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The tea prepared from the leaves of
Montanoa tomentosa Cerv. (Compositae),
the zoapatle plant, reportedly has been
used in Mexico for more than 400 years
to induce menses and labor, and to ter-
minate early unwanted pregnancy (2-4).
A number of reports have appeared in
the literature concerning the isolation,
structure elucidation, biological effects,
and synthesis of zoapatanol (1), an
oxepane diterpene claimed to be respon-
sible for the fertility regulating effect of
the tea (2,3,5-9). The potential develop-
ment of zoapatanol for use in reproduc-
tive medicine has also been reviewed
(3,10,11).
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1 Zoapatanol

In an earlier study of seven species or
subspecies of Montanoa cultivated at the
University of Illinois Pharmacognosy
Field Station, we have shown that Mon-
tanoa  lencantha (Lag.) Blake ssp.
lewcantha (Compositae) contained the
highest concentration of zoapatanol (ca.
0.04%) by hplc analysis (1,11). An at-
tempt was made, therefore, to isolate
zoapatanol from this source for biologi-
cal studies. Due to the complexity of the
zoapatanol-containing fraction, how-
ever, the isolation of the desired com-
pound proved rather difficult. During

'For the previous paper in this series, see Mar-
celleer al. (1).
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the course of this investigation, a novel
sesquiterpene lactone was isolated and
given the trivial name leucanthanolide.
We describe here the structure elucida-
tion and biological evaluation of leucan-
thanolide (2).

The mass spectrum established 2 to
have a molecular ion at m/z 350 for a
molecular formula C,oH,40g, and its ir
spectrum showed strong bands at 3456,
1761, and 1713 cm™! associated with
hydroxyl, five-membered lactone and
ester group absorbances, respectively. In
the 'H-nmr spectrum of 2, two broad
singlets at & 1.65 and 1.73, and two
singlets at 6.29 and 6.47 revealed the
presence of two olefinic methyl groups
and a terminal methylene moiety.
Moreover, 'H-nmr signals assignable to
olefinic and methine protons were ob-
served at 8 5.23 (brt, J=8.1 Hz), 4.64
(br d, J=10.4 Hz), 4.98 (d, J=10.4
Hz), 4.07 (brd, J=9.0 Hz)and 5.04 (br
t, /=9.0 Hz), corresponding well with
those of 3 isolated from Montanoa atrip-
licifolia  (12). These spectral data
suggested that 2 had the same germac-
radienolide skeleton as in 3.

The 'H-nmr signals due to the ester
side chain were observed at 8 2.56 (sep-
tet J=6.8 Hz) and 1.15 (d, J=6.8 Haz),
which, together with the fragment ions
at mlz 280 (M-C;HO)*, 262 (M-
CH,0,)", 71 (C,H,O0)*, and 43
(C;Hy)", indicated the presence of an
isobutyryloxy group. Leucanthanolide
was therefore tentatively assigned the
structure 2, in which it remained to un-
ambiguously demonstrate the various
regio- and stereo-chemical attributions.

The isolate exhibited a strong nega-
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tive Cotton effect around 220 nm due to
the interaction of the two macrocyclic
double bonds and a positive Cotton ef-
fect near 260 nm associated with the n-
* transition of the o,B-unsaturated
lactone. These Cotton effects, together
with the fact that the resonance signals
in the >C-nmr spectrum of the mono-
acetate 4 were very close to those of the
germacranolide lactone monoacetate 5
isolated from Montanoa hibiscifolia (13),
demonstrated that 2 adopted the same
conformation and had the same configu-
ration as the germacradienolides 3 and 5
mentioned above.

A more detailed analysis of the 'H-
nmr spectrum could be obtained from
the homonuclear two-dimensional J-
correlation spectrum, and the results of
this analysis are presented in Figure 1
and Table 1. In this way, the placement
of the ester at C-9 rather than C-8 was
made as follows.

Allylic coupling was observed be-
tween the C-15 methyl protons and the
doublet at & 4.64 attributed to H-5.
Coupling between the doublet at 8 4.64
and the doublet at 3 4.98 showed that

the latter signal belonged to H-6.
Dreiding models indicated that long
range coupling through a W relationship
may be possible between H-6a and H-
8B. Inasmuch as the 2-D COSY experi-
ment indicated a broad doublet at § 4.07
was, indeed, weakly coupled to H-6,
this should be the 8-proton. This reso-
nance at 8 4.07 also exhibited coupling
(J=8.3 Hz) to a proton at 8 5.04 which
can be assigned to H-9a.

All 19 carbon signals were clearly dis-
played, and the APT spectrum permit-
ted a preliminary assignment of the pro-
tonated and quaternary carbons. A dis-
tinction between C-10 and C-11 was
made on the basis that, in the coupled
carbon spectrum, the signal at & 139.8
(C-10) was substantially broader than
the signal at 8 140.44 (C-11). Irradia-
tion of the H-2 signal caused a sharpen-
ing of the signal at § 139.8, while irradi-
ation of the H-6 signal did not result in
any change. Completion of the assign-
ment of the *C-nmr spectrum was made
through the acquisition of a heteronuc-
lear correlation spectrum, and these data
are summarized in Table 1. Of particular
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TABLE 1. Nuclear Magnetic Resonance Assignments of Leucanthanolide (2)
'H-nms* BC.nme?
Multiplicity;

Signal® Assignment Coupling Constant Signal® Assignment
5.23 H-1 br,t;8.1 129.57 C-1
2.24 H,-2 m 25.37 C-2
1.96 H-3e dd; 8.6,19.4 39.01 C-3
2.31 H-3a m

136.78 C-4
4.64 H-5 bdd; 10.5 122.13 C-5
4.98 H-6 bdd; 10.5 83.46 C-6
81.61 C-7
4.07 H-8 d;8.3 74.66 C-8
5.04 H-9 d;8.3 79.21 c-9
139.86 C-10
140.44 C-11
169.14 C-12
6.29 H-13 s 128.62 C-13
6.47 H-13 s
1.65 H,-14 s 18.02 C-14
1.73 H;-15 s 17.17 C-15
176.43 Cc-t’
2.56 H-2' septet; 6.8 33.85 Cc-2’
1.15 H,-3' d;6.8 18.57 C-3'
1.15 H;-4' d;6.8 18.71 Cc-4'

*Obtained in CDCl;, TMS as internal standard.

53 values, TMS=0 ppm.

interest was the facile distinction be-
tween the four methyl carbon resonances
in the region & 17.17-18.71. These
spectroscopic data firmly establish the
structure and stereochemistry of leucan-
thanolide to be that shown in 2.

Evaluation of the isolate in a pregnant
guinea pig assay showed the compound
to be devoid of activity. Both the isolate
and extract were cytotoxic in the in vitro
KB and P-388 test systems.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—
Melting point was determined by means of a
Kofler hotplate and is uncorrected. The uv spec-
trum was obtained with a Beckman model DB-G
grating spectrometer. The ir spectrum was deter-
mined on a Nicolet MX-1 interferometer. 'H-
nmr spectra were recorded on a Nicolet NMC 360
(360 MHz) with a Nicolet Fourier-Transform at-
tachment using CDCl; as solvent and TMS as an
internal standard. The '3C-nmr spectrum was ob-
tained on the Nicolet NMC 360 instrument
operating at 90.8 MHz. The mass spectra were
obtained with a Varian MAT 1128 double focus-
ing spectrometer operating at 70 eV. Optical ro-

tations were measured with Perkin-Elmer, Model
241 polarimeter. Silica gel for chromatography
was purchased from E. Merck, Darmstadt, W.
Germany, and preparative tlc plates were from
Analtech, Newark, NJ.

PLANT MATERIAL.—The plant material used
in this investigation was originally obtained in
1979 from Dr. V. A. Funk of the Ohio State Uni-
versity. It was cultivated at our Pharmacognosy
Field Station, Lisle, IL, in the summer of 1982. A
herbarium specimen has been deposited at the
Field Museum of Natural History, Chicago, IL.

EXTRACTION, FRACTIONATION AND ISOLA-
TION.—The leaves of M. lexcantha ssp. lencantha
(1.5 kg) were exhaustively extracted with EtOAc
at room temperature and the solvent removed in
vacuo to afford an extract (138 g). Chromatog-
raphy of this extract on silica gel (300 g) eluting
successively, through gradient elution, with
C¢Hg, C¢Hg-EtOAc (1:1), EtOAc, and MeOH
afforded seven fractions. Fractions 4 and 5 (15.9
g) from the column, eluted with CsHg-EtOAc
(1:1) were rechromatographed over silica gel (200
g) using CHCl;/iPrOH mixtures. A fraction (2.7
g) from this separation was submitted to further
silica gel column chromatography using hexane/
EtOAc mixtures as a solvent to afford 2 (80 mg) as
a colorless solid, mp 85-87°% [a]D —153.3° (¢
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FIGURE 1. Homonuclear 2-D Nmr of Leucanthanolide.

1.18, CHCl;); uv A max (MeOH) (€) 213 nm
(10,200); ir v max (neat) 3456, 1761, and 1713
cm™ ! cd (MeOH) 263 [8] + 1,860 and 219 {61
—113,000; 'H nmr (360 MHz, CDCl;) see Table
1; '*C nmr (90.80 MHz, CDCl,) see Table 1; ms

mlz (rel. int.) 350 (M™*, 1); 280 (2), 262 (2), 244
(6), 71 (70), and 43 (100).

ACETYLATION OF 2.—A sample of 2 (10 mg)
was treated with Ac,O-pyridine (1:2, 0.3 ml) at
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room temperature overnight. Workup in the
usual way afforded a monoacetate derivative 3 (10
mg) as a colotless solid having the following spec-
troscopic properties; 'H nmr (360 MHz, CDCl;)
3 1.075 (6H, d, J=6.8 Hz), 1.690 (3H, br s),
1.702 (3H, brs), 1.918 (3H, s), 2.10-2.35 (4H,
m), 2.437 (1H, septet, J=6.8 Hz), 3.296 (1H,
brs, OH), 4.920 (ZH, m), 5.250(2H, s), 6.316
(1H, m), 5.932 (1H, s), and 6.412 (1H, s); '3C
nmr (90 MHz, CDCl) 8 175.97 (C-1"), 169.70
(C-12), 167.68 (COCH,), 142.20 (C-11),
140.04 (C-10), 135.68 (C-4), 131.63 (C-1),
127.19 (C-13), 122.51 (C-5), 83.64 (C-6),
82.61 (C-7), 76.45 (C-8), 74.48 (C-9), 39.10
(C-3), 34.13 (C-2"), 25.26 (C-2), 21.11
(COCH,), 18.96(C-3"), 18.70(C-4"), 18.04(C-
14), and 17.04 (C-15); ms m/z (rel. int.) 392
(M*, 2), 350 (1), 32 (1), 71 (43), and 43 (100).

BIOLOGICAL EVALUATIONS.—Fertility reg-
ulating.—Leucanthanolide (2) was evaluated for
uteroevacuant activity in a pregnant-guinea pig
assay modified after the method of Hahn ez 2/. (9).
The compound was solubilized as its polyvinyl-
pyrrolidone (PVP) co-precipitate (1:4) (12), ad-
ministered as a single ip injection at a dose of 20
mg/kg to six guinea pigs on day 22 of gestation.
All animals were observed daily for any signs of
pregnancy interruption. On day 27 of gestation,
all animals were autopsied. One of the treated
animals was nonpregnant and was deleted from
the assay (no CLP, no implantation sites). Two of
the pregnancies were totally normal. Three of the
pregnancies had abnormal fetuses, but no clearly
identifiable activity was observed.

Cytotoxic activity.—The EtOAc extract was ac-
tive (14) in the KB and P-388 test systems in cell
culture, showing EDsq 1.35 pwg/ml and 5.2 pug/
ml, respectively. Leucanthanolide (2) also dis-
played activity in these in vitro systems showing

EDs 0.57 pg/ml (KB) and 0.93 pg/mi (P-388).
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