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Preparation of 2-fluorotestosterone and several of its derivatives, and of 2-fluoroprogesterone is described. The physio
logical activity of 2-fluorotestosterone is briefly discussed. 

The technique of fluorinating carbanions with 
perchloryl fluoride1 has made accessible a number 
of a-fluoro ketosteroids.2 The present paper 
reports some further results of our experiences with 
this technique. 

Testosterone, 17a-methyltestosterone, 11/3-hy-
droxy-17-methyltestosterone,3 9(11) -dehydro-17-
methyltestosterone3 and 9a-fluoro-ll/3-hydroxy-17-
methyltestosterone3 were fluorinated successfully 
in the 2-position by the reaction of perchloryl 
fluoride with the sodium salts of their 2-ethoxy-
oxalyl derivatives followed by base-catalyzed 
cleavage of the ethoxyoxalyl groups. The yields 
were good in all cases except in that of the 2,9a-di-
fluoro compound which was prepared in better 
yield from 2-fluoro-9(ll)-dehydro-17-methyltestos-
terone by reaction of hydrofluoric acid with the 
corresponding 9/3,11/3-oxide.3 

2-Fluoroprogesterone was prepared by appli
cation of the perchloryl fluoride-glyoxalate pro
cedure to 20(a + /3)-hydroxy-4-pregnen-3-one4 

(obtained from lithium aluminum hydride re-
duction5a of the 3-pyrrolidinyl enamine of proges
terone513) and then by oxidation of the 20-hydroxyl 
group. 

The configuration of the 2-fluorine atom, by 
analogy, would seem to be alpha. The infrared 
absorptions of the 3-keto groups in all cases are 
displaced by about 25 cm. - 1 toward higher wave 
numbers which is in the direction predicted for 
equatorial a-bromoketosteroids6 and as was indeed 
observed for the 2-fluorocholestan-3-one reported 
by Gabbard and Jensen,2a to which they assigned 
the a-configuration. However, since the axial 
a-fluoro isomer may exert an effect upon the in
frared absorption of a carbonyl group similar to 
that of the equatorial isomer, this evidence does 
not preclude the possibility that the configuration 
of the 2-fluorine atom is beta. 

Bioassays performed in these laboratories7 indi
cate that 2-fluorotestosterone, in the female rat, 
produced a marked increase in body weight, yet 
affected nearly 100% inhibition of the mammary 
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fibroadenoma8* which had grown resistant to the 
action of testosterone propionate.sb In the male 
rat, 2-fluorotestosterone exhibited very little, if 
any, androgenic activity. 

Experimental9 

2-Fluorotestosterone (I).—A solution of 5.76 g. (0.02 
mole) of testosterone in 100 ml. of t-butyl alcohol was stirred 
while heating to 65° with exclusion of air and moisture by 
maintaining a gentle flow of dry nitrogen above the surface. 
Heating was stopped and 5.45 ml. (0.04 mole) of ethyl oxa
late was added all at once, and then sufficient commercial 
2 5 % sodium methoxide in methanol10 to contain 0.03 mole of 
sodium methoxide (approximately 6.7 ml.). After stirring 
for one-half hour under nitrogen (without further heating), 
the solution, which was deep green, was cooled to 25-30°, 
and 300 ml. of dry ether was added. The sodium salt of the 
2-ethoxyoxalyl derivative which precipitated was collected 
on a biichner funnel in as dry an atmosphere as possible 
(it was exceedingly hygroscopic) and dried in a vacuum desic
cator over calcium chloride for three hours. 

The dried salt then was dissolved in 170 ml. of methanol, 
the solution was cooled in an ice-salt-bath to —10°, and an 
ice-cold solution of 3.2 g. of perchloryl fluoride in 100 ml. of 
methanol was added at such a rate as to raise the temperature 
no higher than —5°; about 10 minutes was required for the 
addition. Then a volume of 2 5 % methanolic sodium meth
oxide was added equal to 2.19 times the number of grams of 
perchloryl fluoride added (7.0 ml. in this case) and stirring 
was continued for 0.5 hour while the flask remained in the 
cooling bath. 

The solution was evaporated under reduced pressure at 50° 
to about 50 ml. and diluted with one liter of cold water. 
The precipitated product was collected, washed thoroughly 
with water, dried and recrystallized from 9 5 % ethanol. 
The yield was 4.3 g. (70%), m.p. 158-160°. The compound 
retained solvent of crystallization, which was driven off at 
105° in a vacuum oven. The analytical sample, obtained by 
one further recrystallization, melted at 159.5-161°. 

The acetate II and the propionate III were prepared from 
2-fluorotestosterone (I) by reaction with acetic anhydride 
and propionic anhydride, respectively, in pyridine for 16 
hours at room temperature (see Table I ) . 

The other compounds listed in Table I were prepared from 
the corresponding steroids by the same procedure given 
above for 2-fluorotestosterone ( I ) . In addition, 2,9a-di-
fluoro-ll(3-hydroxy-17-methyltestosterone (VII) was pre
pared from 3.0 g. of 2-fluoro-9(ll)-dehydro-17-methyltestos-
terone via the bromohydrin and 9/3,11,3-oxide by making 
use of the procedures of Fried and Sabo.11 These two inter
mediates were not purified or characterized except for the 
m.p. of the oxide (177-178° d e c ) , but the oxide was opened 
with anhydrous hydrogen fluoride in a mixture of tetrahydro-
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TABLE I 

I 
I i 

i n 
IV 
v 

Ri 
H 
CHsCO-
C H J C H J C O -
H 
H 

Rs 
H 
H 
H 
CHi 
CHj 

H 
H 
H 
H 

M.p., 0C. 
159.5-161 
182-183 
146.5-147 
174-174.5 
217-220 

EtOH" 
EtOH-HiO 
EtOH-H2O 
EtOH" 

i-OH 217-220 Acetone-petr. 
ether 243 1690 71.39 8.69 5.65 71.79 8.51 5.66 60 

VI H CH3 A 9:11 182-182.5 EtOAc 240 1698 75.44 8.55 5.97 75.27 8.95 5.96 53 
VII H CHi F (J-OH 288 d.5 EtOH-EtOAc . . 1680 67.77 7.96 10.72 68.08 8.29 9.67 8"* 

° Compound crystallized with bound solvent, driven off at 105° in vacuo. h Analysis by Huffman Micro-analytical Labora
tories, Wheatridge, Colo. ' Variable decomposition point, not indicative of purity. d 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 ml. of sulfuric 
acid in 33 ml. of water. The oxidation products were chro-
matographed on Florisil; 2-fluoroprogesterone (2.05 g.) was 
eluted by 10% acetone in Skellysolve B. The substance 
melted at 187-191° and was aialyzed; Xmax 242 m,u (E 
15,475), [« ]D + 220° (CHCl3). Carbonvl bands appeared in 
the infrared spectrum at 1700 (C-20) and 1690 cm. - ' (C-3). 

furan and methylene chloride12 to give 2.0 g. of the 2,9a-
difluoro compound VII melting at ca. 210-217° with decom
position, and having an infrared 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—m.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 progesterone,5 

and then removal of the pyrrolidine group/ 3 was fluoridated 
with perchloryl fluoride via its glyoxalate, and the crude prod
uct was oxidized in 67 ml. of methylene chloride solution by 

Anal. Calcd. for C2 
5.71. Found: C, 75.98; 

H29FO4: C, 75.87; 
H, 9.25; F, 5.24. 

H, 8.79; F , 
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Microbiological reduction of triamcinolone and of 9a-fluoro-16o!-hydroxyhydrocortisone with Corynebacterium simplex or 
with Bacterium cyclo-oxydans yields the respective 20/3-dihydro derivative. Further reduction of triamcinolone by these 
microorganisms results in the loss of the C-1,2 double bond as well as reduction of the C-20 ketone. 20/3-Dihydrotriamcino-
lone forms a 16a,20/3,21-triacetate, a 20/3,21-acetonide and a 16a,17a;20/3,21-bis-acetonide. 

The several reported syntheses of triamcinolone 
(9a-fluoro-ll/3,16a,17a,21-tetrahydroxy-l,4-preg-
nadiene-3,20-dione) (II) involve microbiological 
dehydrogenation of an appropriate A4-3-ketoster-
oid23 with the organisms Corynebacterium simplex^ 
Bacterium cyclo-oxydans,6 Mycobacterium rhodo-
chorus,3 Nocardia corallina,- etc. As a competing 
r e a c t i o n we find t h a t t h e 2 0 - c a r b o n y l g r o u p of t r i 
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(3) R. W. Thoma, J. Fried, S. Bonanno and P. Grabowich, ibid., 79, 
4818 (1957). 
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amcinolone and its A4-3-ketone precursors is re
duced by C. simplex and B. cyclo-oxydans, yielding 
the 20/3-dihydro derivative III. The combination 
of C-1,2 dehydrogenation and 20-carbonyl reduction 
has been noted in other cases.4-6 

Reduction of triamcinolone by either organism 
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. S. Patent 2,756,179 (July 24, 
1956); U. S. Patent 2,799,690 (July 16, 1957); (b) S. A. Szpilfogel, 
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Nawa, M. Uchibayashi, R. Takeda, I. Nakanishi, T. Kusaka, J. 
Terumichi, M. Uchida, M. Katsumata, K. Yoshimo and H. Fuji-
tami, Tetrahedron, 4, 201 (1958). 


