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Two degradation products of jervine have been subjected to the i-steroid rearrangement and the corresponding 3,5-
cyclo derivatives isolated. These conversions offer final proof for the 8-orientation of the 3-hydroxyl group in jervine and

veratramine.

In the course of recent studies on the structure of
the alkaloid jervine the nitrogen-free degradation
products I and II were obtained.? The nature and
site of the functional groups and particularly the
presence of an 1l-keto group in these substances
recommended their use as intermediates in the syn-
thesis of analogs of cortical hormones, in which the
conventional steroidal skeleton is replaced by a C/D
rearranged ring system. In order to perform cer-
tain operations necessary for the elaboration of the
dihydroxyacetone side chain it appeared desirable
to protect the hydroxyl group and the 5,6-double
bond of I by conversion to a 3,5-cyclo derivative.
This latter conversion generally known as the ¢-
steroid rearrangement?* is fully stereospecific® and
is dependent on the presence of a B-oriented 3-hy-
droxyl group.! The 3-hydroxyl group in jervine
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and in the acetolysis product I have been as-
sumed mainly on the basis of molecular rotation
relationships to be 8-oriented,?” but this has not
been strictly proved. The formation of a 3,5-cyclo
derivative from I, on the other hand, would consti-
tute unambiguous proof for the 3-orientation of this
hydroxyl group in jervine and, because of degrada-
tion results linking the latter with veratramine,?
also in veratramine.
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Oxidation of the 3,5-cyclo derivative VII with osmium tetroxide involved only the 17,20-double bond.

Treatment of the tosylate III with potassium
acetate in methanol®4furnished a mixture of methyl
ethers separable by chromatography into a dextro-
rotatory (m.p. 58-60°, [«]**D +26°) and a levoro-
tatory (m.p. 168-170°, [«]**p—113°) isomer. The
composition of these isomers (CpH;0,), their
mode of formation and the difference in molecular
rotation between them (Table I) leave little doubt
that the two substances represent the 3,5-cyclo-6-
methyl ether VII and the normal methyl ether V,
respectively. In accordance with the 3,5-cyclo
structure VII the dextrorotatory ether on treat-
ment with osmium tetroxide and hydrogen perox-
ide furnished a glycol of the composition CeHzOs,
to which structure VIII has been assigned on the
basis of its absorption maxima at 250 mu (e 12,300)
and 355 mu (e 72) characteristic of the Al3(17a).1].

ketone chromophore present in
(/%H‘OH VIII the reaction with OsO, af-

forded the yellow 3,5-cyclo-ene-
dione IX, so formulated on the
basis of its ultraviolet absorption
spectrum (A5 266 mu (¢ 15,600):
CO—C=C—CO) and of its prepa-
ration by an independent route
from the enedione tosylate IV by
means of potassium acetate in methanol. It 1s
interesting to note that the 3,5-cyclo-enedione IX
also resulted directly from the 3,5-cyclodienone VII,
when a sample of the latter was stored in a desicca-
tor for two years, apparently by autoxidation.!

jervine.® In addition to the glycol
OH

OCH, VIII

TABLE 1
COMPARISON OF MOLECULAR ROTATIONS OF AS5-38-Hy-
DROXY- AND 3,5-CYCLO-6-METHOXY DERIVATIVES IN THE
ETIOJERVANE AND CHOLESTANE SERIES

Compound Mo AlMp

A518 (1), 17 (2 _17_Ethyletiojervatrien-38-

ol-11-one 3-methyl ether (V) —-369°
Al (™, 1. (0 3 5_Cyclo-17-ethyletiojerva~

dien-68-ol-11-one 6-methyl ether (VII) <4 85 +454°
A% 18 (1) _Etjojervadien-38-ol-11,17-dione

3-acetate (II) —800
Al U™ 3 5_Cycloetiojerven-68-o0l-11,17-

dione 6-methyl ether (IX) —-386 4414
Cholesteryl acetate —184
Cholesterol methyl ether —184
3,5-Cyclocholestan-63-ol methyl ether +220 4404

(9) The most characteristic part of the absorption spectrum of jer-
vine is the unusual position of the low intensity band at 360 my.
a,8-Unsaturated ketones generally exhibit this band at 300-330 my.
The C-nor-D-homosteroid prepared by C. F. Hiskey, R. Hirschmann
and N. L. Wendler, ¢bid., 78, 5137 (1953), which possesses the jervine
chromophore shows this band at 350 mu.

(10) Examination of & sample of the trienone acetate T which had
been stored for an equal length of time showed evidence for the pres-
ence of the enedione 1I.
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Several attempts have been made to improve the
yield of the trienone I from jervine by replacing
the zinc chloride previously recommended by other
Lewis acids. An alternative procedure using bor-
ontrifluoride etherate is described in the Experi-
mental part.

Experimental

The melting points were taken in capillary tubes and are
corrected for stem exposure. The rotation measurements
were carried out in a 1-dm. semi-micro tube. The ultra-
violet spectra were measured in a quartz Beckman spectro-
photometer, model DU, and the infrared spectra in a Per-
kin—Elmer single beam instrument, model 12-B.

Degradation of Jervine to A513(17),17020. 17 Ethyletiojer-
vatrien-38-ol-11-one Acetate (I).!!—The procedure de-
scribed here represents an alternative of the one described
previously.? A solution of 50 g. of jervine in 500 ml. of
acetic anhydride and 5 ml. of BF; etherate was refluxed for
24 hours. The reaction mixture was concentrated n vacuo
until erystals began to appear. After cooling in the refrig-
erator, the crystals were filtered off and recrystallized from
acetone. A yield of 7.2 g. (17%) of I, m.p. 182-188°, was
obtained.

The hvdrolysis of the acetolysis product I (4 g.) was per-
formed as described previously,? 2.8 g. of material melting
at 149-151° was obtained, [a]?*p —109° (¢ 1.61 in CHCly).
One sample melted at 176-178°, apparently representing a
polymorphic modification of the above.

AB13U72),1720) Ethyletiojervatrien-33-ol-11-one 33-Tosylate
(III).—To a solution of the above free alcohol (2.8 g.) in 60
ml. of dry pyridine was added 4 g. of pure p-toluenesulfonyl
chloride. After 16 hours at room temperature the mixture
was warmed on the steam-bath for 15 minutes, diluted with
water and the resulting precipitate filtered and recrystal-
lized from acetone—water; 3.2g. of III, m.p. 167°dec.,[«]3}
—~92° (¢ 1.16 in CHCl;), was obtained.

Anal. Caled. for CyHjyO.S (466.61): C, 72.07; H,

7.35; S, 6.87. Found: C, 72.29; H, 7.18; S, 7.05.

Reaction of A%13172),17200.1 7. Ethyletiojervatrien-33-0l-11-
one 33-tosylate (IIT) with Potassium Acetate in Methanol.—
The above tosylate III (2.4 g.) was refluxed with 3 g. of
fused potassium acetate in 180 ml. of dry methanol for 5
hours. The solvent was removed in vacuo, the residue dis-
solved in ether and water, and the ether solution washed
with dilute bicarbonate and water. An oil was obtained
(1.93 g.), which was subjected to chromatography on 40 g.
of Merck alumina (weakly basic). A total of 900 ml. of hex-
ane eluted 900 mg. of oil in 9 fractions, the first 4 of which
represented the bulk of material and showed the following
specific rotations in chloroform: (1) 474 mg., +25.5°; (2)
160 mg., +13.5°; (3) 95 mg.; (4) 61 mg., +4.6°. The
first fraction (100 ml. hexane, 474 mg.) on crystallization
from acetone-hexane furnished the 3,3-cvclo-6-methyl
ether VII as light vellow crystals, m.p. 58-60°, [«]%8 +26°
(¢ 0.5 in CHCl); A8¢ 208 mu (e 15,700); Amsiel 591 g,
6.28 u.

Anal. Caled. for CoHj0, (326.46): C, 80.94; H, 9.26.
Found: C, 80.90; H, 9.34.

The uext fraction eluted with 1000 ml. of 509, benzene -
hexane vielded 550 mg. of material, which crystallized from
hexane in light vellow needles. m.p. 168-170°, [«]3} —113°
(¢ 0.6 in CHCLJ; A2 300 mu (e 24,400); A"l 5.96 4,

max maxX

.26 u. It represents the normal methyl ether V.
Anal.  Caled. for CyHaO, (326.46): C, 80.94; H, 9.26;
OCH;, 9.51. Found: C, 81.01; H, 9.31; OCH;, 9.57.

A sample of the 3,5-cvclo-6-methyl ether (VII), [«]D
+26°, was rechroniatographed after having been stored in a
desiccator for two years at room temiperature. The major
portion of this material was now insoluble in hexaue; the
hexane-soluble portion furnished in the hexane eluates
crystals melting at 158-160°, [«]?%p —134° (¢ 0.45 in

(11) The nomenclature used here is that cutlined in footnote 29 of
reference 2,
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CHCly); “:x 266 mu (e 15,500), identical in all respects
with the 3,5-cyclo-enedione I1X.

38-Todo-A%13(17e),1720).1 7. ethyletiojervatrien-11-one (VI).
—A solution of the trienone tosylate III (250 mg.) and 500
mg. of anhydrous sodium iodide in 15 ml. of anhydrous ace-
tone, was sealed into a tube and heated for 3 hours in the
steam-bath. The tube was then allowed to cool to room
temperature overnight. The sodium toluenesulfonate was
filtered off, the solvent evaporated 7 vacuo and the resulting
residue taken up in ether and water. The ether extract
was washed with sodium thiosulfate and water, dried over
sodium sulfate and evaporated to dryness in vacuo. The
residue on crystallization from aqueous acetone afforded the
iodo derivative VI, m.p. 186-187° dec., [«]?p —63° (¢
0.39 in CHCL); A2 299 my (e 24,200).

MAax

Amnal. Caled. for CyH,7OI (422.35): C, 59.72; H, 6.45.
Found: C, 59.71; H, 6.44.

Reaction of Al¥17a),1720.3 5.Cyclo-17-ethyletiojervadien-
643-0l-11-one Methyl Ether (VII) with Osmium Tetroxide.—
The 3,5-cyclomethyl ether VII (420 mg.) was dissolved in
25 ml. of dry ether and 9.5 ml. of dry pyridine. A solution
of 350 mg. of OsOy in 10 ml. of dry ether containing one
drop of 309 perhydrol was added and the mixture allowed
to remain at room temperature for 21 hours. Alcohol was
then added and the mixture evaporated almost to dryness.
To the residue was added 25 ml. of ethanol and a solution
of 3.3 g. of sodium sulfite in 30 ml. of water and the resulting
mixture was refluxed for 15 minutes. The suspension was
filtered, the filtrate diluted with water and extracted with
chloroform. The crude residue (393 mg.) was dissolved in
benzene-hexane 1:4 and chromatographed on 8 g. of sul-
furic acid-washed alumina. Thirty-five mg. of a yellow com-
pound, m.p. 154-158°, was eluted with 300 ml. of 50% hex-
ane—benzene. Infrared comparison showed it to be iden-
tical with ABU™.3 5.cyclo-etiojerven-68-0l-11,17-dione
methyl ether obtained by rearrangement of the tosylate IV
(vide infra).

Continued elution of the column with ether—benzene 1:4
and ether yielded only non-crystallizable material, which
was followed by a crystalline fraction (145 mg. in 150 ml.
of 109 methanol in ether). Repeated crystallization of this
material from acetone afforded the glycol VIII melting at
154-158°, Nlc 250 my (e 12,300), 355 my (e 72).

Anal. Caled. for CHgO4 (360.48): C, 73.30; H, 8.95.
Found: C, 73.25; H, 8.96.

AS13(7) Etiojervadien-38-0l-11,17-dione Tosylate (IV).——
To a solution of 2.4 g. of A%13Wa)_etiojervadien-38-0l-11,17-
dione in 30 ml. of pyridine was added 2.5 g. of p-toluene-
sulfonyl chloride. The mixture was allowed to stand at
room temperature overnight. The excess acid chloride was
destroved with ice, the mixture diluted with chloroform and
washed with 1 NV HCI, bicarbonate and water. Crystalliza-
tion fron acetone afforded 2.5 g. of the tosvlate IV, m.p.
168-170° dec., [«]3 —158° (¢ 0.35 in CHCl;).

Anal. Caled. for CoH300sS (454.56): C, 88.70; H,
6.63; S, 7.05. Found: C, 68.93; H, 6.42; S, 7.05.

A3 5.Cyclo-etiojerven-63-0l-11,17-dione  6-Methyl
Ether (IX).—A solution of the tosylate IV (65 mg.) and 100
mg. of fused anhydrous potassium acetate was refluxed in
15 ml. of anhydrous methanol for 4 hours. Water was
added, the methanol removed in vacuo, and the agqueous
suspension extracted with chloroform. The chloroform
solution was washed, dried and evaporated #n vacuo. A
vellow oil (41 mg.) was obtained, which crystallized from
ether when seeded with A13(7).3 5-cvclo-etiojerven-63-ol-
11,17-dione 6-methyvl ether obtained from the osmium tet-
roxide reaction; m.p. 158-160°, [«]3 —123° (¢ 0.24 in

CHCly); AmEICl5 86, 6.14 u; \21% 266 mu (e 15,600).
Anal. Caled. for CypHz0; (314.4): C, 76.40; H, 8.34;
OCHj3;, 9.87. Found: C, 76.92; H, 8.25; OCH;, 10.00.
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