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Abstract-The whole parts of North Carolina Ekphantopus carolinianus yielded two cytotoxic sesquiterpene lactones, 
deoxyelephantopin and isodeoxyelephantopin, as well as 11/?,13-dihydrodeoxyelephantopin which is devoid of 
cytotoxicity. The structures and stereochemistries of isodeoxyelephantopin and 1 lb,13-dihydrodeoxyelephantopin 
were determined by spectroscopic analysis, chemical transformations and X-ray analysis. 

INTRODUCIION 

We reported previously on the isolation of deoxyelephan- 
topin (I), an antitumour principle from North Carolina 
Elephantopus carolinianus [l]. Further investigation of 
the cytotoxic fractions remaining after the removal of 1 
has now led to the isolation of isodeoxyelephantopin (2), 
which showed significant cytotoxicity with EDGE 

= 2.5 pg/ml against the in vitro growth of KB tissue 
culture cells, and 1 l/$13-dihydrodeoxyelephantopin (3). 
Although 2 and 3 were isolated previously from India 
Elephantopus scaber [2] and West Virginia Elephantopus 
carolinianus [3] and Sri Lanka EIephantopus scaber [4], 
respectively, their structures and stereochemistries were 
not fully defined. This report describes the isolation of 2 
and 3 and the elucidation of their structures. 

RESULTS AND DISCUSSION 

Compound 2, C,9H,,0,, mp 160-161” (lit. [Z] 
15&153”), [a]o + 180.7”, (lit [2] + 188.4”), was isolated 
in 0.023% yield from the active fraction by silica gel 
chromatography. IR, NMR (Table 1) and mass spectral 
data for 2 were very similar to those of 1 [ 11, and indicated 
the presence of an a-methylene-y-lactone [IR: 1755 (y- 
lactone) and 1635 (C=C) cm-‘; ‘HNMR: 65.66 (lH, d, 
J 7,,3a=4.0H~,H-13a)and6.20(1H,d,J7,,,,=4.0Hz,H- 
13,,)] and a methacrylate ester group [IR: 1705 and 
1635cm-‘; ‘HNMR: 65.70 and 6.15 (each lH, br s, H- 
18), and 1.93 (3H, dd, J,B,,9a = J,8,,9b = 1.0 Hz, H-19); 
MS: m/z 69 (base peak, [CH,=CH(Me)CO]+) and 258 
(strong peak, [M -C,H,O,]+]. Epoxidation of 2 with 
m-chloroperbenzoic acid yielded monoepoxide 4 for 
which the mass spectrum was very similar to that of 
elephantopin (5) [IS, 61. 
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The co-occurrence of 2 with 1, coupled with the 
foregoing evidence in addition to the close correspon- 
dence between the ‘HNMR data (Table 1) for 1 and 
isodeoxyelephantopin [2], as well as for 4 and iso- 
elephantopin [2], led to the assignment of structure 2 to 
isodeoxyelephantopin. The ‘H NMR (Table 1) downfield 
shiftsofH-5 (65.13 in 2 os.4.77in 1)and H-7 (63.16in 2 us. 
2.94 in 1) suggested that the y-lactone ring oxygen atom at 
C-2 must be oriented a in 2 rather than /I as in 1, in order 
that the lactone C=O group in 2 would be in close 
proximity to both H-5 and H-7 and thereby cause a 
paramagnetic shift due to its anisotropic effect. 

Unequivocal proof of the structure and stereochemistry 
of 2 was derived from a single-crystal X-ray analysis of 
dimethylamine adduct (6). The crystal structure was 
solved by direct method [7]. Full-matrix least-squares 
refinement of atomic positional and thermal parameters 
converged to R = 0.050 over 1458 reflections. Final non- 
hydrogen atom positional parameters are given in 
Table 2. A view of the solid-state conformation is pre- 
sented in Fig. 1, while bond lengths and angles are 
recorded in Fig. 2. 

With an a-orientation of the oxygen substituent at C-2 
in 2, in contrast to the B-orientation at this centre in 
elephantopin [S], formation of the corresponding y- 
lactone ring incorporating C-15 requires that the latter 
also lies on the a-face of the trans,trons-cyclodeca-1,5- 
diene ring, i.e. anti to the p-oriented C-14 methyl group. 
This has a profound effect on the comformation of the 
ten-membered ring [endocyclic torsion angles (deg.): ol, z 

1% 02.3 -33,03.4 -67,wb.s 159,os.e -105,ws:7 77, 
w7,s -115, us.9 64, wg,lo 76, w1,1o -1631 which is 
consequently quite different from the chair-chair-chair 
[S] form, with its syn-oriented methyl groups or their 
equivalents, encountered in, for example, eupatolide [9], 
costunolide [lo], alatolide [l 11, elephant01 [12] and 
eupahyssopin [ 131. In accord with the results from other 
X-ray diffraction studies on germacradienes, torsion 
angles associated with both of the trans double bonds 
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Germacranolides of Elephantopus carolinianus 

Fig. 2. Bond lengths ( f 0.001-0.008 A) and bond angles ( f 0.03-0.0S”) in 6. 

an Enraf-Nonius CAD-4 diffractometer (Cu-Ka radiation, 

incident-beam graphite monochromator; w-20 sacans, 0_ 

= 67”). From a total of 2046 independent measurements, those 
1458 reflections with I > 3&r(I) were retained for the structure 

analysis and corrected for the usual Lorentz and polarization 

effects. Refined unit-cell parameters were derived by least-squares 

treatment of the diffractometer setting angles for 25 high order 
reflections (33” < 0 < 49”) widely separated in reciprocal space. 

The crystal structure was solved by direct methods [7]. Non- 

hydrogen atom coordinates, obtained initially from an E-map, 

and anisotropic thermal parameters were adjusted by full-matrix 

least-squares calculations to R = 0.078 at which point a dif- 

ference Fourier synthesis yielded positions for all hydrogen 
atoms. Continuation of the refinement of non-hydrogen atom 
positional and anisotropic thermal parameters, with hydrogen 

atoms included at their calculated positions, led to convergence at 

R = 0.050 (R, = 0.062). Final non-hydrogen atom positional 

parameters are in Table 2. Anisotropic temp. factor parameters, 

hydrogen atom positional and isotropic thermal parameters, and 
a list of observed and calculated structure amplitudes have been 

deposited with the Cambridge Crystallographic Data Centre. 

Neutral atom scattering factors used in the structure-factor 

calculations were taken from ref. [17]. In the least-squares 

iterations, CWA’(A = /IF,, 1 -IF,(I) was minimized with weights, 

w, assigned according to the scheme: Jw = 1 for 1 F, I < 14.0, and 

Jw = 14.0/lF0 1 for IF0 I z 14.0 to ensure no systematic depen- 

dence of (WA* ) when analysed in ranges of IF, I. 

Acknowledgements-This research was supported by a grant 

from the National Cancer Institute (CA 17625) awarded to K. H. 

Lee. We thank Dr. Y. C. Cheng and Mr. M. Fisher of the Cancer 
Research Center for biological assay; Dr. D. L. Harris, 

Department of Chemistry for NMR spectra, and Drs. David 

Millington and Michael T. Harvey, School of Public Health, 

University of North Carolina at Chapel Hill, for mass spectral 
data. 

REFERENCES 

1. Lee, K. H., Cowherd, C. M. and Wolo, M. T. (1975) J. Pharm. 
Sci. 64, 1572. 

2. Govindachari, T. R., Viswanathan, N. and Fuhrer, H. (1972) 

Indian J. Chem. 10, 272. 

3. Bohlmann, F., Ates (Goren), N., Jakupovic, J., King, R. M. 
and Robinson, H. (1984) Phytochemistry 23, 1180. 

4. De Silva, L. B., Herath, W. H. M. W., Jennings, R. C., 

Mahendran, M. and Wannigama, G. E. (1982) Phyto- 
chemistry 21, 1173. 

5. Kupchan, S. M., Aynehchi, Y., Cassady, J. M., Schnoes, H. K. 

and Burlingame, A. L. (1969) J. Org. Chem. 34, 3867. 
6. Haruna, M., Rice, G. and Lee, K. H. (1985) J. Nat. Prod. 

48, 93. 

7. Main, P. (1982) MULTAN 1 l/82. University of York, 

England. 

8. Hendrickson, J. B. (1967) J. Am. Chem. Sot. 89, 7047. 
9. McPhail, A. T. and Onan, K. D. (1975) J. Chem. Sot. Perkin 

Trans. 2, 1798. 

10. Bovill, M. J., Cox, P. J., Cradwick, P. D., Guy, M. H. P., Sim, 

G. A. and White, D. N. J. (1976) Acta Crystallogr. B32.3203. 



904 D. i%MNCi et at. 

11. Cox, P. J. and Sim, G. A. (1977) J. Ckem. Sot. Perkin Trans. 2, Maruyama, M. and &p&an, S. M. (1970) Tetru~dron 
255. Letters 2863. 

12. McPhail, A. T. and Sim, G. A. (1972) J. Chem. Sot. Perkin 15. Kupchan, S. M. and Maruyama, M. (1971) J. Org. Ckem. 36, 
Trans. 2, 13 13. 1187. 

13. Onan, K. D. and McPhail, A. T. (1978) J. Chem. Res. (S) 12; 16. Lee, K. H. and Geissman, T. A. (1970) Phytochemistry 9,403. 
(M) 201. 17. ~nternutionu~ Tables for X-Ray C~ysra~~~~apky (1974) 

14. Kurokawa, T., Nakanishi, K., Wu, W., Hsu, H. Y., Vol. 4. The Kynoch Press, Birmingham, U.K. 


