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This final fraction was converted to the barium salt, recon-
verted to the cyclohexylammonium salt, and then subjected
to preparative paper chromatography to remove Ry 0O
material, as described for the a-anomer. The cyclohexyl-
ammonium g-p-ribofuranose 1-phosphate thus purified
showed [a]?’p —15.8° in water (¢ 1.2) and was chromato-
graphically pure although it could not be distinguished from
its a~anomer using isopropyl alcohol-ammonia-water.

21-AMINO-SUBSTITUTED 9«-FLUOROHYDROCORTISONES

1265

Anal. Caled. for C:Hy»yN,O.P (412.47): C, 49.50; H,
9.04; N, 6.79; P, 7.51. Found: C, 49.13; H, 9.30; N,
6.79; P, 7.11.

Acknowledgment.—Analyses were performed by
the Institute’s Analytical Services Unit under the
direction of Mr. H. G. McCann.
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16a-Hydroxy Steroids. XII.'**

21-Amino Derivatives of 9a-Fluorohydrocortisone

By LELAND L. SMmITH,® MI1cHAEL MARX, HAROLD MENDELSOHN, THEODORE FOELL® AND
JosepH J. GooDMAN

RECEIVED AUucUsT 18, 1961

Fermentations of 9a-fluorohydrocortisone with Streptomyces roseochromogenus afford as a minor product a steroidal
amide, 21l-acetylamino-9a-fluoro-118,17a-dihydroxy-4-pregnene-3,20-dione, whose isolation, characterization, structural
elucidation, and synthesis from 9a-fluorohydrocortisone are described. A synthesis of thie 21-amino analog of 9«-fluoro-

hydrocortisone is also described.

The complex alteration of 9a-fluorohydrocorti-
sone (I) by Streptomyces roseochromogenus includes
16a-hydroxylation,? 28-hydroxylation,? 20-carbonyl
reduction,* together with D-homoannulation of the
16a-hydroxylated products® and conversion to
other non-reducing products. In a continuing
study of the bioconversions of this microdrganism
on 9a-fluorohydrocortisone, we have noted the
regular occurrence in a variety of fermentation
samples of one non-reducing component II, located
midway between the substrate I and the major
fermentation product 16a-hydroxy-9«-fluorohydro-
cortisone (III) on standard paper chromatograms.
Instrumental evaluation of the fluorescence of the
isonicotinic acid hydrazones on paper chromato-
grams indicated that about 4-59, of the substrate
could be accounted for as the non-reducing com-
ponent II.

The steroidal nature of II was supported by in-
frared spectra of papergram eluates. However,
major concern for the structure of the compound
was provoked by strong bands at 6.5 u, implying
that the steroid contained nitrogen.

Isolation of II from very complex extract con-
centrates from which 16a-hydroxy-9e-fluorohy-
drocortisone had been removed by crystallization
and from which other 16,17 a-diols were removed
as their water-soluble 16«,17a-cyclo borates has
been described.® The pure II was recognized as a
neutral polyhydroxy-A*-3-ketosteroidal amide, Cos-
HyO3NF, from which a Al4-3-ketone analog IV,
CysHOsNF, was prepared microbiologically.
Physical properties of the amides II and IV dif-
ferentiated them from naturally occurring steroidal
amides such as the toad poisons, bile acid conju-
gates, etc., and from the nitrogenous steroid prep-

(1) (a) Paper XI, J. J. Goodman and L. L, Smith, App. Microbiol., 9,
372 (1981); (b) Wyeth Laboratocies, Philadelphia, Pa.

(2) R. W, Thoma, ]. Fried, S. Bonanno and P, Grabowich, J. Am,
Chem. Soc., 19, 4818 (1957).

(3) L. L. Smith, H. Mendelsohn, T. Foell and J. J. Goodman,
J. Org. Chem., 36, 2859 (1961).

(4) L. L. Smith, T. Foell and J. J. Goodman,
in press,

(56) L. L, Smith, M, Marx, J. J. Garbarini, T. Foell, V. E. Origoni
and J. J. Goodman, J, Am. Chem. Soc., 82, 4616 (1960),

Biochemisiry,

arations of Voigt and Schroeder,? steroid-nucleotide/
purine  complexes, steroid-polypeptide/protein
complexes, and from various synthetic and derived
steroid amine and amide compounds.’

From the characteristic infrared absorption near
3, 6 and 6.5 u exhibited by both amides ITand IV, a
non-cyclic secondary amide was suggested. Ab-
sorption in these regions is characteristic for non-
cyclic secondary amides in general® and for such
steroidal amides in particular.! Whereas some
non-cyclic steroidal secondary amides have been
reported without the amide II bands near 6.5 u, no
steroidal secondary amide (cyclic) or tertiary amide
is known to us with absorption near 6.5 u.

Neither amnide I nor IV was acetylated by acetic
anhydride and pyridine at room temperature,® nor
was a cyclic acetonide derivative formed between
II or IV with acetone-perchloric acid. Mild acid
hydrolysis of IV afforded a 16-dehydro amide V,
recognized as such by loss of absorption at 5.8 u
and increased absorption at 6.0 p and at 238 mug.
No hydrolysis occurred with base (as strong as
10 N) at room temperature, and no steroids could
be isolated when hot alkali was used. Further
experiments aimed at amide hydrolysis were not
fruitful.?*

(6) K. D. Voigt and W. Schroeder, Nature, 176, 599 (1955); W,
Schroeder and K. D. Voigt, Acta Endocrinol., 21, 343 (1956); 27,
110 (1958).

(7) K. D. Voigt and G. Kallistratos, Endokrinol., 85, 56 (1958).

(8) L. J. Bellamy, “The Infra-red Spectra of Complex Molecules,”’
1st Edition, Methuen and Co., Ltd., London, 1954, pp. 175-196.

(9) G. Rosenkrantz, O. Mancera, F. Sondheimer and C. Djerassi,
J. Org, Chem., 21, 520 (1956); K. Heusler, P. Wieland and A, Wett-
stein, Hely, Chim. Acta, 41, 997 (1958); Y. Sato, ¢t al., J. Org. Chem.,
22, 1496 (1957); 24, 893 (1950); 25, 783, 786, 789 (1960); V. Cerny
and F. Sorm, Coll. Czech. Chem. Commun., 24, 4015 (1959): 28, 2841
(1960); B. G. Ketchum and A. Taurins, Caen. J. Chem., 88, 981 (1960);
M. M. Janot, Q. Khuang-Huu and R. Goutarel, Bull. soc. chim. France,
1640 (1960).

(10) Forced acetylation with acid catalysis gave complex products
which did not absorb at 6.5 u, but exhibited O-acetate bands.

(11) 6 N hydrochloric acid-acetic acid gave complex products
without 6.5 u absorption, which on reacetylation absorbed in the region
of O-acetates rather than near 8.5 u. Hydrolysis o£ steroidal amides
has generally been a problem; cf, L. Labler and F, Sorm, Coll. Czech.
Chem. Commun., 28, 265 (1960); F. Ramirez and 8. Stafiej, J. Am.
Chem. Soc., T7, 134 (1955); R. H. Mazur, ibid., 81, 1454 (1959);
J. Schmidt-Thomé, Chem. Ber., 88, 895 (19565); ref, 12.
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Fig. 1.—Proton nuclear niagnetic resonance spectra (60
mc.) of 21-acetylamino-9«-fluoro-118,17a-dihydroxy-4-preg-
nene-3,20-dione (II) in pyridine—deuteriochloroform (1:7).

The Al4-3-ketone IV was degraded by sodium
borohydride reduction, followed by sodium bis-
muthate oxidation to a known 17-ketone Qa-
fluoro - 118 - hydroxy - 1,4 - androstadiene - 3,17-
dione (VII).!? Preparation of VII from 9«-fluoro-
prednisolone (VIII) by bismuthate oxidation and
from 9a-fluoro-113-hydroxy-4-androstene-3,17-
dione by selenium dioxide oxidation established its
structure.

A structure thus suggested for IV is that of 21-
acetylamino - 9« - fluoro - 118,17« - dihydroxy-
1,4-pregnadiene-3,20-dione, and for II that of 21-
acetylamino - 9« - fluoro - 118,17« - dihydroxy-
4-pregnene-3,20-dione.

Proton nuclear magnetic resonance spectra sup-
port in detail the suggested structures. Three
non-equivalent methyl group resonances are pres-
ent in the spectra of both amides II and IV in
pyridine. The two high-field resonances are as-
sociated with the angular Ci- and Cis-methyl
groups. The third resonance is associated with a
methyl group adjacent to a carbonyl group, thus an
acetyl group.?* Spectra in pyridine diluted with
deuteriochloroform gave additional information.
The three high-field methyl resonances, vinyl pro-
ton resonances (A-ring) and a characteristic multi-
plet in the methylene region (for II, 266 c.p.s.

(12) The intermediate 203-dihvdro amide VI was not isolated. A
similar 20-ketone reduction of 21-nitrogenons 20-ketones has been
reported, R. A, Micheli and C. K. Bradsher, J. Am, Chem. Soc., 17,
4788 (1955).

(13) Spectra run on pyridine solutions of the amides were recorded
with a 40 mc. applied field, all frequencies being measured relative to
benzene as zero, Spectra of the amide II are: 243 (Cis-methyl), 229
(Cis-methyl), 212 c.p.s. (acety! methyl); for amide IV: 235 (Cus-
methyl), 223 (Cis-methyl), 209 c.p.s. (acetyl methyl). For Ya-
fluorohydrocortisone 21-acetate: 243 (Cis-methyl), 229 (Cis-methyl),
215 c.p.s. (21-O-acetate); for 9a-fluoroprednisolone 21-acetate: 237
(Cn-methyl), 223 (Cis-methyl), 209 c.p.s. (21-O-acetate).

Although pyridine has been used as a solvent in nuclear magnetic
rcsonance spectral studies,!4 its usein this instance obscured the vinyl
proton region and made interpretation of the methylene region unre-
liable. Dilution of pyridine solutions of the amides II and IV with
deuteriochloroform gave solutions whose spectra did show reliable
features in the regions of interest. These spectra were recorded using
a 80 mc. applied field, on pyridine solutions of the amides diluted with
95%, deuteriochloroform until satisfactory spectra in the methylene
region were obtained. An internal standard of tetramethylsilane was
used in this case,

(14) G. Slomp and F, MacKellar. J, Am. Chem. Soc., 82, Y499 (1960);
sce also S. M., Kupchan, W. S. Jolson and S. Rajagopalan, Teira-
hedron, T, 47 (1959).
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from an internal standard of tetramethylsilane)
were present. The multiplet was recognized as the
AB-portion of the spectra of an ABX-grouping,
tentatively associated with the -CH,~NH- feature
of the molecule.’® Spectra of the A%3-ketoamide
II are presented in Fig. 1.

The structures of II and IV thus induced were
confirmed by synthesis of the indicated com-
pounds. Copper acetate oxidation of the a-ketol
I led to the 2l-aldehyde IX, which was charac-
terized as the aldehyde hydrate, so established by
elemental analyses and by paper chromatographic
mobility typical of a tetrahydroxy-diketone. A
21-oxime X was obtained selectively from reaction
of IX with 1.1 equivalents of hydroxylamine. The
oxime was more mobile on paper chromatograms
than anticipated, and thus appeared to be as-
sociated under the chromatographic conditions.

Reduction of the 21-oxime X was accomplished
using the zinc dust—acetic acid—acetic anhydride
conditions of Treibs and Sutter.’® Catalytic and
sodium-—alcohol reduction methods were rejected in
view of the other reducible functional groups in the
molecule. The 2l-acetylamino compound isolated
in 60% yield was identical in every respect with the
amide II isolated from S. roseochromogenus fer-
mentations on 9a-fluorohydrocortisone.

Later work showed that the inclusion of the
inorganic salts as catalysts in the reduction was
unnecessary, and that the same reduction product
was formed when zinc—acetic acid—acetic anhydride
was used alone. No unaltered oxime X was de-
tected chromatographically nor were other reduc-
tion products found.

Elimination of the acetic anhydride from the
reduction system resulted in the formation of an
amine, 2l-amino-9a-fluoro-118,17a-dihydroxy-4-
pregnene-3,20-dione(X1I), isolated as a hydro-
chloride. This synthesis marks the first reported
successiul attempt at preparation of 21-amino-21-
deoxy analogs in the corticosteroid series.

Acetylation of the 2l-amine XI with acetic
anhydride and pyridine gave the 2l-acetylamino
derivative II identical with the amide samples pre-
viously prepared. Acylation with phthalic an-
hydride and pyridine gave the 21-phthaliinido de-
rivative  9a-fluoro-118,17@-dihydroxy-21-phthal-
imido-4-pregnene-3,20-dione (XII) previously pre-
pared iu these laboratories by another route.!?

Fermentation of the 21-amine XI hydrochlorde
with .S. roseochromogenus gave a single component,
the amide 1I, with no detectable amine remaining.
This result establishes yet another bioconversion
of S. roseochromogenus, that of acetylation of pri-
mary amines (microbiological acetylation of amines
is a known process’®'¥). Although this finding

(15) No bands could be associated with the X-portion of the spectri
with certainty even though the spectra were scanned below the vinyl
proton region. The NH-proton of simple secondary amides has been
reported to split the protons of the adjacent N-methyl group, with no
NH-proton resonances being found, see H. 8, Gutowsky and C. H.
Holm, J. Chem. Phys., 25, 1228 (1957),

(16) A, Treibs and W. Sutter, Chem. Ber., 84, 96 (1951).

(17) R. E. Schaub and M. J. Weiss, J. Org. Chem., 26, 1223 (1961).

(18) F. H. Stodola, °*‘Chemical Transformations by Microdr.
ganisms,’’ John Wiley and Sons, Inc.,, New York, N. Y., 1958; L. L.
Walen, ¥, H. Stodola and R. W, Jackson, “Type Reactions in Ier-

mentation Chemistry,”’ ARS-71-13, May, 1959, Agricultural Research
Service, U. S. Dept. of Agriculture.
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suggests that the amune XI may be a biological
interimediate between 9a-fluorohydrocortisone and
the 21-acetylamino derivative 11, no other evidence
has been developed yet which supports this pos-
sibility.

Neither amide II nor IV was 16a-hydroxylated
by S. roseochromogenus, but selected strains' did
apparently hydroxylate the A*-3-ketoamide II at
the 28-position.?

Steroids of chromatographic properties entirely
analogous to those of IT and IV have been observed
i1 fermentations with various strains of S. roseo-
chromogenus on several other corticoids. Thus
Iiydrocortisone, 9a-fluoroprednisolone, 28-hydroxy-
9a-fluorohydrocortisone, 6«,9a-difluorohydrocorti-

(19) Microbiological acetylation of 21-hydroxy steroids has also
been recently discovered; C. E. Holmlund, L, I. Feldman, N. E.
Rigler, B. E, Nielsen and R, H. Evans, J. Am. Chem. Soc., 83, 2586
1961),

( (20; The major alteration product from II, located at Ry 0.30 in

system 11,22 was eluted and gave spectra typical of 28-hydroxy-A43-

ketones: ANOZ Y NaOH (7% 3 hr.at 60°) 228 mu (260), 248 (mu 120
infl.), 350 mu (30).

CIHZNHCOCHB C“HgNHz-HCl
co ofe)

phthalie
avhydride-pyridine

l L“HZN \

sone, cte., all vield non-reducing compounents sus-
pected of being the 21-acetylamino-21-deoxy
derivatives. Where sufficient material has been
available the components were isolated from paper-
gram and their infrared spectra shown to contain
characteristic amide I and II bands® near 6.1 and
6.5 u. The component derived from 9Sa-fluoro-
prednisolone is indistinguishable from the amide IV
obtained by dehydrogenation of II.

Biological conversion of the 21-hydroxyl group
of the active corticoid molecule to the 21-acetyl-
amino group has not been previously described.’®
The present bioconversion to the 21-acetylamino-
21-deoxy steroid appears to be general, and it is
tempting to speculate on the possibilities of still
other new microbiological reactions wherein ele-
ments other than oxygen and hydrogen are intro-
duced iuto the steroid molecule.

Acknowledgment.—The authors acknowledge the

capable assistance of Roberta Zimmerman and
Barbara Laird in paper chromatographic analvses
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PaPER CHROMATOGRAPHIC BEHAVIOR

Solvent system 2 ———mm———— INH4
Steroid O II% 1112 Iva Vb dil. str. BT® SbClif H:POWS

21-Acetylamino-9«-fluoro-118,17 a-

dihydroxy-4-preguene-3,20 dione (II) 1.76  0.69  2.02  2.88 0.06 + + - Pe Y
21-Acetylamino-9a-fluoro-118,17a-diliy-

droxy-1,4-pregnadiene-3,20-dione (IV) 1.56 .65 1.53 2.35 .04 - -+ - - -
9a-Fluorchydrocortisone (I) 1.65 .80 1.73 2.72 .06 + + + Pe Y
9a-Fluoroprednisolone (VIII) . .76 1.53 2.04 - + + - Y
16a-Hydroxy-9a-fluorohydrocortisone

(11I) 1.00 .50 1.00 1.00° .01 + + + Pe Y

¢ Mobility relative to 16a-hydroxy-9«-fluorohydrocortisone (I11I) as unity.

4 Isonicotinic acid hydrazide, dilute and strong reagents; see L. L. Smith and T. Foell, A#nal.
¢ Alkaline tetrazolium blue reagent.
fluorcscences under 365 mu light; Pe = peach color, Y = yellow.

was measured, Rs 0.18.
Chem., 31, 102 (1959).

b Conventional Rt value. ¢ Ry of unit niarker

/ Saturated solution of antimony trichloride in clhiloroform,
¢ A 159, aqueous solution of phosphoric acid, viewed

under 365 mu light; see R. Neher and A, Wettstein, Helv. Chim. Acta, 34, 2278 (1951).

and of W. H, Muller and Irene Palestro for optical
rotations and spectrophotometric analyses. Ele-
mental analyses were performed by L. Brancone
and staff, infrared absorption measurements by
W. Fulmor and staff.

The authors are especially indebted to Dr. J.
Lancaster and to Dr. J. N. Shoolery and Mr. Le-
Roy Johnson, Varian Associates, Palo Alto, Calif.,
for nuclear magnetic resonance spectra and inter-
pretations.

Experimental?!

21-Acetylamino-9«-fluoro-118,17-dihydroxy-4-pregnene-
3,20-dione (II). Microbiological Source.—Isolation of II
was accomplished from a concentrated mother liquor frac-
tion rich in steroidal by-products from typical S. roseo-
chromogenus fermentations. The initial isolation is de-
scribed elsewliere.3 The appropriate column fractions
therein described (fractions 155-180) were evaporated in
vacuum, yielding a residue which was crystallized from
methanol. Two crops weighing 5.32 and 3.52 g. were taken.
Recrystallization of 5.20 g. of the first crop from methanol
gave 3.38 g. of crystals, m.p. 263-271°, whereas the second
crop similarly recrystallized gave 2.45 g., m.p. 258-265°,
both preparations being identical and homogeneous on
paper cliromatographic examination. Another recrystal-
lization from methanol with charcoal treatment gave
crystals, m.p. 275-276°; however, a third recrystalliza-
tion from methanol gave material melting 254-258° (not
raised by further recrystallization from methanol) with
Amax 238 myu (Ei%, 407). The sample was chromato-
graphically homogeneous and had characteristic infrared
spectra; however, satisfactory elemental analyses could
not be obtained oun this sample, possibly because of solva-
tion.

Anal. Found: C, 64.29, 64.58; H, 7.89,7.93; N, 3.29;
I*, 3.84; 0,20.28.

Recrystallizations from aqueous pyridine gave an un-
solvated analytical sample, m.p. 263-264° dec., [«]??D
+132°% Moz 238 mu (e 16,200); AEEr 2.93 (OH), 3.00
(NH), 5.80 (CO), 6.02 (conjugated CO and amide I baud),
6.13, 6.54 p (-CONH-), etc.

Anal. Caled. for CyH:O;NF: C, 65.54; H, 7.65; N,
3.32; F, 4.51. Found: C, 65.45; H, 7.53; N, 4.88
(Dumas); F, 4.44.

The amide II is charactcrized by absorption spectra in
concentrated sulfuric acid: at 2 hr,, AZ®0¢ (El% ) 241 (310),
283 (326), 335 mu (21, infl.); AEE% (E 1%.) 254 mu (140).
No selective absorption in the 415 mu region was exhibited

(21) All melting points were taken on a Kofler block under a micro-
scope and are corrected. Spectrophotometric measurements in ab-
solute ethanol and in concentrated sulfuric acid and colorimetric de-
terminations (tetrazolium blue, Porter-Silber reaction, etc.) were
made using a Cary model 118 recording spectrophotometer. Infrared
spectra were recorded on Perkin~Elmer mode! 21 and Infracord double
beam spectrometers using pressed potassium bromide disks. Paper
chromatographic procedures have been described previously.2 All
totations were made on 0.59% solutions in methanol.

(22) L. 1.. Smith, T. Foell, R. De Maio and M. Halwer, J. Am,
Pherm. Assoc., 48, 528 (1959).

in the Porter-Silber reaction, but non-specific absorption
at 415 mu (Ei%, 8) was 2.5% of the response of 9a-fluioro-
hydrocortisone run at the same time. Reaction with
alkaline tetrazolium blue at room temperature in solutiou
gave tlie typical diformazan color with Amax 520 mu. Color
maximum was attained within an hour with a respouse of
83.09% of that of 9a-fluorohydrocortisone run at the same
time (1-hour reactions).

21-Acetylamino-9a-fluoro-113,17«-dihydroxy-1,4-preg-
nadiene-3,20 dione (IV).—21-Acetylamino-9a-fluoro-113,-
17a-dihydroxy-4-pregnene-3,20-dione was dehydrogenated
as follows: the substrate II was dissolved in dimethylform-
amide and added to a 24-hour vegetative growth of Coryne-
bacterium stmplex grown in a medium consisting of com-
mercial glucose 20 g./l., yeast extract 5 g./l., tryptone
5 g./l., peptone 5 g./l., calcium carbonate 2.5 g./1. The
steroid was added so as to hiave a 250 ug./ml. concentration
in the fermenting growth. Aerated fermentation was con-
tinued until polarographic analyses indicated that dehivdro-
genation was complete. The broth was extracted threc
times with equal portions of etlivl acetate, and the pooled
extracts were evaporated under vacuum. The residue
obtained was chromatographed using Celite diatomaceous
earth and the solvent system dioxane—cyclohexane-watcr
(8:5:1) and the amide IV was cluted in fractions centered
about 6.5 hold-back volumes. Evaporation of these
fractions yielded 300 mg. of IV, homogcieous on paper
cliromatograms (R; 0.63 in system II, non-reactive with
dilute isonicotinic acid hydrazide, detected with strong
isonicotinic acid hydrazide reagent, uegative to alkalinc
tetrazolium blue).

The crude amide IV was recrystallized fron: hot benzenc-
ethanol, yielding 210 mg. of crystals, m.p. 231-235°,
and then from ethanol, yielding the ethanol solvate, 172
mg., m.p. 251-255° dec. (softenting from 238°), Auax 238
mu (e 14,900). Further recrystallization fromn acetone—
ethanol gave crystals, m.p. 252-255° dec. (softening from
236°), [a]??p + 106.9°, Amax 239 mu (e 14,900); spectra in
concd. sulfuric acid at 2 hr.: AHZO¢ (EI% ), 231 (367,
infl.), 267 (350), 276, (326, infl.), 310 mu (214); AEES
(Ei%..) 251 (314), 295 mu (201); infrared absorption,
AEBT 9 95 (OH), 3.03 (NH), 5.82 (CO), 6.04 (conjugated
CO and amide I baud), 6.19, 6.26, 6.50 (CONH-), 6.55
u, etec.

Anal. Caled. for CyuH3OsNF-CoII0: C, 64.50; II,
7.80; N, 3.01; F, 4.08. Found: C, 64.69; I3, 7.83; N,
4.52; F,4.09.

Recrystallization of the amide ecthanol solvate from
aqueous pyridine or from acetone gave the non-solvated
amide.

Anal. Caled. for CpHyOsNF: C, 65.85; H, 7.21; N,
3.34; F, 4.53. Found: C, 65.57; H, 7.48; N, 4.01
(Dumas); F, 4.49.

The amide IV reduces alkaline tetrazolium blue in solu-
tion, Amax 520 my, with maximum color development at 1
hour, at which time the response was 67.6% of that of 9a-
fluorohydrocortisone run at the same time. Very weak
selective absorption was ?present in the Porter-Silber re-
action, Amax 415 mu (Ei%, 2.5, i.e., 0.8% of that of 9a-
fluorohydrocortisone).

No specific color test for amides could be used for the de-
tection of either II or IV on paper chromatograms. Ex-
posure of the amides II and IV to chlorine gas and to various
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treatments with ‘sodium hypochlorite solutions, followed
by application of a variety of detection methods involving
iodine,?s either failed to give a sufficiently sensitive reaction
to 10-20 ug. of amide or else gave the same colorations with
9a-fluorohydrocortisone and other non-nitrogenous steroids.
Application of other color tests for N-acetylamino sugars,?4
etc., also failed to give satisfactory results with the amides
IIand IV.

9a-Fluoro-113,17«,21,21-tetrahydroxy-4-pregnene-3,20-
dione (IX).—To a hot solution of 1.0 g. of 9a-fluorohydro-
cortisone in 100 ml. of methanol was added a hot solution
of 1.5 g. of cupric acetate monohydrate in 50 ml. of meth-
anol containing 1 ml. of glacial acetic acid. After re-
fluxing 30 minutes, 50 ml. of water was added and heating
continued for 30 minutes. The reaction mixture was
filtered through diatomaceous earth, the filter cake washed
with methanol, and the combined filtrate and washes
diluted with 25 ml. of water and concentrated in vacuum
to about 209, of the original volume., The crystals formed
were aged at 4° for 1 hour, filtered, and washed with water,
then dried overnight in vacuum at 40°. The yellow crystal-
line product, 610 mg., gave positive tests with Tollens
and Schiff reagents. Recrystallization of the aldehyde
from aqueous methanol, from aqueous dimethylformamide,
and twice again from aqueous methanol gave the pure hy-
drated aldehyde, decomposing 240-242° without melting
(sintering beginning at 130°), [«]??2p + 152°, Apax 239 mu
(e 17,150); AR 2,90, 5.88, 6.10, 9.65x, etc.?’; paper chro-
matogram mobility in system II: Ry 0.43 (vs. Ry 0.52 for
11I1); negative reaction to alkaline tetrazolium blue, posi-
tive to isonicotinic acid hydrazide, immediate yellow
color with the Porter-Silber reagent on papergrams.2¢

Anal. Caled. for Cy1H2yOeF: C, 63.62; H, 7.37; F, 4.79.
Found: C, 63.51, 63.73; H, 7.79, 7.53; F, 5.06.
9a-Fluoro-118,17a-dihydroxy-21-oximino-4-pregnene-
3,20-dione (X).—A solution of 1.0 g. of the hydrated alde-
hyde IX and 0.20 g. (1.1 equiv.) of reagent hydroxylamine
hydrochloride in 509, ethanolic pyridine was warmed on a
steam-bath for 90 minutes. The reaction mixture was con-
centrated to a small volume in vacuum and water was added
to precipitate a gum. The gum was washed several times
by decantation with water, and was then crystallized from
aqueous methanol. The crude oxime, 625 mg., m.p. 195-
197° dec., was recrystallized several times from aqueous
methanol to give the analytical sample as a methanol solvate,
m.p. 210-211° dec., {a]?®D + 165°, Amax 235 mu. (e 25,600);
AKBr2.85, 3.05, 5.90, 6.16, 6.97, 9.60 u, etc.

Anal. Caled. for CyHOsNF.CH;OH: C, 62.10; H,
7.55; N, 3.29; F, 4.47. Found: C, 62.10; H, 7.49;
N, 5.31 (Dumas), 2.23 (Kjeldahl); F, 4.49,

21-Acetylamino-9«-fluoro-118,17«-dihydroxy-4-pregnene-
3,20-dione (II). Chemical Source.—To a stirred solution
of 100 mg. of the 21-aldehyde oxime X, 20 mg. of sodium
acetate and 5 mg. of mercuric chloride in a mixture of 6 ml.
of glacial acetic. acid and 5 ml. of acetic anhydride was
added 300 mg. of zinc dust. The addition of zinc was made
in small portions over 30 minutes. Stirring was continued
for 90 minutes after addition was complete, The reaction
mixture was filtered from zinc, the cake washed with glacial
acetic acid, and the combined filtrates and washes were con-
centrated to near dryness in vacuum. A small quantity of
solids precipitated on addition of water to the residue, and
these were filtered off. The filtrate was extracted several
times with methylene chloride and the combined extracts
washed well with water, dried over anhydrous magnesium
sulfate, and evaporated in vacuum to yield 100 mg. of a
residue. Crystallization from acetone-petroleum ether
gave the crude amide II, m.p. 243-248°. A second experi-
ment using 600 mg. of the oxime was conducted, and the
crude amide therefrom recrystallized several times from
ethyl acetate-petroleum ether and from aqueous pyridine
to give the analytical sample, m.p. 262.5-264° dec., iden-

(23) H. N. Rydon and P, W. G, Smith, Nature, 169, 922 (1952);
8. C. Pan and J. D. Dutcher, Angl. Chem., 28, 836 (1956); J. J. Wren
and H. K. Mitchell, J. Biol. Chem., 284, 2823 (1959).

(24) M. R. J. Salton, Biochim. Biophys. Acia, 84, 308 (1959).

(25) The aldehyde IX has been mentioned in the patent literature
without adequate physical description; see Belgian Patent 574,645,
British Patent 791,065, February 19, 1958; M, Tishler, U. S. Patent
2,982,774, May 2, 1961,

(26) M. K, Birmingham, Nature, 184, 67 (1959),
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tical in physical properties with the amide isolated from the
biological source,

Anal. Caled, for CpHyO;NF: C, 65.54; H, 7.65; N,
3.32; F, 4.51. Found: C, 65.18; H, 7.63; N, 3.19
(Kjeldahl); F,4.64.

21-Amino-Sae-fluoro-118,17«-dihydroxy-4-pregnene-3,20-
dione (XI) Hydrochloride.—A solution of 500 mg. of the
oxime X in 50 ml. of glacial acetic acid was treated with
1.0 g. of zinc dust added over a period of 1 hour, The re-
action mixture was then filtered from zinc and the filtrate
was evaporated to near dryness under reduced pressure.
Dilution of the concentrate with 50 ml. of water produced
a yellow precipitate which was filtered off. The filtrate
was further diluted with an equal volume of methanol and
passed through a column of analytical grade Dowex 1-X2
anion exchange resin in the chloride form. The eluates
giving a positive tetrazolium blue test were combined and
evaporated under reduced pressure, The residue was dis-
solved in a mixture of 1-butanol and water and the phases
were separated. The aqueous phase was extracted twice
with butanol, and the combined butanol extracts were
washed three times with saturated salt solution and then
dried over anhydrous magnesium sulfate. To the dried
extracts was added 30 mi. of concentrated hydrochloric
acid; however, a precipitate did not occur on dilution with
diethyl ether and aging. The acidified mixture was evapo-
rated under vacuum and the glassy residue solidified on
trituration with diethyl ether, yielding 530 mg. of solids,
Amax 239 mu (E'%, 261). The salt was recrystallized
three times from methanol-diethyl ether, giving white
needles, browning but not melting below 300°, Amax 238 mu
(E%, 370); AKEr 2.95-4.0 (multiple bands), 5.80, 6.03-
6.30 (multiple bands), 8.04, 8.80, 8.94, 9.14, 9.56, 11.20,
11.53 u, etc.

Anal. Caled. for CyHyO(NF-HCI-2H0: C, 55.81; H,
7.81; N, 3.10; F, 4.20; Cl, 7.85. Found: C, 56.32; H,
8.39; N, 3.26 (Dumas); F, 4.23; Cl,7.71.

Attempted isolation of other salts of the amine XI gener-
ally led to poor, non-crystalline preparations with low ultra-
violet extinctions, difficult to purify, Reduction of 100 mg.
of oxime using the exact directions employed in the synthesis
of the amide II but without the acetic anhydride being
added, filtration of the zinc, diluting with ether and filter-
ing off insolubles, and addition of 50 ul. of 709 perchloric
acid led to an eventual crystallization of the amine hydro-
perchlorate, 65 mg., m.p. 206-210°. Two recrystallizations
from acetone-petroleum ether raised the melting point to
211-213°, Amax 238 mu (EL %, 296).

Acetylation of either hydrochloride or hydroperchlorate
salt with acetic anhydride and pyridine gave the 21-acetyl-
amino compound II, with no other reaction product de-
tected on paper chromatograms. The homogeneity of each
preparation was conveniently checked by acetylation and
paper chromatography, and in all cases examined only oue
component was found identified as the amide II.

The amine XI was essentially immobile in most of the
Bush-type paper chromatographic solvent systems used;
however, suitable mobilities were obtained using Whatman
No. 1 filter paper impregnated with pH 2 phosphate buffer
developed with chloroform-butanol-0.3 A/ monobasic
sodium phosphate (pH 2) (3:1:2), a system of use in the
separation of some tetracycline antibiotic derivatives.?’
The hydrochloride and hydroperchlorate salts of XI moved
¢ca. 10 cm./6 hr.

The amine XI salts give typical violet colors with alkaline
tetrazolium blue and intense yellow colors with 0.29,
ninhydrin (the amides II and IV are negative to tetrazolium
blue and ninhydrin on papergrams).

9c-Fluoro-118,17«-dihydroxy-21-phthalimido-4-pregnene-
3,20-dione (XII).—A solution of 50 mg. of the amine XI
hydrochloride, 50 mg. of plithalic anhydride and 50 mg. of
sodium acetate in 5 ml. of glacial acetic acid was heated for
30 minutes at reflux. The reaction solution was cooled,
diluted with 20 ml. of water, and the resulting precipitate
filtered. The solids were washed with water and dried,
yielding 30 mg., MKBF 2.84, 3.41, 5.68, 5.78, 6.04, 7.10,
13.88 u, etc., identical with an authentic sample of XII
previously prepared by another route.'”

21-Acetylamino-9a-fluoro-118-hydroxy-1,4,16-pregna-
triene-3,20-dione (V).—To a solution of 100 mg. of IV in

(27) J. R. D, McCormick, E, R, Jensen, P. A. Miller and A. P,
Doerschuk, J. Am. Chem. Soc.. 82, 3381 (1960),
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2 ml. of absolute ¢thanol was added 10 ml. of concentrated
hydrochloric acid. After 24 hours of agitation at room
temperature the mixture was extracted several times with
methylene cliloride, the combined extracts were waslied
with aqueous sodium bicarbonate solution, dried over anhy-
drous magnesium sulfate, and evaporated in vacuum. The
residue weiglied 10 mg. The aqueous reaction mixture was
neutralized with sodium hydroxide solution and extracted
three times with ethyl acetate, the combined extracts were
washed witlh sodiunt bicarbonate solution, with brine,
and tlien dried and evaporated in vacuum. The residue,
weigliing 125 mg., was combined with the previous residue
isolated and cliromatograplied on Celite diatomaceous earth
using a solvent system benzene-acetone~water (2.5:1:2).
The appropriate fractions were combined and evaporated,
vielding 30 mg. of crystals analyzing by paper chromau-
tography as a mixture of a major component (product V)
and a minor component (starting material IV). An addi-
tional 30 mg. of material was eluted, whicl analyzed as
mainly unaltered starting material. The first fraction was
recrystallized from aqueous alcoliol and from alcohol,
vielding the 16-dehydro amide, m.p. 228-232° dec., Amax
238 mu (e 22,900); A\XB: 2.87, 2.97, 6.03, 6.22, 6.32, 6.51 u,
ete.

Anal. Caled. for C3HyO,NF: C, 68.80; H, 7.03.
C, 68.25; H, 7.32.

21-Acetylamino-9«-fluoro-118,17«,203-trihydroxy-1,4-
pregnadien-3-one (VI).—A solution of 100 mg. of 21-acetyl-
amino-9e-fluoro-118,17« -dihydroxy- 1,4 - pregnadiene -3,20-~
dione in 5 ml. of methanol and 5 ml. of dimethylformamide
was cooled to 0°, and 13 mg. of sodium borohydride was
added. After 90 minutes (occasional shaking, 0°) 0.5 ml,
of glacial acetic acid was added. The reaction mixture was
analyzed by paper chromatogram and shown to contain one
non-reducing product at R 0.16 (system II), reactive to-
ward isonicotinic acid hydrazide. No unaltered amide
11 (R:0.65) was detected.

9a-Fluoro-118-hydroxy-1,4-androstadiene-3,17-dione
(VII). A. From 21-Acetylamino-9«-fluoro-113,17«,208-
trihydroxy-1,4-pregnadien-3-one.—The reaction mixture
from the previous experiment, containing VI as the only
detectable steroid, was mixed with 50 ml. of a solution con-
taining 4%, by weight of trichloroacetic acid in 75%, aqueous
ethanol. To this was added 1.7 g. of sodium bismuthate
and the mixture was agitated for 75 minutes at room
temperature. The reaction mixture was adjusted to near
neutrality by careful addition of strong sodium liydroxide
solution. The solids which precipitated were filtered and
washed with three portions of hot acetone, and tlie combined
filtrates and washes were concentrated in vacuum until the
organic solvent had evaporated. Two drops of concen-
trated hydrochloric acid was added to ensure an acid re-
action and the solution was held at 4° overnight. Paper-
gram examination of tlie solution indicated that no reaction
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had occurred and that the starting material VI was the
major component in the preparation. The solution was
extracted with methylene chloride, the extracts waslied
with saturated aqueous sodium bicarbonate solution, dried
over magnesium sulfate, and evaporated in vacuum, and
the residue again treated with sodium bismuthate in the
same proportions as used before, except the reaction ran
for 5 hours. Work-up of the reaction mixture in the
same way as before yielded a residue which analyzed by
paper chromatography as containing sturting material VI
and a more mobile component. The residue was chroma-
tographed on Florisil; elution witli methylene chloride-
3% acetone gave 28 mg. of a material which, on recrvstal-
lization from acetone-petroleum ether, gave 16 mg. of 9a-
fluoro-118-hydroxy-1,4-androstadiene-3, 17-dione, m.p. 244-
246°, identified by comparison with the authentic sample
prepared under B below.

B. From 9a-Fluore-1138,17«,21-trihydroxy-1,4-pregna-
diene-3,20-dione.—To a solution of 600 mg. of 9a-fluoro-
118,17a,21-trihydroxy-1,4-pregnadiene-3,20-dione in 350
ml. of a 49, solution of trichloroucetic acid in 759 aqueous
ethanol was added 17 g. of sodium bismuthate. The re-
sulting slurry was shaken for 90 minutes, at which time a
sample withdrawn from the mixture failed to give a positive
test with alkaline tetrazolium blue. The reaction mixture
was adjusted to near neutrality with strong sodium hydroxide
solution, the solids filtered, the filter cake extracted thor-
oughly with hot acetone, and the combined filtrates and
acetone washes concentrated in vacuum to remove the or-
ganic solvent. The aqueous solution was acidified with 4
drops of concentrated hydrochloric acid and cooled at 4°.
The product crystals were collected in two crops, 90 mg.,
m.p. 246-249.5°, and 135 mg., m.p. 244.5-249°. Extrac-
tion of the mother liquor with methylene chloride after
niaking alkaline gave an additional 148 mg., m.p. 248-
250°. Recrystallization from acetone—petroleum ether
several times guve the pure 9a-fluoro-118-hydroxy-1,4-
androstadiene-3,17-dione, Apnax 236 mp (e 14,720); ANEE
2.88,5.75,6.01,6.20,9.73, 11.17 u, etc.

Anal. Caled. for CisHsOsF: C, 71.68; H, 7.28; F, 5.97.
Found: C,71.41; H,7.49; F, 6.10.

Both samples were identical with another sample, m.p.
247-251° (capillary), prepared by R. H. Lenhard of these
laboratories by selenium dioxide dehydrogenation of 9a-
fluoro-113-hydroxy-4-androstene-3,17-dione. Identity of all
three samnples was established by comparisons of infrared
spectra, melting point behavior, paper chromatographic
mob)ilzity and color test behavior (positive Zimmermann
test).28

The mobility of tlie 17-ketone VII was: system IV, R;
0.86; syster1 V, R;0.56; system VI, R;0.29.

(28) A. Nobile, U. 8. Patent 2,935,118, October 14, 1960, describes
9a-fluoro-118-hydroxy-1,4-androstadiene-3,17-dione, m.p. 252-233°,
[e]p +113.8° (dioxane).
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A General Synthesis of 4,5-Unsaturated 2-Oxasteroids.

A Synthesis of 2-Oxacortisol

By RaLpHa HirscHMANK, N. G. STEINBERG AND ROBERT WALKER
RecEIVED OCTOBER 2, 1961

The synthesis of 2-oxacortisol and its 9a-chloro-16a-methyl analog is described. Osmylation of 17a,20;20,21-bismeth3’}-
enedioxy-1,4-pregnadiene-3,11-dione (prednisone BMD) followed by lead tetraacetate cleavage gave the required tricyclic

steroid derivative III.

carefully controlled conditions to afford the BMD of 2-oxacaortisol.

at the 4,5-double bond.

The decade after the discovery of the therapeutic
effects of cortisone in the treatment of rheumatoid
arthritis has witnessed a great effort to prepare
analogs which are superior to the hormone, cortisol.

(1) Presented in part at the 140th Meeting of the American Chemi-
cal Society, Chicago, Ill., September, 1961,

Saponification led to the sodium salt of the aldehydic acid which was reduced with hydride under

In the 9a-fluoro series osmylation took place primarily

The syntheses of the very potent 16-epimeric 9a-
fluoro-113,17,21-trihydroxy-16-methyl- pregna-1,4-
dien-3,20-diones? are examples of recent advances

(2) G. E. Arth, J. Fried, D. B. R. Johnston, D. R. Hoff, L. H.

Sarett, R. H. Silber, H. C. Stoerk and C. A. Winter, J. Am. Chem. Soz.,
80, 3161 (1958); D. Taub, R. D. Hoffsommer, H. L. States and N. 1.



