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reactions at 2qa!, 282, 6% 18-¢ and 19-* have not
as yet been duplicated by incubations with micro-
organisms. *

We wish to report that microbiological 28-
hydroxylation of 4-pregnene-17«,21-diol-3,20-dione
{I, Reichstein’s Compound S) has now been
achieved with the aid of several unidentified
Streptomyces species isolated from soil (Schering
collection numbers FC7-206, FC6-53S, DS 81-B).
Incubation of Compound S (600 mg.} in a peptone-
soybean meal-yeast extract—cerelose medium with
a 72-hour growth culture of Streptomyces sp. DS-
S1-B with rotary shaking at 28° for 48 hours af-
forded, after chloroform extraction and chromatog-
raphy, 35 mg. of 4-pregnene-283,17¢«,21-triol-3,20-
dione (II), m.p. 215-220° dec. Further recrystal-
lization from acetone-hexane raised the m.p. to
225.5-228° dec. and gave II with the following
constants: [a]®p —38° (dioxane), AM:9F 243 my
(e = 14,500), ANir' 3.01 x (OHJ, 3.81 u (20-
carbouyl), 5.94 u (3-carbonyl) and 6.18 u (AY);
three hydroxyl groups by integration of the OH
band. Caled. for CuH305: C, 69.38; H, K.34.
Found: C, 69.81; H, 8.76. A polymorphic modi-
fication of II exists which possesses an altered
infrared spectrum, AN 2.87 p (OH), 5.82 u (20-
carbonyl), 5.89 1 and 6.02 u (3-carbonyl) and 6.20
(A%). The latter polymorph is converted to the
former by recrystallization from acetone-hexane
and seeding with the former. The infrared spec-
tra of the two forms differed in considerable detail
from the 68. 1la, 118, 15« and 158-hydroxy de-
rivatives of I. The 2,21-diacetate of II, prepared
with acetic anhydride and pyridine melts at 218-
219°, [a]®D +9° (dioxane), AM2¥ 244 miy (e =
16,200), A¥ue! 2.73, 2.83, 2.97 u (OH),
(acetate carbonyl), 5.78 x (20 carbonyl), 5.9
(3-carbonyl), 6.16 u (A%), 8.06 x and 8.25 u (C-0
of acetate). Caled. for CyHsOr: C, 67.24;
7.68. Found: C,66.99; H, 7.74. The 21-monoace-
tate of II. prepared with one equivalent of acetic
anhydride in pyridine solution, melted at 234--
235°% [a]¥p —24° (dioxane), AM2® 243 my (e =
14,300), A\:EB 286 4 (OH), 5.71 u (acetate car-
bonyl), 5.76 ux (20-carbonyl), 5.95 u (3-carbonyl),
6.17 u (A% and 8.12 u (C-O-C of acetate). Caled.
for CosH305: C, 68.29; H, 7.97. Found: C, 68.00;
H, 7.63.

The structure of II has been assigned on the
basis of the following arguments and experiments.
Appearance of the conjugated carbonyl band at
5.94 u is interpreted as indicating a hydrogen bond
interaction between the carbonyl at 3- and an hy-
droxyl group on an adjacent carbon atom. This is
further substantiated by the observed interaction
of the neighboring acetate with the 3-carbonyl)
in the 2,21-diacetate of II as well. The observed
ultraviolet maximum of IT excludes 4- as a site for
neighboring hydroxvl since enols of «,3-diketones
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absorb in the region of 280 mu. Measurement
of the ultraviolet absorption in alkaline solutiorn,
according to Meyer,® after heating at 60° for 4
hours, afforded a curve which corresponded exactly
in location of maxima with the highly characteris-
tic curve from 2«-hydroxy-4-androstene-3,17-di-
one.> The rotation of the 2,21-diacetate of II dif-
fers markedly from that reported for 4-pregnene-
2a,17,21-triol-3,20-dione  2,21-diacetate® ([a]*D
+122° (chloroform), m.p. 200-202°, 215-217°
(polymorphs)). In like fashion II contrasts with
the 4-pregnene-2¢,17¢,21-triol-3,20-dione, [a]*D
+130° (chloroform), m.p. 219-221°. Since 28-
hydroxyl reaches equilibrium with 2e-hydroxyl in
mildly alkaline solution,” it is obvious that the
same alkaline ultraviolet spectrum must result
for both configurations in a given pair of 2-hy-
droxy-3-keto-A*-steroids.® Hence, II must con-
tain a 28-hydroxyl group.

The assignment is corroborated by the fact that
the predicted shift in molecular rotation {AM-
381)7 based on the only 28-hydroxy-3-keto-A*-
steroid known previously, 28-hydroxytestosterone
2,17-diacetate’ (23-hydroxytestosterone itself? is
characterized incompletely), is in reasonable agree-
ment with the observed values of the shift for 21-
acetate of I ws. 2,21-diacetate of II (AM-500).
This is especially noteworthy since the 23-hydroxyl
group contributes much more strongly to the
levorotation of 3-keto-A*-steroids than does any
other hydroxyl group.

It is known that hydroxyl groups at 2- or 6- in
3-keto-A*-steroids can be removed reductively by
mild treatment with zinc and acetic acid, affording
the parent steroid.” Treatment according to this
method converted II 2,21-diacetate into I 21-ace-
tate, indistinguishable from an authentic sample
by infrared comparison. )

We liope to report a more complete proof of
structure, relating IT with 28-hydroxytestosterone
by degradation, at a later date. The chemistry
of the 23-hydroxyl group, heretofore a rather in-
accessible function, is being studied. )

We wish to acknowledge the helpful advice of
Dr. André Meyer in the interpretation of the al-
kaline ultraviolet spectra.
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TRANSFORMATION OF STEROIDS BY FUNGIL
INTRODUCTION OF 1 AND 23-HYDROXYL
GROUPS INTO REICHSTEIN’S COMPOUND S.

Sir:
Heretofore, no unambiguous microbiologically
indiiced 1-hvdroxylation of sternid suhstrates has



TJuly 20, 1957

been observed.! In the preceding communication®
we have described the first 28-hydroxylation of
Compound S with Streptomyces sp. We wish now
to report the microbiological hydroxylation of 4-
pregnene-17«,21-diol-3,20-dione (I, Reichstein’s
Compound 8) in the 1¢£ and 28 positions by Rhizoc-
tonia ferrugena (CBS, Holland). The fermenta-
tion of I (3.0 g.) by R. ferrugena was carried out in a
medium containing corn steep liquor, ammonium
dihydrogen phosphate, yeast extract, dextrose,
soybean oil and calcium carbonate. In the fer-
mentation stage a forty-eight hour culture was
incubated with the steroid substrate (introduced in
ethanolic solution) on a rotary shaker for five
days at 23°. The culture filtrate was extracted
with chloroform and chloroform—methanol (4:1),
and the extracts were concentrated to dryness in
vacuo below room temperature. The residue was
redissolved in dry, acid and alcohol-free chloroform
and the solution was chromatographed on a silicic
acid adsorption column. A methanol-chloroform
gradient elution® was utilized to separate the two
steroidal transformation products and residual
substrate. The steroid substrate, I, was collected
in the first fractions, the 28-hydroxylated product,
II, in the middle fractions and the 1-hydroxylated
product, III, in the last fractions. Homogeneity
was indicated by paper chromatography.

Crystallization of the middle fractions from
chloroform—ether mixture afforded 101 mg. of 4-
pregnene-283,17«,21-triol-3,20-dione (II), m.p. 214~
220° dec. Further recrystallization from acetone—
hexane raised the m.p. to 220-222° dec. The in-
frared spectrum of II was identical with that of an
authentic sample,? and the mixed m.p. showed no
depression.

The crystallization of the last group of fractions
(Product III) afforded 163 mg. of crystalline solid,
m.p. 180-200° dec. Cautious recrystallization
from acetone—hexane without application of heat,
raised the m.p. to 193-207° dec. (with a transition
of about 170°), [a]®D +89 (dioxane) (corrected
for acetone of solvation), AXe2% 241 my (e = 16,500
~—corrected for acetone of solvation), A\ju! 2.83 u
(OH), 5.81 u (20-carbonyl), 6.04 u (3-carbonyl),
6.18 u (A*) (one additional polymorphic variety
has been observed.) Caled. for Cy;H305CsHeO:
C, 68.54; H, 8.63. Found: C, 68.41; H, 8.66.

The identity of III was established in the fol-
lowing manner. Integration of the hydroxyl
bands of the infrared spectrum confirmed the pres-
ence of three hydroxyl groups. Measurement of
the ultraviolet spectrum of III in alkaline solution*
showed a shift in the maximum to 245 mu but no
peak in the 380 mu region after two hours at 60°.
This is consistent with the conversion of a 1-hy-
droxy-3-keto-Af-steroid into a Al4-diene-3-keto-
steroid, which transformation would be expected
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to occur under these conditions. Also the ultra-
violet spectrum of III was strikingly different from
that of a 2-hydroxy-3-keto-Af-steroid in alkaline
solution.** The presence of the dienone among
the products from the alkaline treatment of III
was further substantiated by the measurement
of the polarographic reduction potential of the
solution.® A shift in the half-wave potential from
1.46 volts (III) to 1.31 volts (after alkaline treat-
ment) corresponds well to the shifts observed for
cortisone vs. prednisone (0.16 volt) and cortisol vs.
prednisolone (0.17 volt). Furthermore, pyrolysis
of a sample of III at the melting point for ten
minutes afforded a mixture of products whose in-
frared spectrum contained the characteristic Al4
diene-3-one bands.

Finally, a solution of IIT in glacial acetic acid
was refluxed for one hour. Upon concentration of
the solution 4% vacuo, chromatography of the res-
idue on Florisil and recrystallization from acetone -
hexane there was obtained 1,4-pregnadiene-17¢,21-
diol-3,20-dione, m.p. 237-240°, whose infrared
spectrum was identical with that of an authentic
sample.® From this evidence we conclude that the
structure of III is clearly 4-pregnene-1£,17¢,21-
diol-3,20-dione. The configuration of the I-hy-
droxyl group remains to be fixed.

With cortisol, cortisone, corticosterone, desoxy-
corticosterone, progesterone and testosterone trans-
formations occur upon incubation in the presence of
R. ferrugena as determined by paper chromato-
graphic examination of the product. The structure
of the transformation products in these instances
remains to be elucidated.

Other species of Rhzoctonia have effected the
transformation of I into cortisol, cortisone and 11-
epicortisol; a more detailed account of these
findings will be published subsequently. Addi-
tional conversion products obtained with organismis
of this genus are now under investigation.
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CYCLOPENTENE-3,5-DIONE

St
The synthesis of many substituted and un-
satttrated cyclopentane derivatives of theoretical



