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solvents under reduced pressure left a colorless oil which
solidified upon trituration with 59, aqueous sodium bicar-
bonate. From 0.35 g. of XXVa there was obtained 0.31 g.
(989,) of crude 16a-hivdroxy-cevanidane-3-one (XXVIa);
two recrystallizations from etlianol-water gave a pure
sample, m.p. 207.5-210°, [a]%D —42.7° (¢ 1.28, CHCl).
A mixture m.p. with 18-hydroxysolanidane-3-one (X1la),
m.p. 217-220°, was depressed.

Anal. Caled. for CorHiNOa: C, 78.40; H, 10.48; N,
3.39. Found: C, 78.31; H, 10.54; N, 3.80.

The acetate was prepared by the pyridine-acetic anhydride
procedure; m.p. 163-167.5° after recrystallization from
acetone-water, [a]2D —44° (¢ 1.22, pyridine). A mixture
m.p. with 18-acetoxysolanidane-3-one, m.p. 174-176.5°,
wus depressed.

Anal. Caled. for CaHysNO;: C, 76.44; H, 9.95; N,
3.07. Found: C, 76.33; H, 9.90; N, 3.26.

Cevanidane-3,16-dione (XXVII).—To a solution of 0.11 g.
of 16a-hydroxycevanidanc-3-one (XXVIa) in 15 ml. of
acetone there was added sufficient Kiliani reagent2® to give
a permanent orange color. Addition of a few drops of water
gave a green oily phase which was removed by filtration
through Celite. The filtrate was made basic with N aque-
ons sodium hydroxide aud was diluted with water; an oil
separated which solidified upon trituration to give a quantita-
tive vield of cevanidane-3,18-dione (XXVII). Recrystal-
lization from acetoune—water gave pure material, m.p. 158~
161°, [a}%*p —84° (¢ 1.02, pyridine), v&% 1740 and 1710 cm. ™1,
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Anal. Caled. for CoyHyNO,: C, 78.78; H, 10.04; N,
3.40. Found: C, 78.66; H, 10.15; N, 3.67.

Hofmann Degradation of Isorubijervine Monotosylate.—
Isorubijervine monotosylate (XXVIII)® was added to a
solution of 1 g. of potassium in 20 ml. of f-buty! alcohol.
After heating the solution under reflux for 16 hours, the
product was isolated by diluting the reaction mixture with
water and extracting with methylene chloride. Retnoval of
solvent from the extracts afforded 97 mg. (699;) of 38-
liydroxy-5,15-cevanidiene (XXXI), m.p. 227-230° after
crystallization from acetone.

Anal. Caled. for CyHoNO: C, 81.97; H, 10.45; N,
3.54. Found: C, 81.80; H, 10.36; N, 3.54.

Hydrogenation of 60.6 mg. of this material in glacial ace-
tic acid over Adams catalyst gave 23 mg. of 38-hydroxy-
cevanidane (XXIX), m.p. 209-213°, [a]p + 32.5° (¢ 0.55,
CHCly). Two moles of hydrogen was consumed during the
reduction. A mixture m.p. with 38-hydroxycevanidane pre-
pared from 18-oxocevanidane-3-one (XXIV) was unde-
pressed.
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Synthesis of 6-Methyl Steroids
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A facile synthesis of 6a-methylprogesterone and 6a-methyl-17a-hydroxyprogesterone has been developed. A novel
feature of the method involves the simultaneous attack at the nitrile and epoxide groups by methylmagnesium bromide on

S5a,6a-epoxy-17-cyano-16-androsten-38-ol acetate (III).

The introduction of a methyl substituent at the
C-6 position of the steroid nucleus and the resulting
enhancement of physiological properties has been
the subject of several communications® during the
past three years.

In all cases except that of the oxo reaction!®!f
the 6-methyl group has been introduced either by
cleavage of the corresponding 5«,6c-epoxide with
methylmagnesium halide or by adding this reagent
to the 6-keto derivative. The nature of such a re-
action imposes certain restrictions on its use, sifce
any other substituents subject to attack by the
Grignard reagent must be protected. The provi-
sion and removal of such protective groups has been
a handicap in the synthesis of 6-methyl progesta-
tional and cortical steroids.

Petrow'® circumvented this problem in the syn-
thesis of 6-methylprogesterone by treating the
Se,6a-epoxide of diosgenin with the Grignard re-
agent and degrading the adduct by normal pro-
cedures (the yield was not reported).

(1) (a) G. B. Spero, J. L. Thompson, B. J. Magerlein, A. R, Hanze,
H. C. Murray, O. K. Sebek and J. A, Hogg, THIs JoUurnaL, 78, 6213
(1956); (b) H. J. Ringold, E. Batres and G. Rosenkranz, J. Org.
Chem., 22, 99 (1957): (¢) D. Burn, B. Ellis, V. Petrow, I. A. Stuart-
Webb and D. M. Williamson, J. Chem. Soc., 4092 (1957); (d) J. C.
Babcock, E. S. Gutsell, M. E. Herr, J. A. Hogg, J. C. Stucki, L. E.
Barnes and W. E. Dulin, THIS JoUurNAL, 80, 29004 (1958); (e) A. L.
Nussbaum, T. L. Popper, E. P. Oliveto, S. Friedman and 1. Wender,
ibid., 81, 1228 (1959); (f) P. F. Beal, M. S. Rebenstorf and J. E. Pike,

ibid,, 81, 1231 (1959); (g) J. H. Fried, G. E. Arth and L. H, Sarett,
sbid., 81, 1235 (1959).

In the present work we have taken a different ap-
proach to the synthesis of 6-methyl steroids of the
pregnane series. Dehydroisoandrosterone acetate
was converted to a mixture of isomeric 17-cyano-
hydrins by a modification of Heusser’s method.2
Dehydration of this mixture afforded the known
nitrile IT which, upon selective peroxidation and frac-
tional crystallization, yielded 5o«,6a-epoxy-17-cy-
ano-16-androsten-38-ol acetate (III). Attempts to
perform a two-phase reaction on IIT with methyl-
magnesium bromide in benzene or toluene were
fruitless. However, in anisole the reaction pro-
ceeded smoothly to give 38,5a-dihydroxy-68-meth-
y1l-16-pregnen-20-one (IV) which was consecutively
hydrogenated (IX), oxidized and dehydrated to ob-
tain the known 68-methyl- (X) and 6a-methylpro-
gesterone (XI),®

Epoxidation of IV followed by oxidation and de-
hydration afforded 16«,17a-epoxy-6G8-methyl-4-
pregnene-3,20-dione (VI). This compound was epi-
merized (VII) and the 17c-hydroxyl group was
then introduced by opening the epoxide with hy-
drogen bromide. Removal of the bromine with
Raney nickel yielded 17«-hydroxy-6a-methylpro-
gesterone (VIII) whose physical constants are in
good agreement with those reported by Babcock,
et al.d

(2) H. Heusser, P, Th. Herzig, A, Fiirst and Pl, A, Plattner, Hely,
Chim. Acta, 33, 1093 (1950),
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33-Acetoxy-17-cyano-5,16-androstadiene (II).—Acetic
acid (385 1nl.) was added during a 40-minute period at 10° to
a stirred mixture of 60 g. of dehydroisoandrosterone acetate
and 360 g. of potassium cyanide in 2 1. of alcoliol. The mix-
ture was stirred for an additional hour at 10° and then for 2
hours at room temperature. After dilution with water the
precipitated product was collected on a filter, washed with 3
1. 0of 29, AcOH and dried at room temperature. The vield of
epimeric cyanohydrins, m.p. 124° with decomposition, [«]D
—93.3°, was essentially quantitative.

A mixture of the crude cyanohydrins (60 g.), anhydrous
pyridine (440 ml.) aud phosphorus oxychloride (75 ml.) was
refluxed for 8 hours. The cooled sclution was poured with
vigorous stirring onto a mixture of ice and 2 1. of 3 M hydro-
chloric acid. After an additional 15 minutes stirring the
solid was collected by filtration, washed thoroughly with
dilute hydrochloric acid and then with water until neutral.
The moist product was dissolved in acetone, treated with
Darco and the solution concentrated to a small volume to ob-
tain 43 g. of pure II, m.p. 208-211°, [a]p —71.6°.

S5a,6-Epoxy-17-cyano-16-androsten-33-ol Acetate (III).—
A solution of 46 g. of the nitrile II and anhydrous potassium
acetate (460 mg.) in dichloromethane (310 ml.) was treated
with a mixture of 409, peracetic acid (37 ml.) and anhydrous
potassium acetate (1.84 g.) in dichloromethane (46 ml.),
keeping the temperature below 25°. The mixture was stored
at room temperature for 4 hours and then washed suc-
cessively with water, 59 sodium bicarbonate solution and
again with water until neutral. Evaporation of the dried
solution and addition of ether gave 24.1 g. of the epoxide III,
m.p. 187-190°. One crystallization from dichloromethane—
methanol produced 20.4 g. meltingat 191-194°, [a]p —64.7°.

Anal. Caled. for szHngOg! C, 74.33; H, 8.22, N,
3.94. Found: C, 74.43; H, 8.38; N, 3.93.

Saponification was effected by refluxing 0.5 g. of the ace-
tate with sodium bicarbonate (0.5 g.) in 220 ml. of 909 al-
cohol for 1 hour. Concentration of the solution to one-third
its volume and dilution with water gave 400 mg. of the
carbinol, m.p. 206-208°, which, after crystallization from
acetone-ether melted at 211-213°, [a]D ~78.5°.

33-5a-Dihydroxy-63-methyl-16-pregnen-20-one (IV).—
Forty grams of the epoxynitrile acetate I1I dissolved in ani-
sole (300 ml.) was added dropwise to a stirred, 3 M ether
solution of methylmagnesium bromide (480 ml.). After
a 12-hour heating at 60°, the cooled mixture was added
during 1.5 hours to a stirred solution of 2000 ml. of acetic
acid and 2000 ml. of water. The mixture was then heated
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on a steam-bath for 0.5 hour while 200-300 ml. of the mixed
solvent distilled, after which the remaining solvent was re-
moved by steam distillation. The cooled suspension of
crystalline solids was treated with 800 ml. of 6 3 hydro-
chloric acid, and the product was collected on a filter, washed
well and dried. The crude IV, melting at 205-210°, weighed
37.1 g. Crystallizations from chloroform-ether and finally
from methanol yielded 14.8 g. of pure IV, m.p. 253-256°,
[a]D +7.6°.

Anal. Caled. for CoeH3:0;: C, 76.26; H, 9.89. Found:
C, 76.29; H, 9.76.

38,5a-Dihydroxy-16c,17«-epoxy-65-methylpregnan-20-
one (V).—To a solution of 1.0 g. of IV, m.p. 250-252°,
[e]D +8.2°, in methanol (60 ml.) was added 359, hydrogen
peroxide (3.6 ml.) and a solution of sodium hydroxide (360
mg.) dissolved in 2 ml. of water. The mixture was stored at
room temperature for 24 hoursand then diluted with water to
recover 980 mg. of the epoxide V, m.p. 202-204°, [a«]D
+22.2°,
Acetylation produced the corresponding 3-acetate, m.p.
210-213°, [a]p +25°.

Anal. Caled. for CoHsOs: C, 71.25; H, 8.97. Found*
C, 71.27; H, 8.81.

S5a-Hydroxy-16a,17a-epoxy-63-methylpregnan-3,20-
dione.—A solution of 2.2 g. of chromic acid in acetic acid—
water (9 ml. of each) was added to a stirred solution of 6.9
g. of the epoxide V in 120 ml. of acetic acid and the mixture
was further stirred at 45-48° for 1.5 hours. The excess
oxidant was destroyed by addition of methanol and, after 10
minutes, the solvent was removed under vacuum. Dilution
of the residue with water precipitated a crystalline product
which at this stage melted at 230-235°. Crystallization
from dichloromethane—ether afforded 3.9 g., m.p. 248-250°,
[e]D 4-51°.

Anal. Caled. for CooHgO4: C, 73.30; H, 8.95. Found:
C, 72.95; H, 8.98.

16c,17a-Epoxy-68-methyl-4-pregnen-3,20-dione (VI).—
Thionyl chloride (3.43 ml.) was added at 0° to a solution of
5a -hydroxy - 16a,17«-epoxy-68-methylpregnan-3,20-dione
(4.58 g.) in pyridine (57 ml.). After 10 minutes ice-water
was added to recover the crude product which melted at
176-179° and weighed 3.7 g. Crystallization from chloro-
form-methanol gave 3.43 g. of pure material, m.p. 188-189°,
[a]D 4 108°; AMeOH 240 my, € 16,200.

Anal. Caled. for CaeHz0O;: C, 77.15; H, 8.83. Found:
C, 77.19; H, 8.58.
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16a,17a-Epoxy-6a-methyl-4-pregnen-3,20-dione (VII).—
One gram of the 68-methyl isomer VI was refluxed in meth-
anol (125 ml.) and potassium hydroxide (2.25 g.) for 35 min-
utes. Addition of a solution of sodium chloride, followed by
filtration and drying, gave 870 mg. of crude VII, m.p. 152-
155°. Crystallization from dichloromethane—methanol af-
forded 650 mg. of pure product, m.p. 153-156°, [a]D 4+ 150°;
AMOH 240 mu, € 16.100.

Anal. Caled. for C»Hz0s: C, 77.15; H, 8.83. Found:
C,77.22; H, 8.84.

17a-Hydroxy-6a-methylprogesterone (VIII).—A solution
of 500 mg. of VII in acetic acid (4.5 ml.) was treated with an
excess of dry hydrogen bromide and then stored for 30
minutes at room temperature. The crude bromohydrin,
recovered, by dilution with ice-water, was refluxed for 2
hours with twice its weight of Raney nickel in methanol.
Filtration and removal of solvent gave a residue which,
upon crystallization from aqueous acetone, weighed 305 mg.
and melted at 218-220°, [a]D +78°; A" 240 mu, € 16,000.
These constants are in good agreement with those previously
reported.id

Anal. Caled. for CooH3:0s: C, 76.77; H, 9.36. Found:
C,76.77; H, 9.51.

The 17a-acetatel® showed m.p. 203-205°, [«]p +54°;
AMeOH 240 iy, € 16,000.

38,5a-Dihydroxy-63-methylpregnan-20-one (IX).—Six
grams of IV in methanol were hydrogenated using 59, pal-
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ladium-on-carbon catalyst. After removal of the catalyst
and evaporation of the solvent, 5.8 g. of crude product was
obtained melting at 206-209°. Crystallization from meth-
anol yielded 5.4 g. of pure diol IX, m.p. 208.5-210.5°,
[@]p +59.2.°

Anal. Caled. for CpoH3:0s3: C, 75.81; H, 10.41.
C, 75.62; H, 10.47.

63- and 6a-Methylprogesterone.—A solution of 1.82 g. of
IX in 76 ml. of acetic acid was treated with 414 mg. of chro-
mic acid dissolved in 15 ml. of 839, acetic acid and main-
tained at 45-48° for 1.5 hours. The mixture, worked up as
usual, gave 1.1 g. of crude product with m.p. 225-230°.
Several crystallizations from chloroform-methanol afforded
630 mg. of pure Sa-hydroxy-68-methylpregnan-3,20-dione,
m.p. 254-256°, [a]p +78°.1¢ The latter product (600 mg.)
was dissolved in pyridine (8 ml.) and treated at 0° with 0.5
ml. of thionylchloride. Recovery by dilution withice-water
and crystallization from methanol gave 350 mg. of 68-
methylprogesterone, m.p. 168-169°, [«|p -142°, which
values agree with those of Ringold, et al.1®

Epimerization was effected by refluxing 1.0 g. of the 8-
isomer in 100 ml. of ethanol containing a few drops of 12 M
hydrochloric acid for 40 minutes. After dilution with water,
the crude product was collected and crystallized from
methanol, affording 705 mg. of pure 6a-methylprogester-
one,® m.p. 118-120°, [a]D +178°.

APARTADO PosrtaLl 1848, Mexico D.F., Mex,
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Some Rearrangements of the

Dibenzobicyclo[2.2.2 Joctadiene System

By STaNLEY J. CrisTOL AND RuTA K. BLY!
RECEIVED FEBRUARY 13, 1960

An attempt to prepare dibenzobicyclo[2.2.2 ]octadiene-trans-2,3-diol by means of performic acid oxidation of dibenzo-
bicyclo[2.2.2 ]octatriene has failed because of a Wagner-Meerwein rearrangement which gave dibenzobicyclo[3.2.1]octa-

diene-exo-4-syn-8-diol.
epoxide with formic acid and subsequent hydrolysis.

opening with 1,2,5,6-dibenzocycloheptatriene as the product.

The same rearranged diol was obtained by the treatment of dibenzobicyclo[2.2.2]octadiene-2,3-
Reaction of the epoxide with alkali led to rearrangement and ring

An investigation of this rearrangement showed that 1,2,5,6-

dibenzocycloheptatriene-7-carboxaldehyde was an intermediate.

A number of investigators? have shown that re-
actions which involve a bicyclo[2.2.1]heptyl
cation are frequently accompanied by skeletal re-
arrangements. Although the bicyclodctanes have
not been studied as extensively, the limited amount
of available information indicates that such rear-
rangements also occur with bicyclo[2.2.2]octyl
cations.®? The labile nature of these intermediates
presents a problem when the preparation of the
bicyclo[2.2.1]heptane and bicyclo[2.2.2] octane-
trans-2,3-diols is attempted. The common synthetic

(1) Previous paper in series: S. J. Cristol, J. R. Douglass, W. C*
Firth, Jr., and R. G. Krall, THIS JoURNaAL, 82, 1829 (1960). This
paper was presented at the 136th Meeting of the American Chemical
Society in Atlantic City, N. J., September, 1959,

(2) (a) H. Meerwein and K. von Emster, Ber., 83, 1815 (1920);
(b) 85, 2300 (1922); (c) T. P. Nevell, E. de Salas and C. L. Wilson,
J. Chem. Soc., 1188 (1939); (d) S. Winstein and D. S. Trifan, THiS
JourNaL, 71, 2033 (1949); (e) T4, 1147 (1932); (f) 74, 1154 (1952);
(g) J. D. Roberts, C. C. Lee and W. H. Saunders. Jr., ibid., 76, 4301
(1954); (h) H. Kwart, bid., T5, 5942 {1953); (i) H. Kwart and 1.
Kaplan, ¢bid., 76, 4072 (1954); (i) H. Kwart and W. E. Vosburgh,
ibid., 76, 5400 (1954); (k) H. M. Walborsky and D. F. Loncrini, ¢bid.,
76, 5396 (1954); (1) S. J. Cristol, W. K. Seifert and S. B. Soloway,
ibid., 83, 2351 (1960); (m) S. B. Soloway and S. J. Cristol, J. Org.
Chem., 28, 327 (1960).

(3) (a) W. von E. Doering and M. J. Farber, THis JOURNAL, T1,
1514 (1949); (b) M. S. Newman and V. T. Yu, ¢bid., T4, 507 (1952);
(c) H. Kwart and G. C. Gatos, tbid., 80, 881 (1958); (d) R. P, Argan-
bright, Ph.D, Thesis, University of Colorado, 1956,

method for frems-diols, namely the peracid oxida-
tion of the corresponding olefins followed by ring
opening, proceeds vie a carbonium ion intermediate
and gives bicyclo[2.2.1]heptane-2,7-diol and bi-
cyclo[3.2.1]octane-4,8-diol instead of the expected
trans-2,3-diols, %km,3

For the purpose of extending some studies of
elimination reactions in bicyclic systems? we were
interested in finding a synthetic route for the two
above-mentioned #rans-glycols and the related di-
benzobicyclo [2.2.2] octadiene-trans-2,3-diol  (IX).
The reaction of dibenzobicyclo[2.2.2]octatriene
(I) with peroxyformic acid has not been reported
in the literature. However, Vaughan® has shown
that some highly substituted dibenzobicyclo|2.2.2]-
octadienes undergo rearrangement under acid con-
ditions to give dibenzobicyclo[3.2.1]octadiene
derivatives, but that a positive charge on C; or C;
does not always result in stuch a skeletal rearrange-
ment. We found that treatment of dibenzobicyclo-
[2.2.2] octatriene (I) with peroxyformic acid gave,

(4) (a) 8. J. Cristol and N. L. Hause, THIS JoUrRNAL, T4, 2193
(1952); (b) S. J. Cristol and E. F. Hoegger, ibid., 79, 3438 (1957);
(c) S. J. Cristol and R. P. Arganbright, ¢bid., 79, 3441 (1937).

(3) (a) W. R. Vaughan, M. V. Anderson, Jr., and R. Q. Little, Jr.,

ibid., 76, 1748 (1954); (b) W. R, Vaughan and A. C. Schoenanthaler,
ibid., 79, 5777 (1957).



