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1-ALKOXY-9-KETO-PROSTENOIC ACID
DERIVATIVES

BRIEF SUMMARY OF THE INVENTION

This invention relates to novel 11-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:

0
24 I
Nz,
i o b
’;L—'—Cm——cu-— (|E—R3
R OR:

wherein R, is lower alkoxy, w-hydroxy-substituted
lower alkoxy, or w-tetrahydropyranyloxy-substituted
lower alkoxy; R, is hydrogen, lower alkyl, or triphenyl-
methyl; Rj 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 S 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:

0 HO H H OoH

Il N N

C , C and C
VRN VRN VRN

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

X 5
—(CHz2)n—, -—(CHz)n—(l}—CHQ—, —(CHy)pr—CH—,
Rs

H
| cis |
—(CH;)y—0—CHy;— and —CH;—C—=C—(CHy)P—
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wherein n is an integer from 3 to 8, inclusive, p is an in-
teger from 2 to 6 inclusive, R; is an alkyl group having
up to 3 carbon atoms,.and Rg is an alky! group having
up to 3 carbon atoms, a fluorine atom or a phenyl
group; and the moiety —C,3~C,,— 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-
inial 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 Bergstom et al., J. Biol. Chem. 238,
3555 (1963) and Horton, Experientia 21, 113 (1965)
and references cited therein. All of the so called natural
prostaglandins are derivatives of prostanoic acid:

H CH CIQ CHs Ccoo0H

/

j’ CH: CHy CH;

CH,

CH: CH;

CH;

=
CH; CH,

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 ali possible optical iso-
mers.

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:

R't——j o
) H— Z— H‘——R’ 4

6

wherein R, is lower alkoxy or wv-tetrahydropyranyloxy-
substituted lower alkoxy; R’ is tetrahydropyranyloxy
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or an alkoxy group having from I 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’' em-
braces all of Z, but not ¢cis —CH,—CH = CH—(CH,.
)p"_-

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-
sive.

FLOWSHEET A
Br——

l 0
Z’—yJ-—R'H

(] an

)
e

WJ_a

Iv;

0
L

Y

O I

4

1 0—(CH:) O .
1L
\/ Z’—(@—O—R"d
|

0 (1D [}

AN

' N
T10—(CH)m—0 —-'L o . Ry —” ?
Z'-—y}—R”; Z’—é—RQ
0 (V) (J) (VD
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 (1), 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-(w-
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.

20

25

30

35

40

45

50

55

60

65

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 (B-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 nay be prepared via the novel conjugate
addition processed outlined in the Flowsheet B which
follows. In Flowhseet B, R3, R';, R'y, R"',, and Z are as
defined hereinabove; Ry is a lower alkyl group (each of
three R, radicals bonded to a aluminum does not neces-
sarily have to be the same), R', is lower alky! or tri-
phenylmethyl, R’ is hydrogen or lower alkyl and R"’, is
lower alkoxy or w-hydroxy-substituted lower alkoxy.

FLOWSHEET B

| AlChL
CH=CH + C—R; ——
1
(VII) (VIID)
i1 |
I (l:l}—Rs o) H —R3
é trans I é trans
il ——
| !
1 H I III
Ix) (xX)
OR': OH
H (‘JH——R:; Ht &H—Ra
trans rans
e e
I H I H
(X1) (X1II)
T
L
OoH
RiCHO 4+ LiC=CH —— R;—CH—C=CH
(XIIL) (XIV) 1 (XV)
OR'2
Rr—éH——CECH
(XVI)
OR’: OR'2
Ht H—R; (RepAl Ht éH—Rz
rans 2); rans
Lol : RN
| | ol |
Li H Re—Al-Rs H
' ®
Rs Li
(XVII) (XVIII)
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FLOWSHEET B-—Continued
R’y

L.t

(0] (XVIIla)

XVIH +

(XIX) OR"
0
0
[ z—bzre,
f ’ "
R”1———_——C=(l}
III éH——Rs

(XX) OR:

In accordance with the reaction scheme of Flowsheet 4

B, acetylene (VII) is treated with an appropriate acid
chloride (VIII) in the presence of aluminum trichloride
to provide the I-chloro-3-keto-trans-1-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
(X1), 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-viny! 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 auqeous sodium hydroxide. to give (XI). This
latter procedure is preferred when R is adamatyl, 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. —78°c., 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 [(Rg)3Al],
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
(XVII), 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 (XVI1lla) are blocked as ethers or es-
ters, preferably, with tetrahydropyranyl and/or trialkyl-
silyl groups. Interchange of alanate (XVIH) with cy-
cloalkenone (XVIlla) results in the transfer of the
trans-1-alkenyl ligand in (XVIII) with retention of the

6

trans-configuration in a 1,4-conjugate manner to the
cycloalkneone (XVIlla) furnishing, after quenching
the reaction solution, the 1,4-conjugate addition prod-
uct (XIX). It is important to note too that the trans-
5 alkenyl ligand from (XVIIl) adds trans to the 4-
substituent in (XVIlla). 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 » bond between the ring and the

(o]
|
—Z—C—R'y

chain and is indicated in the nomenclature of the com-
pounds involved by the designation 8%. 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 PGE, 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 Rj, Ry, Z,
R’;, R';, and R’y are as hereinabove defined.

30

35 FLOWSHEET C
XV)
40 0—C(CsHs)3 CH;—CH—CH:
H—-C=C—-CH H;—Al—H
. N +
Rs H; —_—
(XXT1) H
7\
CH; CH;
45 (XXII)
0—C(CeHs)s
I H
VRN
C% P =C\ Rs
CHCH;—Al H
50
CH; H;
PN
CH3 CH;
(XXIII)
55 l
Ri——; o 0—C(CsHs)s
l ‘ i H H
2—C—Rs N /N
60 I R o/ N,
(o] CH—CH;—Al—R H
XXIV CH; H.
( ) 3 J: 2 Lle
H
Cl{s \CHa
65 (XXV)
e
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FLOWSHEET C-— Continued

o 0
i z—-H‘—R';

R/~ CH
N Z N
CH (|JH—R3
trans 0—C(CsHy)s
(XXVI)

o [o]
I ’Z—(UJ-—R"4

v

/ CH
SN Z N\
R CH CH—R.
trans OH
(XX VII)

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°-60°C. 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 (RgLi) 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 |,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 (XXVILR' ~=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 9a- and 98-
hydroxy derivatives (XXIX) and (XXX) as set forth in
the following reaction scheme:

3,876,690
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FLOWSHEET D
o 0
I ,z—p)—m

R7
Ry-- ——CIE—CM_J:—'R;:,

OR:2
(XXVIID)

A

P

om om §

! ’Z—(JJ—R4 . z—C—R
ANEIRNANE:
" Ri-- st—Cu—JIJ-—Rs Ri-- Cla—Cu—‘IU—Rs
OR; OR:

(XXIX) (XXX)

In Flowsheet D Ry, Ry, R3, Ry, R;, Z and —C4-Cy—
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 9a-hydroxy derivative (XXIX),
wherein the 9-hydroxy group is cis to the side-chain at-
tached to Cy and to the 11-oxy function.

Those compounds of this invention embodying the
—CH,—CH,— lingage at —C,3-C,;— 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 a-sub-
stituent at the 8-, 9-, 11- 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 a-substituent, a —
bond for a B-substituent, and a » bond where both are:
indicated. Thus, the 9-hydroxy derivatives may be vari-
ously represented as follows:

HO H H OH H. OH
NN
C C C
SN N VRN
9a-hydroxy  98-hydroxy = 9a/f-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,y
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-1la-methoxy-15-hydroxy-
-13-trans-prostenoic acid
9-oxo-11a-methoxy-15-hydroxy-
-15-methyl-13-trans-prostenoic
acid

9-0x0-1 la-methoxy-15-hydroxy-
-16.16-dimethyl-13-trans-pro-
stenoic acid

9-ox0-1 1 a-methoxy-15-hydroxy-
-13-trans, 1 7-cis-prostadienoic
acid

9-ox0-3-oxa- 1 | a-methoxy-15-hy-
droxy-16,16-dimethyl-13-trans-
-prostenoic acid
9-oxo-11a-methoxy-15-hydroxy-
-15-methyl-17,18-cis-methano-
-13-trans-prostenoic acid

9-0x0-1 la-methoxy-15-hydroxy-15-
-hydroxy-16,19-trans-ethano-13-
-trans-prostenoic acid

9-0x0-1 La-(2-hydroxyethoxy)-15-
-hydroxy- 13-trans-prostenoic acid
9-0x0-11a-(2-hydroxyethoxy)-15-hy-
droxy-16,16-dimethyl- | 3-trans-
-prostenoic acid

9-o0x0-I la-(2-hydroxyethoxy)-15-
-hydroxy-13-trans,17-¢is-pro-
stadienoic acid

1.0

0.5

<1.0

2.0

<2.0

<1.0

1.0

0.5

This invention will be described in greater detail in
conjunction with the following specific examples.
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In the following examples, unless otherwise specified,
the products obtained include all possible optical iso-
mers.

EXAMPLE 1

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-l-one by substituting diethyl methyl malonate for

diethy! 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 [Bagli et 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-
l-one by the procedure of Example 4 with the appro-
priate alcohol affords the esters of the following table.

TABLE 1
Ex-
ample Alcohol Product Ester
5 isopropanol 2-(6-carboisopropoxy-
hexyl)eyclopent-2-en-
-1-one
6 methanol 2-(6-carbomethoxyhexyl)-
cyclopent-2-en-1-one
7 1-hydroxy- 2-(6-carbo-n-decyloxy-
-n-decanc - hexyl)cyclopent-2-en-

-1-one
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EXAMPLE 8

Préparation of
4-bromo-2-(6-carboxyhexyl)cyclopent-2-en-1-one

12

Table 1A-Continued

Ex-  Starting cyclo-

Product 4-Bromocyclo-
pentenones

ample pent-2-en-1-one
26 2-(7-carboxy-
heptyl)cyclopent-
-2-en-1-one*
27 2-(7-carbethoxy-
heptyl)cyclo-

pent-2-en-1-one*

28 2-(6-carboxy-6-
-phenylhexyl)-
cyclopent-2-en-
-1-one (Example
2)

29 5-( 6-carbo-n-
-butoxyhexyl)-

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-phenylthexyl)cyclo-
pent-2-en-1-one

4-bromo-2-(6-carbo-n-
butoxyhexyl)cyclopent-

pentyl)cyclopent-
-2-en-1-one*

oxypentyl)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 5°C. and filtered. The filtrate is washed with 10
cold water, dried over magnesium sulfate, and taken to
dryness to give an oil, Ay % = 225 mu (8850); »
max. = 1705 (carbony! groups) and 1625 cm™! (olefin
group).

. 15
EXAMPLES 9-32

In the manner of the preceding Example 8, the vari-
ous cyclopentenones of Table 1A, which follows, are
converted to the corresponding 4-bromo derivatives. 20

Table 1A
. 25
Ex-  Starting cyclo- Product 4-Bromocyclo-
ample pent-2-cn-1-one pentenones
9 2-(6-carbethoxy- 4-bromo-2-(6-carbeth-
hexyl)-cyclo- oxyhexyl)-cyclopent-2-
pent-2-en-1-one* en-i-one
10 2-(6-carbometh- 4-bromo-2-(6-carbo- 30
oxyhexyl)eyclo- methoxyhexyl)cyclopent-
pent-2-en-1-one -2-en-1-one
(Example 6)
11 2-(4-carbethoxy- 4-bromo-2-(4-carbeth-
butyl)eyclopent- oxybutyl)cyclopent-2-
-2-en-1-one* -en-1-one

12 2-(3-carbethoxy- 4-bromo-2-( 3-carbeth- 35
propyl)eyclo- oxypropyl)cyclopent-2-
pent-2-en-1-one* -en-1-one

13 2-(4-carboxy- 4-bromo-2-(4-carboxy-

butyl)cyclopent- butyl)cyclopent-2-en-
-2-en-1-one* -1-one
14 2-(3-carboxy- 4-bromo-2-(3-carboxy-
propyl)cyclo- propyl)cyclopent-2-en- 40
pent-2-en-1-one* -1-one
15 2-(8-carboxy- 4-bromo-2-(8-carboxy-
octyl)cyclo- octyl)eyclopent-2-en-
pent-2-en-1- -1-one
one*
16 2-(8-carbethoxy- 4-bromo-2-(8-carbeth-
octyl)cyclopent- oxyoctyl )cyclopent-2- 45
-2-en-l-one* -en-1-one
17 2-(6-carboxy- 4-bromo-2-( 6-carboxy-
octyl)cyclopent- octyl)cyclopent-2-en-
-2-en-1-one* -1-one
18 2-( 6-carbethoxy- 4-bromo-2-( 6-carbethoxy-
octyl)cyclopent- octyl)cyclopent-2-en-
-2-en-1-one* -1-one 50
19 2-(6-carboxy- 4-bromo-2-(6-carboxy-
5.5-dimethyl- -5,5-dimethylhexyl)-
hexyl)cyclopent- -cyclopent-2-en-1-one
-2-en-1-one*
20  2-(6-carbeth- 4-bromo-2-( 6-carbeth-
oxy-5,5-dimeth- oxy-5,5-dimethylhexyl)-
ylhexyl)cyclo- -cyclopent-2-en-1-one 55
pent-2-en-1-one*
21 2-(6-carboxy-3- 4-bromo-2-( 6-carboxy-5-
~oxahexyl)eyclo- -oxahexyl)cyclopent-2-
pent-2-en-1-one* -en-1-one
22 2-( 6-carbethoxy- 4-bromo-2-(6-carbethoxy-
-5-oxahexyl)- -5-oxahexyl)cyclopent-
-cyclopent-2-en- -2-en-1-one 60
-1-one* .
23 2-(6-carboxy-6- 4-bromo-2-( 6-carboxy-6-
-fluorohexyl)- -fluorohexyl)cyclo-
-cyclopent-2-en- pent-2-en-1-one
l-one (Example 1)
24 2-(S-carboxy- 4-bromo-2-( 5-carboxy-
pentyl)cyclopent- pentyl)cyclopent-2-cn- 65
-2-en-l-one* -1-one-
25 2-(S-carbethoxy- 4-bromo-2-(5-carbeth-

-cyclpent-2-en- -2-en-1-one

-1-one (Example
4)

30 2-(6-carbo-iso- 4-bromo-2-(6-carbo-

propoxyhexyl)- -isopropoxyhexyl)-
-cyclo ent-2- -cyclopent-2-en-1-one
-en-1-one

(Example 5)

31 2-(6-carbo-n-
-decyloxyhexyl)-
-cyclopent-2-en-
-1-one (Example

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

7)

32 2-( 6-carboxy- 4-bromo-2-( 6-carboxy-
heptyl)cyclo- heptyl)-cyclopent-2-en-
pent-2-en-1-one -1-one
Example 3)

*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, Aper " = 220 mu (7450): vyur. — 1715 (car-
bonyl groups) and 1095 cm™' (methoxy group).

EXAMPLES 34-61

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-
Ex- cyclopentenone

Product 4-alkoxycyclo-
pent-2-en-1-one

ample of example
34 9 4-ethoxy-2-(6-carbeth-
oxyhexyl)-cyclopent-
-2-en-1-one
35 10 4-methoxy-2-( 6-carbo-

methoxyhexyl)cyclo-
pent-2-en-1-one
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Table 2-Continued -

Starting bromo-
cyclopentenone
of example

Product 4-alkoxycyclo-
Ex- pent-2-en-1-one

ample

36 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-
-1-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)eyclopent-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-
yvl)cvelopent-2-en-1-one
4-methoxy-2-(6-carboxy-
-5-oxahexyl)cyclopent-
-2-en-1-one .
4-cthoxy-2-(6-carb-
ethoxy-3-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-
-1-one
4-sec-butoxy-2-(5-carb-
ethoxypentyl)cyclopent-
-2-en-1-one
4-methoxy-2-(7-carboxy-
heptyl)cyclopent-2-en-
-1-one
4-methoxy-2-(7-carb-
ethoxyheptyl)cyclopent-
-2-en-1-one
4-methoxy-2-( 6-carboxy-
-6-phenylthexyl)cyclo-
pent-2-en-1-one
4-methoxy-2-(6-carboxy-
heptyl)-cyclopent-2-
-en-1-one
4-methoxy-2-(6-carbo-
-n-butoxyhexyl)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

37 12

38

39

40

41

42

43

14

45

46 21

47

48

49

50 25

51

wn
12

53

54 32

56

57

58 8

60 8

61 8

EXAMPLE 62
Preparation of
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

20

25

30

35

40

45

50

55

60

65

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 3:1 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; Amax. MeOH = 219 mu (8860); ymax. = 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-l-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 | 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 mu (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-(w-
hydroxyalkyl)cyclopenteneones of the Table.

TABLE 3

Starting 4-bromo- Product 4-( w-hydroxy-

Ex- -cyclopentenone alkoxy)cyclopent-2-en-
ample of Example -1-one

64 9 4-B-hydroxyethoxy-2-(6-
-carbethoxyhexyl)cyclo-
pent-2-en-}-one

65 10 4-$-hydroxyethoxy-2-(6-
-carbomethoxyhexyl yey-
clopent-2-en-1-one

66 i1 4-y-hydroxypropoxy-2-
-{(4-carbethoxybutyl )-
cyclopent-2-en-1-one

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

68 13 4-B-hydroxyethoxy-2-(4-
-carboxybutyl)cyclopent-
-2-en-1-one

69 14 4-B-hydroxyethoxy-2-(3-
-carboxypropyl)cyclo-
pent-2-en-1-one

70 15 4-B-hydroxyethoxy-2-(8§-

-carboxyoctyl)cyclo-
pent-2-en-1-one
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TABLE 3 —Continued

3,876,690

Ex-
ample

Starting 4-bromo-
-cyclopentenone
of Example

Product 4-( w-hydroxy-
alkoxy Jeyclopent-2-en-
-1-one

71

72

73

74

75

76

77

78

79

80

81

20

4-B-hydroxyethoxy-2-( 8-
-carbethoxyoctyl)cyclo-
pent-2-en-1-one
4-B-hydroxyethoxy-2-(6-
-carboxyoctyl)cyclo-
pent-2-en-1-one
4-y-hydroxypropoxy-2-
-(6-carbethoxyoctyl)-
cyclopent-2-en-1-one
4-B-hydroxyethoxy-2-( 6-
-carboxy-5.5-dimethyl-
hexyl)evelopent-2-en-1-
-one
4-B-hydroxyethoxy-2-(6-
-carbethoxy-5.5-dimeth-
ylhexyl)cyclopent-2-en-
-1-one
4-B-hydroxyethoxy-2-(6-
-carboxy-5-oxahexyl)-
cyclopent-2-en-1-one
4-y-hydroxypropoxy-2-(6-
-carbethoxy-5-oxahexyl)-
cyclopent-2-en-1-one
4-B-hydroxyethoxy-2-(6-
-carboxy-6-tfluorohexyl)-
cyclopent-2-en-I-one
4-B-hydroxyethoxy-2-(5-
-carboxypentyl)cyclo-
pent-2-en-1-one
4-B-hydroxyethoxy-2-(7-
-carboxyheptyl)cyclo-
pent-2-en-1-one
4-B-hydroxyethoxy-2-(6-
-carboxy-6-phenylhexyl)-
cyclopent-2-en--one
4-B-hydroxyethoxy-2-(6-
-carbo-n-butoxyhexyl)-
cyclopent-2-en-1-one
4-B-hydroxyethoxy-2-
-(carboisopropoxyhexyl)-
cyclopent-2-en- I-one
4-B-hydroxyethoxy-2-(6-
-carbo-n-decyloxyhexyl)-
cyclopent-2-en-1-one
4-B-hydroxypropoxy-2-

-( 6-carboxyhexyl)cyclo-
pent-2-en-1-one

10

20

3]
wn

30

35

EXAMPLE 86

Preparation of

4-B-tetrahydropyran-2'-yloxyethoxy-2-(6-

40

45

carbotetrahydropyran-2'-yloxyhexyl)cyclopent-2-en-

To a

stirred

solution of 5.59 g.

I-one

of 4-(2- 50

hydroxyethoxy)-2-(6-carboxyhexyl)cyclopent-2-en-

I-one (Example 63) and 20.7 g. (246 mmoles) of dihy-
dropyran in 100 ml. of methylene chloride at 20°C. is
added 47 mg. (0.246 mmoles) of p-toluenesulfonic
acid monohydrate in | portion. The temperature is 55
maintained at 20°-25°C. by cooling and is stirred for
one hour at that temperature. The solution is diluted
with 200 ml. of ether and poured into a mixture of 40
ml. of saturated sodium bicarbonate solution, 40 ml. of
saturated sodium chloride solution, and 80 ml. of wa- 60
ter. The phases are separated, and the aqueous phase

is extracted with additional ether. The total extract is
washed successively with water and saturated sodium
chioride solution, dried over potassium carbonate, and

65

freed of volatile matter by concentration at reduced
pressure to give an oil, A max. MeOH = 223 mpu
(9500); v max. 1730 (ester carbonyl group), 1705 (ke-
tone carbonyl group), and
5 dropyranyloxy groups).

By the procedure described in Example 86 the 4-
alkoxycyclopentenone carboxylic acids listed in Table
4 were converted to the corresponding tetrahydropy-

16

EXAMPLES 87-102

ran-2'-yl esters of the table.

TABLE 4

Ex-
ample

Starting 4-al-
koxycyclopenten-
onc carboxylic
acid of Example

Product Tetrahydropyran-
-2'yl ester 4-alkoxycy-
clopent-2-en-1-one

87

88

89

90

91

93

94

95

96

97

98

99

100

101

38

40

44

46

48

49

51

53

58

59

60

61

33

4-methoxy-2-(4-carbote-
trahydropyran-2’-yloxy-
butyl)cyclopent-2-en-1-
-one
4-ethoxy-2-(3-carbote-
trahydropyran-2'-yloxy-
propyl)cyclopent-2-en-1-
one
4-methoxy-2-( 8-carbote-
trahydropyran-2'-yloxy-
octyf)cyclopent-2-en-1-
one
4-methoxy-2-(6-carbote-
trahvdropyran-2'-yloxy-
octyl)cyclopent-2-en-1-
one
4-methoxy-2-( 6-carbote-
trahydropyran-2’-yloxy-
5,5-dimethythexyl)cy-
clopent-2-en-1-one
4-methoxy-2-(6-carbote-
trahydroxypyran-2'-yl-
oxy-5-oxahexyl)cyclo-
pent-2-en-1-one
4-methoxy-2-(6-carbote-
trahydropyran-2'-yloxy-
6-fluorohexy! Jeyclo-
pent-2-en-1-one
4-methoxy-2-(5-carbote-
trahydropyran-2'-yloxy-
pentyl)cyclopent-2-en-
-one
4-methoxy-2-(7-carbote-
trahydropyran-2'-yloxy-
heptyl)cyclopent-2-en-1-
one
4-methoxy-2-(6-carbote-
trahydropyran-2'-yloxy-
6-phenylhexyl)cyclo-
pent-2-en-i-one
4-ethoxy-2-(6-carbote-
trahydropyran-2'-yloxy-
hexyl)cyclopent-2-en-1-
one
4-propoxy-2-( 6-carbote-
trahydropyran-2'-yloxy-
hexyl)cyclopent-2-en-1-
one
4-isopropoxy-2-(6-carbo-
tetrahydropyran-2'-yl-
oxyhexyl)cyclopent-2-en-
1-one
4-n-butoxy-2-( 6-carbote-
trahydropyran-2’-yloxy-
hexyl)cyclopent-2-en-1-
one
4-methoxy-2-( 6-carbote-
trahydropyran-2'-yloxy-

1030 cm™! (tetrahy-
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TABLE 4-Continued
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TABLE 5-Continued

Starting 4-ai-

Starting 4-(w-

Product 4-(w-tetrahy-

koxycyclopenten-  Product Tetrahydropyran- hydroxyalkoxy)- dropyran-2'-yloxyalkoxy )-

Ex- one carboxylic -2'yl ester 4-alkoxycy- 5 Ex- cyclopentenone of  cyclopent-2-en-1-one

ample acid of Example clopent-2-en-1-one ample Example ester
hexyl)cyclopent-2-en-1- yloxypropoxy-2-(6-car-
one bethoxy-5-oxahexyl)cy-

102 54 - 4-methoxy-2-(6-carbote- clopent-2-en-1-one
trahydropyran-2’-yloxy- 117 78 4-B-tetrahydropyran-2’-
heptyl)cyclopent-2-en-1- yloxyethoxy-2-(6-carbo-
one 10 tetrahydropyran-2'-yl-

oxy-6-fluorohexyl)cyclo-
pent-2-en-1-one
118 79 4-B-tetrahydropyran-2'-
yloxyethoxy-2-(5-carbo-
EXAMPLES 103-124 tetrahydropyran-2'-yl-
oxypenty!)cyclopent-2-
Treatment of the 4-(w-hydroxyalkoxy)cyclopente- 15 en-l-one N
nones of Table 5 below with dihydropyran in the man- 1o 80 ;fx;ee‘t’;’ggf'zo‘(’;"c‘:rg .
ner of Example 86 provides the 4-(w- tetrahydropyran-2'-yl-
tetrahydropyranyloxyalkoxy)cyclopentenone  esters oxyheptyl)cyclopent-2-
listed in the table. 20 120 81 4-B-tetrahydropyran-2'-
yloxyethoxy-2-(6-carbo-
TABLE 5 tetrahydropyran-2’-yl-
oxy-6-phenylhexyl)cyclo-
. pent-2-en-1-one
Starting 4-(w- Product 4-(w-tetrahy- 121 82 4-B-tetrahydropyran-2'-
hydroxyalkoxy)- dropyran-2'-yloxyalkoxy)- yloxyethoxy-2-(6-carbo-
Ex- cyclopentenone of  cyclopent-2-en-1-one n-butoxyhexyl)cyclo-
ample Example ester 25 pent-2-en-1-one”
122 83 4-p-tetrahydropyran-2'-

103 64 4-B-tetrahydropyrany-2'- yloxyethoxy-2-(6-carbo-
yloxyethoxy-2-( 6-car- isopropoxyhexyl)eyclo-
bethoxyhexyl)cyclopent- pent-2-en-1-one
2-en-l-)one& yeop 123 84 4-B-tetrahydropyran-2'-

104 65 4-B-tetrahydropyrany- vloxyethoxy-2-{ 6-carbo-
2"-yloxyethoxy-2-(6- 30 n-dcc_;'loxylhexyl yeyclo-

arbomethoxyhexyl)cy- pent-2-en-1-one
glgpgﬂ?z_e(:—,x_)] _g),-(.é ey 124 85 4-B-tetrahydropyran-2'-

105 66 4-y-tetrahydropyran-2'- yloxypropoxy-2-( 6-ga}r-
yloxypropoxy-2-(4-car- botetrahydropyran-2’-
bethoxybutyl)cyclopent- ),'IOX)'hCX)'l Jeyclopent-
2-en-1-one 2-en-1-one -

106 67 4-B-tetrahydropyran-2'- 35
yloxyethoxy-2-( 3-car-
bethoxypropyl)eyclopent-
2-en-1-one

107 68 4-B-tetrahydropyran-2'- EXAMPLE 125
yloxyethoxy-2-(4-c,arb0- Preparation of
tetrahydropyran-2'-yl- 6 b h 1 1 5
oxybutyl)cyclopent-2-en- 40 4-(4-hydroxybutoxy)-2-(6-carboxyhexyl)cyclopent-2-
l-one en-1-one

108 69 4-B-tetrahydropyran-2’ . .
yloxyethoxy-2-( 3;)C,arb0- To a stirred solution of 56.0 g. of crude 4-bromo-2-
:f:;g%g;f)%{rcll?»;;en)tlz (6-carboxyhexyl)cyclopent-2-en-1-one (Example 8) in
en-l-oné 400 ml. of tetrahydrofuran and 133 ml. of water at 3°C.

109 7 ;"‘f‘;i‘tﬁ‘)‘g)‘?’,"?g’fi’;rz : 45 is added 44.1 g. (0.226 moles) of silver fluoborate dur-
bethoxyoctyl )eyclopent- ing 25 minutes. Thg mixture is stirred at 0°-5°C. for 60
Z-eﬂ-l-o?fd . minutes, diluted with water and ether, and filtered. The

10 0 foﬁtﬁ,})g’{%rﬁ;go aqueous portion of the filtrate is saturated with solid
tetrahydropyran-2"-yl- sodium chloride and extracted with additional ether.
‘]’xg:ec‘y')CYC‘OPe““Z‘e“' 50 The combined organic phases are washed successively

11 72 4-B-tetrahydropyran-2'- wif(h water and sz}turated sodium chloride solution,
.Vlﬂxyilelgox)'-z-( 6;C,ar]'30- dried over magnesium sulfate, and concentrated. Col-
Le;yrgcfylr)zgzlrggé;ﬁz:en_ umn chromatography of the residue gives the subject

l-one ) compound as a mixture with 4-hydroxy-2-(6-

12 3 313)(‘),6'3‘:;‘;3)3;"?('6‘“;; 55 carboxyhexyl)cyclopent-2-en-1-one, NMR (CDCly)
bethoxyoctyl)cyclopent- 3.60 (multiplet, O-methylene hydrogens) and 4.60 »
2-en-1-one multiplet, O-methine hydrogen).

113 74 4-B-tetrahydropyran-2'- ( P ydrogen)
onxyethoxy-Z-(G-c]arbo- EXAMPLE 126
tetrahydropyran-2'-yl-
oxyl-S,S-dtugethyllhexyl)- 60 Preparation of
cyclopent-2-en-1-one

114 75 4-B-tetrahydropyran-2'- 4-(4-tetrahydropyranyloxybutoxy)-2-(6-
yloxyethoxy-2-( 6-car- tetrahydropyranylcarboxyhexyl)cyclopent-2-en-1-one
bethoxy-5,5-dimethylhex- ydropyrany yhexyl)cyclopen '
il)cyclop}?né-}e"-l-ozqe In the manner of Example 86 the mixture of 4-

1s 76 y|fx§,?tfo,¥y3°?(y,r§:r ) 65 hydroxy-2-(6-carboxyhexyl)cyclopent-2-en-1-one and
botetrahydropyran-2'-yl- 4-(4-hydroxybutoxy)-2-(6-carboxyhexyl)cyclopent-2-
‘;’g‘fi?::_hle_’éﬁgcyd"‘ en-1-one (Example 125) is converted to a mixture of

116 77 4-y-tetrahydropyran-2'- the subject compound and 4-tetrahydropyranyloxy-2-
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(6-tetrahydropyranylcarboxyhexyl)-cyclopent-2-en-
1-one with dihydropyfan 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,
4,85 g. (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. A max.
(KBr) 3280 (acetylenic hydrogen), 1605, 1030, and
702 em™! (triphenylmethoxy group).

EXAMPLE 128

Preparation of
1-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 (Na,S0O,),
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

129 1-heptyn-3-ol 3-triphenylmethoxyhep-
tyne-1

130 1-hexyn-3-ol 3-triphenylmethoxy-
hexyne-1

131 1-pentyn-3-ol 3-triphenylmethoxy-
pentyne-1

132 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-1-alkyne methoxy-1-alkyne

134 4-ethyl-1- 3-trirhenylmethoxy-4-
octyne-3-ol ethyl-octyne-1

135 4-methyl-1- 3-triphenylmethoxy-4-
heptyne-3-ol methylheptyne-1

136 7-methyl-6-en- 3-triphenylmethoxy-7-
1-octyne-3-ol methyl-6-en-octyne-1

137 5,9-dimethyl-9- 3-triphenylmethoxy-35,9-
en- [-decyne-3- dimethyl-9-en-decyne-1
ol

138 cis-5-en-1- 3-triphenylmethoxy-
octyne-3-ol® cis-3-en-octyne-|

References:

“ M. Bertrand. Bull. Soc. Chim. France, 461 (1956).

 F. Bohlmann and D. Ratz, Chem. Ber., 90, 2265 (1957).

< U.S. Pat. 3.452.105 (June 24, 1969); Chem. Abs.. 71, 60678 (1969).
4 Sequin, Bull. Soc. Chim. France, 12, 948 (1945).

« 3. Fried ct al., Jour. Amer. Chem. Soc., 94, 4342 (1972).

EXAMPLE 138A
Preparation of 3-methoxy-1-octyne

To an ice-cooled solution of 63 g. 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 (Na,S0O,), and evaporated to an oil, dried (Na,.
SO,), 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 t-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-1-alkenes of the Table.
Table 7
Ex- Starting I-alkyne Product I-iodo-trans-
ample of Example 1-alkene

139 129 1-iodo-3-triphenylmeth-
oxy-trans-heptene

140 130 1-iodo-3-triphenylmeth-
oxy-trans- 1 -hexene

141 131 i-lodo-3-triphenylmeth-
oxy-trans-1-pentene

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

143 133 i-iodo-3-triphenylmeth-
oxy-trans-1-decene

144 134 1-iodo-3-triphenylmeth-
oxy-4-ethyl-trans-1-
octene

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

146 136 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-1,cis-5-octa-
diene

148A 138A 1-iodo-3-methoxy-trans-
I-octene
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EXAMPLE 149
Preparation of 4,4-dimethyl-1-octyn-3-ol
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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- 3 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. Amer. Chem.

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 (Na,.
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 151
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 I 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 ml. 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-1-
octene

Treatment of 11.2 g. (0.396 mole) of 4,4-dimethyl-1-
jodo-trans-1-octen-3-ol (Example 151) with 12.8 g. of
triphenylmethy! bromide in 50 ml. of pyridine and puri-
fication on Florisil, all as described in Example 127
gives the title compound. B
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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. Amer. Chem. 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 155
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 I 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 156

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

Treatment of 6.0 g. of 5.5-dimethyl-1-iodo-trans-1-
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 157

Preparation of |,I-dimethoxy-cis-3,4-methanchexane
(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 Chimica 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 | 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-1-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
bocarbonate solution and saturated brine, dried (Na,.
S0,) and evaporated. The residue is distilled at 30 torr.
to yield the title compound.

EXAMPLE 159
Preparation of cis-5,6-methano-1-octyn-3-ol

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
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 (Na,SO,), and evaporated to an oil.
Distillation in vacuo yields the title compound as a col-
orless oil.

EXAMPLE 160

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

A mixture of 13.8 g. of cis-5,6-méthano-1-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 (NaSQ,), 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 400 g. of Florisil to yield after evaporation the
title compound as a colorless oil.

EXAMPLE 161

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

To 160 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 0-5°C. 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.
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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 triphenylmethy! 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
162 (2-cyclohexenyl)- 4-(2-cyclohexenyl)-3-
acetaldehyde' triphenylmethoxy-1-
butyne
163 (3-cyclohexenyl)- 4-(3-cyclohexenyl)-3-
acetaldehyde’ triphenylmethoxy-1-
butyne
164  adamantane-1-car- 3-(1-adamantyl)-3-tri-
boxaldehyde phenylmethoxy-1-propyne
165 2-cyclohexene-car- 3-(2-cyclohexenyl)-3-
boxaldehyde triphenylmethoxy-1-
propyne
166 3-cyclohexene- 3-(3-cyclohexenyl)-3-
carboxaldehyde triphenyimethoxy-1-
propyne
167 adamantane-2-car- 3-(2-adamantyl)-3-tri-
boxaldehyde? phenylmethoxy-1-propyne
168  (adamantyl-1)ace- 4-(1-adamantyl)-I-butyne
taldehyde

'C. W, Whitehead et al.. J. Org. Chem., 26, 2814 (1961)
*A. H. Alberto, H. Wynberg and J. Strating, Synthetic Communications, 2,
(1972)
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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-1-iodo-1-trans-alkenes of
the table.

Table 9
Starting 3-tri-
phenylmethoxy- Product 3-
Ex- I-alkynes triphenylmethoxy-
ample of Example 1-iodo-1-trans-alkene
169 162 4-(2-cyclohexenyl)-3-
triphenylmethoxy-1-
- iodo-1-trans-butene
170 163 4-(3-cyclohexenyt)-3-
triphenylmethoxy-1-
iodo-1-trans-butene
171 164 3-(1-adamantyl)-3-
triphenylmethoxy-1-
iodo-1-trans-propene
172 165 3-(2-cyclohexenyl)-3-
triphenylmethoxy-1-
iodo-1-trans-propene
173 166 3-(3-cyclohexenyl)-3-
triphenylmethoxy-1-
iodo-1-trans-propene
174 167 3-(2-adamantyl)-3-
triphenylmethoxy-1-
iodo-1-trans-propene
175 168 4-(l-adamantyl)-3-

triphenylmethoxy-1-
iodo-1-trans-butene

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-1-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 (55.4 g., 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 178

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

A solution of 57 g. of 1-chloro-4-cyclopentyl-1-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 179
Preparation of 4-cyclopentyl-1-iodo-1-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-1-iodo-trans-buten-3-one (Example 178)
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-1-trans-
alkene-3-one with sodium borohydride by the proce-
dure described in Example 179 is productive of the
product 3-hydroxy-1-iodo-1-trans-alkenes of the table.

Table 10
Ex- Starting carbox- Product 3-hydroxy-1-
ample ylic acid iodo-1-trans-alkene
180 cyclobutylacetic 4-cyclobutyl-3-hydroxy-
acid! l-iodo-1-trans-butene
181 3-cyclopentyl- 5-cyclopentyl-3-hy-
propionic acid droxy-1-iodo-1-trans-
pentene
182 4-cyclopentyl- 6-cyclopentyl-3-hy-
butyric acid* droxy-1-iodo-1-trans-
hexene
183 S-cyclopentyl- 7-cyclopentyl-3-hy-
pentanoic acid? droxy-1-iodo-1-trans-
heptene
184 6-cyclopentyl- 8-cyclopentyl-3-hy-
hexanoic acid? droxy-1-iodo-1-trans-
octene
185 2-methyl-3-cyclo- S-cyclopentyl-4-methyl-
pentylpropanoic 3-hydroxy-1-iodo-1-
acid? trans-pentenc
186 2-cthyl-4-cyclo- 6-cyclopentyl-4-ethyl-
pentylbutyric 3-hydroxy-1-iodo-1-
acid? trans-hexene
187 (2-trans-methyl- 4-(2-trans-methyleyclo-
cyclopentyl)- pentyl)-3-hydroxy-1-
acetic acid® iodo-1-trans-butene
188 cyclohexylacetic 4-cyclohexyl-3-hydroxy-
acid I-iodo- I-trans-butene
189 3-cyclohexylpro- S-cyclohexyl-3-hydroxy-
pionic acid I-iodo--trans-pentene
190 4-cyclohexyl- 6-cyclohexyl-3-hydroxy-
butyric acid® I-iodo-1-trans-hexene
191 cycloheptylace- 4-cycloheptyl-3-hydroxy-
tic acid® l-iodo-1-trans-butene
192 cyclooctylacetic 4-cyclooctyl-3-hydroxy-
acid®? l-iodo-1-trans-butene
193 {4-methyleyclo- 4-(4-methylcyclohexyl)-
hexyl)acetic 3-hydroxy-1-iodo-1-
acid" trans-butene
194 (3-methylcyclo- 4-(3-methylcyclohexyl)-
hexyl)acetic 3-hydroxy-1-10do-1-
acid" trans-butene
195 trans-2-methyl- 3-(trans-2-methylcyclo-.
cyclopentane pentyl)-3-hydroxy-1-
carboxylic acid!? iodo-1-trans-propene
196 cyclohexane car- 3-cyclohexyl-3-hydroxy-
boxylic acid l-iodo-1-trans-propene
197 trans-4-methylcy- 3-(trans-4-methylcyclo-
clohexane carbox- hexyl}-3-hydroxy-1-
ylic acid™ iodo-1-trans-propene
198 cyclooctane car- 3-cyclooctyl-3-hydroxy-
boxylic acid™ i-iodo-1-trans-propene
199 cycloheptane car- 3-cycloheptyl-3-hydroxy-
boxylic acid l-iodo- I-trans-propene
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EXAMPLE 2060

Preparation of
. 4-cyclopentyl-1-iodo-3-triphenylmethoxy-1-trans-
butene

A mixture of 21.4 g. of 4-cyclopentyl-1-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 201

Preparation of
4-cyclopentyl-1-iodo-3-(p-
methoxyphenyldiphenyl)methoxy-1-trans-butene

A solution of 20 g. of 4-cyclopentyl-1-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 - 221

Treatment of the listed 3-hydroxy-1-iodo-trans-1-
alkenes of Table 11 below with triphenylmethylbro-
mide by the procedure described in Example 200
above is productive of the product 3-triphenylmethoxy-
l-iodo-trans-1-alkenes of the table.

Table 11
Starting
I-iodo-1 Product 3-triphenyl-
Ex- trans-alkene methoxy-1-iodo-
ample of Example -trans-1-alkene
202 180 4-cyclobutyl-3-tri-
phenylmethoxy-1-iodo-
[-trans-butene
203 181 5-cyclopentyl-3-tri-
phenylmethoxy- 1 -iodo-
-1-trans-pentene
204 182 6-cyclopentyl-3-tri-
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Starting
1-iodo-1
trans-alkene
of Example

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

Ex-
ample

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

205 183

206 184
207 185
. 208 186

209 187

188

189

190

191

193

194

195

218 196

219 197

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 (Na,SO,4) 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 1-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
(Example 222) in 360 ml. of acetone is stirred and re-
fluxed for 24 hours. The reaction mixture is cooled, fil-
tered and concentrated. The residue is partitioned be-
tween water and ether. The organic phase is washed
with dilute sodium bicarbonate solution, brine, dried
(MgS0,) and evaporated to an oil. This material is used
directly without purification.

EXAMPLE 225
Preparation of l-iodo-trans-1-octen-3-ol

A solution of 78.2 g. (0.310 moles) of i-iodo-trans-1-
octen-3-one (Example 224) in 150 ml. of absolute eth-
anol is added dropwise over 2 hours to a slurry of 6.49
g.(0.172 moles) of sodium borohydride in 50 ml. of ab-
solute ethanol cooled in an ice bath. After the addition
is complete, the mixture is stirred for 2 hours with ice
cooling and is then poured into 1 l. of water. The mix-
ture is extracted into benzene and the organic phase is
washed with saturated brine, dried (Na,SOj;) and evap-
orated. The resulting oil is dissolved into 400 ml. of ab-
solute ethanol and treated with 5 mole percent of
p-carboxyphenylhydrazine at 70°C. for 1.5 hours to re-
move residual ketone. The mixture is cooled and evap-
orated and the residue is dissolved into 400 ml. of ether
and is filtered. The filtrate is washed with dilute sodium
bicarbonate solution and saturated brine, dried (Na,.
S0,), and evaporated to an oil. This oil is chromato-
graphed upon 2 kg. of Florisil packed in hexane and the
product is obtained upon elution with benzene. Distilla-
tion of the product yields a colorless oil, b.p. 74°-76°C.
(0.005 torr.)

EXAMPLE 226

Preparation of
l-iodo-3-(p-anisyldiphenylmethoxy)-trans-1-octene
A mixture of 14.92 g. (0.0588 mole) of l-iodo-trans-

l-octen-3-ol (Example 225) and 18.2 g. (0.0588 mole)
of p-anisyldiphenylmethyl chloride in 165 ml. of dry
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EXAMPLE 227

Preparation of
9-ox0-11a-methoxy-15-hydroxy-13-trans-prostenoic
acid

To a solution of 6.030 g. (0.01215 mole) of 1-iodo-3-
triphenylmethoxy-trans-1-octene (Example 128 ) in 8
ml. of toluene cooled to —78°C. under an inert atmo-
sphere is added 5.2 ml. of 2.34 M solution of n-
butyllithium in hexane, The resulting solution is al-
lowed to warm to —40°C. and is maintained at this tem-
perature for 1 hour. To the solution containing 3-
triphenylmethoxy-trans- I -octenyllithium is then added
5.0ml. of a 2.44 M (0.0122 mole) solution of trimeth-
ylaluminum in heptane and the mixture is allowed to
warm to —10°C. The mixture containing lithium trimet-
hyl(3-triphenylmethoxy-trans-1-octenyl)alanate is then
cooled to —78°C. and to it is added a solution of 3.94
g. (0.01215 mole) of 4-methoxy-2-(4-
carbotetrahydropyran-2’-yloxyhexyl)cyclopent-2-en-
I-one (Example 101) dissolved in 10 ml. of diethyl
ether. The mixture is allowed to warm to room temper-
ature and is stirred at ambient temperature for 18
hours. The mixture is then poured onto ice and diluted
hydrochloric acid and is extracted into ether. The or-
ganic phase is washed with water and saturated brine,
dried (Na,SOy), and evaporated to yield a colorless oil.

The resulting crude  9-oxo-1la-methoxy-15-
triphenylmethoxy-8¢-13-trans-prostenoic acid is dis-
solved in 100 ml. of glacial acetic acid:tetrahy-
drofuran:water (4:2:1) and is heated at 45°C. for 7
hours. The mixture is cooled, diluted with aqueous so-
dium chloride solution and extracted with ether. The
extract is washed with water and concentrated using
toluene for azeotropic removal of aqueous acetic acid.
The residue is chromatographed on silica gel to yield
the title product and its 15-epimer.

EXAMPLE 228-393

Treatment of 1l-iodo-3-triphenylmethoxy (or
3-methoxy)-trans-1-alkene listed in Table 12 below
with n-butyl lithium followed by treatment of the re-
sulting trans-1-alkenyl lithium derivative with trimeth-
ylaluminum and then treatment of the resulting lithio

pyridine is heated at 60°C. for 18 hours under an inert 45 (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 12
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 (MgSO,), and evapo- the 15-O-triphenylmethyl-8-¢-derivatives correspond-
rated. The residue is chromatpgraphed upon 300 g. of 30 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- Starting l-iodo-1-
-2-en-1-one of -trans alkene of Prcduct 9-oxo-11-0xy-15-hydroxy(methoxy)-13-trans-
Example Example Example -prostenoic acid
228 101 143 9-oxo-1 la-methioxy-15-hydroxy-20-ethyl-13-trans-
-prostenoic acid
229 101 144 9-0x0-11a-methoxy-15-hydroxy-16-ethyl-13-trans-
-prostenoic acid
230 101 148A 9—9&(0-1 la-methoxy-15-methoxy-13-trans-prostenoic
. acl
231 101 , 148 9-0x0-1 1 a-methoxy-15-hydroxy-13-trans, | 7-cis-pros-
: - tadienoic acid
232 101 D152 9-0x0-1 1 a-methoxy-15-hydroxy-16,16-dimethyl-13-
) ~trans-prostenoic acid
233 101 156 9-0x0-11e-methoxy-15-hydroxy-17,17-dimethyl-1 3-
-trans-prostenoic acid
234 101 161 9-0x0-11a-methoxy-15-hydroxy-17,18-cis-methano-13-

-trans-prostenoic acid
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TABLE 12 —Continued

Starting +-oxyeyclopent.

-2-en-l-one of

Starting 1-iodo-1-
-truns alkene of

Praduct 9-ox0-1F-0xy-15-hydroxy( methoxy )- | 3-trans-

Example Example Example -prostenoic acid

235 101 171 9-0x0-11a-methoxy-15-hydroxy-16,17,18,19,20-penta-
nor-15-( 1-adamantyl)-trans-prostenoic acid

236 101 172 9-0x0-11a-methoxy-15-hydroxy-16,20-methano-13-
-trans, 1 7-prostadienoic acid

237 101 221 9-0x0-1 1 @-methoxy-15-hydroxy-16,20-ethano-13-
-trans-prostenoic acid

238 101 219 9-oxo-1la-methoxy-15-hydroxy-16,19-trans-ethano-
-13-trans-prostenoic acid

239 87 140 9-0xo-11a-methoxy-15-hydroxy-6,7,19,20-tetranor-
-13-trans-prostenoic acid

240 87 210 9-oxo-1 1 a-methoxy-15-hydroxy-6.7-dinor-17,20-eth-
ano-3-trans-prostenoic acid

241 88 202 9-o0xo0-1 1 a-ethoxy-15-hydroxy-5,6,7,20-tetranor-17,-
19-methano- 1 3-trans-prostenoic acid

242 88 141 9-ox0-11a-ethoxy-15-hydroxy-5,6,7,18,19,20-hexa-
nor-13-trans-prostenoic acid

243 89 143 9-oxo-11a-methoxy-15-hydroxy-7a,7b-bishomo-20-
-ethyl-13-trans-prostenoic acid

244 89 152 9-ox0- 1 | a-methoxy- 15-hydroxy-7a,7b-bishomo-16,16-
-dimethyl-13-trans-prostenoic acid

245 89 220 9-oxo-1 1 e-methoxy-15-hydroxy-7a,7b-bishomo-16,20-
-(1,3-propano)-13-trans-prostenoic acid

246 90 139 9-oxo0-11a-methoxy-15-hydroxy-2-ethyl-20-nor-13-
-trans-prostenoic acid

247 90 173 9-ox0-1 1 a-methoxy-15-hydroxy-2-ethyl-16,20-meth-
ano-13-trans, 1 8-prostadienoic acid

248 91 175 9-oxo-1 1 @-methoxy-15-hydroxy-3,3-dimethyl-16-(1-
adamantyl)-17,18,19,20-tetranor- 1 3-trans-pros-
tenoic acid

249 91 142 9-o0x0-11a-methoxy-15-hydroxy-3,3,20-trimethyl-13-
trans-prostenoic acid

250 92 128 9-0x0-11a-methoxy-15-hydroxy-3-oxa-13-trans-pros-
tenoic acid

251 92 148A 9-9(){(0— 11a,15-dimethoxy-3-oxa-1 3-trans-prostenoic
aci

252 92 152 9-0x0-11a-methoxy-15-hydroxy-3-oxa-16,16-dimethyl-
13-trans-prostenoic acid

253 92 169 9-0x0- 1 | a-methoxy- 15-hydroxy-3-oxa-17,20-ethano-
13-trans, | 8-prostadienoic acid

254 92 218 9-0x0-11a-methoxy-15-hydroxy-3-oxa-16,20,methano-
13-trans-prostenoic acid

255 93 203 9-ox0-1 1 a-methoxy- 1 5-hydroxy-2-fluoro-18,20-eth-
ano-13-trans-prostenoic acid

256 93 145 9-ox0-1 1 a-methoxy-15-hydroxy-2-fluoro-16-methyl-
20-nor-13-trans-prostenotc acid

257 94 139 9-oxo- 11 a-methoxy-15-hydroxy-7,20-dinor- 1 3-trans-
prostenoic acid

258 94 214 9-0x0- 1 1 a-methoxy- 1 5-hydroxy-7-noi-17,20-( 1 ,4-
butano)-13-trans-prostenoic acid

259 95 142 9-0x0-1 | a-methoxy-15-hydroxy-7a-homo-20-methyl-
1 3-trans-prostenoic acid

260 95 161 9-0x0-11a-methoxy-15-hydroxy-7a-homo-17,18-cis-
methano-13-trans-prostenoic acid

261 95 206 9-0x0-11a-methoxy-15-hydroxy-7a-homo-20-cyclopen-
tyl-13-trans-prostenoic acid

262 96 156 9-ox0-11a-methoxy-15-hydroxy-2-phenyl-17,17-di-
methyl-13-trans-prostenoic acid

263 96 211 9-0x0-11a-methoxy-15-hydroxy-2-phenyl-18,20-( 1,3-
propano(-13-trans-prostenoic acid

264 97 152 9-ox0-11a -ethoxy-15-hydroxy-16,16-dimethyl-13-
trans-prostenoic acid

265 97 207 9-oxo-1 | a-ethoxy-15-hydroxy-16-methyl-18,20-eth-
ano- 3-trans-prostenoic acid

266 97 146 9-0x0-1 1a-ethoxy-15-hydroxy- 19-methyl-13-trans, 18-
prostadienoic acid

267 97 148 9-0x0-11a-ethoxy-15-hydroxy-13-trans,1 7-cis-
prostadienoic acid

268 . 98 152 9-0x0-11a-propoxy-15-hydroxy-16.16-dimethyl-13-
trans-prostenoic acid

269 98 139 9-0x0-11a-propoxy-15-hydroxy-20-nor-13-trans-
prostenoic acid

270 98 128 9-0x0-1 1 a-propoxy- 1 5-hydroxy-1 3-trans-prostenoic
acid

271 98 174 9-oxo0-11a-propoxy-15-hydroxy-16,17,18,19,20-penta-
nor-15-(2-adamantyl)- 1 3-trans-prostenoic acid

272 98 170 9-0x0-1 la-propoxy-15-hydroxy-17,20-ethano-13-
trans, 19-prostadienoic acid

273 99 148 9-ox0-1 l a-isopropoxy-15-hydroxy-13-trans, 1 7-cis-
prostadienoic acid

274 99 148A QTOXO-LI a-isopropoxy-15-methoxy- 1 3-trans-prosten-
oic aci

275 99 152 9-0x0-1 I a-isopropoxy-15-hydroxy-16,16-dimethyl-
13-trans-prostenoic acid

276 99 200 9-0x0-1 1 a-isopropoxy- 1 5-hydroxy-17,20-
methano-13-trans-prostenoic aci

277 99 226 9-0x0-1 l a-isopropoxy-15-hydroxy- 1 3-trans-pros-
tenoic acid

278 100 152 9-0x0-4-n-butoxy- 1 5-hydroxy-16,16-dimethyl-13-

trans-prostenoic acid
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TABLE 12 —Continued

Starting +-oxyeyelopent-
-2-en-l-one of

Starting 1-iodo-1-
-trans alkene of

Preduct 9-ox0-11-0xy-15-hydroxy(methoxy -1 3-trans-

Fxample Eaample Example -prostenoic acid

279 100 128 9—9(;(0—4-n-butL)xy— 15-hydroxy-1 3-trans-prostenoic’
aci .

280 100 145 9-ox0-4-n-butoxy-15-hydroxy- 1 6-methyl-20-nor-13-
trans-prostenoic acid

281 100 208 9-0x0-4-n-butoxy-15-hydroxy-16-ethyl-19,20-( 13-
propano)- 13-trans-prostenoic acid

282 100 221 9-ox0-4-n-butoxy-15-hydroxyy-16,20-ethano-13-trans-
prostenoic acid

283 102 217 9-0x0-11a-methoxy-15-hydroxy-2,17-dimethyl-20-nor-
16,19-trans-methano- | 3-trans-prostenoic acid

284 102 152 9-ox0-11a-methoxy-15-hydroxy-2,16,16-trimethyl-13-
trans-prostenoic acid

285 102 128 9-ox0-11a-methoxy-15-hydroxy-2-methyl-13-trans-
prostenoic acid

286 34 128 ethyl 9-oxo-1 I a-ethoxy-15-hydroxy- [ 3-trans-pros-
tenoate

287 34 215 ethy! 9-oxo-1 1a-ethoxy-15-hydroxy-20-methyl-17,20-
ethano- 1 3-trans-prostenoate

288 35 152 methyl 9-oxo-1 1@-methoxy-15-hydroxy-16,16-dimeth-
yl-13-trans-prostenoate

289 35 174 methyl 9-oxo-11a-methoxy-15-hydroxy-16,17,18,19,-
20-pentanor- 1 5-(2-adamantyl }-13-trans-prostenoate

290 36 226 ethyl 9-oxo-1 1 a-propoxy- 1 5-hydroxy-6,7-dinor-1 3-
trans-prostenoate

291 37 128 ethyl 9-oxo-1 1 a-isopropoxy-15-hydroxy-5.6,7-tri-
nor-13-trans-prostenoate

292 41 147 ethyl 9-oxo-11a-isopropoxy-15-hydroxy-7a,7b-bis-
homo-17-methyl-20-(2-propenyl)-13-trans-prosteno-
ate

293 41 148 ethyl 9-oxo-1 | a-isopropoxy-15-hydroxy-7a,7b-bis-
homo-13-trans, | 7-prostadienoate

294 43 148A ethyl 9-oxo-1 1a-butoxy-15-methoxy-2-ethyl-13-
trans-prostenoate

295 43 152 ethyl 9-oxo-11a-butoxy-15-hydroxy-2-ethyl-16,16-
dimethyl-13-trans-prostenoate

296 45 128 ethyl 9-0xo-11a-methoxy- 15-hydroxy-3,3-dimethyl-
13-trans-prostenoate

297 45 152 ethyl 9-oxo-1 1a-methoxy-15-hydroxy-3,3.16,16-te-
tramethyl- 1 3-trans-prostenoate

298 47 143 ethyl 9-0xo-11a-ethoxy-15-hydroxy-3-oxa-20-ethyl-
13-trans-prostenoate

299 47 204 ethyl 9-oxo-1 1 a-ethoxy-15-hydroxy-3-oxa-19,20-
(1.3-propano)- t 3-trans-prostenoate

300 50 142 ethyl 9-oxo-1 l a-sec-butoxy-15-hydroxy-7-nor-20-
methyl-13-trans-prostenoate

301 50 212 ethyl 9-oxo-1 { a-sec-butoxy- 15-hydroxy-7-nor-19,20-
(1.4-butano)- 1 3-trans-prostenoate

302 52 213 ethyl 9-oxo0-1 L a-methoxy-15-hydroxy-7a-homo-17,20-
(1,3-propano)- 13-trans-prostenoate

303 52 148 ethyl 9-oxo-1 t a-methoxy-15-hydroxy-7a-homo-13-
trans, 1 7-prostadienoate

304 55 205 butyl 9-oxo0-1 | a-methoxy- 15-hydroxy-20,20-( 1 ,4-bu-
tano )- 1 3-trans-prostenoate

305 55 152 butyl 9-oxo0-11a-methoxy-15-hydroxy-16,16-dimethyl-
13-trans-prostenoate

306 55 128 butyl 9-oxo-1 1 a-methoxy- 1 5-hydroxy-13-trans-pros-
tenoate

307 56 152 isopropyl 9-0xo-11a-methoxy-15-hydroxy-16.,16-di-
methyl-13-trans-prostenoate

308 56 128 isopropyl 9-oxo-11a-methoxy-15-hydroxy-13-trans-
prostenoate

309 56 216 1sopropyl 9-oxo-11a-methoxy-15-hydroxy-17.19-(1,3-
propano)-13-trans-prostenoate

310 56 161 isopropyl 9-oxo-11a-methoxy-15-hydroxy-17,18-cis-
methano- | 3-trans-prostenoate

311 57 128 decyl 9-0x0-1 | e-methoxy-15-hydroxy- 1 3-trans-pros-
tenoate

312 57 152 decyl 9-0xo- 1 | o-methoxy-15-hydroxy-16.16-dimeth-
yl-13-trans-prostenoate

313 57 143 decyl 9-0x0-1 | a-methoxy-15-hydroxy-20-ethyl-13-
trans-prostenoate

314 57 213 decyl 9-oxo-1 1 e-methoxy-15-hydroxy-17.20-(1,3-
propano )-13-trans-prostenoate

315 57 201 decy! 9-ox0-1 la-methoxy-15-hydroxy-17,20-
methano-13-trans-prostenoate

316 62 128 ethyl 9-0xo0-11a-t-butoxy-15-hydroxy-13-trans-
prostenoate

317 62 152 ethyl 9-0x0-1la-t-butoxy- 1 5-hydroxy-16,16-di-
methyl-13-trans-prostenoate

318 62 209 ethyl 9-oxo-11a-t-butoxy- 1 5-hydroxy-20-nor-
17,18-trans-( 1,3-propanc)-13-trans-prostenoate

319 86 128 9-ox0-110~(2-hydroxyethoxy)- 1 5-hydroxy-13-trans-
prostenoic acid

320 86 152 9-0x0- 1 L a-(2-hydroxyethoxy)- 1 5-hydroxy-16,16-di-

: methyl-13-trans-prostenoic acid
321 86 161 9-oxo-1 [ a-( 2-hydroxyethoxy)-15-hydroxy-17,18-cis-

methano- 1 3-trans-prostenoic acid
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TABLE 12 —Continued

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

Starting 1-iodo-1-
-trans alkene of

Product 9-0xo0-11-0xy-15-hydroxy(methoxy)-13-trans-

Example Example Example -prostenoic acid
322 86 171 9-ox0-11a-(2-hydroxyethyl)-15-hydroxy-16,17,18,-
19,20-pentanor-15-( I-adamantyl)-13-trans-prosten-
oic acid
323 86 143 9-0x0-11a-(2-hydroxyethoxy)- 15-hydroxy-20-ethyl-
13-trans-prostenoic acid
324 86 144 9-ox0-1 1 a-(2-hydroxyethoxy)- 15-hydroxy-16-ethyl-
| 3-trans-prostenoic acid
325 86 224 9-0x0- 11 a-(2-hydroxyethoxy)- 15-hydroxy-16,20-eth-
ano-13-trans-prostenoic acid
326 86 148A 9-oxo-11a-(2-hydroxyethoxy)-15-methoxy-13-trans-
prostenoic acid
327 86 148 9-0x0-11a-(2-hydroxyethoxy)- 1 5-hydroxy-1 3-trans-
17-cis-prostadienoic acid
328 107 140 9-0x0-11a-(2-hydroxyethoxy)-15-hydroxy-6,7,19,20-
tetranor- 1 3-trans-prostenoic acid
329 107 210 9-0x0-11a-(2-hydroxyethoxy)- 15-hydroxy-6,7-dinor-
17,20-ethano-1 3-trans-prostenoic acid
330 108 141 9-0x0-1 1 @-(2-hydroxyethoxy)-15-hydroxy-5,6,7,18,-
19,20-hexanor-13-trans-prostenoic acid
331 108 221 9-oxo-1 1 a-(2-hydroxyethoxy)-15-hydroxy-5,6,7-tri-
nor-16,20-ethano- | 3-trans-prostenoic acid
332 110 143 9-0x0-11a-(2-hydroxyethoxy)-15-hydroxy-7a,7b-bis-
homo-20-ethyl-13-trans-prostenoic acid
333 110 152 9-0x0-11a-(2-hydroxyethoxy)- 15-hydroxy-7a,7b-bis-
homo-16,16-dimethyl- 1 3-trans-prostenoic acid
334 110 128 9-0x0-110a-(2-hydroxyethoxy)- { 5-hydroxy-7a,7b-bis-
homo- 1 3-trans-prostenoic acid
335 110 220 9-oxo-11a-(2-hydroxyethoxy)-15-hydroxy-7a,7b-bis-
homo-16,20-( 1,3-propano)-13-trans-prostenoic acid
336 11t 206 9-oxo-11a-(2-hydroxyethoxy)-15-hydroxy-2-ethyl-20-
cyclopentyl-1 3-trans-prostenoic acid
337 111 148 9-0x0-11 a-(2-hydroxyethoxy)-15-hydroxy-2-ethyl-13-
trans, 17-cis-prostadienoic acid
338 113 128 9-ox0-110a-(2-hydroxyethoxy)- 1 5-hydroxy-3,3-dimeth-
yl-13-trans-prostenoic acid
339 113 144 9-oxo-11a~(2-hydroxyethoxy)- 1 5-hydroxy-3,3-dimeth-
yl-16-ethyl- 1 3-trans-prostenoic acid
340 113 213 9-0x0-1 1 a~(2-hydroxyethoxy)-15-hydroxy-3,3-dimeth-
yI-17,20-( 1,3-propano)-13-trans-prostenoic acid
341 115 128 9.0x0-11a-(2-hydroxyethoxy)- 15-hydroxy-3-oxa-13-
trans-prostenoic acid
342 115 152 9-0x0-11 a-(2-hydroxyethoxy)- 1 5-hydroxy-3-oxa-16,-
16-dimethyl- 13-trans-prostenoic acid
343 115 219 9-0x0-1 I a-(2-hydroxyethoxy)- 15-hydroxy-3-oxa-16,-
19-trans-ethano-1 3-trans-prostenoic acid
344 115 148A 9-oxo-1 1 a -(2-hydroxyethoxy)-15-methoxy-3-oxa-13-
trans-prostenoic acid
345 115 148 9-oxo0-11a-(2-hydroxyethoxy)-15-hydroxy-3-oxa-13-
trans, 1 7-prostadienoic acid
346 115 172 9-0x0-1 | a-( 2-hydroxyethoxy)-15-hydroxy-3-oxa-16,-
20-methano- | 3-trans, 1 7-cis-prostadienoic acid
347 117 152 9-0x0-11a-( 2-hydroxyethoxy)- 1 5-hydroxy-2-fluoro-
16,16-dimethyl-13-trans-prostenoic acid
348 117 128 9-0x0-11a-(2-hydroxyethoxy)- 1 5-hydroxy-2-fluoro-
13-trans-prostenoic acid
349 117 214 9-0x0-11a-(2-hydroxyethoxy)- 1 5-hydroxy-2-fluoro-
17,20(1.4-butano)-1 3-trans-prostenoic acid
350 118 139 9-0x0-11a-(2-hydroxyethoxy)- 15-hydroxy-7,20-bis-
nor-13-trans-prostenoic acid
351 18 145 9-oxo0-1 1 a-( 2-hydroxyethoxy)- 15-hydroxy-7,20-bis-
nor- 16-methyl-13-trans-prostenoic acid
352 i19 142 9-oxo-1  a-(2-hydroxyethoxy )-15-hydroxy-7a-homo-
20-methyl-13-trans-prostenoic acid
353 119 152 9-oxo-1 { a-(2-hydroxyethoxy)- 15-hydroxy-7a-homo-
16,16-dimethyl-13-trans-prostenoic acid
354 119 174 9-oxo-11a-(2-hydroxyethoxy)-15-hydroxy-7a-homo-
16,17,18,19,20-pentanor-15-(2-adamantyl)-13-
trans-prostenoic acid
355 120 128 9-0x0-1 1 a-(2-hydroxyethoxy)-15-hydroxy-2-phenyl-
13-trans-prostenoic acid
356 124 128 9-ox0-1 1 a-(2-hydroxypropyl)-15-hydroxy- 1 3-trans-
* prostenoic acid
357 124 152 9-ox0-11a-(2-hydroxypropoxy) | 5-hydroxy-16.16-di-
methyl-13-trans-prostenoic acid
358 124 207 9-ox0-11a-(2-hydroxypropoxy)-15-hydroxy-16-meth-
yl-18.20-ethano-13-trans-prostenoic acid
359 124 148 9.0x0-11a-(2-hydroxypropoxy )-15-hydroxy- 1 3-trans,-
17-cis-prostadienoic acid
360 126 128 9-0x0-11a-(4-hydroxybutoxy)-15-hydroxy-13-trans-
prostenoic acid
361 126 152 9-0x0-1 1 a-(4-hydroxybutoxy)- 1 5-hydroxy-16,16-di-
methyl- 1 3-trans-prostenoic acid
362 103 152 ethyl 9-0x0-1 l a~(2-hydroxyethoxy)-15-hydroxy-16.-
16-dimethyl- I 3-trans-prostenoate
363 103 147 ethyl 9-oxo0-1 1 a~(2-hydroxyethoxy)-15-hydroxy-17-
methyl-20-(2-propenyl )- 1 3-trans-prostenoate
364 103 217 ethyl 9-0x0-1 | a-(2-hydroxyethoxy)-15-hydroxy-19.-

20-dinor-16,17-(1,3-propano)- | 3-trans-prostenoate
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| TABLE 12— Continued! !
] : 2 !
i ‘lﬂil? 4-oxycyclopemt- Staniing 1-iodo-1-
_ -2-en-1-ome of -trans alkene of Produet 9-0xo-1 1-0xy- 1 5-hrydroxy(methoxy)-13-trans-
Example Example Example -prostenoic acid
365 103 212 ethyl 9-oxo-1 1a-(2-hydroxyethoxy)-15-hydroxy-19.-
20-( 1,4-butano )-13-trans-prostenoate
366 104 139 methyl 9-oxo0-11a-(2-hydroxyethoxy)-15-hydroxy-20-
nor- 1 3-trans-prostenoate
367 104 148A methyl 9-oxo-11a-(2-hydroxyethoxy)-15-methoxy-13-
trans-prostenoate .
368 105 202 ethyl 9-oxo0-1 la~(3-hydroxypropoxy)-15-hydroxy-
. 6,7,20-trinor-17,19-methano- 1 3-trans-prostenoate
369 106 208 ethyl 9-oxo-11a-(2-hydroxyethoxy)-15-hydroxy-
5,6,7-trinor-16-ethyl-19,20-( 1,3-propano)-13-
trans-prostenoate
370 109 161 ethyl 9-oxo-11a-(2-hydroxyethoxy)-15-hydroxy-7a.-
7b-bishomo- 17,18-cis-methano- 1 3-trans-prostenoate
371 109 148 ethyl 9-ox0-1 1 a-(2-hydroxyethoxy)-15-hydroxy-7a-
7b-bishomo- 1 3-trans, | 7-cis-prostadienoate
372 109 169 ethyl 9-0xo-1 | a-(2-hydroxyethoxy)-15-hydroxy-7a,-
7b-bishomo- 17,20-ethano-1 3-trans, 1 8-prostadieno-
ate '
373 112 148 ethyl Y-oxo-11a-(3-hydroxypropoxy)-15-hydroxy-2-
ethyl-13-trans, | 7-cis-prostadienoate
374 112 203 ethyl 9-oxo-1 1 a~( 3-hydroxypropoxy)-15-hydroxy-2-
ethyl-18,20-ethano- | 3-trans-prostenoate
375 114 156 ethyl 9-oxo-1 1 a-(2-hydroxyethoxy)-15-hydroxy-
3.3.17,17-tetramethyl- 1 3-trans-prostenoate
376 114 215 ethyl 9-oxo-1 1a-(2-hydroxyethoxy)-15-hydroxy-
3,3,20-trimethyl-17,20-ethano- 1 3-trans-prosteno-
ate
n 116 152 ethyl 9-oxo-11a-(3-hydroxypropoxy)-15-hydroxy-3-
oxa-16,16-dimethyl-13-trans-prostenoate
378 116 218 ethyl 9-oxo-1 1 a-(3-hydroxypropoxy)-15-hydroxy-3-
oxa-16,20-methano-13-trans-prostenoate
379 121 128 butyl 9-0x0-1 1 0-(2-hydroxyethoxy)- 1 5-hydroxy-
| 3-trans-prostenoate
380 121 152 butyl 9-oxo-1 1 a-(2-hydroxyethoxy)-15-hydroxy-16,-
16-dimethyl- 1 3-trans-prostenoate
381 121 161 butyl 9-ox0-1 1 a-(2-hydroxyethoxy)-15-hydroxy-17.-
18-cis-methano-13-trans-prostenoate
382 121 216 butyl 9-oxo0-11a-(2-hydroxyethoxy)-15-hydroxy-17.-
19-(1,3-propanol)- 1 3-trans-prostenoate
383 121 173 butyl 9-oxo-1 1 a-(2-hydroxyethoxy)-15-hydroxy-16,-
) 20-methano- 13-trans, | 8-prostadienoate
384 121 148 butyl 9-oxo-1 1a-92-hydroxyethoxy)- 15-hydroxy-13-
trans, | 7-cis-prostadienoate
385 122 148 isopropyl 9-0xo-11a-(2-hydroxyethoxy)-15-hydroxy-
' 13-trans, 1 7-cis-prostadienoate
386 122 146 isopropyl 9-oxo-110-(2-hydroxyethoxy)-15-hydroxy-
19-methyl-13-trans, | 8-prostadienoate
387 122 152 isopropyl 9-0xo-11a-(2-hydroxyethoxy)-15-hydroxy-
16,16-dimethyl-13-trans-prostenoate
388 122 175 isopropyl 9-oxo-11a-(2-hydroxyethoxy)- 15-hydroxy-
17.18,19,20-tetranor- 1 6-( 1 -adamantyl)- 13-trans-
prostenoate
389 123 128 decyl 9-ox0-110-(2-hydroxyethoxy)-15-hydroxy-13-
trans-prostenoate
390 123 152 decyl 9-oxo-11a-(2-hydroxyethoxy)-15-hydroxy-16.-
: 16-dimethyl- 13-trans-prostenoate
391 123 148A decy! 9-oxo- 1 1a-(2-hydroxyethoxy)- 15-methoxy-13-
trans-prostenoate
392 123 209 decyl 9-oxo-1 1a-(2-hydroxyethoxy )-15-hydroxy-20-
nor-17,18-trans-) {,3-propano)-1 3-trans-pro
stenoate
393 123 148 decyl 9-oxo- 1 la-(2-hydroxyethoxy)-15-hydroxy-13-

trans, 1 7-cis-prostadienoate

9¢,15-dihydroxy-11a-methoxy-13-trans-prostenoic

To a solution of 433 mg. of 9-oxo-11a-methoxy-15-
hydroxy-13-trans-prostenoic acid (Example 227) in 4.5

EXAMPLE 394

Preparation of

acid

60

65

ml. of tetrahydrofuran, stirred in an ice bath under ni-
trogen atmosphere, is added dropwise 3.7 ml. of 0.76M
lithium perhydro-9b-boraphenyalyl hydride. After 40
minutes at 0°C. there is added 1.62 ml. of 3N sodium
hydroxide followed by 1.62 ml. of 30% hydrogen per-
oxide. Ether is added and the resulting solution is acidi-
fied with 2N hydrochloric acid. The ether layer is
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washed several times with saturated sodium chloride
solution, dried with anhydrous magnesium sulfate and
taken to dryness to give the subject product as an oil.

EXAMPLES 395-560

Treatment of the 9-oxo derivatives listed in Table 13
below with lithium perhydro-9b-boraphenalyl hydride
by the procedure described above in Example 394 fur-
nishes the product 9a-hydroxy-11-oxy-15-hydroxy(or
methoxy)-13-trans-prostenoic acids of the table.

Table 13

Ex-
ample

Starting 9-oxo-
derivative
of Example

Product 9a-hydroxy-
-11-o0xy-15-
-hydroxy(methoxy)-13-
-trans-prostenoic acid

395

396

397

398

399

400

401

402

403

404

405

306

407

408

409

410

228

232

237

238

240

241

o
S
(5]

243

9a-hydroxy-11a-methoxy-
-15-hydroxy-20-ethyl-13-
-trans-prostenoic acid
9a-hydroxy-1 ! a-methoxy-
-15-hydroxy-16-ethyl-
-13-trans-prostenoic

acid
9a-hydroxy-11a-methoxy-
-15-methoxy-13-trans-
-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-13-trans.-
-17-cis-prostadienoic

acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-16,16-
-dimethyl-13-trans-
-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-17.17-di-
methyl-13-trans-pros-
tenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-17.18-cis-
-methano-13-trans- -
-prostenoic acid
9a-hydroxy-1la-methoxy-
-15-hydroxy-16,17.18.19,
20-pentanor-15-(1-
-adamantyl)-13-trans-
prostenoic acid
9a-hydroxy- 1l a-methoxy-
-15-hydroxy-16,20-meth-
ano-13-trans, 1 7-pros-
tadienoic acid
9a,15-dihydroxy-1la-
-methoxy-16,20-cthano-
-13-trans-prostenoic

acid

9a-hydroxy- 11 a-methoxy-
15-hydroxy-16,19-trans-
ethano- | 3-trans-pros-
tenoic acid

9a-hydroxy-1 la-methoxy-
-15-hydroxy-6,7.19,20-
-tetranor-13-trans-
-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-6,7-dinor-
-17,20-ethano-13-trans-
-prostenoic acid
9a-hydroxy-1 1 a-ethoxy-
-15-hydroxy-5.6,7,20-
-tetranor-17,19-meth-
ano-13-trans-prostenoic
acid -

9a-hydroxy-1 1 a-ethoxy-
-15-hydroxy-5,6,7,18.-
~19,20-hexanor-13-
-trans-prostenoic acid
9a-hydroxy-1 1a-methoxy-
-15-hydroxy-7a,7b-bis-

20

30

35

40

45

50

55

60

65

40

Table 13-Continued

Ex-
ample

Starting 9-oxo-
derivative
of Example

Product 9a-hydroxy-
-11-oxy-15-
-hydroxy(methoxy)-13-
-trans-prostenoic acid

413

414

415

416

417

418

419

420

423

424

425

427

429

430

431

244

245

246

248

249

264

homo-20-ethyl-13-trans-
-prostenoic acid
9a-hydroxy- 11 a-methoxy-
-15-hydroxy-7a,7b-bis-
homo-16,16-dimethyl-13-
-trans-prostenoic acid
9a-hydroxy-1 la-methoxy-
-15-hydroxy-7a,7b-bis-
homo-16,20( 1,3-propano)-
-13-trans-prostenoic

acid

9a-hydroxy-1 1 a-methoxy-
-15-hydroxy-2-ethyl-20-
-nor- 1 3-trans-pros-

tenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-2-ethyl-
-16,20-methano-13-trans,
-18-prostadienoic acid
9a-hydroxy-1 | a-methoxy-
-3,3-dimethyl-16-(1-
-adamantyl)-17,18,19 -
-20-tetranor-13-trans-
-prostenoic acid
9a-hydroxy-1 1 a-methoxy-
-15-hydroxy-3,3,20-
-trimethyl-13-trans-
prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-3-oxa-13-
-trans-prostenoic acid
9a-hydroxy-11a,15-
-dimethoxy-3-oxa-13-
-trans-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-3-oxa-16.-
-16-dimethyl- 1 3-trans-
-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-3-oxa-17.-
-20-ethano-13-trans-
-18-prostadicnoic acid
9a-hydroxy-1 1 a-methoxy-
-15-hydroxy-3-oxa-16,-
20-methano-13-trans-
-prostenoic acid
9a-hydroxy-1 [ a-methoxy-
-15-hydroxy-2-fluoro-
-18,20-ethano-13-trans-
-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-2-fluoro-
-16-methyl-20-nor-13-
-trans-prostenoic acid
9a-hydroxy-1 1 a-methoxy
-15-hydroxy-7,20-dinor-
-13-trans-prostenoic

acid

9a-hydroxy-1 | a-methoxy-
-15-hydroxy-7-nor-
17,20-(1,4-butano)-
-13-trans-prostenoic

acid

9a-hydroxy-1 1 a-methoxy-
-15-hydroxy-7a-homo-
-20-methyl-13-trans-
-prostenoic acid
9a-hydroxy-1 | a-methoxy-
-15-hydroxy-7a-homo-
-17,18-cis-methano- 13-
-trans-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-7a-homo-
-20-cyclopentyl-13-
-trans-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-2-phenyl-
-17,17-dimethyl-13-
-trans-prostenoic acid
9a-hydroxy-11a-methoxy-
-15-hydroxy-2-phenyl-
-18,20-(1,3-propano)-
-13-trans-prostenoic

acid

9a-hydroxy-1 1 a-ethoxy-
-15-hydroxy-16,16-
-dimethyl-13-trans-
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Table 13-Continued

Starting 9-oxo-

Product 9a-hydroxy-
-11-0xy-15-

Starting 9-oxo-

Product 9a-hydroxy-
-11-0xy-15-

Ex- derivative -hydroxy(methoxy)-13- Ex- derivative -hydroxy(methoxy)- 13-
ample of Example -trans-prostenoic acid ample of Example -trans-prostenoic acid
-prostenoic acid -ethoxy-15-hydroxy-
432 265 9a-hydroxy-11a-ethoxy- -20-methyl-17,20-ethano-
-15-hydroxy-16-methyi- -13-trans-prostenoate
-18,20-ethano-13-trans- 455 288 methyl 9a-hydroxy-11la-
-prostenoic acid -methoxy-15-hydroxy-
433 266 9a-hydroxy-1 1a-ethoxy- 10 -16,16-dimethyl-13-
-15-hydroxy-19-methyl- -trans-prostenoate
-13-trans, | 8-prosta- 456 289 methyl 9a-hydroxy-11a-
dienoic acid -methoxy-15-hydroxy-16,
434 267 9a-hydroxy-11a-ethoxy- -17,18,19,20-pentanor-
-15-hydroxy-13-trans- -15-(2-adamantyl)- 13-
-17-grostadicnoic acid -trans-prostenoate
435 268 9a-hydroxy-11a-propoxy- 15 457 290 ethyl 9a-hydroxy-11a-
-16,16-dimethyl-13- -propoxy- [ 5-hydroxy-6,7-
-trans-prostenoic acid -dinor-13-trans-pros-
436 269 9a-hydroxy- 1 1 a-propoxy- tenoate
-15-hydroxy-20-nor- 458 291 ethyl 9a-hydroxy-1la-
-13-trans-prostenoic -isopropoxy- 1 5-hydroxy-
. acid -5,6,7-trinor-13-trans-
437 270 9a-hydroxy-11a-propoxy- 20 -prostenoate
-15-hydroxy-13-trans- 459 292 ethyl 9a-hydroxy-11a-
-prostenoic acid -isopropoxy-15-hydroxy-
438 271 9a-hydroxy-11a-propoxy- -7a.7b-bishomo-17-
-16,17,18,19,20-pen- -methyl-20-(2-propenyl)-
tanor-15-(2-adamantyl)- -13-trans-prostenoate
~-13-trans-prostenoic 460 293 ethyl 9a-hydroxy-11a-
acid 25 -isopropoxy-15-hydroxy-
439 272 9a-hydroxy-1 1 a-propoxy- -7a,7b-bishomo-13-
-15-hydroxy-17.20- -trans, | 7-prostadienoate
-ethano-13-trans,19- 461 294 ethyl 9a-hydroxy-11a-
-prostadienoic acid butoxy-15-methoxy-2-
440 273 9a-hydroxy-11a-iso- -ethyl-13-trans-pros-
-propoxy-15-hydroxy- tenoate
-13-trans,17-prosta- 30 462 295 ethyl Sa-hydroxy-11la-
-dienoic acid -butoxy-15-hydroxy-2-
441 274 9a-hydroxy-1{a-iso- -ethyl-16.16-dimethyl-
-propoxy-15-methoxy- -13-trans-prostenoate
-13-trans-prostenoic 463 296 ethyl 9a-hydroxy-1la-
acid -methoxy-15-hydroxy-
442 275 9a-hydroxy-11a-iso- -3.3-dimethyl-13-
-propoxy-15-hydroxy- 35 -trans-prostenoate
-16.16-dimethyl-13- 464 297 ethyl Ya-hydroxy-11a-
-trans-prostenoic acid -methoxy-15-hydroxy-
443 276 9a-hydroxy-1 l a-iso- -3.3,16,16-tetramethyl-
-propoxy-15-hydroxy- -13-trans-prostenoate
-17,20-methano- 465 298 ethyl 9a-hydroxy-1la-
-13-trans-prostenoic -ethoxy-15-hydroxy-3-
acid 40 -0xa-20-ethyl-13-
444 277 9o-hydroxy-1 {e-iso- -trans-prostenoate
-propoxy-15-hydroxy- 466 299 ethyl 9a-hydroxy-11la-
-13-trans-prostenoic -ethoxy- 1 5-hydroxy-
acid -3-0xa-19.20-( 1,3-pro-
445 278 9a-hydroxy-4-n-butoxy- pano)-13-trans-pros-
-15-hydroxy-16,16- tenoate
-dimethyl-13-trans- 45 467 300 ethyl 9a-hydroxy-11a-
-prostenoic acid -sec-butoxy- 1 5-hydroxy-
446 279 9a-hydroxy-4-n-butoxy- -7-nor-20-methyl-13-
-15-hydroxy-13-trans- trans-prostenoate
-prostenoic acid 468 301 ethyl 9a-hydroxy-11a-
447 280 9a-hydroxy-4-n-butoxy- sec-butoxy-15-hydroxy-
-16-methyl-20-nor-13- -7-nor-19,20-( t 4-bu-
-trans-prostenoic acid 50 tano)-13-trans-pros-
448 281 9a-hydroxy-4-n-butoxy- tenoate
-16-ethyl-19,20-(1,3- 469 302 ethyl 9a-hydroxy-11la-
-propano)-13-trans- -methoxy-15-hydroxy-
-prostenoic acid -7a-homo-17,20-(1,3-
449 282 9a-hydroxy-4-n-butoxy- -propano)-13-trans-
-15-hydroxy-16,20- -prostenoate
-ethano-1 3-trans- 55 470 303 ethyl 9a-hydroxy-11a-
-prostenoic acid -methoxy-15-hydroxy-
450 283 9a-hydroxy-1 1 a-methoxy- -7a-homo-13-trans-17-
-15-hydroxy-2,17-di- -prestadienoate
methyl-20-nor-16,19- 471 304 butyl 9a-hydroxy-11a-
-trans-methano- 1 3-trans- methoxy-15-hydroxy-20,-
-prostenoic acid R -20-(1,4-butano)-13-
451 284 9a-hydroxy-1 1 a-methoxy- 60 -trans-prostenoate
-15-hydroxy-2,16,16- 472 305 butyl 9a-hydroxy-11a-
-trimethyl-13-trans- -methoxy-15-hydroxy-16,-
-prostenoic acid -16-dimethyl- | 3-trans-
452 285 9a-hydroxy-11a-methoxy- -prostenoate
-15-hydroxy-2-methyl- 473 306 butyl 9a-hydroxy-11a-
-13-trans-prostenoic -methoxy- 1 5-hydroxy-
acid 65 -13-trans-prostenoate
453 286 ethyl 9a-hydroxy-11a- 474 307 isopropy! 9a-hydroxy-
-ethoxy-15-hydroxy-13- -11a-methoxy-15-hydroxy-
-trans-prostenoate -16,16-dimethyl-13-
454 287 ethyl 9a-hydroxy-11a- -trans-prostenoate
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Starting 9-oxo-

Product 9a-hydroxy-
-11-oxy-15-

. Starting 9-oxo-

Product 9a-hydroxy-
-11-oxy-15-

Ex- derivative -hydroxy(methoxy)-13- 5 Ex- derivative -hydroxy(methoxy)-13-
ample of Example -trans-prostenoic acid ample of Example -trans-prostenoic acid
475 308 isopropyl 9a-hydroxy- 496 329 9a-hydroxy-11a-(2-hy-
-1 la-methoxy-15-hydroxy- droxyethoxy)-6,7-dinor-
-13-trans-prostenoate -17,20-ethano-13-trans-
476 309 isopropyl 9a-hydroxy- -prostenoic acid
-1la-methoxy-15-hy- 497 330 9a-hydroxy-11a-(2-hy-
droxy-17,19-(1,3-pro- 10 droxyethoxy)-15-hy-
pano)-13-trans-prosteno droxy-5,6,7,18,19,20-
ate -hexanor-13-trans-
477 310 isopropyl 9a-hydroxy- -prostenoic acid
-1 Ta-methoxy-15-hy- 498 331 9a-hydroxy-1 la-(2-hy-
droxy-17,18-cis-meth- droxyethoxy)-15-hy-
ano-1 3-trans-prosteno- droxy-5,6,7-trinor-
ate 15 -16,20-ethano-13-trans-
478 3l decyl 9a-hydroxy-11la- -prostenoic acid
-methoxy-15-hydroxy-13- 499 332 9a-hydroxy-11a-(2-hy-
-trans-prostenoate droxyethoxy)- 15-hy-
479 312 decyl 9a-hydroxy-11a- droxy-7a,7b-bishomo-20-
-methoxy-15-hydroxy- -ethyl-13-trans-pros-
-16,16-dimethyl-13- tenoic acid
-trans-prostenoate 20 500 333 9a-hydroxy-11a-(2-hy-
480 313 decyl 9a-hydroxy-11a- droxyethoxy)-15-hy-
-methoxy-15-hydroxy-20- droxy-7a,7b-bishomo-
-ethyl-13-trans-pros- -16,16-dimethyl-13-
tenoate -trans-prostenoic acid
481 314 decyl 9a-hydroxy-1la- 501 334 9a-hydroxy-11a-(2-hy-
-methoxy-15-hydroxy- droxyethoxy)- I 5-hy-
-17.20-(1.3-propano)- 25 droxy-7a,7b-bishomo-
-13-trans-prostenoate -13-trans-prostenoic
482 315 decyl 9a-hydroxy-11a- acid
-methoxy-1 5-hydroxy- 502 335 Ya-hydroxy-11a-(2-hy-
-17.20-methano- droxyethoxy)-15-hy-
-13-trans-prostenoate droxy-7a,7b-bishomo-
483 3le ethyl 9a-hydroxy-11a-t- -16,20-(1,3-propano)-
-butoxy-15-hydroxy-13- 30 -13-trans-prostenoic
-trans-prostenoate acid
484 37 ethyl Ya-hydroxy-11a-t- 503 336 9a-hydroxy-11a-(2-hy-
-butoxy-15-hydroxy- droxyethoxy)-15-hy-
-16.16-dimethyl-13- droxy-2-ethyl-20-cy-
-trans-prostenoate clopentyl-13-trans-
485 318 ethyl Ya-hydroxy-11a-t- -prostenoic acid
-butoexy-20-nor- 35 504 337 9a-hydroxy-1 la-(2-hy-
. -17.18-trans-1 3-pro- droxyethoxy)-15-hy-
pano-13-trans-prosten- droxy-2-ethyl-13-trans,-
-oite 17-cis-prostadienoic
486 319 9a-hydroxy-11a-{ 2-hy- acid
‘droxyethoxy)-15-hy- 505 338 9a-hydroxy-11a-(2-hy-
droxy-13-trans-prosten- droxyethoxy)-15-hy-
oic acid 40 droxy-3,3-dimethyl-13-
487 320 9a-hydroxy-1 L a-( 2-hy- -trans-prostenoic acid
droxyethoxy )-15-hydroxy- 506 339 9a-hydroxy-11a-(2-hy-
-16,16-dimethyl-13- droxyethoxy)-15-hy-
: -trans-prostenoic acid droxy-3,3-dimethyl-16-
488 321 9a-hydroxy-11a-(2-hy- -ethyl-13-trans-pros-
droxyethoxy)-15-hydroxy- tenoic acid
-17,18-cis-methano-13- 45 507 340 9a-hydroxy-11a-(2-hy-
-trans-prostenoic acid droxyethoxy)-15-hy-
489 322 9a-hydroxy-11a-( 2-hy- droxy-3,3-dimethyl-17.-
droxyethoxy)-15-hy- 20-(1,3-propano)-13-
droxy-16,17,18,19,20- -trans-prostenoic acid
-pentanor-15-(1-ada- 508 341 9a-hydroxy-11a-(2-hy-
manty!)-13-trans-pros- droxyethoxy)- 15-hy-
tenoic acid 50 droxy-3-oxa-13-trans-
490 323 9a-hydroxy-11a-( 2-hy- -prostenoic acid
droxyethoxy )- 1 5-hydroxy- 509 342 9a-hydroxy-11a-(2-hy-
-20-ethyl-13-trans- droxyethoxy)-15-hy-
-prostenoic acid droxy-3-oxa-16,16-di-
491 324 9a-hydroxy-11e-( 2-hy- methyl-13-trans-pros-
droxyethoxy)-15-hy- tenoic acid
droxy-16-ethyl-13-trans- 55 510 343 9a-hydroxy-11a-(2-hy-
-prostenoic acid droxyethoxy)-15-hy-
492 338 9a-hydroxy-11a-(2-hy- droxy-3-oxa-16,19-
droxyethoxy)-15-hy- -trans-ethano- 1 3-trans-
droxy-16.20-ethano-13- -prostenoic acid
-trans-prostenoic acid 51t 344 9a-hydroxy-11a-(2-hy-
493 326 9a-hydroxy-11a-( 2-hy- droxyethoxy)-15-meth-
droxyethoxy)-15-meth- 60 oxy-3-oxa-13-trans-
oxy-13-trans-prostenoic -prostenoic acid
acid 512 345 9a-hydroxy-1 1 a-(2-hy-
494 327 9a-hydroxy-1 | a-( 2-hy- droxyethoxy)-15-hy-
droxyethoxy)-15-hy- droxy-3-oxa-13-trans,-
droxy-13-trans, 1 7-cis 17-cis-prostadienoic
prostadienoic acid acid
495 328 9a-hydroxy-I1 a-( 2-hy- 65 513 346 9a-hydroxy-1a-(2-hy-

droxyethoxy)-15-hy-
droxy-6,7,19,20-tetra-
nor-13-trans-prosten
oic acid

droxyethoxy)- 1 5-hy-
droxy-3-oxa-16,20-
-methano-13-trans, 17-
-prostadienoic acid
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Table 13-Continued

Ex-
ample

Starting 9-oxo-
derivative
of Example

Product Ya-hydroxy-
-11-0xy-15-
-hydroxy(methoxy)-13-
-trans-prostenoic acid

Ex-
ample

Starting 9-oxo-
derivative
of Example

Product 9a-hydroxy-
-11-oxy-15-
-hydroxy(methoxy)-13-
-trans-prostenoic acid

514

515

516

517

518

519

520

525

528

wn
[
=]

530

347

348

349

350

351

354

KRN

356

358

359

360

381

362

L]
>
“w

364

[
o
o

9a-hydroxy-11a-(2-hy-
droxyethoxy)-15-hy-
droxy-2-fluoro-16,16-
-dimethyl-13-trans-
-prostenoic acid
9a-hydroxy-11e-(2-hy-
droxyethoxy)-15-hy
droxy-2-fluoro-13-
-trans-prostenoic acid
9a-hydroxy-11ea-( 2-hy-
droxyethoxy)-15-hydroxy-
-2-fluoro-17.20-( 1 4-
-butano-13-trans-pros-
tenoic acid
9a-hydroxy-11a-(2-hy-
droxyethoxy)-15-hydroxy-
-7,20-bisnor-13-trans-
-prostenoic acid
9a-hydroxy-11a-( 2-hy-
droxyethoxy )-15-hydroxy-
-7,20-bisnor- 1 6-methyl-
-1 3-trans-prostenoic

acid

9a-hydroxy-11a-( 2-hy-
droxyethoxy)-15-hydroxy-
-7a-homo-20-methyl-13-
-trans-prostenoic acid
9a-hydroxy-11ea-( 2-hy-
droxyethoxy)-15-hydroxy-
-Ta-homo-16,16-di-
methyl-13-trans-pros-
tenoic acid
Ya-hydroxy-11a-(2-hy-
droxyethoxy)-15-hydroxy-
-7a-homo-16,17,18.19, -
20-pentanor-15-( 2-ada-
mantyl)- 1 3-trans-pro-
stenoic acid
9a-hydroxy-11a-( 2-hy-
droxyethoxy)-15-hydroxy-
-2-phenyl-13-trans-
-prostenoic acid
9a-hydroxy-1la-(2-
-hydroxypropoxy)-15-
-hydroxy-13-trans-
-prostenoic acid
9a-hydroxy-11ea-(2-
-hydroxypropoxy)-15-
-hydroxy-16,16-dimeth-
yl-13-trans-prostenoic
acid )
9a-hydroxy-11e-( 2-
-hydroxypropoxy)-15-
-hydroxy-16-methyl-18,
20-ethano- 1 3-trans-
-prostenoic acid
Ya-hydroxy-11a-(2-
-hydroxypropoxy)-15-
-hydroxy-13-trans,17-cis-
-prostadienoic acid
9a-hydroxy-11a-(4-
-hydroxybutoxy)-15-
-hydroxy-13-trans-
-prostenoic acid
Ya-hydroxy-11o-(4-hy-
droxybutoxy)-15-hydroxy-
-16,16-dimethyl-1 3-
-trans-prostenoic acid
ethyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-16.16-dimeth-
yl-13-trans-prostenoate
ethyl 9a-hydroxy-1la-
(2-hydroxyethoxy )-15-
-hydroxy-17-methyl-20-
-(2-propenyl)-13-trans-
-prostenoate

ethyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-19,20-dinor-
-16,17-(1,3-propano)-

-1 3-trans-prostenoate
ethyl 9a-hydroxy-11la-
-(2-hydroxyethoxy)-15-
-hydroxy-19,20-(1 4-
-butano)-13-trans-
-prostenoate
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534

537

540

541

542

n
B
DY

544

546
547

548

549

550

551

366

367

368

369

370

371

372

373

374

376

377

378

379

380

382

383

384

methyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-20-nor-13-
~trans-prostenoate
methyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-135-
-methoxy-13-trans-
-prostenoate

ethyl 9a-hydroxy-1lea -
-(3-hydroxypropoxy )-
-15-hydroxy-6,7,20-
-trinor-17,19-methano-
-13-trans-prostenoate
ethyl 9a-hydroxy-11ea-
-(2-hydroxyethoxy)-15-
-hydroxy-5.6,7-trinor-
-16-ethyl-19,20-(1,3-
-propano- 1 3-trans-
-prostenoate

ethyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-7a.7b-bishomo-
-17,18-cis-methano-13-
-trans-prostenoate

ethyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-7a.7b-bishomo-
-13-trans.{ 7-cis-
-prostadienoate

ethyl Sa-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-7a.7b-bishomo-
-17,20-ethano- 1 3-trans-
-18-prostadienoate

ethyl 9a-hydroxy-11e-
-(3-hydroxypropoxy )-
-15-hydroxy-2-ethyl-
-13-trans.17-cis-
prostadienoate

ethyl 9a-hydroxy-11a-
-(3-hydroxypropoxy-15-
-hydroxy-2-ethyl-18,20-
-ethano-13-trans-pros-
tenoate

ethyl 9o-hydroxy-11a-
-(3-hydroxyethoxy)-3.3,
17,17-tetramethyl-13-
-trans-prostenoate

ethyl 9a-hydroxy-11a-
(2-hydroxyethoxy)-15-
-hydroxy-3,3,20-tri-
methyl-17,20-ethano-
-13-trans-prostenoate
ethyl 9a-hydroxy-11a-
-(3-hydroxypropoxy)-
-15-hydroxy-3-oxa-16,
-16-dimethyl-13-trans-
-prostenoate

ethyl 9a-hydroxy-11a-
-(3-hydroxypropoxy)-15-
-hydroxy-3-oxa-16,20-
-methano-13-trans-
-prostenoate

butyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-13-trans-
-prostenoate

butyl 9a-hydroxy-11a-
(2-hydroxvethoxy)-15-
-hydroxy-16,16-dimeth-
yl-13-trans-prostenoate
butyl 9a-hydroxy-11e-
-(2-hydroxyethoxy)-15-
-hydroxy-17,18-cis-
-methano-13-trans-pros-
tenoate

butyl 9a-hydroxy-11a-
-(2-hydroxyethoxy-15-
-hydroxy-17,19-(1,3-
-propano-1 3-trans-pros-
tenoate

butyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-16,20-methano-
-13-trans,18-prosta- ’
dienoate

butyl 9a-hydroxy-11a-
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Product 9a-hydroxy-
-11-oxy-15-
-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-
-11e-(2-hydroxyethoxy)-
-15-hydroxy-13-trans,-
1 7-cis-prostadienoate
isopropyl-9a-hydroxy-
-1la-(3-hydroxyethoxy )-
-15-hydroxy-19-methyl-
-13-trans,18-prosta-
dienoate
isopropyl 9a-hydroxy-
-1la-(2-hydroxyethoxy)-
-15-hydroxy-16,16-di-
methyl- | 3-trans-pros-
tenoate
isopropyl 9a-hydroxy-
-1 la-(2-hydroxyethoxy)-
-15-hydroxy-17,18.19,-
20-tetranor-16-( 1-ada-
mantyl)-13-trans-pros-
tenoate
decy! 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-13-trans-pros-
tenoate
decyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-16.16-dimeth-
yl-13-trans-prostenoate
deeyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15- -
-methoxy-13-trans-
-prostenoate

ecyl Ya-hydroxy-11a-
-{2-hydroxyethoxy)-15-
-hydroxy-20-nor-17,18-
-trans( 1,3-propano)-13-
-trans-prostenoate
decyl 9a-hydroxy-1la-
-(2-hydroxyethoxy)-15-
-hydroxy-13-trans,17-
-cis-prostadienoate

386

387

388

556 389

557

390

558

559 392

560

EXAMPLE 561

A solution of 9-oxo-1la-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 aqueous 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 9a,15-
a-dihydroxy-11a-methoxy-13-trans-prostenoic  acid,
contaminated with 98,15«-dihydroxy-11a-methoxy-
[3-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 9a-hydroxy-
1 la-methoxy-15-oxo0-13-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 9a-trimethylsiloxy-11a-methoxy-15-ox0-13-trans-
prostenoate.

The siloxy derivative is dissolved in ether at 0°C. and
1.05 equivalents of methyl magnesium bromide in
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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 €ther. The ether extracts
are dried and concentrated in vacuo to give 9a,15a-
dihydroxy-158-methyl-11a-methoxy-13-trans-
prostenoic acid and 9e,158-dihydroxy-15a-methyl-
| l@-methoxy-13-trans-prostenoic acid, which are sepa-
rated by dry column chromatography.

Treatment of a solution of 9a-15a-dihydroxy-158-
methyl-11a-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-1la-methoxy-15a-
hydroxy-158-methyl-13-trans-prostenoic acid.

Similar treatment of the corresponding 158-hydroxy
acid gives  9-oxo-11a-methoxy-158-hydroxy-15a-
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-oxo0-15-
hydroxy-15-methyl products of the table. Also pre-
pared in the course of these reaction sequences are the
9a-hydroxy derivative corresponding to the products of
the table and the 15-keto derivatives of the 9¢- and 98-
hydroxy compounds corresponding to the 9-oxo- start-
ing compounds, and the 9a- or 98-trimethylsilyloxy tri-
methylsilyl esters of the 15-keto and [5-hydroxy-15-
methyl compounds. In the instances of the 1la-(w-
hydroxyalkoxy)-derivatives silylation is carried out
with 3.3 equivalents each of trimethylsilyl chloride and
triethylamine in order to provide silylation of the -hy-
droxy group. In all cases both the 15a-hydroxy-158-
methyl and the 158-hydroxy-15a-methyl products and
intermediates are obtained. The epimers are separable
by chromatographic procedures.

TABLE 14

Starting 9-oxo-
-11-oxy-15-hy-
droxy prostenoic
acid of Example

Product 9-oxo-11-oxy-
-15-hydroxy-15-methyl-
-13-trans-prostenoic
acid

Ex-
ample

562 228 9-0x0-11a-methoxy-15-
-hydroxy-15-methyl-20-
-ethyl-13-trans-pros-
tenoic acid
9-0x0-11a-methoxy-15-
-hydroxy-15-methyl-13-
-trans, 1 7-cis-prosta-
dienoic acid
9-oxo0-1a-methoxy-15-
-hydroxy-15-methyl-6,-
7,19.20-tetranor-13-
-trans-prostenoic acid
9-0x0-11a-ethoxy-15-
-hydroxy-15-methyl-5,-
6,7,18,19,20-hexanor-
-13-trans-prostenoic
acid
9-ox0-11a-methoxy-15-
-hydroxy-15-methyl-
-7a,7b-bishomo-20-
-ethyl-13-trans-pros-
tenoic acid
9-0x0-11a-methoxy-15-
-hydroxy-15-methyl-2-
-ethyl-20-nor-13-trans-
prostenoic acid

563 231
564

565

566

567 246
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TABLE 14-Continued

Starting 9-oxo-
-1 1-0oxy-15-hy-

Product 9-oxo-1 I-oxy-
-15-hydroxy-15-methyl-

Starting 9-oxo-
-11-oxy-15-hy-

Product 9-0x0-11-0xy-
-15-hydroxy-15-methyl-

Ex- droxy prostenoic  -13-trans-prostenoic 5 Ex- droxy prostenocic  “-13-trans-prostenoic
ample acid of Example  acid ample acid of Example  acid
568 249 9-oxo-Ta-methoxy-15- 589 327 9-oxo-11a-(2-hydroxy-
-hydroxy-15-methyl- ethoxy)-15-hydroxy-15-
-3.3.20-trimethyl-13- -methyl-13-trans, 1 7-cis-
-trans-prostenoic acid -prostadienoic acid
569 250 9-0x0-1 la-methoxy-15- 590 328 9-ox0-11a-(2-hydroxy-
-hydroxy-15-methyl-3- 10 ethoxy)-15-hydroxy-15-
-0xa-13-trans-pros- -methyl-6,7,19,20-tetra-
tenoic acid nor-13-trans-prostenoic
570 253 9-ox0-! la-methoxy-15- acid
-hydroxy-15-methyl-3- 591 330 9-0x0-11a-(2-hydroxy-
-oxa-17,20-ethano-13- ethoxy)-15-hydroxy-15-
-trans, 18-prostadienoic methyl-5,6,7,18,19,20-
acid 15 -hexanor-13-trans-pros-
571 255 9-oxo-1la-methoxy-15- tenoic acid
-hydroxy-15-methyl-2- 592 332 9-oxo-11a-(2-hydroxy-
-fluoro-18,20-ethano- ethoxy)-15-hydroxy-15-
-13-trans-prostenoic -methyl-7a,7b-bishomo-
acid -20-ethyl-13-trans-
572 257 9-0x0-11a-methoxy-15- prostenoic acid
-hydroxy-15-methyl- 20 593 334 9-ox0-1 la-( 2-hydroxy-
-7,20-dinor-13-trans- ethoxy)-15-hydroxy-15-
-prostenoic acid -methyl-7a,7b-bishomo-
573 258 9-0xo-1ta-methoxy-15- -13-trans-prostenoic
-hydroxy-15-methyl-7- -acid
-nor-17,20-(1,4-butano )- 594 336 9-0x0-11a-(2-hydroxy-
-13-trans-prostenoic ethoxy)- 15-hydroxy-15-
acid 25 -methyl-2-ethyl-20-
574 259 9-0x0-11a-methoxy-15- -cyclopentyl-13-trans-
-hydroxy-15-methyl-7a- -prostenoic acid
-homo-20-methyl-13- 595 337 9-0x0-11a-(2-hydroxy-
-trans-prostenoic acid ethoxy(-15-hydroxy-15-
575 260 9-0x0-1 la-methoxy-15- - -methyl-2-ethyl-13-
-hydroxy-15-methyl-7a- -trans, 1 7-cis-pro-~
-homo-17,18-cis-methano- 30 stadienoic acid
-13-trans-prostenoic 596 338 9-0x0-11a-(2-hydroxy-
acid : ethoxy)-15-hydroxy-15-
576 261 9-0x0-1 1 a-methoxy-15- -methyl-3,3-dimethyl-
-hydroxy-15-methyl-20- -13-trans-prostenoic
-cyclopentyl-7a-homo-13- acid
~trans-prostenoic acid 597 341 9-0x0-11a-(2-hydroxy-
577 263 9-0x0-1 ta-methoxy-15- 35 ethoxy )-15-hydroxy-15-
-hydroxy-15-methyl-2- -methyl-3-o0xa-13-trans-
-phenyl-18.20-( 1.3-pro- -prostenoic acid
pano)-13-trans-pros- 598 345 9-ox0-11a-( 2-hydroxy-
tenoic acid . -ethoxy)-15-hydroxy-15-
578 266 9-0x0-11a-cthoxy-15- -methyl-3-oxa-13-trans,-
-hydroxy-15-methyl-19- 17-cis-prostadienoic
-methyl-13-trans, 8- 40 acid
-prostadienoic acid . 599 348 9-ox0-11a-(2-hydroxy-
579 267 9-0xo0-1la-ethoxy-15- ethoxy)-15-hydroxy-15-
-hydroxy-15-methyl-13- -methyl-2-fluoro-13-
-trans, | 7-cis-prosta- -trans-prostenoic acid
dienoic acid 600 350 9-ox0-11a-( 2-hydroxy-
580 269 9-0x0-11a-propoxy-15- ethoxy)-15-hydroxy-15-
-hydroxy-13 -mgthy)'li()- 45 -methyl-7,20-bisnor-13-
-nor- 1 3-trans-prosten- -trans-prostenoic acid
oic acid 601 352 9-oxo-11a-(2-hydroxy-
581 270 9-0x0-11a-propoxy-15- ethoxy)-15-hydroxy-15-
-hydroxy-15-methyl-13- -methyl-7a-homo-20-
-trans-prostenoic acid {2:1‘3()‘.};}’1;;%'“3"5?"05'
582 273 9-0x0-1 la-isopropoxy- ’ 1
Z15-hydrosy-1 5-methyl- 50 602 355 9-0x0-11 0 2-hydroxy-
-13-trans, 1 7-cis-pro- ethoxy)-15-hydroxy-15-
stadienoic acid -Tethyl-Z-r:hen_yl-B;d
3 2 -0x0-1 1 a-isopropoxy-15- -trans-prostenoic aci
o8 7 ?h;’:j(?ml()l,. 1 gb_(:,?;thlj},lj( 1) 3.] 603 356 9-oxo-1 1 a-( 2-hydroxy-
-trans-prostenoic acid propoxy)-15-hydroxy-15-
584 279 9-0x0-4-n-butoxy-15- 5 -;gtszkéi-ggj&
-hydroxy-15-methyl-13- -
trans-prostenoic acid 604 359 9-oxo-1 | a-(2-hydroxy-
585 285 9-0x0-11a-methoxy-15- propoxy)-15-hydroxy-15-
-hydroxy-15-methyl-2- -metl:y:i.l 3-trans, }J-cns-
E 13-trans-pros- -prostadienoic aci
methyl 13 trans-pros 605 360 9-0x0-11 a-( 4-hydroxy-
586 319 9-0%0-1 1 e-( 2-hydroxy- butoxy)-15-hydroxy-15-
ethoxy)-15-hydroxy-15- 60 -methyl-13-trans-pros-
-methyl-13-trans-pros- tenoic acid
tenoic acid
587 321 9-0%x0-11a-(2-hydroxy-
ethoxy :- | ;-hyd roxy-15-
-methyl-17,18-cis-
-methano- | 3-trans-pros- EXAMPLE 606
tenoic acid 65 :
588 323 9-0x0-1 I & -(2-hydroxy- Preparation of

ethoxy)-15-hydroxy-15-
-methyl-20-ethyl-13-
-trans-prostenoic acid

9-oxo-11a-methoxy-15-hydroxy-prostanoic acid
A 2 g. sample of 9-oxo-11a-methoxy-15-hydroxy-13-
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trans-prostenoic acid (Example 227) is hydrogenated
using 700 mg. of 10% palladium on carbon in 50 ml. of
absolute alcohol The catalyst is removed by filtration
and the mother liquor is taken to dryness to give 2 g.
of subject compound as an oil.

EXAMPLE 607
Not included: 608 follows directly after 606.

EXAMPLE 608-835

Catalytic hydrogenation of the 13-trans-prostenoic
acids and esters listed in Table 15 below by the proce-
dure described in Example 606 furnishes the product
prostanoic acids and esters of the table.

TABLE 15

Starting 13-

-trans-prostenoic

Product 11-0xy-15-0xy-
prostanoic acid
or ester

20

Ex- acid or ester of
ample Example
608 228
609 229
610 230
611 232
612 233
613 234
614 235
615 237
ale 238
617 239
618 242
619 : 243
620 244
621 245
622 246
623 248
624 250
625 251
626 252
627 254
628 255

9-0x0-11a-methoxy-15-
-hydroxy-20-ethyl-pros-
tanoic acid
9-0x0-11a-methoxy-15-
-hydroxy-16-ethyl-pros-
tanoic acid
9-0x0-11a-methoxy-15-
-methoxy-prostanoic acid
9-0x0-1 1 a-methoxy-15-
-hydroxy-16,16-dimeth-
yl-prostanoic acid
9-0x0-11a-methoxy-15-
-hydroxy-17,17-dimeth-
yl-prostanoic acid
9-0x0-1 [ e-methoxy-15-
-hydroxy-17.18-cis-
-methano-prostanoic acid
9-0x0-1 1 a-methoxy-15-
-hydroxy-16,17,18,19,20-
-pentano)-15-( 1-adaman-
tyl)-prostanoic acid
9-0x0-1 a-methoxy-15-
-hydroxy-16,20-ethano-
-prostanoic acid
9-0x0-11a-methoxy-15-
-hydroxy-16,19-trans-
-ethano-prostanoic acid
9-0x0-11a-methoxy-15-
-hydroxy-6.7,19,20-te-
tranor-prostanoic acid
9-ox0-1 1 a-methoxy-15-
-hydroxy-5.6,7,18,19,20-
-hexanor-prostanoic acid
9-0x0-11a-methoxy-15-
-hydroxy-7a,7b-bishomo-
-20-ethyl-prostanoic

acid
9-0x0-1la-methoxy-15-
-hydroxy-7a,7b-bishomo-
-16,16-dimethyl-prostan-
oic acid

9-oxo-1 1 a-methoxy-15-
-hydroxy-7a,7b-bishomo-
-16,20-(1,3-propano)-
-prostanoic acid

9-ox0-1 a-methoxy-15-
-hydroxy-2-ethyl-20-nor-
-prostanoic acid
9-0x0-11 a-methoxy-15-
-hydroxy-3,3-dimethyl-
-16(1-adamantyl-17,18,-
19,20-tetranor-prostan-
oic acid
9-0x0-11a-methoxy-15-
-hydroxy-3-oxa-prostan-
oic acid
9-0x0-11¢,15-dimethoxy-
-3-oxa-prostanoic acid
9-0x0-1 l a-methoxy-15-
-hydroxy-3-oxa-16,16-
-dimethyl-prostanoic
acid

9.0x0-1 l a-methoxy-15-
-hydroxy-17,20-ethano-
-prostanoic acid
9-ox0-11 a-methoxy-15-
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TABLE 15-Continued

Ex-
ample

Starting 13-
-trans-prostenoic
acid or ester of
Example

Product [1-oxy-15-oxy-
prostanoic acid
or ester

629

630

631

637

638

648

649

650

651

652

653

654

655

257

259

260

262

264

268

296

297

298

300

302

304

305

306

-hydroxy-2-fluoro-18,20-
-ethano-prostanoic acid
9-0x0-1 | a-methoxy-15-
-hydroxy-7,20-dinor-
-prostanoic acid

9-0x%0-1 1 a-methoxy-15-
-hydroxy-7a-homo-20-
-methyl-prostanoic acid
9-0x0-1 [a-methoxy-15-
-hydroxy-7a-homo-17,18-
-cis-methano-prostanoic
acid

9-0%0- 11 a-methoxy-15-
-hydroxy-2-phenyl-17.17-
-dimethyl-prostanoic

acid

9-oxo-1 1 a-ethoxy- 1 5-hy-
droxy-16,16-dimethyl-
-prostanoic acid

9-0x0-1 la-propoxy-15-hy-
droxy-16,16-dimethyl-
-prostanoic acid

9-0xo- I la-propoxy-15-hy-
droxy-prostanoic acid
9-0x0-1 la-propoxy-15-hy-
droxy-16,17,18,19,20-
-pentanor-15-(2-adaman-
tyl)-prostanoic acid
9-0%0-1 1 a-isopropoxy-
-15-methoxy-prostanoic
acid

9.-0x%0- 1| a-isopropoxy-
-15-hydroxy-16.16-di-
methyl-prostanoic acid
9-0x0-1 la-isopropoxy-
-prostanoic acid
9-0x0-4-n-butoxy-15-hy-
droxy-16,16-dimethyl-
-prostanoic acid
9-0x0-4-n-butoxy-15-hy-
droxy-prostanoic acid
9-0x0-4-n-butoxy-15-hy-
droxy-16,20-ethano-pros-
tanoic acid

9-0x0-1 I a-methoxy-15-hy-
droxy-2,16,16-trimeth-
yl-prostanoic acid
9-0x0-1 la-methoxy-15-hy-
droxy-2-methyl-prostan-
oic acid

ethyl Y-oxo-11a-ethoxy-
-15-hydroxy-prostanoate
methyl 9-oxo-11a-meth-
oxy-15-hydroxy-16,16-
-dimethyl-prostanoate
ethyl 9-oxo-11a-butoxy-
-15-hydroxy-2-ethyl-
-16,16-dimethyl-prostan-
oate

ethyl 9-oxo-11c-meth-
oxy-15-hydroxy-3,3-di-
methyl-prostanoate

ethyl 9-0xo0-11a-meth-
oxy-15-hydroxy-3,3,16,-
16-tetramethyl-prostan-
oate

ethyl 9-oxo-11a-ethoxy-
-15-hydroxy-3-oxa-20-
-ethyl-prostanoate

ethyl 9-oxo-11a-sec-
-butoxy- 15-hydroxy-7-
-nor-20-methyl-prostano-
ate

ethyl 9-oxo-11a-methoxy-
-15-hydroxy-7a-homo-17,-
20-(1,3-propano)prostan-
oate

butyl 9-oxo0-11a-meth-
oxy-15-hydroxy-20,20-
-(1,4-butano)-prostano-
ate :
butyl 9-oxo-11a-meth-
oxy-15-hydroxy-16,16-di-
methyl-prostanoate

butyl 9-oxo-11a-meth-
oxy-15-hydroxy-prostan-
oate
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TABLE 15-Continued

Ex-
ample

Starting 13-
-trans-prostenoic
acid or ester of
Example

Product 11-oxy-15-oxy-
prostanoic acid
or ester

Ex-
ample

Starting 13-
-trans-prostenoic
acid or ester of
Example

Product |1-oxy-15-oxy-
prostanoic acid
or ester

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

674

676

677

678

679

680

681

307

308

310

311

314

316

317

319

320

330

'
[
wn

336

338

342

343

isopropyl 9-oxo-11a-
-methoxy-15-hydroxy-16,-
16-dimethyl-prostanoate
isopropyl 9-oxo-11a-
-methoxy-15-hydroxy-
-prostanoate

isopropyl 9-oxo-11a-
-methoxy-15-hydroxy-17,-
18-cis-methano-prostano-
ate

decyl 9-0xo-11a-methoxy-
-15-hydroxy-prostanoate
decyl 9-0x0-11a-methoxy-
-15-hydroxy-16,16-di-
-methyl-prostanoate

decyl 9-0x0-11 a-methoxy-
-15-hydroxy-17,20-(1,3-
-propano )-prostanoate
ethyl 9-oxo-1 la-t-bu-
toxy-15-hydroxy-prostan-
Oute

ethyl 9-0xo-11a-t-bu-
toxy-15-hydroxy-16,16-
-dimethyl-prostanoate
9-oxo0- 1 1a-( 2-hydroxyeth-
oxy)-15-hydroxy-prostan-
oic acid

9-0x0-1 [ a-(2-hydroxyeth-
oxy)-15-hydroxy-16,16-
-dimethyl-prostanoic

acid
9-0x0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-17,18-
-cis-methano-prostanoic
acid

9-0x0-1 1 a-(2-hydroxyeth-
oxy)-15-hydroxy-16,17.-
18.19,20-pentanor-15-

-( I-adamantyl)-prostan-
oic acid
9-0x0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-20-eth-
yl-prostanoic acid
9-0x0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-16,20-
-cthano-prostanoic acid
9-0x0-1la-( 2-hydroxyeth-
0xy)-15-methox y-pros-
tanoic acid
9-0x0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-6,7,19,-
20-tetranor-prostanoic
acid
9-0x0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-5.6,7 -
18,19,20-hexanor-pros-
tanoic acid
9-0x0-11a-(2-hydroxyeth-
oxy )-15-hydroxy-7a,7b-
-bishomo-20-ethyl-pros-
tanoic acid

9-0x0-1 1 a-( 2-hydroxyeth-
oxy)-15-hydroxy-7a,7b-
-bishomo-16,16-dimeth-
yl-prostanoic acid

9-0x0-1 1 a-(2-hydroxyeth-
oxy)-15-hydroxy-7a,7b-
-bishomo-prostanoic acid
9-ox0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-7a,7b-
-bishomo-16,20-(1,3-pro-
pano)-prostanoic acid
9-oxo-1 | a~( 2-hydroxyeth-
oxy)-15-hydroxy-2-ethyl-
-20-cyclopentyl-prostan-
oic acid
9-ox0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-3,3,-di-
methyl-prostanoic acid
9-oxo0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-3-oxa-
-prostanoic acid
9-0x0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-3-oxa-
-16,16-dimethyl-pros-
tanoic acid
9-ox0-11a-(2-hydroxyeth-

20

25

30

35

40

45

50

55

60

65

682

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

344

347

353

s
w
w

357

360

366
367

370
371

379

380

387

389

390

9

o392

395

oxy)-15-hydroxy-3-oxa-
-16,19-trans-ethano-
-prostanoic acid
9-0x0-1la-( 2-hydroxyeth-
oxy)-15-methoxy-3-oxa-
-prostanoic acid
9-0x0-1la-(2-hydroxyeth-
oxy)-15-hydroxy-2-flu-
oro-16,16-dimethyl-pros-
tanoic acid
9-0x0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-7,20-
-bisnor-prostanoic acid
9-0x0-11a-( 2-hydroxyeth-
oxy)-15-hydroxy-7a-homo-
-20-methyl-prostanoic
acid
9-ox0-11a-(2-hydroxyeth-
oxy)-15-hydroxy-7a-homo-
-16,16-dimethyl-pros-
tanoic acid
9-0x0-1 la-( 2-hydroxyeth-
0xy )-15-hydroxy-2-phen-
yl-prostanoic acid
9-0x0-11a-( 2-hydroxypro-
poxy)-15-hydroxy-pros-
tanoic acid
9-0x0-11a-( 2-hydroxypro-
poxy)-15-hydroxy-16,16-
-dimethyl-prostanoic
acid
9-0x0-1 1 a~(4-hydroxybu-
toxy)-15-hydroxy-pros-
tanoic acid
9-0x0- | la-(4-hydroxybu-
toxy)-15-hydroxy-16,16-
-dimethyl-prostanoic
acid
ethyl 9-0x0-110-(2-hy-
droxyethoxy)-15-hydroxy-
-16,16-dimethyl-prostan-
oate
methyl 9-oxo-11la-(2-hy-
droxyethoxy)-15-hydroxy-
-20-nor-prostanoate
methyl 9-0xo-11a-(2-hy-
droxyethoxy)-15-methoxy-
-prostanoate
ethyl 9-oxo-1 [ a-(2-hy-
droxyethoxy)-15-hydroxy-
-7a,7b-bishomo-17,18-
-cis-methano-prostanoate
ethyl 9-ox0-11a-(2-hy-
droxypropoxy)-15-hy-
droxy-3-oxa-16,16-di-
methyl-prostanoate
butyl 9-0x0-11a-(2-hy-
droxyethoxy)-15-hydroxy-
-prostanoate
butyl 9-0x0-11a-(2-hy-
droxyethoxy)-15-hydroxy-
-16,16-dimethyl-prostan-
oate
butyl 9-0x0-11a-(2-hy-
droxyethoxy)-15-hydroxy-
17,18-cis-methano-pros-
tanoate
isopropy! 9-ox0-11a-(2-
-hydroxyethoxy)-15-hy-
droxy-16,16-dimethyl-
-prostanoate
decyl 9-oxo-1 1a-(2-hy-
droxyethoxy)-15-hydroxy-
-prostanoate
decyl 9-oxo0-11a-(2-hy-
droxyethoxy)-15-hydroxy-
-16,16-dimethyl-pros-
tanoate
decyl 9-oxo-11a-(2-hy-
droxyethoxy)-15-methoxy-
-prostanoate

ecyl 9-oxo-11a-(2-
-hydroxyethoxy)15-hy-
droxy-20-nor-17,18-
-trans-(1,3-propano)-
-prostanoate
9a-hydroxy-11a-methoxy-
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TABLE 15-Continued

Starting 13-
-trans-prostenoic

Product 1 1-oxy-15-0xy-

Starting 13-
-trans-prostenoic

Product 11-oxy-15-oxy-

Ex- acid or ester of prostanoic acid Ex- acid or ester of prostanoic acid
ample Example or ester ample Example or ester
-15-hydroxy-20-ethyl- 730 443 9a-hydroxy-1 1 e-isopro-
-prostanoic acid poxy-15-hydroxy-20-nor-

706 396 9a-hydroxy-11a -methoxy- -16,19-methano-prostan-
-15-hydroxy-16-ethyl- oic acid
-prostanoic acid 731 444 9a-hydroxy-11a-isopro-

707 397 9a-hydroxy- 1 | a-methoxy- 10 poxy-15-hydroxy-prostan-
-15-methoxy-prostanoic oic acid
acid 732 445 9a-hydroxy-4-n-butoxy-

708 399 9a-hydroxy-1 1 a-methoxy- -15-hydroxy-16,16-di-
-15-hydroxy-16,16-di- methyl-prostanoic acid
methyl-prostanoic acid 733 446 9a-hydroxy-4-n-butoxy-

709 401 9a-hydroxy- [ 1 a-methoxy- -15-hydroxy-prostanoic
-15-hydroxy-17,18-cis- 15 acid
-methano-prostanoic 734 451 9a-hydroxy-1 | a-methoxy-
acid -15-hydroxy-2.16,16-

710 402 9a-hydroxy- 1 1 e-methoxy- -trimethyl-prostanoic
-15-hydroxy-16,17,18, acid
19,20-pentanor-15-(1- 735 452 9a-hydroxy-1 1 a-methoxy-
-adamantly )-prostanoic -15-hydroxy-2-methyl-
acid 20 -prostanoic acid

711 - 404 9a-hydroxy-11a-methoxy- 736 453 ethyl 9a-hydroxy-11a-
-15-hydroxy-16,20- -ethoxy-15-hydroxy-
-ethano-prostanoic acid -prostanoate

712 405 9a-hydroxy- 1 t a-methoxy- 737 454 ethyl 9a-hydroxy-11a-
-15-hydroxy-16,19- -ethoxy-15-hydroxy-20-
-trans-ethano-pro- -methyl-17,20-ethano-
stanoic acid 25 -prostanoate

713 406 9a-hydroxy-11a-methoxy- 738 455 methyl 9a-hydroxy-11a-
-15-hydroxy-6,7,19,20- -methoxy-15-hydroxy-16,
-tetranor-prostanoic 16-dimethyl-prostanoate
acid 739 461 ethyl 9a-hydroxy-11a-bu-

714 410 9a-hydroxy-1 ta-methoxy- toxy-{5-methoxy-2-ethyl-
-15-hydroxy-7a,7b-bis- -prostanoate
homo-20-ethyl-pro- 30 740 462 ethyl 9a-hydroxy-11a-bu-
stanoic acid toxy-15-hydroxy-2-ethyl-

718 411 9a-hydroxy- 1 1 a-methoxy- -16,16-dimethyl-prostan-
-15-hydroxy-7a.7b-bis- oate
homo-16,16-dimethyl- 741 463 ethyl 9a-hydroxy-11a-
-prostanoic acid -methoxy-15-hydroxy-3,3-

716 413 Ya-hydroxy- i la-methoxy- -dimethyl-prostanoate
-15-hydroxy-2-ethyl- 35 742 464 ethyl 9a-hydroxy-11a-
-20-nor-prostanoic acid -methoxy-15-hydroxy-3,3,

717 416 9a-hydroxy-1 [ a-methoxy- 16,16-tetramethyl-pros-
-15-hydroxy-3,3.20- tanoate
-trimethyl-prostanoic 743 465 ethyl 9a-hydroxy-11a-
acid -ethoxy-15-hydroxy-3-

718 417 9a-hydroxy-1 a-methoxy- -oxa-20-ethyl -prostano-
-15-hydroxy-3-0xa- 40 ate
-prostanoic acid 744 467 ethyl 9a-hydroxy-11a-

719 419 9a-hydroxy-1 1 e-methoxy- -sec-butoxy-15-hydroxy-
-15-hydroxy-3-oxa- -7-nor-20-methyl-pros-
-16.16-dimethyl-pro- tanoate
stanoic acid 745 469 ethyl 9a-hydroxy-11la-

720 422 9a-hydroxy- 1 [ a-methoxy- : -methoxy-15-hydroxy-7a-
-15-hydroxy-2-fluoro- 45 -homo-7,20-( 1,3-pro-
-18.20-ethano-pro- pano)-prostanoate
stanoic acid 746 472 butyl 9a-hydroxy-1la-

721 424 9a-hydroxy-11a-methoxy- -methoxy-15-hydroxy-16,
-15-hydroxy-7,20-dinor- 16-dimethyl-prostanoate
-prostanoic acid 747 473 butyl 9o-hydroxy-11la-

722 426 9a-hydroxy-11 e-methoxy- -methoxy-15-hydroxy-
-15-hydroxy-7a-homo- 50 -prostanoate
-20-methyl-prostanoic 748 474 isopropyl 9e-hydroxy-
acid -1Ta-methoxy-15-hydroxy-

723 429 9a-hydroxy- 1 1 a-methoxy- -16,16-dimethyl-prostan-
-15-hydroxy-2-phenyl- oate
-17,17-dimethyl-pro- 749 475 isopropy! 9a-hydroxy-
stanoic acid -1l a-methoxy-15-hydroxy-

724 431 9a-hydroxy-1 | a-ethoxy- 55 -prostanoate
-15-hydroxy-16,16-di- 750 477 isopropyl 9a-hydroxy-
methyl-prostanoic acid -1 Te-methoxy-15-hydroxy-

725 432 9a-hydroxy-1 1 a-ethoxy- -17,18-cis-methano-
-15-hydroxy-16-methyl- -prostanoate
-18,20-ethano-pro- 751 478 decyl 9a-hydroxy-11a-
stanoic acid -methoxy-15-hydroxy-

726 435 9a-hydroxy-11a-propoxy- 60 -prostanoate
-15-hydroxy-16,16-di- . 752 479 J::cyl 9a-hydroxy-11a-
methyl-prostanoic acid -methoxy-15-hydroxy-

727 437 9a-hydroxy-11a-propoxy- -16,16-dimethyl-
-15-hydroxy-prostanoic -prostanoate
acid 753 480 decyl 9a-hydroxy-11a-

728 441 9a-hydroxy-11a-propoxy- -methoxy-15-hydroxy-20-
-15-methoxy-prostanoic 65 -ethyl-prostanoate
acid 754 481 decyl 9a-hydroxy-11a-

729 442 9a-hydroxy-1 | a-propoxy- -methoxy- 1 5-hydroxy-

-15-hydroxy-16,16-di-
methyl-prostanoic acid

-17,20-(1,3-propano)-
-prostanoate
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Ex-
ample

Starting 13-
-trans-prostenoic
acid or ester of
Example

Product 11-0xy-15-0xy-
prostanoic acid
or ester

wn
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TABLE 15-Continued

Ex-
ample

Starting 13-
-trans-prostenoic
acid or ester of
Example

Product [1-oxy-15-0xy-
prostanoic acid
or ester

755

756

757

759

760

762

764

765

766

767

768

769

770

771

774

775

776

777

483

484

487

487

488

489

490

492

493

495

497

499

500

wn
(=1
2

505

508

509

510

514
515

517

ethyl 9a-hydroxy-1Ta-
-t-butoxy-15-hydroxy-
-prostanoate

ethyl 9a-hydroxy-11a-
-t-butoxy-15-hydroxy-
-16,16-dimethyl-
-prostanoite
9a-hydroxy-1la-(2-hy-

droxyethoxy)-15-hydroxy-

-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy )-15-hydroxy-

-16,16-dimethyl-pro-
stanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-17,18-cis-methano-
-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-16,17,18,19,20-penta-
nor-15-( [-adamantyl)-
-prostanoic acid

9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-20-ethyl-prostanoic
acid
9a-hydroxy-1 1 a-(2-hy-

droxyethoxy )-15-hydroxy-

-16-ethyl-prostanoic
acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-16,20-ethano-prostanoic
acid
Y9a:hydroxy-11a-(2-hy-

droxyethoxy)-15-methoxy-

-prostanoic acid
9a-hydroxy-11a-(2-hy-
droxyethoxy)-15-hy-
droxy-6,7,19,20-tetra-
nor-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-5,6,7.18.19,20-hexa-
nor-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-7a,7b-bishomo-20-ethyl-
-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)- 1 5-hydroxy-

-7a,7b-bishomo-16,16-
-dimethyl-prostanoic
acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-7a.7b-bishomo-16,20-
-(1,3-propano)-pro-
stanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-3,3-dimethyl-prostanoic
acid
9a-hydroxy-1 1 e-( 2-hy-

droxyethoxy )- 1 5-hydroxy-

-3-oxa-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-3-0xa-16,16-dimethyl-
-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-15-hydroxy-

-3-0xa-16,19-trans-
-ethano-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)- 1 5-methoxy-

-3-oxa-prostanoic acid
9a-hydroxy-11a-(2-hy-

droxyethoxy)-1 5-hydroxy-

-2-fluoro-16,16-di-
methyl-prostanoic acid
9a-hydroxy-11ea-(2-hy-

droxyethoxy)-15-hydroxy-

-2-fluoro-prostanoic
acid
9a-hydroxy-11e-(2-hy-

20
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30

35

40

45

50

55

60

65

778

779

780

781

786

787

788

789

790

794

795

796

797

798

799

319

529

531

533

534

537

544

545

546

547

548

549

554

556

557

558

droxyethoxy)-15-hydroxy-
-7,20-bisnor-prostanoic
acid
9a-hydroxy-11a-(2-hy-
droxyethoxy)- 1 5-hydroxy-
-7a-homo-20-methyl-
-prostanoic acid
9a-hydroxy-11a-(2-hy-
droxyethoxy)- 1 5-hydroxy-
-7a-homo-16.16-di-
methyl-prostanoic acid
9a-hydroxy-11e-(2-hy-
droxyethoxy)- 15-hydroxy-
-2-phenyl-prostanoic
acid
9a-hydroxy-11a-(2-hy-
droxypropoxy)-15-hy-
droxy-prostanoic acid
9a-hydroxy-11a-(2-hy-
droxypropoxy)-15-hy-
droxy-16,16-dimethyl-
-prostanoic acid
9a-hydroxy-11a-(4-hy-
droxbutoxy)-15-hy-
droxy-prostanoic acid
9a-hydroxy-11ea-(4-hy-
droxybutoxy)-15-hydroxy-
-16,16-dimethyl-
-prostanoic acid

ethyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-16,16-dimethyl-
-prostanoate

ethyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-19,20-dinor-
-16,17-(1,3-propano)-
-prostanoate

methyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-20-nor-
-prostanoate .
methyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-methoxy-prostanoate
ethyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-7a,7b-bishomo-
-17,18-cis-methano-
prostanoate

ethyl 9a-hydroxy-11a-
-(3-hydroxypropoxy)-
-15-hydroxy-3-oxa-16,16-
-dimethyl-prostanoate
ethyl 9a-hydroxy-11a-
-(3-hydroxypropoxy)-15-
-hydroxy-3-oxa-16,20-
-methano-prostanoate
butyl 9e-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-prostenoate
butyl Se-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-16,16-dimethyl-
-prostanoate

butyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-17,18-cis-
-methano-prostanoate
butyl 9a-hydroxy-11ea-
-(2-hydroxyethoxy)-15-
-hydroxy-17,19-(1,3-
-propano)-prostanoate
isopropyl 9a-hydroxy-
-11e-(2-hydroxyethoxy)-
-15-hydroxy-16,16-di-
methyl-prostanoate
decyl 9a-hydroxy-11e~
-(2-hydroxyethoxy)-15-
-hydroxy-prostanoate
decyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-16,16-dimethyl-
-prostanoate

decyl 9o-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-methoxy-prostanoate
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Ex-
ample

Starting 13-
-trans-prostenoic
acid or ester of
Example

Product 1 1-oxy-15-0xy-
prostanoic acid
or ester

5

800

801

803

804

805

806

807

808

809

810

814

816

817

818

819

559

562

564

565

566

567

568

574

576

577

580

586

587

decyl 9a-hydroxy-11a-
-(2-hydroxyethoxy)-15-
-hydroxy-20-nor-17,18-
-trans-( 1,3-propano)-
-prostanoate

9-0x0-1 la-methoxy-15-
-hydroxy-15-methyl-20-
-ethyl-prostanoic acid
9-0x0-11a-methoxy-15-
-hydroxy-15-methyl-6,7,
-19.20-tetranor-pro-
stanoic acid
9-0x0-11a-cthoxy-15-
-hydroxy-15-methyl-5,6.
7.18,19.,20-hexanor-pro-
stanoic acid

9-0x0-1 la-methoxy-15-
-hydroxy-15-methyl-7a,
7b-bishomo-20-ethyl-
-prostanoic acid
9-0x0-1 1 e-methoxy-15-
-hydroxy-15-methyl-2-
-cthyl-20-nor-prosta-
noic acid

9-0x0-1 la-methoxy-15-
-hydroxy-15-methyl-3.3-
20-trimethyl-prostanoic
acid

9-0x0-1 Ta-methoxy-15-
-hydroxy-15-methyl-3-
oxa-prostanoic acid
9-0x0-1 1 e-methoxy-15-
-hydroxy-15-methyl-2-
-fluoro-18.20-ethano-
-prostanoic acid

9-0x0- 1l a-methoxy-15-
-hydroxy-15-methyl-
-7.20-diner-prostanoic
acid
9-0x0-11a-methoxy-15-
~hydroxy-15-methyl-7-
-nor-17,20-(1,4-
-butano)-prostanoic
acid
9-0x0-11a-methoxy-15-
-hydroxy-15-methyl-7a-
-homo-20-methyl-pro-
stanoic acid

9-0x0-1 la-methoxy-15-
-hydroxy-15-methyl-7a-
-homo-17,18-cis-
-methano-prostanoic
acid

9-0x0-1 1a-methoxy-15-
-hydroxy-15-methyl-7a-
-homo-20-cyclopentyl-
-prostanoic acid
9-axo-1 La-methoxy-15-
-hydroxy-15-methyl-2-
-phenyl-18,20-( 1,3-
-propano )-prostanoic
acid
9-0x0-11a-propoxy-15-
-hydroxy-15-methyl-
-20-nor-prostanoic acid
9-0x0-11a-propoxy-15-
-hydroxy-15-methyl-
-prostanoic acid
9-0x0-1 | a-isopropoxy-
-15-hydroxy-15-methyl-
-prostanoic acid
9-0x0-4-n-butoxy-15-
-hydroxy-15-methyl-
-prostanoic acid
9-0x0-11a-methoxy-15-
-hydroxy-15-methyl-2-
-methyl-prostanoic

acid

9-0x0- 1l e-( 2-hydroxy-
ethoxy)-15-hydroxy-15-
-methyl-prostanoic

acid
9-0x0-11a-(2-hydroxy-
ethoxy)-15-hydroxy-15-
-methyl-17,18-cis-
-methano-prostanoic
acid
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Starting 13-
-trans-prostenoic Product 1 [-oxy-15-oxy-

Ex- acid or ester of prostanoic acid
ample Example or ester
822 588 9-0x0-11a-( 2-hydroxy-

ethoxy-15-hydroxy-15-
-methyl-20-ethyl-
-prostanoic acid

823 590 9-0x0- 11 a-( 2-hydroxy-
ethoxy-15-hydroxy-15-
-methyl-6,7,19,20-
-tetranor-prostanoic
acid

824 591 9-0x0-11a-( 2-hydroxy-
ethoxy)-15-hydroxy-15-
-methyl-5.6,7,18,19,
20-hexanor-prostanoic
acid

825 592 9-ox0-1 | a-( 2-hydroxy-
-ethoxy)-15-hydroxy-
-15-methyl-7a,7b-bis-
homo-20-ethyl-pro-
stanoic acid

826 593 9-0x0-1 1 a-( B-hydroxy-
-ethoxy)-15-hydroxy-
-15-methyl-7a,7b-bis-
homo-prostanoic acid

827 594 9-0x0-1 la-{ 2-hydroxy-
ethoxy )-15-hydroxy-
-15-methyl-2-ethyl-20-
-cyclopentyl-prostanoic
acid

828 596 9-0x0- 1 La-( 2-hydroxy-
ethoxy )-15-hydroxy-15-
-methyl-3 3-dimethyl-
-prostanoic acid

829 597 9-0x0-11a-( 2-hydroxy-
ethoxy )-15-hydroxy-15-
-methyl-3-oxa-pro-
stanoic acid

830 599 9-0x0-1 1 a-( 2-hydroxy-
ethoxy )-15-hydroxy-15-
-methyl-2-fluoro-
-prostanoic acid

831 600 9-0x0-11a-( 2-hydroxy-
-ethoxy )-15-hydroxy-15-
-methyl-7,20-bisnor-
-prostanoic acid

832 601 9-0x0-11a-( 2-hydroxy-
ethoxy )-15-hydroxy-15-
-methyl-7a-homo-20-

. -methyl-prostanoic acid

833 602 9-0x0-11a-(2-hydroxy-
ethoxy)-15-hydroxy-15-
-methyl-2-phenyl-
-prostanoic acid

834 603 9-0x0-11a-(2-hydroxy-
propoxy }-15-hydroxy-
-15-methyl-prostanoic
acid

835 605 9-o0x0-11 a-(4-hydroxy-
-butoxy)-15-hydroxy-
-15-methyl-prostanoic
acid

EXAMPLE 836

Preparation of
9a/B,15-dihydroxy-11a-methoxy-13-trans-prostenoic
acid

A solution containing 200 mg. of 9-oxo-lla-
methoxy- 15-hydroxy-13-trans-prostenoic acid (Exam-
ple 227) and 20 mg. of sodium borohydride in 1 ml. of
absolute alcohol is stirred at ambient temperature for
18 hours. The solution is diluted with 30 ml. of water,
acidified with 2N hydrochloric acid and extracted with
ether several times. The combined extracts are washed
with saturated sodium chloride, dried with anhydrous
magnesium sulfate and take to dryness to give an oily
product, which is a mixture of 9a- and 98-hydroxy de-
rivatives, separable by chromatography.
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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-
methy] bromidé 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 8§38

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

i i
,Z—0—R4

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 Rs
—(CH3)q—, —(CHj)x— (:3——CH2— and —(CHa)a— éH—
Rs .

wherein n is an integer from 3 to 8, inclusive, Rj is
an alkyl group having up to 3 carbon atoms, and R is
an alkyl group having up to 3 carbon atoms, a fluorine
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atom or a phenyl group; Y is a divalent radical selected '

from the group consisting of those of the formulae:

N
/
N

and

O /
Q-

g

(o] 9

?“u
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wherein R, is hydrogen or triphenylmethyl and Ry is hy-
drogen or a'lower-alkyl group having up to 3 carbon
atoms with the proviso that when R; is a lower alkyl
group then R, must be hydrogen; R; 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 R, is hydroxy, an alkoxy group having from
1 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/
R ORa

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

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

\C/

R20 fb

wherein R, is hydrogen and R, is hydrogen, R; is n-
pentyl, and R, is hydroxy; 1-9-oxo0-1 1 a-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

o

|

Ry 6R2
wherein R, is hydrogen and R; is hydrogen, R; is n-
pentyl, and R; is hydroxy; dl-9-oxo-1!a-methoxy-15-
hydroxy-13-trans-prostenoic acid.

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

-
N

[e]
i

Ry 7

The R, is hydrogen and R; is hydrogen, may 3 is n-
pentyl, and R, process is hydroxy; dl-9-oxo-1le-
methoxy-Flowsheet -epi-hydroxy-13-trans-prostenoic
acid. R’

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

/
\C‘
Ry %)Rz

wherein R, is hydrogen and R, is methyl, R; is n-pentyl,
and R, is hydroxy; 1-9-0x0-11ea-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

\C/

R0 Ry
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wherein R is hydrogen and R; is methyl, Ry is n-pentyl,
and R, is hydroxy; I-9-oxo-1!-a-methoxy-15-epi-
hydroxy-15-methyl-13-trans-prostenoic acid.

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

\C/

‘ L

R; OR:

wherein R, is hydrogen and R; is methyl, R, is n-pentyl,
and R; is hydroxy; dl-9-oxo-1 la-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

\C/

1z
R:0 Ry

wherein R, is hydrogen and R; is methyl, R is n-pentyl,.

and R, is hydroxy; dI-9-oxo-1la-methoxy-15-epi-
hydroxy-15-methyl-13-trans-prostenoic acid.

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

\C_/

Rr ORa
wherein R, is hydrogen and R; is hydrogen, R, is
1,1-dimethyl-n-pentyl, and R, is hydroxy; 1-9-0x0-11a-

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

\C/
RO By

wherein R, is hydrogen and R; is hydrogen, R; is
1,1-dimethyl-n-pentyl, and R, is hydroxy; I-9-oxo-11a-
methoxy-15-eip-hydroxy-16,16-dimethyl- 1 3-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, R; is
1,1-dimethyl-n-pentyl, and R; is hydroxy; dl-9-oxo-
1Ta-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

\C/

1:

R:0 Ry
wherein R, is hydrogen and R; is hydrogen, R, is
1,1-dimethyl-n-pentyl, and R, is hydroxy: dl-9-oxo-

1 la-methoxy-15-epi-hydroxy-16,16-dimethyl-13-

trans-prostenoic acid.
* * * * *
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