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Abstract-Two novel sesquiterpene lactones were isolated from Verbesina seattonii. Their structures were elucidated as 
elemanolides possessing an intramolecular hemiacetal function on the basis of an extensive spectral analysis and crystal 
structure determination. 

INTRODUCTION 

Many papers have been published recently dealing with 
different types of terpenoids from the genus Verbesina 

[l]; however, in only two species of this genus has the 
presence of sesquiterpene lactones been reported [24]. 
From the taxonomic point of view, these two species (V. 
a$ stricta and V. @coahuilensis) have presented serious 
problems. We have now restudied the material previously 
classified as V. a$ stricta [4]. Detailed morphological 
examination of the new collection indicated a closer 
similarity to V. seuttonii than to V. stricta. From this 
collection the new zempoalines C and D, but not the 
known zempoalines A and B, were isolated. 

RESULTS AND DI!%3JS!3ION 

In a previous study on V. seuttanii [4], zempoalines A 
(la), B (1 b) and a small amount of a crystalline compound, 
whose quantity was insufficient for structural elucidation, 
were isolated. A new collection made in the summer of 
1979 gave a large amount of this substance (zempoaline C) 
and another new compound (zempoaline D). 

Zempoaline C, mp 119-122”, [a]n - 27.3” seems to be 
an equilibrium mixture of the hemiacetal 2s and the 
aldehyde 3. The former predominates in 4: 1 ratio. The IR 
spectrum showed signals for hydroxyl (3440 cm- ‘), a& 
unsaturated-y-lactone (1770 cm-‘) and a saturated ester 
(1740 cm- ‘). The mass spectrum exhibited the molecular 
ion m/z 348 (C19H2406) and typical peaks corresponding 
to the fragmentation of the isobutyrate moiety at m/z 260 
[M -C4HB02]+ and 71 [&H,O]+. The material 
showed a single spot by TLC in different solvent systems; 
however, its NMR spectrum always indicated the pres- 
ence of a mixture. For the major component 2a a singlet 
(3H) was observed at S 1.47 corresponding to the methyl at 
C-10 and a typical ABX system at 10-w field for the vinylic 
protons (H-l, H-2 and H-2’) in an elemane skeleton. It 
also showed an AB system at 63.5 and 2.67 (d, J = 7 Hz) 
for the 3 and 3’ protons, indicating that C-3 must be 
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bonded to an oxygen function and to a tetrasubstituted 
carbon. These signals indicated the presence of an epoxide 
ring between C-3 and C-4. The remaining signals were 
easily assigned: the characteristic doublets for H-13 and 
H-13’ appeared at 66.5 and 6.34 with J = 4, 3.8 Hz 
respectively. The complex signal at 63.3 corresponded to 
H-7, since on irradiation at this frequency the doublet of 
doublets at 65.12 (J = 11, 5 Hz) was modified into a 
doublet (J = 5 Hz). This last signal was assigned to the C- 
8 proton under the lactoneclosure. The J1,8 (11 Hz) found 
by irradiation at the frequency of the H-7 and H-9 signals, 
enabled us to deduce a cis y&tone closure in spite of the 
values for J7,1 J > 3 Hz [S]. Hence H-7 and H-8 must be a. 
Irradiation of the broad doublet at 64.21 (H-9, J = 5 Hz), 
turned the H-8 signal into a doublet (JTe8 = 11 Hz) and 
sharpened the broad singlet at 61.67 due to H-5. This 
experiment confirmed that H-9 was cis to H-8 and in a W 
arrangement with H-5. This requires H-9 and H-5 to be 
a PI. 

The chemical shift of the broad singlet at 64.81 and its 
sharpening when DzO was added, led us to suspect the 
presence of a hemiacetal. Oxidation of zempoaline C to 
the dilactone 4 confirmed the presence of a hemiacetal. 
The IR spectrum of compound 4 showed absorptions for 
the y-lactone (1770 cm- ‘), ester (1740 cm-‘) and 6- 
lactone (I 725 cm- ‘). In the ‘H NMR spectrum, the signal 
for H-9 was shifted to lower field (64.79) and the singlet 
attributable to the proton on C-15 did not appear. 

Repeated TLC and crystallization of zempoaline C 
falled to reduce a set of signals in its ‘H NMR spectrum 
amongst which the more significant was a singlet (68.9) 
attributable to an aldehydic proton, indicating a probable 
equilibrium between 2a and 3. When the acetyl denvative 
2b was submitted to acid treatment, zempoaline C was 
obtained. This fact proved the before mentioned equilib- 
rium between 2a and 3. The spectral changes accompany- 
ing the formation of 2b were consistent with the proposed 
formula. The newly generated -O-C_Koc signal was 
identified by its downfield shift to 65.78. In this com- 
pound, the signal for H-6 was clearly observed as a broad 
singlet at 65.44. The small values of Jsq6 and J6,, indicated 
that the isobutyrate group at C-6 is a. 

The stereochemlstry at C-4 and C-15 was solved by 
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X-ray crystallographic analysis of zempoaline C acetate 
(2b); the result is shown in Fig. 1. In this perspective view 
of the molecular structure the C-15OAc is /? oriented; 
therefore, we propose that the C-15OH in 2a must also be 
/I-oriented (s). 

Catalytic reduction of the acetate 2b gave the reported 
hexahydroacetyl veratinine C (6b) [3]; therefore zempo- 
aline C (2~) is the isobutyrate analogue of verafinine C. 
This correlation establishes the stereochemistry at C-4 
and C-15 for this last compound as it is shown in 26. 

Hydrogenation of zempoaline C afforded two pro- 
ducts, the more polar of which could not be characterized. 
In the second and less polar compound (%I), the C-l 
double bond was saturated (6 1.0, t, J = 7 Hz) and the one 
at C-l 1, C-13 was isomer&d to C-7, C-l 1 (vinylic methyl 
at 62.03). The hemiacetal in this compound remains 
unchanged, since the singlet of H-15 is still observed at 
64.93. 
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The second new compound, zempoaline D (2c), isolated 
from the less polar fractions, was a crystalline solid, mp 
183-184, [a],, +98.5”, CZ1Hz60s (elemental analysis 
and MS). Its IR spectrum revealed the presence of 
carbonyl groups at 1775 (a&unsaturated-y-&one), 1750 
and 1744 cm- ’ (saturated esters). Its ‘H NMR spectrum 
(Table l), showed it was a diester of acetic and isobutyric 
acids. This was confirmed by the m/z fragments 43 (100 “/,) 
and 71 (28%) in the mass spectrum. The spectroscopic 
features of this compound were very similar to those of 
zempoaline C-acetate (2b). The more conspicuous dif- 
ferences between 2b and 2c were the sign of the specific 
rotation and the Av for the H-3 and H-3’ of the AB systems 
in both compounds (0.23 ppm in 2c and 0.56 ppm in 2b). 
These results suggested that the two compounds differed 
m the stereochemistry at C-15. Chemical proof for the 
correctness of this assumption was provided by acid 
treatment of zempoaline D (2~) which gave zempoaline C 
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Fig. 1. Molecular structure of zempoaline C acetate. 

Pa e3). In this compound the absolute configuration of 
C-l 5 is S, therefore, in zempoaline D, it must be R. These 
conclusions were confirmed by an X-ray structure de- 
termination of zempoaline D (Fig. 2). 

Upon hydrogenation zempoaline D yielded two pro- 
ducts. In the less polar component (Sb) the C-l double 
bond was saturated and the one at ll(13) was isomer&d, 
as revealed by the ‘H NMR spectrum. It showed the C-l- 
methyl group as a triplet at 6 1 .l and the vinyl methyl at 
62.14. The second product (6) is the tetrahydro derivative 
showing a molecular formula CZ1H3e0s (elemental 
analysis and MS). Its NMR spectrum showed the C-l- 
methyl as a triplet at 60.97 (J = 7 Hz)and the C-l 1 methyl 
signal at 6 1.42 (d, J = 6.5 Hz, 3H). 

The refined coordinates for zempoaline C acetate 
(Fig. 1) and zempoaline D (Fig. 2) are given in Tables 2 
and 3, respectively. Bond distances and angles were 
affected somewhat by large thermal parameters in the C-l 
=C-2 regions and particularly in the isobutyrate 
substituents of both structures. This is probably an 
indication of some molecular disorder, especially in the 
isobutyrate group of zempoaline D; nevertheless the main 
skeleton remains unaffected. The conformation of the 
four rings in terms of their torsion angles is given in 
Table 4. The most notable changes caused by 
epimerization at C-15 are seen in torsion angles about the 
bonds to C-7. 

EXPERIMENTAL 

Extraction of Verbesina seattonii (HBK) Blake. Aerial parts of 
dry plant material (10 kg) collected in 1979, Km 45 of the 
Highway to Cuemavaca, Morelos, Mexico; MEXU 291035 on 
deposit in Herbarmm of UNAM Mexico, were extracted with 

Fig 2. Molecular structure of xempoaline D. 

CHCls and the residue was percolated through a 1 kg bentonite 
earth (Tonsil) column. Three 3 I fractions were eluted in the 
following order: hexane, CHCI, and EtOAc. The last two 
fractions were chromatographed over 2 kg silica gel (Merck 
70-230 mesh). &He--EtOAc (9: 1) eluted 3.475 g xempoaline D 
(k), mp N-184” (MexCO-iso-F’r,O), [K&, +98.5” (c 0.203, 
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Table 4. Selected torsion angles 

Atoms 
Zempoaline C 

acetate Zempoaline D 

c-x-&C-74-8 -138 15.1 
c-6-C-7-C-84-9 20.3 -3.2 
C-7-C-8-C-9-C-10 -48.9 -40.1 
C-8-C-9-C-l&C-5 67.4 70.2 
C-l&C-5-c-&C-7 36.2 189 
04C+C-l&C-5 -606 - 58.9 
c-9-C-10-C-5-C-4 62.6 62.5 
c-10-CIt-4-C-15 - 57.8 - 55.2 
c-KM-1 w-4 47.1 37.3 
c-4-C-15-&&C-9 -46.1 -34.1 
c-1=-4-C-9-C-10 55.2 47.4 
C-7-C-8-0-1-C-12 -11.7 2.6 
c-&o-lC-12-C-11 3.7 -0.5 
0-1-C-12C-11-C-7 6.0 -19 
C-12-C-llC-7-C-8 - 12.3 3.2 
C-l lC-7C-84-l 14.4 -34 
0-2C-12-C-11-C-13 4.0 13 

background, Lorentz and polarization corrections, and m the 
case of zempoahne D, absorption corrections based on $ scans of 
reflections near x = 90”. The structures were solved by direct 
methods and refined by full-matrix least squares, treating non- 
hydrogen atoms anisotropically. Hydrogen atoms were located in 
a difference Fourier maps and included as lixed contributions. 
Absolute configurations were determined assuming the H-7a 
enantiomorph. 

Zempoaline C acetate. Crystal data are: CllH2sOs, M, 406.4, 
orthorhombic space, group P2,2121, a = 10.486 (2), b = 13.441 
(2), c = 14.665 (4) A, Z = 4, d, = 1.306 gem-‘, MO& radiation 
1= 0.71073A, R = 0.045 for 1170 observed data (1” < 0 
c 22.5”) having I > 3a (I). Zempoaline D, crystal data are: 
C 21 16 8, H 0 M, 4064, orthorhombic, space group P2,2121, 
a = 10.213 (3), b = 10.721 (2), c = 19.438 (3) A, z = 4, 
d, = 1.268 gem-“, CuK, radiation, I, = 1.54184 A, R = 0.070 
for 1310 observations having 2” < 0 < 70” and I > 3a (I). 
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with satd NaHCO* The Me#O was removed under vacuum. 
The CHCls extract left 61 mg crude zempoaline C (a e3). 
Recrystallization from Me,CO-hexane yielded 53 mg pure zem- 
poaline C. 

Acid hydrolysis ofrempoaline D (2~). Cont. HCl (0.5 ml) was 
added to a soln of k (98.8 mg) in Me&O (5 ml). The mixture was 
treated as above yielding 60 mg of zempoaline C (k e3). 

X-ray analysis. X-ray data were collected on an Enraf Nonius 
CAD4 diffractometer equipped with a graphite monochromator, 
by 0-20 scan-mode of variable speed. Data reduction included 
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