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at 3380 cm.!; conjugated ketone at 1682 cm.™!; conjugated
carbon—carbon double bond at 1602 cm.™!, A 251 my, €
8,350; flexure at 314 my, ¢ 606.
68-Acetoxy-17a-methyltestosterone (XXI).—Fifty mg. of
68-hydroxy-17a-methyltestosterone (XVII) was allowed to
react with 1.1 equivalents of acetic anhydride in pyridine for
16 hours. The reaction mixture was diluted with water and
extracted with ether. The ether extract was washed with
N hydrachloric acid, sodium bicarbonate solution,.and water.
and dried with sodium sulfate. After evaporation of the
ether the residue (59 mg.) was crystallized from a few drops
of acetone by adding 1 drop of Skellysolve B to yield 27.5
mg. of starting material XVII. The residue in the mother
liquors was subjected to alumina chromatography and the
peak fractions (27 mg.) combined. Several recrystalliza-
tions from 0.2 ml. of methanol by addition of a few drops of
water yielded 16 mg. of crystals, m.p. 125-143°. Recrys-
tallization from 2 ml. of ethyl acetate plus 2 drops of ether
did not improve the melting point. The infrared absorp-
tion spectrum indicated that the material was 6B-acetoxy-
17a-methyltestosterone (XXI).
178-Hydroxy-17«-methylandrostane-3,6-dione (XXII).—
Five drops of 109, sulfuric acid in acetic acid was added to
a solution of 26 mg. of 68-hydroxy-17a-methyltestosterone
(XVII) in 2.5 ml. of acetic acid. After 96 hours at room
temperature the solution was made slightly alkaline with NV
sodium carbonate solution and extracted 4 times with 25-
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ml. portions of methylene dichloride. The methylene di-
chloride extract was washed with water, dried over sodium
sulfate and the solvent removed at room temperature to
yield 29 mg. of product. This was crystallized from 0.2 ml.
of acetone by addition of 3 drops of Skellysolve B to give
9 mg. of 178- hydroxy - 17« ~ methylandrostane - 3,6 - dione
(XXII), m.p. 180-187.5°. The infrared spectrum showed
the following absorption bands: hydroxyl, 3410 cm.™};
non-conjugated. ketone, 1707 cm. 1.

By alumina chromatography of the mother liquors a
second material (7.7 mg.) was obtained, m.p. 136-150°.
Infrared analysis indicated that this was the 17-anhydro
derivative of XXII; non-conjugated ketone, 1712 cm.™;
no hydroxyl absorption.
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21-Acetoxy-3a,17a-dihydroxypregnane-11,20-dione is converted to 3-keto-4-halo compounds in one step by reaction with
N-haloamides, hypohalous acids and ¢-butyl hypochlorite in aqueous t-butyl alcohol.

In the course of work on the synthesis of 11-de-
hydro-17a-hydroxycorticosterone acetate (corti-
sone acetate) and of 17a-hydroxycorticosterone (hy-
drocortisone) it became of interest to develop a pro-
cedure for the conversion of 3-hydroxysteroids to 3-
ketosteroids in high yields. Since many of the
steroids under investigation contained the sensitive
dihydroxyacetone side chain at C-17, the use of an
oxidizing agent such as chromic acid was not con-
sidered suitable since it is known that this type of
reagent will degrade the side chain to the 17-ke-
tones.! For this reason we directed our attention
to the use of N-bromoacetamide (NBA), N-bromo-

succinimide (NBS), N-chlorostccinimide (NCS)

and similar oxidants, which are mild oxidants for
alcohols.?

Similar research was in progress at this time in
another laboratory, and recently Hershberg and co-
workers® reported: their-firrdings orr the use of two of
the above reagents (NBS and NBA) in the oxida-
tion and bromination of 21-acetoxy-3ea,17«a-dihy-
droxypregnane-11,20-dione (I) to give 21-acetoxy-
4 - bromo - 17« - hydroxypregnane - 3,11,20 - trione
(IIIa). More recently there was reported the
oxidation—chlorination of 3-hydroxysteroids* using

(1) T. Reichstein, Helo. Chim. Acta, 19, 402 (1936).

(2) H. Reich and T. Reichstein, 1bid., 26, 562 (1943); L. H. Sarett,
THIs JourNaL, T1, 1165 (1949); L. F. Fieser and S. Rajagopalan,
ibid., 71, 3935 (1949); 72, 5530 (1950).

(3) E. B. Hershberg, C. Gerold and E. P. Oliveto, ibid., T4, 3849
(1952).

(4) J. J. Beereboom, €. Djerassi, D, Ginsburg and L. F. Fieser,
¢bid., T8, 3500 (1953),

principally ¢-butyl hypochlorite. We had previ-
ously® reported the use of this reagent in the oxida-
tion—-chlorination of 3a,1la,17a-trihydroxypreg-
nane 20-one to 4-chloro-1le,17a-dihydroxypreg-
nane-3,20-dione and of 3a,17a-dihydroxypregnane-
11,20-dione to 4-chloro-17«-hydroxypregnane-3,11,-
20-trione. However, since our reaction conditions
and results are somewhat different from the above
references, we wish to record them at this time.

The oxidation of I was initially investigated under
two different reaction conditions. In one case the
reaction solvent was anhydrous ¢-butyl alcohol con-
taining 39, pyridine, whereas in the other the ¢-
butyl aleohol contained 3% water. Im both cases
the reactions were run in ruby low actinic glass-
ware, a 1009, excess of oxidizing agent wasused, and
the reaction was followed by titration of the iadine
liberated by the active halogen in an aliquot of the
reaction mixture. In f-butylalcohol-pyridine solu-
tion using NBA and NBS the reaction leveled off
after 24 hours at one mole equivalent consumed.
Crystallization occurred spontaneously and was
completed by the addition of water containing so-
dium sulfite, resulting in 21-acetoxy-17«-hydroxy-
pregnane-3,11,20-trione (II) in 90-939, yield in a
high state of purity. When the reaction period
was extended, some bromination occurred. How-
ever, in aqueous {-butyl alcohol solution using NBA
or NBS, 1.6 mole equivalents was consumed in 16

(53) R. H. Levin, B. J. Magerlein, A. V. MeIntosh, Jr., A. R. Hanze,

G. 8. Fonken, J. L. Thompson, A, M. Searcy, M. A. Scheri and E. S.
Gutsell, ¢béd., 18, 502 (1063).
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hours. Upon working up the reaction products at
this time, a mixture of approximately equal
amounts of II and brominated II was isolated.
When 2.5 mole equivalents of NBA or NBS was
used, 21-acetoxy-4-bromo-17a-hydroxypregnane-3,-
11,20-trione (IIIa) crystallized in a high state of
purity in 60-65% yields after from 24 to 72 hours.
Subsequent dilution of the filtrates of the above
reaction mixture with water gave mixtures of bro-
minated products which were not investigated per
se but which presumably contained considerable
amounts of the 4,21-dibrominated product.® These
were treated directly with zinc—acetic acid to give
21-acetoxy - 17a - hydroxypregnane - 3,11,20 - trione
(IT) in 65-759%, yield. Thus the over-all conversion
is in the neighborhood of 887, since II can be con-
verted to IIIa either by bromination in acetic acid®
or by treatment under the same conditions used
above for the oxidation-bromination.
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addition to NCS and hypochlorous acid, ¢-butyl
hypochlorite, which has been found by G. S. Fonken
and co-workers® to be a superior reagent for the ox-
idation of certain steroid alcohols to ketones, was
tried. Although this reagent acts mainly as an ox-
idizing agent in anhydrous f-butyl alcohol, good
yields of the a-chlorinated ketones are obtained
when water is present, and the latter reaction is
greatly accelerated by the addition of hydrochloric
acid.

Oxidation studies with NBA in #-butyl alcohol-
pyridine were also made to determine the relative
ease of oxidation of hydroxyl groups in various po-
sitions and of different stereochemical configura-
tions. In this regard it was found that, although
118-hydroxyprogesterone!® is readily oxidized to
give 1l-ketoprogesterone, lla-hydroxyprogester-
onell is essentially unaffected under the same con-

(’:HQOAC CH?OAC
ko ¢
N /\ <—-OH NN ‘ ’—-OH
/\ / /\/H
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I I

The conversion of I to IIla in aqueous ‘-butyl
alcohol was greatly accelerated by the addition of
hydrobromic acid, and the crystallization of the
product was considerably speeded up by stirring
the reaction mixture. Amounts of water varying
from 1.5 to 189, were tried and, within these limits,
seemed to have little effect on the yields. In ab-
solute ¢-butyl alcohol the unbrominated product II
crystallized out before bromination occurred. If
a base such as potassium acetate was present to re-
move the hydrogen bromide as it was formed, only
11 was isolated. The presence of light accelerated
the reaction but seemed to have little effect on
yield. The same product and yields were obtained
using Monobromantin,” Dibromantin’ or hypobro-
mous acid.

Difficulties encountered in attempts to purify
the brominated products found in the mother li-
quors of the above reaction led to the investigation
of the preparation of the more stable 4-chloro com-
pounds.

The use of NCS as a reagent for oxidizing alcohols
to aldehydes and ketones has already been re-
ported.! However, when NCS or hypochlorous
acid reacted with I in aqueous #-butyl alcohol,
21-acetoxy-4-chloro-17a-hydroxypregnane-3,11,20-
trione (IIIb) crystallized out in 55-609, yield. In

(6) V. R. Mattox and E. C. Kendall, J. Biol. Chem., 188, 287 (1951).

(7) Monobromantin = 3-bromo-§,5-dimethylhydantoin; Dibroman-
tin = 1,3-dibromo-5,5-dimethylhydantoin; Arapahoe Chemicals, Inc.,
Boulder, Colo.

(8) C. A. Grob and H. J. Schmid, Experientia, 6, 199 (1949).

ditions. It was also found that an 113-hydroxyl is
more labile to oxidation
l with NBA than a 3a-hy-
droxyl. Thus 3e,118,17a-
CH;OAc trihydroxypregnane-20-
- one!? upon oxidation with
=0 1 mole of NBA in {-butyl
\/\/K“'OH alcohol-pyridine, gave
1 3a,17a - dihydroxypreg-
nane-11,20-dione.’®* This
/\‘ same stability of 1la-hy-
droxyl groups to NBA oxi-

dation was noted by H. L.

‘( Herzog and co-workers.!*
II‘Ia. X = Br Acknowledgments.—
Ib X = Cl The authors are indebted

to M. 1. Uhl for technical
assistance; to L. M. Reineke and group for paper-
gram analyses; to Dr. J. L. Johnson, J. E. Stafford
and Mrs. G. S. Fonken for infrared and ultraviolet
absorption studies, and W. A. Struck and group for
analytical data.

Experimental®

Oxidation of 21-Acetoxy-3a,17«-dihydroxypregnane-11,-
20-dione with N-Bromoacetamide.—One gram (2.46 milli-
moles) of 21-acetoxy-3a,17a-dihydroxypregnane-11,20-dione
(1) was dissolved with warming in 48 ml. of t-butyl alcoho!l
and 1.5 ml. of pyridine. The solution was cooled to room
temperature and 678 mg. (4.92 millimoles) of N-bromo-
acetamide!® was added. After remaining at room tempera-
ture for 24 hours, titration of an aliquot of the solution in-
dicated that the oxidation was 1009, complete. Some
crystallization had taken place at this point. Upon the
addition of 130 ml. of water to the solution further crys-
tallization took place. The mixture was placed in the re-
frlgerator overnight to complete the crystalhzatlon The
mixture was filtered and the product dried to give a 91%
yield of 21-acetoxy-17a-hydroxypregnane-3,11,20-trione (II,
dihydro E acetate) melting at 226.5-229.5°.

(9) G. S. Fonken, J. L. Thompson and R, H. Levin, paper in
preparation.

(10) T. Reichstein and H, G. Fuchs, Helo.
(1940).

(11) D. H. Peterson and H., C. Murray, Tuis Jour~aL, 74, 1871
(1952).

(12) E. P. Oliveto, T. Clayton and E. B. Hershberg, ibid., 75, 486
(1953).

(13) L. H. Sarett, ibid., T0, 1454 (1948).

(14) H, L. Herzog, E. P. Oliveto, M. A. Jevnik and E. B. Hershberg,
ibid., T4, 4470 (1932).

(15) Melting points are uncorrected and are taken on a Fisher-
Johns block. Rotations are taken in acetone.

(16) Arapahoe Chemicals, Inc., Boulder, Colo.

Chim. Acta, 23, 684
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The literature melting point!? for this compound is 228-
230°. The product was determined to be of high purity by
infrared analysis and papergram analysis.!”

Oxidation-Halogenation of 21-Acetoxy-3a,17a-dihydroxy-
pregnane-IT,20-dione (I). A. With N-Bromoacetamide.—
One gram (2.46 millimoles) of 21 -acetoxy-3a,17a-dihydroxy-
pregnane-11,20-dione (I) was dissolved with warming in
about 45 ml. of t-butyl alcohol, in a 50-ml. low actinic volu-
metric flask. The solution was cooled and 1.8 ml. of water,
0.3 ml. 48%, hydrobromic acid (2.46 millimoles) and 1.2 g.
(7.38 millimoles) of NBA were added. The solution was
diluted to mark with t-butyl alcohol and stirred with a mag-
netic stirrer. After 43 hours the test for active halogen was
negative and copious crystallization had occurred. The mix-
ture was filtered and the crystals washed with a small amount
of ¢t-butyl alcohol; yield 729 mg. (61.2%), m.p. 202-205°
dec., {@]®p +99°. This was shown to be 2l-acetoxy-4-
bromo-17a-hydroxypregnane-3,11,20-trione by its conver-
sion to cortisone acetate by the semicarbazone procedure.®18

Addition of 100 ml. of water to the filtrate gave 130 mg.
(11%) of material with [«]2®p +91° (acetone). Recrystalli-
zation of this material from acetone-Skellysolve B gave
material with [«]®D 4-101° in a 709, return. Monobrom-
antin’ and Dibromantin? gave similar yields under the same
reaction conditions.

B. With Hypobromous Acid.—Hypobromous acid- was
prepared by adding, dropwise, 8 g. of bromine to a stirred
suspension of 5.3 g. of yellow mercuric oxide in 100 ml. of
water cooled in an ice-bath. The mercuric bromide was
filtered off and the molarity of the hypobromous acid in the
filtrate was determined iodometrically. It was found to be
0.565 3.

21-Acetoxy-3a,17a-dihydroxypregnane-11,20-dione (1.00
g., 2.46 millimoles) was dissolved with warming in 35 ml.
of t-butyl alcohol in a 50-ml. low actinic volumetric flask.
The solution was.cooled. to.room. temperature and 10.9 ml.
(6.15 millimoles) of the above hypobromous acid solution
was added. The solution was diluted. ta valume with ¢-
butyl alcohol and stirred at room temperature for 4 days.
The crystalline precipitate was removed by filtration and
dried to yield 705 mg. (59.29%) of IlIa, [a]p 4+100° (¢ 0.9).
Concentration of the filtrate to 20-25 ml. gave a second
crop, 160 mg. (13.5%,), [a]Dp +92° (¢ 0.9).

C. With N-Chlorosuccinimide.—To 2.00 g. (4.92 milli-
moles) of 21-acetoxy-3a,17a-dihydroxypregnane-11,20-dione
(I) in 96 ml. of ¢t-butyl alcohol in a 100-ml. low actinic volu-
metric flask was added 3.0 ml. of water and 1.64 g. (12.3
millimoles; 2.5 equivalents) of NCS. The solution was
diluted to volume with ¢-butvl alcohol and the reaction
allowed to proceed for two days. The crystals of IIIb
which precipitated were filtered and dried, yield 1.13 g.
(52.1%,), m.p. 239-243°, [a]p +100° (¢ 0.74).

Anal. Caled. for CuHy»ClOg: Cl, 8.1. Found: Cl, 8.3.

The filtrate was concentrated to one-half volume and the
crystals of crude IIIb which separated were filtered, yield
100 mg. (4.6%), m.p. 232°, [a]Dp +90° (¢ 0.89).

The first crop was converted to cortisone acetate having
AEOH 238 my, ¢ 13,857 in a 83.4%, yield vie the semicarba-
zone procedure.618

D. With t-Butyl Hypochlorite.—A mixture of 6.00 g.
(0.0148 mole) of 21-acetoxy-3a,17a-dihydroxypregnane-
11,20-dione (I), 85 ml. of ¢-butyl alcohol, 3 ml. of water and
1.2 ml. of concentrated hydrochloric acid in a low actinic
volumetric flask was stirred vigorously and 3.78 ml. (3.61
g., 0.0334 mole; 2.25 eq.) of ¢{-butyl hypochlorite?® was
added. The temperature rose to 36° and was brought to

(17) L. M. Reineke, ¢f al. (to be published shortly); see also A,
Zaffaroni, R. B. Burton and E, H. Keutmann, Science, 111, 6 (1950).

(18) B. A. Koechlin, T. H. Kritchevsky and T. F. Gallagher, J. Biol.
Chem., 184, 393 (1950).

(19) H. M. Teeter and E. W, Bell, Org. Syntheses, 32, 20 (1952).
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30° with a water-bath. The product precipitated from the
reaction mixture and was separated by filtration one hour
after addition of the hypochlorite, giving 4.70 g. (72.5%)
of 2I-acetoxy-d-cliloro-I7a-liydroxypregnane-3,11,20-trione
(IITB), m.p. 238-243°. This was recrystallized from a
mixture of 90 ml. of acetone and 50 ml. of water to give 3.8
g. (59%) of crystals melting at 240-243°. TFurther crys-
tallization from aqueous acetone gave a sample melting at
242-245°, [a]%*p +105° (¢ 0.82).

Anal. Calcd. for CstuClOe:
8.18.

The filtrate of the reaction mixture was diluted with
water to give 1.3 g. of an amorphous powder, m.p. 173-
185°. A crystallization from aqueous acetone gave 0.8 g.
(129%,) of crystals, m.p. 208-215°, shown to be mainly IIIb
by papergram analysis.””

E. With Hypochlorous Acid.—A solution of 0.845 N
hypochlorous acid was made by adding solid carbon dioxide
to a suspension of 10 g. of 709, calcium hypochlorite (HTH,
Mathieson Chem. Corp., New York, N. Y.) in 100 ml. of
water, followed by filtration. Using 2.5 molar equivalents
of the hypochlorite selution. a first crop- yield of 46% with.
[«]%p +100° (¢ 0.9) and a second crop of 179 with
[«]2*p +93° (¢ 0.85) was obtained using the reaction condi-
tions given in (C).

Oxidation of 118-Hydroxyprogesterone.—To 812 mg.
(2.46 millimoles) of 118-hydroxyprogesterone!® in 48 ml. of
t-butyl alcohol and 1.5 ml. of pyridine in a 50-ml. low ac-
tinic volumetric flask was added 678 mg. (4.92 millimoles)
of NBA. The flask was diluted to mark with ¢-butyl alcohol
and- the reaction allowed  to' proceed until' an' iodometric-
titration of an aliquot showed one equivalent of NBA to
have been consumed (ca. 24 hours). Water (50 ml.) con-
taining sodium sulfite (0.25 g.) was added and the whole
concentrated under reduced pressure to remove i-butyl
alcohol. Filtration of the resultant slurry gave 735 mg.
(91.39%) of material melting at 145-150°, shown to be 11-
ketoprogesterone By infrared spectrogram. Recrystailiza-
tion from methanol gave material melting at 166-170° which
gave no depression of melting point on admixture with a
known sample of 11-ketoprogesterone, m.p. 173-176°.

Under identical conditions 1la-hydroxyprogesterone was
recovered in 959, yield.

Oxidation of 3a,118,17-Trihydroxypregnane-20-one.—
To 300 mg. (0.853 millimole) of 3a,118,17a-trihydroxypreg-
nane-20-one!? in 24 ml. of ¢-butyl alcohol and 0.5 ml. of pyri-
dine in a 25-ml. low actinic volumetric flask was added 130
mg. (0.94 millimole) of NBA. Iodometric titration of an
aliquot showed the reaction to be essentially.complete in
20 hours. Water {50 ml.) was added and the {-butyl alcohol
removed under reduced pressure. The crystalline product
(194 mg.) was filtered off and melted at 202-204°. It was
identified as 3a,17a-dihydroxypregnane-11,20-dione by its
mobility on a paper chromatogram and by its infrared spec-
trum which was identical to that of an authentic sample,
m.p. 203-204°.

Bromination of 21-Acetoxy-17«-hydroxypregnane-3,11,20-
trione.—To 404 mg. (1.0 millimole) of 21-acetoxy-17a-hy-
droxypregnane-3,11,20-trione in 48 ml. of ¢-butyl alcohol
was added 0.75 ml. of water containing 0.122 ml. of 489,
hydrobromic acid (1 millimole of HBr) and 276 mg. (2.0
millimoles) of NBA. Crystallization began after approxi-
mately 24 hours at room temperature. The solution was
filtered after 49 hours and the filtrate was concentrated
under nitrogen to one-half its volume. Ou standing over-
night, a second crop was obtained. The first crop (162 mg.,
33.4%), [a]%d +101° was shown to be IIla by paper
chromatographic analysis and infrared spectrum while the
second crop (135 mg., 28.0%), [a]2p +96° (¢ 0.8), consisted
largely of IIla by similar measurements.

Cl, 8.08. Found: Cl,

KALAMAZOO, MICHIGAN



