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Abstract. The title compound (4) was prepared starting from 17B,19-dihydroxyandrosta-4,6-dien-3-
-one 17,19-diacetate (5). Copper-catalyzed conjugate addition of methylmagnesium iodide gave, after
hydrolysis, 178,19-dihydroxy-7a-methylandrost-4-en-3-one (8a), which was converted by oxidation and
deacylation into 7o-methylestr-5(10)-ene-3,17-dione (11). Selective protection of the 3-keto group as
the dimethyl acetal, followed by ethynylation and deacetalization, gave the desired product 4. The
7B-methyl adduct, a by-product in the Grignard reaction, was removed after the oxidation step. Its
structure was confirmed by an independent synthesis of the 73-methyl-19-aldehyde 9b.

Introduction

The steroid 17B-hydroxy-7a-methyl-19-nor-17a-pregn-5(10)-
-en-20-yn-3-one 4 is of great interest in the treatment of
menopausal complaints’. It was first synthesized by our
group?, and independently by others®, using Birch reduction
of 3-methoxy-7a-methylestra-1,3,5(10)-trien-178-ol 1, follow-
ed by Oppenauer oxidation to the 17-ketone 3, ethynylation
and mild hydrolysis of the enol ether group (Scheme 1).
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The starting material for this synthesis (1) was obtained by
methylation of the corresponding 3-hydroxyl compound or
by reduction of the 17-ketone?, both compounds having been
prepared by elaborate routes*>. A stereoselective total syn-
thesis of racemic 3-methoxy-7a-methylestra-1,3,5(10)-trien-
-17-one has recently been reported®.

We now wish to describe a synthesis of 4 starting from
178,19-dihydroxyandrosta-4,6-dien-3-one  17,19-diacetate
(5), which can be prepared in good yield from 3p-hydroxyan-
drost-5-en-17-one 3-acetate’®.

Synthesis of the title compound
Copper-catalyzed conjugate addition of methylmagnesium

iodide to dienone 5 (Scheme 2) at —40°C yielded a mixture
of the two enolates 6a and 6b, which, after protonation under

equilibrating conditions®, gave a mixture of the 7a- and
7B-methylandrost-4-en-3-ones 7a and 7b, respectively. At
higher temperatures, attack on the ester functions together
with other side-reactions became more pronounced. Mild
saponification of the reaction mixture to prevent a retro-aldol
reaction gave 8a and 8b in a ratio of about 4/1. This ratio,
determined by integration of the 4-H signals in the 200-MHz
'"H NMR spectrum (Table I), is not significantly different
from that found for similar methyl-Grignard additions to
19-unsubstituted androsta-4,6-dien-3-ones®. A lesser degree
of stereoselectivity has been reported for the 1,6-addition of
lithium dimethylcuprate to dienones of the latter type!®!2

The very slight difference in polarity between 7a and 7b and
between 8a and 8b rendered chromatographic separation of
both epimeric mixtures impractical. Although the 7a-isomer
8a could be obtained in poor yield by repeated crystallization
of the 8a/8b mixture, it proved more economic to carry out
a limited purification (crystallization) and to oxidize the
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product with chromic acid to the epimeric 19-aldehydes 9a
and 9b. At this stage, the pure 7a-isomer 9a could be isolated
by column chromatography in 309, yield based on 5.

The 7B-isomer 9b could not be fully separated from 9a. It was
obtained as a ~ 4/l mixture with the latter compound (200-
MHz '"H NMR). Comparison of this spectrum with that of
pure 9b, prepared via an independent route (vide infra), con-
firmed the assigned structure. The relevant '"H NMR data of
8a, 8b, 9a and 9b are in good agreement with the literature
data on related 7a- and 7B-methylandrost-4-en-3-ones (see
Table I). The characteristic difference in § values of the 7a-
and 7B-methyl substituents is caused by deshielding of the
equatorial 7B-methyl group by steric interaction with the
C(15) methylene group.

The 19-aldehyde 9a was subjected to deacylation by treat-
ment with magnesium methoxide in liquid ammonia followed
by kinetic protonation of the resulting enolate ion 10'2. The
crude dione 11, thus obtained, was treated with methanol
and malonic acid to protect the 3-keto function as the
dimethyl acetal'®. Subsequent ethynylation with potassium
acetylide gave pure 13, isolated from the reaction product in
77%, yield based on 9a. Removal of the protecting group with

Table I Relevant 'H NMR data® of 7-methylandrost-4-en-3-ones.

OAc

H»
AcOC AcOC HOC
0 < ""CH

Ta,b 8a,b
— CH3 o\gjigjig

In 6-9 a: 70-CH,
b: 78-CH,

aqueous oxalic acid gave, in 79Y%, yield, 4, which was identical
(m.p., [¢]p, TLC, IR, 'H NMR) with the product obtained
earlier by a different route®. Thus, the overall yield based on
5 was 18%.

The 'H NMR spectrum of 4 is in accordance with the
assigned structure. The signal for the 7a-methyl substituent
at 560.84 (d, J 7 Hz) is in the expected range (Table I). A
sample of the 7B-isomer 17B-hydroxy-7p-methyl-19-nor-17a-
-pregn-5(10)-en-20-yn-3-one (20)'?), prepared from 19-alde-
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0.99 (d, J 6 Hz, 3, 7B-CH5;), 2.47 (m, 4, 1- and 2-H’s), 2.61 (s, 1,
C=CH), 2.74 (m, 2, 4-H’s). IR (CH,Cl,): 3595 (OH), 3300
(C=CH), 1715 (C=0), 1060 and 1040 cm ™.
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Compound

Ja-isomer
Ta-CH,

7B-isomer
4-H 7B-CH, 4-H

8ab R,=CH,0OH;R,=OH;R,=H

9ab R,=CHO;R,+R,=0
R, = CH,; R, = OH; R, = H'
R CH,; R, = OAc; R, = H"
= CH,; R, = OAc; R, = H'2
= CH,; R, = OH; R, = CH,"?

0.78 (d,J 7)*> 593 (d,J 2)°

0.88(d,J7) 6.01(d,J2)
0.77(d,J 6) 5.75 (m)

0.78 (d,J 7)
081 (d,J 7)
075(d,J7) 573(d,J 1.8)

1.08 (d, J 6)° 591 (s)

1.19(d,J 6) 598 (s)
1.17(d,J 6) 5.75 (m)
1.06 (d,J 6) 5.69 (s)
1.03(d,J 5) 5.70 (bs.)
1.03(d,J5) 5.70 (bs.)

571 (b.s.)
5.72 (d, J 1.8)

a CDCl,solution; chemical shifts are given in ppm relative to TMS. Coupling constants are in Hz.

8a/8b mixture in CDCl; + 10%, CD;0D.

® In CDCl, + 10% CD,0D. ° From
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hyde 9b using the sequence of reactions described for 4,
showed a 7B-methyl signal at 8 0.99 (d, J 6 Hz). The shift to
lower field and the smaller coupling constant are also in
accordance with Table I. Recently, an independent proof of
the structure of 4 was obtained from a single-crystal X-ray
structure analysis'”.

Synthesis of the 7B-methyl-19-aldehyde 9b

Pure 19-aldehyde 9b was prepared via an independent route
involving catalytic hydrogenation of a 7-methylandrosta-4,6-
-dien-3-one as akey step'®(Scheme 3). 19-Hydroxyandrost-4-
-ene-3,17-dione 19-acetate 14' was converted to the bis-
(ethylene acetal) 15%° and then oxidized to the conjugated
7-ketone 16 using sodium chromate in acetic acid/acetic an-
hydride®!. The ethylene acetal groups were insufficiently
stable under these severe reaction conditions, with the result
that 16 was isolated as an impure product. It could, however,
be used for the Grignard reaction to give, after acid treatment
and chromatography, pure dienone 18 in 8.5%, overall yield.
No attempt was made to improve this yield by using more
stable acetals as protecting groups. The use of milder oxidiz-
ing agents such as the chromium trioxide/pyridine complex??
resulted in much lower yields.

Catalytic hydrogenation of 18 proceeded from the less hin-
dered a-side'® to produce 19-hydroxy-7B-methylandrost-4-
-ene-3,17-dione 19, which, upon oxidation with chromium
trioxide, gave the desired 7p-methyl-3,17-dioxoandrost-4-en-

-19-al 9b.
=
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Potential impurities in 4

Since dimethyl acetal 13 gave 4 when deprotected under
weakly acidic conditions, but produced the conjugated
isomer 21 on treatment with strong acids®, the latter
compound is a potential impurity in 4. Other impurities
containing an o,p-unsaturated keto group which one may
expect are 10B-hydroperoxy-17p-hydroxy-7a-methyl-19-nor-
-17a-pregn-4-en-20-yn-3-one (22) and 10pB,17B-dihydroxy-
-To-methyl-19-nor-17x-pregn-4-en-20-yn-3-one (23), arising
from oxidation of the B,y-unsaturated ketone 4**. Samples of
these potential impurities were prepared. Photosensitized
oxygenation?® of 4 gave 22, which, upon reduction?, yielded
23.

113

OH
<-C=CH
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20 21R=H
22R = O0H
23 R = OH

The batches of 4 produced thus far showed, on thin-layer
chromatography, only small amounts of three impurities.
These were identified by isolation from the mother liquors
and proved to be identical, both chromatographically and
spectroscopically (‘H NMR, IR and UV), with the reference
compounds 21, 22 and 23. These were used in the guantita-
tive thin-layer chromatography of 4 on silica gel 60 F,s,
pre-coated plates (Merck) with benzene/ethyl acetate/py-
ridine (70/20/2, v/v) as eluent. In typical samples we found
less than 1%, each of 21 and 22 and only traces (<0.1%,) of
23.
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Experimental

General remarks

Melting points, determined in capillary tubes, are uncorrected.
Unless otherwise stated, optical rotations were determined in
chloroform solution (¢ =~ 1% ) at 20°C using a Perkin-Elmer 141
polarimeter. "H NMR spectra were recorded with TMS (8 = 0) as
internal standard on a Bruker HX-90E or WP 200 instrument. IR
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spectra were recorded on a Perkin-Elmer 357 or 580 grating spectro-
photometer. UV spectra were recorded on a Perkin-Elmer 124
UV/VIS spectrophotometer. Microanalyses were provided by Dr.
W. McMeekin, Analytical Department, Organon Laboratories,
Newhouse, Scotland. All reactions were carried out in a nitrogen
atmosphere.

17B,19-Dihydroxy-7a-methylandrost-4-en-3-one (8a)

Dry THF (200 ml) was added to a solution of methylmagnesium
iodide prepared from magnesium (10.0 g, 0.41 mol), methyl iodide
(25.6 ml, 0.41 mol) and anhydrous ether (200 ml). At — 5°C, cupric
acetate monohydrate (4.0 g, 0.02 mol) in dry THF (200 ml) was
added with stirring. The mixture was cooled to —40°C and at this
temperature a solution of § (20.0 g, 0.05 mol) in dry THF (160 ml)
was added over 2 h. Stirring was continued at —40°C for 30 min.
The mixture was worked up by pouring into cold 2N H,SO, (800
ml), stirring for 2 h and extracting with CH,Cl, (3 x ). The combined
extracts were washed with brine, dried over anhydr. Na,SO,
and concentrated in vacuo. The residue was dissolved in methanol
(300 ml), and KOH (30.0 g) in water (80 ml) was added. The
resulting mixture was stirred at 0°C for 4 h and worked up by
pouring into water and extracting with CH,Cl, (3 x ). The combined
extracts were washed with water, dried over anhydr. Na,SO, and
evaporated to dryness in vacuo. The crude mixture of 8a and the
7B-isomer 8b (~4/1 by '"H NMR) was crystallized from ethyl acetate
to give 10.4 g(65% ) of 8a containing 17 + 3% of 8b ('H NMR), m.p.
178-200°C, [a]p +94.

Repeated crystallization from CH,Cl,/ethy] acetate gave 8a con-
taining 1-2%, of 8b, m.p. 197-199°C, [a] 5 + 102. C,,H;3,0,(318.44)
caled.: C75.43, H9.50, O 15.07; found: C 75.2, H9.5, 0 15.2. 'H
NMR (CDCl; + 10% CD,0D): 6 0.78 (s, 3,13-CH,),0.78 (d,J 7 Hz,
3,7a-CH,), 3.86 and 4.03 (2 x d, J t1 Hz, 2, 10-CH,OH), 593 (d,J
2 Hz, 1, 4-H). IR (KBr): 3450 (OH), 1665 (C=0) and 1620 (C=C)
cm~ L UV (EtOH) A,,,,, 244 nm, ¢ 1580 m?*/mol.

7a-Methyl-3, 17-dioxoandrost-4-en-19-al (9a)

At 30°C, an aqueous solution of CrO, (36.0 ml; 233 g/l CrQ, + 175
ml/l conc. H,8O,) was added over 45 min to a vigorously stirred
suspension of 8a (10.0 g, 0.03 mol, containing 17 + 3% of 8b) in
CH,Cl, (100 ml). Stirring was then continued at reflux temperature
(40°C) for 2 h. The mixture was cooled, poured into water and
the aqueous layer was extracted with CH,Cl, (3 x ). The combined
extracts were washed successively with aqueous Na,SO,, aqueous
NaHCO; and water and dried over anhydr. Na,SO,. The solvent
was removed in vacuo. The residue was crystallized from
CH,Cl,/diisopropyl ether to give 8.0 g (81%) of 9a containing
8 + 3% of 9b, m.p. 154-159°C. Subsequent preparative HPLC over
Merck silica gel 60 (0.040-0.063 mm, 1 kg, 73 X 6 cm, p~ 5 bar,
elution with CH,Cl,/acetone 97.5/2.5 v/v, detection by TLC),
followed by crystallization from CH,Cl,/diisopropyl ether, gave 9a
(<1% of9b)in 467, yield, m.p. 162 — 164°C, [a] , + 307. C,,H,0;
(314.41) caled.: C76.40, H 8.34; found: C 76.2, H 8.3. '"H NMR
(CDCl;): 6 0.88 (d, J 7 Hz, 3, To-CH,), 0.91 (s, 3, 13-CHj;), 6.01 (d,
J2Hz, 1,4-H),9.96 (s, 1, CHO). IR (CH,Cl,): 2720 (HC=0), 1735
(C=0),1710(HC=0), 1675 (C=0), 1625 (C=C), 1405 (CH,C=0),
860 (4-en-3-one) cm~'. UV (EtOH) A, 248 nm, & 1090 m?/mol.
The combined final fractions, most enriched in 9b, were crystallized
from MeOH to give a 1/4 mixture of 9a and 9b, m.p. 104-112°C. 'H
NMR (CDCl,); 6 0.88 (d,J 7 Hz, ca. 0.6, 7a-CHj,), 0.91 (s, ca. 0.6,
13-CH, in 9a),0.92 (s, ca. 2.4, 13-CH; in 9b), 1.19(d,J 6 Hz, ca. 2.4,
7B-CH,), 5.98 (s, ca. 0.8, 4-H in 9b), 6.01 (d, J 2 Hz, ca. 0.2, 4-H in
9a), 9.94 (s, ca. 0.8, CHO in 9b), 9.96 (s, ca. 0.2, CHO in 9a).

19-Hydroxyandrost-5-ene-3, 17-dione 19-acetate 3, 17-bis(ethylene ace-
tal) (15)

A mixture of 14 (57.0 g, 0.16 mol), p-toluenesulphonic acid mono-
hydrate (2.5 g), 1,2-ethanediol (260 ml) and benzene (1300 ml) was
heated under reflux for 16 h, water being removed via a separator.
After cooling, the mixture was poured into 5%, aqueous NaHCO,
{1000 ml). The aqueous layer was extracted with ether (3 x ) and the
combined organic phases were washed with water and dried over
anhydr. Na,SO,. Evaporation of the solvents in vacuo left 15 (70.0 g,
98% ) as an oil, which was used in the next step without purification.
IR {(CH,Cl,): 1735 (C=0, acetate), 1370 (CH;, acetate), 1240
(C-0, acetate), 1105 and 950 (C-0O, acetal) cm ™"

19-Hydroxyandrost-5-ene-3,7, 17-trione 19-acetate 3,17-bis(ethylene
acetal) (16)

To a stirred solution of 15 (63.0 g, 0.15 mol) in a mixture of benzene
(650 ml), acetic acid (690 ml) and acetic anhydride (500 ml) was
added anhydr. sodium acetate (53.5 g) and (portionwise) anhydr.
sodium chromate (69.0 g, 0.43 mol), while maintaining the tempera-
ture in the range 25-35°C. Stirring was continued for 70 h at 20°C.
The benzene was then distilled off in vacuo and the residue poured
into ice water (111). The resulting mixture was extracted with
CH,CI, (4 x ). The combined extracts were then washed with 5%,
aqueous NaHCO; and with water until neutral, dried over anhydr.
Na,SO, and concentrated in vacuo. The residue was dissolved in
CH,Cl, and filtered over Al,0; (350 g). Evaporation of the solvent
in vacuo gave crude 16 (42.0 g, 63%,) as an oil, which was used in the
next step without further purification. IR (CH,Cl,): 1740 (C=0,
acetate), 1675 (C=0), 1370 (CH,, acetate), 1235 (C- O, acetate),
1105 and 950 (C~-0O, acetal) cm ™.

19-Hydroxy-7-methylandrosta-4,6-dien-3, 1 7-dione (18)

At 20°C, a solution of crude 16 (42.0 g, 0.09 mol) in dry THF (500
ml) was added to a IM solution of methylmagnesium bromide (800
ml) in diethyl ether/THF 1/1. Ether was distilled off and replaced by
dry THF until the b.p. reached 60°C. The mixture was heated under
reflux for 23 h, then cooled and poured into ice water (5 1) containing
NH,CI! (130 g). The resulting mixture was extracted with CH,Cl,
(3 x ) and the combined extracts were washed with water, dried over
anhydr. Na,SO, and concentrated in vacuo. The residue was dis-
solved in acetone (600 ml), conc. HCI (4.5 ml) was added and the
mixture was heated under reflux for 1 h. After cooling, pyridine (10
ml) was added and the mixture was concentrated in vacuo to a small
volume and poured into ice water (1 1). The resulting mixture was
extracted with CH,Cl, (3 x ), the combined extracts were washed
with water until neutral, dried over anhydr. Na,SO, and the solvent
was evaporated in vacuo. Chromatography of the residue (SiO,,
toluene/acetone 1/1) and crystallization from diethyl ether/acetone
gave 18 (3.9g, 13%) mp. 200-204°C, [a]p +350. C,;H,O,
(314.41) calcd.: C76.40, H 8.34, O 15.27; found: C76.5, H 84,
O 14.9.'"H NMR (CDCl,): 5 0.9 (s, 3, 13-CH,), 1.9 (s, 3, 7-CH,),
3.80(s, 2, 10-CH,0H), 5.70 (s, 1,4-H), 6.03 (s, 1, 6-H). IR (CH,Cl,):
3570 (OH), 3400 (OH associated), 1735 and 1655 (C=0), 1620 and
1580 (C=C), 1405 (CH,C=0), 905 and 890 (HC= of dienone)
cm~ . UV (EtOH): A,,,., 283 nm, &£ 2600 m?/mol.

19-Hydroxy-7B-methylandrost-4-ene-3, 1 7-dione (19)

To a suspension of 2%, Pd/SrCQO, catalyst (1.0 g) in a mixture of
THF (9 ml) and benzene (175 ml), saturated with hydrogen, was
added 18 (5.0 g, 16 mmol). The mixture was then hydrogenated until
the theoretical amount of H, had been consumed. The catalyst was
removed by filtration and the filtrate evaporated to dryness in vacuo.
Crystallization of the residue from acetone gave 19 (3.6 g, 71%,),
m.p. 167-170°C. The analytical sample (from acetone) had a m.p.
170-172°C, [¢]p + 175. C,0H,50; (316.42) caled.: C 7591, H 8.92,
O 15.17; found: C 75.8, H 9.0, O 15.1. 'H NMR (CDCl,): 8§ 0.91 (s,
3,13-CH,), 1.15(d,J 6 Hz, 3,78-CH,),3.86 and 4.08 (2 x d,J 11 Hz,
2,10-CH,0OH), 5.90 (s, 1, 4-H). IR (CH,Cl,): 3585 (OH), 3415 (OH
associated), 1735 and 1665 (C=0), 1625 (C=C), 1405 (CH,C=0),
865 (4-en-3-one) cm~'. UV (EtOH): A, 243, & 1495 m?/mol.

7B-Methyl-3, 17-dioxoandrost-4-en-19-al (9b)

Using the method given for the preparation of 9a, compound 19 was
oxidized to give 9b in 529, yield after crystallization from MeOH,
m.p. 117.5-120°C, [o]p +244. C,oH,,05. 1/4 CH,OH (322.42)
caled.: C 75.43, H 8.44, O 16.12; found: C75.8, H8.4, O 16.1. 'H
NMR (CDCl,): 6 0.92 (s, 3, 13-CHs), 1.19 (d, J 6 Hz, 3, 73-CH,),
5.98(s, 1,4-H),9.94 (s, 1, CHO). IR (CH,Cl,): 2725 (HC=0), 1740
(C=0),1720 (HC=0), 1675 (C=0), 1625 (C=C), 1405 (CH,C=0),
860 (4-en-3-one) cm ~ ', UV (EtOH): A,,.,, 247 nm, £ 1000 m?/mol.

7a-Methylestr-5(10)-ene-3, 1 7-dione (11)

A solution of 9a (10.0 g, 32 mmol) in dry THF (50 ml) was added
to a suspension of freshly prepared magnesium methoxide (3.5 g, 41
mmol) in liquid NH; (250 ml). After stirring at —35°C for 1h,
NH,CI (14 g, 0.26 mol) was cautiously added followed by CH,Cl,
(200 ml) and water (600 ml). The layers were separated and the
aqueous layer was extracted with CH,Cl, (4 x). The combined
extracts were washed with water, dried over anhydr. Na,SO, and
evaporated in vacuo to give crude 11 (9.0 g, 98%,) which was used
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without further purification in the next reaction. The analytical
sample was obtained by crystallization from acetone/hexane, m.p.
112-114°C, [a] p +239. C,gH,60, (286.40) caled.: C 79.68, H 9.15,
O 11.17; found: C 79.3, H 9.2, 0 11.2. '"H NMR (CDCl,): 5 0.88 (d,
J7Hz,3,7¢-CH,),0.90 (s, 3, 13-CH,), 2.46 (m, 4, 1- and 2-H’s), 2.76
(br.s., 2, 4-H’s). IR (CH,CL,): 1740 and 1715 (C=0). UV (EtOH):
A 240 nm, & 26 m?/mol.

3.3-Dimethoxy-7a-methylestr-5(10)-en-17-one (12)

Crude 11 (10.0 g, 35 mmol) and malonic acid (5.7 g, 55 mmol) were
dissolved in MeOH (150 ml). After stirring at 20°C for 24 h, aqueous
NaHCO; (5%, 200 ml) was added and the mixture was extracted
(5 x) with hexane containing 0.1%, of pyridine. The combined
extracts were washed with water, dried over anhydr. Na,SO, and
evaporated in vacuo to give crude 12 (10.1 g, 86% ) which was used
without further purification in the next reaction. The analytical
sample was obtained by crystallization from ether/hexane con-
taining a trace of pyridine?’, m.p. 126.5-127.5°C, [«]p + 166.
C,,H3,0, (332.47) caled.: C75.86, H 9.70, O 14.44; found: C 75.9,
H 9.8,0 14.5. '"H NMR (CDCl,): 5 0.82 (d,J 7 Hz, 3, 74-CH},), 0.88
(s, 3, 13-CH,), 3.23 (s, 3, OCH5;), 3.27 (s, 3, OCH,). IR (CH,CL,):
1740 (C=0), 1410 (CH,C=0), 1055 (C-O) cm~ ",

3,3-Dimethoxy-7a-methyl-19-nor-17a-pregn-5(10)-en-20-yn-17B-ol
(13)

At 0°C, acetylene was passed through a stirred solution of potas-
sium fert-butoxide (8.5 g, 75 mmol) in dry THF (100 ml) for 2 h. At
- 10°C, crude 12 (10.0 g, 30 mmol) was added over 20 min. Passage
of acetylene through the reaction mixture was continued at 0°C for
a further 2 h. Ice water (300 ml) was then added slowly and the
mixture was concentrated in vacuo. A further amount of water was
added and, after 1 h at 0°C, the precipitate was filtered off, washed
thoroughly with water and dried. Crystallization from diisopropyl
ether containing a trace of pyridine?” gave 13 (9.8 g, 91%), m.p.
142-144°C, [a]p + 66. C33H;,0, (358.50) caled.: C 77.05, H 9.56,
0 13.39; found: C 77.2, H 9.5, 0 13.4. "TH NMR (CDCl,): § 0.78 (d,
J 7Hz, 3, 72-CH3;), 0.87 (s, 3, 13-CH,), 2.58 (s, 1, C=CH), 3.23 (s,
3,0CH,),3.27 (s, 3, OCH,). IR CH,Cl,): 3595 (OH), 3300 (C=CH),
2835 (OCH;), 1100 (OCHj;), 1045 (C-OH) cm ™.

17B-Hydroxy-7a-methyl-19-nor-17a-pregn-5(10)-en-20-yn-3-one (4)

A solution of oxalic acid dihydrate (3.0 g, 24 mmol) in water (40 ml)
was added to a solution of 13 (10.0 g, 28 mmol) in ethanol (220 ml).
The mixture was stirred at 20°C for 2h. A 5%, aqueous NaHCO,
solution was added until the solution was weakly alkaline. The
resulting mixture was diluted with water (800 ml) and the precipitate
was collected, washed with water and dried. Crystallization from
diisopropyl ether containing a trace of pyridine®’) gave 4 (6.9 g,

115

79%), m.p. 166-169°C [lit.> 166-169°C], [2]p + 103 [lit.> +105].
'H NMR (CDCl,): 8 0.84 (d,J 7 Hz, 3, 70-CH,), 0.87 (s, 3, 13-CH,),
2.44 (m, 4, 1- and 2-H’s), 2.58 (s, 1, C=CH), 2.74 (brs., 2, 4-H’s).
IR (CH,CL,): 3590 (OH), 3300 (C=CH), 1700 (C=0), 1040
(C-OH) em~". UV (EtOH): A 240 nm, & 26 m?/mol.

10B-Hydroperoxy-17B-hydroxy-7o-methyl-19-nor-17u-pregn-4-en-20-
-yn-3-one (22)

Hematoporphyrin (0.20 g) was added to a solution of 4 (10.0 g, 32
mmol) in pyridine (600 ml). Oxygen was passed through the stirred
mixture under irradiation with a 125 W high-pressure mercury lamp
(Philips 57236/E70). The lamp was installed in a double-walled
water-cooled jacket (Duran 50 glass) immersed in the reaction
mixture. The temperature was maintained at ca. 20°C. The reaction
was monitored using TLC. After 1 h, most of the starting material
had been converted. The reaction mixture was concentrated in vacuo
to ca. 100 ml, diluted with toluene (100 ml), treated with activated
charcoal, filtered over Hyflo Supercel and evaporated to dryness in
vacuo. The residue was filtered over a short silica-gel column with
toluene/ethyl acetate 1/1 and crystallized from MeOH/diisopropyl
ether to give 22 (5.0 g, 45% ), m.p. 208-209°C, [o]p + 1.4 (MeOH,
c=x1). C;;H,30, (344.44) caled.: C73.22, H 8.19; found: C73.3,
H 8.1. '"H NMR (CDCl, + 20% CD,0D): §0.81 (d, J 7Hz, 3,
Ta-CH,), 0.88 (s, 3, 13-CH,), 2.60 (s, 1, C=CH), 597 (d,J 2 Hz, 1,
4-H). IR (KBr): 3610 (OH), 3520 (OOH), 3310 (C=CH), 3270 (OH
and OOH associated), 2115 (C=C), 1655 (C=0), 1630 (C=C), 1045
(C-OH), 870 (4-en-3-one) cm~'. UV (EtOH): A, 236.5 nm,
£ 1560 m?/mol.

10B,17B-Dihydroxy-7a-methyl-19-nor-170-pregn-4-en-20-yn-3-one
(23)

At 0°C, triethyl phosphite (6.0 ml, 35 mmol) was added dropwise
to a suspension of 22 (10.0 g, 29 mmol) in dry ethanol (50 ml). After
stirring at 20°C for 1 h, 15% hydrogen peroxide (30 ml) was added
slowly and stirring was continued at 20°C for a further hour. The
mixture was diluted with water and the precipitate was filtered off,
washed with water and dried. Chromatography over alumina
(Woelm N, activity grade 1) with toluene/THF 1/1, followed by
crystallization from acetone/diisopropyl ether, gave 23 (7.0 g, 73%,),
m.p. 221-222°C, [a]p +0.6. CyH,305 (328.44) caled.: C 76.79,
H 8.59; found: C 76.7, H 8.7. 'H NMR (CDCl, + 5% CD,0OD):
80.79 (d,J 7 Hz, 3, Ta-CH,), 0.92 (s, 3,13-CH,), 2.59 (s, 1, C=CH),
5.79 (d, J 2 Hz, 1, 4-H). IR (CH,Cl,): 3610 (OH), 3310 (C=CH),
1670 (C=0), 1625 (C=C), 1040 and 945 (C-OH), 865 (4-en-3-one)
cm~ 1. UV (EtOH): A, 236.5 nm, £ 1540 m?*/mol.

27 By way of precaution, pyridine was added to protect the acid-sen-
sitive compound during crystallization.




