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STEROID DERIVATIVES XXXvl.
THE ISOLATION AND THE CHARACTERIZATION OF 1B-HYDROXY-
11-DEOXYCORTISOL AS A BY-PRODUCT OF A MICROBIAL 11-

HYDROXYLATION

rd
Viadimir Schwarz, Miroslav Ulrich? and Karel Syhora
The Research Institute for Natural Drugs, Praha 9,
Czechoslovakia

From the microbial ll-hydroxylation of 17a,2l-dihydroxy-
pregn-4-ene-3,20-dione with Absidia orchidis, 18,17a,21-tri-
hydroxypregn-4-ene-3,20~-dione (I) was isolated as a by-product
and identified. The possible pathway of formation is discussed.
Also, some structural features of 2l~acetoxy-l7a-hydroxypregn-
4-ene-1,3,20-tricne {V), an oxidation procduct of I-acetate,

are outlined on the basis of spectral properties.

Following the course of microbial ll-hydroxylation
of 1ll-deoxycortisol (17« ,2l-dihydroxypregn-4~ene-3,20~dione)
with Absidia orchi&isa, we observed repeatedly a spot on
thin-layer chromatograms, indicating the presence of a sub-
stance, which was different from any of the usual products
of this transformation, i.e. cortisol (118,172,21-trihydro-
xypregn-4-ene-3,20~dione), lia-epicortisol (ila,1l7a,2i-tri-
hydroxypregn-4-ene~3,20-dione), and cortisone (17a,21-di-
hydroxypre gn-4-ene~3,11,20-trione). In a preparative expe-
riment, the crude transformation product was extracted with

ethyl acetate, and the substance was isolated from the ex-
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tract by fractional crystallization successively from a
methanol-chloroform mixture, chloroform, and acetone.

This chromatographically individuel substance (I),
m.p. 203-8°, /a/]]g9 + 8533°, corresponded to the elemental
composition of C21H3005 and showed the characteristic ab-
gorption in ultraviolet region of A4—3-ketone at 241 mp
(loge 4.18). The substence I was strongly positive toward
blue tetrazolium and ammoniacal silver oxide solution. By
oxidation with sodium bismuthate in 50% aqueous acetic acid
at room temperature, it afforded a mixture of products, from
which only androsta-l,4-diene~3,17-dione (VI) was isolated
in pure state. Acetylated under very mild conditions, i.e.
with acetic anhydride in acetone in the presence of triethyl-
amine, it atforded monoacetate II, whereas by the customary
acetylation with acetic anhydride in pyridine, it gave rise
to diacetate III isolated in amorphous form as its solvate
with methanol. By heating at 80-85° for several hours with
glacial acetic acid, the monoacetate II was dehydrated to
the known 2l=-acetoxy-l7a~hydroxy-pregna~l,4~-diene-3,20-dione
(IV). The easy dehydration under very mild conditions accounts
for a B-ketol grouping, and the structure of the dehydration
product IV located the hydroxyl in question in the l-position.
The constants of the substance I fit well with the constants
of 1B-hydroxy-ll-deoxycortisol (1B,l7a,2l-trihydroxypregn-

-4-ene-3,20-dione), already obtained from ll~-deoxycortisol

by l-hydroxylation with Rhizoctonis ferrugena4

genine by a partial synthesiss. The molecular rotation

or from rusco-
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differences for 1f~hydroxy=- or lp-acetoxy-group in the
substances I-III are similar as in other known compounds
of this structure (ecf. Teble I).

By oxidation of 2l-acetate II with chromium tri-
oxide in acetic acid, 2l-acetoxy-l7c~hydroxypregn-4-ene-
-1,3,20-trione (V) was formed in an excellent yield, and
this behaviour is in accordance with the ready oxidiza-
bility of 1B-hydroxyl with this reagent®. The B-diketone
grouping with the neighbouring conjugated double bond offers
various possibilities of enolization demonstirated by the
pertial formulse Va-d. As we are not aware of a closer re-
lated model structure, the wave~length of ultraviolet
maxime of substance V in methanolic solution at 245 and
282 mu (log e 3.56 and 3.71) may be well compared to those
of a saturated P-diketone, viz. a 16,20-diketopregnene
derivative, showing mexima at 241 and 285 mp (log € 4.23
and 3.73)%19, Those maxima are best interpreted by the tauto-
meric structure Vb, in which the A4-double bond should not
contribute to a bathochromic shift because it forms a cross-
-conjugated system. A plausible possibility cannot also be
ruled out that the substance is present, at least in part,
in its P=-diketo form Va. - In & basic medium, i.e. in a
1:1 mixture of methemol and 1N-aqueous sodium hydroxide,

& very strong bathochromic shif't of the longer-wave maximum
is observed of magnitude of 65 mu (from 282 to 347 mu;

log & 3.85), the shorter-wave maximum being unchenged at
245 mp (log € 3.85) as a shoulder (see Figure I). This very
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Table I

Molecular rotations differences

Compound [ Al
Pre gn-4~ene-3,20~-dione +635° 7 + 1660
1B~-Hydroxypregn-4-ene-3,20-dione + 466° ?

17x ,21~Dihydroxypre gn-4-ene-3 ,20- + 458° 7

~dione + 149°
18,17a,21-Trihydroxypregn-4-ene— + 309°
=3,20-d1one

21~Acetoxy~lTa-hydroxypre gn~4=~gne- + 447° 7,8
-3,20-dione + 140°
21~Acetoxg-15 17a~dihydroxypregn-~ + 307°

-4~-ene-3, 0-dione

Pregn-4-ene-3,20~-dione + 6350 7 + 3710
1f-Acetoxypregn-4~ene-3,20-dione + 264° >
21-Acetoxy-1Ta-hydroxypregn~4~ene= + 571° 750
-3,20-dione v 3770
18,21-Diacetoxy~17a-hydroxypre gn~ +194° ¥
~4-ene-3,20~dione

x Corrected for methanol of solvation

b

a Acetone, chloroform

significant shift permits us to conclude that conjugation
with a further double bond occured together with a change
from an heterocannular system to an homoannular one. More-

over, & relatively very small increamse of extinction accounts
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or’ Ohc OAc
1¢] Y 0
OR ...OH "'OH 0 "'OH
0 0 0
I, R=R=H Iv v
II, R=H,R =Ac

III, R=R=Ac

0
0 0 HO HO
VI Va Vb Ve vad

for the latter system, too. All these spectral properties
are in best accord with the fully enolized structure V4.
Under similar conditions of full enolization, the saturated
reference 16,20~-diketone shows maxima at 241 and 308 mu
(log £ 4.22 and 4.30, resp.), i.e. & bathochromic shift of
23 my only.

To the best of our knowledge, no example of l-hydro-
xylation was observed as a side reaction of microbial 11~
~hydroxylation as yet. A probable clue to our results may
be seen in a rather small stereospecificity of the enzymic

system of Absidia orchidis apparent also from the mixed lla-

and 1l1B-hydroxylation. Bearing in mind the closed steric

proximity of C(l) and C(ll)’ it is possible that the less
stereospecific enzyme brings the oxygen function (whatever
it is) in the neighbourhood of both mentioned carbons and

allows it to be distributed between them. A possibility of
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substitution into the axial la-position must be ruled out
in this case. A steric competition of the l1f-hydroxyl with
1la- or 1llB~hydroxyl is demonstrated by the absence of even
a trace of 1,11-dihydroxy-compound among the reaction pro-
ducts. Moreover, all attempts to achieve ll-hydroxylation
of 1B-hydroxy-ll-deoxycortisol (I) were unsuccessful 10.
From this point of view, it seems probable that the pro-
ducts of l-hydroxylation of 9a-fluorocortisol (9a-fluoro-
-118,17a,21-trihydroxypre gn~4~ene-3,20-dione) and related

substances with Rhizoctonia ferruggna4 or microorgenisms

of the genera Stregtogxcesll and Mortierell&lz, for which
the configuration of the l-hydroxy group was not estimated,
have the l-hydroxyl in the sterically more accessible

a-configuration.

EXPERIMENTAL

Melting points were determined on & Kofler micro-
stage., Thin-layer chromatography was carried out over
silica gel with 5% of plaster of Paris as a binder using
chloroform-ethanol mixtures in various proportions as
degeloping system. The samples for analysis were dried at
76~ and 0,01 mm., for 5 hours. Ultravioiet spectra were run
on Spectralphotometer Zeiss, Model VSU (quartz cell of
1 em, thickness) in ethanol. Infrared spectra were record-
ed on a double-beam apparatus Zeiss, Model UR-10 (NaCl-prism),
in about 6% chloroform solution.

The Isolation of 18,17x,21-Trihydroxypregn~4~ene-3,20-dione (I

Crude fermentation product (200 g) containing cortisol
(118,172¢,21~trihydroxypregn-4-ene-3,20~-dione) and lla-epi-
cortisol (1lla,17a,2l-trihydroxypregn-4-ene-3,20~-dione) as
the main components, was dissolved in 8 1 of hot ethyl acetate,



Nov. 1964 STEROIDS 651

and allowed to stand at room temperature overnight. The
crystalline mixture was filtered off, and the mother liquor
was concentrated to a smail volume. A crystalline mixture
resulted upon cooling, consisting (thin-layer chromatography)
predominantly of the expected compound I. The residual quan-
tities of the  main products, which separated in crystalline
form upon crystaliization from chioroform-methanol, were
filtered off, and the concentrated mother liquor was puri-

~ fied by repeated crystallization successively from chloro-
form and acetone. Chromatographically pure lp-hydroxy-1ll-
~deoxycortisol (2.3 g, 1.2%) was obtained, m.p. 203-8%;
/a/39 + 85° 23° (aioxan, ¢ 1.9); AEEH 241 np (1og £ 4.18);
y 3530,3390,3320,1710,1650,1609,888 cu™* 455
records m.p. 203-=7°, /a/p + 89° (dioxan). Anal. Calc’d for
C21H3005 (362,5): C, 69.,58; H, 8.34, Found: C, 69.365 H, 8.40,

« Literature

21-Acetoxy-18,17a~dihydroxypregn-4~ene~3,20-dione (II)

A solution of 300 mg., of 1B-hydroxy-ll-deoxycortisol
(I) in 15 ml. of acetone and 0.5 ml. of triethylamine was

treated with 0.6 ml. of acetic anhydride under reflux for

8 hours. A part of the solvent mixture was evaporated, and
the product was precipitated with water and worked up in

the usual manner, Crystellization from methanol afforded

310 mg. of the 2l-acetate II, m.p. 257-260°; /a/3% + 76° £3°
(acetone, ¢ 0.35); ASYH 241 my (log e 4.18); v 3470,3320,
1754,1722,1645,1607,1236,888 cm L, Anal, Cale’d for C

(40405): C, 68029; H, 7 .97 Found: C, 68-34; H, 8.13.

2383506
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18,21~Diacetoxy-17a-~hydroxypregn-4~ene-3,20~dione (III)
18-Hydroxy-ll-deoxycortisol (I) (206 mg.) was dried

by distillation with a few ml. of benzene and acetylated
with 0.5 ml. of acetic anhydride in 1 ml. of pyridine at
room temperature overnight. Worked up as usual, the reaction
mixture afforded 208 mg. of an oily residue which solidified
under methanol upon standing in @& refrigerator to give a
single amorphous product (by thin-layer chromatography)

m.p. 115-7°%; /a/]]s9 + 43,5° 22° (chloroform, ¢ 2.2);

NEEOH 241 mp (log £ 4.17); v 3480,1740,1730,1725,1665,

1615 cn™t. By repeated analyses, the substance was shown

to be solvated with 0.5 mol of methanol. Ansl. Cale’d

for 025H3407 « 0.5 MeOH (446.5 +16): C, 66.24; H, 7.87.,
Found: C, 66,205 H, 8,06,

21-Acetoxy-17a-hydroxypregna-1,4-diene-3,20-dione (IV)

A solution of 50 mg. of monoacetate II in 2 ml.
of glacial acetic acid was heated at 80~85° for 6 hours.
The reaction mixture was evaporated under diminished pres-
sure to dryness, and the crystalline residue was crystalliz-
ed from aqueous methanol to give 26 mg. of IV, m.p. 215-2210;
/a/]]g9 + 94° Z2° (chloroform, c O.S);lﬁggg
4,14); literature records’ MeP e 224-6°; /afy + 91°;

244 mu (log &
AEtOH
max
244rm}1(log's 4.16). A second crop of 13 mg. of IV, m.p.
213—8°, was obtained from the mother liquor. Anal. Calc’d
for CpsHs 05 (386.5): C, 71.48; H, 7.82. Found: C, T1.36;

H, 7.94.
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Oxidation of I with Sodium Bismuthate

A mixture of 200 mg., of I, 3.6 g. of sodium bismuth-
ate, 30 ml, of acetic acid, and 30 ml. of water was shaken
at room temperature for 3 days. The solids were filtered
off and washed with acetic acid, and the filtrate was
evaporated under diminished pressure. The olly residue
(170 mg.) consisting (thin-layer chromatography) of several
components, was chromatographed on a column of 17 g. of
silica gel. By elution with a 2:l-mixture of benzene-ether,
a fraction was obtained which afforded, upon preparative
thin-layer chromatography over alumina, 26 mg. of an indi-
vidual substance. This was identified (mixed melting point)
as androste-1,4-diene-3,17-dione, m.p. 136-90; 1iteraturel?
records mep. 140-1°, By elution with ether, 98 mg. of an
oily product was obtained which could not be brought into
a crystalline state, in spite of the fact that it showed
a single spot on thin-layer chromatogram, Judging from the
chromatographic mobility as well as from the ultraviolet
spectrum (AELOH

max
be the corresponding 1lP=-hydroxyandrostene derivative.

240 my, log € 4,06), this fraction should

21-Acetoxy-17a-hydroxypregn-4-ene-1,3,20-trione (V)

A solution of 1,0 g. of monoacetate II in 40 ml. of
glacial acetic acid was treated dropwise with a solution of
0.4 g. of chromium trioxide in 0.2 ml., of water and 1 ml.
of acetic acid. The reaction mixture was allowed to stand

at room temperature for 48 hours, and methanol was added
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to destroy an excess of oxidant. The reaction mixture was
diluted with water, and the crystalline precipitate was
taken up into ether and worked up in the usual manner,
Upon crystallization from methanol, 770 mg. of l-ketoderi-
vative V was obtained as light-yellow needle~like crystals,

m.p. 23244°%; /“/]233 + 46° 22° (chloroform, ¢ 0.9),7\?1221{ 245

MeOH-1N-NaOH(1:1)
max

245 (ahoulder) and 347 mp. (log £ 3.85 and 3.85); v 3510,1745,
1710,1593,1241 cu . Apal, Calc’d for C,gH; O (402.5):

and 282 mu (log £ 3.56 and 3.71, resp.), A

C, 68.63; H, T.51. Found: C, 68.43; H, 7.41.

ACKNOWLEDGEMENT

The authors express their thanks to Doc.Dr.Z.Cekan,
CeSc., for the interest be showed in this work, and to
Ing.J.Holubek, C.Sc., for spectral measurements and valuable
suggestions. 'i‘hey also appreciate the elementel analyses
of Mr.i.,Filip and Mrs.B.Datlov4,

REFERENCES

1. Part XXXIV.: This Journal, in the press (September, 1964).
2. Present address: Chemopharma n.p., Ust{ nad Labem.

3. Han&,0., Capek,A. and Tadra,M.: CESKOSLOV.FARM. 11, 181
(1962).

4, Greenspan,G., Schaffner,C.P., Charney,¥., Herzog,H.L. and
Hershberg,E.B.: J.AM,CHEM.SOC. 79, 3922 (1957).

5. Nussbaum,A.L., Carlon,F.E., Gould,D., Oliveto,E.P.,
Hershberg,E.B., Gilmore,M.L. and Charney,W.: J.AM.CHEM,
S0C. 81, 5230 (1959).

6. Schreiber,J. and Eschenmoser,A.: HELV.CHIM,ACTA 38, 1529
(1955).



Nov. 1964 STEROIDS 655

Te

8.

9.

10.
11.

12.

13.

14.

Mathieu,J.P. and Petit,A.: CONSTANTES SELECTIONNEES.
POUVOIR ROTATOIRE NATUREL. I. STEROIDES. Masson and C2°,
Paris, 1956.

Bernstein,S., Heller,M. and Stolar,S.M.: J.AM.CHEM.SOC.
77, 5327 (1955).

Inhoffen,H.H., Blomeyer,¥. and Bruckner,K.: CHEM.BER.
87, 593 (1954).

Protiva,J.: private communication.

McAleer,W.J., Kozlowski,ii.A., Stoudt,T.H. and Chemerda,
J.M.: J,ORG.CHEM. 23, 508 (1958).

Feldman,LoIo’ Rigler’NoEo and Shay,A.J.: U.S'.pa't.
2,962,423, CHEM,ABSTR. 55, 8756 (1961).

Ringold,H.J., Rosenkranz,G. and Sondheimer,F.: J.AM,
CHEM,SOC. 78, 820 (1956).

Djerassi,C. and Scholz,C.R.: J.ORG.CHEM, 13, 697 (1948).



