866

mixture of dibasic acids from the 15-min. run and 1.2 g.
from the 90-min. run.

Chromatographic separation. A column was prepared
similar to that of Marvel and Rands* with some modifica-
tion. A 25-g. portion of dry silicic acid was thoroughly mixed
in a mortar with 13 ml. of water and 1 ml. of 0.02%, aqueous
bromocresol green indicator. Two drops of concentrated
ammonium hydroxide were added to impart a green color
to the column. The mixture was slurried with 100 ml. of
chloroform and packed into a chromatographic tube (23
mm. 0.D. X 600 mm. long). Five pounds pressure of nitro-
gen was applied to the top throughout the packing and
elution of the column. From each run, duplicate samples
of the mixed dibasic acids (ca. 52 mg., weighed accurately)
dissolved in 0.25 ml. of t-amyl alcohol and diluted to 2.5
ml. with chloroform, were added to separate columns and
each washed down with 5 ml. of chloroform. The columns
were eluted with 100-ml. portions of 1, 2, 3, 4, 5, 7'/, 10,
20, 30, and 409, of n-butyl aleohol in chloroform. The per-
colate was collected in 10-ml. fractions, diluted with 20 ml.
of absolute ethanol, and titrated with 0.0254N sodium
hydroxide solution to the end point of m-cresol purple
indieator. In all the runs four major peaks were encountered
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which were identified as suberic, pimelic, adipic, and
glutaric acids by chromatographing a sample of the mixed
dibasic acids to which known quantities of pure suberic,
pimelic, adipic, and glutaric acids had been added. In
addition there also appeared two small peaks at the begin-
ning of the chromatograms from the 90-min. run, and the
nature of the elution curves indicated these to be azelaic
and sebacic acids. The mixture of the dibasic acids obtained
from the 15-min. run consisted of 11.2 mole %, glutaric,
35.6 mole % adipic, 34.0 mole %, pimelic, and 19.2 mole %,
suberic acids, while the dibasic acids from the 90-min. run
consisted of 19.2 mole %, glutaric, 25.1 mole 9, adipie,
25.7 mole 9, pimelic, 18.9 mole %, suberic, 6.8 mole %,
azelaic, and 4.3 mole 9, sebacic acids. The recovery of the
dibasic acids during the elution process was nearly 1009,
of the amount introduced on the column.
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The synthesis of some 9o,11g-dichloro-, 9a-chloro-11g-fluoro-, 9e-bromo-118-fluoro- and 9a-bromo-118-chloro-17 -
acyloxyprogesterones is described. Some of these compounds show progestational activity when tested in rabbits.

Recent research on the synthesis of active pro-
gestational eompounds has concentrated to a large
extent on the preparation of various analogs of
17 a-acetoxyprogesterone? in view of the enhanced
and particularly the oral activity of the latter.®

Among derivatives of 17a-acetoxyprogesterone
which, have been reported are included 6o-methyl-
17 a-acetoxyprogesterone? and the corresponding
1-dehydro, 6-dehydro and 1,6-bisdehydro analogs,
6o - fluoro - 17« - acetoxyprogesterone® and the
corresponding 1-dehydro, 6-dehydro and 1,6-bis-

(1) PartI: H. Reimann, E. P. Oliveto, R. Neri, M. Eisler,
and P. Perlman, J. Am. Chem. Soc., 82, 2308 (1960).

(2) R. B. Turner, J. Am. Chem. Soc., 75, 3489 (1953).

(8) K. Junkmann, Arch. exp. Pathol. Pharmacol., 223,
244 (1954).

(4) (a) J. C. Babeock, E. 8. Gutsell, M. E. Herr, J. A.
Hogg, J. C. Stucki, L. E. Barnes, and W. E. Dulin, J. Am.
Chem. Soc., 80, 2004 (1958). (b) S. P. Barton, B. Ellis, and

V. Petrow, J. Chem. Soc., 478 (1959). (¢) H. J. Ringold, .

J. P. Ruelas, E. Batres, and C. Djerassi, J. Am. Chem. Soc.,
81, 3712 (1959). (d) L. E. Barnes, F. L. Schmidt, and W. E.
Dulin, Proc. Soc. Ezp. Biol. and Med., 100, 820 (1959).
(¢) T. Miyake and G. Pincus, Bndocrinol., 63, 816 (1958).

(5) (@) J. A. Hogg, G. B. Spero, J. L. Thompson, B. J.
Magerlein, W. P. Schneider, D. H. Peterson, O. K. Sebek,
H. C. Murray, J. C. Babeock, R. L. Pederson, and J. A.
Campbell, Chem. and Ind., 1002 (1958). (b) A. Bowers,
L. C. Ibanez, and H. J. Ringold, J. Am. Chem. Soc., 81,
5991 (1959).

dehydro analogs,®® 6a-chloro-17a-acetoxyproges-
terone® and the corresponding 1-dehydro, 6-de-
hydro and 1,6-bisdehydro analogs,® 6a-bromo- and
1 - dehydro - 6« - bromo - 17« - acetoxyproges-
terone,® 21 - fluoro - 17« - acetoxyprogesterone,’
and the corresponding 6a - methyl” and 6 - de-
hydro-6-methyl® analogs, 21-chloro-” 21-chloro-
6a-methyl-?, 21-bromo-,” 21-iodo-,” 6a-cyano-* 6a-
nitro-1°, l-dehydro-%!t, 118-acetoxy-'?, 9a-bromo-
118-hydroxy-!* and 9a-fluoro-11-oxygenated-17c-
acetoxyprogesterone!?,

In contrast to 17«-acetoxyprogesterone, 17a-
hydroxyprogesterone caproate® is orally inactive

(6) H. J. Ringold, E. Batres, A. Bowers, J. Edwards,
and J. Zderic, J. Am. Chem. Soc., 81, 3485 (1959).

(7) R. L. Elton, Proc. Soc. Ezp. Biol. and Med., 101,
677 (1959).

(8) P. B. Sollman, R. L. Elton, and R. M. Dodson,
J. Am. Chem. Soc., 81, 4435 (1959).

(9) A. Bowers, E. Denot, M. B. Sanchez, L. M. Sanchez-
Hidalgo, and H. J. Ringold, J. Am. Chem. Soc., 81, 5233
(1959).

(10) A. Bowers, L. C. Ibanez, and H. J. Ringold, J. Am.
Chem. Soc., 81, 3707 (1959).

(11) 8. Wada, J. Pharm. Soc. Japan, 79, 120 (1959).

(12) E. P. Oliveto, R. Rausser, C. Gerold, E. B. Hersh-
berg, M. Eisler, R. Neri, and P. L. Perlman, J. Org. Chem.,
23, 121 (1958).

(13) C. G. Bergstrom, R. T. Nicholson, R. L. Elton,
and R. M. Dodson, J. Am. Chem. Soc., 81, 4432 (1959).
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but has found use as a long-acting injectable
progestin,’* and some analogs, such as the l-de-
hydro!! and 6a-chloro® derivatives have been
prepared.

A new class of progesting, 9«,118-dihaloproges-
terones, has recently been reported from these
laboratories.! In view of the biological activity of
these compounds it was of interest to prepare the
corresponding 17a-oxygenated analogs.

The requisite intermediate 17a-hydroxy-9(11)-
dehydroprogesterone (III)!® was prepared starting
with 4-pregnene-11q,17,21-triol-3,20-dione (I).%6
Compound I was converted to the 11«,21-ditoluene-
sulfonate Ia which was not purified but converted
directly to 4-pregnene-11a,17 a-diol-3,20-dione 11a-
p-toluenesulfonate (II) by heating with excess
sodium iodide in acetone and reducing the result-
ing 2l-iodide in situ by the addition of acetic
acid.V” Solvolysis of II in acetic acid in the presence
of sodium acetate!s gave IIL

Compound III was readily esterified with acetic
acid in the presence of trifluoroacetic anhydride!®
to give 17a-acetoxy-9(11)-dehydroprogesterone
(IV).2 '

Addition of chlorine, chlorine fluoride, bromine
fluoride and bromine chloride, the latter three
generated n situ, to IV resulted in the formation,
respectively, of 9e,118-dichloro-17a-acetoxypro-
gesterone  (VII), 9a-chloro-118-fluoro-17a-acet-
oxyprogesterone (VI), 9a-bromo-118-fluoro-17a-
acetoxyprogesterone (VIII), and 9a-bromo-118-
chloro-17 a-acetoxyprogesterone (IX).2' While most
of the addition reactions proceeded quite rapidly
the addition of chlorine fluoride, using N-chloro-
succinimide and hydrogen fluoride in the presence
of pyridine, proved to be very sluggish and re-
quired about seven days reaction time to reach
completion.?? Compounds VII and IX were readily
reconverted to IV with chromous chloride solution.?

Saponification of VII with methanolic potassium
hydroxide furnished 9«,118-dichloro-17 «-hydroxy-

(14) W.B. Kessler and A. Borman, Aan. N. Y. Acad. Sct.,
71, 486 (1958).

(15) J. Fried, J. E. Herz, E, F. Sabo, A. Borman, F. M.
Singer, and P. Numerof, J. Am. Chem. Soc., 77, 1068
(1955).

(16) J. Fried, R. W. Thoma, J. R. Gerke, J. E. Herz,
M. N. Donin, and D. Perlman, J. Am. Chem. Soc., 74,
3962 (1952).

(17) Sufficient hydrogen iodide is generated to act as the
reducing agent.

(18) (a) G. Rosenkranz, O. Mancera, and F. Sondheimer,
J. Am. Chem. Soc., 76, 2227 (1954). (b) J. Fried and E. F.
Sabo, J. Am. Chem. Soc., 75, 2273 (1953).

(19) K. H. Pawlowski and M. Schenck, German Patent
1,013,284, August 8, 1957.

(20) This compound has recently been reported, ref. (13).

(21) For methods of addition and a discussion of the
structure and stereochemistry of the products see Part I
and references cited there.

(22) As measured by a negative test with potassium
jodide-starch paper.

(23) G. Rosenkranz, O. Mancera, J. Gatica, and C.
Djerassi, J. Am. Chem. Soc., 72, 4077 (1950).
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progesterone (XI), which could be esterified with
caproic acid in the presence of trifluoroacetic an-
hydride® to give 9«,118-dichloro-17a-hydroxypro-
gesterone caproate (X). That no rearrangement
had taken place during saponification was shown by
conversion of XI to III by treatment with chromous
chloride. The dichloro caproate X could also be
prepared by esterification of IIT with caproic acid
to give 9(11)-dehydro-17«-hydroxyprogesterone
caproate (V) and chlorination of the latter with
chlorine in the presence of pyridine.!

The 1-dehydro analog of compound VII, 1-de-
hydro - 9«,113 - dichloro - 17a - acetoxyproges-
terone (XVII) was prepared by a reaction sequence
starting with 1,4,9(11)-pregnatriene-17«,21-diol-
3,20-dione 21-acetate (XIIa).2

Thus the 21-hydroxy compound XIIb, obtained
by hydrolysis of XIIa with perchloric acid in
methanol,® was treated with methanesulfonyl
chloride in pyridine to furnish 1,4,9(11)-pregna-
triene-17 «,21-diol-3,20-dione 21-methanesulfonate
(XIIe) which was converted to the 21-iodide and
the latter reduced n situ to give 1,4,9(11)-pregna-~
trien-17 @-01-3,20-dione (XIII).

Attempts to esterify XIII to the 17-acetate led
to an unexpected transformation involving aromati-
zation of the A-ring®; therefore XIII was chlorin-
ated directly to furnish 9e,116-dichloro-1,4-
pregnadiene-17 «-01-3,20-dione (XIV). This com-
pound was also prepared from 9«,118-dichloro-
1,4-pregnadiene-17 a,21~di0l-3,20-dione (XV)# wia
the 21-methansulfonate (XVI)® and reduction of
the latter as described above. The dichloro alcohol
XIV could be readily converted to 1-dehydro-9«,-
118-dichloro-17 a-acetoxyprogesterone (XVII) by
esterification in the usual manner.

The molecular rotations and ultraviolet maxima
of the 9a,118-dihalo-17a-acyloxyprogesterones de-
scribed in this paper are listed in Table I. As ob-
served previously! the presence of an 118-fluoro
substituent results in a markedly lowered molecular
rotation in comparison with analogous compounds
bearing other 118-substituents.

As expected, most of the dihaloprogesterones
reported here show enhanced progestational ac-
tivity in rabbits in comparison with the nonhalo-
genated compounds.?®

(24) J. Fried, K. Florey, E. F. Sabo, J. E. Herz, A. R.
Restivo, A. Borman, and F. M. Singer, J. Am. Chem. Soc.,
77, 4181 (1955).

(25) J. Fried and E. F. Sabo, J. Am. Chem. Soc., 79,
1130 (1957).

(26) This reaction and the structure of the product will
be the subject of a forthcoming publication.

(27) C. H. Robinson, L. Finkenor, E. P. Oliveto, and D.
Gould, J. Am. Chem. Soc., 81, 2191 (1959).

(28) This compound was first prepared by Dr. C. H.
Robinson of these laboratories.

(29) We wish to thank Dr. M. Eisler and Mr. R. Neri of
the Biochemistry Department of Schering Corp. for the
biological testing. A full description of their findings will
be published elsewhere.
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‘Recently, it has been reported that in the case of
Ga-substituted progesterones 1,2-dehydrogenation
enhances the activity considerably.‘5b6 It is
therefore of interest that among progesterones un-
substituted at C-6 the 1-dehydro analogs show a
lower activity than the parent steroid. This has
been observed with 1l-dehydro-17a-hydroxypro-
gesterone acetate and caproate,!! and is also the
case for 1-dehydroprogesterone.® In our series 1«

CH:0R CH,

C=0 c=0

0] 0]
IV.R=COCH; I
V.R=CO(CH3)(CH;

l[(VU,IX)

<--OR
(VIL)
0
l X1
X
R X Y
VI.  COCH, a ¥
VII. COCH, a o
VII. COCH, Br F
IX. COCH, Br Cl
X. COCCH:)CH: Cl 0
TABLE I

MOLECULAR RoTaTioNs AND ULTRAVIOLET ABSORPTION
MaXIiMA OF 9a.118-DiHALO-17a-HYDROXYPROGESTERONE

EsTERS

Com- Substituent NCHIOH
pound Qa 118 Mp(CHCl;) mu
Vis Cl F 362 238
VIiie Cl Cl 609 239
VIIIe Br F 380 240
IXe Br Cl 690 242
Xb Cl Cl 533 238
XVII¢ Cl Cl 496 238

s 17-Acetate. ® 17-Caproate. ¢ 1-Dehydro 17-acetate.
(30) Unpublished work of these laboratories.
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dehydro-9«,113-dichloroprogesterone shows one half
the activity of 9a,118-dichloroprogesterone! and’
similarly XVII has about one half the activity of
VII, measured parenterally in rabbits.®s

(Ivuzda CH,
C=0 Cc=0
«.-OH ~--OH
(8] (6]
XIla.R=Ac XIII
h.R=H
¢.R=Mes

EXPERIMENTAL3!

4-Pregnene-11a,17 a-diol-3,80-dione 11ca-p-toluenesulfonate
(II). To a solution of 20 g. of 4-pregnene-1le,17a,21-triol-
3,20-dione in 200 ml. of dry pyridine at —70° was added
with stirring a solution of 24 g. of p-toluenesulfonyl chloride
in 120 ml. of methylene chioride. The mixture was stirred at
—70° for 2 hr., then at about —20° for 70 hr. It was then
diluted with methylene chloride and washed with water,
109, aqueous sulfuric acid, 109, sodium bicarbonate solu-
tion and water, and concentrated to an oil under reduced
pressure.

The crude oily ditosylate was dissolved in 200 ml. of
acetone, & solution of 24 g. of sodium iodide in hot acetone
was added and the mixture heated on the steam bath for
about 5 min. To the resulting suspension, 10 ml. of acetic

(30a) Nore AppED 1IN ProoF: After this paper was sub~
mitted for publication the synthesis of compound VIII was
reported by C. G. Bergstrom and R. T. Nicholson, J. Org.
Chem., 25, 1263 (1960).

(31) Melting points were determined on the Kofler
block. Rotations were measured at 25° in chloroform at
about 1% concentration unless otherwise noted. Rotational
and spectral data were obtained by the Physical Chemistry
Department, Schering Corp.; we are indebted to Mr. R.
Wayne for interpretatioh of infrared spectra. Micro-
analyses were performed by Mr. E, Conner and staff (Micro-
analytical Laboratory, Schering Corp.), Galbraith Labora-
tories, Knoxville, Tenn., and the Schwarzkopf Micro-
analytical Laboratory, Woodside, L. L.
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acid was added and the mixture was heated for an additional
5 min. Sufficient aqueous sodium bisulfite solution was
added with stirring to discharge the iodine color. The pale
yellow suspension was poured into ice water and the results
ing precipitate was filtered, washed, and dried to give 15.5
g. of crude I1. Crystallization from acetone-hexane, after
treatment with decolorizing carbon, afforded 10.0 g. of II,
m.p. 132-139° dec. The analytical sample was recrystal-
lized twice from acetone-hexane, m.p. 140-144° dec. {alp
+452°, ASEOH 999 my (e 23,000), Ak’ 2.94, 5.86, 5.98, 6.04,
6.18, 6.26, 8.50 u.

Anal, Caled. for CxHiO6S: C, 67.18; H, 7.25; 8, 6.39.
Found: C, 66.58; H, 7.14; S, 6.84.

4,9(11)-Pregnadiene-17 a-0l-3,80-dione (11I). To a solution
of 3.4 g. of anhydrous sodium acetate in 30 ml. of glacial
acetic acid, heated to about 110°, was added 2.30 g. of II
and the mixture heated under reflux for 35 min. It was then
cooled, diluted with acetic acid and water, and the resulting
erystalline precipitate was filtered, washed, and dried to
give 1.27 g. of crude III, m.p. 205-210°. The analytical
sample was crystallized from acetone-ether and acetone,
m.p. 212-217°%, lalp +69°, A5°¥ 239 mu (¢ 16,800),
Anuel 2,92, 5.86, 6.02, 6.18 u. (Reported’: m.p. 214-216°,
le]D +67°.)) :

4,9(11)-Pregnadiene-17 a-0l-3,20-dione  acetate (IV). A
solution of 990 mg. of III in 10 ml. of glacial acetic acid and
2 ml. of trifluorcacetic anhydride was heated on the steam
bath for 50 min., then cooled, and poured into ice water.
The resulting precipitate was filtered, washed, and dried to
give 1.067 g. of crude IV. Crystallization from acetone-ether
afforded 636 mg., m.p. 231-239°. The analytical sample was
recrystallized from acetone-ether, m.p. 238-241°, [a]p
+51°, ACHIE 939 my (e 17,000), A 5.78, 6.00, 6.18,
8.08 u. (Reported!?: m.p. 243-246°, [a]p +53°.)

Anal. Caled. for CpHy0O4: C, 74.56; H, 8.16. Found:
C, 74.56; H, 8.02.

4,9(11)-Pregnadiene-17 a-0l-3,20-dione caproate (V). A solu-
tion of 1.000 g. of III in 10 ml. of caproic acid and 2 ml. of
trifluoroacetic acid was flushed with argon and heated on
the steam bath for 50 min. The mixture was then cooled,
poured into water, and the acid was neutralized with sodium
bicarbonate. The product was extracted with methylene
chloride and the extracts were washed with 5% sodium
hydroxide solution and water, dried, and concentrated to
an oil which was chromatographed on Florisil. The fractions
eluted with 10 to 259 ether in hexane were crystallized
from pentane to give 697 mg. of V, plates, m.p. 110-115°,
changing to needles, m.p. 124-126°. One recrystallization
afforded analytically pure material, m.p. 126-128°, {a]p
4-42°, ACHIO 230 m, (¢ 16,800), MM 5.78, 5.82 (shoulder),
6.00, 6.20, 8.50 my.

Anal. Caled. for CuHgOs:
C, 76.11; H, 8.94.

9a,118-Dichloro-4-pregnene-17 a-0l-3,20-dione acetate (VII).
A solution of 500 mg. of 4,9(11)-pregnadiene-17a-01-3,20-
dione acetate (IV) in 20 ml. of carbon tetrachloride and 5
ml. of methylene chloride, containing 0.33 ml. of dry
pyridine, wasg chilled to —20° and 0.89 ml. of a solution of
chlorine in carbon tetrachloride (110 mg. of chlorine/ml.)
added with stirring. After 15 min. at —20° the potassium
iodide—starch test was negative’? and the mixture was
allowed to come to room temperature, -diluted with meth-
vlene chloride, and washed with 59, hydrochloric acid,
sodium biearbonate, and water. The dried solution was con-
centrated to a glass under reduced pressure and the residue
triturated with ether. The resulting solid was filtered and
erystallized from acetone-hexane to give 371 mg. of VII,
m.n. 214-219° dec. The analytical sample was recrystallized
from acetone-hexane, washed with ether, and crystallized

G, 76.02; H, 8.98. Found:

(32) The addition reactions were in general allowed to
proceed until a negative test with potassium iodide-starch
paper indicated complete consumption of reagent.
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once more from acetone-hexane, m.p. 224-233° dec., [a]p
+138°, AOUOH 939 my (¢ 17,150), MO 5.80, 6.00, G.14,
8.10 mu.

Anal. Caled. for CoyHyO.Cle: C, 62.58; H, 6.85; Cl, 16.06.
Found: C, 62.63; H, 7.03; Cl, 15.90.

9a,118-Dichloro-4-pregnene-17 a-0l-3,20-dione (X1). A solu-
tion of 2.000 g. of 9«,118-dichloro-4-pregnene-17«-0!-3,20-
dione acetate (VII) in 50 ml. of 909 methanol containing
2 g. of potassium hydroxide was heated on the steam bath
for 15 min. The resulting suspension was chilled and filtered
and the crude product was washed with dilute methanol,
dried, and ecrystallized from chloroform-hexane to give a
total of 1.306 g. of XI. One recrystallization from acetone-
ether gave analytically pure material, m.p. 220-227° dec.,
[a]p +175°, \SE°H 238 mu (e 17,100), M2 2.88 5.88,
6.02, 6.16 u.

Anal. Caled. for CHee0+Cle: G, 63.16; H, 7.07; C), 17.76.
Found: C, 63.09; H, 6.96; Cl, 17.92.

4,9(11)-Pregnadiene-17 a-0l-3,20-dione (III) from 9a,118-
dichloro-4-pregnene-17 a-0l-3,20-dione (XI). To a solution of
50 mg. of XI in 15 ml. of acetone, under carbon dioxide,
was added 5 ml. of chromous chloride solution,?? followed
after a few minutes by an additional 3 ml. of chromous
chloride solution. The mixture was shaken and allowed to
stand for 10 min., then poured into water. The crude
product (37 mg.) was filtered and crystallized from acetone-
hexane to give pure III, Beilstein test negative, m.p. 212-
217°, infrared spectrum identical with that of an authentic
sample of I1I.

9a,118-Dichloro-4-pregnene-17 a-ol-3,20-dione caproate (X).
(a) From 4,9(11)-pregnadiene-17 a-ol-3,20-dione caproate (V).
To a solution of 1.000 g. of V in 45 ml. of carbon tetra-
chloride containing 0.56 ml. of pyridine, chilled to —20°,
was added 1.25 ml. of a solution of chlorine in carbon tetra-
chloride (140 mg. of chlorine/ml.). The mixture was stirred
in the cold for 40 min., then allowed to stir overnight at
room temperature. Methylene chloride was added and the
solution was washed with 59, hydrochloric acid, bicarbonate,
and water. Concentration of the solution under reduced
pressure gave an oil which solidified on trituration with
ether. The filtered product (466 mg.) was crystallized twice
from acctone-ether, m.p. 149-155° dec., [alp +1086°,

AN 238 mu (e 16,100), AAR! 5.80, 5.86, 6.00, 6.14,
8.0 u.

Anal. Caled. for CxHs0.Cle: C, 65.18; H, 7.70; Cl, 14.26.
Found: C, 64.60; H, 7.72; Cl, 13.86.

(b) From 9a,115-dichloro-4-pregnene-17a-0l-3,20-dione
(XI). A mixture of 500 mg. of XI, 5 ml. of caproic acid and
1 ml. of trifluoroacetic anhydride was flushed with argon
and heated on the steam bath. After 15 min. 1 ml. of tri-
fluoroacetic anhydride was added, and the solution was
heated an additional 45 min. It was then poured into aqueous
sodium bicarbonate, stirred, and the product extracted
with methylene chloride. The extracts were washed with 59
sodium hydroxide solution and water, dried, and concen-
trated to an oil which was filtered through Florisil with ether
and methylene chloride. The crystalline fractions were com-
bined and crystallized from acetone-hexane to give X, 146
mg., m.p. 139-144° dec. Recrystallization from acetone-
ether raised the melting point to 143-153° dec. {a]p +107°,
ASHOR 938 mu (e 15,900), infrared spectrum identical with
that of X obtained in (a).

Anal. Found: C, 64.67; H, 7.89; Cl, 14.21.

9ea-Bromo-118-chloro-4-pregnene-17 a-0l-3,20-dione  acetate
(IX). To a solution of 450 mg. of IV and 2.0 g. of lithium
chloride in 25 ml. of acetic acid was added 190 mg. of
recrystallized (methylene chloride) N-bromoacetamide. A
slow stream of hydrogen chloride was passed over the stirred
solution for a few seconds until the solution became orange.
Stirring was continued for 10 min., then the mixture was
poured into ice water, and the solid precipitate filtered and
triturated with ether. Crystallization from acetone-hexane
furnished IX, 300 mg., m.p. 116-120° dec. The analytical
sample was recrystallized from methylene chloride—pentane,
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m.p. 124-129° dee. [alp +142°, Anut™™ 242 myu (e 15,600),
AR 5 76, 5.82, 5.98, 6,15, 7.94, 8.03 .

Anal. Caled. for CuH0QBrCl: C, 56.85; H, 6.22; Br,
16.45; Cl, 7.30. Found: C, 57.23; H, 6.65; Br, 16.07; C},
7.35

4,8(11)-Pregnadiene-1?a-ol-3,20-dione acetate (IV) from
9a,11B-dichloro-j=pregnene=17 a-ol-3,20-dione acetate (VII)
and Sa-bromo-11g-chloro-j-pregnene-17 a~ol-3,20-dione acetale
(IX). To a solution of 50 mg. of VII in 10 ml. of acetone,
under carbon dioxide, was added 5 ml. of chromous chloride
golution. The mixture was shaken and allowed to stand for
15 min., then poured into ice water. The product erystal-
lized slowly to give 39 mg. of IV, m.p. 241-243°, Beilstein
test negative, infrared spectrum identical with that of an
authentic sample of IV.

Similarly, treatment of 45 mg. of IX with 7 ml. of chro-
mous chloride solution gave 29 mg. of IV, m.p. 237-240°,
infrared spectrum identical with that of authentic IV.

Y0-Bromo-118-fluoro-4-pregnene-17a-0l-3,20-dione  acetate
(VIII). To a stirred solution of 500 mg. of IV in 25 ml. of
diethylacetic acid contained in a polyethylene bottle was
added 3 ml. of a solution of hydrogen fluoride in chloroform-
tetrahydrofuran (about 200 mg. of hydrogen fluoride/ml.)
followed by 200 mg. of 959, N-bromoacetamide. The mixture
was stirred at room temperature for 100 min., then poured
into cold aqueous potassium carbonate solution. The mix-
ture wasg stirred for 30 min., then extracted with methylene
chloride, and the organic extracts were washed with 59,
sodium hydroxide solution and water. The dried solution
was concentrated and the product crystallized by addition
of pentane to give 368 mg. of crude VIIL. Recrystallization
from methylene chloride-pentane afforded pure VIII, m.p.
176-180° dec. [a]p +81°, A5°F 240 mu (e 16,100), AAm!
5.76, 5.82, 5.96, 6.15, 7.92, 8.02 u.

Anal. Caled. for CasHyQ4BrF: C, 58.85; H, 6.44; Br, 17.03;
F, 4.05. Found: C, 58.54; H, 6.08; Br, 17.56; F, 3.85.

9a-Chloro-118-fluoro-f=pregnene-17a~0l-3,20-dione  acetate
(VI). To a solution of 504 mg. of IV in 10 ml. of carbon tetra-
chloride, 10 ml. of methylene chloride, and 3 ml. of dry
pyridine contained in a polyethylene bottle was added 195
mg. of 96% N-chlorosuccinimide followed by about 1.5 ml.
of a solution of hydrogen fluoride in tetrahydrofuran-
chloroform (about 120 mg. of hydrogen fluoride/ml.).
After stirring at room temperature for 48 hr. the mixture
was diluted with 15 ml. of methylene chloride and stirring
continued. After an additional 24 hr., 1.5 ml. of hydrogen
fluoride solution was added and the mixture allowed to stir
for 90 hr. It was then poured into sodium carbonate solu-
tion, stirred, and the product extracted with methylene
chloride. The extracts were washed, dried, treated with
decolorizing carbon and the solvent was evaporated under
reduced pressure. The residual oil was triturated with ether
to give 250 mg. of crude VI. Crystallization from acetone-
hexane furnished the pure compound (194 mg.), m.p. 210-
216° dee., [lalp +85°% i 238 my (e 17,000), MY
5.76, 5.81, 597, 6.13, 7.91, 8.00 u.

Anal. Caled. for CHz00(CIF: C, 65.01; H, 7.12; Cl, 8.34;
F, 4.47. Found: G, 64.94; H, 6.98; Cl, 8.03; F, 4.20.

1,4,9(11)-Pregnatriene-17a,21-diol-3,20-dione (XIIb). A
suspension of 5.00 g. of 1,4,9(11)-pregnatriene-17a,21-diol-
3,20-dione 21-acetate (XIIa) in a mixture of 200 ml. of
methanol and 5 ml. of 709, perchloric acid® was stirred at
room temperature for 7 hr. At the end of this period the
clear solution was poured into ice water and the precipitate
isolated and dried in vacuo at 60° for 5 hr. to give XIIb, 3.80
g., m.p. 207-213°. Crystallization from acetone furnished
the analytical sample, m.p. 220-228°, [a]p +9.5° (pyridine),
ACHOE 938 my (e 15,500), M2 3.05, 5.82, 6.01, 6.16, 6.24 4.

Anal. Caled. for CuH,04: C, 73.66; H, 7.66. Found: C,
73.42; H, 7.62.

1,4,9(11)-Pregnatriene-17 a,21-di0l-3,20-dione 21-methane-
sulfonate (X1Ic). To a solution of 7.5 g. of XIIb in 160 ml.
of pyridine, cooled to —20°, was added 4 ml. of methane-
sulfonyl chloride. The mixture was stirred at —20° to —15°
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for 1 hr., then ice was added to hydrolyze the excess of
reagent and the mixture poured into ice water. The gummy
precipitate solidified on standing and was filtered and
washed with water to give 7.4 g. of crude XIIe, contami-
nated with some 21-chloride (Beilstein test positive). The
analytical sample was crystallized from acetone-ether-
hexane and recrystallized twice from acetone-ether, m.p.
175-178° dec. [a]p +52°, \I29% 240 mu (e 15,100), A2t
3.00, 5.76, 6.02, 6.18, 6.23, 8.52 p.

Anal. Caled. for CeHyuOd8: C, 62.83; H, 8.71; S, 7.62.
Found: C, 62.68; H, 6.77; 8, 7.74.

1,4,9(11)-Pregnatriene-17 n-o0l-3,20-dione (XIII). To a
warmed solution of 7.0 g. of crude X1Ic in 300 ml. of acetone
was added a hot solution of 20 g. of sodium iodide in 150
ml, of acetone. The mixture was heated under reflux for 2.5
hr., then 20 ml. of acetic acid was added and heating con-
tinued for 30 min. The iodine color was discharged by the
addition of sodium bisulfite solution, then the mixture was
poured into ice water. The filtered precipitate, 4.1 g., was
crystallized from acetone-ether to give a total of 2.75 g. of
XIII, m.p. in the range 216-230°. Recrystallization from
acetone-ether furnished pure XIII, m.p. 226-230°, [alp
—17°, AOPOF 9240 myu (e 16,400), M2 2,95, 5.86, 6.01,
6.17, 6.24 p. ‘

Anal. Caled. for CyHa0;: C, 77.27; H, 8.03. Found:
C, 77.58; H, 8.35.

9a,118-Dichloro-1,4-pregnadiene-17 «,21-diol-3,20-dione 21-
methanesulfonate (XVI). To a solution of 1.000 g. of 9,118~
dichloro-1,4-pregnadiene-17«,21-diol-3,20-dione (XV) in 25
ml. of dry pyridine, chilled to 0°, was added 0.5 ml. of
methanesulfonyl chloride. The solution was stirred in the
cold for 45 min., then poured into ice water. The precipitate
was filtered, dried and crystallized from acetone to give
1.015 g. of crude XVI. Two recrystallizations from acetone-
ether gave pure XVI, m.p. 198-201° dec,, [alp +155°
(dioxane), ASEPF 237 my (¢ 15,200), AL 2.87, 574, 6.01,
6.15, 6.21, 8.65 u.

Anal. Caled. for C22Hy06ClS: C, 63.77; H, 5.74; Cl, 14.43;
S, 6.63. Found: C, 53.56; H, 5.79; Cl, 14.42; S, 6.38.

8a,11B-Dichloro-1,4~pregnadiene-17 a-0l-3,80-dione (XIV).
(a) From 8e,118-dichloro-1,4-pregnadiene-1? a,21-diol-8,20-
dione 21-methanesulfonate (XVI). To a warmed solution of
200 mg. of XVI in 250 ml. of acetone was added a solution
of 1.0 g. of sodium iodide in 50 ml. of warm acetone. The
mixture was boiled for 5 min., then 2 ml. of acetic acid was
added and the mixture boiled an additional 10 min. Sodium
bisulfite solution was added to discharge the iodine color,
then the mixture was poured into water. The precipitate
was filtered and crystallized from acetone-ether to give 162
mg. of XIV. Recrystallization from acetone-ether furnished
the analytical sample, m.p. 234-239° dec., [a]p +145°,
ACHIOH 937 my (e 14,000), 22 2,06, 5.86, 6.02, 6.18, 6.24 4.

Anal. Caled. for C;H:00,Cli: C, 63.48; H, 6.60; Cl, 17.85.
Found: C, 63.13; H, 6.57; Cl, 17.86,

(b) From 1,4,8(11)-pregratriene-17a-0l-3,80-dione (XIII).
A mixture of 1.200 g. of XITI, 0.9 ml. of dry pytidine, 55 ml.
of carbon tetrachloride, and 15 ml. of methylene chloride
was chilled to —20°, and 1.5 ml. of a solution of chlorine in
carbon tetrachloride (177 mg. chlorine/ml.) added. After
stirring at —20° for 20 min. the mixture was allowed to
warm to room temperature and stirred for 19 hr. It was
then diluted with methylene chloride and acetone and the
solution washed with 5%, hydrochloric acid and 5%, potas-
sium bicarbonate. Concentration of the solution gave
crystalline XIV, 1.099 g., m.p. 230-237° dec., ACZH 238
mp (e 15,000), infrared spectrum identical with that of
X1V prepared as in (a).

9a,118-Dichloro-1,4~pregnadiene-17 a-ol-3,20-dione  acelate
(XVII). A solution of 380 mg. of XIV in a mixture of 5 ml.
of acetic acid and 1.25 ml. of trifluorosacetic anhydride was
heated on the steam bath under argon for 2.25 hr. It was
then poured into ice water and the mixture was stirred for
a short time and filtered. The crude product was crystal-
lized from acetone-hexane, giving 321 mg. of XVII, m.p.
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235-245° dec. The analytical sample was recrystallized
from acetone-ether, m.p. 242-247° dec., [alp +113°,
Mo 238 my (e 15,300), AAp' 5.77, 5.82, 6.00, 6.12, 6.19,
7492, 7.96, 8,04 u.
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Anal. Caled. for C3H30,Cls: C, 62.87; H, 6.42; Cl, 16.14.
Found: C, 63.03; H, 6.50; Cl, 16.23.

BLooMFIELD, N, J.
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Two routes to 16a-methyl “S”’ (V) are described. While one route was straight-forward the second involved the novel
hydrobromic acid-acetone cleavage of a 168-methyl-16a,17a-0xido-20-keto steroid (IX) which led to a mixture of 16-
methylene- and A!-16-methyl-17a-hydroxy-20-keto compounds (X). Catalytic reduction of X gave exclusively the 16a-
methyl-17a-hydroxy-20-ketone (VI) readily convertible to V. Application of the hydrobromic acid opening to 168-methyl-
16a,17a-oxido-allopregnane-38-01-11,20-dione (XVI) gave predominantly the A1-16-methyl steroid (XVII) which was

converted to A%-16-methylprednisone acetate (XXI).

Recently it has been demonstrated that intro-
duction of a 16a-methyl substituent into the hydro-
cortisone or prednisolone molecule® as well as into
9-fluoro,* 6-fluoro®e and 6,9-difluorocorticoidss?—4
increases anti-inflammatory activity while sodium
retention is decreased. An ideal substrate for many
of these cortical hormones would appear to be
16a-methyl-A%- pregnene - 172,21 - diol - 3,20 - dione
(Vb) (16a-methyl “8"), as fermentation with 11-
hydroxylating organisms would lead to 16a-methyl-
hydrocortisone or to 16a-methyl-11-epihydro-
cortisone. In this paper we describe the preparation
of 16a-methyl “S” by two different routes as well
as the preparation of the novel A!-16-methylpred-
nisone acetate (XXI).

Our first route to 16a-methyl “S”’¢ was straight~
forward” and unexceptional. 16e-Methyl-AS-preg-
nen-38-0l-20-one acetate (I)® was chlorinated at
low temperature in carbon tetrachloride yielding
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the 5a,68-dichloride (IT). Application of Gallagher’s®
17-hydroxyl introduction followed. Prolonged
treatment of IT with boiling acetic anhydride in the
presence of p-toluenesulfonic acid gave the Al7(0.
enol acetate which was epoxidized with monoper-
phthalic acid. Alkaline hydrolysis then gave 5a,68-
dichloro-16a-methyl-allopregnane-33,17 a- diol - 20 -
one (III), the over-all yield for this three-step
sequence being somewhat low apparently due to the
resistance of 16a-methyl-20-ketones to C-i enol
acetate formation. Bromination of III at C-; in
dioxane solution followed by successive displace-
ment with sodium iodide and potassium acetate
yielded the 21-acetate (IV), completing the build-up
of the cortical side-chain. Oxidation of IV with 8N
chromic acid in sulfuric acid-acetone® gave the
3-ketone-5,6-dichloride which, without isolation,
was dechlorinated with zine dust in hot acetic acid
yielding 16a-methyl “S” 21-acetate (Va). The free
16a-methyl “S” (Vb) was readily obtained by low
temperature saponification of Va with methanolic
potassium hydroxide.

A second route to V proceeded from 16-methyl-
A8 - pregnadiene - 33- 0l - 20 - one acetate!! (VIII)
which was converted to the 16,17 a-epoxide (IXa)
by treatment with alkaline hydrogen peroxide.
When the epoxide 3-acetate (IXb) in acetone solu-
tion was treated with concentrated aqueous hydro-
bromic acid for about twenty minutes at 5°, ep-
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