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Fernholz and Stavely (1) have noted that when a A*-3-ketosteroid is treated
with ethylene glycol (benzene, p-toluenesulfonic acid), the resulting ketal was
formed with coincident rearrangement of the double bond to the C-5,6 position;
thus, Ai-cholestene-3-one (Ia) was transformed into Af-cholestene-3-one-ethylene
ketal (IIa). These investigators presented the following evidence in support of
the assigned structure IIa. Compound Ila on treatment with perbenzoic acid
afforded the a-oxide which was converted by chromic acid oxidation into choles-
tane-5a-0l-3,6-dione. This compound was previously described by Ruzicka
and Bogshard (2) who prepared it from cholesterol-a-oxide. Also it was demon-
strated by Fernholz and Stavely (1) that palladium catalyst hydrogenation of
ITa gave cholestane-3-one-ethylene ketal identical with the product obtained by
them directly from cholestane-3-one,* and that acid hydrolysis of a A®-3-keto-
ethylene ketal regenerated the original A*-3-ketone grouping.

It may be concluded from the work of Hauptmann (3) that this rearrange-
ment of the double bond does not occur in the analogous preparation of A*-choles-
tene-3-one-ethylene thioketal (VII) from Ia with ethanedithiol (zinc chloride,
sodium sulfate). The high positive rotation of VII, and its conversion to A%
cholestene by Raney nickel hydrogenolysis established the structure of the thio-
ketal (VII). As an incidental experiment we have also prepared Af-cholestene-3-
one-ethylene thicketal (VII), whose properties were in good agreement with
those reported for this compound by Hauptmann.

Unfortunately, the problem as to whether formation of an ethylene hemithio-
ketal from a A%3-ketosteroid is accompanied with or without coincident rear-
rangement of the double bond remains unsolved. In this connection, recent work
by Romo, Rosenkranz, and Djerassi (4) may be cited. These investigators have
assumed that the reaction of B-mercaptoethanol with a A*3-ketosteroid pro-
ceeded with least alteration of structure. Hence, the double bond was placed
at its original site, the C-4,5 position.

In this and subsequent papers of this series, we wish to report on our results
obtained in extending the work of Fernholz and Stavely to other steroidal ke-
tones.

1 Paper X1, Antonucei, Bernstein, Giancola, and Sax, J. Am. Chem. Soc., 78, 5860 (1951).

2 Presented in part before the Organic Group at the Fourth Annual Meeting of the New
York Section, American Chemical Society, New York, N. Y., February 8, 1952.

¢ Present address: Department of Chemistry, Yale University, New Haven, Conn.

+ Moreover, we would like to point out that the negative rotatory power of the A%-ketal
(II) may be considered as corroborative evidence for the assigned structure.
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Our first objective in the utilization of this cyclic-ketal reaction was its appli-
cation to A*7-3-ketosteroids. It was reasoned that the formation of the ethylene
ketal accompanied by rearrangement of the double bond would afford a A% -
steroid. In this way, moreover, further evidence for the migration of the double
bond would be obtained. This has been found to be the case. Ergosterone (A% 7 22
ergostatriene-3-one) (IVb) on treatment with ethylene glycol gave A% 7 2.
ergostatriene-3-one-ethylene ketal (IIIb). In a similar manner A5 "-cholesta-
diene-3-one-ethylene ketal (1Ila) was prepared from 7-dehydrocholestenone
(A% "-cholestadiene-3-one) (IVa). The structures IIIa and b assigned to these
compounds were substantiated by ultraviolet absorption analysis, and chemical
transformations. Both compounds showed the unique selective absorption max-
ima characteristic of a A% "-gteroid, namely at about 272, 282 and 293-294 mu
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(5). Moreover, A% 7 2.ergostatriene-3-one-ethylene ketal (IIIb) was converted
into A" 2.ergostadiene-3-one-ethylene ketal (Vb) (Amax none) by hydrogenation
with Raney nickel catalyst (W-2) in ether-alcohol solution. The same product
was obtained by sodium and alcohol reduction. Compound Vb was converted
into the known A7 2-ergostadiene-3-one (VIb) (6). Treatment of VIb with ethyl-
ene glycol gave back the ketal (Vb), identical in all respects with the product
obtained from the A% "-ketal (IIIb). Similarly, A% 7-cholestadiene-3-ethylene
ketal (I1Ia) was converted into A’-cholestene-3-one-ethylene ketal (Va), which
on hydrolysis gave the known A’-cholestene-3-one (VIa) (7). The latter on treat-
ment with ethylene glycol gave back Va.
It was also established that compounds of structures IIT and IV are mutually
interconvertible, since acid (dilute sulfuric acid, or aqueous acetic acid) hydroly-
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sis of A5 7. 2.ergostatriene-3-one-ethylene ketal (IIIb) gave ergosterone (IVb),
and not isoergosterone. Hydrolysis of A% 7-cholestadiene-3-one-ethylene ketal
gave a syrup which was difficult to erystallize, but which was characterized with
2,4-dinitrophenylhydrazine. The hydrazone so obtained was identical with an
authentic sample of A* -cholestadiene-3-one-2,4-dinitrophenylhydrazone.

Concurrent to the above investigations with ethylene glycol, we initiated a
study of the reaction between A% 7-3-ketosteroids and ethanedithiol. When
At T 2grgostatriene-3-one (IVb) was treated with ethanedithiol at room tem-
perature (benzene, zine chloride, sodium sulfate) there was obtained a produet
which on the basis of its optical rotation ([a]p +74.9°), ultraviolet absorption
spectrum (only end absorption);® and its positive Tortelli-Jaffé color test was
assigned the tentative structure VIIIb. Similarly, A* "-cholestadiene-3-one (IVa)
was converted into A% 7-cholestadiene-3-one-ethylene thioketal (VIIa) (tenta-
tive).

However, when the reaction of A% 7-3-ketosteroids with ethanedithiol was
carried out under forcing conditions (benzene reflux, p-toluenesulfonic acid,
constant water-removal), inconsistent results were obtained. This reaction is
now being further investigated. The results to-date indicate, moreover, that no
Ab T-gteroids are formed. This interesting result also pertains to the reaction
with B-mercaptoethanol.

With the establishment of the structure (IIa) of the ethylene ketal of A%
cholestene-3-one as indicated, our next objective was to submit this compound to
the conditions of the NBS¢ method employed in this laboratory (5) for the forma-
tion of AS 7-gteroids. The product so obtained would be identical with the
ethylene ketal (I11a) prepared from A* 7-cholestadiene-3-one (IVa). This proved
to be the case. Thus, it was established that the ethylene ketal grouping is stable
under free radical NBS conditions. Moreover, the formation of IIIa from Ila
may be considered as further evidence for the structure IIa. The crude A% 7-
cholestadiene-3-one-ethylene ketal (IIT1a) so obtained was about 939, pure, and
this represented a “crude” yield of 539,. Pure material was obtained in about
449, yield. This “pure” yield of material was obtained without an exhaustive
recrystallization of the mother liquor fractions. An ultraviolet absorption spec-
trum analysis of the crude material revealed an inflection at 241242 mpu (e 2240).
In our opinion, this represents the presence of a trace of 7-dehydrocholestenone
(IVa), and not the usual NBS by-product, which in this case would be At 6-
cholestadiene-3-one-ethylene ketal. In faet, it is our opinion that the ethylene
ketal grouping at C-3 appears to hinder the usual allylic shift associated with the
formation of A% "-from Ad-steroids by the NBS method. The presence of the
At 7.3.ketone (IVa) may be attributed to trace hydrolysis of the A’ 7-ketal
(II1a). In a future publication we plan to discuss in detail the NBS bromination
of A5-3-ketals. Suffice it to say here, that this grouping at C-3 affords the high-
est yields ever recorded for the preparation of AP 7-steroids.

§ In our hands, At-cholestene-3-one ethylene thioketal (VII) showed no selective absorp-
tion in the ultraviolet between 220-300 my; only end absorption was present, Cf. Fukushima,
Liebermann, and Praetz, J. Am. Chem. Soc., 72, 5205 (1950).

8 NBS = N-Bromosuccinimide.
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Finally, we have extended these reactions to steroidal hormones, and results
obtained in the ‘‘testosterone” series will be presented here.

In a previous publication (3), the preparation of Af 7-androstadiene-38,178-
diol-17-benzoate (IX) was reported. This compound on Oppenauer oxidation
gave A% T-androstadiene-178-0l-3-one-benzoate (IVd), which exhibited a single
ultraviolet absorption maximum at 232 mu and inflection points at 271 and 279
myu. The location of the maximum at 232 mu may be ascribed to the resultant
effect of the two chromophoric groups in the molecule, which when acting inde-
pendently show maxima at 229, 273, and 280 mu for the benzoate group,” and
237-238.5 myu for the A%3-keto moiety.? The magnitude of the molecular ex-
tinction coefficient of the 232 mu maximum (e 30,800) indicated that there is
more or less additivity of the two chromophoric groupings. Compound IVd on
treatment with ethylene glycol (benzene, p-toluenesulfonic acid) resulted in the
formation of A% 7-androstadiene-178-0l-3-one-17-benzoate-3-ethylene ketal (I11e)
‘which possessed the characteristic ultraviolet absorption spectrum of a A% 7-
steroid benzoate, Amax 229 (17-benzoate), 271, 281, 293 mu (A% 7). The structure
of compound Jile was further established by an independent synthesis from
testosterone benzoate (Id). The latter, on treatment with ethylene glycol, gave
AS-androstene-178-0l-3-one-17-benzoate-3-ethylene ketal (I1d), which on brom-
ination with NBS, followed by dehydrobromination with s-collidine in xvylene,
was converted into A% 7-androstadiene-178-0l-3-one-17-benzoate-3-ethylene ketal
(I1le) identical in all respects with the material obtained from A* "-andros-
tadiene-173-0l-3-one-benzoate (IVd) described above. Alkaline hydrolysis of
the benzoate (IITe) gave A% "-androstadiene-178-0l-3-one-ethylene ketal (ITIc),
which, on subsequent hydrolysis with dilute sulfuric acid, was converted into
A% T-androstadiene-173-0l-3-one (7-dehydrotestosterone) (IVe). An attempt to
convert compound IVd directly into compound IVe by hydrolysis of the ben-
zoate group with potassium hydroxide was not successful. This reaction did not
seem promising and was not investigated further.

A% T-Androstadiene-178-ol-3-one-ethylene ketal (ITIc) was also prepared from
testosterone acetate (Ic) by the same route used in the case of the above ben-
zoate, .e., Ic —» AS-androstene-173-0l-3-one-17-acetate-3-ethylene ketal (Ilc) —
A% T-androstadiene-173-0l-3-one-17-acetate-3-ethylene ketal (I1Id) — IITc. Com-
pound IIc in this sequence of reactions was also prepared from testosterone
(Ib) by formation of AS-androstene-178-ol-3-one-ethylene ketal (IIb), followed
by acetylation of the 178-hydroxyl group with acetic anhydride in pyridine.

EXPERIMENTAL

Absorption spectra. All spectra were determined with a Beckman quartz spectrophotom-
eter (Model DU, National Technical Laboratories, So. Pasadena, California), and were
determined in abgolute alcohol,

7 Bernstein and Sax, J. Org. Chem., 16, 679 (1951): Cholesteryl benzoate: ez, s 15,300,
e 970, easn T60.

8 Antonucei, Bernstein, Giancola, and Sax, J. Org. Chem., 16, 1453 (1951): A*-andro-
stene-3,17—dione: €238,37240 15,800.
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Melting points. All m.p.’s are uncorrected, and were determined with unecali-
brated Anschiitz thermometers.

Optical rotations. The sample was dissolved in chloroform to make a 2-ml. solution, and
the rotation was determined in a 1-dm. semi-micro tube. The rotation generally was deter-
mined for two wavelengths, 5803 A (p), and 5461 A (Hg).

Petroleum ether. The petroleum ether fraction used had b.p. 64-66° (unless otherwise
stated) and was purified with concentrated sulfuric acid and potassium permanganate.

Ab-Cholestene-83-one-ethylene ketal (I1a). A stirred mixture of 31.8 g. of At-cholestene-3-
one (Ia), 770 ml. of benzene, and 40 ml. of ethylene glycol was slowly distilled for 15 minutes
for removal of traces of water, p-toluenesulfonic acid monchydrate (0.3 g.) was added, and
the mixture was stirred and refluxed for 4.5 hours (continuous water-removal adapter).
Saturated sodium bicarbonate solution was added to the cooled mixture, and the benzene
layer was separated. The extract was washed twice with water, dried, and evaporated
in vacuo. The residue was recrystallized from ether-methanol, wt. 13.4 g., m.p. 132-132.6°,
One further recrystallization gave 11.85 g., m.p. 133.5-134.5°,

One gram of this material Was recrystalhzed twice more from ether-methanol, wt. 0.8 g s
m.p. 134-135°;% Aoz none; [aly —31.4°, [l —38.9°(18.5 mg., a» —0.29°, am —0.36°) omg/ax
1.24, [M], —134°.

Angl. Cale’d for CqeH 4502 (428.67): C, 81.25; H, 11.29.

Found: C, 81.34; H, 11.33. '

ABT-Cholestadiene-8-one-ethylene ketal (II1a). A. A mixture of 2 g. of A.cholestadiene-
3-one (IVa), 3.5 ml. of ethylene glycol, 100 ml. of benzene, and 40 mg. of p-toluenesulfonie
acid monohydrate was reacted in the manner described above (4 hours reflux). The crude
material 5o obtained was dissolved in a mixture of ether and acetone, and the solution was
filtered. Concentration gave 1.17 g. of practically pure I1Ia, m.p. 135.5-137°, hn.x 271, 282,
and 294 mu, €10,600; 11,500; and 7,000, respectively. From the mother liquor by concentra-
tion and simultaneous addition of acetone there was obtained 150 mg., m.p. 122-127°. Re-
crystallization of the main fraction from acetone gave 0.70 g., m.p. 136~137.4°, Anax 271.5,
282, and 293.5 my, €10,800; 11,600; and 6,750, respectively; [als —14.3°, [o%, —24.8° (21 mg.,

» —0.15°, ag, —0.26°) am,/as 1.73; [M], —61°,
Anal. Cale’d for CoeHeO, (426.66): C, 81.63; H, 10.87.
Found: C, 8149; H, 11.07.

B. A mixture of 1.0 g. A%-cholestene-3-one-ethylene ketal (I1a), 0.50 g. of NBS, and 20
ml. of petroleum ether (b.p. 64-66°, freed of unsaturates) was refluxed while irradiated for
3 minutes by the heat and light of a photospot lamp (RSP-2, General Electric Co.). To the
still refluxing mixture was added 0.2 ml. of s-collidine. The mixture was filtered
(succinimide, wt. 0.28 g., m.p. 119-124°), and the filtrate was evaporated in vacuo. The
residue was dissolved in 15 ml. of xylene and 0.2 ml. of s-collidine, and was refluxed for 12
minutes. The mixture was cooled, and the collidine hydrobromide was separated by filtra-
tion. The filtrate was evaporated in vacuo and the residue was crystallized from acetone,
wt. 0.538 g., m.p. 133-185° (also, m.p. 125-127°, resolidification, and remelt at 200-215°);
Mmax 241-242 (inflection), 263-264 (plateau), 271-271.5, 282, and 293-294 my, €2,200; 7,200;
10,400; 11,050; and 6,400 respectively; (crude material 919 pure based on ess: 12,100; crude
vield 53%,). Two recrystallizations from acetone gave 0.44 g. of pure I111a, m.p. 137.5-139.5°.
One further recrystallization did not alter the m.p., Amax 262-262.5 (inflection), 271, 282,
and 293.5-294 mu, €7,950; 11,400, 12,100; and 7,000 respectively, Amin 227-228, 276-277, and 290
my, €1,250; 9,650; and 6,300, respectively; [a]lp —16.6°, [alh, —27.0° (28.9 mg., ap —0.24°,
amg —0.39°) amg/an 1.63, [M], —71°, Pure yield; 44%. '

ABT.22 Ergostairiene-3-one-ethylene ketal (IIIb). A mixture of 15 g. of ergosterone (IVDh),
18 ml. of ethylene glycol, 700 ml. of benzene, and 400 mg. of p-toluenesulfonic acid mono-
hydrate was reacted in the manner described above. The benzene extract was evaporated
in vacuo to near dryness; addition of ethanol gave pale yellow crystals, wt. 10.2 g., m.p
154-156°, Recrystallization of an aliquot from ethanol gave pure ITTh, pale yellow crystals,

® Fernholz (1), m.p. 133°, [a], —28°,




1346 ANTONUCCI, BERNSTEIN, LITTELL, 8AX, AND WILLIAMS

m.p. 156-167.5°, Amax 271, 282, and 294 mpu, €11,300; 12,050; and 6,900, respectively,
lalp —26.3° [lf; —33.6° (13.7 mg., a» —0.18°, am; —0.23°) amg/ap 1.28; [M], —115°,

In another run the optical rotation was [o¥ —31.3°, {a]f ~41.3° (17.9 mg. a» —0.28°,
agy —0.37°) amg/an 1.32, [M], —137°,

Anal. Cale’d for CyHuO, (438.67): C, 82.13; H, 10.57.

Found: C, 82.26; H, 10.81.

Hydrolysis of AS7.2-grgosiatriene-3-one-ethylene ketal. A. A mixture of 100 mg. of the
ketal (IIIb) in 3.3 ml. of methanol and 6 ml. of ethanol was treated with 0.17 ml. of con-
centrated sulfuric acid in 2 ml. of water. The mixture was refluxed in a nitrogen atmosphere
for 34 hour (after complete solution), cooled, and treated with a few drops of water. This
gave crystals which were collected after ice-cooling of the mixture. Recrystallization of
the erude product from acetone-water and acetone gave pure ergosterone (IVb), m.p. 131-
131.5°, Amax 238 my, €14,200,

B. A golution of 3.85 g. of IIIb in 80 ml. of 909 acetic acid was heated on the steam-
bath for 20 minutes. During this time a deep yellow color developed. Water was added to the
hot solution until & general turbidity persisted. The cooled mixture afforded 8.03 g. of IVb,
m.p. 130-131.5°. Recrystallization from acetone gave 2.58 g., m.p. 132.5-134°, Anax 238 my,
€14,800. From the mother liquors by concentration, and addition of water there was ob-
tained 0.24 g., m.p. 131-132°, and 0.13 g., m.p. 120.5-131.5°.

Dinttrophenylhydrazone of 7-dehydrocholesienone. The A87-ketal (IITa) (70 mg.) was
dissolved in 10 ml. of glacial acetic acid. The hot solution was treated with several ml. of
water, and the solution was heated on the steam-bath for ¥4 hour. During this time several
additional ml. of water was added, and the cooled mixture was extracted with benzene, The
extract wag washed with water, sodium bicarbonate solution, and finally with water. It was
dried with magnesium sulfate, treated with Norit, and filtered. Evaporation in vacuo
yielded an oil.

The oil was dissolved in 5 ml. of glacial acetie acid, treated with 70 mg. of 2,4-dinitro-
phenylhydrazine, and the mixture was heated on the steam-bath for 10 minutes. The cooled
mixture was filtered and the crystals so obtained were washed with ethanol. Recrystalliza-
tion from chloroform-aleohol gave 20 mg. of pure hydrazone, m.p. 213-215° d., M%GA 0
255-256 and 385-389 mu; €18,700; 30,200, respectively. An authentic sample possessed m.p.
210-210.5° d., M%SA 255-256 and 385-389 myu; €19,100; 31,000, respectively.n

A7-Cholestene-3-one-ethylene ketal (Va). A. A mixture of 2 g. of the A57-ketal (I1Ia) dis-
solved in 160 ml. of absolute ether-absolute alcohol (3:1), and about 1 g. of Raney nickel
catalyst (W-2) was shaken in g hydrogen atmosphere for 1.5 hours, The catalyst wasremoved
by filtration through Celite, and the filtrate was concentrated with simultaneous addition
of aleohol. This gave 1.7 g. of erude Va, m.p. 111-113.5°, Anax none. Two recrystallizations
from alcohol gave 1.2 g. of pure Va, m.p, 115-116°, []3 +10.2°, (o], +23.5° (23 mg., o»
+0.22°, ag, +0.27°) ong/as 1.23; [M], 4-82°.

Anal. Cale’d for CyoH 450, (428.67): C, 81.25; H, 11.29.

Found: C, 81.06; H, 11.44.

B. A mixture of 320 mg. of A7-cholestene-3-one (VIa), 60 ml. of benzene, 3 ml. of ethylene
glycol, and 80 mg. of p-toluenesulfonic acid monohydrate was reacted in the manner de-
seribed above. The crude product so obtained was recrystallized from acetone-methanol,
wt. 250 mg., m.p. 117-118°, and two times from alcohol, m.p. 116-117°; [2]3 419.6°, [cz];?;’g
+4-22.6° (26.6 mg., ap ~+0.26°, ag, +0.30°) ame/as 1.15; [M], +-84°.

A7-Cholestene-3-one (Via). A refluxing solution of 1 g. of A’-cholestene-3-one-ethylene
ketal (Va) in 60 ml. of aleohol was treated over a period of 10 minutes with 10 ml. of 109,
(v/v) sulfuric acid. The mixture was refluxed for 114 hours after the addition of the acid,

10 Solvent was 19, chloroform-absolute alechol; the substance was dissolved in 1 ml. of
chloroform and rapidly diluted to 100 ml. with absolute alcohol.

1 The complete characterization of the 2,4-dinitrophenylhydrazone of A*7-choles-
tadiene-3-one will be presented in a future publieation.
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cooled, and the crystals which separated were collected and washed with aleohol, wt. 600
mg., m.p. 144-146°. Recrystallization from methanol gave 450 mg. of pure VIa, m.p. 146.
147°,2 [a]h +25.8°, [alf,; +31.5° (24.8 mg., an +0.32°, agg +0.39°), amg/as 1.22, M, +99°

AT22_Ergostadiene-3-one-ethylene ketal (Vb). A. Compound IIIb (5 g.) was hydrogenated
in the manner described for Va. This gave 4.15 g. of product, m.p. 162-164°, Ama.x none. A
0.5-g. portion of this material was recrystallized from acetone-methanol, m.p. 163-165°
Amaz NoORE, [a]d —4.5°, —7.0° (40.0 mg., 45.6 mg., ar —0.09°, —0.16°, respectively); [Ml,
—-20°, —-31°,

Anal. Cale’d for CyHysOr (440.68): C, 81.76; H, 10.98.

Found: C, 81.77; H, 11.18.

B. A refluxing solution of 2 g. of ITIb in 200 ml of absolute alecohol was treated over
a period of 3 hours with 90 g. of sodium; intermittently portions of absolute alcohol were
added for a total of 1050 ml. The eooled mixture was poured into erushed ice and water, and
was thoroughly extracted with ether. The extract was washed three times with water, dried,
treated with Norit, and filtered through Celite. The residue obtained on evaporation of
the ether was recrystallized from absolute aleohol, wt. 1.33 g., m.p. 161-163°. Recrystalliza-
tion from absolute alcohol gave 1.17 g. of Vb, m.p. 162-163°, Amax noRNE, [ —12.2° (45.8
mg., a» —0.28°).

C. A mixture of 340 mg. of A"22-ergostadiene-3-one (VIb), 40 ml. of benzene, 2 ml. of
ethylene glycol, and 80 mg. of p-toluenesulfonic acid monohydrate was reacted in
the manner described above. The erude product so obtained was recrystallized from alcohol
and acetone-aleohol, wt. 260 mg., m.p. 162-163°; [a}h —4.8° (42 mg., ap —0.10°).

Infrared absorption analysis showed the samples of Vb obtained in (4), (B), and (C}
were identical in all respects.

A722Ergostadiene-3-one (VIb). A refluxing solution of 1 g. of A7-22-ergostadiene-3-one-
ethylene ketal in 60 ml. of alcohol was treated with 10 ml. of dilute sulfurie acid (10% v/v)
and the mixture was refluxed for 1 hour and was cooled. The crystals which separated were
washed with alcohol, wt. 0.77 g., m.p. 183-185°, Recrystallization from acetone-methanol
gave 0.5 g. of pure VIb, m.p. 185-187°,12 Amax none, [a]h 0.

As-Cholestene-8-one-ethylene thioketal (VII). A solution of 1 g. of At-cholestene-3-one (I)
in 10 ml. of benzene was treated with 2 g. of anhydrous sodium sulfate, 1 g. of freshly fused
zine chloride, and 0.8 ml. of ethanedithiol. The mixture was allowed to stand at room tem-
perature for 64 hours, and the product was worked up in ether-benzene. The extract was
washed with sodium carbonate solution and water. The dried extract was evaporated, and
the residue was crystallized from acetone, wt. 0.95 g., m.p. 110-111°, Ay ax none. Two reerys-
tallizations from acetone gave 0.75 g., m.p. 112-114°¢ (the m.p. was found to be dependent
on the manner performed), {]5 +104°, [«]f, +128° (10.35 mg., ap -+0.54°, an; +0.66°) an,/an
1.22, M1, +478°,

Anal, Cale’d for CqsHysS, (460.79): C, 75.59; H, 10.50; S, 13.92.

Found: C, 75.39; H, 10.70; 8, 14.27.

A+1-Cholestadiene-8-one-ethylene thioketal (VIIIa). Compound IVa (1 g.) was treated
with ethanedithiol in the manner described above for VII. Recrystallization of the crude
product from acetone afforded 0.64 g. of VIIIa, m.p. 95-108°, Amax 0o selective absorption in
U.V. (end absorption only; 220-300 mpu); [a]p -+108°, [«]F, -+134° (13.15 mg., a» +0.71°,
ang +0.88°) amg/an 1.24, [M], +495°.

Anal. Cale’d for CosH oS, (458.78): C, 75.92; H, 10.11; S, 13.98.

Found: C, 76.03; H, 10.30; S, 14.16, 14.43.

AY22_Ergostatriene-3-one-ethylene thioketal (VIIIb). Compound IVb (1 g.) was treated
with ethanedithiol in the manner described above for VIL. Recrystallization of the crude
product from acetone afforded 0.19 g. of VIIIb, m.p. 114.5-115.2°, Anax 1o selective ab-

12 von Buser (7); m.p. 146-147°, [a]X 4-24.7° == 2°.
13 Barton and Cox (6), m.p. 184.5°, [al, +2°.
¢ Hauptmann (3): m.p. 106-107°, [«)¥ -+119°.
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sorption in U.V. (end absorption only; 220-300 mu); [«]s -+74.9°, [o]¥, +-90.5°(14.15 mg,,
on -0.63°%, amy +0.64°) amg/on 1.21, [M]y +352°. Positive Tortelli-Jaffé test.

Anal. Cale’d for CyHeS: (470.79): C, 76.53; H, 9.85; 8, 13.62.

Found: C, 76.74; H, 10.10; 8, 13.55.

AVT-Androstadiene-173-0l-3-one-benzoate  (IVA). A%7-Androstadiene-38,178-diol-17-bénzo-
ate (IX) (2 g.) in 140 ml. of toluene and 30 ml. of eyclohexanone was oxidized in the usual
manner with 2.05 g, of aluminum isopropoxide (4.85 ml. of toluene stock solution). The crude
produet was crystallized from aqueous acetone-methanol, followed by recrystallization
from dilute acetone, and acetone-petroleum ether (b.p. 66-68°); wt. 0.64 g., m.p.
142.5-143.5°; Moz 232233 rou, €30,800; lalp +74°, [alfy +87.4° (11.0 mg., ap +0.44°, am,
+0.52°) ame/an 1.18; [M]s +289°,

Anal. Cale’d for Ceefl305 (300.50): C, 79.96; H, 7.74.

Found: C, 79.65; H, 8.01.

Ab-Androstene-178-0l-3-one-17-benzoate-3-ethylene ketal (I1d). A mixture of 15 g. of testos-
terone benzoate (IVc), 120 ml. of ethylene glycol, 400 ml. of benzene, and 450 mg.
of p-toluenesulfonic acid monohydrate was reacted in the manner described above (reflux
4 hours). Crystallization of the crude product from acetone-alecohol-benzene gave 7.0 g.,
m.p. 206-214°, Successive reerystallizations from acetone-carbon tetrachloride-ethyl ace-
tate, and from ethyl acetate gave 5.0 g., m.p. 218-221.5°, An aliquot was recrystallized
twice more from ethyl acetate; m.p. 220~222.5°; Anax 229, 271-272, 280-281 my, €14,500; 690;
670 respectively; [a]p +15°, [a]d; +18° (13.3 mg., as +0.10°, ag, -+0.12°) ame/an 1.20; [M],
+66°,

Anal. Cale’d for ngHsaO4 (43657) : C, 7703; H, 8.31.

Found: C, 76.80; H, 8.27.

AS T-Androstadiene-178-0l-3-one-17-benzoate-3-ethylene ketal (I111e). A, Testosterone ben-
zoate-3-ethylene ketal (IId) (2.17 g.) in carbon tetrachloride was brominated and dehydro-
brominated in the usual manner. This gave 1.22 g. of crude material; m.p. 185-202°; Auax
229, 271, 281, 293 mu; €15,200; 11,600; 11,900; 6,550, respectively (509 yield based on ess
13,300). Three recrystallizations from acetone gave 790 mg.; m.p. 213-214°; Anax 220, 271, 281,
293 my; €15,100; 12,800; 13,300; 7,100, respectively; [alp --14.8° (29.8 mg., a» -+0.22°);
[M]y -+-64°.

B. A mixture of 0.5 g. of A% "-androstadiene-175-0l-3-0one-benzoate (IVd), 4 ml. of
freshly distilled ethylene glycol, 17 ml. of benzene, and 15 mg. of p-toluenesulfonic acid
monohydrate was reacted in the manner described (reflux 3.5 hours). Crystallization of the
crude produet from acetone gave 0.26 g.; m.p. 200-209°. T'wo recrystallizations from acetone-
methanol gave 0.22 g.; m.p. 212.5-215°%; \nax 229, 271, 281, 203 mu; €14,500; 12,200; 6,800,
respectively; [alh +17.3° (12.55 mg., as +0.11°); [M], +76°.

Anal, Cale’d for CosH404 (434.55): C, 77.39; H, 7.89,

Found: C, 77.08; H, 8.00.

AS - Androstadiene-178-0l-8-one-ethylene ketal (I1Ie). A. A solution of 125 mg. of AS 7-
androstadiene-178-o0l-3-one-17-benzoate-3-ethylene ketal (IIle) in 5 ml. of alcohol was
treated with 16 ml. of 5% methanolic potassium hydroxide, The mixture was refluxed for
1 hour (nitrogen atmosphere), diluted with water, cooled, and filtered; wt. 90 mg.; m.p.
231-240°. Three reerystallizations from dilute acetone gave 67.5 mg. pure IIlc; m.p. 238~
240°; Amox 271, 281, 293 my; €3,850; 10,500; 6,000, respectively; [a]h —45.2°, [«]f, —62.6°
(11.5 mg., a» —0.26°, am, —0.36%) amy/as 1.39; [M], —149°, Yield, 84%.

Anal. Cale’d for CuH 505 (330.45): C, 76.32; H, 9.15.

Found: C, 75.90; H, 9.29.

B. A% "-Androstadiene-178-0l-3-one-17-acetate-3-ethylene ketal (IIId) (0.5 g.) was
treated with 0.2 g. of potassium hydroxide in 0.5 ml. of water and 15 ml. of ethancl. The
mixture was refluxed for 14 hour and worked up in the same manner as above. Recrystalliza-
tion from dilute acetone gave 0.37 g.; m.p. 238-243°; Anax 271, 281-281.5, 293 my; €10,100;
10,600; 6,100, respectively.

A% T Androstadiene-178-0l-83-one (IVe). Dilute sulfuric acid (4.4 ml., 8.5%, v/v) was added
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to a solution of 200 mg. of A% "-androstadiene-178-0l-3-one-ethylene ketal (1ITe) in 25 ml.
of aleohol. The solution was refluxed for 34 hour (nitrogen atmosphere), diluted with a large
volume of water, and the erystals were collected; wt. 150 mg.; m.p. 160° unsharp. Recrystal-
lization from acetone-petroleum ether gave 96 mg.; m.p. 161-163°; Anmax 238.5, €15,100;
[a]n 422.1°, [a)f: +28.7° (9.05 mg., ap +0.10°, am, +0.13%) oy /on 1.30; [M]s +63°,
Anal. Cale’d for CmngOz (28640) C, 7968, H, 9.15.
Found:# C, 79.16; H, 9.28,

Abs-Androstene-178-0l-8-one-ethylene ketal (IIb). A mixture of 2.0 g. of testosterone (IV),
9.0 ml. of freshly distilled ethylene glyeol, 156 ml. of benzene, and 30 mg. of p-toluenesulfonic
acid monohydrate was reacted in the manner described above (reflux 3.5 hours). The crude
product, on recrystallization from dilute acetone, and acetone gave 1.0 g. of pure Ilb;
m.p. 185-188°.18

As- Androstene-178-0l-8-one-17-acetate-8-ethylene ketal (I1Ie). A. A mixture of 50 g. of
testosterone acetate (IVb), 360 ml. of freshly distilled ethylene glycol, 1100 ml. of benzene,
and 1.3 g. of p-toluenesulfonic acid monohydrate was reacted in the manner desecribed
(reflux 5.5 hours). The crude product was recrystallized from acetone and acetone-methanol
to give 21.6 g.; m.p. 203-205°; Amax NONG.

B. A solution of 0.75 g. of testosterone ethylene ketal (Ib) in § ml. of pyridine was acetyl-
ated at room temperature with 0.75 ml. of acetic anhydride. Two ecrystallizations of the
crude produet from acetone gave 0.56 g.; m.p. 203-205°; Amox none; [y —52.1°, lalf, —64.5°
(24.3 mg., ap —0.63°, g, —0.78°) amg/ap 1.24; [M], —195°,

Anal. Cale’d for CssH ;.04 (374.50): C, 73.76; H, 9.15.

Found: C, 73.80; H, 9.30.

AS 7. Androstadiene-178-0l-8-one-17-acetate-3-cthylene ketal (111d). Testosterone acetate
ethylene ketal (IIc) (1.87 g.) in 10 ml. of petroleum ether and 25 ml. of carbon tetrachloride
was brominated in the usual manner with 1.07 g. of NBS. The dehydrobromination was
carried out with 1 ml. of s-collidine in 45 ml. of xylene. Purification of the crude product
from dilute acetone, and petroleum ether gave 0.6 g. of pure II1d; m.p. 179-181°; An.x 271,
281, 203 mpu; €11,000; 11,700; 6,750, respectively; [alp —72.1° [alf#, —04.8° (20.1 mg., a»
—1.05°, amy —1.88°) am, /e 1.31; [M]p —268°. Yield, 32%.

Anal. Calce’d for Co:H3:04 (372.49): C, 74.16; H, 8.66.

Found: C, 73.93; H, 8.83.

Acknowledgment. We are indebted to Messrs. Louis M. Brancone, Samuel M.
Modes, Oscar Dike, William 8. Allen, and Gerald P. McTernan for the micro-
analytical data.

SUMMARY

1. Additional evidence for the structure of AS-cholestene-3-one-ethylene ketal
has been presented.

2. Reaction of a A* "-3-ketosteroid with ethylene glycol proceeded with re-
arrangement of the C-4,5 double bond to afford a A% "-steroid. Hydrolysis of
the A% 7-ketal gave back the original A% 7-3-ketosteroid and not the A% 6-3-
ketosteroid. This was demonstrated with ergosterone and 7-dehydrocholeste-
none.

3. A% "-Cholestadiene-3-one-ethylene ketal has been prepared also from the
corresponding A’-ketal by bromination of the latter with NBS followed by dehy-
drobromination with s-collidine in xylene.

15 The analysis indicated solvation or hydration of the product (dried at approximately
140° /0.2 mm. for 5 hours).
16 Fernholz (1); m.p. 183°,
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4, Hydrogenation of A% 7 2-ergostatriene-3-one-ethylene ketal afforded A7 22-
ergostadiene-3-one-ethylene ketal which on hydrolysis was converted into the
known A" Z.ergostadiene-3-one. Treatment of the latter with ethylene glycol
gave back the A7 2.ketal. The same series of transformations were carried out
with A®% "-cholestadiene-3-one-ethylene ketal.

5. The preparation of A* "-androstadiene-178-o0l-3-one (7-dehydrotestosterone)
is described.

PreARrL RIvER, NEW YORK
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