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Analyses, 9%

Crystn. (in C=0 -~ Caled —  —~—--——Found Yield,
Ri R2 X YA M.p., °C. solvent EtOH) (») C H F F %
I H H H H 159.5-161 EtOH® 242 1690 74.47 8.88 6.20 74.54 9.12 5.01 70
11 CHiCO- H H H 182-183 EtOH-H:0 1687 72,38 8.39 5.45 72.12 8.40 5.42
111 CHCH:CO- H H H 146.5-147 EtOH-H:0 1688 72.90 8.62 5.24 72.49 8.94 5.32 .
IV H CH: H H 174-174.5 EtOH® 242 1683 74.96 9.12 5.93 75.17 9.53 6.10 42
vV H CH: H 8-OH 217-220 Acetone-petr,
ether 243 1690 71.39 8.09 5.65 71.79 8.51 5.6° 60
Vi H CHs A9:11 182-182.5 EtOAc 240 1698 75.44 8.5 5.97 75.27 8.95 5.96 53
VII H CHs F 8-OH  2884d.° EtOH-EtOAc 1680 67.77 7.96 10.72 68.08 8.20 9.67 8¢

o Conipound crystallized with bound solvent, driven off at 105° t» vacuo.
¢ Variable decomposition point, not indicative of purity.

tories, Wleatridge, Colo.

furan and methylene chloride!? to give 2.0 g. of the 2,9a-
difluoro conmipound VII melting at ca. 210-217° with decom-
position, and having an iufrared spectrum identical with that
of the product prepared by the direct route. Recrystalliza-
tion from a mixture of ethanol and ethyl acetate, in which it
dissolved sparingly, brought the sample to a comparable
degree of purity—n.p. 238-240° dec.
2-Fluoroprogesterone.—The mixture of isomeric alcohols
(0.02 mole) obtained by reduction with lithium aluminum
hydride of the 3-pyrrolidinyl enamine of progesteroie,®
and then removal of the pyrrolidine group,*3 was fluorinated
witli perchloryl fluoride ¢ia its glyoxalate, and the crude prod-
uct was oxidized in 67 ml. of methylene chloride solution by

(12) R. F. Hirschmann, R. Miller, J. Wood and R. E. Jones, THIS
JOURNAL, 78, 4956 (1956).
(13) M. E. Herr and F. W. Heyl, ¢bid., T5, 5928 (1933).

b Analysis by Huffman Micro-analytical Labora-
¢ Yield from VI via epoxide: 63.5%.

stirring overnight at room temperature with a solution of 4
g. of sodium dichromate dihydrate and 5.4 inl. of sulfuric
acid in 33 ml. of water. The oxidation products were chro-
matographed on Florisil; 2-fluoroprogesterone (2.05 g.) was
eluted by 109, acetone in Skellysolve B. The substauce
melted at 187-191° and was aialyzed; Agpax 242 mu (E
15,475), [@]p + 220° (CHCl;). Carbouyl bands appeared in
the infrared spectrum at 1700 (C-20) and 1690 em. ! (C-3).

Anal. Caled. for CyHxFO:: C, 75.87; H, 8.79; F,
5.71. Found: C, 75.98; H, 9.25; F, 5.24.

Acknowledgment.—We are indebted to Mr. John
D. Highstrete for technical assistance in many of
the preparations described.
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16a-Hydroxy Steroids. IV.!

Microbiological Reduction of Triamcinolone

By LELAND L. SMITH, JouN J. GARBARINI, JOSEPH J. GooDMAN, MICHAEL MARX AND
HaroLD MENDELSOHN

RECEIVED AUucUsT 20, 1959

Microbiological reduction of triameinolone and of 9a-fluoro-16a-hydroxyhydrocortisone with Corynebacterium simplex or

with Bacterium cyclo-oxydans yields the respective 208-dihydro derivative,
microdrganisms results in the loss of the C-1,2 double bond as well as reduction of the C-20 ketone.

Further reduction of triamecinolone by tliese
208-Dihydrotriameino-

lone forms a 16¢,208,21-triacetate, a 208,21-acetonide and a 16«,172;208,21-bis-acetonide.

The several reported syntheses of triamcinolone
(9a-fluoro-113,16«,17«,21 -tetrahydroxy - 1,4 - preg-
nadiene-3,20-dione) (II) involve microbiological
dehydrogenation of an appropriate A#-3-ketoster-
oid?? with the organisms Corynebacterium simplex,*
Bacterium cyclo-oxydans,® Mycobacterium vhodo-
chorus,® Nocardia corallina,® etc. As a competing
reaction we find that the 20-carbonyl group of tri-

(1) Paper III, L. L. Smith and T. Foell, J.
press.

(2) (a) S. Bernstein, R. H. Lenhard, W. S, Allen, M. Heller, R.
Littell, 8. M. Stolar, L. I. Feldman and R. H. Blank, THIs JOURNAL,
78, 5693 (1956); (h) 81, 1689 (1954).

(3) R. W. Thoma, J. I'ried, 8. Bonanno and P. Grabowich, ¢bid., 79,
4818 (1957).

(4) A. Nobile, W. Charney, P. 1.. Perlinan, H. L. Herzog, C. C.
Payne, M. L. Tully, M. A. Jevnik and E. B. Hershherg, ihirl., 77,
4184 (1955); A. Nobile, U. S. Patent 2,837,464 (June 3, 1958).

(3) H. A. Kroll, J. F. Pagano and R. W. Thoma, U. S. Patent
2,822,318 (Feb. 4, 1938).

Chromatography, in

amcinolone and its A'-3-ketone precursors is re-
duced by C. simplex and B. cyclo-oxydans, yielding
the 208-dihydro derivative III. The combination
of C-1,2 dehydrogenation and 20-carbonyl reduction
has been noted in other cases.*—*

Reduction of triamcinolene by either organisim
was manifested by the presence of a single very
polar, non-reducing component (III) on paper-
grams of fermentation broth extracts and of crude
steroid preparations isolated from fermentation
broths. While possessing the common character-

(6) (a) J. Fried and R. W. Thoma, U. 8. Patent 2,756,179 (July 24,
1956); U. S. Patent 2,799,600 (July 16, 1957); (b) S. A, Szpilfogel,
P. A. Van Hemert and M. 8. De Winter, Rec. trav. chim., 78, 1227
(1936); (c) D. Sutter, W. Charney, P. L., O’Neill, F. Carvajal, H. L.
Herzog and E. B. Hershberg, J. Org. Chem., 22, 578 (1957); (d) H.
Nawa, M. Uchibayashi, R. Takeda, I. Nakanishi, T. Kusaka, J.
Terumichi, M. Uchida, M. Katsumata, K. Voshimo and H. Fuji-
tami, Tetrahedron, 4, 201 (1958).
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istics of A!.4-3-ketosteroids of this series (character-
istic polarographic reduction behavior,”® sulfuric
acid spectra,® infrared spectra”!® and specific color
test!!) the polar steroid 1I1 did not absorb in the
infrared regions as expected for a saturated car-
bonyl group. Acetylation produced a triacetate
CoH3,00F, IV, and treatment with acetone—perchlo-
ric acid produced a bis-acetonide V. These several
points implied the structure 9a-fluoro-118,16«,-
17 «,20¢,21-pentahydroxy-1,4-pregnadien-3-one (20-
dihydrotriamcinolone) for the polar steroid III.
Chromatographic examination of mother liquor
fractions, etc., did not afford any evidence for the
presence of the 20-epimer of III.

Reduction of triamcinolone 16«,21-diacetate
(ITa) with sodium borohydride in methanol at 0°
according to the technique of Norymberski and
Woods,!? followed by acetylation, afforded the
same triacetate IV as was formed from 20-dihy-
drotrianicinolone prepared microbiologically. Hy-
drolysis of the chemically produced triacetate IV
gave the pentahydroxy ketone III identical in all
respects with the fermentation product III, thus
establishing the formulation of III as 20¢-dihydro-
triamcinolorne.

Attenipts to use the microdrganism C. simplex
for the preparation of 20-dihydrotriamcinolone on a
larger scale led to a further product of reduc-
tion, 9a-fluoro-118,16«,17 «,20£,21-pentahydroxy-4-
pregnen-3-one(VI). Reduction of the C-1,2 double
bond and of the C-20 carbonyl group has been re-
ported with another organism, Streptomyces hydro-
genans, acting on prednisone,!? and reduction of the
C-1,2 double bond of prednisolone in mammalian
systeins has been reported.!*

The same 20-dihydro A*-3-ketone VI may be
prepared by subjecting 9a-fluoro-116,16¢,17«,21-
tetrahydroxy-4-pregnene-3,20-dione (I) to the an-
aerobic action of C. simplex. The reversibility of
the A-ring dehydrogenation and some kinetic rela-
tionships between triamcinolone, its 1,2-dihydro
analog I, and their respective 20-dihydro deriva-
tives 11T and VI will be discussed more fully else-
where.?®

Acetylation of the 20-dihydro A*3-ketone deriva-
tive VI yielded a triacetate VII identical to the tri-
acetate prepared by sodium borohydride reduction
of 16a,21-diacetoxy-9a-fluoro-113,17a-dihydroxy-
4-pregnene-3,20-dione and subsequent acetylation.

{7) T. H. Stoudt, W. J. McAleer, J. M. Chemerda, M. A. Kozlow-
ski, R. F. Hirschmann, V., Marlatt and R. Miller, Arch. Biochem. Bio-
phys., B9, 304 (1953).

(8) P. Kabasakalian, $. DeLorenzo and J. McGlotten, Anal. Chem.,
28, 1669 (1956); P. Kabasakalian and J. McGlotten, THIS JOURNAL,
78, 5032 (1936).

(9) L. L. Smith and W. H. Muller, J. Org. Chem., 28, 960 (1958).

(10) E. Vischer, C. Meystre and A. Wettstein, Hely. Chim. Acta, 88,
835 (1955).

(11) L. I,. Smith aud T. Foell, Anal. Ches., 31, 102 (1959).

(12) J. K. Norymberski and G. F. Woods, Chemistry & Industry, 518
1954).

: (13; . Lindner, R. Junk, G. Nesemann and J. Schmidt-Thomé, Z.
physiol. Chem., 318, 117 (1958).

(14) A. Vermeulen, J. Ewmilocrinol., 17, iv (1958),
and 12, Caspi, J. Biol. Chem., 233, 54 (1958).

(15) J. 1. Goodman, M. May and L. L. Smith, J. Biol. Chem., in
press (1960).

(16) Compounds VI and VII were prepared by S. Bernstein and
R. H. Lenhard of these laboratories previously to and independently

of the work described here. The authors are grateful to Dr. Bernstein
for samples of these compounds.

A. Vermeulen
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Hydrolysis of the triacetate VII (prepared chemni-
cally) with base yielded the pentahydroxy Al-3 ke-
tonne VI identical with the microbiologically pro-
duced steroid.

20-Dihydrotriamcinolone III forms a bis-aceto-
nide V when treated with acetone and perchloric
acid; however acetone-hydrochloric acid causes
the formation of a mono-acetonide IX. Extended
exposure to this reagent does, however, yield a mix-
ture of mono- and bis-acetonides. The mono-ace-
tonide IX is the 20,21-acetonide, as a monoacetate
X is formed from IX by mild acetylation using
acetic anlydride-pyridine. The alternate formu-
lation as a 16a,17a-mono-acetonide (or as a 17aq,-
208-acetonide) would require that a 20,21-diacetate
(or 16«,21-diacetate) be formed under such condi-
tions.

Infrared absorption spectra in KBr disk of the
monoacetonide IX do not resemble spectra of tri-
amcinolone (or other 16q,17a-diol) 16«,17a-ace-
tonide as miich as do spectra of the 16¢,17«;20,21-
bis-acetonide V. In particular a prominent band
occurs in the 11.63-11.67 u region for a series of
known 16«,17a-acetonides of this type, such ab-
sorption being limited to a very minor band in the
spectra of the 20,21-acetonides IX and X.¥

An attempted Oppenauer oxidation using cyclo-
hexane of 20-dihydrotriamcinolone gave a non-re-
ducing reaction product, recognized as a 20¢,21-
cyclohexylidenedioxy derivative analogous to the
20¢,21-acetonide IX on the basis of infrared absorp-
tion spectra and papergram mobility. Similar ke-
tal formnation has been reported by Tschesche and
Lipp" in an attempted Oppenauer oxidation of
digifolein.

The configuration of the 20-carbon atom requires
some comment. From most previous experience
with sodium borohydride reductions of 20-ketoster-
oids, stereospecific reduction occurs to yield the
203-hydroxyl derivative.!?!? Similarly, microbio-
logical reduction of the C-20 carbonyl group of ster-
oids of this series by a variety of microdrgan-
1smsi—61%.20,21 hag resulted in formation of the 208-
isomer. These assigned configurations have been
based in their entirety on molecular rotational
changes attendant on acetylation of the C-20 hy-
droxyl group, according to the conventions sug-
gested by the Fieser’s and Sarett.*?

Reduction of triamcinolone microbiologically or
chemically results in a single 20-dihydro product.
This specificity is to be expected from the several
literature references cited with other steroid 20-ke-
tones. By analogy the 203-hydroxyl orientation is
suggested.

Examination of the molecular rotational incre-
ments for acetylation of the dihydro derivatives III
and VI indicate a negative contribution (Table I).

(17) The published spectra of the 20¢,21-acetonide of 17a-methyl-
20¢-dihydrocorticosterone shows significant absorption in this region,
however; C. Engel, Can. J. Chesn., 85, 131 (1957).

(18) R. Tschesche and G. Lipp, 4Anw., 615, 210 (1938).

(19) E. P. Oliveto and E. B. ldershberg, THis JoUrNaL, T8, 488

1953).
: <Sg; H. J. Hitbener and C. O. Lehmann, Z. physiol. Chem., 818, 124
(1958).

(21) D. Gould, R. Gutekunst and E. B. Hershberg, J. Org. Chem.,
22, 829 (1957).

(22) L. F. Fieser and M. Fieser, Experientia, 4, 285 (19538); I.
Sarett, TH1S JoURNAL, T1, 1175 (1949).
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The increment is anticipated as being positive in
sign for 208-hydroxy steroids, negative in sign (or
more negative than for the 208-epimer) for 20a-hy-
droxy steroids.2? 'The extension of these rotational
conventions into the area of 16«,17«,20,21-tetra-
hydroxy steroids may well be untenable, since there
is at present insufficient information regarding the
rotational increments of the individual 16«- or 20-
hydroxyl groups in the series on acetylation, or of

TaBLE I
MOLECULAR ROTATIONAL DATA FOR 20-DIHYDROTRIAM-
CINOLONE DERIVATIVES

Steroid [elD Solvent [MIp A[MIb
20-Dihydrotriamcinolone 4+ 15.1° Methanol + 60°
20-Dihydrotriamcinolone — 20.0 Methanol —105 —165°

16¢,208,21-triacetate — 2.4 Chloroform — 13
20-Dihydrotriamcinolone +101.8 Methanol +490 +430

diacetate + 80.3 Chloroform 4385
1,2,20-Tetrahydrotriam-

cinolone (dihydrate) + 49.5 Methanol +216
1,2,20-Tetrahydrotriam-

cinolone 16«,208,21-tri-

acetate 4+ 40.0 Chloroform 4210 — 6
Triamcinolone 16«,21- + 22 Chloroform 4105

diacetate + 63 Methanol +301
Triamecinolone + 67.1 Methanol + 264
1,2-Dihydrotriamecinolone

16¢,21-diacetate + 70 Chloroform 4336
1,2-Dihydrotriamcinoclone +108 Methanol +429
vicinal effects of the 16«,17«-diol systems. Some

rotational anomalies ascribed to vicinal interaction
of the 17a-hydroxyl with the 16a-substituent have
been mentioned by Allen and Bernstein??® in con-
nection with 16«,17a,21-trihydroxy-20-ketones.
An attempt to employ the correlations of band
position in the infrared with configuration at C-
(23) W. S. Allen and S. Bernstein, THIS JoURNAL, T8, 1909 (1956).

20%* was unrewarding. Although the triamcinolone
derivatives absorb in the regions of interest, no use-
ful argument could be developed.

The 208-configuration is assigned to III tenta-
tively on the basis of mode of formation (microbio-
logical and chemical).

If the reduction product of triamcinolone 16¢,21-
diacetate obtained with sodium borohydride is
isolated without further acetylation, a dihydro di-
acetate VIII is recovered. On acetylation the di-
hydro diacetate is converted to the dihydro-16e«,-
208,21-triacetate IV. Initial formulation of VIII
as the 208-dihydro-16«,21-diacetate was not sup-
ported by oxidative experiments or optical rotation
(Table I). Using the sodium bismuthate-trichlo-
roacetic acid conditions of Edwards and Kellie (de-
signed for cleaving vicinal diols) % the dihydro diace-
tate VIII was recovered unaltered. No alteration
product could be detected by papergram at any
time in the reaction mixture or in fractions ob-
tained during isolation. In view of the recognized
potential of acetyl groups to migrate in certain so-
dium borohydride reductions,?® it was deented un-
likely that VIII was indeed the 16«,21-diacetate,
but rather may be the isomeric 16«,208-diacetate.
This likelihood was not explored further.

Acknowledgments.—The authors are grateful
for aid in obtaining and interpreting infrared data
from W. Fulmor, ultraviolet spectra from W. H.

(24) H. S. Wiggins and W. Klyne, Chemisiry & Indusiry, 1448
(1955); R. N. Jones and G. Roberts, THIS JoURNAL, 80, 6121 (1958).

(253) R. W. H. Edwards and A. E. Kellie, Acta Endocrinol., 27, 262
(1958).

(26) D. Taub, R. D. Hoffsommer and N. L. Wendler, THIS JOURNAL,
81, 3291 (1959); P. Wieland, K. Heussler and A. Wettstein, Helv.
Chim. Acla, 41, 1657 (1958).



1440

Muller, and papergramn behavior from T. Foell.
Microanalytical data was obtained from L. Brarn-
cone.

Experimental®

9a-Fluoro-113,16¢,203,21-pentahydroxy-4-pregnen-3-one.
(VI).—To a growing culture of Corynebacterium simplex i
a medium® consisting of conimercial dextrose, 20 g./i.,
veast extract, 5 g./l., tryptone, 5 g./l., peptone, 5 g./1.,
calcium carbonate, 2.5 g./1. (26°, on a rotary shaker) was
added a solution of triamcinolone in dinethylformamide, so
that the final concentration of steroid was 500 ug./ml., and
the final volume of dimetliylformamide was ca. 19, of the
total.  After 24 hours of shaking (aerated) tlie shaker was
stopped and the fermentation allowed to continue for 6
hours without aeration. Polarographic analysis of broth
extracts indicated ca. 320 ug./ml. of At-3-ketone and ca.
80 ug./ml. of AL4-3-ketone. Papergram examination indi-
cated a single compouent (dctected witlt isonicotinic acid
hydrazide® ounly) with R; 0.13 (vs. triamcinolone, R¢ 0.42,
system II), negative to tetrazolium blue.

Tlie steroid was extracted from the broth with two equil
volume portions of ethiyl acetate, the combined extracts
were evaporated and tlie residue crystallized from acetone,
vielding 212 ing. of crystalline VI, hoinogeneous on paper-
grains. After several recrystallizations froin acetone,
aqueous acctone, aqueous 2-propanol, ete., VI dihydrate
was obtained, m. 132-145°, resolidifying 170-185° and re-
melting 227-231° dec.; {a]®D 4+49.5%; Apox 239 mpu (e
15,000); AREC* (E}7 ) 2 hours, 283 mu (346), 20 lours,
283 mpu (360), 370 mu (36); ANT 2.91, 3.39, 6.00, 9.39,
9.55, 11.25 u etc. Paper cliroinatographic mobility in
system I: 15 ent./16 hr., in systemn 118 R; 0.13 (17.5 cm./16
hours); uegative to tetrazolium blue, vellow fluorescence
with isouicotinie acid hydrazide reagent.

Anal. Caled. for CaHyOsF-2H,0: C, 58.03; H, 8.12;
I', 4.37; water, 8.29. Fouud: C, 58.26; H, 8.17; F, 4.22;
water (K¥), 9.93.

Tlhe sanple was ideutified as 9a-fluoro-118,16a,17,2083,-
21-pentalhiydroxy-4-pregnen-3-oue (previously prepared by
Berustein and Lenhard®) by contparisou of infrared spectra
and papergram beliavior.

16c,203,21-Triacetoxy-9«-fiuoro-118,17«-dihydroxy-4-
pregnen-3-one (VII).—Tweuty milligrams of VI was dis-
solved in 3 drops of pyridine to which 3 drops of acetic ai-
hydride was added.  After stunding overnight methanol was
added and the mixture was ¢vaporated repeatedly with ad-
dition of wethanol until the odor of pyridine could not be
detected. The residue, m. 271-274°, was identified as
impure VI triacetate by infrared spectra and papergrani
mobilities (compared witlt an authentic saniple prepared by
Bernstein and Lenhard!®).  Reerystallization from etlianol
vielded pure VII, n1. 274-278° dec. with presoftening from
2(36°. Recrystallization of the VII sample of Bernstein and
Leuhard (prepared by reduction with sodium borohydride
and acetylation) from etlianol gave a Kofler nielting poiut
of 274-277° dee. with presoftening from 265°. Infrared
speetra of tlie two pure samples were ideittical, and paper-
gram comparisons gave ideitical nobilities and color tests;
N (Ere ), 2 hir., 281 anp (295), 20 br., 281 mu (286);
A 2,80, 2.91, 3.38, 5.72, 6.00, 6.14, 6.94, 7.25, 801,
9.50, 11.20, 11.33 u, cte.; papergrant inobility, system V,
R; 0.16; system IV, R; 0.84; svstem II, R; 0.95; negative
to tetrazoliwin blue, typical vellow fluorescence with isonico-
tinic acid hiydrazide.
9a-Fluoro-113,16a,203,21-pentahydroxy-1,4-pregnadien-
3-one (III). (A) Microbiological Reduction.—The 1nicro-
biological conversion of 1 to triamicinolone is accomplished
in aerobic fenmentation using C. simplex and the conditions
deseribed by eitlier Nobilet or Kroll, ef al., for the nicro-
bivlogical dehydrogenation of other steroids. At the ter-
mination of the ferinentation, at whicli time no further de-

(27) Melting peiuts were taken on a Kofler block unless nated other-
Optical rototious were made on ca. .59 solutions in metha-
nnl; ather selvents are specifieolly nientioned.  Ultraviolet absarption
tieasurentents i ethanol and in concentrated sulfuric acid were re-
corded with tlie Cary recording spectrophotometer model 115, Infra-
red spectra were obtained on KBr disks using the Perkin—-Elmer mode!
21 deuble bewn iustrument.  Paper chrontatography was conducted
using methods already described . #3

(28) L. i.. Sniith, T. Foell, R. DeMaio and M. Halwer, J, Am.
Pharm. Assoc., 48, 328 (18539).

wise,
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hydrogenation occurs, the broth is extracted with methyl
isobutyl ketone, and the extracts are evaporated. The
crude crystalline triameinolone so obtained is contaminated
witli small amounts of very polar steroid, as witnessed by
partitionn chromatographic analyses.

A typical harvest fermentation producing triamecinolone
assayed 200 pg./ml. of At4-3-ketone and 18 pg./ml. of A%-3-
ketone polarographically. Tlie erystalline triamecinoloie
obtaiited by extraction and concentration assayed ca. 684
ug./mg. as triamcinoloue, 79 ug./mg. as a very polar com-
ponent, and ca. 880 ug. mg. total steroid (partition columnn
chromatograplly and polarographic assay). The polar
component was isolated by partition chromatography us
follows:

Twenty-five grams of crude trianicinolone containing the
polar compouent was partitionted on a 9-inch colunni charged
with 9.0 kg. of Celite diatomaceous earth moistened with
the lower phase of the solvent mixture dioxane—cyclohexaie-
water (5:2:1). The column was developed withi the upper
phase of tlie solvent mixture at a rate of 8 1./20 min., oue
hold-back volume (lt.b.v.) was 15 1. At 3.7 h.b.v. tri-
amecinolote was eluted, and at 6.4 h.b.v. tlie polar compo-
nent was eluted. The appropriate fractions were coucen-
trated iz vacuo at 24-26° to ca. 50 ml. Addition of ethyl
acetate and cliloroforni caused a precipitate of solids, 280
mg. (containing 203 mg. of spectropliotometric activity as
trianteinoloue), which liad greatly reduced infrared absorp-
tion at 5.80 u. The sainple was cliaracterized on paper-
grains as an ultraviolet absorbing spot at R¢ 0.10 (systein
II), negative to tetrazolium blue, negative to the dilute
ethianolie isonicotinic acid hvdrazide reagent but positive
to thie stroug methanolic reagent.!! From the other
liquors was recovered an additional 27.8 ing. of material
(24 mg. speetrophotometric activity). Crystallization of
the solids from ethyl acetate-ethanol-petroleum cther,
followed by several recrystallizations from ethanol-tolucne
and from ethanol vield pure 208-diliydrotriamcinolone, 1.
262-264° dec.; Amax 237 mu (e 14,800); AiZmo+ (E3%.), 2
lir., 259 niu (320); 309 mp (165), 20 hr., 259 mu (332), 308
mu (172), 350 uu (25, iuflection), 470 mu (28); AE); 2.88,
2.95, 3.37, 3.43, 6.01, 6.23, 9.40, 9.65, 11.11, 11.21 u, etc.;
papergrain mobility, R; 0.08 (system 1), R¢ 0.10 (systein
I1), color tests as described above for tlie crude preparationt.

(B) Chemical Reduction.—Five grams of triamcinoloe
16a,21-diacetate was dissolved i1 125 ml. of dry nicthanol,
cooled to 0-2°, and 0.6 g. of sodium borohydride was added.
Portions of the reaction mixture were withdrawn at cou-
venient intervals and spotted onto filter paper, dried mo-
meutarily, aund sprayed with alkaline tetrazolium blue re-
agent. After 35 minutes thie test was negative, at whicl
time the reaction mixture was diluted with 125 ml. of water
coutaining 1.5 ml. of glacial acetic acid. After coucen-
tration in vacuo to ca. 75 11l. the solution was extracted with
etliyl acetate, the extracts washed with saturated sodiumn
bicarbonate solutiou, with brine and witlt water, tlien dried
over anthydrous 1naguesiunt sulfate prior to coticentration
to dryness. The residue was dissolved in 13 ml. of dry py-
ridiine to which wuas added 3.3 1inl. of acetic anliydride.
After stauding overuiglit at room temperature 150 ml. of
niethanol was added, and tlie wixture was cvaporated to
dryness in vacuunt, Additional methanol was added, and
evaporation continued, ete., until the odor of pyridiue could
not be detected. The residue was dissolved in 21 ml. of
methianol, cooled in Dry Ice for 45 minutes aud filtered.
Tle crystals were waslied with inethianol and with petroleuin
etlier, yielding 2.8 g., A5« 239 mu (e 14,300).  Evaporation
of tlte inother liquors affurded an additional 1.2 g. of mate-
rial with Amex 239 mu (e 14,100).

The crude triacetate was recrystallized from ethanol con-
taining 2.59% of clitoroform by cooling to —10°, vieldiug
crystals, 3.0 g., n1. 283-285° dec. with presoftening from
268°. This niaterial is suitable for alkaline liydrolysis to
form the free aleohol I1I.

A solution of 1.0 g. of the triacetate IV in 75 ml. of dry
mietltanol was purged of air withh nitrogeu, and a shuilarly
purged solution of 145 mg. of sodium inetal in 30 ml. of
methanol was added. The solution was stirred under
uitrogeu for 15 minutes, quenched with 6 nil. of glacial acetic
acid, and evaporated to dryness in vacuo. The residue was
washed with water, yielding 0.7 g. of crude III, m. 257-
260° dec., hiomnogeneous on papergrains. Tlie product
was dissolved it 12 ml. of hot methanol and petroleun ether
(b.p. 30-60°) was added to turbidity. After 12 hours at
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room temperature the crystals were filtered, 0.3 g., Apax
239 mu (¢ 15,000), m. 263-265° dec. From the evaporated
filtrates an additional 0.4 g. of product was obtained which
on recrystallization yielded 0.2 g. of crystals, m. 262-264°
dec., Amax 239 mu (e 14,300), which was combined with the first
crop of III for purification. Recrystallization from meth-
anol-petroleum ether and from methanol several times
yielded an analytical sample, m. 262-263.5° dec.; [a]2?D
+15.1%; Amax 238 mu (e 14,600); AEZ04 (EI% )2 hr., 259
myu (326), 310 mu (163); polarographic half-wave potential,
—1.04 v. (triamcinolone —1.04 v.),*® with the same diffu-
sion current as triamcinolone; papergram mobility the same
as III described in (A) above; AEBF 2.95, 3.40, 6.01, 6.19,
6.21, 9.40, 11.20 u, ete.

Anal. Caled. for CyHxOF: C, 63.62; H, 7.37; F,
4.79. Found: C, 63.63; H, 7.49; F, 4.56.

Reacetylation of III produced by hydrolysis afforded
111 triacetate identical with IV prepared in other ways.

Recrystallization from ethanol of the analytical sample
111 originally prepared from methanol yielded a polymorph,
m. 263.5-264.5° dec.; with altered infrared absorption
spectra, different from III prepared from methanol, but
identical with III isolated from fermentation sources (see
(A) above) and crystallized from ethanol. Both poly-
morphs had identical papergram behavior.

Anal. Caled. for CyHyuOF: C, 63.62; H,7.37. Found:
63.55; H, 7.76.

16a,20B8-Diacetoxy-9a-fluoro-113,17«,21-trihydroxy-1,4-
pregnadien-3-one (VIII).—One gram of triamcinolone
16a,21-diacetate (11a) was dissolved in 25 ml. of dry metl-
anol and reduced with sodium borohvdride in the same
manner as described above for the preparation of IV. In-
stead of acetylating the crude reduced steroid to form IV,
the residue obtained from the ethyl acetate extracts was
dried well and induced to crystallize from acetone (otte week
at room temperature), yielding needles, 880 mg., homo-
geneous on papergrams ( Ry in system IV, 0.57 vs. Ry of tri-
amcinolone diacetate 0.86), negative to tetrazolium blue.
Reerystallization from acetone and from acetone-petroleum
ether yielded the pure diacetate, m. 253-256.5° dec.; [a]2?D
+101.8°, +80.3° (chloroform); Ama.x 239 mu (e 14,780);
A\KB- 201, 3.43, 5.74, 6.02, 6.20, 6.24, 7.29, 8.04, 9.36,
11.2 u, ete.

Anal. Caled. for CyHsO:F: C, 62.49;

3.95. Found: C, 62.61; H, 7.38; F, 3.99.

16¢,208,21-Triacetoxy-9a-fluoro-118,17«-dihydroxy-1,4-
pregnadien-3-one (IV), (A) Microbiological Source.—
Fifteen milligrams of III isolated from fermentation sources
was acetylated in tlie usual manner with 0.5 ml. of pyridine—
0.2 ml. of acetic anhydride. After decomposition with
methanol and evaporation the residue was crystallized from
methanol-acetone, m. 288-300° dec., and recrystallized
from etlianol, m. 305.0-307.0° dec. The infrared absorp-
tion spectra (in KBr disk) was superimposable on that of
another sample of III prepared by chemical reduction ac-
cording to section (B) below. In addition, spectra in sul-
furic acid were identical with those listed under (B).

(B) Chemical Reduction Source.—One hundred milli-
grams of the 20-diliydrodiacetate VIII was dissolved in 0.75
ml. of pyridine and 0.20 ml. of acetic anhvdride was added.
After standing overnight at room temperature the mixture
was diluted with methanol and then evaporated. More
methanol was added and the evaporation repeated until the
odor of pyridine could not be detected. The residue was
crystallized from methanol, from methanol-acetone, and
finally from acetone, yielding crystals, m. 305.0-307.0° dec.;
[@]22D —20.0°, —2.4° (chloroform); Apax 238 mu (e 14,930);
AB#80s (Ei%.): 2 hr., 259 mpu (243), 309 mu (111) (with
Amsn 284 mu), 20 hr., 259m u (238), 308 mu (114) (with
Amie 283 mu); NEBF 2.85, 2.92, 3.38, 5.71, 5.98, 6.16, 7.23,
8.00, 9.45, 11.16 u, etc.

Anal. Caled. for C27H3509F: C, 6205;
3.64. Found: C, 62.08; H, 6.70; F, 3.44.

Tlie tliree sources of IV, from fermentation III, from
acetylation of isolated VIII (and from acetylation of non-
isolated VIII), together with IV prepared from cliemically
reduced III, afforded ideutical triacetates according to all
criteria of identity imposed.

H, 6.92; F,

H, 6.75; F,

(29) L. L. Smith and M. Halwer, J. Am. Pharm. Assoc., 48, 348
(1959).
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9a-Fluoro-118,16a,17«-dihydroxy-2083,21-isopropylidene-
dioxy-1,4-pregnadien-3-one (IX).—One gram of 20-dihy-
drotriamecinolone was slurried in 50 ml. of acetone contain-
ing 1 ml. of concentrated hydrochloric acid and placed on a
rotary shaker for 30 minutes at room temperature. One
hundred milliliters of acetone and 125 ml. of saturated
aqueous sodium bicarbonate solution were added, the mix-
ture shaken for 5 niinutes, filtered and 250 ml. of water
added to the filtrate. After concentration in vacuum to ca.
325 ml. the crystals formed were filtered and washed with
100 ml. of water. The acetonide was dried ¢n vacuo at 50°
for 20 hr., 800 mg., m. 278-280°, R; (system V) 0.21,
homogeneous, negative to tetrazolium blue, positive to iso-
nicotinic acid hydrazide (strong) reagent. Recrystalliza-
tion from acetone/water yielded an analytical sample, m.
276-277°; [a]?*p +28.8°, +40.2° (chloroform); Agax 239
mp (e 14,850); ANR204 (E1% 3 2 hr., 258 myu (273), 308 mu
(163), 20 hr., 259 mu (302), 308 mu (153) (with Agj, in each
case at 285 muyu); AEEr 2,95, 3.43, 6.02, 6.17, 6.22, 7.28,
7.31, 9.38, 11.2] u, etc.; papergram mobility, R; (system
V) 0.21.

Anal. Caled. for CpuHpOeF: C, 66.03; H, 7.62; T,
4.35. Found: C, 65.87,65.84; H, 7.74, 7.72; F, 4.62.

When the reaction mixture was allowed to stand at room
temperature for 20 hours the product obtained was a mixture
of the mono-acetonide and the bis-acetonide, as determined
by papergram analysis.

9a-Fluoro-118-hydroxy-16a,17«;208,21-bis-isopropyl-
idenedioxy-1,4-pregnadien-3-one (V). A. From III.—
To a slurry of 200 mg. of III in 10 ml. of acetone was added
0.06 ml. of 709, perchloric acid, and the resulting solution
was shaken for 55 minutes at room temperature. The acid
was neutralized with saturated sodium bicarbonate solution
(1.6 ml.), the mixture filtered, and the filtrate diluted with
7 ml. of water, After concentration <n vacuo to ca. 7 ml.
the crystals were filtered, washed with water and with pe-
troleum ether, and then vacuuin dried at 50°, 203 mg.,
homogeneous on papergrams. After recrystallizations
from acetone-water, m. 290-291°; [a]22D +61.5°, +67.0°
(chloroform); Amax 289 mu (e 14,800); papergram mobility,
R; (system V) (.79, negative to tetrazolium blue,
yellow fluorescence with isonicotinic acid hydrazide; AH250¢
(Efm): 2 hr., 258 mu (262), 308 mu (134), 20 hr., 258 mu
(258), 308 mu (132), all with Amsa 285 mu; AEE 2.95, 3.38,
3.43, 6.01, 6.17, 6.21, 7.25, 7.31, 8.09, 9.43, 11.18, 11.27,
11.67 u, etc.

Anal. Caled. for CuHyuOsF: C, 68.04; H, 7.83; F,
3.99. Found: C, 68.01; H, 7.86; F, 4.12.

(B) From IX.—A solution of 100 mg. of IX in 5 ml. of
acetone containing 0.03 ml. of 709, perchloric acid was held
at room temiperature for one hour, and then worked up
according to (A) above, yielding 82 mg., m. 292-293.5°,
R¢ (system V) (.78; infrared absorption spectra identical
with that of V prepared under (A).

16a-Acetoxy-9a-fluoro-113,17«-dihydroxy-208,21-iso-
propylidenedioxy-1,4-pregnadien-3-one (X).—To a solution
of 500 mg. of the 208,21-acetonide IX in 3.0 ml. of pyridine
was added 0.8 ml. of acetic anhydride. After standing
overniglit at room temperature the reaction mixture was
worked up it the usual manuer. The residue so obtained,
520 mg., m. 268-270°, was recrystallized from methanol-
pyridine-water and from methanol, and yielded the pure
acetonide acetate IX, m. 266-268°; [«]??2D —18.1°, —19.7°
(chloroform); Amax 238 mu (e 15,100); MEBM (EIZ ). 2
hr., 258 mu (306), 308 mu (143), 20 lir., 259 mu (297), 307
mu (135) (Ams» in eacli case, 285 mu); papergram mobility,
R; (system V) 0.50, (system VI) 7.5 em./16 hr.; negative
to tetrazolium blue, yellow fluorescence with isonicotinic
acid liydrazide (strong) reageut; AEPT 2.40, 3.40, 3.47,
5.78,6.01, 6.15, 6.25, 7.30, 8.09, 9.50, 10.23, 11.20, 11.25 u,
ete.

Anal. Caled. for C25H350,-F: C, 65.25; H, 7.37; F, 3.97.
Found: C, 65.68; H, 7.64; F, 3.91.

208,21-Cyclohexylidenedioxy-9«-fluoro-118,16a,17a-tri-
hydroxy-1,4-pregnadien-3-one.—One gram of 20-dihvdrotri-
amecinolone was suspended in 300 ml. of toluene and 200 ml.
was distilled off. A solution of 1.0 g. of aluminum isopro-
poxide in 230 ml. of toluene was also distilled to dryness.
The two solutions were niixed and 100 ml. of freshly dis-
tilled cyclohexanone was added with 100 ml. of toluene.
After five hours of slow distillation a positive reaction to
alkaline tetrazolium blue was noted, and the reaction mix-
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ture was filtered hot and the filtrate concentrated to a gum
in vacwo. The gum was crystallized from 609, aqueous
isopropyl alcohol, yielding 680 mg. of the ketal, m.p. 214—
215° (capillary); Amax 239 mu (e 14,600); mobility R: 0.45
(system V) compared with 208-dihydrotriamcinolone at
R; 0 and with triamcinolone 16a,17«-acetonide at R; 0.16;

K. Tsupa, K. Sakal, K. TANABE AND Y. KISHIDA
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negative to tetrazolium blue reagent; AEEF 2.91, 3.41, 6.01,
6.17, 6.23,6.91, 8.60, 9.06, 9.36, 9.45, 10.70, 11.24 u, etc.

Anal. Caled. for CyHyO6F: C, 68.04; H, 7.83; F, 3.99.
Found: C, 66.36; H, 7.99; F, 3.84.

PEARL RIVER, N. Y.
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Steroid Studies. XVI.!

Isolation of 22-Dehydrocholesterol from Hypnea japonica

By Kvosuke Tsubpa, Kivosar Sakal,? KarsuMI TANABE? AND YUKICHI KISHIDA?2
RECEIVED JULY 27, 1959

22-Dehydrocliolesterol was isolated fromn a species of red algae, Hypnea japonica.

Previous reports from these laboratories® and
others* have indicated that only fucosterol (Cgs-
sterol) is generally to be isolated from various
species of brown algae,® while more recently
cholesterol (Cg-sterol), a characteristic animal
sterol, was found to occur without exception in all
fifteen species of red algae so far examined in
these laboratories. 3.6

It would thus appear that fucosterol is the
characteristic sterol of the brown algae and choles-
terol is the common sterol not only in the animal
kingdom but in red algae. It is, therefore, of
considerable biogenetic interest to report in this
paper the isolation of a cholesterol analog, 22-de-
hydrocholesterol, from a species of red algae,
Hypnea japonica Tanaka.

The sterol reported in this paper was isolated as
a non-saponifiable matter from the extract of the
dried and powdered alga and showed m.p. 134-
135.5°, o?"p —56.3°, on purification by successive
chromatography of its acetate and of the free
sterol on alumina.

The homogeneity of the sterol was confirmed by
the appearance of a single orange colored zone on a
silicic acid—Celite column when the p-phenylazo-
benzoyl ester was subjected to chromatography
according to the method of Idler, et al.;” the melting
point and optical rotation value of the sterol
regenerated from the azoyl ester thus purified re-
mained unchanged.

(1) Preceding paper, E. Ohki, Chesn. Pharm. Bull. (Tokyo), in press.

(2) Takamine ILaboratory, Sankvo Co., Ltd., Shinagawa, Tokyo.
Japan.

(3) (a) K. Tsuda., R. Havatsu, Y. Kishida and 8. Akagi, THIS
JourxaL, 80, 021 (1958); (b) K. Tsuda, S. Akagi, Y. Kishida, R.
Hayatsu and K. Sakai, Chem. Pharm. Bull. (Tokyo), 6, 724 (1958);
(¢) R. Hayatsu, Pharm. Bull. (Tokyc), B, 452 (1937).

(4) 1. M. Heilbron, R. F. Phipers and H. R, Wright, Nature, 133, 419
(1934); J. Chem. Soc., 1572 (1934); D. H. Coffey, I. M. Heilbron,
F.S. Spring and H. R. Wright, ibid., 1205 (1935); 1. M. Heilbron, E. G.
Parry and R. F. Phipers, Biochem. J., 29, 1376 (1935); D. H. Cofley,
I. M. Heilbron and F. $. Spring, J. Chem. Soc., 738 (1936); P. W.
Carter, 1. M. Heilbron and B. Lythgoe, Proz. Roy. Soc. (London),
B128, 82 (1939); H. B. MacPhillamy, THrs JourwaL, 64, 1732

(1942), D. H. Heyv, J. Honeyman, W. G. Peal, J. Chem. Soc., 2881
(1950); W. Beigmann and M. Klosty, THIs JoURNAL, 73, 2035
(1951).

(5) We have also found that @ new sterol, sargasterol, 20-isofucos-
terold occurred concomitantly with fucosterol in twa species of brown
algae (Sargassum ringgoldiansvm and Eisenia bicyclis).

(6) K. Tsuda, S. Akagi and Y. Kishida, Science, 126, 927 (1957);
K. Tsuda, 8. Akagi and Y. Kishida, Pharm. Bull. (Tokyo), 6, 101
(1958).

(7) D.R. Idler, S. W. Nicksic, D. R. Johnson, V. W. Meloche, H. A.
Schitette and C. A, Baumann, THIS JourNaL. 76, 1712 (1853).

The sterol formed a monoacetate, m.p. 127-128°,
and a monobenzoate; the latter melted at 145-
146° to milky white, showing a characteristic
fluorescence, and clears at 167-170° with sudden
disappearance of a play of colors.

The steryl acetate afforded on treatment with
bromine a tetrabromide, m.p. 186-187° dec., and
on hydrogenation over platinum oxide in acetic
acid at 1 atm. pressure gave a saturated acetate,
m.p. 109-110°, which was identical with choles-
tanyl acetate by mixed melting point and infrared
spectra. The sterol must be therefore a doubly
unsaturated cholestanol.

Oppenauer oxidation of the sterol gave a stenone,
m.p. 69-70°, absorbing at 240.5 mu (e 18.000) in
the ultraviolet region, and on treatment with
ozone the steryl acetate furnished isovaleraldehyde,
whose 2,4-dinitrophenylhydrazone, m.p. 121-123°,
was identified with an authentic sample by mixed
melting point and infrared spectra.® Two ethyl-
enic linkages were thus shown to be at C; and Ca,,
and this was also supported by the infrared absorp-
tion bands at 798, 840 (A% and 970 cm. ~! (A??),®

From these results the sterol in Hypnea japonica
was clearly shown to be 22-dehydrocholesterol,
already synthesized by Bergmann and Dusza who
expected its natural occurrence on biogenetic
grounds.!® The physical properties of synthetic
and natural sterols and some of their derivatives
are in good agreement as shown in Table I.

Experimental!

Extraction and Purification of 22-Dehydrocholesterol.—
Dried, powdered Hypnea japonica (8.5 kg.) was extracted
twice witlt 40 1. of boiling benzene for 25 hours. The dark
brown oil (44 g.) obtained after removal of the solvent was
saponified with a mixture of inethanol (50 ml.), benzene (10
ml.) and 409 aqueous sodium hydroxide solution (20 inl.)
by refluxing for 2.5 liours. The cooled reaction mixture was
diluted with 150 ml. of methanol and 100 ml. of water and
then extracted four times with benzene. Tlie combined
extract was washed twice witli 409, aqueous metlianol solu-

(8) We have noticed that a-methylisovaleraldehyde 2,4-dinitro-
phenylhydrazone (m.p. 120-121°) obtained on ozonolysis of ergosteryl
acetate showed only slight depression (cez. 1°) of melting point on
admixture with isovaleraldehyde 2,4-dinitrophenylhydrazone; how-
ever, the infrared spectra were different in the finger-print region, the
fornter exhibiting bands at 829, 834 and 989 cm. ~! und the latter at
833, 840 and 960 cm. "L

(%) A. R. H. Cole, “Progress in the Chemistry of Organic Nataral
Products,” Vol. XIII, Springer-Verlag, Wien, 1936, p. 41.

{10) W. Bergmann and J. P. Dusza, J. Org. Chem., 23, 1245 (1938).

(11) All melting points are uncoirected. The optical rotations are
for chloroform solutions unless other wise nated.



