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The conversion of prednisone to 118.17e,21-trihydroxy-A-uor-3(3)-pregnene-2

2,20-dione is described. The ring contrac-

tion was effected by a benzilic acid rearrangeinent on a 2,3-diketo-A-steroid.

The preparation and biological activities of coin-
pounds closely related to hydrocortisone have ap-
peared in numerous publications in recent years.
In these studies the effects upon pharmacological
activity resulting from the inutroduction of halogen
atoms,! double bonds,? nethyl® and hydroxy*
groups as well as coinbinations of these functions®
have been examined. Modifications in the hy-
drocortisone molecule whereby the cortical side-
chain becomes part of 4-%.% or 5-membered’ rings
are also known. Two further homologs of hydro-
cortisone or cortisone, a 19-nor compound® and a
D-homo compound® have been described.
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While several A-nor-steroids including 2a-hy-
droxy-A-nor-androstan-17-one have been reported,?
they are not closely related to the cortical steroids.
Jacobs and Takahashi® recently described the prep-
aratiou of A-uor-3(3)-cholesten-2-one via the satu-
rated A-nor ketome. They reported unsuccessful
attempts to prepare 2-keto-4-nor-A3®-steroids
from the corresponding uusaturated 6-membered
ketones.

In this paper we report the conversion of predni-
sone to118,17a,21-trihydroxy-A-nor-3(3)-pregnene-
2,20-dione (XIII). We effected the contraction of
the A-ring by a benzilic acid rearrangement using
the a-diketone III which was prepared as shown in
Chart I. Prednisone-BMD (I)!! reacted readily
with osmiun tetroxide iu pyridine solution. De-
composition of the osmate ester with hydrogen sul-
fide!* followed by fractional crystallization afforded
a substance which reduced tetrazolium reagent and
which retained an «,3-unsaturated ketone system
as shown by its ultraviolet and infrared spectra.
The selective hydroxylationn must have been ef-
fected at C-1 and C-2 as desired, since only this
course will be consistent with the conversion of the
resulting diol II to a §,y-unsaturated-2-keto-A-nor-
steroid as described below. Dehydration of II with
methanolic alkoxide solution resulted in the forma-
tion of the diosphencl IIIa which gave a negative
tetrazolium test but a strong ferric chloride test.
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It was found most convenient to precipitate the
diosphenol from the reaction mixture directly as
the sodio derivative IIIb. The structure assigned
to III is also consistent with its spectral characteris-
tics!d (\SIOE 249 my, infl. 295 mu). It was con-
verted by treatment with methyl iodide in refluxing
acetone to the monomethyl ether I'V.

The sodium salt of the diosphenol had only lim-
ited solubility in water or in aqueous alkali, but
heating a dilute solution of IIIb in aqueous sodium
hydroxide on a steam-bath overnight effected chem-
ical changes. The fraction of the reaction mixture
which was soluble in bicarbonate! afforded two

0]
H N
A

carboxylic acids V and VI. The lower melting acid
(Acid A) (V) analyzed for CasHa0Os and afforded a
methyl ester C»H3Oq which gave a negative tetra-
nitromethane test. N. Trenner and B. Arison of
these laboratories'® found the compound to be
devoid of olefinic protons. The higher melting acid
(Acid B) (VI), however, analyzed for Cg3Hsz0Os and
gave a strong tetranitromethane test. These formu-
lations, which imply that the 3-keto-A*-steroid III
does not undergo the benzilic acid rearrangement
per se, are also in accord with the transformations
described below. The two acids were separated
readily by fractional crystallization, the lower melt-
ing isomer A being the less soluble compound.
When barium hydroxide!® was the base employed
in the benzilic acid rearrangement a higher propor-
tion of acid B was isolated.

Reduction of acid A with lithium aluminum
hydride gave a mixture of two tetrols which was not
separated but oxidized directly with periodate at a
pH of about 6. The crude product showed no
selective absorption in the ultraviolet. The infra-
red spectrum revealed strong absorption at 5.77 p,
indicative of a saturated five-membered ketone, as
well as absorption at 2.85-2.95 u (OH) and at 9.1~
9.2 4 (BMD). Accordingly the hydride reduction
product was formulated as a mixture of the tetrols
VII and VIII and the periodate oxidation product
as a mixture of the B-hydroxy ketones IX and X.
These structure assignments are consistent with
the facile conversion of IX and X with alkoxide
into the conjugated ketones XI and XII which
were separated by partition chromatography. The
nature of the isomerism of compounds XI and XII
was shown to be epimerism of the secondary hy-
droxyl group (C-11) because XI and XII could be
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oxidized to a commen ketone XIV. The less mo-
bile isomer XII was assigned the equatorial? 11a-
configuration. Since a configurational assignment
based on comparative mobility is not infallible,!®
additional chemical support was desired. The pro-
posed lla-isomer was readily acetylated with pyri-
dine and acetic anhydride at room temperature,
whereas the 118-epimer was recovered unchanged
under these conditions. Rotation data were also
in accord with the assigned configurations. The
levorotatory shift brought about by ring contrac-
tion is of interest. Treatment of XI with dilute
formic acid at room teinperature for three days
afforded the desired A-norhydrocortisone XIII.
The position of the absorption maxima in com-
pounds XI and XIT at 233-234 mpu further supports
the 2-keto-4-nor-A%®-structures over their 3-keto-
4-nor-A'l-isomers.

Acid A also was treated with lead tetraacetate in
methanol-benzene. The product showed no selec-
tive absorption in the ultraviolet and contained no
olefinic protons,!® but it revealed a strong hydroxy
peak in the infrared. The analysis was consistent
with a 2-keto-5-hydroxy structure analogous to X.
Treatment with alkoxide readily afforded A-nor-
cortisone BMD (XIV) which shows an absorption
maximum at 229 mu. Thus the 11-keto-compound
XIV absorbs at shorter wave lengths than XI and
XII. The 1l-oxygenated 3-keto-4-pregnenes fol-
low a similar pattern. Treatment of A-norcortisone
BMD with dilute acetic acid on a steam-bath for
fourteen hours gave A-norcortisone XV.

When acid B was similarly cleaved with lead
tetraacetate, the crude product showed no selective
absorption in the ultraviolet, but it contained one
olefinic proton'® and gave a strong tetranitro-
methane test. It showed no hydroxy peak in the
infrared. On treatment with alkoxide the double
bond was readily isomerized to give XIV. Hence
the double bonds in Acid B and in its lead tetra-
acetate cleavage product are in the 5,6-position.
It is apparent that the formation of a 8,y-unsatu-
rated ketone requires that the osmylation of I
occurred at positions 1 and 2. An aliquot of the
total crude acidic fraction also was cleaved with
lead tetraacetate. The product was essentially
devoid of absorption at 229 my indicating that no
significant amounts of a A%®-steroid are formed
during the benzilic acid rearrangement.

The infrared spectra of the a,8-unsaturated ke-
tones are noteworthy. A-Norhydrocortisone
BMD, e.g., in addition to the double bond peak at
6.12 p showed fwo distinct carbony! peaks (5.86 and
5.94 u) in chloroform solution which are assigned
the single carbonyl group at C-2. The unexpected
peak at 5.94 4 was the more intense one. In toluene
the intensity relationship of the two maxima was
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reversed. These results are, however, not without
precedent,19.20.2!

Bioassay: A-norhydrocortisone and A-norcorti-
sotle were inactive in the liver glycogen depositior
and the granuloma inhibition tests. These assays
were kindly performed by Dr. R. Silber and Dr. H,
Stoerk and their collaborators of these laboratories.

Experimental?®?

Hydroxylation of Prednisone BMD.—A solution of 100 g.
of prednisone BM D! (I) in 720 ml. of pyridine was cooled
to 5° and treated with a solution of 69.9 g. of osmium tetrox-
ide in 408 wml. of pyridine. The mixture, which turned
black within five ninutes, was allowed to stand at room
temperature for five days when it was added with stirring
to 13.4 1. of petroleumn ether. Tlie crude osmate ester was
isolated by filtration and washed with petroleumrn etlier to re-
move most of tlie residual pyridine. The crude product
was then dissolved in 8 1. of dioxane aud kept in un ice-bath
while a slow streant of hyvdrogen sulfide!? was bubbled
through the reaction mixture. The precipitated osmium
dioxide was removed by filtratici, and the filtrate was con-
centrated to dryness in# vacuo. The residual foam was dis-
solved in 2 1. of acetone, decolorized with activated carbon.
filtered and concentrated to a volume of 1 1. Addition of
1 1. of Skellysolve B afforded 38 g. of 1¢,2¢-dihydroxycorti-
sone BMD (II), ASH°H 236 1np (log e 4.15); ASHO: 2.85,
5.95, 6.15, 5.85-5.90sh u: Ngpux 9-9.2 u. Wlen inserted

(19) Seee.g., (a) R. N. Jones, T. Itv and C. I.. Angell, Augew Chent.,
69, 645 (19537); (b) P. Wieland, K. Heusler, H. Ueberwasser and A.
Wettstein, Helv. Chim. Acta, 41, 74 (1958); (c¢) P. Yates, N. Yoda,
W. Brown and B. Mann, THIs Journ~aL, 80, 202 (1958).

(20) To dispel all doubt that the chromophore is anything but a
five-membered «,5-unsaturated ketone, we hydrogenated the double
bond. The resulting product showed the typical maxima of a 5-
membered ketone at 5.76 u. Therefore the size of riny A in the final
product is fully verified.

(21) After this manuscript was submitted P, Yates and L. L.
Williams (sbid., 80, 3896 (1938)) provided strong evidence that in
simpler cyclopentenones the unexpected peak results from Fermi
resonancel®® between the true carbony! stretching vibration and an
overtone of the out of plane bending vibration of the ethylenic a-
hydrogen. Our o.-unsaturated cyclopentenones absorb at 11.65 u
in accord with this concept.

(22) All melting points are uncorrected We ure yreatly iwdebted to
Mr. R. Boos and his collaborators for C sod H analyses reported
herein.

o a tn.p. bath at 200°, the conipound underwent an im-
mediate change in crystal structure and melted at 232-234°.
Paper chromatography showed this did not involve a chemi-
cal change such as dehydration to the diosphenol III. Tlhe
mother liquor afforded two further crops, m.p. 228-230°
and 227-228.5°, amouuting to 3.48 and 10.55 g., respec-
tively. Further recrystallization of the first crop from the
saue solvent pair raised the m.p. to 244-245° (709 re-
covery). An analytical sample was obtained by paper
chromatography using methanol--formamide (2:1) as the
stationary phase and chloroform as the mobile phase.?
Isolation by crystallization fromn acetone-Skellvsolve B did
uot give a sample of improved m.p. Anal. Caled. for
C;H300:-C;HsO: C, 63.40; H, 7.37. Found: C, 63.34:
H. 7.35. The compound gave a positive tetrazolium test
and a negative ferric chloride test. The extinction of the
former was about two-thirds that given by cortisone.

2-Carboxy-2£,17,21 -trihydroxy-A -nor-pregnene-11,20-
dione BMD (VI)and its 5¢-hydroxy-A-nor-pregnane analog V.
(a) Sodium Salt ITIb of the Diosphenol.—To a solution of 3.09
g. of theabove glycol in 75 ml. of hot 1ethanol was added 52
1ul. of a solution of sodium methoxide in metlianol (0.14 N).
The mixture was heated on a steam-bath until a tetrazoliun
test was essentially negative. Tlie bulk of the methanol was
removed in vacuo, about 250 ml. of ether was added and
the product was isolated by filtration affording 3.15 g. of a
very hygroscopic solid; ALY ¥20H 227 myu (log € >4.18), 352
mu (>3.41); 252sh mu (>3.86); ASHSS 5.86, 6.05. 6.2, 6.32,
9.056-9.2 u (BMD). In another experiment (14.5-g. scale),
treatment of I witlia 59 excess of sodium methoxide afforded
11.39 g. of the sodio derivative IIIb. The latter sample was
dried at 100° for two hours, resulting in a weight loss of 8%;.
Aunal. Caled. for CsHoyO7Na-(HoO)o: C,61.73; H,6.31;
Na, 5.14. Found: C, 61.94: H, 6.39; Na, 4.93. This
preparation decomposed to a large extent on standing at
room temperature for three wmonths. In methanol the so-
dium salt showed the characteristic ultraviolet absorption
pattern of the free diosplienol IIla (Amax 252 1y, infl. 292
mu, see below).

(b) Benzilic Acid Rearrangement. Acid A (V).—A 1mix-
ture of 5.05 g. of the above sodio-derivative of the dios-
phenol was heated on a steam-bath overnight in a nitrogen
atmosphere with 240 ml. of a 1.55 N aqueous solution of
sodium hydroxide. The solution was acidified in the cold.
the resulting acid extracted into ethyl acetate and washed
with a saturated salt solution. The acid was purified via
its sodium salt by extraction into sodium bicarbonate fol-

(23) A. Zaffaroni, R. B, Tarlor and 12, H. Keutmann. Science, 111,
6 (19507.
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lowed by reacidification and extraction into ethyl acetate.
Removal of the solvent gave an amorphous solid which was
decolorized with activated carbon and crystallized from
acetone-Skellysolve B, The product (965 mg.) melted at
197-199.5° dec. and was further recrystallized from meth-
anol-water, then from acetone-Skellysolve B and dried at
80° to give the colorless, analytically pure acid, m.p. 202-
2030, [oz] Pyp —75.5°. Amnal. Caled. for CzaHszOgZ C,
61.05; H, 7.13. Found: C, 60.91; H, 7.03. Treatment
with diazomethane gave the methyl ester, m.p. 2563-256°,
which gave a negative tetranitromethane test and con-
tained no olefinic protons.’® Anal. Caled. for CogHzO4:
C,61.79; H, 7.35. Found: C, 62.02; H.7.31.

Acid B (VI).—The mother liquor from the initial crys-
tallization of acid A (see above) was taken to dryness.
Dissolution in acetone, followed by the addition of Skelly-
solve B gave only a red oil, The supernatant was sepa-
rated by decantation and afforded, after the addition of
more Skellysolve B, a crystalline solid, m.p. ca. 220°. Re-
peated recrystallization from the same solvent pair gave an
analytical sample, m.p. 250-252°, [«]|™p —98.3° which
gave a positive tetranitromethane test. Anal. Caled. for
CuH30s: C, 63.58; H, 6.96. Found: C, 63.63; H, 6.89.

In another experiment 2.0 g. of the sodio-derivative IIIb
was suspended in a solution of 38.6 g. of barium hydroxide
in 265 ml. of water and heated on a steam-bath with vigorous
stirring in a nitrogen atmosphere overnight. The mixture
was filtered, the filtrate made acid to congo red and the acid
extracted with ethyl acetate, The A-nor-acid was purified
via its sodium salt as described above. Crystallization
from acetone-Skellysolve B gave acid B (210 mg.), m.p.
ca. 240-245°.

(c) Alternate Preparation of A-Nor-acid from II.—A 2.65-
g. sample of the glycol II was dissolved in 35 ml, of meth-
anol, 5 ml. of a 2.5 N solution of sodium hydroxide was
added and the mixture was refluxed for about three minutes
(negative tetrazolium test). The bulk of the solvents was
removed iz vacuo. The residue, which proved insoluble in
water, was acidified with hydrochloric acid, the diosphenol
was extracted into ethyl acetate and the resulting solution
was washed twice with a saturated salt solution. An ali-
quot was taken to dryness to afford the crude diosphenol,
ACHOH 252 mu (log e 4.05), infl. 292 my (3.43); addition
of one drop of 2.5 N aqueous sodium hydroxide solution
produced a marked change in the spectrum, Amax 226 my
(log € 4.24), 345 mu (3.23), infl. 250 mu (3.89). This
change could be reversed with acid.

The bulk of the organic layer, which still contained min-
eral acid, was repeatedly extracted with a dilute solution of
sodium hydroxide causing the sodium salt of the diosphenol
(IIIb) to separate at the interface. The combined solids
were heated on a steam-bath with 300 ml. of 1.1 N sodium
hydroxide overnight. The isolation of the A-nor-acid ““‘A”’
(200 mg., m.p. 197-200°) was carried out essentially as de-
scribed above. The bicarbonate-insoluble fraction from the
benzilic acid rearrangement was washed free of bicarbonate,
dried over magnesium sulfate and taken to dryness to give
60 mg. of a brown solid which gave a strong ferric chloride
test!4; ASEOH 315 my (log € 3.69), infl. 235 mu (3.57).

After separation of the interface-solids from the dehydra-
tion step, as described above, the ethyl acetate layer was
washed until neutral, dried and taken to dryness. The
residue, which left no residue on burning, was shown to be
the free diosphenol I1la on the basis of its ultraviolet absorp-
tion spectrum. In the infrared it showed AN, 2.99, 5.85,
6.07 u; ASHCH 2.9, 5.85,5.96,6.08,6.18,9, —9.2 u.

5,118,17«,21-Tetrahydroxy-4-nor-5¢-pregnane-2,20-dione
BMD (IX) and its 11-Epimer X. (1) Lithium Aluminum
Hydride Reduction of Acid A.—About 615 mg. of lithium
aluminum hydride, suspended in 29 ml. of dry dioxane, was
heated to reflux in a nitrogen atmosphere. A solution of
525 mg. of acid A, m.p. 196-198°, in 40 ml. of dioxane was
added over a period of 25 minutes. After refluxing was
continued for an additional hour, the mixture was cooled,
excess hydride was decomposed with ethyl acetate, and a
saturated solution of sodium chloride was added. The mix-
ture was filtered and the inorganic residue was washed with
more ethyl acetate. The combined ethyl acetate extracts
were washed with a solution of sodium bicarbonate and then
with a saturated salt solution, dried and taken to dryness to
give 480 mg. of an amorphous foam consisting of a mixture
of the 11-epimeric tetrols VII and VIII.
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(2) Periodate Oxidation and Isomerization.—A 465-
mg. aliquot of the above mixture was dissolved in 61 ml. of
ethanol and treated with a solution of 1.02 g. of sodium
metaperiodate in about 20 ml. of water, followed by 19
drops of sodium bicarbonate (5% aqueous solution) which
raised the pH of the mixture to about 6. The mixture was
stirred overnight and the alcohol as well as the bulk of the
water were removed iz vacuo. The residue was distributed
between ethyl acetate and water and the aqueous layer was
back-extracted with ethyl acetate. The combined organic
extracts were washed with water and a saturated salt
solution to afford, after drying, an amorphous foam which
showed no selective absorption in the ultraviolet and ab-
sorbed at 2.85-2.95 u (OH), 5.77 u (saturated 5-membered
ketone) 9.1-9.2 4 (BMD) in the infrared.

The bulk of the 5¢-hydroxy-2-ketones was dissolved in
100 ml. of methanol and allowed to react with 10.4 ml. of an
alkoxide solution (prepared by dissolving 9.2 g. of sodium
methoxide in 200 ml. of methanol) at room temperature for
two hours. The base was neutralized with acetic acid and
the solvent was removed 4n vacuo. Water was added and
the resulting solid (285 mg.) removed by filtration, The
product showed AX20H 233 my (log € 4.16).

The epimeric mixture was purified by partition-chroma-
tography on Super-Cel?4 using methanol-formamide (III) as
the stationary phase and benzene as the mobile phase?? and
taking 50-ml. fractions. Fraction 12, after crystallization
from acetone-Skellysolve B, gave 42 mg. of 118,17«,21-
trihydroxy-A-nor-3(5)-pregnene-2,20-dione BMD (XI), m.p.
241-243°, {«]®™p —73.6°, NGO 234 mpu (log ¢ 4.18);
ARSI 2,75-2.95, 5.86(strong), 5.94(stronger), 6.12(strong),
9.05-9.156 u; Agl, 2,77, 5.86(strong), 5.95(moderate),
6.14 u (moderate)., Amnal. Caled. for CxH30¢: C, 67.67;
H,7.74. Found: C, 67.78; H, 7.80.

Fractions 10 and 11 afforded an additional 109 mg. of the
11B-isomer which was single spot material by paper chro-
matography but which melted at 217-220°; a mixed m.p.
with a sample, m.p. 241-243°, was 239-241°.

Cuts 15 and 16 were similarly crystallized from acetone-
Skellysolve B to give 37 mg.of 11«,17«,21-trihydroxy-A-nor-
3(5)-pregnene-2,20-dione BMD (XII), m.p. 248-251°,
[@]°HBp —111°, AGHOH 233 my (log € 4.20); ASHSk 2,75,
2.9, 5.85 (pronounced shoulder), 5.94(strong), 6.12(strong),
9.05-9.2 u (strong); A, 2.76, 2.9, 5.92(strong), 5.84-
(stronger), 6.13(strong), 9.05-9.25 u. A4mnal. Caled. for
CaeH3006: C, 67.67; H, 7.74. Found: C,67.78; H, 7.80.

Fractions 13 and 14 afforded an additional 33 mg. of the
1la-isomer, m.p. 247-251°,

Acetylation Studies.—A 17-mg. sample of the more
polar isomer X, m.p. 248-251°, was dissolved in a mixture
of 0.3 cc. of pyridine and 0.3 cc. of acetic anhydride and
kept at room temperature overnight, Removal of the sol-
vents and addition of water gave 18 mg. of the 11a-acetate.
An analytical sample, m.p. 272-274.5°, was obtained from
Acetone-Skellysolve B, Anal. Caled. for CuHz0;: C,
66.65; H,7.46. Found: C, 66.79; H, 7.56.

Treatment of the 113-isomer XI (m.p. 217-220°) with
pyridine and acetic anhydride as described above gave only
unchanged starting material.

1183,17«,21-Trihydroxy-A-nor-3(5)-pregnene-2,20-dione
(XIII).—A total of 96 mg. of compound XI, described above,
was treated with 4.8 ml. of 609 formic acid at room tem-
perature for three days. The mixture was distributed be-
tween chloroform and water and the aqueous layer was
back-extracted with chloroform. The combined organic
layers were washed with water, with sodium bicarbonate
solution, and with a saturated solution of sodium chloride.
The desired product was isolated by paper chromatography
on Whatman paper #4 using methanol-formamide (1:1) as
the stationary phase and chloroform as the mobile phase.2?
An analytical sample, m.p. 235-237°, had the same mo-
bility in the above system as prednisolone. Anal. Caled.
for CzoI;IggOs'l/gHQOZ C, 67.24; H, 8.17. Found: C, 67.75;
H, 8.17.
17«,21-Dihydroxy-A-nor-3(5)-pregnene-2,11,20-trione
BMD (XIV). (a) From Acid B.—To a solution of 150 mg.
of acid B (m.p. 238-240°) in a mixture of 10 ml. of benzene
and 20 ml. of methanol was added 300 mg. of lead tetra-
acetate. The mixture was allowed to stand at room tem-

(24) We are greatly indebted to Messrs. W. J. McAleer and M. A.
Kozlowski for numerous helpful suggestions in comnection with this
chromatogram,
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perature overnight. The bulk of the solvents was removed
in vacuo and the residue was distributed between ether-
benzene (3:2) and water. The aqueous layer was back-
extracted with benzene and the combined organic layers
were extracted with a bicarbonate solution and then with a
saturated solution of sodium chloride. The crude product
contained only a small amount of the conjugated ketone as
evidenced by log ¢ 3.45 at 228 mu. Addition of a dilute
solution of sodium methoxide immediately raised the log e
to 4.12. An aliquot (75 mg.) was, therefore, dissolved in
15 ml, of methanol and isomerized for two hours by the ad-
dition of 1.5 ml. of a 0.86 N solution of sodium methoxide
in methanol. Neutralization with acetic acid, removal of
the solvent and addition of water gave 55 mg. of crude
XIV. An analytical sample (m.p. 208-212°, Amax 229 mu
(log e 4.16); ANi, 5.86, 5.94(shoulder), 6.11 u; ASE* 5.853,
5.93, 6.11 u) was prepared from acetone-Skellysolve B.
Anal. Caled. for CppHpOs: C, 68.02; H, 7.27. Found:
C, 68.14; H, 7.00. In another experiment (40 mg. scale)
the crude lead tetraacetate product did not show an ab-
sorption maximum at 228 mu but the product gave a strong
tetranitromethane test and showed one olefinic proton,s
Isomerization afforded XIV.

(b) From Acid A.—The lead tetraacetate oxidation was
carried out on the lower melting acid (m.p. 198-200°) as
described above for acid B on a 260-mg. scale. The crude
product showed no selective absorption in the ultraviolet.
Repeated recrystallization from acetone-Skellysolve B gave
5¢,17«,21-trihydroxy-A-nor-pregnane-2,11,20-trione BMD,
m.p. 259.2-260.2°, A\¥i, 2.91, 5.73, 5.92 x which had no
olefinic protons!® and gave a negative tetranitromethane
test. dmal. Caled. for CeHxOr: C, 65.01; H, 7.44.
Found: C, 65.23; H, 7.76. Treatment with alkoxide car-
ried out essentially as described above gave 205 mg., Amax
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228 mu (log € 4.14). One recrystallization from acetone—
Skellysolve B gave XIV, m.p. 207-210°, identical with the
specimen described above.

(¢) From XI and XII.—The same compound XIV was ob-
tained when 11.4 mg. of the lla-isomer XII or 9.4 mg. of
the 113-isomer XI was treated, respectively, with 21 mg.
and with 17.2 mg. of chromic oxide in aqueous acetic acid.

17«,21-Dihydroxy-A-nor-3(5)-pregnene-2,11,20-trione
(XV).—A solution of 160 mg. of the A-norcortisone BMD
XIV in 58 ml. of dilute acetic acid (509, v./v.) was heated
on a steam-bath for about 14 hours. The mixture was
poured on ice and extracted with chloroform. Removal
of the solvent and crystallization from acetone-Skellysolve
B gave crude XV which was purified further by paper chro-
matography on Whatman paper #4 using the solvent system
employed in the purification of XIII. An analyticalsample,
m.p. ca. 200°, Amax 229 mu (log ¢ 4.12) was obtained from
acetone-Skellysolve B. A4nal. Caled. for CpHz0s: C,
69.34; H, 7.56. Found: C, 69.07; H, 7.35.

172,21-Dihydroxy-2-methoxy-1,4-pregnadiene-3,11,20-
trione BMD (IV).—A solution of the sodio-derivative IIIb
in a mixture of 100 1nl. of acetone and 3 ml. of methyl iodide
was refluxed in a nitrogen atmosphere. Solvents were re-
moved 41 vacuo and the residue distributed between dilute
aqueous sodium hydroxide and chloroform. The neutral
fraction was recrystallized from acetone-Skellysolve B to
give material melting at 262-264° dec. Amnal. Caled. for
CouH307: C, 66.96; H, 7.02. Found: C, 66.60; H, 7.00.
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Steroidal Sapogenins. LI.

Reaction of Steroidal Olefins with Acetyl Hypobromite®*®

By SaMUEL G. LEVINE AND MONROE E. WaLL
RECEIVED NOVEMBER 17, 1958

Treatment of various steroidal olefins with acetyl hypobromite has yielded stable bromohydrin acetate adducts which, on

saponification, produced the corresponding $-oxides.
to scope, limitations and possible general advantages.

In the course of studies on the conversion of ster-
oidal sapogenins to cortical hormones it was nec-
essary to prepare a number of B-oxides from the
corresponding steroidal olefin. Conventionally,
hypobromous acid has been the reagent used for
this purpose®—f giving predominantly diaxial a-
bromo-B-hydroxy compounds which yield the 8-
oxide on treatment with base. Several features of
the hypobromous acid procedure seemed undesir-
able. This reaction is conducted in an acidic me-
dium which, frequently, is incompatible with a
spiroketal or other acid-labile functional grouping
and at times other side reactions (e.g., bromination)
occur. Most important, in some cases, our wish to
carry a stable intermediate through several stages

(1) Eastern Utilization Research and Development Division, Agri-
cultural Research Service, U. S, Department of Agriculture. Article
not copyrighted.

(2) (a) Presented in part at the 135th National A.C.S. Meeting,
Boston, Mass., April 5-10, 1959; (b) Paper L, Walens and Wall, Ta1s
JourNaAL, 81, in press (1959).

(3) (a) B. Ellisand V. Petrow, J. Chem. Soc., 4417 (1956); (b) R. K.
Callow and V. H, T. James, ibid., 4739 (1956); (c) J. Fried and E. F.
Sabo, TH1s JoURNAL, 78, 2273 (19853); (d) B. Léken, S. Kaufmann, G.
Rosenkranz and F. Sondheimer, ibid., 78, 1738 (1956): (e) N. L.
Wendler, D. Taub, S. Dobriner and D. K. Fukushima, ibid., T8, 5027
(1958); (f) E. P. Oliveto, C. Gerold and E B, Hershberg, ibid., 79, 3594
(1957).

This method is compared with certain alternative routes with regard

before closure to the B-oxide was precluded by the
lability of bromohydrins toward oxidation or even
the mildest base treatment. For these reasons, we
have explored the olefin addition of acetyl hypobro-
mite as a one-step method of preparing steroidal
bromohydrin acefates as our epoxide precursors.

—c[:_—_cl— + CH:;COIQr — Br:c—ICOCHCHa

1,2-Addition of an acyl hypohalite is thought to
be the first step of the familiar Prévost oxidation?
which, in cyclic olefins, leads to the corresponding
trans-diol. The Winstein-Woodward modification
leading to cis-diols has been similarly interpreted.®
In these cases, the intermediate iodohydrin ester
is not ordinarily isolated®; such addition products
have been obtained, though, from a variety of ali-
phatic and monocyclic olefins.* However, the addi-
tion of acyl hypobromites to unsaturated polycyclic
systems has received little attention.

(4) C. V. Wilson, ‘‘Organic Reactions,”” Vol. IX, John Wiley and
Souns, Inc., New York, N. Y., 1957, p. 350.

(5) R. B, Woodward and F. V. Brutcher, Jr., TH1S JourNaL, 80,
209 (1938).,

(6) See, however, W. S, Knowles and Q. E. Thompson, ibid., 79, 3212
(1957).



