
HtJUUlp' Bu/JI/;" 01 NQJIlT,J Sd_1S ImIi E"gilU.ro.Z 

1975 I Volume 4 I pp. 77 - 84 

Total Syntheses of Some 
7-Methyl Substituted' 
Estrogens 
Enis Oskay 

Introduction 

Within the last ten years many of the steroidal hormones have been totally 
synthesized.t-P A French firm, Roussel, has even started to manufacture 
most of the steroidal hormones, used in chemical therapy, by total synthe
sis.I ,2 So far nothing has been reported about the total syntheses of 
7-methyl substituted steroids. While studying the effect of the 7-methyl 
group on a certain biological activityl4-16 several 7-methyl substitu
ted steroids have been prepared by partial synthesis'Y'" with rather 
poor yields. For this purpose first ofall a double bond must be introduced 
to the steroid molecule at S-C. The resulting unsaturated molecule should 
then be oxidized to a 7-keto-~5 steroid. Finally the unsaturated ketone, 
thus obtained, when reacted with methyl magnesium iodide leads to a 
7-oxo methylene steroid which could be hydrogenated with palladium 
oxide in glacial acetic acid-acetic anhydride mixture. For the oxidation 
of the A5 steroids to the 7-keto-A5 steroids t-butyl chromate or alternati
vely chromic oxide in pyridine is used. The first method suffers from a low 
yield as well as the extreme care necessary in working with large amounts 
of t-butyl chromate. The second method results in an even lower yield. 
One other method for the preparation of 7-keto-~5 steroids involves a 
three step sequence reported by Lenhard and Bernstein.P This method 
involves allylic bromination (C-7) of ~5 with N-bromo succinimide 
followed by reaction of the bromo conipound with neutral alumina to 
produce the 7-0H steroid which can then be oxidized with chromium 
trioxide in pyridine to 7-keto-~5 steroid. 
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In the work of Torgov". 6 for the total synthesis of d,I-8, l-l-bis
dehydroestrone methyl ether (IV) (see Scheme I) triton B catalyzed 
condensation of crude 1,2,3,4-tetrahydro-6-methoxy-I-vinyl-I-naphthol 
(II) with 2-methylcyclopentane-I,3-dione afforded 2-(6-methoxy-I,2,3,4
tetrahydronaphthylidene ethyl)-2-methylcyclopentane-l, 3-dione (III) 
which on cyclization with p-toluenesulphonic acid in refluxing benzene, 
afforded d,I-8, l-l-bisdehydroestrone methyl ether (IV). 
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Method 

In the present work (see Scheme II) subsititution of the tetralone (I) 
by a CH3 at C-3 could, according to the Scheme I, yield methyl substitu
ted derivatives of II, III and IV (XIII, XIV, XV) and XX, XXI 
which could be converted to some other additional 7-methyl substitu
ted estrogens. Since 3-methyl-6-methoxy tetralone (XII) is not a known 
compound 7-methyl estrogens described in this paper were totally 
synthesized from o-methoxybenzyl bromide (see Scheme II). 
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Results 

Several 7-methyl substituted estrogenic steroids have been totally syn
thesized from o-methoxybenzyl bromide. 

Experim.ental 

Methyl-o-m.ethoxybenzyl-diethyhnalonate (VI). To a freshly pre
pared solution of sodium ethoxide, prepared from sodium (20 gr., 0.87 
atom gram) in super dry ethanol (500 cc.), methyl-diethyl-rnalonate 
(151 gr., 0.8 mole gram) was added with stirring.. This was 
followed by the addition of o-methoxybenzyl bromide (174 gr., 0.86 
mole gram). The reaction mixture was refluxed (2 hours). Most of the 
solvent was distilled off and the residue was poured onto crushed ice. 
The mixture was extracted with ether (3X). The extracts were washed 
(water) and dried (MgSO.). The solvent was removed and the residue 
distilled under reduced pressure to give methyl-o-methoxybenzyl-dieth

no 280 ylmalonate (VI, 170 gr. 67 %), b.p 138-142%.3 mm.; 1.4902; 
(Found: C, 65.20 %; H, 7.60 %. C\6H2~05 requires: C, 65.30 %; 
H, 7.54%). 

Methyl-o-m.ethoxybenzyl-m.alonic acid (VII). To a refluxed solution 
of potassium hydroxide (280 gr.,.5 mole gram) in water (290 cc.) methyl
o-methoxybenzyl-diethylmalonate (VI, 295 gr., I mole gram) was added 

..:.(3.0 minutes). The mixture was refluxed for an additional 2 hours period, 

. cooled and acidified with cone. hydrcchloric acid. The precipitate was 
collected, washed (water) and dried (MgSO.). Yield: 232 gr. (almost 
quantitative);m.p 146-147°; (Found: C, 60.45 %; H, 5.90 %. 
C\2H\:.os requires: C, 60.50 %; H,5.93 %) . 

. a~Methyl-a-o-lDethoxybenzylacetic acid (VIn). Methyl-o-methoxy
benzyl-malonic acid (VII,77.6 gr., 0.4 mole gram) was heated at 200° 
for 2 hours and finally distilled to yield a-methyl-a-o-methoxybenzylacetic 
acid (VIII, 61 gr., 96 %); b.p 140-144° /1 mm.;no230 1.5218; (Found: 

. C, :67.90 %.; H,.7-25%; C llH 1403r6,quires: C, 68.03 %; H, 7.27 %). 

2,;Methyl-3-o:'m.ethoxyphenylpropan';I-01 (IX). A solution of a
methyl-e-o-rnethoxybenzylacetic acid (VIII, 255 gr., 1.30 mole gram) 
in sodium dried ether (250 cc.) was added (60 minutis) to a susppension 
of lithium aluminium hydride (70 gr., 1.84 mole gram) in dry ether 
(500 cc.). The reaction mixture was refluxed for I hour and then 
cooled (0°). Excess of the hydride was carefully decomposed with 
water (150 cc.). This was followed by the addition of 20 % sulphuric 
acid (500 cc.). The mixture was extracted with ether. Ethereal layers 
were washed (water) and dried (MgSO.). Evaporation of the solvent 
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and distillation of the residue yielded 2-methyl.3-o-methoxpyhenYlpro-', 
pan-l-ol (IX, 188 gr., sn %), b.p 116°fl mm.; nD240 1.5225; (Found: 
C, 73.35 %; H,8.90 %; CllH\602 requires: C, 73.39 %; H, 8.95 %); 

I-Bromo-2-methyl-3-o-methoxyphenylpropane (X). Phosporous tri.. 
bromide (180 gr., 0.66 mole gram) was, added (45 minutes) to a 
solution of 2-methyl-3-o-methoxyphenylpropan-l-ol (IX, 180 gr., 
1 mole gram) in sodium dried benzene (300 cc.) at 0°,The reaction mix
ture was then stirred (30 minutes) at room temperature and.Finally 
refluxed (4 hours). The mixture was cooled and poured onto crushed- ' 
ice. Benzene layer was separated, washed first with aqueous bicarbonate 
solution, then with water and dried (MgS04). The solvent was removed 
and the residue distilled to yield l-bromo-2-methyl-3-o-methoxyphen
ylpropane (X, 180 gr., 74 %), b.p 104° /004 mrn.; nD24°1.5405; (Found;" 
C, 54.20 %; H, 6.35 %; Cl1H\50Br requires: C, 54.34 %; H,6.25 %). 

~-Methyl-y-o-methoxyphenylbutyric acid (XI). A Grignard reagent 
was prepared' from magnesium (12.2 gr., 0.5 atom gram) and 
l-bromo-2-methyl-3-o-methoxypheriylpropane (X, 122 gr., 0.5 ~ole 
gram) using a total 260 cc: of dry tetrahydro furane. This reagent was 
poured onto an excess of solid carbon dioxide and left to stand 
overnight. The mixture was the~ diluted with water (300 cc.), acidified' 
(cone. hydrochloric acid) and extracted with ether (3X). Ethereal 
layers were washed with 30 % aqueous sodium hydroxide solution' and 
the aqueous layers were acidified (conc.. hydrochloric acid). Acidic layers' 
were extracted with ether (3X). Ethereal layers were dried (MgS04) 
and the solvent removed. The residue was distilled to yield 13-methyl-y-o-. 
methoxyphenylbutyric acid (XI, 81 gr., 78 %),b.p .152° 10,5 rnm.j
nDu o 1.5198; (Found: C, 69,15 %; H, 7.80 %; ClzH1603 requires: C, 
69.22 %; H, 7.75 %). 

3-Methyl-6~methoxy-a-tetralone' (XU). A. mixture of polyposphoric 
acid (125 cc.) and 13-methyl-y-o-methoxyphenylbutyric acid (XI,42 
gr., 0.2 mole gram) was heated (100°) with vigorous shakin~ (45 
minutes). The mixture was poured onto crushed ice, scratched and 
warmed until the red coloured gum turned to a colourless precipitate. 
The precipitate was collected, washed (water) and crystallised (petrol 
ether 40-60°). to' yield 3-methyl.6-methoxy-a-tetralone (XII,. 26-gfl, .' 
70 %), m.p 71_72°; (Found: C, 75.70 %; H,_ 7.?O·,%; ,C\2HI402; 
requires: C, 75.76 %; H, 7,43 %). 
2-(3-Methyl-6-methoxy-l, 2,3 - 4 -tetrahydronaphthylideDe-ethyl)~ .: 
2-methylcyc1opentane-l, 3-dione .(XIV) and 2-(3-methyl-6-metho
xy- 1,2, 3, 4- tetrahydronaphthylideneethyl) -2- ethyfcyclopentane-v r. 
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1,3-dione (XX). A Grignard reagent was prepared from magnesium 
(24.4gr., 1 mole gram) and vinyl bromide (108 gr., 1 mole gram) 
using a total amount of 400 cc. of dry tetrahydro furane as 
solvent. This reagent was reacted with 57 gr. (0.3 mole gram) of 
3-methyl-6-methoxy-a-tetralone dissolved in 100 cc. of tetrahydro 
furane and 400 cc. of ether. The crude vinyl carbinol thus obtained 
was dissolved in 500 cc. of xylene and 110 cc. of tertiary butyl 
alcohol, and 33 gr (0.3 mole gram) of 2-methylcyc1opentane -1,3-dione 
or 37.8 gr. (0.3 mole gram) 2-ethylcyc1opentane-l,3-dione was added. 
Mter stirring (15 minutes) at room temperature 10 cc. of 40 % solution 
of triton B in methanol was added and the mixture stirred and heated at 
the reflux temperature for 2 hours. After cooling ether (1000 cc.) was 
added and the mixture stirred with cooling for 4-5 minutes. The mixture 
was filtered and the filtrate was washed (3X) with 5 % potassium hydro
xide solution and with water (3X). The filtrate was then dried (MgSO.) 
and concentrated in vacuo. The residues were crystallised (petrol ether 
40-60°) to yield: a- 2-(3-methyl-6-methoxy-l ,2,3,4-tetrahydronaphthyli
deneethyl)-2-methylcyc1opentane-l,3-dione (XIV, 48 gr., 50 %); 
(Found: C, 76.85 %; H, 7.70 %; C2oH2.03requires: C, 76.90 %; H,7.75 
%), b- 2-(3-methyl-6-methoxy-l, 2, 3, 4-tetrahydronaphthylideneethyl)
2-ethylcyc1opentane-l,3-dione (XX, 55 gr., 48 %), m.p 81°; (Found: 
C, 77.60 %; H, 8.00 %; C:llH2603requires: C, 77.27 %;H, 8.03 %). 

d,1-8,14-Bisdehydro-7~-methyloestronemethylether (XV) and 
d,1-8,14-bisdehydro-7~, 18-dimethyloestronemethylether (XXI). 
A solution of XIV (20 gr., 0,07 mole gram) or of XX (50 gr., 0.16 mole 
gram) in methanol (500 cc.) containing 2N HCl (10 cc.) was heated 
(100°) for 2 hours. The reaction mixtures were diltuted with water 
(2000 cc.) and extracted (ether, 3X). The ethereal layers were washed 
(water) and dried (MgSO.). Organic solvents were removed and the 
residues crystallised to yield: a- d, 1-8,l4-bisdehydro-7~ -methyloestrone
methylether (XV, 17 gr., 90 %), m.p 151-152°; (Found: C, 81.50 %; 
H, 7.60 %; C2oH2202 requires: C, 81.60 %; H, 7.54 %), b- d,1-8,14
bisdehydro -7~, l8-dimethyloestronemethylether (XXI, 40 gr., 85%), 
m.p 105°; (Found: C, 81.65 %; H, 7.90 %; C2\H2.02 requires: 
C, 81.78 %; H, 7.85 %). 

d,1-8-Dehydro-7~-met~yloestronemethylether(XVI) and d,l-8
dehydro-7 ~-18-dimethyloestronemethylether(XXII). Hydrogena
tions of XV (15 gr., 0.05 mole gram) and of XXI (15 gr., 0.05 mole 
gram) inanalar benzene (150 cc.) in the presence of prereduced 
pallladium on calcium carbonate catalyst ~5 %,5 gr.) yielded by 
spontaneous crystallisation (methanol) from the filtrated, concentrated 
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reaction products: a- d.l -8-dehydro-7~- methyloestronemethylether 
(XVI, 12 gr., 80 %), m.p 95-97°; (Found: C, 81.00 %; H, 8.20 %; 
C2oH2402 requires: C, 81.05 %; H, 8.17 %), b- d,l -8-dehydro-7~, 

l8-dimethyloestronemethylether (XXII, 12 gr., 80 %),_ m.p 100°; 
(Found: C, 81.20 %; H, 10.30 %; C21H2602_ requires: C, 81.26 %; 
H, 10.30 %),. 

d, 1-3-Methoxy-7 ~-methylestra-I,3,5(10), 8-tetraen-1713-0 I (XIX) 
and d,I-3-methoxy-7 ~-18-dimethylestra-I,3,5(10), 8-tetraen-1713
o I (XXIII). Reduction of compounds XVI (2.9 gr., 0.01 mole gram) and 
XXII (3.1 gr., 0.01 mole gram) by sodium borohydride (1.5 gr., 0.04 mole 
gram) in methanol yielded: a- XIX (2.6 gr.,90 %), m.p 131.5°; (Found: 
C, 45 %; H, 8.80 %; C2oH2602 requires: C, 80.50 %; H,8. 78 %), 
b- XXIII (2.7 gr., 90 %), m.p 129°; (Found: C, 80.50 %; H, 9.00 %; 
C21H2802 requires: C, 80.73 %; H, 9.04 %). 

d, 1-17 a-Ethynyl-3-methoxy-7~-methylestra-l,3,5 (10), 8-tetraen-17 
13-01 (XVII) and d,I-17a-(1,3-hexadiynyl)-3-m.ethoxy-7~,18
dimethylestra-I,3,5 (10), 8-tetraen-17 13-0 1 (XVIII). Compounds 
XVII and XVIII were prepared from XVI and appropriate sodium 
acetylides in liquid ammonia. Crystallisation (methanol) of the crude 
reaction products yielded: ;1- XVII (a gum, 50 %); (Found: C, 81.85, 
%; H, 8.20 %; C22H2602 requires: C, 81.95 %; H, 8.13 %) b
XVIII (12 %), m.p 120-122°; (Found: C, 83,15 %; H, 8.20 %; 
C26H3002 requires: C, 83.40 %; H, 8.09 %). 

Summary 

Introduction of a 7-CH3group to the steroid skeleton is a tedious method 
involving several steps and suffering from low yields. Although within 
the last ten years many of the steroidal compounds have been totally 
synthesizedvP so for nothing has been reported about the total syntheses 
of 7-methyl substituted steroids. In the present work total syntheses of 
some 7-methyl steroids, starting with o-methoxybenzyl bromide, are 
described. 
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