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Steroids.
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The reaction of 2-alkoxalyl-At3-ketones with percliloryl fluoride followed by dealkoxalylation aflords 2a-fluoro-A-3-

ketones,
ditions,

A 21-alkoxalyl-20-ketone gives either a 21-monofluoro or a 21,21-difluoro derivative depeuding on reaction con-
The following new fluorinated steroids are reported: 2«-fluorohydrocortisone, 2a-fluoroprogesterone, 2a-fluoro-

testosterone, 2a-fluorodeoxycorticosteromne, 2q,21-difluoroprogesterone, 21,21-difluoropregnenclone and 21,21-difluoro-

progesterone.

The introduction of fluorine into various posi-
tions of certain steroid hormones has often resulted
in enhancement of biological activity. Thus, in-
corporation of fluorine into the 6a-,2 9a-?and 12a-
positions* of hydrocortisone has afforded highly
active glucocorticoids. In other fields, 21-fluoro-
progesterone has been reported® to be 2—4 times
as active a progestational agent as progesterone,®
and 9ea-fluoro-118,173-dihydroxy-17a-methyl-4-an-
drosten-3-one’ is a potent androgen being approxi-
mately ten times as active as the non-fluorinated
analog. Therefore, it is of general interest to
synthesize and test other fluorinated steroid hor-
mone derivatives. For such a program, the proc-
ess reported from the Pennsalt laboratories by
Inman and co-workers? whereby fluorine is intro-
duced into the methylene group of B-dicarbonyl
compounds via the reaction of sodio enolates with
the new reagent perchloryl fluoride seemed par-
ticularly suitable.? Presumably, this method
would allow the introduction of fluorine into any
steroidal methylene or methyl group which can
undergo acylation to give a B-dicarbonyl system.
Adaptation of this method to the steroid nucleus
therefore would require acylation of a methyl or
methylene group adjacent to a carbonyl function,
reaction with perchloryl fluoride and finally deacyla-
tion. In this paper we wish to describe the use of
this procedure for tlie introduction of fluorine into
the 2- and 21-positions of the steroid molecule.

For the preparation of the 2-fluoro derivatives
of 4-pregnene-3,20-diones, it is first necessary to

(1) A portinn of the work described in this paper has been published
in a preliminary form; ¢f. H. M. Kissman, A. M. Small and M. J.
Weiss, THIS JOURNAL, 81, 1262 (1959) (paper 1 of this series).

(2) (a) A. Bowers and H. ], Ringold, 7bid., 80, 4423 (1938); (b)
J. A. Hogg, et al., Chemisiry & Industry, 1002 (1938).

(3) J. Fried and E, F. Saho, THIs Jour~arL, 79, 1130 (1957).

(4) J. A. Hogg, Sixth Nat. Medicinal Chem. Symposium A.C.S.,
Madison, Wisc., June 23—25, 1958.

) P Tannhauser, R. J. Pratt and E. V, Jensen, THIs JoUurNaL, T8,
2658 (1956).

{G) For the effect of a fluorine atom at C-6 on progestational activity
see H. J. Ringold, E. Batres, A. Bowers, J. Edwards and J. Zderic,
ibid., 81, 3485 (1959).

(7) M. E. Herr, J. A. Hogg and R. H. Levin, 1bid., T8, 500 (1956).

(8) C. E. lnman, E. A, Tyczkowski, R. E. Oesterling and F. L.
Scott, Experientia, 14, 355 (1958); C. E. Inman, R. E. Oesterling and
1:. A. Tyczkowski, THIS JoUr~aAL, 80, 6533 (1958). We would like to
thank the Pennsalt Chemicals Corporation for a generous sample of
perchloryl fluoride.

() 1n a recent paper, R. B, Gabbard and E. V. Jensen, [J. Org.
Chem., 28, 1406 (19538.] reported the synthesis of 2a-fluorocholesta-
none by the reaction of perchloryl fluoride with cholestan-3-one pyrro-
lidyl enamine. The reaction of perchloryl fluoride with steroidal enol
ethers has also heen reported: S. Nakanishi, R. L. Morgan and E. V.
Jensen, Abstracts of Papers, 136th Meeting of the A.C.S., Atlantic
City, N. J., September, 1959, p. 55 P.

block the 20-carbonyl group so as to prevent acyla-
tion at C-21 or possible base-catalyzed rearrange-
ments of the side chain. Thus, the conveniently
available 20-ethylene ketal derivatives of hy-
drocortisone,!® progesterone!* and deoxycorti-
costeronel!? represented suitable starting materials
for the incorporation of fluorine into these impor-
tant hormones. Among the potential acyl groups
which might be introduced at position C-2, the
alkoxalyl was the most attractive. Alkoxalylation
at C-2 has been shown to proceed, at least in certain
instances, in good yields.!®* Furthermore, deacyla-
tion of brominated alkoxalyl steroids is usually a
smooth reaction requiring relatively mild conditions.
For the synthesis of 2a-flucrohydrocortisone
(IV), the 20-ethylene ketal of hydrocortisone
(I)'° was treated with methyl oxalate and sodium
methoxide in benzene solution as described in a
recent Australian patent.!* This procedure gave
two yellow, crystalline methoxalyl derivatives
which were isomeric. The lower melting com-
pound (m.p. 197-198°), obtained in about 2297
vield, was brominated to give, after cleavage of the
methoxalyl group with methanolic potassium
acetate, a monobromide. Dehydrobromination
with collidine and acid-catalyzed hydrolysis of the
20-ethylene ketal group afforded 1183,17q,21-tri-
hydroxy-1,4-pregnadiene-3,20-dione (prednisolone)
in 289 over-all yield indicating that bromination
had taken place at the 2-position and that there-
fore, in all probability, the lower melting product
was the desired 2-methoxalylhyvdrocortisone 2i-
ethylene ketal (I1). The structure of the higher
melting methoxalyl derivative (mi.p. 259-260°,
159 yield) has unot been elucidated as yet. The
isolation of only one methoxalyl derivative is
described in the above-cited patent.!* Although
physical constants for this product are not given,
its reported conversion to a 2-methyl derivative
indicates that it is the lower melting isomer.
Perchloryl fluoride gas was bubbled into a cold
methanolic solution containing the 2-methoxalyl

(10) This commpound was obtained by deacetylation of hydrocorti-
sone acetate 20-ethylene ketal which in turn was prepared (8. Bern-
stein and R. Littell, unpublished work) from the bis-ethylene ketal
of hydrocortisone acetate [W. S. Allen, 8. Berustein and R. Littell,
Tuis JoUrRNAL, T6, 6116 (1834)] by acetic acid-catalyzed removal of the
3-ethylene ketal group [R. Antonucci, S. Bernstein, M. Heller, R.
Lenhard, R. Littell and J. H. Williams, J. Org. Chem., 18, 70 (1953)].

(11) M. Gut, J, Org. Chem., 21, 1327 (1936).

(12) F. Sondheimer and Y. Klibansky, Tefrahedron, 5, 15 (1959).

(13) G. R. Allen, Jr., aud M. J. Weiss, TH1s JoURNAL, 81, 4368
(1959); earlier, pertinent references are cited in this paper.

(14) Australian Patent 23,672, May 12, 1456, assigned to Merck and
Co., 1nc.
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derivative II and an excess of sodium methoxide.!®
Loss of basicity and a negative enol test were taken
as indications of completeness of reaction. Cleav-
age of the methoxalyl group was effected with
potassium acetate in refluxing methanol to afford
2a-fluorohydrocortisone 20-ethylene ketal (III) in
439 yield. The ketal group was removed with
sulfuric acid in methanol and there was obtained
a 73% yield of crystalline 2a-fluorohydrocortisone
(IV).

CH,OH

CH.0OH
. 0—]

(0]

The a-configuration of the fluorine atom in com-
pounds IIT and IV is assumed from spectral
evidence, on the basis that a fluorine atom at C-2
would have effects on the infrared!® and ultra-
violet!”18 absorption spectra similar to those ex-
hibited by chlorine and bromine atoms at this
position. Thus, when compared to the spectra of
their respective parent compounds, the spectra of
IIT and IV showed no shift of the ultraviolet ab-
sorption maxima and a hypsochromic shift of the
3-carbonyl bands in the infrared (¢f. Table I).20
On the basis of similar spectral evidence, the a-
configuration also was assigned to all the other 2-
fluoroketones reported in this paper. It may be
noted that the change in molar rotation resulting
from the introduction of a 2a-fluorine atom into the
various steroids of this investigation is consistently
positive (¢f. Table I). That the a-epimer ap-
parently is the more stable?? is interesting since

(15) V. Papesh, Chem. Eng. News, 87, (No. 28), 60 (1959), has re-
ported an explosion resulting from the addition of sodium methoxide
to a vessel containing the mixed vapors of methanol and perchloryl
fluoride.

(16) (a) M. Fieser, M. A. Romero and L. F. Fieser, THIS JOURNAL,
77, 3305 (1955); (b) E. G. Cummins and J. E. Page, J. Chem. Soc.,
3847 (1957).

(17) B. Ellis and V. Petrow, ¢bid., 1179 (1956).

(18) Comparison of the spectra of an unequivocal axial e-fluoro-
ketone with those of the parent desfluoro compound showed a batho-
chromic shift in the ultraviolet absorption maximum and no shift in
the position of the carbonyl band in the infrared.!®

(19) A. S. Kende, Teirahedron Leiters, in press. We would like to
thank Dr. Kende for making available to us this information prior to
publication.

(20) 1n a recent paper, Djerassi and co-workers?! reported that 2a-
fluorocholastan-3-one,® which showed a similar hypsochromic shift of
the 3-one band in the infrared,’ has a rotatory dispersion curve akin to
those of other equatorial a-haloketones.

(21) C. Djerassi, I. Fornaguera and O. Mancera, THIS JoURNAL, 81,
2383 (1959).

(22) Presumably, base-catalyzed cleavage of the alkoxalyl group
proceeds 27¢ an intermediate carbanion which allows ample opportunity
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in comparison with bromo, chloro and methyl
substituents, the probability of steric interaction
of a 2a-fluorine with the angular methyl group at
Cu is at a minimum and the probability of electro-
static repulsion between a 2a-fluorine and the 3-
keto group is at a maximum.?

For the synthesis of 2a-fluoroprogesterone (V),
the 20-ethylene ketal of progesterone!! was pre-
pared vic Oppenauer oxidation of pregnenolone
20-ketal obtained by a modification of a literature
method.!? Ethoxalylation, reaction with per-
chloryl fluoride, cleavage of the ethoxalyl group
and removal of the 20-ethylene ketal group were
carried out without isolation of intermediates to
give 2a-flucroprogesterone (V) in 44% yield over-
all from progesterone 20-ethylene ketal. A similar
sequence gave 2a-fluorodeoxycorticosterone (VI)
in 2569, over-all yield from deoxycorticosterone
acetate 20-ethylene ketal.'? 2a-Fluorotestosterone
(VII) was prepared from testosterone in 209
over-all yield wie a crude, non-crystalline 2-meth-
oxalyl derivative.

CH; CH,OH
0 0
ONF % 0 VI
OH
F
0 VII

Since Inman and co-workers® had shown that
the reaction of diethyl sodiomalonate with per-
chloryl fluoride afforded only the difluoro derivative,
it seemed probable that perchloryl fluoride treat-
ment of a 21-alkoxalylsteroid would give a 21,21-
difluorosteroid, a hitherto unreported steroid class.
Thus, the sodium salt of 21-ethoxalylpregnenolone
(VIII)?* was treated with perchloryl fluoride in
methanol solution containing an additional equiva-
lent of sodium methoxide. Contrary to the results
expected on the basis of Inman’s work,’ a 679
yield of 2l-monofluoropregnenolone (IX)® was
isolated after cleavage of the alkoxalyl group.
Oxidation of IV with aluminum isopropoxide gave
the known 21-fluoroprogesterone (XI).> In order
to obtain the desired 21,21-difluorosteroid XII,
it was necessary to treat sodio ethoxalylpregnenol-
one repeatedly with excess sodium methoxide and
perchloryl fluoride (see Experimental section).
Even under these forcing conditions some 21-
monofluoropregnenclone (IX) was obtained. Our
best experiments afforded, after dealkoxalylation,
a 569, yield of 21,21-difluoropregnenclone (X) and
a 149, yield of the 21-monofluoro derivative IX.

for conformational equilibration of the fluoroketone;
Weiss.13

(23) See E. J. Corey [THIs JoUurNaL, 76, 175 (1954) ] for a discussion
of the factors determining the relative stability of epimeric a-bromo-
ketones in the steroid field. It is even more surprising that the stable
epimer of 2-fluoroeyclohexanone also has the equatorial conformation;
cf. A. 8. Kende.!®

(24) H. Ruschig, Chem. Ber., 88, 878 (1933).

cf. Allen and
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TABLE I

CHANGES IN PosITION OF INFRARED CARBONYL ABSORPTION BANDS AND OF MOLAR ROTATION VALUES RESULTING FROM
INTRODUCTION OF FLUORINE
Non-fluorinated

Fluorinated compounds ~——parent compounds—— Differenci
Infrared bands, u lnfrared bands, g Ag
3-C=0 20-C=0 Mp® 3-C=0 20-C=0 Mpea 3-C=0 20-C=0 AMp
2a-Fluorohydrocortisone 20-ethvlene ketal
(I11) 5.87 + 560 5.99 4418 —-0.12 +142
2«-Fluorohydrocortisone (IV) 5.90 +723 6.02 +590° - .12 +133
2a-Fluoroprogesterone (V) 5.92 +685 6.01 +639¢ — .09 + 46
2a-Fluorodeoxycorticosterone (VI) 5.90 +815 5.99 +587¢ — .09 +228
2a-Fluorotestosterone (VII) 5.90 +401 6.00 +337/ - .10 + 64
21-Fluoropregnenolone (IX) 5.85 5.95 —-0.10
21,21-Difluoropregnenolone (X) 5.76 5.95 - .19
21-Fluoropregesterone (XI) 5.79 5.88 — .09
21,21-Difluoroprogesterone (XII) 5.76 5.88 - .12
2a,21-Difluoropregsterone (XIV) 5,92 5.80 4765 6.01 5.88 46397 - .09 — .08 -+126
 In chloroform at 23-26° unless stated otherwise. ®In MeOH. ¢In MeOH [N. L. Wendler, ¢ al., THIS JOURNAL, 74,

3630 (1952)].
(1951)].

Oppenauer oxidation of X yielded 21,21-difluoro-
progesterone (XII).

4 A. Lardon, Helv. Chim. Acta, 32, 1517 (1949).
£ S. A, Julia, Pl. A. Plattner and H. Heusser, ibid., 35, 665 (1952).

¢ In EtOH [Ch. Meystre and K. Miescher, ibid., 34, 2286

I
CH,C—C—O0Et

CH,F
90 0 0
CH,( —C—OFt
| 2 9
EtO—C—C — F.
0 X111 0 XIV

0 =
XI

XII

It was also possible to effect concurrent reaction
of perchloryl fluoride with two ethoxalyl groups
situated at different sites on the steroid molecule.
Thus, reaction of perchloryl fluoride with 2,21-
bisethoxalylprogesterone (XIII)? followed by de-
ethoxalylation afforded 2«,21-difluoroprogesterone
(X1V) in 419, yield over-all from progesterone.
The assigned structure is supported by the observed
hypsochromic shift of the 3- and the 20-carbonyl
bands2® (¢f. Table I). With respect to the effect
of C-21 fluorine on the 20-carbonyl band, it is
interesting to note that the 21,21-difluoro-20-keto
derivatives show an enhanced shift.?

(25) J. A. Hogg and co-workers, U. S. Patent 2,862,010;
JourNaL, T7, 4438 (1953).

{26) Similar Ag values have heen reported by R. N. Jones, D. A,
Ramsay, F. Herling and K. Dobriner, tbid., 74, 2828 (1952).

'[HIS

Biological Data.—In contrast to the activity of
the various fluorohydrocortisone derivatives men-
tioned at the beginning of this paper, the activity of
2a-fluorohydrocortisone (IV) is undistinguished,
being approximately one-third that of hydrocorti-
sone as measured by the liver-glycogen, thymus-
involution and asbestos-granuloma inhibition tests
in adrenalectomized rats.® This relatively low
activity of IV stands in contrast to the high activity
of 6a-fluorohydrocortisone? and is interesting when
one considers the high activity of both the 2a-
methyl-?* and 6a-methylhydrocortisone® deriva-
tives.

The other compounds reported in this paper are
in the process of biological evaluation.

Acknowledgment.—We would like to thauk Dr.
G. R. Allen, Jr., and Mr. W. S. Allen for advice
and helpful discussions. We are grateful to Mr.
W. Fulmor and staff for spectrophotometric and
polarimetric data, to Mr. L. Brancone and staff
for microanalyses, to Mr. C. Pidacks and staff
for chromatographic separations and to Dr. H. G.
Arlt, Jr., and staff of the Chemical Preparations
Laboratory for the large scale preparation of certain
intermediates.

Experimental

General .»—Melting points were taken on a Kofler micro
hot-stage and are corrected. Ultraviolet spectra were de-
termined in methanol unless stated otherwise, using a Cary

(27) A similar effect has been observed on comparison of 21-bromo
with 21,21-dibromo-20-keto derivatives; G. R. Allen, Jr., and M. J.
Weiss, unpublished resuits.

(28) We wish to thank L. Bortle, E. Heyder, A. Montforte, E. Ross
and I. Ringler of the Experimental Therapeutics Research Section of
these laboratories for these results.

(29) J. A. Hogg, F. H. Lincoln, R. W. Jackson and W. P. Schneider,
THIS JoUrNAL, T7, 6401 (1955).

(30) G. B. Spero, ¢t al., ibid., 78, 6213 (1956).
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recording spectrophotometer and infrared spectra (KBr
disks) on a Perkin-Elmer spectrophotometer (model 21).
Polarimetric data were obtained in chloroform solution un-
less stated otherwise. Solutious were dried over magne-
sium sulfate and evaporations were carried out in vacuo.
An ethanolic solution of ferric chloride was used for the enol
test.

Hydrocortisone 20-Ethylene Ketal (20-Ethylenedioxy-113,
17a,21-trihydroxy-4-pregnen-3-one, I).—A solution of 5.38
g. (12 mmoles) of hydrocortisone acetate 20-ethylene ketal
(21 -acetoxy-20-ethylenedioxy - 118,17« -dihvdroxy - 4-preg-
nen-3-one)!® in 400 cc. of dry methanol was stirred under
nitrogen with 12 cc. of a 1 N methanolic sodium methoxide
solution for 30 minutes at room temperature. Acetic acid
(0.72 cc.) was added and the solvent was removed by evap-
oration. The residue was triturated with several portions
of hot acetone and the mixture was filtered. Tlie combined
acetone extracts and filtrate were evaporated to a small
volume. The solid which crystallized was collected, washed
with a small amount of acetone and dried in vacuo; 4.59 g.
(949%), m.p. 208-210°. The analytical sample was recrys-

tallized several times from acetone; m.p. 212-215°, [«]2®
D+103° (¢ 1.44), Amax 241 mu (e 17,100).
Anal. Caled. for C;H3:0q: C, 67.95; H, 8.43. Found:

C, 67.79; H, 8.43.

2-Methoxalylhydrocortisone 20-Ethylene Ketal (20-
Ethylenedioxy-113,17«,21-trihydroxy-2-methoxalyl - 4 - preg-
nen-3-one, II).!%—Sodium methoxide was prepared from
0.46 g. of sodium in 120 cc. of benzene and 8 ce. of methanol.
The stirred miixture was distilled until the distillation tem-
perature reached 80°. The suspension was allowed to come
to room temperature, and 4 g. of anhydrous dimethyl oxa-
late and 2 g. (4.92 mmoles) of hydrocortisone 20-ethylene
ketal (I) was added. The mixture was stirred for 16 hours.
Chloroform (320 cc.) was then added to the dark brown sus-
pension and the mixture was washed three times with 20-cc.
portions of cold 309, aqueous sodium dihvdrogen phosphate
solution and with water. The organic phase was dried and
evaporated. The residue was treated with a small amount
of hot ethy! acetate and the orange solid which crystallized
on cooling was collected, washed with a little ethyl acetate
and dried to afford 0.36 g. (159%) of the higher melting
methoxaly]l derivative (positive enol test), m.p. 253-255°.
This product (obtained in another experiment) was recrys-
tallized twice from ethyl acetate—chloroform; m.p. 259-
260°, [@]®D +93° (¢ 0.61 in pyridine); Amax 244 my, 348 mu
(e 9,900 and 5,170 in methiyl Cellosolve—methanol) 250
and 353 my (e 12,800 and 9,350 in methy!l Cellosolve—meth-
anol brought to pH 14 with aqueous sodium methoxide).

Anal. Caled. for CgngsOg' 1/2H20 C, 6227, H, 7.24.
Found: C, 61.97; H, 6.92.

The ethyl acetate filtrate from which the above-described
higher melting solid had been separated was evaporated
under reduced pressure and the residue was dissolved in 40
cc. of chloroform. The solution was extracted several times
with ice-cold portions of 19, aqueous potassium hydroxide.
Each portion of extract was added quickly to a mixture of
309 aqueous sodium dihydrogen phosphate solution and
methylene chloride. The methylene chloride layer was
separated quickly and was washed with water. The com-
bined methylene cliloride solutions, so obtained, were
dried, filtered and evaporated. The residue was triturated
with ether containing a little ethyl acetate and the solid was
collected, washed with ether and dried; 0.52 g. (229), m.p.
178-180° (positive enol test). Compound II so obtained in
a pilot experiment was recrystallized from ether—-methylene
chloride; m.p. 197-198°, [«]?®p +47° (¢ 0.63 in pyridine)
and 464.5° (¢ 1.24 in chloroform); Apax 244 my, 325 mu
(e 11,580 and 5,420 in methanol); 252 mu, 353 mu (e 13,540
and 11,580 in methano! brought to pH 14 with aqueous
sodium hydroxide).

Amnal. Caled. for CyeHy04-1/4H,0: C, 62.83; H, 7.40.
Found: C, 62.88; H, 7.32.

2a-Bromohydrocortisone 20-Ethylene Ketal (2«-Bromo-
20-ethylenedioxy-113,17«,21-trihydroxy-4 - pregnen-3 - one).
—The lower melting methoxaly! derivative II (0.2 g., 0.4
mmole) was added to a solution of 0.08 g. of potassium ace-
tate in 5 cc. of methanol. To the stirred, cold solution was
added dropwise a solution of bromine in carbon tetrachloride
(0.61 g. of bromine/cc.) until the solution, which was orig-
inally dark vellow, became colorless and gave a negative
eno] test. This required 1.06 cc. of bromine solution (i.e.,
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0.41 mmole of bromine). The solution was mixed with 0.41
cc. of 1 N methanolic sodium methoxide. The mixture was
kept under reflux for 10 minutes and was then evaporated.
Tlie residue was partitioned between water and ethy! ace-
tate—ether (1:1), and the organic phase was washed with a
little water, dried and evaporated. Tle residue was crys-
tallized from methylene chloride—ether; 0.141 mg. (71%),
m.p. 163-159°. For analysis the compound was recrystal-
lized from the sanie solvent mixture; m.p. 155-157°. The
infrared spectrum showed a carbony! band at 5.94 4. In the
ultraviolet the compounds showed Amax 244 1nu (¢ 13,100).

Anal. Caled. for CyuHyiOsBr: C, 56.90; H, 6.85; Br,
16.48. Found: C, 56.62; H, 6.99; Br, 16.08.

Prednisolone (118,17«,21-Trihydroxy-1,4-pregnadiene-3,
20-dione).—A solution of 0.5 g. (1.03 mmoles) of the bro-
mohydrocortisone 20-ethylene ketal, obtained as described
above from the lower melting ethoxalyl derivative II, in 10
cc. of freshly distilled collidine was allowed to reflux for 1
llour. The dark solution was filtered and the filtrate was
diluted with 30 cc. of methylene chloride. The chilled mix-
ture was treated with 59 aqueous sulfuric acid and the or-
ganic phase was separated, washed with water, dried and
evaporated. The residual gum (0.36 g.) was dissolved in 30
cc. of methanol and there was added 1 cc. of 89, aqueous sul-
furic acid. The mixture was allowed to reflux for 1 hour
and then was cooled and neutralized by stirring with Duolite
A-4 anion exchange resin (OH form).® The mixture was
filtered and the resin was washed thoroughly with methanol.
The combined filtrate and washings were evaporated and the
residue was crystallized from acetone with activated char-
coal; 140 mg. (409%), m.p. 235-240° undepressed by addi-
tion of prednisolone. Identity was confirmed by comparison
of infrared spectra.

2a-Fluorohydrocortisone 20-Ethylene Ketal (2a-Fluoro-20-
ethylenedioxy-118,17«,21-trihydroxy-4-pregnen-3-one, III).
—To a cooled solution (—10°) of 0.535 g. (1.08 mmoles)
of 2-methoxalylhydrocortisone 20-ethylene ketal (II) in 25
cc. of absolute methanol was added 1.08 cc. of a 1 N meth-
anolic sodium methoxide solution. Into the stirred mixture
was bubbled a vigorous stream of perchloryl fluoride gas!s
until the mixture was netural and no longer gave a positive
enol test (2-4 minutes). The solution was allowed to come
to room temperature and was evaporated. The residue was
partitioned between water and chloroform, and the aqueous
phase was separated and washed with a small amount of
chloroform. The combined chloroform layers were washed
with a little water, dried and evaporated. The residue was
redissolved in 10 cc. of methanol containing 0.19 g. of potas-
sium acetate and the solution was allowed to reflux for 1
hour. It was then evaporated to dryness and the residue
was partitioned between water and chloroform. The chlo-
roform layer was dried and evaporated. The residue was
crystallized from ether to afford 0.2 g. (43%) of a white
crystalline solid with m.p. 215-219°. A sample recrystal-
lized from ethyl acetate showed m.p. 224-226°, [a]%D
4+132° (¢ 0.63); Amax 242 mu (e 14,000).

Anal. Caled. for CyuHpFOs: C, 65.07; H, 7.84; F,
4.48. Found: C, 64.87; H, 8.45; F, 4.43.

2a-Fluorohydrocortisone (2a-Fluoro-118,17«,21-trihy-
droxy-4-pregnene-3,20-dione, IV).—To a solution of 0.622
g. (1.46 mmoles) of III in 50 cc. of methanol was added 2
ce. of an 8%, aqueous sulfuric acid solution and the mixture
was allowed to reflux for 1 hour. Solvent was removed
under reduced pressure with occasional addition of water so
as to keep the volume at approximately 40-50 cc. The
cooled mixture was extracted thoroughly with chloroform
and the combined extracts were washed with water, dried
and evaporated. The residue was crystallized from methyl-
ene chloride—ether to afford 0.407 g. (739,), m.p. 220-226°
(sintering above 215°). Recrystallization from the same
solvent mixture gave material with m.p. 216-220°, [«]%D
4+190° (¢ 0.76 in methanol), Amax 241 mu (e 14,800).

Anal. Caled. for CyqHxFO;: C, 66.30; H, 7.68; F,
5.00. Found: C, 66.02; H, 7.82; F, 5.00.

Pregnenolone 20-Ethylene Ketal (20-Ethylenedioxy-38-
hydroxy-5-pregnene)."—Pregnenolone was ketalized by
distillation with ethylene glycol according to the method of

(31) Duolite A-4 is the trademark of the Chemical Process Co., Red-
wood City, Calif., for an anion exchange resin.
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Allen, Bernstein and Littell.3? Ethylene glycol (1000 cc.)
was lieated at 10-15 mm. pressure in a three-necked flask
containing an efficient stirrer until 25 cc. had distilled out.
Pregnenolone (50 g., 0.158 mole) was added and distillation
in vacuo was continued until another 100 cc. of distillate
had been collected. There was then added 2.5 g. of p-tolu-
enesulfonic acid and heating uuder reduced pressure was
continued with vigorous stirring uutil 500 ce. of distillate
had been collected. During this period, tlie starting mate-
rial dissolved and the product precipitated. The reaction
mixture was cooled and the catalyst was neutralized with
solid sodium bicarbonate. The solid was removed by filtra-
tion, washed thoroughly with water and dried in vacuo to
afford 55 g. (979%), m.p. 140-145°. This product was
sufficiently pure for conversion to progesterone 20-ethylene
ketal.! A small amount was recrystallized successively
from ethanol, methylene chloride—ether and, finally, ethanol;
m.p. 154-162° (lit.!! m.p. 163-166°). Identity was es-
tablished by comparison of iufrared curves with an authentic
sample.33
2a-Fluoroprogesterone (2a-Fluoro-4-pregnene-3,20-

dione, V).—Sodium metlioxide in benzene was prepared by
dissolving 0.114 g. of sodium in 45 cc. of benzene aud 3.7 cc.
of methanol. Solvent was removed by distillation uutil the
distillation temperature reached 80°. To the cooled solu-
tion was added 1.5 cc. of redistilled diethy] oxalate and 1.63
g. (4.55 mmoles) of progesterone 20-ethylene ketall! in 20
cc. of benzene. The reaction mixture was stirred at room
temperature with exclusion of moisture for 21 hours. Ether
(200 cc.) was then added to the deeply colored suspension
and the mixture was extracted with several portions of ice-
cold 19, aqueous potassium hydroxide solution. The ex-
tracts were individually washed with ether and were then
poured into enough 309, sodium dihydrogen phosphate solu-
tion to give a solution having pH 4-5. This mixture was in
turn extracted quickly with several portions of chloroform
until the extracts gave a negative enol test. The combined
chloroform extracts were washed with water, dried and
evaporated to leave 1.92 g. of yvellow amorphous solid.
This was redissolved in 50 cc. of methanol and to the cooled
(—20°) solution was added 8.4 cc. of 1 NV methanolic sodium
niethoxide solution. The stirred, cooled mixture was satu-
rated quickly with perchloryl fluoride gas (3 minutes) and
was evaporated. The residue was partitioned between
chloroform and water. The chloroform phase was washed
with a little water, dried and evaporated. The residue was
dissolved in 50 cc. of methanol and to the solution was added
2 g. of anhydrous potassium acetate. The mixture was
allowed to reflux for 75 minutes and was then evaporated.
The residue was once more partitioned between chloroform
and water, and the organic phase was washed with water,
dried, and evaporated to afford a residue which crystallized
when triturated with methanol; 1.3 g., m.p. 168-176°, Anax
5.91 u (carbonyl region). Without further purification, this
material (presumably 2«-fluoroprogesterone 20-ethylene
ketal) was redissolved in 50 cc. of methano! containing 2 cc.
of 8%, aqueous sulfuric acid and the solution was allowed to
reflux for 80 minutes. It was cooled to room temperature
and was neutralized by stirring with Duolite A-4 anion ex-
change resin (OH form). The mixture was filtered and the
resin was waslied well with methanol. The filtrate and
washings were evaporated and the residue was crystallized
by trituration with methanol to afford 0.66 g. (449, over-all
from progesterone ketal), m.p. 188-192°. Several recrys-
tallizations from methylene chloride-ether gave a sample
with m.p. 198-200°, [a]%n + 208° (¢ 1.29), Amax 241 mu
(e 15,600).

Anal. Caled. for CuHxFO.: C, 75.86; H, 8.79; F,
5.71. Found: C, 75.56; H, 8.98; F, 5.66.

2a-Fluorodeoxycorticosterone (2q-Fluoro-21-hydroxy-4-
pregnen-3,20-dione, VI).—To a suspension of sodium eth-
oxide (prepared from 0.1 g. of sodium) in 30 cc. of anhydrous
benzene was added 0.833 g. (2 mmoles) of deoxycorticos-
terone acetate 20-ethylene ketal!? and 2 cc. of diethyl oxa-
late. The mixture was stirred at room temperature for 16
hours and was then diluted with ether. The mixture was
extracted witll water and three times with 20-cc. portions of
cold 19, aqueous potassium hydroxide solution. Each por-

(32) W.S. Allen, S. Bernstein and R. Littell, THIs JourNaL, 76, 6116
(1954).

(33) We would like to thank Mr. S. M, Stolar of these laboratories
for this information.
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tion of extract was washed witl: a little ether and was added
to a mixture of 309, sodiun: diliydrogen pliospliate solutiou
and chiloroform. The layers were separated and the aqueous
phase was extracted with additional portions of cliloroforin
uitil these extracts uo longer gave a positive enol test. The
combined chloroforin extracts were washied with water, dried
and freed from solvents i vacuo to leave 0.89 g. of an orange
gum. This was dissolved in 20 cc. of methanol, and to the
cooled solutionn (—20°) was added 5 cc. of 1 N sodiw
methoxide solution. The mixture was saturated quickly
with a vigorous stream of perchlory]l fluoride and was tlien
evaporated. The residue was dissolved in methylene chlo-
ride and the solution was washed with 29} aqueous sodium
hvdroxide and with water. The organic phase was dried
over magnesium sulfate, evaporated and the residue was dis-
solved in methianol (20 cc.) containing 0.5 g. of potassium
acetate. Tle mixture was kept under reflux for 70 minutes
and was then evaporated. Tlie residue was partitioned be-
tween water and methylene chloride and the organic phase
was dried and evaporated. 'The residue crystallized when
triturated with ether. It was collected (0.48 g.) and dis-
solved i 20 cc. of metlianol coutaining 1 cc. of 89, aqueous
sulfuric acid. Tlie mixture was refluxed for 1 hour and was
tlien neutralized with Duolite A-4 anion excliange resin as
described above. Evaporation of tle filtrate afforded a res-
idue which crystallized froin ether; 0.177 g. (259, yield
over-all from deoxycorticosterone acetate 20-ethylene ketal),
m.p. 128-132°. A sample of material prepared in a similar
manner and recrystallized from ether had m.p. 138-141°,
[a]¥D +234° (¢ 1.37), Amax 242 mu (€ 15,300).

Anal. Caled. for CyHxFO;: C, 72.37; H,8.39; F, 5.45.
Found: C, 72.62; H, 8.60; F, 5.53.

2a-Fluorotestosterone (2«-Fluoro-173-hydroxy-4-andro-
sten-3-one, VII).—To a suspension of sodium methoxide
(prepared from 0.55 g. of sodium) in 60 cc. of benzene was
added 3.45 g. (12 inmoles) of testosterone and 6.0 g. of an-
hydrous dimethyl oxalate. The mixture was stirred for 18
hours at room teinperature with exclusion of moisture and
was then worked up as described under the preparation of
VI. The crude 2-methoxalyltestosterone (1.8 g.) was ob-
tained as a vellow glass. [t was dissolved in 50 cc. of meth-
anol containing 4.8 cc. of a 1 V methanolic sodium methoxide
solution and the cooled solution ( —20°) was treated with a
vigorotts streamn of perchloryl fluoride for a few minutes.
Since the reaction mixture was neutral at this time but still
gave a positive enol test, it was evaporated partially to re-
move excess perchloryl fluoride and 1 cc. of the sodiuin meth-
oxide solution was added.!* The mixture was cooled to —20°
and was once more saturated with perchloryl fluoride until
it gave a negative enol test. The mixture was evaporated
and the residue was partitionied between chloroform and
water. The chloroform phase was washed with a little
water aud was dried, filtered and evaporated. The residue
was treated with 1 g. of potassium acetate in 40 cc. of re-
fluxing metlianol for 1 hour and the reaction mixture was
worked up as described above (preparation of VI). Crys-
tallization of the crude product from methylene chloride—
ether afforded 0.72 g. (2095 yield over-all from testosterone),
m.p. 149-151°. A sample recrystallized fromn the same sol-
vent mixture showed in.p. 150-151°, {[a]®Dp + 131° (¢
0.46), Anax 240 mp (e 15,112).

Adnal. Caled. for CuHxFO,-1/2H,0: C, 72.33;
8.94; F,6.02. Fouund: C, 72.59; H,9.01; F, 6.08.

21-Fluoropregnenolone (21-Fluoro-33-hydroxy-5-pregnen-
20-one, IX).>—The sodium salt of 21-ethoxalylpregnenolone2*
(1.8 g., 41.1 mmoles) was mixed with 50 cc. of methanol
containing 4.1 cc. of a 1 N methanolic sodium methoxide
solution and the mixture was cooled to —20°. Perchlory!
fluoride was added until the solution was neutral (3-5
minutes) and the mixture was evaporated to a volume of 30
cc. There was added 2 g. of potassium acetate, and the
mixture was allowed to reflux for 85 minutes. Solvent was
removed by evaporation and the residue was partitioned
between chloroform and water. The organic phase was
washed with a little water, dried and evaporated. The
residue crystallized from ether, 0.92 g. (67%), m.p. 180-
183°. Recrystallization from methylene chloride-ether
gave a sample with m.p. 184-185°, [«]%D 436.9° (¢ 1.03)
(lits m.p. 178.5-179.5°, [«]®D +25°).

Anal. Caled. for CyqHxFO,: C, 75.40; H, 9.35; F,
5.68. Found: C, 75.04; H, 9.50; F, 6.08.

H,
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21-Fluoroprogesterone (21-Fluoro-4-pregnene-3,20-dione,
XI).5—A solution of 0.415 g. (1.24 mmoles) of 21-fluoropreg-
nenolone (IX)® in 25 cc. of toluene and 3.8 cc. of cyclohex-
anone was distilled until 5 cc. of distillate had been collected.
There was then added 2 cc. of toluene containing 0.5 g. of
aluminum isopropoxide and the mixture was distilled very
slowly under partial reflux until another 5 cc. of distillate
liad been collected (75 minutes). The solution was mixed
with 50 cc. of water and was evaporated. To the residue
was added ether and 35 cc. of 59, aqueous hydrochloric acid.
The ether layer was separated and the agqueous phase was
extracted thoroughly with ether. The combined organic
extracts were washed with water, dried and evaporated.
The residue was crystallized from pentane to afford 0.23 g.
(569,), u1.p. 136-140°. Two recrystallizations from ether
gave a sample witli m.p. 143-145°, {«]%D +206° (¢ 1.00)
[lits m.p. 141.5-142.2°; [a]®D +208°, Amex 240 mu (e

17,050).
Anal. Caled. for CyHxFO,: C, 75.84; H, 8.79; F,
5.72. Found: C, 76.14; H, 8.90; F, 5.79.

21,21-Difluoropregnenolone (21,21-Difluoro-33-hydroxy-
S-pregnene-20-one, X).—Perchlory] fluoride gas was bubbled
rapidly into a cooled (—5°), stirred suspension (5.4 g., 12.3
mmoles) of the sodium salt of 21-ethoxalylpregnenolone?¢ in
180 cc. of methanol and 24.6 cc. of 1 N methanolic sodium
methoxide. When the solution was neutral (4 minutes),
part of the solvent was removed 4#n vacuo and another 24 cc.
portion of the methoxide!® solution was added. The mix-
ture was again cooled to —5° and perchloryl fluoride was
bubbled in for a few minutes. Partial evaporation and
treatment with additional methoxide and perchlory!l fluoride
were repeated once more and the mixture was then evapo-
rated. The residue was partitioned between chloroform and
water and the contents of the (dried) chloroform phase were
dissolved in 125 cc. of methanol containing 5 g. of potassium
acetate. The mixture was kept under reflux for 90 minutes
and was evaporated. The residue was again dissolved in
chloroform and water and the organic phase was dried and
evaporated. This left 4.09 g. of solid residue which was
purified by partition chromatography on Celite?¢ from the
system heptane-methanol. Celite (500 g.) was mixed with
250 cc. of the lower phase of the solvent system and the
mixture was packed in small increments into a glass column.
The reaction product was dissolved in 25 cc. of the lower
phase plus 25 cc. of the upper phase, and the solution was
mixed with 50 g. of Celite. This mixture was also packed on
top of the column (5.5 X 68 cm.). Elution was carried out
with tlie upper phase and solids were detected by evapora-

(34) Celite is the Johns—Manville Corporation trademark for diatoma-
ceous earth. The material used for partition chromatography was
Celite 545 which had been washed with 6§ N hydrochloric acid, with dis-
tilled water until neutral and finally with methanol. The material was
dried at 50°,
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tion of equal effluent fractions. A plot of weights zs. frac-
tion number showed that two major peaks had been eluted.
Fractions belonging to the same peak were pooled, evapo-
rated, and the residues crystallized from acetone—hexane.
In this manner, there was obtained from the first peak 2.43
g. (569, yield) of X with m.p. 120-130°, and from the second
peak 0.59g. (149%,) of solid with m.p. 171-178°. The latter
material was identified, after recrystallization, as 21-fluoro-
pregnenolone’ (IX) by mixed m.p. and comparison of in-
frared spectra. Recrystallization from acetone-hexane of
the lower melting substance X obtained in a similar experi-
ment gave a sample with m.p. 135-136°, [«]%D + 50.2° (¢
2.12).

Anal. Caled. for CyHypF:0:: C, 71.55;
10.78. Found: C,71.61; H, 8.60; F, 11.08.

21,21-Difluoroprogesterone (21,21-Difluoro-4-pregnene-

3,20-dione, XII).—A solution of 0.415 g. of the difluoro-
pregnenolone X in 25 cc. of toluene and 3.8 cc. of cyclohex-
anone was oxidized with 0.5 g. of aluminum isopropoxide as
described under the preparation of XI. The crude reaction
product was crystallized from pentane to afford 0.273 g.
(669) with m.p. 137-140°. Recrystallization from ace-
tone-hexane gave material with m.p. 140-141°, [«]%D
+195° (¢ 1.16), Amax 241 mu (e 15,800).

Anal. Caled. for CyHxF:Q.: C, 71.98; H, 8.05; F,
10.85. Found: C, 72.39; H, 8.56; F, 10.90.

2«,21-Difluoroprogesterone(2«,21-Difluoro-4-pregnene-3,
20-dione, XIV)—To a suspension of sodium methoxide (pre-
pared from 0.505 g. (22 mmoles) of sodium) in 30 cc. of an-
hydrous benzene was added 5 g. of diethyl oxalate and 3.14 g.
(10 mmoles) of progesterone. The mixture was stirred at
room temperature for 24 hours. Ether (100 cc.) was added
and the yellow precipitate was collected, washed well with
ether and dried in vacuo (5.87 g.). The material was dis-
solved in 60 cc. of methanol containing 20 cc. of a 1 N
methanolic sodium methoxide solution. The mixture was
cooled to —20° and perchlory!l fluoride gas was passed in
rapidly until most of the color had disappeared. The solu-
tion, which still gave a positive enol test, was evaporated
partially and 3 g. of potassium acetate was added. After
refluxing for 90 minutes, the reaction mixture was evaporated
to dryness and the residue was dissolved in a mixture of
chloroform and water. The organic phase was washed with
a little water, dried and evaporated to afford a residue which
crystallized from ether; 1.63 g., m.p. 150-164°. Recrys-
tallization from methyvlene chloride-ether gave 1.45 g.
(419%,) with m.p. 175-178°. For analysis, a sample was re-
crystallized once from methanol and once from ethanol (with
activated charcoal); m.p. 179-180°, [«]%D +218° (¢ 0.84),
Amax 242 my (e 15,100).

Anal. Caled. for CyHxF20,: C, 71.98;, H, 8.05; F,
10.85. Found: C, 71.63; H, 8.17; F, 10.63.

Pearl R1ver, N, V.

H, 8.58; F,



