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Abstract-The isolation of the cytotoxic and/or antileukaemic heliangolides eupacunolin, eupacunin, 
desacetyleupacunin, a new germacradienolide and a coumarin from Eupatorium lancifolium is reported. Structure 
elucidation of the previously known heliangolides was completed. E. semiserratwm gave the antileukaemic 
germacradienolide desacetyleupaserrin and the flavones eupatorin, pectolinarigenin, hispidulin and salvigenin. Diploid 
E. pilosum was identical chemically with a previously studied polyploid. 

INTRODUCTION 

As part of a continuing study of Eupatorium species which 
elaborate sesquiterpene lactones with cytotoxic or 
antitumor activity [It-81, we have investigated 
Eupatorium lancijolium (T. & G.) Small (E. semiserratum 
DC. var. lancifolium T. & G.), a diploid whose distribution 
is restricted to limited areas of southern Arkansas, 
northern Louisiana and eastern Texas [9-111. 
Differentiation between E. lancifolium and E. semi- 
serratum on the basis of morphology [9,11] has caused 
some difficulties; we find that the two species can be 
distinguished fairly easily by the yellow secretion formed 
when the stems of E. semiserratum are broken. The 
chloroform extracts are now found to be chemically 
distinct as well, each giving rise to different sesquiterpene 
lactones or flavones. 

RESULTS AND DISCUSSION 

E. lancijofolium furnished the cytotoxic lactone 
eupacunolin (la), the antileukaemic lactone eupacunin 
(le), desacetyleupacunin (If), a new germacradienolide 2a 
and a coumarin 3. Compounds la and le were described 
earlier [12,13 3 as constituents of E. cunejfolium Willd, 
whereas lf, available also by hydrolysis of la [12,13], has 
not been reported previously as a natural product. 
Acetylation of If gave a diacetate identical with 
acetyleupacunin (lg). 

The location of the primary hydroxyl group of 
eupacunolin was left uncertain in the earlier report 
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tcompounds la, le and If described in this report exhibited 
presumptive activity against P-388 lymphocytic leukemia in the 
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[12,13]. We have now shown it to be at C-15 by 
comparing the ‘H NMR spectra of la and its oxidation 
product Id, the H-5 signal of Id having experienced a 
significant paramagnetic shift due to the newly introduced 
conjugation (Table 1). As for its stereochemistry, the shift 
of the aldehydic proton demonstrated that the 4,5-double 
bond was cis; that the 9,10-double bond was cis also, as in 
the case of eupacunin, could be shown independently by 
an NOE experiment involving H-9 and H-14. Acetylation 
of la gave the diacetyl derivative lb; partial hydrolysis of 
la and lc, with H-3 moving to higher field and H-6 to 
lower due to the deshielding influence of the B-orientated 
3-hydroxyl as in lf, confirmed the previously postulated 
allocation of the angeloyl ester group to C-8. The CD 
curves of la, le and If were analogous to those of 
eurecurvin (lh) and its deoxy analog li, thus confirming 
our suggestion [14] that the absolute configurations of 
eupacunin and its congeners are as shown. As the result of 
an arithmetical error, the magnitudes of [e] for lb and li 
as well as the compound numbered 4a in ref. [14] were 
reported incorrectly [14]. The correct values are: for lh, 

VI 266 - 160, [01z2s + 3500 (last reading); for li, [O]26o 
- 600, [8]228 + 3700 (last reading); for 4a of ref. [14], 
r%xl + 769 re]22s - 9100 (last reading). We are 
indebted to Professor G. Snatzke, University of Bochum, 
for discovering the error. 

The new substance 2a, C,IH,,O,, an a-methylene-a,& 
unsaturated lactone (IR, ‘H NMR and 13C NMR spectra 
see Tables 1 and 2), had hydroxyl groups (broad IR band 
at 3460cm-‘) and a trans-acetylsarracenoyl ester 
moiety (Tables 1 and 2). The number of C-O multiplets 
in the 13C NMR spectrum and the chemical shifts of H-2 
and H-3 in the ‘H NMR spectrum were in agreement with 
the presence of hydroxyl groups on C-2 and C-3, the 
germacradienolide skeleton being deduced by the usual 
spin decoupling experiments which will not be detailed. 
H-8 at 6 5.84 was at lower field than H-6 at 6 5.15; hence 
the ester was attached to C-8. The small value for J,,s 
(< 1 Hz) indicated that H-8 was ol. 
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deduced by comparing coupling constants with model 
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Table 1. ‘HNMR spectra (270MHz in CDCI, unless specified otherwise with TMS as internal standard)* 

Assignment W lbt lc ldt le If lg 2a 

H-l 

H-2a 

H-2b 

H-3 

H-5 

H-6 

H-7 
H-8 

H-9a 

H-13a 

H-13b 

H-14 
H-15 
H-3’ 

H-47’ 

H-57 
ACI 

5.84 d(br) 
(11, 2) 
2.67 ddd 
(15, 11, 2.5) 
2.46 ddd 
(15, 4.5, 2) 
5.81 dd 
(4.5, 2.5) 
6.06 d(br) 

(11) 
6.44 dd 

(11, 8.5) 

3.32 m 

6.32 m 

5.50 dd 

(6, 1) 

6.44 d 
(3.5) 
5.71 d 

(3) 
1.92 (br) 
4.48 (br)§ 
5.94 q 

(7, 1.5) 
1.96 dd 

(7, 1.5) 
2.01 (br) 
2.13 

6.56 dd 

(11, 2) 
2.34 m 

2.34 m 

5.74 dd 

(5, 2.5) 
5.92 d(br) 

(11) 
6.47 dd 

(11. 9) 
2.94 m 

6.22 dd 

(6, 2.5) 
5.62 dd 

(6. 1.5) 

6.41 

(3) 
5.71 d 

(3) 
1.85 (br) 
4.765 

6.13 q(br) 

(7) 
2.11 d(br) 

(7) 
2.07 (br) 
2.10, 2.09 
1.92 

5.37 d(br) 
(10.5) 
2.09 m 

4.68 m 

5.52 d(br) 

(10) 
6.49 t 

(10) 
3.36 m 
5.89 d(br) 

(6) 
5.34 d(br) 

(2) 

6.30 d 6.50 d 

(3) (3) 
5.58 d(h) 5.82 (br) 

1.68 (br) 
3.98 (br)$ 
6.18 q(br) 

(7) 
2.01 d(br) 

(7) 
1.94 (br) 

1.73 (br) 
9.6611 
5.98 q(br) 

(71 
1.98 dq 

(7, 1.5) 
2.03 (br) 
2.14 

5.76 m 

2.50 m 

2.50 m 

6.37 t 

(4) 
6.71 d(br) 

(11) 
6.45 m 

3.59 m 
6.41 m 

5.48 d(h) 
(5.5) 

5.33 m $ 

2.20 m 

5.33 mf 

5.26 d(br) 

(10, 1) 
5.98 dd 

(10. 9) 
2.88 m 

5.89 d(br) 

(6) 
5.41 d(br) 

(6) 

6.33 d 

(3.5) 
5.58 d 

(3) 
1.73 (br) 
1.84 (brK 
6.23 q(br) 

(7) 
2.03 dq 

(7, 1) 
1.96 (br) 
2.11 

5.41 dd 6.16 m: 

(11. 1.5) 

2.18 ddd t 

(15, 11, 2.5) 

2.0f $ 

4.51 m 5.37 dd 

(5, 2.5) 
5.31 d(br) 5.31 d(br) 
(10.5) (11) 
6.51 t 6.16 m$ 
(10.5) 
2.88 In 2.87 m 
5.89 d(br) 5.86 d(br) 
(5.5) (5.5) 
5.37 dd 5.46 dd 
(5.5, 1) (5.5. 1) 

6.30 d 6.32 d 

(3.5) (3.5) 
5.56 d 5.53 d 

(3) (3) 
1.77 (br) 1.78 (br) 
1.79 (brF 1.83 (br)l 
6.18 qq 6.16 m!: 

(1.1) (7) 
2.04 dd 2.01 dq 

(7, 1) (7, 1) 
1.99 (br) 1.91 (br) 

2.17 

1.91 

5.10 d(br) 

(9.5) 
4.45 dd 

(9.5, 8) 

4.12 d 

(8) 
5.04 d(br) 

(10) 
5.13 dd 
(10.9) 
2.96 m 
5.86 dd(br) 
(5, 2. < 1) 
2.87 dd 

(15, 5) 
2.39 dd 

(15. 2) 
6.34 d 
(3.5) 
5.64 d 

(3) 
1.60 (br) 
1.87 (brn 
6.56 q(br) 
(7) 
2.15 d 
(7) 
4.69s 
2.01 

*Unmarked signals are singlet. Figures in parentheses are coupling constants in hertz. 

tRun in pyridine-d,. 
$,Superimposed or obscured signals. 
@Two proton intensity, centre of AB system. 
l[At 69.46 in CDCI, solution. 

‘Three proton intensity. 

compounds. Thus, the values of .& in 3/3-hydroxy-8- 
acyloxy-trans-1(10),4,5-germacradiene-trans-6,12-olides 
are ca 5 and 9 Hz, whereas in the 3x-hydroxy analogs they 
are approximately 3 Hz each. As .& in 2 was 8 Hz the 
hydroxyl on C-3 was /r. The magnitudes of J1,2. and J1,2b 
(9.5 Hz each) are consistent with cc-orientation of the C-2 
hydroxyl since in eupaserrin (2b), with 2-OH c(, J,,z and 
J 2,3 are ca9.6 and 9 Hz, respectively. The proposed 
stereochemistry at C-2 and C-3 is thus the same as that of 
euperfolitin from E. perfoliarum L. where the 
stereochemistry of the glycol moiety was deduced by 
application of the benzoate chirality rule and arguments 
based on the observed coupling constants [15]. The 
absolute stereochemistry is as shown in the formula 
because of the strongly negative II,~* lactone Cotton 
effect. 

A minor constituent of E. lancifolium was the coumarin 
3 or less likely 4, mp 168”, [x], - 213”. Racemic 3 and 4 
have been synthesized [16] but the spectral differences 
between the two isomers are minimal. Optically active 3, 
mp 168”, [E], + 177”, has been prepared by hydration of 
( + )-obloquin and by resolution of synthetic 3 [ 161. The 

coincidence of mp and the sign of rotation suggested that 
we were dealing with the enantiomer of (+ )-obloquin 
hydrate whose absolute configuration was unknown. 
However, the relatively large difference in absolute value 
of [a] did not entirely exclude the possibility that the 
compound was 4. 

A previous study of the biologically active fractions 
from E. semiserratum by Kupchan and coworkers [17] 
afforded the antileukaemic lactones eupaserrin (2b) and 
desacetyleupaserrin (2c), as well as the cytotoxic flavone 
eupatorin (5d). Examination of the entire extract of a E. 
semiserratum collection from near Tallahassee has now 
yielded 2c and relatively large quantities of eupatorin, 
pectolinarigenin @a), hispidulin (5c) and salvigenin (5b). 
The sizeable amount of flavonoid material undoubtedly 
accounts for the yellow secretion when the stems are 
broken and the deep yellow color of the extract; the 
difference in sesquiterpene lactone and flavone content of 
E. lancijolium and E. semiserratum appears to support 
their segregation into two distinct taxa. 

E. pilosum Walt. [9,10] is as of this date one ofonly two 
Euputorilrrn species senstl strict0 [18] which do not 



Table 2. 13C NMR spectra (67.9 Hz in CDCI, (unless specified otherwise) with TMS as 

internal standard)* 
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Carbon? la le 2a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1’ 

2’ 

3’ 
4’ 

5’ 

AC 

65.06 d 65.22 d 
33.68 t 32.39 t 
70.78 d 73.23 d 

142.31 139.18 

126.63 d 126.11 d 
74.34 d 74.34 d 
47.57 d 47.51 d 
67.78 d 67.78 d 

123.30 d 123.32 d 
141.58 141.58 

134.44 134.55 

169.04$ 168.935 

122.28 t 121.88 t 

17.38 q 17.46 q 
65.06 t 23.35 q 

166.07 166.02 

126.63 126.43 

140.87 141.20 

20.38 q 20.40 q 
154.97 * 15.99 q 

169.865 169.235 

21.06 q 21.06 q 

62.93 d 
35.82 t 
71.41 d 

141.64 

125.08 d 
74.24 d 
46.89 d 
67.24 d 

121.34 d 
142.43 

135.90 

168.71 

120.00 t 
17.63 q 

23.00 q 
165.61 

127.31 

137.66 d 
20.06 q 

15.37 q 

126.16 d 
74.79 d§ 
83.61 d 

144.23 

132.19 d 
75.03 d$j 
52.64 d 
71.82 d 
44.06 t 

136.62 

135.69 

170.525 

121.57 t 

13.49 q 

15.94 q 

164.44 

127.06 
146.89 d 

19.92 q 
65.41 t 

169.5% 

20.68 q 

*Unmarked signals are singlets. 

TAssignments tentative and not verified by SFRD. 

$In DMSO-d,. 

SAssignments interchangeable. 

la R = CH,OH, R’ = AC, R” = H, R”’ = 
I 2’ 

lb R = CH,OAc, R’, R” = AC. R”’ = Ang ‘r/‘ 

lc R = CH,OH, R’, R’ = H, R”’ = Ang 
ol’ 

5’ (Ang) 

Id R = CHO, R’ = AC, R” = H, R”’ = Ang 
le R = Me, R’ = AC, R” = H. R”’ = Ang 
If R = Me, R’, R” = H, R”’ = Ang 
lg R = Me, R’. R” = AC, R”’ = Ang 
lb R = CH,OH, R’ = AC, R” = H, R”’ = MeBu 
li R = Me, R’ = AC, R” = H, R”’ = MeBu 

2a R=OH,R’=Ac 
2b R=H,R’=Ac 
2c R,R’=H 

5a R, R” = H, R’ = Me 
5b R = H. R’, R” = Me 
SC R, R’. R” = H 
sd R = OH. R’. R” = Me 
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gave 0.35 g of salvigenin, 0.3 g of cirsimaritin and 0.2 g of the 6- 12. 

lactone of Z-5,7,9,1 1,15-pentahydroxyhexacos-2-enoic acid. 
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