresponding 
3-triphenylmethoxy-1-alkynes by treatment with tri 
phenylmethyl bromide. 

Table 6 

Ex- Starting 3-hy- Product 3-triphenyl 
ample droxy-1-alkyne methoxy-1-alkyne 

29 l-heptyn-3-ol 3-triphenylmethoxyhep 
tyne-1 

30 1-hexyn-3-ol 3-triphenylmethoxy 
hexyne-l 

13 l-pentyn-3-ol 3-triphenylmethoxy 
pentyne-l 

32 1-nonyne-3-ol" 3-triphenylmethoxy 
nonyne-1 

133 1-decyne-3-ol' 3-triphenylmethoxy 
decyne-1 
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Table 6-Continued 

Ex- Starting 3-hy- Product 3-triphenyl 
ample droxy-l-alkyne methoxy-l-alkyne 
134 4-ethyl-l- 3-triphenylmethoxy-4- 

octyne-3-ol ethyl-octyne-l 
135 4-methyl-1- 3-triphenylmethoxy-4- 

heptyne-3-ol methylheptyne-1 
136 7-methyl-6-en- 3-triphenylmethoxy-7- 

octyne-3-ol methyl-6-en-octyne-l 
37 5,9-dimethyl-9- 3-triphenylmethoxy-5,9- 

e l-decyne-3- dimethyl-9-en-decyne-l 
ol 

138 cis-5-en-1- 3-triphenylmethoxy 
octyne-3-ol cis-5-en-octyne-l 

References: 
M. Bertrand, Bull. Soc. Chim. France, 46 (1956). 
F. Bohlmann and D. Ratz, Chem. Ber. 90,2265 (1957). 

* U.S. Pat. 3,452,105 (June 24, 1969); Chem. Abs., 7,60678 (1969). 
Sequin, Bull. Soc. Chim. France, 12,948 (1945). 

"J. Fried ct al., Jour. Amer. Chem. Soc., 94,4342 (1972). 

EXAMPLE 1 38A 

Preparation of 3-methoxy-1-octyne 
To an ice-cooled solution of 63g of 1-octyn-3-ol in 

300 ml. of dimethoxyethane is added under an inert at 
mosphere 312 ml. of 1.6 M n-butyllithium in hexane 
dropwise over 1 hour. To the mixture is then added 145 
g. of methyl iodide and the resulting mixture is stirred 
at ambient temperatures for 24 hours and then heated 
to 60°C. for 1 hour. The mixture is cooled and poured 
into cold dilute hydrochloric acid. The organic phase 
is separated, washed with water and saturated brine, 
dried (Na2SO4), and evaporated to an oil, dried (Na 
SO4), and evaporated to an oil. Fractional distillation 
of the oil in vacuo yields the product as a colorless oil. 

EXAMPLES 139-148 

Treatment of the l-alkynes listed in Table 7 below 
with disiamylborane (prepared in situ from 2-methyl-2- 
butene, sodium borohydride and boron trifluoride), tri 
methylamine oxide, iodine and aqueous sodium hy 
droxide by the procedure described in Example 128 
furnishes the product 3-triphenylmethoxy-1-iodo 
trans-l-alkenes of the Table. 

Table 7 

Ex- Starting 1-alkyne Product l-iodo-trans 
ample of Example 1-alkene 

139 29 1-iodo-3-triphenylmeth 
oxy-trans-heptene 

40 130 l-iodo-3-triphenylmeth 
oxy-trans-l-hexene 

14 3. i-iodo-3-triphenylmeth 
oxy-trans-l-pentene 

142 132 1-iodo-3-triphenylmeth 
oxy-trans-1-nonene 

43 133 i-iodo-3-triphenylmeth 
oxy-trans-l-decene 

44 34 1-iodo-3-triphenylmeth 
oxy-4-ethyl-trans-l- 
Octene 

145 135 1-iodo-3-triphenylmeth 
oxy-4-methyl-trans-i- 
heptene 

146 36 1-iodo-3-triphenylmeth 
oxy-7-methyl-trans 
1,6-octadiene 

147 137 1-iodo-3-triphenylmeth 
oxy-5,9-dimethyl-trans 
9-decadiene 

148 138 i-iodo-3-triphenylmeth 
oxy-trans-l,cis-5-octa 
diene 

148A 138A l-iodo-3-methoxy-trans 
1-octene 



2. 

EXAMPLE 49 

Preparation of 4,4-dimethyl-1-octyn-3-ol 

3,876,690 
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EXAMPLE 153 

Preparation of 5,5-dimethyl-1-octyn-3-ol 
Treatment of 20.2 g (0.220 mole) of lithium acety 

To a solution of 20.2 g (0.220 mole) of lithium ace- lide-ethylenediame complex in 100 ml. of dimethylsulf 
tylide-ethylenediamine complex in 100 ml. of dry di 
methylsulfoxide is added 25.6 g. (0.200 mole) of 
2,2-dimethyl-1-hexanal, prepared according to the pro 
cedure of G. Stork and S. R. Dowd, J. Anner. Cheni. 
Soc., 85, 2178 (1963), in 25 ml. of dimethylsulfoxide 
at a rate to maintain a temperature of 25°C. (cooling). 
The mixture is then maintained at 25°C for 2 hours and 
is poured onto ice and excess hydrochloric acid. The 
mixture is extracted with ether and the organic phase 
is washed with water and saturated brine, dried (Na2 
SO), and evaporated to an oil. Distillation in vacuo 
yields the product as a colorless oil. 

EXAMPLE 150 

Preparation of 
4,4-dimethyl-3-tetrahydropyranyloxy-1-octyne 

To a solution of 23.1 g (0.150 mole) of 
4,4-dimethyl-1-octyn-3-ol (Example 149) in 126 g. of 
freshly distilled dihydropyran is added 1 drop of phos 
phorous oxychloride and the solution is maintained at 
ambient temperature in a tightly stoppered flask for 20 
hours. Five drops of triethylamine are then added and 
the mixture is evaporated in vacuo to an oil. The oil is 
chromatographed on 600 g. of silica gel and the prod 
uct is eluted with 5% ethyl acetate in benzene yielding 
a colorless oil. 

EXAMPLE 1.51 

Preparation of 4,4-dimethyl-1-iodo-trans-1-octen-3-ol 
To 233 ml. of a 0.43N solution of disiamylborane in 

diglyme cooled to 0°C. under an inert atmosphere is 
added 23.8 g. (0.100 mole) 4,4-dimethyl-3-tetrahy 
dropyranyloxy-1-octyne (Example 150). The mixture 
is allowed to come to room temperature and is stirred 
at ambient temperature for 3 hours. The solution is 
cooled to 0°C. and 22.5 g. (0.30 mole) of triethylamine 
oxide is added portionwise such that the temperature 
is maintained at 0°-5°C. The mixture is stirred at 0°C. 
for 1 hour and is then poured into 150 ml. of 1 N so 
dium hydroxide followed immediately by a solution of 
25.4 g (0.100 mole) of iodine in 60 ml. of tetrahydro 
furan. The mixture is stirred at ambient temperatures 
for 0.5 hour and poured into 500 mi. of water. The mix 
ture is decolorized by addition of sodium thiosulfate 
and is extracted into ether. The organic phase is 
washed with water and the solvent is removed in vacuo. 
The residue is stirred at room temperature for 20 hours 
with 900 ml. 3:1:1 tetrahydrofuran-acetic acid-water. 
The solution is evaporated in vacuo and the residue is 
chromatographed on silica gel in benzene using 
10-20% ethylacetate in benzene. 

EXAMPLE 152 

Preparation of 
4,4-dimethyl-1-iodo-3-triphenylmethoxy-trans-l- 

Octene 

Treatment of 11.2 g (0.396 mole) of 4,4-dimethyl-l- 
iodo-trans-1-octen-3-ol (Example 151) with 12.8 g. of 
triphenylmethyl bromide in 50 ml. of pyridine and puri 
fication on Florisil, all as described in Example 127 
gives the title compound. 
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oxide with 25.6 g. (0.200 mole) of 3,3-dimethylhexanol 
prepared according to the procedure of A. W. Burg 

stahler, J. Anner. Chen. Soc., 82,4681 (1960) and dis 
tillation of the product, all as described in Example 149 
yields the title compound. 

EXAMPLE 154 

Preparation of 
5,5-dimethyl-3-tetrahydropyranyloxy-1-octyne 

Treatment of 23.1 g (0.150 mole) of 5,5-dimethyl-1- 
octyne-3-ol (Example 153) with 126 g. of dihydropy 
ran and 1 drop of phosphorus oxychloride as described 
in Example 150 gives the title compound. 

EXAMPLE 55 

Preparation of 5,5-dimethyl-1-iodo-trans-1-octen-3-ol 
Treatment of 23.8 g. (0.100 mole) of 5,5-dimethyl-3- 

tetrahydropyranyloxy-1-octyne (Example 154) succes 
sively with 233 mg. of 0.43 M disiamylborane in di 
glyme, 22.5 g. of trimethylamine oxide, 150 ml. of 1 N 
sodium hydroxide, 25.4 g of iodine, and 900 ml. of 
3:1:1 tetrahydrofuran-acetic acid-water as described in 
Example 151 gives the title compound. 

EXAMPLE 1.56 

Preparation of 
5,5-dimethyl-1-iodo-3-triphenylmethoxy-trans-l- 

OCtene 

Treatment of 6.0 g. of 5.5-dimethyl-l-iodo-trans-l- 
octen-3-ol (Example 155) with 6.9 g, of triphenyl 
methyl bromide in 30 ml. of pryridine and purification 
on Florisil all as described in Example 127 gives the 
title compound. 

EXAMPLE 1.57 

Preparation of 1,1-dimethoxy-cis-3,4-methanohexane 
(cis-1-ethyl-2-(2,2-dimethoxyethyl)-cyclopropane) 
To an ethereal suspension of zinc-silver couple, pre 

pared according to the procedure of J. M. Danis, C. Gi 
rand, and J. M. Conia, Synthesis, 1972, 549, from 
0.400 g. of silver acetate, 400 ml. of acetic acid, 68 g. 
of granular zinc, silver wool, and 600 ml. of ether, is 
added dropwise 136 g. of diiodomethane at a rate to 
maintain a gentle reflux. The mixture is then stirred at 
room temperature for 1 hour and and to it is then 
added 57.7 g of 1,1-dimethoxy-cis-3-hexene (M. Win 
ter, Helvetica Chinica Acta, 46, 1792 (1963)) over a 
period of 20 minutes and the mixture is refluxed for 5 
hours. The mixture is cooled to 0°C., 600 ml, of ether 
is added followed by 50.5 g. of pyridine dropwise over 
a period of 1 hour. The resulting precipitate is filtered 
and washed with ether. The filtrate and washings are 
combined and evaporated and the residue is fraction 
ally distilled at 12 torr. to yield the title compound as 
a colorless oil. 

EXAMPLE 158 

Preparation of cis-3,4-methano-l-hexanol 
To a vigorously stirred solution of 31.6 g. of 1,1- 

dimethoxy-cis-3,4-methano-hexane (Example 157), 75 
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mg. of hydroquinone, 6 g. of oxalic acid in 150 ml. of 
acetone heated at 45°C. under an inert atmosphere is 
added 700 ml, of water over a period of 0.5 hour. The 
mixture is cooled and extracted well with ether. The or 
ganic phase is separated, washed with saturated sodium 5 
bocarbonate solution and saturated brine, dried (Na2 
SO) and evaporated. The residue is distilled at 30 torr. 
to yield the title compound. 

EXAMPLE 1.59 

Preparation of cis-5,6-methano-1-octyn-3-ol 
O 

To a solution of 15.2 g (0.165 mole) of lithium ace 
tylide-ethylenediamine complex in 100 ml. of dry di 
methylsulfoxide is added 16.8 g. (0.150 mole) of 15 
cis-3,4-methano-1-hexanol (Example 158) in 25 ml. of 
dimethylsulfoxide at a rate to maintain a temperature 
of 25°C. (cooling). The mixture is then maintained at 
25°C. for 2 hours and is poured onto ice and excess hy 
drochloric acid. The mixture is extracted with ether 
and the organic phase is washed with water and satu 
rated brine, dried (Na2SO4), and evaporated to an oil. 
Distillation in vacuo yields the title compound as a col 
orless oil. 

20 

25 
EXAMPLE 160 

Preparation of 
3-triphenylmethoxy-cis-5,6-methano-1-octyne 

A mixture of 13.8 g. of cis-5,6-methano-li-octyn-3-ol 
(Example 159) and 33.0 g. of triphenylmethyl bromide 
in 100 ml, of pyridine is heated to 100°C. for 1.5 hours 
under an inert atmosphere. The mixture is cooled and 
filtered. The filtrate is partioned between ice water and 
ether. The organic phase is washed with cold dilute hy 
drochloric acid, saturated sodium bicarbonate solution, 
and saturated brine, dried (NaSO4), and evaporated to 
an oil. The latter is dissolved in hexane and passed to 
an oil. The latter is dissolved in hexane and passed 
through 400g. of Florisil to yield after evaporation the 
title compound as a colorless oil. 

EXAMPLE 61 

Preparation of 
1-iodo-3-triphenylmethoxy-cis-5,6-methano-trans-l- 

Octene 

30 

35 

45 

To l80 ml. of a 0.50M solution of disiamylborane in 
diglyme cooled to 0°C. under an inert atmosphere is 
added 28.6 g. (0.075 mole) 3-triphenylmethoxy-cis 
5,6-methano-1-octyne (Example 160). The mixture is 
allowed to come to room temperature and is stirred at 
ambient temperature for 3 hours. The solution is 
cooled to 0°C, and 16.9 g. (0.225 mole) of triethylam 
ine oxide is added portionwise such that the tempera 
ture is maintained at 0-5C. The mixture is stirred at 
0°C. for 1 hour and is then poured into 300 ml. of 1 N 
sodium hydroxide followed immediately be a solution 
of 57 g (0.225 mole) of iodine in 150 ml. of tetrahy 
drofuran. The mixture is stirred at ambient tempera 
tures for 0.5 hour and poured into 1000 ml. of water. 
The mixture is decolorized by addition of sodium thio 
sulfate solution and is extracted into ether. The organic 
phase is washed with water and the solvent is removed 
in vacuo. The residue is purified by dry-column chro 
matography upon 1.5 kg. of alumina using hexane as 
eluent. The title compound is obtained as an oil. 

50 

55 
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EXAMPLES 162-168 

Treatment of the carboxaldehydes listed in Table 8 
below with lithium acetylide by the procedure de 
scribed in Example 159 followed by treatment of the 
resulting 3-hydroxy-1-alkyne with triphenylmethyl bro 
mide by the procedure of Example 160 furnishes the 
product 3-triphenylmethoxy-1-alkynes of the table. 

TABLE 8 

Ex- Starting Product 3-triphenylmeth 
ample carboxaldehyde oxy-i-alkyne 

62 (2-cyclohexenyl)- 4-(2-cyclohexenyl)-3- 
acetaldehyde triphenylmethoxy-i- 

butyne 
63 (3-cyclohexenyl)- 4-(3-cyclohexenyl)-3- 

acetaldehyde' triphenylmethoxy-1- 
butyne 

64 adamantane-1-car- 3-(1-adamantyl)-3-tri 
boxaldehyde phenylmethoxy-1-propyne 

1.65 2-cyclohexene-car- 3-(2-cyclohexenyl)-3- 
boxaldehyde triphenylmethoxy-i- 

propyne 
166 3-cyclohexene- 3-(3-cyclohexenyl)-3- 

carboxaldehyde triphenylmethoxy-1- 
propyne 

67 adamantane-2-car- 3-(2-adamantyl)-3-tri 
boxaldehyde phenylmethoxy-1-propyne 

168 (adamantyl-l)ace- 4-(1-adamantyl)--butyne 
taldehyde 

C. W. Whitehead ct al., J. Org. Chem., 26, 284 (1961) 
A. H. Alberto, H. Wynberg and J. Strating. Synthetic Communications, 2, 
(1972) 

79 

EXAMPLES 169-175 

Treatment of the 3-triphenylmethoxy-1-alkynes 
listed in Table 9 below with disiamylborane, trimethyl 
amine oxide; iodine and aqueous sodium hydroxide by 
the procedure described in Example 161 furnishes the 
product 3-triphenylmethoxy--iodo-1-trans-alkenes of 
the table. 

Table 9 
40 

Starting 3-tri- . 
phenylmethoxy 

1-alkynes 
of Example 

Product 3 
triphenylmethoxy 
l-iodo-1-trans-alkene 

Ex 
ample 

169 162 4-(2-cyclohexenyl)-3- 
triphenylmethoxy-1- 
iodo-1-trans-buteme 

170 163 4-(3-cyclohexenyl)-3- 
triphenylmethoxy-l- 
iodo-i-trans-butene 
3-(1-adamantyl)-3- 
triphenylmethoxy-1- 
iodo-1-trans-propene 
3-(2-cyclohexenyl)-3- 
triphenylmethoxy-1- 
iodo-1-trans-propene 
3-(3-cyclohexenyl)-3- 
triphenylmethoxy-1- 
iodo-1-trans-propene 
3-(2-adamantyl)-3- 
triphenylmethoxy-1- 
iodo-1-trans-propene 
4-(l-adamantyl)-3- 
triphenylmethoxy-i- 
iodo-l-trans-butene 

64 

165 

173 166 

74 167 

175 168 

EXAMPLE 176 

Preparation of cyclopentylacetyl chloride 
To a solution of 50 g. of cyclopentaneacetic acid con 

taining 2.9 ml. of N,N-dimethylformamide is added 
dropwise, with stirring, 51 g. of thionyl chloride over a 
period of 15 minutes. After stirring for an additional 60 
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minutes excess thionyl chloride is removed in vacuo 
and the residual oil as distilled to give 55.4 g. (94%) of 
product, b. p. 57-58°C. (10 mm.) 

EXAMPLE 177 
Preparation of 

1-chloro-4-cyclopentyl-l-trans-buten-3-one 
A three-necked flask filtered with a stirrer, a gas inlet 

tube and a gas outlet tube protected with a calcium 
chloride tube is surrounded by an ice-water bath. The 
system is flushed with acetylene for 3 minutes. Carbon 
tetrachloride (150 ml.) is added to the flask and acety 
lene is bubbled through at a fast rate for 3 minutes. Al 
uminium chloride (59 g.) is added and acetylene is 
bubbled through the mixture for 5 minutes. The gas 
inlet tube is replaced by a dropping funnel protected by 
a calcium chloride drying tube. Cyclopentaneacetyl 
chloride (55.4g., Example 176) is added to the reac 
tion mixture with stirring over a period of about 20 
minutes. The dropping funnel is replaced by the gas 
inlet tube and with stirring, acetylene gas is bubbled 
through at a rate in excess of the saturation rate. After 
about 15 minutes the rate of absorption of acetylene 
suddenly becomes very rapid, and the acetylene is 
passed through as rapidly as it is absorbed. The intro 
duction of acetylene is continued for 45 minutes after 
rapid absorption (which lasts about 1 hour) has sub 
sided. 
The reaction mixture is poured with stirring onto 430 

g. of ice - 180 ml. of saturated sodium chloride solu 
tion. The aqueous phase is extracted three times more 
with ether. The combined extracts are dried with anhy 
drous magnesium sulfate and evaporated to dryness in 
vacuo. After addition of 1.5 g. of hydroquinone the re 
sidual oil is distilled to give 57 g. (89%) of oil, b.p. 
67-69°C. (0.14 mm.). 

EXAMPLE 1.78 

Preparation of 
4-cyclopentyl-l-iodo-1-trans-buten-3-one 

A solution of 57.g. of 1-chloro-4-cyclopentyl-l-trans 
butene-3-one (Example 177) in 36 0 ml. of acetone 
containing 55 g. of sodium iodide is stirred at the reflux 
temperature for 18 hours. The resulting mixture is 
cooled, filtered and the mother liquor is taken to dry 
ness. The residual oil is dissolved in ether washed suc 
cessively with water, dilute sodium thiodulfate solution, 
and saturated sodium chloride solution, dried with an 
hydrous magnesium sulfate and taken to dryness to give 
87 g. (99%) of orange oil. Vapor phase chromatogra 
phy shows one peak. 

EXAMPLE 1.79 

Preparation of 4-cyclopentyl-l-iodo-l-trans-buten-3-ol 
To a solution of 7.1 g. of sodium borohydride in 60 

ml. of absolute alcohol, stirred in an ice bath under ni 
trogen atmosphere, is added dropwise, over a period of 
about 2 hours, a solution containing 87 g. of 4 
cyclopentyl-l-iodo-trans-buten-3-one (Example l78) 
in 160 ml. of absolute alcohol. The temperature is 

, maintained at 5-10°C. The solution is poured into 850 
ml. of iced water and the resulting mixture is extracted 
3 times with ether. The combined extracts are washed 
with dilute sodium bisulfite solution, saturated sodium 
chloride solution, dried with anhydrous magnesium sul 
fate and taken to dryness to give 81 g. of yellow oil. 
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Column chromatography on a column of 1 kg. of silica 
gel using benzene as eluent gives 75 g. (88%) of oily 
product. 

Examples 180-199 
Treatment of the listed carboxylic acids on Table 10 

below with thionyl chloride by the procedure described 
in Example 176 followed by treatment of the resulting 
acid chloride with acetylene by the procedure de 
scribed in Example 177, and thence by treatment of the 
resulting 1-chloro-1-trans-alkene-3-one with sodium 
iodide by the procedure described in Example 178, and 
then by treatment of the resulting l-iodo-l-trans 
alkene-3-one with sodium borohydride by the proce 
dure described in Example 179 is productive of the 
product 3-hydroxy-l-iodo-1-trans-alkenes of the table. 

Table 10 

Ex- Starting carbox 
ample ylic acid 

180 cyclobutylacetic 
acid 

18 3-cyclopentyl 
propionic acid 

182 4-cyclopentyl 
butyric acid 

183 5-cyclopentyl 
pentanoic acid 

184 6-cyclopentyl 
hexanoic acid 

85 2-methyl-3-cyclo 
pentylpropanoic 
acid 

86 2-ethyl-4-cyclo 
pentylbutyric 
acid 

187 (2-trans-methyl 
cyclopentyl)- 
acetic acid 

188 cyclohexylacetic 
acid 

189 3-cyclohexylpro 
pionic acid 

190) 4-cyclohexyl 
butyric acid 

19 cycloheptylace 
tic acid 

192 cyclooctylacetic 
acid: 

193 (4-methylcyclo 
hexyl)acetic 
acid 

94 (3-methylcyclo 
hexyl)acetic 
acid 

95 trans-2-methyl 
cyclopentane 
carboxylic acid' 

196 cyclohexane car 
boxylic acid 

197 trans-4-methylcy 
clohexane carbox 
ylic acid' 

198 cyclooctane car 
boxylic acid' 

199 cycloheptane car 
boxylic acid 

References 

Product 3-hydroxy-1- 
iodo-l-trans-alkene 

4-cyclobutyl-3-hydroxy 
l-iodo-l-trans-butene 
5-cyclopentyl-3-hy 
droxy-l-iodo-l-trans 
pentene 
6-cyclopentyl-3-hy 
droxy-l-iodo-1-trans 
hexene 
7-cyclopentyl-3-hy 
droxy--iodo-1-trans 
heptene 
8-cyclopentyl-3-hy 
droxy--iodo-1-trans 
Octen 
5-cyclopentyl-4-methyl 
3-hydroxy--iodo-l- 
trans-pentene 
6-cyclopentyl-4-ethyl 
3-hydroxy-1-iodo-1- 
trans-hexene 
4-(2-trans-methylcyclo 
pentyl)-3-hydroxy-1- 
iodo-l-trans-butene 
4-cyclohexyl-3-hydroxy 
-iodo-l-trans-hutene 

5-cyclohexyl-3-hydroxy 
l-iodo-l-trans-pentene 
6-cyclohexyl-3-hydroxy 
l-iodo-l-trans-hexene 
4-cycloheptyl-3-hydroxy 
l-iodo-l-trans-butene 
4-cyclooctyl-3-hydroxy 
l-iodo-1-trans-butene 
4-(4-methylcyclohexyl)- 
3-hydroxy-1-iodo-1- 
trans-butene 
4-(3-methylcyclohexyl)- 
3-hydroxy-1-iodo-1- 
trans-butene 
3-(trans-2-methylcyclo 
pentyl)-3-hydroxy-1- 
iodo-l-trans-propene 
3-cyclohexyl-3-hydroxy 
l-iodo-l-trans-propene 
3-(trans-4-methylcyclo 
hexyl)-3-hydroxy-1- 
iodo-1-trans-propene 
3-cyclooctyl-3-hydroxy 
i-iodo-l-trans-propene 
3-cycloheptyl-3-hydroxy 
1-iodo-i-trans-propene 

C. G. Overberger et al., J. Polymer Sci., P&A; 2, 755 (1964). 
M. I. Goryeav et al., Chem. Abs., 69, 1742, No. 186462 (1968). 
C. D. Nenitzescu and G. C. Vantu, Bull. Soc. Chim. France 5, 2, 2209 (1935). 

G. R. Yoke and R. Adams, J. Amer. Chem. Soc., 50, 1503 (1928). 
W. Herz, J. Org. Chem., 20, 1062 (1955). 
G. S. Hien and R. Adams, J. Amer. Chem. Soc., 48,2385 (1926). 
E. E. Royals and A. N. Neal, J. Org. Chem. 21. 1448 (1956). 

* F. F. Blicke and W. K. Johnson, J. Am. Pharm. Assoc, Sci. Ed., 45, 443 (1956). 

L. Ruzicka and H. A. Boekenogen, Helv. Chim. Acta, 14, 1319 (1931). 
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Table 10-Continued 
"A. N. Burgstahler and I. C. Nordin. J. Amer. Chim. Soc., 83, 198 (1961). 

J. won Braun and W. Teuffert, Ber, 5.8B, 22() (1925). 
M. Julia and F. LeGaffie, Bull. St. Chim, Fr. 155() (1965), 
V. N. patieff et al., J. Amer. Chem. Soc., 75, 6.222 ( 1953). 
A. T. Blomquist and F. W. Schlaefer. J. Amer. Chem. Soc., 83, 4547 ( 1961). 

EXAMPLE 200 

Preparation of 
4-cyclopentyl-l-iodo-3-triphenylmethoxy-1-trans 

butene 

A mixture of 21.4 g of 4-cyclopentyl-l-iodo-1-trans 
buten-3-ol (Example 179) in 170 ml. of dry pyridine 
containing 31 g of triphenylmethyl bromide is heated 
on the steam-bath for 2 hours. The dark mixture is 
poured into 850 ml. of iced water and the resulting so 
lution is extracted three times with ether. The com 
bined extracts are washed with ice cold 2% hydrochlo 
ric acid until the washings are acidic, saturated sodium 
chloride solution, dried with anhydrous magnesium sul 
fate and taken to dryness. Trituration of the residue fol 
lowed by filtration removes triphenylcarbinol. The 
mother liquor is taken to dryness and the residual syrup 
is chromatographed on 400 g. of florisil using hexane 
gives 32 g. (78%) of syrup which solidifies on standing. 
Recrystallization from hexane affords white crystals, 
m.p. 87-88°C. 

EXAMPLE 2.01 

Preparation of 
4-cyclopentyl-1-iodo-3-(p- 

methoxyphenyldiphenyl)methoxy-1-trans-butene 
A solution of 20 g. of 4-cyclopentyl-l-iodo-1-trans 

buten-3-ol (Example 179) and 25 g. of p 
anisylchlorodiphenylmethane in 170 ml. of dry pyri 
dine is kept at 60°C. for 18 hours, then at 70°C. for 3 
hours. The cooled solution is poured into 850 ml. of 
iced water. The resulting solution is partitioned be 
tween ether and water. The ether layer is washed with 
water, dried with anhydrous magnesium sulfate and 
taken to dryness. Further evaporation with toluene gets 
rid of residual pyridine. The resulting oil is chromato 
graphed on 300 g. of florisil with hexanes to give 22.3 
g. of product. The material is homogeneous according 
to thin layer chromatography. 

EXAMPLES 202 - 22 

Treatment of the listed 3-hydroxy-l-iodo-trans-l- 
alkenes of Table l l below with triphenylmethylbro 
mide by the procedure described in Example 200 
above is productive of the product 3-triphenylmethoxy 
1-iodo-trans-l-alkenes of the table. 

Table 1 

Starting 
i-iodo-l Product 3-triphenyl 

Ex- trans-alkene methoxy-i-iodo 
ample of Example -trans-l-alkene 

202 18O 4-cyclobutyl-3-tri 
phenylmethoxy-1-iodo 
1-trans-buttene 

203 81 5-cyclopentyl-3-tri 
phenylmethoxy-1-iodo 
-l-trans-pentene 

204 182 6-cyclopentyl-3-tri 
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Table ll-Continued 

Starting 
1-iodo-1 

trans-alkene 
of Example 

Product 3-triphenyl 
methoxy-1-iodo 
-trans-l-alkene 

Ex 
ample 

phenylmethoxy-1-iodo 
--trans-hexene 
7-cyclopentyl-3-tri 
phenylmethoxy-1-iodo 
--trans-heptene 
8-cyclopentyl-3-tri 
phenylmethoxy-1-iodo 
--trans-octene 
5-cyclopenyl-4-methyl 
-3-triphenylmethoxy-1- 
-iodo-1-trans-pentene 
6-cyclopentyl-4-ethyl 
-3-triphenylmethoxy-1- 
-iodo-l-trans-hexene 
4-(2-trans-methylcyclo 
pentyl)-3-triphenyl 
methoxy-l-iodo-l-trans 
-butene 
4-cyclohexyl-3-tri 
phenylmethoxy-1-iodo 
--trans-butene 
5-cyclohexyl-3-tri 
phenylmethoxy-l-iodo-l- 
-trans-pentene 
6-cyclohexyl-3-tri 
phenylmethoxy-1-iodo-l- 
-trans-hexene 
4-cycloheptyl-3-tri 
phenylmethoxy-1-iodo-i- 
-trans-butene 
4-cyclooctyl-3-tri 
phenylmethoxy-1-iodo-1- 
-trans-butene 
4-(4-methylcyclohexyl)- 
-3-triphenylmethoxy-1- 
-iodo-l-trans-butene 
4-(3-methylcyclohexyl)- 
-3-triphenylmethoxy-- 
-iodo-l-trans-butene 
3-(trans-2-methylcyclo 
pentyl)-3-triphenyl 
methoxy--iodo-trans 
-propene 
3-cyclohexyl-3-tri 
phenylmethoxy-1-iodo-i- 
-trans-propene 
3-(trans-4-methylcyclo 
hexyl)-3-triphenyl 
-methoxy--iodo-1-trans 
-propene 
3-cyclooctyl-3-tri 
phenylmethoxy-1-iodo-1- 
-trans-propene 
3-cycloheptyl-3-tri 
phenylmethoxy--iodo 
-1-trans-propene 

205 83 

184 

185 

186 

187 

188 

89 

190 

19 

192 

193 

194 

95 

96 

197 

198 

199 

EXAMPLE 222 

Preparation of 1-chloro-trans-1-octen-3-one 
To a slurry of 233.5 g. ( 1.75 moles) of aluminum 

chloride in 390 ml. of carbon tetrachloride, saturated 
with acetylene and cooled in an ice bath, is added over 
20 minutes 201.9 g (1.50 moles) of hexanoyl chloride. 
After the addition is complete, acetylene is bubbled 
into the mixture as rapidly as it is absorbed and for 1 
hour after absorption becomes slow. The mixture is 
poured onto 1700 g. of ice and 720 ml. of saturated 
brine. The organic phase is separated and the aqueous 
phase is washed with ether. The combined organic 
phase and washings are washed with saturated brine, 
dried (Na2SO4) and evaporated. The residual oil is 
combined with 10 g. of hydroquinone and distilled to 
yield a colorless oil, b.p. 51-52°C. (0.10 torr.). 
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EXAMPLE 224 
Preparation of l-iodo-trans-1-octen-3-one 

A mixture of 54.5 g. (0.364 mole) of sodium iodide 
and 40 g. (0.249 mole) of 1-chloro-trans-1-octen-3-one 

3. 
EXAMPLE 227 

Preparation of 
9-oxo-1 loy-methoxy-15-hydroxy-13-trans-prostenoic 

acid 
(Example 222) in 360 ml. of acetone is stirred and re- 5 
fluxed for 24 hours. The reaction mixture is cooled, fil- To a solution of 6.030 g. (0.01215 mole) of iodo-3- 
tered and concentrated. The residue is partitioned be- tipsytetes Earl R 8 
tween water and ether. The organic phase is washed m of toluene cooled to funder an Inert atmo 
with dilute sodium Earl. SiO, brine, died sphere is added 5.2 ml of 2.34M solution of n 
(MgSO4) and evaporated to an oil. This material is used 10 butyllithium in hexane, The resulting solution is al 
directly without purification. lowed to warm to -40°C, and is maintained at this tem 

perature for 1 hour. To the solution containing 3 
triphenylmethoxy-trans-1-octenyllithium is then added 

EXAMPLE 2.25 5.0 ml. of a 2.44 M (0.0122 mole) solution of trimeth 
Preparation of l-iodo-trans--octen-3-ol 15 ylaluminum in heptane and the mixture is allowed to 

A solution of 78.2 g (0.310 mol 1-iodo-trans-l- W3 to -10°C. The mixture containing lithium trimet 
of N. ( Exit SE E" St. eth- Ephesyigency. sylla tg 
anol is added dropwise over 2 hours to a slurry of 6.49 COOC O. , a.C. O. 1 1Sale a SOLO O. 3, 

g(0,172 moles) of sodium borohydride in 50 mlfab- 20 S.E.E.E.E." solute ethanol cooled in an ice bath. After the addition "E"EPE y Faithvi is complete, the mixture is stirred for 2 hours with ice R Ep e 1 an ml. of diethy 
cooling and is then poured into 1 . of water. The mix- eter. mixture al ow War to OOn type, 
ture is extracted into benzene and the organic phase is E. an is stirred th al G E. i d 
washed with saturated brine, dried (Na2SO4) and evap- ours. The mixture is then poure onto Ce and dilute a 25 hydrochloric acid and is extracted into ether. The or orated. The resulting oil is dissolved into 400 ml. of ab- hed with wat d saturated bri 
solute ethanol and treated with 5 mole percent of ganic phase is washed with water and saturated brine, 
p-carboxyphenylhydrazine at 70°C. for 1.5 hours to re- dri (NS: ad capitate, yield at E. 
move residual ketone. The mixture is cooled and evap- ine resultin oxo-to-methoxy-- 
orated and the residue is dissolved into 400 ml. of ether 30 Ephenylethyl- "Foster acid 1S dis - -- o glacial acetic acid:tetrahy 
and is filtered. The filtrate is washed with dilute sodium drofuran: water (4:2: ) and is heated at 45°C. for 7 
bicarbonate solution and saturated brine, dried (Na2- hours The mixture is cooled, diluted with aqueous SO 
SO), and evaporated to an oil. This oil is chromato- dium chloride solution and extracted with ether. The 
graphed upon 2 kg. of Florisilpacked in hexane and the extract is washed with water and concentrated using 
product is obtained upon elution with benzene. Ps 35 toluene for azeotropic removal of aqueous acetic acid. 
tion of the product yields a colorless oil, b.p. 74-76°C. The residue is chromatographed on silica gel to yield 
(0.005 torr.) the title product and its 15-epimer. 

EXAMPLE 226 EXAMPLE 228-393 

Preparation of 0 Treatment of 1-iodo-3-triphenvlmethox Or 
l-iodo-3-(p-anisyldiphenylmethoxy)-trans-1-octene 3-methoxy)-trans-l-alkene i. in E. y below 
A mixture of 14.92 g. (0.0588 mole) of 1-iodo-trans- with n-butyl lithium followed by treatment of the re 

1-octen-3-ol (Example 225) and 18.2 g (0.0588 mole) sulting trans-l-alkenyl lithium derivative with trimeth 
of p-anisyldiphenylmethyl chloride in 165 ml. of dry ylaluminum and then treatment of the resulting lithio 
pyridine is heated at 60°C. for 18 hours under an inert (trans-1-alkenyl)trimethyl alanate with the blocked 
atmosphere. The mixture is cooled and the solvent is 4-oxy-cyclopent-2-en-1-ones also listed in Table 2 
evaporated in vacuo. The residue is partiioned between below all by the procedure described in Example 227 
ether and water, and the organic phase is washed with gives, with the exception of the 15-methoxy derivative, 
water and saturated brine, dried (MgSO4), and evapo- the 15-O-triphenylmethyl-8-3-derivatives correspond 
rated. The residue is chromatpgraphed upon 300 g of 50 ing to the products of the table. Further treatment of 
Florisil packed in hexane and the product is eluted with these intermediates with acetic acid:tetrahydrofuran:- 
hexane and 4:1 hexane-benzene the yield a colorelss water as described in Example 227 gives the products 
oil. of the table. 

TABLE 12 

Starting 4-oxycyclopent 
-2-en-1-one of 

Example Example Example 

228 10 43 

229 01 44 

23) O 148A 

23 101 148 
232 101 152 
233 O 156 

234 () 16.1 

Starting l-iodo-1- 
-trans alkene of Product 9-oxo-1 1-oxy-15-hydroxy(methoxy)-13-trans 

-prostenoic acid 

9-oxo-licy-methioxy-15-hydroxy-20-ethyl-13-trans 
-prostenoic acid 
9-oxo-l loy-methoxy-5-hydroxy-6-ethyl-13-trans 
-prostenoic acid So- lo-methoxy-5-methoxy-13-trans-prostenoic 
C 

9-oxo-1 lo-methoxy-15-hydroxy-13-trans, 17-cis-pros 
tadienoic acid 
9-oxo-1 lo-methoxy-15-hydroxy-16, 16-dimethyl-3- 
-trans-prostenoic acid 
9-oxo-1 loy-methoxy-15-hydroxy-17,17-dimethyl-3- 
-trans-prostenoic acid 
9-oxo-1 lo-methoxy-15-hydroxy-17,8-cis-methano-3- 
-trans-prostenoic acid 
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Table 13-Continued 

Product 9a-hydroxy 
-ll-oxy-5- 
-hydroxy(methoxy)-13. 
-trans-prostenoic acid 

Starting 9-oxo 
derivative 
of Example 

Ex 
ample 

-(2-hydroxyethoxy)-15 
-hydroxy-13-trans, 17 
-cis-prostenoate 
isopropyl 9a-hydroxy 
-1 lo-(2-hydroxyethoxy)- 
-15-hydroxy- 3-trans, 
7-cis-prostadienoate 

isopropyl-9cy-hydroxy 
-1 lo-(2-hydroxyethoxy)- 
- 5-hydroxy- 9-methyl 
-3-trans, 8-prosta 
clienoate 
isopropyl 9a-hydroxy 
- lo-(2-hydroxyethoxy)- 
-15-hydroxy-16, 16-di 
methyl-3-trans-pros 
tent 
isopropyl 9a-hydroxy 
- lo-(2-hydroxyethoxy)- 
- 5-hydroxy-17, 18, 19.- 
20-tetranor-6-(l-ada 
mantyl)-13-trans-pros 
tecte 
decyl 9a-hydroxy-lla 
-(2-hydroxyethoxy)-15 
-hydroxy-13-trans-pros 
tendate 
decyl 9a-hydroxy-1 lo 
-(2-hydroxyethoxy)-5- 
-hydroxy-16, 6-dimeth 
yl-13-trans-prostenoate 
decyl 9a-hydroxy-llo 
-(2-hydroxyethoxy)-15- - 
-methoxy-3-trans 
-steate 
ecyl 9a-hydroxy-l lo 

-(2-hydroxyethoxy)-15 
-hydroxy-20-nor-17, 18 
-trans(1,3-propano)-13 
-trans-prostenoate 
decyl 9a-hydroxy-lla 
-(2-hydroxyethoxy)-15 
-hydroxy-3-trans, 17 
-cis-prostadienoate 

385 

553 

554 387 

555 388 

556 389 

557 390 

558 

559 392 

56() 393 

EXAMPLE 561 

A solution of 9-oxo-1 lo-methoxy-15-hydroxy-13 
trans-prostenoic acid (Example 227) in tetrahydro 
furan is added to 2.2 equivalents of lithium perhydro 
9b-boraphenyalyl hydride in tetrahydrofuran at -78°C. 
After 30 minutes the solution is diluted with water and 
extracted with ether. The acqueous phase is acidified, 
saturated with sodium chloride and extracted with 
ether. The combined ether extracts are dried (magne 
sium sulfate) and concentrated in vacuo to give 9 cy, 15 
a-dihydroxy-l lay-methoxy-13-trans-prostenoic acid, 
contaminated with 96, 15a-dihydroxy-1 loy-methoxy 
13-trans-prostenoic acid. The crude mixture is dis 
solved in methylene chloride and added to a refluxing 
solution of 1.2 equivalents of 2,3-dichloro-5,6- 
dicyanobenzoquinone (DDQ) in methylene chloride. 
After 5 hours, the solution is cooled and filtered. The 
filtrate is concentrated in vacuo and the residue is puri 
fied by column chromatography to give 9o-hydroxy 
l log-methoxy-15-oxo-l3-trans-prostenoic acid. This 
material is dissolved in benzene and 2.2 equivalents 
each of trimethylsilyl chloride and triethylamine; tri 
ethylamine hydrochloride is removed by filtration and 
the solution is concentrated in vacuo to give trimethyl 
silyl 90-trimethylsiloxy-1 loy-methoxy-15-oxo-13-trans 
prostenoate. 
The siloxy derivative is dissolved in ether at 0°C. and 

1.05 equivalents of methyl magnesium bromide in 

O 

15 

20 

25 

35 

40 

45 

55 

60 

65 
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ether is added. After the reaction is complete, the solu 
tion is poured into saturated aqueous ammonium chlo 
ride and extracted with ether. The ether is dried and 
concentrated in vacuo to give an oil. The oil is dis 
solved in methanol: water:acetic acid (approximately 
10:1:1). After three hours at ambient temperatures, the 
solution is dilated with water, saturated with sodium 
chloride and extracted with ether. The ether extracts 
are dried and concentrated in vacuo to give 9o, 15 cy 
dihydroxy-15(3-methyl-1 lo-methoxy-13-trans 
prostenoic acid and 9a, 15(3-dihydroxy-15a-methyl 
1 1 cy-methoxy-13-trans-prostenoic acid, which are sepa 
rated by dry column chromatography. 
Treatment of a solution of 90-15 cy-dihydroxy-15 (3- 

methyl-l loy-methoxy-13-trans-prostenoic acid with 
chromic acid-pyridine in methylene chloride (Collins 
Reagent) followed by addition of dilute acid and ex 
traction with ether gives 9-oxo-1 lo-methoxy-150 
hydroxy-15(3-methyl-13-trans-prostenoic acid. 

Similar treatment of the corresponding 156-hydroxy 
acid gives 9-oxo-l lo-methoxy-153-hydroxy-150 
methyl-prostenoic acid. 

EXAMPLES 562-605 

Treatment of the 9-oxo-15-hydroxy prostenoic acids 
of Table 14 below by the sequence of reactions de 
scribed in Example 561 is productive of the 9-oxo-15 
hydroxy-15-methyl products of the table. Also pre 
pared in the course of these reaction sequences are the 
9o-hydroxy derivative corresponding to the products of 
the table and the 15-keto derivatives of the 9o- and 96 
hydroxy compounds corresponding to the 9-oxo start 
ing compounds, and the 90- or 96-trimethylsilyloxy tri 
methylsilyl esters of the 15-keto and 15-hydroxy-15 
methyl compounds. In the instances of the licy-(a)- 
hydroxyalkoxy)-derivatives silylation is carried out 
with 3.3 equivalents each of trimethylsilyl chloride and 
triethylamine in order to provide silylation of the co-hy 
droxy group. In all cases both the 15cy-hydroxy-159 
methyl and the 15(3-hydroxy-150-methyl products and 
intermediates are obtained. The epimers are separable 
by chromatographic procedures. 

TABLE 1.4 

Starting 9-oxo 
-ll-oxy-15-hy 
droxy prostenoic 
acid of Example 

Product 9-oxo-1 1-oxy 
-15-hydroxy-15-methyl 
-13-trans-prostenoic 
acid 

Ex 
ample 

562 228 9-oxo-lio-methoxy-15 
-hydroxy-15-methyl-20 
-ethyl-13-trans-pros 
tenoic acid 
9-oxo-1 lo-methoxy-15 
-hydroxy-15-methyl-3- 
-trans, 17-cis-prosta 
dienoic acid 
9-oxo-i ta-methoxy-15 
-hydroxy-15-methyl-6- 
7,19,20-tetranor-3- 
-trans-prostenoic acid 
9-oxo-l loy-ethoxy-15 
-hydroxy-15-methyl-5,- 
6,7,18,19,20-hexanor 
- 13-trans-prostenoic 
acid 
9-oxo-1 lo-methoxy-15 
-hydroxy-15-methyl 
-7a,7b-bishomo-20 
-ethyl-13-trans-pros 
tenoic acid 
9-oxo-1 lo-methoxy-15 
-hydroxy-15-methyl-2- 
-ethyl-20-nor-13-trans 
prostenoic acid 

563 231 

564 

565 242 

566 

567 246 
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EXAMPLE 837 

Preparation of 
4,4-dimethyl-3-triphenylmethoxy-1-octyne 

Treatment of 23.1 g (0.150 mole) of 4,4-dimethyl-1- 
octyn-3-ol (Example 149) with 56.5 g. of triphenyl 
methyl bromide in 150 ml. of pyridine and purification 
on Florisil, all as described in Example 127 gives the 
title compound, m.p. 75–77°C. 

EXAMPLE 838 

Preparation of 
4,4-dimethyl-1-iodo-3-triphenylmethoxy-trans-l- 

Octene 

To 256 ml. of a 0.43 N solution of disiamylborane in 
diglyme cooled to 0°C. under an inert atmosphere is 
added 39.6 g. (0.10 mole) of 4,4-dimethyl-3-triphenyl 
methoxy-1-octyne (Example 837). The cooling bath is 
removed and the mixture is stirred at ambient tempera 
tures for 3 hours. The mixture is cooled to 0°C. and 
26.3 g (0.35 mole) of finely divided trimethylamine 
oxide is added over a 10 minute period, the cooling 
bath is removed, and the mixture is allowed to exo 
therm but not above 40°C. after the mixture has cooled 
to room temperature, it is poured into 800 ml. of 15% 
sodium hydroxide solution and a solution of 38.1 g of 
iodine in 100 ml. of tetrahydrofuran is added immedi 
ately. The mixture is stirred at room temperature for 
0.5 hour and is partitioned between water and ether. 
The organic phase is decolorized with 5% sodium thio 
sulfate solution and is washed with water and Saturated 
brine, dried (NaSO) and evaporated. The residue is 
purified by passing through a column of Florisil and 
eluting with 5-15% (v/v) benzene in hexane to yield 
the title compound. 
We claim: 
1. An optically active compound of the formula: 

O O 

Z -R 

R1-- C 
N 

or a racemic compound of that formula and the mirror 
image thereof, wherein R is lower alkoxy; Z is a diva 
lent radical selected from the group consisting of those 
of the formulae: 

Rs R6 

-(CH)n-, -(CH2)n- C-CH- and -(CH)n- bH 
Rs 

wherein n is an integer from 3 to 8, inclusive, Rs is 
an alkyl group having up to 3 carbon atoms, and Rs is 
an alkyl group having up to 3 carbon atoms, a fluorine 
atom or a phenyl group; Y is a divalent radical selected 
from the group consisting of those of the formulae: 

O 

5 

25 

30 

35 

40 
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65 
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wherein R is hydrogen or triphenylmethyl and R is hy 
drogen or allower alkyl group having up to 3 carbon 
atoms with the proviso that when R is a lower alkyl 
group then R must be hydrogen; Ra is a straight chain 
alkyl group having from 2 to 10 carbon atoms or a 
straight chain alkyl group having from 2 to 10 carbon 
atoms and substituted with one or two lower alkyl 
groups; and R4 is hydroxy, an alkoxy group having from 
l to 12 carbon atoms, or tetrahydropyranyloxy; and the 
pharmacologically acceptable cationic salt thereof 
when R is hydroxy. 

2. The compound according to claim 1 wherein R is 
methoxy, Z is hexamethylene, Y is 

C 

wherein R2 is hydrogen, R is hydrogen, R is n-penty, 
and R is hydroxy; l-9-oxo-1 lo-methoxy-15-hydroxy 
13-trans-prostenoic acid. 
3. The compound according to claim 1 wherein R is 

methoxy, Z is hexamethylene, Y is 

N/ 
RO R 

wherein R is hydrogen and R is hydrogen, R is n 
pentyl, and R4 is hydroxy; l-9-oxo-1 loy-methoxy-15-epi 
hydroxy-13-trans-prostenoic acid. 
4. The racemic compound according to claim 1 

wherein R is methoxy, Z is hexamethylene, Y is 

/ Yo 
A 
R R 

wherein R is hydrogen and R is hydrogen, R is n 
pentyl, and R4 is hydroxy; dl-9-oxo-1 loy-methoxy-15 
hydroxy-13-trans-prostenoic acid. 

5. The racemic compound according to claim 1 
wherein R is methoxy, Z is hexamethylene, Y is 

/ 

O i. R 7 

The R2 is hydrogen and R is hydrogen, may 3 is n 
pentyl, and R1 process is hydroxy; dl-9-oxo-11o 
methoxy-Flowsheet -epi-hydroxy-3-trans-prostenoic 
acid. R' 

6. The compound according to claim 1 wherein R1 is 
methoxy, Z is hexamethylene, Y is 

R ÖR. 

wherein R is hydrogen and R is methyl, Ra is n-pentyl, 
and R is hydroxy; l-9-oxo-1 loy-methoxy-15-hydroxy 
15-methyl-13-trans-prostenoic acid. 
7. The compound according to claim 1 wherein R is 

methoxy, Z is hexamethylene, Y is 
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wherein R is hydrogen and R is methyl, R is n-pentyl, 
and R is hydroxy; l-9-oxo-1 1-cy-methoxy-15-epi 
hydroxy-5-methyl-13-trans-prostenoic acid. 

8. The racemic compound according to claim 1 
wherein R is methoxy, Z is hexamethylene, Y is 

R, OR2 

wherein R is hydrogen and R is methyl, Ra is n-pentyl, 
and R4 is hydroxy; dl-9-oxo-l lo-methoxy-15-hydroxy 
15-methyl-13-trans-prostenoic acid. 
9. The racemic compound according to claim 1 

wherein R is methoxy, Z is hexamethylene, Y is 

Y/ 
R.6 R, 

wherein R, is hydrogen and R, is methyl, Rais n-pentyl, 
and R is hydroxy; dl-9-oxo-1 lo-methoxy-15-epi 
hydroxy-15-methyl-13-trans-prostenoic acid. 

10. The compound according to claim 1 wherein Ri 
is methoxy, Z is hexamethylene, Y is 

C 
A R ôR. 

wherein R is hydrogen and R is hydrogen, R is 
1,1-dimethyl-n-pentyl, and R is hydroxy; l-9-oxo-l lo 
methoxy-15-hydroxy-16, 16-dimethyl-13-trans 
prostenoic acid. 

() 
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11. The compound according to claim 1 wherein R 

is methoxy, Z is hexamethylene, Y is 

wherein R is hydrogen and R is hydrogen, Ra is 
1,1-dimethyl-n-pentyl, and R is hydroxy; l-9-oxo-1 loy 
methoxy-15-eip-hydroxy-16, 16-dimethyl-13-trans 
prostenoic acid. 

12. The racemic compound according to claim 1 
wherein R is methoxy, Z is hexamethylene, Y is 

wherein R is hydrogen and R is hydrogen, Ra is 
1,1-dimethyl-n-pentyl, and R4 is hydroxy; dl-9-oxo 
1 loy-methoxy-15-hydroxy-16, 16-dimethyl-13-trans 
prostenoic acid. - 

13. The racemic compound according to claim 1 
wherein R is methoxy, Z is hexamethylene, Y is 

Nc/ 
R2O R; 

wherein R is hydrogen and R is hydrogen, R is 
l, 1-dimethyl-n-pentyl, and R is hydroxy; dl-9-oxo 
1 lo-methoxy-15-epi-hydroxy-16, 16-dimethyl-13 
trans-prostenoic acid. 

ck ck k ck ck 
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