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Fig. 1.—Infrared spectrum of liquid N-perchlorylpiperidine.

autocatalytic decomposition. Attempts to burn the pure com-
pound during elemental analysis resulted in violent explosions
and could only be carried out by first absorbing the compound on
powdered alumina to desensitize it. Although the N-perchloryl-
piperidine decomposes slowly at 25°, it may be stored indefinitely
at —80°. The index of refraction (n®p) of a freshly prepared
sample is 1.4646.

Anal. Caled. for CsH,CINO;: C, 85.8; H, 6.1; Cl, 21.2;
N, 8.4; mol. wt., 167.6. Found: C, 37.4,37.6; H, 8.8.6.6; Cl,
21.2, 18.7; N, 9.1, 7.9; mol. wt., 169 (differential vapor pres-
sure).

The abo ve elemental analyses are only fair owing to instability
of the compound; however, they do support the empirical for-
mula. More positive evidence for the structure is provided by the
mass cracking pattern of a freshly prepared sample (Table I). A
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complex pattern below m/e = 84 is similar to that observed for
piperidine (API 618) and a relative intensity of 100 was assigned
to mass peak 42.

The -ClO; group is bonded to the nitrogen as indicated by the
infrared absorption spectrum and the absence of any N~H bond
absorption at 2.7-3.0 u. The major absorption peaks for the
~ClO; group are found at 8.15, 8.42, and 14.63 u. (See Fig. 1.)

The maximum yield to date of N-perchlorylpiperidine is 669,
due to rapid hydrolysis of this compound by the basic solution in
which it is formed. The hydrolysis products are being char-
acterized now and will be reported on in a later publication.
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A possible rationale for the increased potency of the
chloroethynylestrenones,! compared with the corre-

NorEes 3739
sponding ethynylestrenones as inhibitors of pituitary
gonadotrophin, is the acidification of the C-178-0l owing
to the inductive effect of the chlorine atom. It seemed
possible that the substitution of additional electron-
withdrawing groups around the C-178-ol might lead to
further increments in potency. In view of the ready
availability of 16a-fluoro-5-androsten-38-ol-17-one? (I)
the synthesis of 16a-fluoro-17 a-chloroethynyl-4-andro-
sten-178-o0l-3-one (IV) appeared to provide an attractive
test of this hypothesis.
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Chloroethynylation?® of I afforded an approximately
2:3 mixture of IT and III, which could be separated by
crystallization. Jones* oxidation followed by acid-
catalyzed isomerization of the A’-bond afforded the C-17
epimers, IV and V, of 16a-fluoro-17-chloroethynyl-4-
androsten-17-ol-3-one.

The stereochemical assignments were made on the
basis of rotation and the n.m.r. and infrared spectra of
IV and V. Rotations® are summarized in Table I.
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The rotational evidence is satisfactory as far as the
stereochemistry at C-17 is concerned, but does not ex-
clude the possibility of epimerization of the C-16 fluo-
rine during the chloroethynylation step. The later
possibility appear rather remote since the mechanism
of the epimerization would require formation of a Al-
enolate which would resist chloroethynylation under
the conditions of the reaction. Furthermore, long-range,
spin-spin coupling between the protons at C-18 and
fluorine at C-168 has been observed by Cross and Lan-
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dis.® In the present instance compounds I, IV, and V
exhibited only a sharp singlet for the C-18 methyl at
7 8.95, 8.99, and 9.00.7

Examination of the infrared spectrum® of IV demon-
strated the presence of both free and hydrogen-bonded
hydroxyl at 3609 em and 3390 ecm.—!. The latter dis-
appeared after a ca. 50-fold dilution, indicating inter-
molecular hydrogen bonding for this compound. Com-
pound V showed only a single peak at 3589 cm. 1L
The shift of 20 em.~! with V compared with IV is in ac-
cord with the Au of 19 em.~! observed by Schleyer and
West® for intermolecular hydrogen bonding with a
methanol-n-butyl fluoride system.

It is interesting to note that polarities could not be
used with confidence for structure determinations in
this series. Compounds II and III were not separated
by silica gel, thin layer chromatography using ether—
benzene (3:2) as the eluent. However, compounds IV
and V showed the expected polarities, with IV slightly
more polar than V [AR; 0.08 on silica gel using ether—
benzene (2:3) as the eluent].

Compounds IV and V were tested in the Merck In-
stitute for Therapeutic Research.’® Compound IV
was 0.5 times as active as 2l-chloroethisterone, s.c.
(2.5 times ethisterone), in the Clauberg assay.!'! In
the pituitary gonadotrophin inhibition test'? IV was 0.2
times as active as Norlutin, s.c. Compound V was in-
active in both assays.

Experimental!®

16a-Fluoro-17a-chloroethynyl-4-androstene-38,173-diol (II)
and 16a-Fluoro-173-chloroethynyl-4-androstene-33,17«-diol (III).
—A solution consisting of 3.84 g. of cis-1,2-dichloroethylene in 15
ml. of sodium-dried ether was added to a stirred solution consist-
ing of 7.6 ml. of 1.30 N methyllithium in 15 ml. of sodium-dried
ether maintained under 1 atm. of nitrogen and cooled by an ice
bath. Stirring was continued for an additional 15 min. after
removal of the ice bath, followed by the dropwise addition of 500
mg. of 16a-fluoro-as-androsten-38-ol-17-one in 45 ml. of sodium-
dried ether over a 5-min. period. After an additional 1.7 hr. the
reaction mixture was poured into ice-water and ether. The ether
layer was separated, washed with water, dried over potassium
carbonate, and concentrated tn vacuo to yield 614 mg. of an off-
white foam. Crystallization from ether afforded 308 mg. of
16a-fluoro-178-chloroethynyl-5-androstene-38,17«-diol (1I1), m.p.
~185-238°. A sample for analysis, prepared in an analogous re-
action with protection of the C-38-ol as the tetrahydropyranyl
ether, was crystallized several times from methanol, m.p. 255~
256°, [a]p —37°.

Anal. Caled. for CoyHxCIFO,: C, 68.74; H, 7.69; F, 5.18,
Found: C,68.38; H,7.54; F, 4.94.

Evaporation of the filtrate afforded a yellow gum which on crys-
tallization from cyclohexane with a trace of methylene chloride
yielded 225 mg. of 16a-fluoro-17a-chloroethynyl-5-androstene-
38,178-diol (II), m.p. 100-105°. A sample for analysis was crys-
tallized from benzene, m.p. 100~105°; [«]D —145°.

Anal. Found: C, 69.28; H, 8.18; F, 4.80.
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16a-Fluoro-17a-chloroethynyl-4-androsten-17-8-ol-3-one (IV).—
To a stirred solution consisting of 1.0 g. of IT in 50 ml. of acetone
and maintained under 1 atm. of nitrogen was added 0.63 ml. of
8 N Jones* reagent. Stirring was continued for 5 min., followed
by dilution of the reaction mixture with 200 ml. of ether. The
ether suspension was washed with water, saturated aqueous
godium bicarbonate solution, and water, and then dried over po-
tassium carbonate and concentrated in vacuo to yield 855 mg. of
a colorless foam. The crude 3-keto A®-steroid and 86 mg. of
p-toluenesulfonic acid were dissolved in 25 ml. of acetone and
left at room temperature overnight. The solution was concen-
trated to about 5 ml. in vacuo, diluted with ether, and washed
with saturated aqueous sodium bicarbonate solution and water,
dried over magnesium sulfate, and concentrated in vacuo to
yield 825 mg. of a colorless foam. After setting aside 50 mg.,
the remainder was chromatographed on 47 g. of acid-washed
alumina. Elution with benzene-ether (3:1) afforded 289 mg.
of 16a-fluoro-17a-chloroethynyl-4-androsten-178-ol-3-one (IV),
double m.p. 100-105°, 166-169°. Three crystallizations from
ethyl acetate afforded a sample for analysis: double m.p. 100~
105°, 191-193°; [a]Dp +47°; ultraviolet spectrum, A\heF 241
my (e 16,600).

Anal. Caled. for CuHyuCIFO,: C, 69.12; H, 7.18; F, 5.21.
Found: C, 69.15; H, 6.87; F, 5.36.

16-Fluoro-173-chloroethynyl-4-androsten-17q-ol-3-one (V).—
Starting with 1.50 g. of I1I, Jones oxidation and acid-catalyzed
isomerization afforded 714 mg. of V. A sample for analysis was
crystallized two times from ethyl acetate: m.p. 198-200°;
[a]p +136°; ultraviolet spectrum, AM2® 242 my (e 16,950).

Anal. Found: C, 69.14; H, 7.10; F, 5.10.
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The thermal isomerization of dehydrolinalyl aceto-
acetate produces, in addition to the commercially valu-
able pseudoionone, an appreciable amount of a ketone
CisHy0.27% Kimel® and Saucy® identified this by-
product as ketone I on the basis of a comparison of its
degradation produets IT and IIT with authentic II and
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