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Abstract O The ethanolic extract of Elephantopus mollis yielded three
nevel cytotoxic antitumor germacranolides, molephantin, molephantinin,
and phantomolin. The extract also yielded three inactive known triter-
penes, 3-amyrin acetate, lupeol acetate, and epifriedelanol, as well as
stigmasterol. The structure and stereochemistry of the cytotoxic anti-
tumor agents molephantin, molephantinin, and phantomolin were de-
termined on the basis of chemical transformations and spectral evidence.
Preliminary in vivo tumor assays indicated that molephantinin and
phantomolin were potent inhibitors of Ehrlich ascites carcinoma and
Walker 256 carcinosarcoma. Molephantinin also showed significant an-
tileukemic activity in the P-388 lymphocytic leukemia screen.

Keyphrases O Elephantopus mollis—isolation and structural deter-
mination of molephantin, molephantinin, and phantomolin O Antineo-
plastic agents, potential—molephantin, molephantinin, and phanto-
molin, isolation from Elephantopus mollis, structural determination O
Molephantin—isolation from Elephantopus mollis and structural de-
termination 0 Molephantinin—isolation from Elephantopus mollis and
structural determination 1 Phantomolin—isolation from Elephantopus
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During a continuing search of Formosan plants for
agents with potential antitumor activity (1), the alcoholic
extract of Elephantopus mollis' (Compositae) showed
significant reproducible inhibitory activity in both in vitro
(KB cell culture) and in vivo (Walker 256 carcinosarcoma)
screensZ. Preliminary reports described the structural
determination of three novel cytotoxic antitumor germa-
cranolides, molephantin (I) (4), molephantinin (II) (5), and
phantomolin (III) (6). The present report fully describes
the isolation and structural elucidation of these novel an-
titumor sesquiterpene lactones as well as the companion
triterpenes (3-amyrin acetate (IV), lupeol acetate (V),
epifriedelanol (VI), and stigmasterol (VII).

RESULTS AND DISCUSSION

The active alcoholic extract of the whole plant (winter growth) was
concentrated and partitioned between water and chloroform. Guided by
the assay in KB cells (Scheme I and Table I), the active principles were
concentrated in the chloroform extract (Fraction C). Partitioning of this
extract between 33% aqueous methanol and hexane concentrated the
activity in the aqueous methanolic layer (Fraction D). The aqueous
methanolic layer was concentrated and extracted further with chloroform.
Chromatography of the active chloroform extract (Fraction G) over silica
gel isolated the active principles, molephantin (I), molephantinin (II),
and phantomolin (I1I). Compounds I and IIT were isolated at 0.025 and
0.023%, respectively, as the major components in this winter collection.
In a spring collection of the same plant, I was isolated at ~0.020% as the
major cytotoxic principle.

1 E. mollis is known as “Péh-Teng-Khia-U” in Formosan folklore as an herbal
remedy for human rheumatism as well as an antipyretic and anti-inflammatory
agent (2).

2 In vitro and in vivo assays were performed according to literature procedures
(3).
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Compound I, mp 212-213°, C;9H2206 (mass spectrum and elemental
analysis), contained an a-methylene-vy-lactone, as evidenced by the
characteristic NMR signals (Table IT) for the methylene protons [6 6.36
(d,J =2.5,H,-13) and 5.83 (d, J = 2.0, H,-13)] and the IR bands [1773
(y-lactone) and 1650 (C=C) cm™1]. The UV spectrum of I showed, in
addition to the a-methylene-+y-lactone at 210 nm (e 30,960), a dienone
system at 242 nm (e 18,210, shoulder). The presence of an «,3-unsatur-
ated ester group in [ was indicated by IR absorption at 1713 and 1650
(C=C) em~! and was supported by the base peak at m/e 69
[CH;=C(CHj3)CO"] in the mass spectrum. The NMR spectrum of I
suggested a methacrylate pattern for the acid portion of the ester since
it showed two multiplets at 6 6.15 and 5.68 (2H, H-19) and one vinyl
methyl multiplet at 6 1.96 (H-18)3, which are typical signals for the
methacrylate group (8, 9). Thus, I is an «-methylene-vy-lactone sesqui-

IR, =R,=H

Ie:R, = SO._,—@—BI'. R,=H

3 The assignment of 6 1.96 to H-18 was confirmed by the double-resonance ex-
periment carried out on molephantin acetate (Ia).

0022-3549/ 80/ 0900-1050$01.00/ 0
© 1980, American Pharmaceutical Association



Table I—In Vitro Cytotoxicity and In Vivo Antitumor Activity of Fractions and Constituents from E. mollis

In Vivo Antitumor Activity (n = 6)0

Ehrlich Walker 256 P-388
Ascites Carcino- Lewis Lymphocytic
Carcinoma, sarcoma, Lung, Leukemia,
Fraction ED,, (KB)p, % inhibition / T/ T/
Constituent ug/ml (33.3 mg/kg) (2.5 mg/kg) (25 mg/kg) (25 mg/kg)
A 5.35 — — — —
B >20 — — - -
C <20 — — - —
D <11.50 — — — -
E >15 — - - —
F 12.50 — — — -
G 3.60 — — — —
I 1.05 75 149 80 118
I1 0.90 88 397 123 146
111 4.03 87 378 123 113
Fluorouracil — — — — 186
Mel%)halan - 96 317 — 168
Cyclophosphamide - — — 140 —
0.05% Polysorbate 80 — 0 100 100 100

@KB refers to human carcinoma of the nasopharynx. Cytotoxicity was assayed according to a literature method (3). A compound is active if the
average ED,, is <4 ug/ml for the pure compound. bn = number of animals per group. These in vivo data were reported previously (7).

terpene lactone that possesses an additional dienone system and a
methacrylate ester.

Compound I also possesses a secondary hydroxyl group. It showed an
IR absorption band at 3420 cm™! and a M — 18 (water) peak at m/e
328.13054 in the mass spectrum. The CHOH proton (i.e., H-5) was seen
as a one-proton singlet at 6 5.46 and was displaced to 4 6.57 in the NMR
spectrum of molephantin acetate [Ia, mp 169°, m/e 388.1522 (M*) for

15
CH,

1ms

4 The calculated m/e value for C1gHopO5 was 328.1311, which further confirmed
the composition of C;19H200¢ for 1.

C21H2407], obtained by acetylation of I with acetic anhydride in pyridine.
Since the lactonic proton at C-6 was seen as a doublet (J = 3.5 Hz each)
at 6 4.26 in I and 4.35 in Iq, it indicated that there was almost no coupling
between H-5 and H-6 (i.e., the dihedral angle between H-5 and H-6 is
~90°) and that C-4 should be tetrasubstituted, i.e., a vinyl methyl or a
carbonyl group was attached at C-4 in I or la.

The assignment of protons at C-7, C-8, C-9, and C-1, as well as the three
vinyl methyl groups at C-17, C-10, and C-4, was made possible by spin-
decoupling experiments of la. Thus, irradiation at the frequency of H-7
(multiplet) at 6 3.42 collapsed the two doublets of H;-13 and H,-13 at
6 6.35 and 5.79 to two singlets, the doublet of H-6 (J5¢ = Oand Jg7 = 3.5
Hz) at 6 4.35 to a singlet, and the doublet of triplets of H-8 (/75 = 10.5
Hz, Js 4 = 4.0 Hz, and Jg . = 0) to a pair of doublets (J3 o = 4.0 Hz and
Je,a = 11.0 Hz). Conversely, irradiation of H-8 sharpened the multiplet
of H-7 as well as converted the doublet (J.q¢ = 11.0 Hz) of H.-9 at 2.58
and the doublet of doublets (/.4 = 11.0 Hz and J5 g = 4.0 Hz) of Hg-9
at 2.79 to a pair of doublets (J.q = 11.0 Hz), thereby suggesting a
tetrasubstitution at C-10.

Since most sesquiterpene lactones, especially the germacranolides,
contain methyl groups at C-4 and C-10, the two vinyl methyl groups at
61.98(d, J = 1.5 Hz) and 1.80 (d, J < 1.0 Hz) were assigned to these C-4
and C-10 positions, respectively. Consequently, the last oxygen function
was placed at C-2, the last position available, as the dienone carbonyl’
group. This assignment was confirmed by the fact that H-1 and H-3 ap-
peared as a low-field singlet and multiplet at & 6.37 and 6.05, respectively.
Irradiation of the C-4 methyl group at 6 1.98 collapsed the H-3 multiplet
to a singlet. Irradiation of the C-17 methyl group at 6 1.94 changed the
two one-proton multiplets of H-19 at 4 6.14 and 5.67 to two doublets (J
= 1.8 Hz each), confirming the presence of the methylacrylate ester side
chain. The remaining narrowly split three-proton doublet at 6 1.79 then
was assigned to the vinyl methyl group at C-10.

The foregoing evidence led to the formulation of Structure I for mo-
lephantin, exclusive of the complete stereochemistry. A consideration
of the relationship between the J value and the dihedral angle (10) with
the aid of a Dreiding model established the stereochemical relationships
among protons at C-5, C-6, C-7, C-8, and C-9, as shown in If. These as-
signments were based on the assumption of a $-oriented H-8, followed
by the dihedral angles shown between H-5 and H-6, H-6 and H-7, H-7
and H-8, and H-8 and H-9 deduced from their corresponding J values,
i.e., ¢s5=90° (J56=0), 967 ~ 120° (Jg 7 = 3.5 Hz), 7,8 =~ 140° (J7 5=
10.5 Hz), ¢g g = 50° (Jsq = 4.0 Hz), and ¢gc =~ 90° (Jg. = 0).

The establishment of these relationships was possible only when the
C-10 methyl group was forced to lie close above the w-electron cloud of
the C-3-C-4 double bond. This arrangement was supported by the NMR
spectra of I and Ia, in which the C-10 methy! group (6 1.79in I and 1.80
in Ia) was shifted upfield by 0.23 to 0.18 ppm by the C-3-C-4 double bond
compared to the C-4 methyl group (6 2.02 in I and 1.98 in Ia). A similar
upfield shift of H-6 in I and la (4 4.26 in I and 4.35 in la) further con-
firmed that H-6 was located close above the C-1-C-10 double bond. When
Cs-OH was oxidized to the corresponding ketone [i.e., dehydromole-
phantin (1), C19H200s, mp 132-133°, Amax 211 nm (€ 29,070)] by Jones
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(4.33 kg)
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Scheme I—Fractionation of cytotoxic antitumor alcoholic extract of E. mollis

reagent, H-6 (6 4.73 in Ib) was shifted downfield by 0.38 to 0.47 ppm
compared to the ones found in I and Ia. This shift, coupled with the sig-
nificant downfield shift of the C-10 methyl group (8 1.92) in 1b, suggested
that a conformational change had occurred in 1b.

An examination of the conformation of the 10-membered ring of Ib
based on the dihedral angles derived from the JJ values of H-6 to H-9 in
Ib (Table II) as illustrated in A—C led to the conclusion that Ig was the
preferred conformation of dehydromolephantin, in which the C-10 methyl
group was in an «-axial configuration and now was deshielded by the
C-3-C-4 double bond. The H-1 (3 5.98) was in a 3-axial position and was
shielded by the 3-oriented C-5 carbonyl group by 0.24-0.39 ppm com-
pared to those found in I (6 6.22) and Ia (6 6.37). The C-1-C-10 double
bond was in proximity to the 3-oriented C-5 carbonyl group, and this
arrangement gave rise to the intramolecular cyclization products when
Ib was treated with sulfuric acid in acetone. These products, which were
formed via a mechanism shown in Scheme II, were characterized as two
guaianolides, Ic and 1d.

Compound I¢, CigH207, mp 168-170°, showed IR (mineral oil) bands
at 1750, 1640 (a-methylene-y-lactone), and 1715 and 1700 (two
a,B-unsaturated carbonyl groups) em~1. The presence of two hydroxyl
groups was revealed by IR bands at 3440 and 3320 cm™1, the disappear-
ance of two signals at & 3.90 (1H) and 2.90 (s, 1H) in the NMR spectrum
on the addition of deuterated water, and by an ion of m/e 344.1265% (M
— 18) in the mass spectrum. The NMR spectrum of Ic disclosed the
presence of three methyl groups. The three-proton doublet (J = 2.0 Hz)
at  2.31 was assigned to the cyclopentenone 3-methyl group at C-4. The
multiplet at § 1.98 was attributable to the methacrylate methyl group
at C-17 as seen in I, Ia, and 1. The methyl singlet in the higher field at
8 1.40 was assigned to the methyl group attached to the carbon bearing
a hydroxyl group at C-10. The lactonic proton at C-6 appeared as a
doublet with a larger coupling constant compared to that found in I, Ia,
and Ib and indicated the presence of a second hydroxyl group at C-5 in
a guaianolide structure. Assignment of other protons (Table II) was
achieved by extensive decoupling experiments. For example, the multi-
plets at 6 6.22 and 5.74 were assigned to the protons at C-19 since, upon
irradiation of the C-17 methyl group at 6 1.98, both changed to two
doublets (J = 1.5 Hz each). Irradiation of the C-4 methyl group at 4 2.31
collapsed the multiplet of H-3 at 6'6.09 to a singlet.

5 The calculated m/e value for C1gH200¢ was 344.1260.

Compound Id, mp 188-189°, had a composition of C19H300¢ and
showed IR (chloroform) bands at 3400, 1770, 1713 (double strength), 1650,
and 1625 cm™L. The NMR spectrum of Id indicated the absence of the
C-10 methyl group as seen in Ic and the presence of one additional ter-
minal methylene group at C-10 at § 5.21 compared to Ic, suggesting that
1d was the dehydrated form of Ic. Further assignment of protons (Table
I1) that supported Id as the structure for this product also was achieved
by extensive NMR decoupling experiments.

The assignment of a 8-hydroxyl and an a-methyl group at C-10in Ic
as well as the -oriented proton at C-1 and the 3-oriented hydroxyl group
at C-5 in both Ic and Id was based on the mechanism involved in the in-
tramolecular cyclization of I to Ic and Id, in which the hydroxyl ion could
only make a nucleophilic attack at C-10 of a trans-C-1-C-10 double bond
from the sterically less hindered 8-side since the C-5 carbonyl group was
B-oriented. Thus, it gave rise to a 3-hydrogen and a 3-hydroxyl group at
C-1 and C-5, respectively.

This evidence led to the establishment of Ib for dehydromolephantin,
Ia for molephantin acetate, and [ for molephantin. Further unequivocal
proof of the structure, stereochemistry, and absolute configuration of 1

c He
11 C
C S8
‘20 ’ 125"
Jop =50
H,C;
A B
Jog =40
o=, HB Jyo =0
¢ ¢ ~80°
e
C7 OC] 6
Cy
C
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CH,

Scheme 11

for molephantin was achieved by a single-crystal X-ray analysis of mo-
lephantin p-bromobenzenesulfonate (Ie, CosH25BrOgS, mp 165-167°)
(4).

Molephantinin (1I), mp 223-225°, had a composition of CogHg40¢ and
showed IR, NMR, and mass spectra similar to those of molephantin (I),
except for the difference in the acid portion of the ester side chain. The
ester moiety in II was identified as a tigloyl group instead of a methac-
rylate as in 1. This assignment was based on the characteristic NMR
signals shown in II for the tigloyl group as the broad vinyl multiplets at
66.92 (1H, H-19) and the vinyl methyl multiplets at 6 1.83 (6H, H-18 and
H-20) (11, 12), as well as a base peak in the mass spectrum at m/e 83 due
to the cleavage of a tiglic acid ester (13).

Molephantinin yielded an acetate [Ila, mp 131°, CooH2607 (m/e
402.1670, M)} upon acetylation with acetic anhydride in pyridine and
a dehydro derivative (IIb, mp 136°, Ca0H2206) upon oxidation with Jones
reagent. The IR, NMR (Table II), and mass spectral data, especially the
data obtained from the extensive NMR decoupling experiments®, of
molephantinin, molephantinin acetate, and dehydromolephantinin were
in accordance with the assigned structures of 11, Ila, and IIb, respectively.
The circular dichroism curve of II showed a strong positive Cotton effect
at 244 nm, indicating that molephantinin possessed the same stereo-
chemistry and absolute configuration as molephantin. Accordingly,
molephantinin acetate and dehydromolephantinin carried exactly the
same stereochemistries as those of molephantin acetate (Ia) and dehy-
dromolephantin (Ib), as depicted in Ila and 115.

Phantomolin (11I) was isolated as a colorless oil and had a composition
of Ca1Ha60s on the basis of high-resolution mass spectrometry (M* at
m/e 374.1880). It was an a-methylene-v-lactone compound (IR (chlo-
roform) bands at 1770 and 1664 cm™~!] and contained a methacrylate ester
(1719 and 1640 cm™!) side chain. The NMR spectrum (Table II) con-
firmed these assignments, showing the ¢-methylene group of the y-lac-
tone at 6 6.33 (d, J = 3.0 Hz) and 5.80 (d, J = 3.0 Hz) and the methacryl
methyl group at C-17 as a multiplet at 4 1.99 and the two protons at C-19
as multiplets at 6 6.17 and 5.72. The assignment of the one-proton signals
at 6 5.25 (J56 = 4.0 Hz) for H-5, 4.65 (dd, J5¢ = 4.0 and J¢ 7 = 6.0 Hz) for
H-6, 3.14 (m) for H-7, and 5.24 (m) for H-8 was based on decoupling ex-
periments. Thus, irradiation at the frequency of H-7 at 6 3.14 collapsed
two doublets for H-13 to two singlets, changed the doublet of doublets
at 6 4.65 to a doublet with J = 4.0 Hz, and sharpened the multiplet at 6
5.24 for H-8. Conversely, irradiation at H-6 sharpened the H-7 and H-8
multiplets.

Irradiation at 6 5.25 (H-5) converted H-6 to a doublet with J¢7 = 6.0
Hz. The one-proton broad singlet at 4 5.51 was assigned to H-1 since, upon
irradiation of the C-10 methyl group (6 1.79, d, J = 1.5 Hz), it gave rise
to a sharp singlet. The remaining low-field one-proton multiplet at 6 5.67
then was assigned to H-3, which coupled with the C-4 methyl group (&
1.73, m). The characteristic two-proton quartet (J = 7.0 Hz) at 6 3.48 and

6 Data on NMR decoupling experiments of molephantinin acetate were reported
previously (5).
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the three-proton triplet (J = 7.0 Hz) at 4 1.20 were assigned to an O-ethyl
group’. The location of this group at C-2 rather than C-9 was suggested
by the fact that no known germacranolide contained oxygenation at C-9.
This assignment also was substantiated by a one-proton multiplet at 6
5.24 for H-8, indicating two protons at C-9. Thus, the last oxygen was
placed between C-2 and C-5 as an ether linkage, as shown in IIL

Consideration of the cooccurrence of phantomolin (III), molephantin
(I), and molephantinin (II) suggested the similar {rans-axial arrangement
among protons at C-6, C-7, and C-8. If the configuration of H-6 was
B-oriented, as was likely, then H-7 was « and H-8 was 8. The coupling
constants of Jg7 = 6.0 Hz and Js ¢ = 4.0 Hz were suggestive of the ap-
proximate dihedral angles of 38 and 128° for H-6 and H-7 and 51 and 122°
for H-5 and H-6. A Dreiding model indicated the feasibility of only one
conformation, i.e., with H-5 as 3-oriented, CH3CH»0 as 3-oriented and
a C-10 vinyl methyl group cis to H-1, as shown in I11b in which the di-
hedral angles were ~128° for H-6 and H-7 and ~50° for H-5 and H-6.

Further proof of the structure and relative stereochemistry of 111 was
achieved by an X-ray analysis (6) of a cis-1,10-epoxide of phantomolin
(IIla), prepared from epoxidation of III with m-chloroperbenzoic acid
in chloroform.

Fractionation of the inactive hexane extract (Scheme 1) led to the
isolation of four colorless crystalline substances, IV (mp 239-241°,
C32H5202), \Y (mp 218°, C32H5202), A% (mp 285°, C30H500), and VII (mp
170°, CogH4g02), which were identified as triterpenes 8-amyrin acetate,
lupeol acetate, epifriedelanol, and stigmasterol, respectively (15, 16).

The in vitro cytotoxic molephantin, molephantinin, and phantomolin
were tested for in vivo antitumor activity against four tumor lines (7).
As shown in Table I, molephantinin and phantomolin were potent in-
hibitors of Walker 256 ascites carcinosarcoma in Sprague-Dawley rats
at 2.5 mg/kg/day and of Ehrlich ascites tumor in CF; male mice at 33.3
mg/kg/day. Molephantinin also showed significant (T/C = 125%) anti-
leukemic activity in the P-388 lymphocytic leukemia screen at T/C =
146% (DBA/2 mice at 25 mg/kg/day). Further studies on the structure—
activity relationships and mechanism of action among compounds related
to molephantinin and phantomolin are in progress (17).

EXPERIMENTALS
Isolation of Molephantin (I), Molephantinin (II), and Phanto-

7 The presence of an ethyl ether is novel and appears to represent the first ex-
ample in naturally occurring germacranolides and the second instance of the
sesquiterpene lactone lactal hymenolide (14). .

8 Unless otherwise specified, melting points were determined on a Thomas-
Hoover melting-point apparatus and are uncorrected. Specific rotations were taken
on a Perkin-Elmer model 141 polarimeter (1 = 1 dm). IR spectra were recorded with
a Perkin-Elmer 257 grating IR spectrometer in chloroform. NMR spectra were
determined in deuterochloroform with a Varian XL-100 NMR spectrometer (tet-
ramethylsilane as the internal standard). Mass spectra were determined on an A.E.L
MS-902 instrument at 70 ev using a direct-inlet system. Circular dichroism was
measured on a Cary model 60 spectrometer. Silica gel was used for column chro-
matography (Mallinckrodt CC-7, 200-325 mesh), TLC (Merck silica gel G), and
preparative TLC (Merck silica gel GF 254, 2000 um). Elemental analyses were
performed by Atlantic Microlab, Atlanta, Ga.



molin (III) from E. mollis—The E. mollis {Compositae) used was from
a collection made in January 1973 in Chia-Sen, Kaohsiung, Taiwan®. The
ground, air-dried, whole plant material (4.33 kg) was extracted exhaus-
tively with ethanol. Guided by the bioassay in KB cells (Scheme I and
Table I), the final active chloroform extract (35 g, Fraction G) was
chromatographed on silica gel'® (100 mesh, 7 X 32-cm column) with
chloroform, chloroform-acetone (1:1), and acetone as the eluting solvents.
Fractions of 1 liter each were collected and examined by TLC.

Fractions 1-4 gave traces of residue upon solvent evaporation. Frac-
tions 5-10 yielded 1.44 g of colorless needles, which later proved to be a
1:1 mixture of I and II after a careful NMR analysis, although they
showed only a single spot with different solvent systems. Rechromatog-
raphy of the mother liquor (9 g) after the isolation of the mixture on a
silica gel column (3 X 50 cm) in chloroform (1.5 liters) afforded 270 mg
of the same mixture as crystalline solids. A final separation of this mixture
was achieved by column chromatography on silica gel (4 X 60-cm column)
and elution with chloroform to yield 550 mg (0.011%) of pure II from the
first 450 ml of the chloroform eluate and 1.26 g (0.025%) of pure I from
the second 600 ml of the chloroform eluate. The mother liquors (5 g), after
the isolation of pure I and II, were combined and rechromatographed on
silica gel (70-230 mesh, 4 X 70-cm column). The chloroform eluates,
which showed a new spot different from I and II on TLC, were combined
and chromatographed again on silica gel (70-230 mesh, 2.6 X 60-cm
column). Evaporation of the solvent resulting from elution with ben-
zene—chloroform (3:2) yielded pure I1I (1.035 g, 0.023%).

Isolation of I-III from spring growth of the same plant (collected on
March 19, 1972 at the same site) using the described procedure gave rise
to different yields, i.e., 0.0199% of I, 0.0086% of II, and 0.015% of IIL.

Molephantin (I)—Molephantin was recrystallized from chloro-
form—ethyl acetate, mp 212-213°; mass spectrum: m/e 346 (M), 328.1305
(M — 18) (CisH2005 requires 328.1311), and 69 [base peak,
CHy=C(CHj3)CO?]. Table Il shows the NMR data.

Anal.—Calc. for Ci9Hg90g: C, 65.88; H, 6.40. Found: C, 66.48; H,
6.67.

Molephantin Acetate (Ia)—Molephantin (10 mg) was acetylated with
acetic anhydride (0.2 ml) and pyridine (0.2 ml) for 15 hr at room tem-
perature to yield 10 mg of Ia after usual workup and one recrystallization
from ether, mp 169°; IR: 1770, 1745, 1720, 1650, and 1620 cm™!; mass
spectrum: m/e 388.1522 (M*, Ca1Ho40O7 requires 388.1527), 346 (M — 42
(COCH3y)], 328 [M - 60 (CH3COOH)], 319 [M — 69 [COC(CH3)=CHy]],
302 [M — 86 [HOOCC(CH3)=CHa]}, 277 (M — 42 - 69), 260 (M — 42 —
86), 242 (M — 60 — 86), and 69. The NMR data are shown in Table IIL.

Anal.—Cale. for C91H407: C, 64.93; H, 6.23. Found: C, 64.84; H,
6.38.

Dehydromolephantin (Ib)—A solution of molephantin (300 mg) in
acetone (5 ml) was cooled to 5-10° with stirring and treated with 20 drops
of Jones’ reagent. After 5 min, methanol (5 ml) was added and the solution
was extracted with ether. The ethereal extract was washed with water,
dried (anhydrous sodium sulfate), and evaporated in vacuo to afford Ib
(145 mg) as colorless prisms after one recrystallization from acetone—ether
(1:2), mp 132-133°; IR (mineral oil): 1770, 1720, 1705, 1660, and 1640
em™~1; mass spectrum: m/e 344.1256 (M*, C19H200¢ requires 344.1260).
The NMR data are shown in Table II.

Treatment of Dehydromolephantin with Sulfuric Acid: Compounds
Ic and Id—A mixture of dehydromolephantin (70 mg) in 0.5% sulfuric
acid-acetone (5 ml) was stirred for 30 min at room temperature. The
mixture was evaporated in vacuo, extracted with chloroform, and dried
(anhydrous sodium sulfate). The dried chloroform extract was evaporated
to furnish a residue showing two spots on TLC. Separation of this residue
was achieved by preparative TLC [chloroform-acetone (10:1)] to yield
Ic (14 mg) as colorless prisms (from ether) and Id (40 mg) as colorless
needles (from ether).

For lc, the analytical data were: mp 168-170°; IR (chloroform): 3530,
3410, 1772, 1712, 1692, and 1629 cm™}; mass spectrum: m/e 362 (M*) and
344.1265 (M — 18) (C19Hg9Og requires 344.1260). The NMR data are
given in Table II

For Id, the analytical data were: mp 188-189°; IR: 3400, 1770, 1713
(double strength), 1650, and 1625 cm™1; mass spectrum: m/e 344.1256
(M+*, C19H200¢ requires 344.1260). The NMR data are given in Table
I

Molephantin p-Bromobenzenesulfonate (Ie)—A solution of mole-
phantin (25 mg) in dry pyridine (0.5 ml) was added with p-bromoben-
zenesulfonyl chloride (35 mg), and the reaction mixture was allowed to

9 A voucher specimen is available for inspection at the herbarium of the School
of Pharmacy, Kaohsiung Medical College, Kaohsiung, Taiwan.
10 Mallinckrodt.

stand at 5°. After 12 hr, the mixture was diluted with water and extracted
with chloroform, dried, and evaporated to give a product. Recrystalli-
zation from isopropanol-ether (1:1) afforded colorless needles, mp
165-167°.

Molephantinin (II)—The analytical data for 11 were: mp 223-225°
(ethanol); IR: 3420, 1775, 1713, 1650, and 1615 cm™1; mass spectrum: m/e
360 (M+), 342.1462 (M — 18) (C9oHg40¢ requires 342.1467), and 83 [base
peak, CH;CH=C(CH3)C=0%]. The NMR data are shown in Table II.

Molephantinin Acetate (I1a)—Acetylation of molephantinin (10 mg)
with acetic anhydride in pyridine in the usual way gave Ila as colorless
prisms in quantitative yield, mp 131° (ether); IR: 1775, 1745, 1713, 1655,
and 1615 cm™1; mass spectrum: m/e 402.1670 (M*) (CgoH204 requires
402.1679), 360 [M — 42 (COCHs)], 342 [M — 60 (CH;COOH)], and 83
[base peak, CH;CH=C(CH3)CO™*]. The NMR data are shown in Table
11

Dehydromolephantinin (IIb)—Molephantinin (26 mg) in acetone (2
ml) was oxidized with Jones’ reagent (0.3 ml) in the manner described
for Ib. The product was purified by preparative TLC [developed with
chloroform-acetone (5:1)] and recrystallized from ether to give IIb (24
mg) as colorless pillars, mp 136°; IR: 1776, 1710, 1660, and 1620 cm™;
mass spectrum: m/e 400 (M*). The NMR data are shown in Table II.

Anal.—Calc. for CgoH230q: C, 67.02; Found: C, 67.25: H,
6.23.

Phantomolin (I1I)—Phantomolin was isolated as a colorless oil; IR:
1770, 1725, 1719, 1664, and 1640 cm™}; mass spectrum: m/e 374 (M*).
The NMR data are shown in Table IL

Anal.—Calc. for Cq1Hos0¢: C, 67.36; H, 7.00. Found: C, 67.40; H,
6.98.

Phantomolin cis-1,10-Epoxide (111a)—A solution of phantomolin (15
mg) in chloroform (1 ml) was treated with a solution of m-chloroper-
benzoic acid (20 mg) in chloroform (1 ml), and the mixture was allowed
to stand at room temperature for 48 hr. The chloroform was evaporated
under reduced pressure, and the residue was dissolved in ether. The ether
solution was washed with 1% sodium bicarbonate and water, dried, and
evaporated in vacuo to yield a product. This product, upon preparative
TLC separation, yielded IIla as colorless needles (6 mg) after one re-
crystallization from ether-hexane (3:1), mp 172°; IR: 1775, 1725, 1672,
1660, and 1643 cm™L; mass spectrum: m/e 390 (M*). The NMR data are
shown in Table I1.

Anal.—Calc. for Co1HggO7: C, 64,60; H, 6.71. Found: C, 64.31; H,
6.68.

Isolation and Characterization of 8-Amyrin Acetate (IV), Lupeol
Acetate (V), Epifriedelanol (VI), and Stigmasterol (VII)—The
nonpolar n-hexane extract (~80 g) was chromatographed on a silica gel
column!® (silicic acid, 100 mesh, 10 X 100 cm) with n-hexane and then
n-hexane-chloroform (9:1) as the eluents.

The first eluate from n-hexane was evaporated to dryness. Recrys-
tallization of the residue from n-hexane afforded 400 mg of IV as colorless
needles, mp 239-241°, [a|F +74° (c, 1.0 in chloroform). The IR spectrum
of IV was identical to that of an authentic sample of 3-amyrin acetate!!
(15).

Anal.—Cale. for C3oH5209: C, 81.99; H, 11.18. Found: C, 81.99; H,
11.33.

The second eluate from n-hexane was evaporated to dryness. Re-
crystallization of the residue from n-hexane-ether (1:1) afforded V (10
mg) as colorless needles, mp 218°, [«]¥ +40.1° (¢, 1.0 in chloroform). The
IR spectrum (in potassium bromide) of V was identical to that of an au-
thentic sample of lupeol acetate!l.

Anal.—Calc. for CaaHs5005: C, 81.99; H, 11.18. Found: C, 81.89; H,
11.00.

The first eluate from n-hexane-chloroform (9:1) was evaporated to
dryness. Recrystallization of the residue from chloroform gave VI (20 mg)
as colorless prisms, mp 285°, [a]® +21° (c, 1.0 in chloroform). The IR
spectrum of VI was superimposable with that of an authentic sample of
epifriedelanol!! (16).

Anal.—Calc. for C3oHs20: C, 84.04; H, 12.33. Found: C, 84.24; H,
12.43.

The second eluate from rn-hexane-chloroform (9:1) was evaporated
to dryness. Recrystallization of the residue from acetone yielded VII (400
mg) as colorless silky needles, mp 170°, [a]® —50.0° (¢, 1.0 in chloroform);
mass spectrum: m/e 412 (M*). A mixed melting point of VII with au-
thentic stigmasterol (16) showed no depression, and the IR spectra were
identical.

Anal.—Cale. for CogHys09: C, 84.40; H, 11.72. Found: C, 84.23; H,
11.79.

11 Provided by Dr. T. Kikuchi.
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Abstract O A method was devised for preparing (S)-(+)-apomorphine
from (R)-(—)-apomorphine. Dehydrogenation of the dimethyl ether of
(R)-(~—)-apomorphine with 10% palladium-on-carbon followed by re-
duction with sodium cyanoborohydride under acidic conditions resulted
in quantitative racemization to give (R,S)-apomorphine dimethyl ether,
which then was resolved with (—)-tartaric acid. Ether cleavage of (S)-
{+)-apomorphine dimethyl ether {—)-tartrate with hydriodic acid in
acetic anhydride yielded (S)-(+)-apomorphine, which was isolated as
the hydrochloride salt in 99% enantiomeric excess.

Keyphrases 0 Apomorphine—synthesis of (S)-(+)-stereoisomer from
(R)-(—)-sterevisomer 0 Dopaminergic agonists—apomorphine, synthesis
of (S)-(+)-stereoisomer from (R)-(—)-stereoisomer O Stereoisomers—
apomorphine, synthesis of (S)-(+)-stereoisomer from (R)-(—)-stereo-
isomer

Current interest in apomorphine (I) stems from its ac-
tivity as a dopaminergic agonist and its consequential
antiparkinsonism activity (1-3). Clinical utility has been
demonstrated for I alone and in combination with other
agents such as levodopa (4). Further studies are aimed at
preparing suitable prodrug derivatives to overcome the
drawbacks to its use (5). In addition to parkinsonism, re-
cent studies indicated potential new uses for I in amelio-
rating the symptoms of Huntington’s chorea (6), tardive
dyskinesia (7), Gilles de la Tourette’s syndrome (8), and
schizophrenia (9, 10).

BACKGROUND

Most work to date involved the use of (—)-apomorphine (R-configu-
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ration), synthesized commercially by the acid-catalyzed rearrangement
of (—)-morphine (11). Investigations into the pharmacological properties
of (8)-(+)-apomorphine (II) have been limited to in vivo assays including
dog emesis, a caudate brain-lesioned mouse preparation (12, 13), and
evaluation of the racemate in comparison to (R)-(—)-I in these assays as
well as on overt behavior in the monkey (13, 14). Previous reports utilized
a de novo synthesis of (R,S)-1via Pschorr cyclization followed by reso-
lution of the racemate (12, 15).

Molecular pharmacologists have extended the knowledge of dopami-
nergic mechanisms by the examination of several receptor assays, cul-
minating in the postulation of several distinct dopamine receptors (16).
Along with other criteria, these receptors are distinguished from one
another by the differential action of dopaminergic agonists and antago-
nists, including (R)-(—)-1. Thus, apparently difficult to rationalize effects,
such as the improvement of schizophrenic symptoms with exceedingly
low doses of I, possibly can be understood on the basis of presynaptic
dopamine receptors modulating dopaminergic transmission and, con-
sequently, postsynaptic dopaminergic activity (9).

Because of the renewed interest in apomorphine pharmacology and
the known differential receptor activity of stereoisomeric pharmacological
agents (17), a reexamination of the two antipodes of I was desired. Also,
a more direct method was sought for the synthesis of II from the com-
mercially available (R)-(—)-antipode rather than the de novo synthesis.
The synthesis of IT reported here is patterned after an earlier procedure
for racemization of the related aporphine alkaloid glaucine (18).

EXPERIMENTAL

Reagents—(R)-(—)-Apomorphine hydrochloride hemihydrate!, 10%
palladium-on-carbon?, sodium cyanoborohydride?, (+)- and (—)-tartaric
acid?, p-tolylsulfonylmethylnitrosamide3, and heptafluorobutyric an-

! McFarland Smith Ltd., Edinburg, Scotland.
2 Alfa-Ventron, Danvers, Mass.
3 Aldrich Chemical Co., Milwaukee, Wis.
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