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Vernolepin, a Novel Elemanolide Dilactone
Tumor Inhibitor from Vernonia hymenolepis'-?
Sir:

In the course of a continuing search for tumor inhibi-
tors of plant origin, alcoholic extracts of Vernonia hymen-
olepis A.Rich (Compositae)® showed significant activity
in vitro against cells derived from human carcinoma of
the nasopharynx (KB).* We report herein the isola-
tion and structural elucidation of two novel elemanolide
dilactones, vernolepin (I) and vernomenin (IV). Ver-
nolepin showed significant inhibitory activity against
the Walker intramuscular carcinosarcoma 256 in rats
at 12 mg/kg.*

Fractionation of the ethanol extract, guided by assay
against KB, revealed that the cytotoxic activity was
concentrated, successively, in the methanol layer of a
109 aqueous methanol-petroleum ether (bp 60-68°)
partition and in the ethyl acetate layer of an ethyl
acetate-water partition. Further fractionation involv-
ing silicic acid chromatography yielded vernomenin
(1V) followed by vernolepin® ().

Vernolepin (I, C;;Hi05, M*™ mje 276%) showed
mp 181-182°; [a]®p +472° (¢ 1.04, acetone);
ANeOH 208 mu (end absorption, € 20,300); ACES: 2,90,
3.32, 3.44, 5.64, 5.80, and 6.18 u; nmr signals (in pyri-
dine-ds) at 7 3.25 and 4.13 (2 H, d, J = 1.5 ¢ps, exo-
cyclic ==CH,), 3.25 (1 H, br s, -OH), 3.74 2 H, d,J
= 3 cps, exocyclic =CH,), 4.58 (3 H, complex mul-
tiplet, vinyl H), 5.25 and 5.74 2 H, d,J = 12 cps, and
dd, J/ = 12 and 1.5 cps, respectively, -CH,0), 5.75 (1
H, t,J = 10 cps, >CHO), 5.75 (1 H, m, >CHO), 6.87
(1 H, m, -CH), 7.12 (1 H, tt, J = 10 and 3 ¢ps, C-7 H),
and 7.80 and 8.11 (2 H, MABX, JAB = 14, JAX = 4.5, JBX
= 10 cps, C-9). The equivalent weight (by titration)
was found to be 143, indicative of a dilactone structure.

Vernolepin was converted into several crystalline
derivatives: the acetate II (by treatment with acetic
anhydride and pyridine), C;yH;s0s, mp 146-147°,
[a]%D +134° (c 0.89, CHCls); the tetrahydro deriva-
tive (by hydrogenation with 109 palladium on char-
coal), C;;H:05, mp 145-146°, [a]®D +55° (¢ 1.00,
acetone); the methanol adduct VI (by transesterifica-
tion with 1% methanolic hydrochloric acid), C,sH2¢0s,
M+ mfe 308, mp 172-173°; [«]®D +47° (¢ 1.09, ace-
tone), AN°ZC% 5,83, 590, and 6.13 u. Upon treatment
with acetic anhydride and pyridine, the methanol ad-
duct VI yielded a diacetate, VII, CyH:,0s, M+ mj/e
392, mp 148-149°, [«]?'D +8° (¢ 1.17, acetone).

Treatment of vernolepin with p-bromobenzenesul-
fonyl chloride in a mixture of pyridine and benzene gave
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vernolepin p-bromobenzenesulfonate (111, mp 178-179°,
[«]}®D —16° (¢ 0.69, acetone)), which was crystallized
from methanol in the monoclinic system, of space group
P2,, with two molecules of C,;H;yBrO;S in a cell of
dimensions a = 9.80, b = 10.10, ¢ = 11.04 A; B8 =
90° 12’. Equiinclination Weissenberg photographs
of the 40/ through 47! layers yielded 1146 measurable
intensities. The carbon and oxygen atoms were located
in three-dimensional electron-density distributions, the
elucidation of the structure being hindered by pseudo-
symmetry and the very large anisotropic thermal vi-
bration of the bromine atom. The present value of R
is 209, and refinement of the atomic parameters is
being continued by least-squares calculations. The
results of the analysis establish that the derivative
has the constitution and relative stereochemistry 111,
and it follows, therefore, that vernolepin has structure
L.
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Vernomenin (1V, C;;H,,0;, M+ m/e 276) was isolated
as an amorphous solid, [«]* D —62° (¢ 1.44, acetone);
AMeOH 210 mu (end absorption, e 20,000); A% 2,78
(sharp), 2.91 (broad), 3.28, 3.41, 5.63, 5.79, 5.97, and
6.15 . The nmr signals of vernomenin (in pyridine-d;)
were similar to those of vernolepin (I). Upon acetyla-
tion with acetic anhydride-pyridine mixture at room
temperature, vernomenin gave a crystalline monoacetate
(V), CisHisOs (M* mje 318 and base peak m/e 276).
The acetate V did not melt below 300° but softened
at 212-214°; [a]?*®p —135° (¢ 2.00, CHCl;). When
treated with methanolic hydrochloric acid, vernomenin
gave the methanol adduct VI previously obtained from
vernolepin, indicative that both differ only in the attach-
ment of the y-lactone function. This structural differ-
ence was revealed by the nmr spectra of their respective
acetates. In vernomenin acetate (V), the triplet cen-
tered at 7 4.78 (J = 9 cps) could be assigned to the pro-
ton at acetate-bearing C-6, while the multiplet centered
at 7 5.90 corresponded to the proton (spin coupled to
three protons) at lactone-bearing C-8. In contrast,
the spectrum of vernolepin acetate (II) showed a mul-
tiplet at 7 4.95, assigned to the proton at acetate-bearing
C-8, while the lactone proton signal appeared as a triplet
centered at 7 5.96 (J/ = 9 cps), indicative of attachment
to C-6. From the nmr spectra and the structure of
vernolepin, it follows that vernomenin has structure IV.

A germacranolide monolactone, vernolide, has been
isolated from Vernonia colorata’” Several elemane
monolactones, e.g., saussurea lactone? and isolindera-
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lactone,? have been reported; in each case, the isola-
tion procedure included exposure to high temperatures.
In view of the demonstrated transformation of ger-
macranolide precursors to elemanolides by heating,
the question has been raised as to whether some of the
elemanolides may be artifacts.®? In contrast, when an
isolation procedure was devised which involved cold
aqueous extraction of V. hymenolepis, vernolepin was
isolated in a yield comparable to that obtained by hot
ethanol extraction. This fact supports the view that
vernolepin is, indeed, a naturally occurring compound.

Vernolepin and vernomenin appear to be the first
recognized elemanolide dilactones.
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The Fate of the 153 Hydrogen of Lanosterol
in Cholesterol Biosynthesis
Sir.

In cholesterol biosynthesis the three methyl groups,
4a, 48, and 14¢, of lanosterol are removed by oxidation
to carbon dioxide.! The 14a-methyl group is believed
to be transformed into a carboxy! group and eliminated
by decarboxylation, which is facilitated by the 8,9
double bond.??3

If the 8,9 double bond is not the only promoter of the
elimination of the l4a-carboxyl group, this reaction
could be facilitated by one of the following mechanisms:
(a) oxidation of 14a-carboxylic acid with formation of a
carboxyl radical and its elimination with the involve-
ment of one of the hydrogen atoms in position 15,
(b) oxidation in position 15 and concerted elimination
of the carboxyl group, (c) previous formation of double
bond in position 15,16 facilitating the elimination of
carbon in 14. All these possibilities imply the removal
of hydrogen atoms in position 15. The fate of these
hydrogen atoms during cholesterol biosynthesis has
been followed by determining the position of labeled
hydrogens in lanosterol, Sa-cholest-7-en-38-o0l, and
cholesta-5,7-dien-38-ol biosynthesized from labeled me-
valonic acids. Actual *H:14C ratios and atom equiva-
lents of all the significant compounds are shown in
Table I.

Accumulation of labeled cholesta-5,7-dien-33-0l (3)
has been obtained by incubating liver homogenates+*
of rats pretreated with AY 9944,% in the presence of the
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same inhibitor® and of 3(=)-(2S)-2-1¢C-2-*H]meva-
lonic acid lactone (1) (10 uCi of “C, *H:C 10.00).7
Radioactive carbon atoms in cholesta-5,7-dien-33-
ol correspond to the positions shown in formula 3.8
Since the radioactive precursor is asymmetrically
labeled, tritium should be localized at positions e,
158, 22R, and 26 or 27, the 7 position being excluded
on the basis of our previous results.® The 3H:14C
ratio should be 4:5. If the 158 hydrogen is exchanged
with the medium, this ratio should be 3:5.
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T=3H; e =1

The unsaponifiable residue from homogenates was
acetylated, carrier cholesta-5,7-dien-38-0l acetate was
added, and the mixture was separated by column chro-
matography on silver nitrate-kieselgel G-Celite.
The obtained cholesta-5,7-dien-38-0l acetate!! was
diluted again with nonradioactive material and hydro-
genated in presence of tris(triphenylphosphine)rhodium
chloride® to yield 5a-cholest-7-en-35-0l acetate.!! After
column chromatography on silver nitrate-kieselgel
G-Celite, this compound (0.565 uCi of *C/mmole)
showed a *H:!4C ratio of 6.07, corresponding to 3.02
labeled hydrogens out of 5 radioactive carbon atoms.
The '4C radioactivity and the ®H:!4C ratio were con-
stant after several crystallizations. Furthermore oxida-
tion with osmium tetroxide of some of the radioactive
Sa-cholest-7-en-33-01 acetate produced the mixture
of the epimeric cis-5a-cholestane-33,7,8-triol 38-ace-
tates® !t (0.563 uCi of 'C/mmole) which showed an
unchanged °H:!4C ratio with respect to 5a-cholest-
7-en-383-ol acetate. The same ratio was found in the
mixture of the epimeric cis-5a-cholestane-33,7,8-triol
3B-acetates® 1 (0.189 uCi of *C/mmole) obtained from
radioactive 5a-cholest-7-en-38-0l acetate which could
be isolated in small amounts® from liver homogenates.
The expected constant ®H:!'*C ratio was also found
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