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ASTERISCANOLIDE. A SESQUITERPENE LACTONE WITH A NEW NATURAL SKELETON. 
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Summary: A sesquiterpene lactone was isolated from the hexane extract of Asteriscus aquaticus. 
Its constitution and stereochemistry were determined by spectroscopic techniques, principaZly 
two-dimensional NMR correlations (COSY, HCCORR,RELAYl and with the interpretation of certain 
chemical transformations. The results were confirmed by X-ray diffraction and the name 
asteriscane is proposed for the new natural skeleton. 

By repeated chromatography of a methanol defatted hexane extract of Asteriscus aquaticus L. 

(familly: Compositae) it was possible to isolate a small amount of a crystalline compound (m.p. 

1780, ether), optically active ([~c]D= 12.1°, chlorof.), whose remaining properties seemed to 

correspond to a new sesquiterpene lactone that has been called asteriscanolide. 

Its EIMS displayed M+ at m/z =2502, corresponding to the formula CI5H22O3 andits IR spectrum 

showed absorption of X-lactone and ketone groups (1770,1705 cm-'). Its 'H-NMR spectrum (fig.lb, 

table I) showed two methyl singlets and one methyl doublet, as well as a doublet of doublets, 

centered at4.29 which was assigned tothe prcton geminal to the lactonic oxygen, whereas almost 

all the remaing signals appeared as complex multiplets within the 3 -1.3 ppm range. These data, 

together with the absence of olefinic carbons and the large chemical shift of the ketonic carbon 

(213.9 ppm) inits l3C-NMR spectrum, suggested the existence of a bicyclic carbon skeleton with 

a seven or eight-membered ring. 

In order to confirm this hypotesis and to determine the structure ofthe substance, several 

2D-NMR experiments were carried out. The proton homonuclear correlation spectrum COSY-453,4, 

(fig.la), displayed correlations for practically all the protons of the asteriscanolide and, 

besides the normal couplings, other long-range couplings (e.g. Hl-Hl4,HlOd-H14, H10p-H15 and 

H14-Hl5) could be detected easily. Furthermore, it was possible to locate and differentiate 

certain signals hidden in the one dimension spectrum, whose later analysis enabled us to obtain 

the information on t% and J shown in table I. 

The RELAY two-dimensional spectrum (RELAYed coherence transfer spectrum)5>$ which combines 

one bond C-H correlations with H/H correlations (fig.lc), allowed us to establish the 

connectivities between carbons bearing, at least, one coupled hydrogen atom7. By means of the 

graphic procedure represented in fig.lc, it was possible to 

determine the existence of the partial structure 1. Apart from - 

the establishment of a large part of the skeleton, the RELAY 

1 experiment also enabled us to unequivocally assign carbon 

chemical shifts, including those of carbons very close in the 
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Table I. lH-NMR data for Asteriscanolide 

(200?1Hz, CDC13, THS as int.st.) 

H 6 mult. H & mult. - ppm - ppl J (Hz) 

1 4.29 dd 613 2.43m 1,2=5.3 

2 3.79 ddd 7 1 1.1 2.53 ,lO&- 
m 

2,9=11.4 
3 2.77 ddd 9 3.28 ddd 2,3= 9.4 

4~ 1.96 m 10s 2.16 dd 3,4a= 12.3 

4(3 1.45m lop 1.38 ddd 3,4p=4.8 

SIX 1.58 m 13 1.11 d 7,13= 6.8 

5p 1.93 14 1.19 9,100(= 12.9 m s 

66 1.83 
9,lOb= 6.8 

m 1.j 1.02 s lo%zop=I3.3 

0 one boti C/h correlations '__ 

@ H/h connectivities 
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Fig.la. Symmetrized contour 
plot of a COSY-Jj spectrum 
of 2 

Fig.lb. 'H-NMR spectrum of 2 
(ZOOMHz,CDCL3) 

Fig.lc. Contour plot of a REL.AY 
spectrum of 2 and graphic 
procedure forestablishing 
the protonated skeleton of 
Asteriscanolidr 

Fig.ld. 'XC DEPT spectrum 
(50.3MHz,CDC13) showing 
CH2 signals (left) and 
CH+CH3 signals (right) 
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spectrum and bearing the same number of hydrogen atoms (e.g. C2 at 45.73 and C7 at 45.68ppm, or 

C4 at 22.5 and C5 at 22.9 ppm). 

As has been reported above, long-range coupling between protons of both methyl singlets and 

between these methyls and one ormore of H1,HIOocand H10~ were detected, which fixes thelocation 

of a gem-dimethyl group between positions 1 and 10, whose existence is further corroborated by - 

the presence of bands at 1375 and 1360 cm-l in the IR spectrum. Accordingly, 2 was proposed 

as the structure of asteriscanolide. 

In order to confirm this, several two-dimensional long-range C/H correlation experiments 8 

were performed, the spectra of which are not shown here, to study the surroundings of the 

quaternary carbons. In this way, non-direct connectivities between the ketonic carbon Cg and 

protons H13,Hgfiand HIGK; between C1l and protons H1Oa, H14 and H15, and between the lactonic 

carbonyl Cl2 and protons H2 and H3, were seen to exist. 

The relative stereochemistry of ring junctions was deduced from the values of proton 

couplings (table11 as being all c&, which is confirmed by the formation of asteriscaneacetal 3 

lo, as well as the expected asteriscanetriol 411, in the reduction of 2 by an excess of LAH. 

Likewise, as a result from the study of NOEdifference and 2D-NOE(NOESY) spectra, it was 

possible to establish the spatial proximity between the following atomsorgroups: Me15 is close 

to protons H1,Ho, H2 and H1Op; Me14is closeto HIOoc and H1; H1 is closeto H2 and H3 and H2 is 

close to H3 and H6p. NOEdifference spectra obtained for acetal 3 allowed usto detect, among 

others, the spatial proximity of H8 withHq and H13, which together with the appearance of H8 in 

the proton spectrum as a broadened singlet , permitted usto fix the configuration at C7 for both 

substances 3 and 2. Finally, - - the CD spectrum of 2, which shows a negative Cotton effect 

associated to the ketone of A&305=-O.17, allowed us to establish the absolute configuration 

of asteriscanolide as that depicted in 2. 

The crystal structure of 2 and its absolute configuration were also determined bya single 

crystal X-ray diffraction experiment12 It crystallizes in the space group P212121, with 2=4, 

a=18.970(1);: b=10.917(1); and c=6.764(1);; Mw=2SO.35 and calculated density Dx=1.182 g.cm- 3 

(13j14). Pentagonal ring conformations were determined by Cremer's parameters Q and $I l5. The 

cyclooctane ring shows an almost boat conformation 2,6 B4,8; the cyclopentane ring displays an 

envelope conformation E10 and the lactone ring adopts a conformation between E2 and 2T3. 

Relevant short contacts are: C4-C8=2.9li, C2-C6=3.13;, C8-H4d= 2.54; and C2-H6P=2.62i. 

Fig.2 shows a computer generated Ortep drawing of asteriscanolide. 

Although several synthetic substances possessing the 

16 carbon skeleton of asteriscanolide have been described , 

up to the present, as far as the authors know, no natural 

product has appeared with this kind of skeleton, which has 

been called asteriscane 5 and its numbering has been 

carried out according to that of its supposed precursors 

humulene and farnesol. Fig.2 

Acknowledgements: We thank Prof. J.de Pascual (Faculty of Chemistry,Salamanca) the facilities 

obtained from his Laboratory, Prof. S.Garcia-Blanc0 (Inst. Rocasolano, Madrid) his support and 

Dr. A.Virgili for the MS. This work received a grant (ng 1857/82) from the Spanish CAICYT. 



2372 

REFERENCES AND NOTES 

1. 

2. 

5 

4. 

5. 

6. 

7. 

8. 

Presented,in part,at the 14th Intl. Symp. on the Chemistry of Natural Products; PO& (Poland), July 9-14,1984. 

MS of 2; m/z(re-el.abxi.%): 250(7),235(1),222(43),208(6), 18?1(9),165(12),136(11), 128(11), lO7(12),95(100). 

a) A.&xx and R.Frecmx~; J.m.Reson.,~&, 542 (1981). b) A.Bax; '&&imen.sional NMR in liquids, p.78 
Delft-Reidel.Do~~cht, HO&I&. 1983; ami references therein. 

32FIDLs were cladded with appropriate phase cycling17 for each value of t1 which was incremented from Spsec to 
256msec in 256 steps. 'lhe 1024x512 data matrix was Fourier transformed using Bruker 01,~.82 software. All 
NMRexperiments were performed onaBr&erWPMX)SYinstnment. 

a) P.H.Bolton; J.m Reson.,48, 336 (1982). b) H.Kessler, M.Bxnd, H.Kogler, J.Zxrbxk, O.W.$rensen, 
G.Bodenhausen & R.R.'Emst; J~~.chem.Sx., g5, 6944 (1983). 

128FTD's were cladded tith appropriate phase cycling for each v&e of tl which was incremented frcxn 3,usec to 
128msec in 256 steps. 'Ihe 1024x512 data matrix was transformed ti.th sine-bell filters in both dom&s. 

Prior tothe RElAYexperiment a ZD oneboral C-Hcorrelation (HCCCRRmicroprogram)was performed todifferentiate which 
of the s&a.& of a given horizontal in fig.lc corresponds to a GH correlation and with to H/H connectivities. 

a) J.N.&ooIery; J.Nat.Prcdxts (LIovdia),g,226 (1984). b) H.Kessler, C.Criesinger, J.zarbock and H.R. LcosLi 
J.&@.Reson.,~,331 (1984). 

9. 

10. 

In these expximents, response of correlation resonance was optimized for nJa values ranging between 6 and 12 Hz. 

lHm of& proton bppn(m_ittip.,JHz): H-2 3.74(d, 3.2), H-2 2.64(ddd,8.2, 3.2, 3.2), H-3 2.22(m), H-8 3.54(bs), 
ff-9 2.x(m), ~-lo& 1.63(dd,13.6,2.0), H-lofi 2.03(dd, l&6,8.5), ~-12 5.12(d,3.7), H-23 o.$(d,6.5), H-14 1.21(s) 
and H-15 O.%(s). Assigments based on a 2BCOSY experiment. 
13cm of 3; &ppn(type): 22.1,24.6 and 30.4 (primary); 22.4,28.2,3x7 arsl 54.0 (secondary); 40.6,41.9,42.8, 
45.2,82.2,9&S and 99.5 (tertiary); 42.0 (quaternary). 

11. lHm of 4: H-l 3.g(d, 3.7), H-8 3.65(w,3.3), H-20~ 1.52(dd,13.6,4.3), H-1013 1.97(dd,13.6,9.3), H-Z& 3.%(dd, 
10.3,7.1);&22p 3.65(dd,iO.3,4.3), H-13 l.CO(d,7.2), H-14 1.06(s) and H-15 0.99(s). 
1% m of 4: 19.3,24.3 and 30.9 (primary); 25.5,26.2, 29.1,47.9 arad 68.5 b~~dar~); 38.2,40.6,45.9,47.2,79.8 
and 82.6 (t&tiary); 40.6 (quaternary). 

12. 

13. 

Attic coordinates, bond lengths axi angles for this work are available from the Director of the Cambridge 
Crystallogra~c L&a Center; University Chemical I&oratory, Iznsfield Road, Cambridge CBZ lEW, UK. Any request 
should be acccmpanied by the full literature citation for this ccmnnmication. 

The intensities of 2370 independent reflections to a 0=65o were altenmtelly collected on an autaMted four 
cinzle refractater using g&it, mxxxhxx&ed CuKti radiation. After usual correction for backgroti, lorentz 
and polarization effects, 1997 reflections were judged observed when 1>2~(1) and they were used for struztm 
determination and refinement. No absorption correction was applied aral at&c scattering factors ard .XXXELLOLXT 
tispersion corrections were taken from the ~teratxre18 

14 

15. 

lhe structure was solved by MILTAN and refined by fullatrix least-squares method with anisotropic thermal 
parameters for nonkydrogen atcms. Hydrogen atcms were placed at their expected positions, checked in a Foun-ier 
difference map and inch&d as fixed isotropicLontributors in the refinement. 
anisotropic refinement? 

Several cycles of weighted 
m&dig (hkl)and(hlcL) reflections gave for the correct enanticmer the discrepance 

indices R=0.041 aral &=0.52. lhe abxlute configuraticn21 was determined using B pairs withAF,>O.@. The 

total averaged Bijvcet difference was 0.@5 for the right enanticmer vs. 0.210 for the wrong one. 

a) D.Cremzr and J.A.Pople; J.Am.Chem.soC.,~,1354 (1975) 

Q=O.PJ (2) $=99.9(3) , 
b) Values of Q(i) and $("); cyclopentane: 

&la&one: Q=0.315(2) $I=-8.9(4). 

16. a) K.&J&, T.Chtsuka, S.Misuni, H.Shirh and T.Matsunoto; Chem.Lett.,3.55 (1981). b) G.Pattenden xx! 
S.J.Teague; Tetrah&nLett.,~, 3021 (1984). 

17. G.Wider, S.Macura, A.Kamur, R.R.Ernst and K.htithrich; J.m.Reson.,56,2Q7 (1%). 

18. International Tables f&-X-ray crystallography. Kinoch Press. Birm&&m, UK. 1974. vol. lV 

19. P.&in. MULTAN. Ikpa,tment of Physics, University of York, UK. 19%. 

2Q. M.&rtinez-Ri@l ard F.H.Cano. pEsos. Institute Rocasolano, CHIC. Serrano 119. &&id, Spain. 1975. 

21. M.&rtinez-RipoU and J.Fayos. CONFAB. Institute Rccasolano, CSIC. Serrano 119. Madrid, Spain. 1977. 

(Xeceived in UK 4 March 1985) 


