
Phytochemistry, Vol. 21,No.7,pp. 1675-1678, 1982. 
Printed in Great Britain. 

0031-9422/82/071675-04~3.00/0 
@ 1982 Pergamon Press Ltd. 

MELAMPOLIDES FROM ENHYDRA FLUCTUANS VAR. FLUCTUANS* 

FERDINAND BOHLMANN,MANIRUDDIN AHMED,HAROLD RoBINsoNt and ROBERT M.KrNGt 

Institute for Organic Chemistry, Technical University of Berlin, D-1000 Berlin 12, W. Germany; tsmithsonian Institution, 
Department of Botany, Stop No. 166, Washington, DC 20560, U.S.A. 

(Received 14 August 1981) 

Key Word Index--Enhydra jiuctuans var. jfuctuans; Compositae; sesquiterpene lactones; melampolides. 

Abstract-The investigation of the aerial parts of a variety of Enhydra fluctuans afforded in addition to 
4-hydroxyfarnesyl acetate and fluctuadin five new melampolides elucidated by high field ‘H NMR spec- 
troscopy. The chemotaxonomic situation is discussed briefly. 

INTRODUCTION 
The genus Enhydra (Compositae, tribe Heliantheae) 
was placed by Stuessy [l] in the subtribe Ecliptinae, 
while recently in a new grouping of the large tribe 
Heliantheae [2] a separate subtribe Enhydrinae has 
been proposed with Enhydra being the single genus. 
Previous chemical studies have shown that in ad- 
dition to diterpenes, melampolides are present [3-6], 
which have been isolated previously from Melam- 
podium, Smallanthus, Tetragonotheca, Sigesbeckia, 
Schkuhria, Iva, Blainvillea, Grazielia and Acan- 
thospermum species. We have reinvestigated the 
aerial parts of a variety, Enhydra fluctuans Lour. var. 
fluctuans and again melampolides were isolated, five 
of them being new compounds. 

RESULTS AND DISCUSSION 
The aerial parts of E. fluctuans var. fluctuans, 

collected in north-eastern Brazil, afforded in addition 
to 4-hydroxyfarnesyl acetate (1) [7] and fluctuadin (2) 
[6] five further sesquiterpene lactones, the melam- 
polides 3-6 and 8. The ‘H NMR spectrum of 3 (Table 
1), which could not be completely separated from 2, 
showed by the typical signals that a t&late was 
present (6 6.76qq, l.SOdq and 1.78dq). The remaining 
signals were only slightly different from those of 
enhydrin (7). Accordingly, the same substitution pat- 
tern and stereochemistry could be assumed. Spin 
decoupling established the assignment of all signals. 
The extreme downfield shifts of H-8 clearly sup- 
ported the proposed conformation of melampolides 
[8] with 4”B”-methyl and lO”a”-carbomethoxy groups, 
as in this conformation H-8 is deshielded by the 
carbonyl group. The trans-orientation of H-8 and H-9 
followed from the coupling observed. Also the signals 
and the couplings of H-2 and H-3 could be assigned 
and they agreed nicely with the proposed con- 
formation. The ‘H NMR spectrum of 4 (Table 1) 

*Part 415 in the series “Naturally Occurring Terpene 
Derivatives”. For Part 414 see Bohlmann, F., Singh, P., 
King, R. M. and Robinson, H. (1982) PhytochemisWy 21, 
1171. 

clearly showed that the tiglate residue was replaced 
by hydroxymethacrylate, as could be deduced from 
the typical ‘H NMR signal (6 6.15br s, 5.88 dt and 
4.28 br d). Obviously, the stereochemistry again was 
the same as in 7, as all couplings were the same and 
also the chemical shifts were nearly identical. In the 
‘H NMR spectrum of 5 (Table 1) the characteristic 
signals of 4-hydroxytiglate were present. Again the 
substitution pattern and the stereochemistry 
obviously were the same, as the chemical shifts and 
the couplings were nearly the same as those of 7. The 
‘H NMR spectral data of 6 (Table 1) also differed 
from those of 2-5 only by the signals of the ester 
residue. The nature of this group followed frog the 
corresponding signals (S 2.93 br d, 2.73d and l.SOs), 
which clearly indicated the presence of an epoxy 
isobutyrate. Again the chemical shifts and couplings 
showed that identical stereochemistry had to be 
assumed. The ‘H NMR spectrum of 8 (Table 1) 
showed that the carbomethoxy group was replaced by 
an aldehyde group, while the ester groups were 
acetate and methacrylate, as clearly followed fromthe 
‘H NMR spectral data. Again identical stereochemis- 
try could be deduced from the observed couplings. 
The additional coupling of H-9 with the aldehyde 
proton was the typical W-coupling, which further 
supported the proposed stereochemistry and con- 
formation of these lactones. Though the relative 
position of the acetate group in all lactones had not 
been established rigorously, the proposed one was 
very likely as the chemical shift of H-9 was nearly the 
same in all lactones and corresponded to that of 
enhydrin (7) with known relative position of the 
acetate group [9]. Surprisingly this variety did not 
contain enhydrin, the main constituent of E. fluctu- 
ans. However, as all lactones are closely related to 7, 
this type of melampolide is probably characteristic 
for the genus. Therefore its separation from the sub- 
tribe Ecliptinae is strongly supported by the chem- 
istry, as none of the genera of the Ecliptinae contains 
lactones of this type. These lactones have been 
isolated previously only from genera belonging to the 
subtribe Melampodiinae [8]. Similar lactones, where 
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Melampolides from Enhydra jiuctuans var. J~UC~U~RS 

OAc 

2 R = Meocr 3 R : TigL 

4 R.&-OH 5 R=++ 

0 
6 R= 7 R= 

0 

the 4, S-epoxide is replaced by a double bond, are 
present in Sigesbeckia [lo], Tetragonotheca [ll] and 
Biainuillea [12]. 

EXPERIMENTAL 

The airdried aerial parts (2OOg), voucher RMK 8685, 
deposited in the U.S. National Herbarium, Washington, was 
extracted with EtrO-petrol (1:2) and the resulting extract 
was separated by CC (Si gel). Known compounds were 
identified by comparing their ‘H NMR spectra with those of 
authentic material. In addition to 10mg of 1 a complex 
mixture of sesquiterpene lactones were isolated from the 
column fractions with Et,0 and Et@--MeOH, which could 
be separated by TLC (Si gel) using Et+petrol (9:l) and 
then CH&-C&-Et20 (1: 1: 1) as solvents. Finally, 10 mg 2, 
10 mg 3 (not free from 2), 3 mg 4,5 mg 5,10 mg 6 and 5 mg 8 
were obtained. Due to the small amounts attempts at crys- 
tallization were not successful. 

I-Lksacyl enhydrin tiglate (3). Colourless crystals, not 
free from 2, IR r&z:, cm-‘: 1780 (y-lactone), 1735, 1235 
(OAc), 1720, 1640 (C=CCO,R); MS m/z (rel. int.): 448 [Ml’ 
(O.l), .348.121 [M -HOTigl]+ (16) (CnH,Or), 288 [348- 
HOAc]’ (2), 83 [CdH,CO]+ (lOO), 55 183 -CO]+ (61). 

I-Lksacyl enhydrin-[Chydroxymethacrylote] (4). Colour- 
less gum, IR ug::, cm-‘: 3600 (OH), 1780 (y-lactone), 1740, 
1235 (OAc), 1715 (C=CCO,R); MS m/r (rel. int.): 348.121 
[M-HO&R]+ (32) (CIgHm07), 288 [348-HOAc]+ (4), 256 
[28&MeOH]’ (23), 85 [C,H,(OH)CO]’ (lOO), 57 [SS-CO]’ 
(54). 

8-Desacyl enhydrin-[4_hydroxytiglate] (5). Colourless 
gum, IR v$$$, cm-‘: 3600 (OH), 1780 (y-lactone), 1740 
(OAc), 1720 (C=CCO,R); MS m/r (rel. int.): 422 [M-ketene]+ 
(12), 407 [422-Me]+ (8), 348.121 [M-HO,CR]+ (18) 
(CaHzoO,), 288 [348-HOAc]+ (3), 256 [288-MeOH]+ (9), 99 
[RCO]+ (45), 71[99-C0]+ (52), 55 (100). 
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%-Desacyl enhydrin-12, 3-epoxyisobutyrate] (6). Colourless 
gum, IR vi%, cm-’ 1780 (r-lactone), 1740 (OAc, COrR), 
1640 (C=C); MS m/z (rel. int.): 450.153 [Ml+ (0.1) 
(CnHzsO,o), 348 [M-HO&R]+ (44), 288 [34&HOAc]+ (3), 256 
[288-MeOH]’ (38), 85 [RCO]+ (44), 288 [348-HOAc]’ (3), 
256 [288-MeOH]+ (38), 85 [RCO]+ (lo), 57 [SS-CO]’ (100). 

589 578 546 436nm 
rcr]$= -36 -39 -46 -94 (c = 0.58, CHClj). 

8&Methacryloyloxy-9a-acetoxy-l4oxo-ocanthospenno- 
lide (8). Colourless gum, IR &2. cm-‘: 1780 (y-lactone), 
1740 (OAc, COrR), 2710, 1690, 1640 (C=CCHO); 
MS m/r (rel. int.): 404.147 [Ml’ (0.2) (C2,H2,02), 318 [M- 
RCOrH]+ (3), 290 [318X0]+ (12), 69 [C,H,CO]+ (100). 

la%‘= 
589 

578 
546 436 nm 

-64 -68 -81 -165 (c = 0.18, CHClr). 
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