Steroidal 3,5-Dienes

Reduction of (3RS,4RS)-4-Methyl-1,5-dioxaspiro[2.5]octane
(19). Following the procedure for 12, 31 mg (0.24 mmol) of 19
was reduced with 15 mg (0.4 mmol) of LiAlH4. Work-up gave
25 mg (80%) of the alcohol 24 as a colorless liquid: ir (neat) 3450
cm! (-OH); NMR (CDCls) 6 4.07-3.45 (2 H, m, methylene at Cg),
3.28 (1 H, q, methine at Cs3, J = 13 Hz), 1.70 (4 H, m, methylene
at C4 and Cs), 1.21 (3 H, s, methyl at Cg), 1.17 (3 H, d, methyl
at Cq, J = 5.5 Hz). GLC analysis (5% FFAP, 80 °C) showed one
peak at the retention time of 6.2 min.

Reduction of (3SR,4RS)-4-Methyl-1,5-dioxaspiro{2.5]octane
(20). Following the procedure for 12, 30 mg {0.24 mmol) of 20
was reduced with 15 mg (0.4 mmol) of LiAlHs. Work-up gave
20 mg (76 %) of the alcohol 23 as a colorless liquid: ir (neat) 3450
cm™! (-OH); NMR (CDCls) 6 4.15~-3.43 (2 H, m, methylene at Cg),
6.72 (1 H, q, methine at Cy, J = 13 Hz), 2.20 (1 H, broad, -OH),
1.17 (3 H, d, methyl at Cy, J = 5.5 Hz), 1.11 (8 H, s, methyl at
Co). GLC (5% FFAP, 80 °C) showed the presence of one
component at the retention time of 2.7 min, identical with the
major product of methyllithium addition to 18.
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A series of A35-androstadienes, estradienes, and gonadienes was prepared and evaluated as claudogenic agents.
Claudogenic activity was limited to relatively few members of the series, but three compounds—12, 14, and 15—were

very potent.

The function of the carbonyl moiety at C-3 of steroid
hormones in eliciting biological responses has been the
subject of some study in this! and other laboratories.?? In
the course of our search for claudogenic steroids, we needed
to prepare estr-4-ene-3«,178-diol by reduction of 19-
nortestosterone with LiAlH4. Purification of the crude
product gave estr-4-ene-33,173-diol and estra-3,5-dien-

176-0l (1). Routine screening of the latter compound,
which presumably comes from dehydration of the 3a-
alcohol, showed marked claudogenic activity.

Searching the literature, we were impressed by a related
family of steroidal 3-aryl-A35-dienes 2 which were pur-
ported to “... share with estrone the capacity to inhibit
uterine response to progesterone.”* Based on the reported
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biological profile of 2 and the claudogenic activity of 1, we
prepared and studied a number of estra-3,5-dienes,
androsta-3,5-dienes, and gona-3,5-dienes hoping to find an
effective claudogen preferably having an antiprogestational
mechanism of action.

Chemistry. Two convenient methods for preparation
of A35-dienes were available from readily obtained A%-
3-ketones 3. The first method was to reduce 3 to the
corresponding alcohol 4a, followed by dehydration. The
second method was to add an organometallic reagent to
3, followed by dehydration of the resulting alcohol. A

OH
R
AN
Ry
1,R=R,=H
2, R=H, CH3; R, =aryl

5a,R H
b, R = alkyl, aryl

representative number of androsta-3,5-d1enes were pre-
pared as shown in Table I. The estra-3,5-dienes listed in
Table I were also prepared by these methods; however,
some difficulty was encountered in purifying 3-alkyl-
estra-3,5-dien-173-ols. These products were sensitive to
air oxidation as evidenced by continually changing ele-
mental analyses. Surprisingly, this problem was solved
with 3,7a-dimethylestra-3,5-dien-178-0l by purification of
its acetate derivative.

Preparation of a small number of A¥5-dienes with
substituents other than alkyl or aryl at C-3 was accom-
plished by standard methods. Thus, the 3-methoxy-
A3®-dienes were prepared from the corresponding A4-3-
ketones and trimethyl orthoformate. The 3-halides were
also prepared from the corresponding A%-3-ketones using
POCl; or POBrs.

Reduction of methyl 178-hydroxy-3-oxoandrost-4-
ene-7a-carboxylate (74) with lithium aluminum hydride,
followed by acid-catalyzed dehydration of the resulting
triol 75, gave the 7a-hydroxymethyl derivative 59. The
sample of 59 is most likely a mixture of 59 and the isomeric
ether 76 since the uv extinction value of 8290 found for
59 is less than half that expected for the trans-diene
system. The ether 76 could arise from the allylic alcohol
75 as shown by the arrows.

Reaction of 7a-cyanotestosterone (77) with an excess of
methyllithium gave, after the usual acidic work-up, the
Ta-acetyl compound 60 and a second compound 61. El-
emental analyses for 61 correspond to the formula
CooH33NO. The NMR spectrum of 61 showed clearly the
C-18 and C-19 methyl groups at 0.79 and 0.97 ppm, re-
spectively. The C-3 methyl appeared at 1.73 ppm, while
a sharp singlet at 2.00 ppm is attributed to a C-methyl-
imine [-C(CH3)=N-]. The NMR is similar to the NMR
spectrum of 60. The uv spectrum has maxima at 232 nm
(e 14800), 237 sh (14 300), and 251 (12600) which are
similar to the A%5-diene’s absorption, but the shape of the
curve is different and also different from 60. The ir shows
absorption at 3400, 3240, 1650, and 1625 cm™!. Overall,
the spectral and analytical data indicate 61 is the imi-
nodiene shown below.

Weintraub et al.

Table II. Claudogenic Activity

EDsoa EDsoa
No. mg/kg No. mg/kg
1 10 21 10
6 30 24 10
7 30 28 30
12 3 30 30
14 3 40 30
15 10¢

61 60

Biological Results. Primary claudogenic screening of
the compounds listed in Table I, using a hamster model,
showed a fairly restricted SAR. Only the compounds listed
in Table II showed an EDsy of 30 mg/kg or less, which we
arbitrarily set as the minimum value for activity. The
estradienes possessed the highest order of activity.
Acetylation (6) of the parent 1 or oxidation of the 17-
hydroxy (7) gave compounds of diminished activity.
Introduction of a 7a-methyl group (12) greatly enhanced
activity. Surprisingly, acetylation of this compound led
to loss of activity. Introduction of a 3-methy! group alone
gave no activity but introduction of both a 3- and a 7a-
methyl group (14) gave high activity. In this case, ace-
tylation (15) did not diminish the activity. The ED1go0 of
the latter compound was 10 mg/kg.

In the androstadiene series, the parent 21 was about as



Steroidal 3,5-Dienes

active as 1. Introduction of a 7a-methyl group (24) did
not change the activity. Introduction of methyl groups at
3,7« (28), 3,178 (30), and 1,3,7« (30) gave active compounds
but with diminished activity.

None of the gonadienes tested showed activity.

In summary, 7a-methyl- and 3,7«a-dimethyl-173-
hydroxy-3,5-estradienes possess potent claudogenic activity
with EDs¢’s of 3 mg/kg, while the corresponding an-
drostadienes are less active. The SAR shows a rather
restricted substitution pattern for activity. A more detailed
biological study of selected compounds in this series is
being made to determine the mode of action and will be
reported when completed.

Experimental Section

All melting points were determined in open capillary tubes on
a Thomas-Hoover capillary melting point apparatus and are
uncorrected. Infrared spectra were recorded on a Perkin-Elmer
521 grating spectrophotometer using potassium bromide pellets.
Ultraviolet spectra were recorded on a Perkin-Elmer 350 spec-
trophotometer in ethanol. Proton magnetic resonance spectra
were run on a Varian A-60A with tetramethylsilane as an internal
standard and were run in CDCl3 unless specified otherwise. The
standard drying agent used was magnesium sulfate and the
solvents were removed in vacuo on a rotary evaporator. The use
of Kieselgel and silica gel was used for chromatography.

Biological Testing. Hamster Postcoital Antifertility
Assay. Virgin female Golden Syrian hamsters (Engle Laboratory
Animal, Inc., Farmersburg, Ind., 90-120 g) were mated with proven
males. Animals with sperm present in their postestrus vaginal
lavages (day 1 of pregnancy) were randomly assigned to treatment
groups. Test compound was given on days 3-8 of pregnancy. At
necropsy on day 15 of gestation, animals were classified as (i)
pregnant with live fetuses, (ii) as nonpregnant, showing no ev-
idence of prior pregnancy, or (iii) as resorbing with uteri containing
degenerative embryos and/or implantation sites. The con-
tragestative effects were evaluated by the number of total live
fetuses (TLF) per group of eight impregnated hamsters. The
EDjo0 as used is the test dose at which TLF is equal to 0, while
EDsp is 21-40 TLF per treatment group.

General Procedure for Preparation of A35-Dienes. A
solution of 7a-methyltestosterone (5.5 g, 18.2 mmol) in THF (150
ml) was added under Ns to a stirred suspension of LiAlH,4 (1.1
g) in THF (150 ml). After 18 h, the excess hydride was de-
composed by cautious addition of HoO. MgSQ4 was added and
the inorganic salts were removed by filtration. The ether was
concentrated and the residue crystallized or used directly in the
next step. The alcohol was dissolved in acetone (0.5 1.), diluted
with 10% aqueous HCI (50 ml), and heated at reflux for 0.5 h.
The solution was concentrated and the residue diluted with HyO
and filtered. The resulting solid was crystallized from aqueous
acetone to give 24 (4.0 g, 77%).

General Procedure for Preparation of 3-Substituted
A35.Dienes. A solution of 7a-methyltestosterone (6.04 g, 20
mmol) in THF (150 ml) and ether (200 ml) was treated with 1.6
M ethereal methyllithium® (70 ml). After 0.5 h, the mixture was
poured into saturated aqueous NH4Cl and the organic layer
separated, dried, and concentrated. The residue was dissolved
in acetone (0.5 1.), diluted with 10% aqueous HC], and heated
at reflux for 1 h. The solution was concentrated; the residue was
diluted with H20 and filtered. The resulting solid was dried and
chromatographed on silica gel eluting with CgHe-5% acetone. The
product was crystallized from aqueous acetone to give 28 (4.1 g,
68.4%).

General Preparation of 3-Halo-A35-dienes. 7a-Methyl-
testosterone acetate (4.4 g, 12.7 mmol) in acetic acid (25 ml) was
treated with POCls (2 ml). After 18 h, the solid was filtered off
and crystallized from acetone to give 67 (1.0 g, 21.6%).

Saponification of the 17-acetoxy was done as follows. The above
acetate (3 g, 8.29 mmol) in methanol (100 m1)-10% aqueous NaOH
(10 ml) was heated at reflux for 4 h, then concentrated to ca.
one-third its volume, and cooled and the solid filtered off and
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crystallized from aqueous acetone to give 66 (1.2 g, 45.2%).

General Preparation of 3-Alkoxy-A35-dienes. A suspension
of 78-methylandrost-4-ene-3,11,17-trione (6.5 g, 20.7 mmol),
p-toluenesulfonic acid (0.4 g), and trimethyl orthoformate (7 ml)
in dioxane (75 ml) was stirred at room temperature for 1 h. The
solution was treated with pyridine (3 ml), followed by H20 (100
ml). The solid was filtered off, washed with H0O, dried, and
crystallized from methanol to give 71.

General Procedure for Oxidation of 178-Hydroxyl. A
solution of 3,7a-dimethylandrosta-3,5-dien-178-o0l (4.0 g, 13.3
mmol) in MesSO (20 ml)-CgHg (20 ml) containing pyridine (1.0
ml), trifluoroacetic acid (0.5 ml), and dicyclohexylcarbodiimide
(8.35 g) was stirred for 3 h. The mixture was diluted with ethyl
acetate and treated with oxalic acid (4.5 g) in methanol (20 ml).
After 20 min longer, the solid was filtered off. The filtrate was
washed with H20 and with aqueous NaHCOs, dried, and con-
centrated. The residue was chromatographed on silica gel eluting
with C¢Hg—5% acetone. The product was crystallized from
aqueous acetone to give 49 (2.5 g, 62.8%).

7a-(Hydroxymethyl)androsta-3,5-dien-178-0l (59). Methyl
178-hydroxy-3-oxoandrost-4-ene-7a-carboxylate® (0.9 g, 2.6 mmol)
was added to a stirred suspension of LiAlHy (1.0 g) in THF (200
ml). After 18 h, the reaction mixture was worked up in typical
fashion and the resulting triol was dehydrated in the usual manner
with acetone-10% aqueous HCl. The crude material was
crystallized from acetone to give 59 (0.5 g, 63.7%).

7a-Acetyl-3-methylandrosta-3,5-dien-178-0l (60) and 7a-
Acetimidoyl-3-methylandrosta-3,5-dien-178-0l (61). A mixture
of Ta-cyanotestosterone (4.4 g, 14 mmol) in THF (150 ml) was
treated with ethereal 1.85 M methyllithium® (100 ml). After 1
h, the reaction mixture was worked up in typical fashion and the
resulting imino diol was dehydrated in the usual manner with
acetone (500 ml)-10% aqueous HCI (50 ml). The crude material
was purified by chromatography on Kieselgel (200 g), eluting with
CegHg (0.51.), CéHg-10% acetone (1 1.), CsgHg—30% acetone, (0.1
1), and CgHs-10% methanol. The first product off the column
was crystallized from acetone to give 60 (0.8 g, 17.4%). The
material coming off the column with the 10% methanol was
crystallized from acetone to give 61 (0.2 g, 4.3%), mp 150-152
°

C.

178-Hydroxy-3-[(2-hydroxy)ethoxy]androsta-3,5-dien-7-one
17-Acetate (68). This compound was prepared inadvertently
during an attempted Wittig-type reaction. Thus, sodium hydride
(0.6 g, 25 mmol) was added under Ns at ambient temperature with
stirring to Me2SO (50 ml). After 20 min, a solution of triethyl
phosphonoacetate (5.6 g, 25 mmol) in THF (70 ml) was added
dropwise. After 30 min, a solution of 178-hydroxyandrost-6-
ene-3,7-dione 17-acetate 3-cyclic ethylene ketal (4.0 g, 10.3 mmol)
in THF (60 ml)-Me2SO (60 ml) was added over 10 min. The
mixture was stirred 20 h, then poured into cold H20, and extracted
with CHoCla. The organic layer was separated, washed with Hs0,
dried, and concentrated. The oily residue was chromatographed
on Kieselgel to give 68 (0.9 g) after two recrystallizations from
acetone—hexane.

Diethyl 17-Hydroxyandrosta-3,5-dien-3-yl Phosphorate
(73). A solution of testosterone (5.78 g, 20 mmol) and sodium
methylate (3.24 g, 60 mmol) in MesSO (50 ml) was stirred under
Ng for 1 h. This was poured into benzene (100 ml) and diethyl
chlorophosphonate (5 ml) and stirred for 2 min before adding
ice-Hg0. The organic layer was separated, washed with H20,
dried, and concentrated. The solid residue was triturated with
hexane and then crystallized from ether-hexane to give 73.
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