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Abstract-Chemical analysis of Melampodium americanum yielded, besides the known mdampodinin A, four new 
melampolides, melampodinin B, melampodinin C, 9-desacetoxymelampodinin A and 11,13-dihydromelampodin A- 
9 [2_methylbutanoate]. The germacrolide 15-desacetoxymelfudn was found as a minor constituent. Melampodium 
pilosum yielded melampodin A and melfusin. 

INTRODUCTION 

In our continued biochemical systematic study of the 
subtribe Melampodiinae, we have analysed aerial parts of 
Melampodium americanum L. and M. pilosum Stuessy of 
section Melampodium [l ] for their chemical constituents. 
Besides the known antineoplastic sesquiterpene lactone 
melampodinin A (l)$ [2], four related melampolides and 
a germacrolide were isolated from M. americanum. From 
M. pilosum, the known melampodin A (5)$ [3-51 and 
melfusin (8) [6] were obtained. The structure elucidations 
of the five new compounds involved spectral methods 
(NMR. MS, CD) and chemical transformations. 

RESULTS AND DISCUSSION 

Melampodinin B 

Melampodinin B (2), C28H36012, mp 205%206.5”, 
showed sharpdoublets at 6 5.82 (H-13a) and 6.23 (H-13b), 
a multiplet 2.70 (H-7) and an IR absorption at 1770cm- ’ 
typical ofan @-unsaturated y-lactone. Further ‘H NMR 
signals, assigned by extensive spin-decoupling experi- 
ments, were very similar to those of melampodinin A (1) 
[2] with the exception that the acetate signal in 1 was 
replaced by signals characteristic of 2-methylbutanoate 
(Table 1). The low-resolution MS supported the ‘H NMR 
assignments. Besides the parent peak at m/z 564, 
compound 2 exhibited peaks at m/z 462, M+ - C5H1,,02 
(M+ - C), 85 (C,), 57 (C,) and 29 (C,) due to the 
presence of the 2-methylbutanoate moiety C. Further 

* Dedicated to Dr. Juan J. Gutierrez, University of Panama. 

t To whom correspondence should be addressed. 

$ The in uiuo inhibitory activity against Iymphocytic leukemia 
P-388 (PS) was assayed under the auspices of the Cancer 

Chemotherapy National Service Center, National Cancer 

Institute, NIH. Melampodinin A (NSCNo. 294600) exhibited an 

optimum % T/C 140 at 12mg/kg, melampodin A (NSC No. 

155619) a T/C 128 at 12mg/kg and melampodin A acetate (NSC 

No. 294602) T/C 133 at 6mg/kg. 

strongpeaksatm/z389(M+ - C,H1,0,),176(A)and131 
(AZ) indicated the presence of the C, ester moiety A, at the 
medium ring skeleton of2 [2]. Side-chains Al and C1 in 2 
could either be attached to C-8 and C-9, respectively, or 
vice versa. Specific removal of the C-9 ester function under 
mild solvolysis with NaOME-MeOH at 0” [7] was 
attempted with the readily available melampodinin A (1). 
Reaction of 1 under the above conditions led to removal of 
both ester groups and an opening of the 2,3-epoxide 
function and thus precluded an assignment of the site of 
attachment of the two ester moieties. 

Melampodinin C 

Melampodinin C (3), C28H34012, a minor constituent 
which was not obtained completely free of 2, exhibited ‘H 
NMR parameters very similar to those of melampodinin 
B (2). The two compounds differed in the C5 ester side- 
chain with melampodinin C showing ‘H NMR signals 
and MS peaks typical for the tiglate moiety (D). i.e. Two 
three-proton signals, a broadened singlet at 6 1.91 (C-2”- 
Me), a doublet at 1.79 (C-3”-Me) and a broadened one- 
proton quartet at 6.83 together with MS peaks at m/z 462 
(M+ - CSHs02), 100(CgH802,D~),83 (D1)and 550%). 

9-Desacetylmelampodinin A 

9-Desacetylmelampodinin A (4), CZ3HZsOll, was a 
minor constituent from the polar chromatographic 
fractions of M. americanum. Spin-decoupling experiments 
clearly suggested structure 4 with the C, ester A, attached 
to C-8 (H-8, B 6.37, Js,s = 8.5 Hz) and a hydroxyl group at 
C-9 (H-9, (5 4.16, J = 8.5 Hz). Plans to correlate 4 
chemically with melampodinin A (2) by acetylation 
required extraction of more plant material. However, in a 
repeated extraction and work-up of a second batch of the 
same plant collection, compound 4 could not be obtained. 
This suggested that 9-desacetylmelampodinin A (4) 
possibly represented an artifact formed during the first 
isolation procedure. We have recently observed in our 
laboratory [7] that treatment of melcanthin B [8] under 
the conditions used in our isolation procedure [9], that is, 
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Table I. ‘H NMR data for compounds 24 6 and 7 (200 MHz, TMS as internal standard) 

Signal 

2 3 3 4 6 7 7 

(CDCI,) (CDCl,) (C,D,) (M&O-d,) (CDCI1) (CDCI,) (C,D,) 

H-l 

H-2 

H-3 

H-5 

H-6 

H-7 

H-8 

H-9 

H-13a 

H-13b 

C-4-Me 

COOMe 

H-3’ 

C-2’-Me 

C-3’.Me 

Ac 

C-2”-Me 

C-3”-Me 

7.00 d 

(2.0)* 

3.67 dd 
(3.5: 2.5) 

3.75 tl 

(3.5) 

5.34 dd 

(10.5; 1.5) 

5.23 dd 

(9.5; 10.5) 
2.70 d tr (hr) 
(9.5; 3.0) 

6.68 d (hr) 

(9.0) 
5.36 d 

(9.0) 
5.82 d 

(3.0) 
6.23 d 

(3.0) 
2.21 d 

(1.5) 
3.83 s 

5.18 y 

(6.01 
1.26 Y 

I .26 d 

(6.0) 
I .92 s 

I .Oh ti 
(7.0) 
0.x1 1, 

(7.0) 

7.02 d 

(2.0) 

3.68 d0 

3.76 tl 

(4.0) 
5.34t s 

6.75 d 6.73 dd 

(2.0) (3.0: 1.0) 
‘t 3.22 ddt 3.65 dd 

(2.0; 2.0) 

3. I3 1/t 3.69 ti 
(2.0) 

5.40 d&t 

5.32-5.01 t 

5.23 dd 5.41 d 

(10.0) (10.0) 

2.66 nlP 2.39 mt 2.85 nit 

6.73 ri 

(10.0) 

5.41 d 

(9.0) 
5.80 d 

(3.0) 
6.22 d 

(3.0) 
2.21 d 

(2.0) 
3.82 s 

5.18 q 

(6.0) 
1.14 s 

1.23 <I* 

1.90 \ 

1.91 ., 

1.79 t/t 

7.03 d 6.37 dd 
(10.0) (8.5; 1.5) 

5.52 d 4.16 d 

(9.0) (8.5) 
5.16 d 5.69 d 

(3.0) (3.0) 
6.14 d 6.05 d 

(3.0) (3.0) 
1.86 s (hr)2.15 d 

(1.5) 
3.28 s+ 3.75 st 

1.10 \ 1.34 s 

1.10 d 1.20 d 

(6.0) (6.0) 
1.66 .j 1.81 s 

1.63 \ 

I.21 rl 

(8.0) 
H-2”;H-3” 2.34 q 6.83 q (hr)6.81 q (hr)k 

(7.0) (7.0) (X.0) 

H-l 1 

C-l I-Me 

6.96 d 5.69 ., (hr)t 5.45 s (hrl 

(2.0) 
3.64 dd 5.94 d 5.62 d 

(4.0; 2.0) (10.0) 
3.69 d 5.27 d 5.11 d 

(4.0) (10.0) 
5.20 d 3.04 lfi 2.99 ti 
(10.5) (11.5) 
5.50 ddt 4.55 dd 4.39 dd 

(10.5) (11.5) 

2.24 dd (hr) 3.36 dq (hr) 2.89 M 

(10.5; 8.0) (11.5; 3.0) 

6.39 d (hrl 5.67 ddt 5.25 d 

(8.0) 
5.24 d 

(8.0) 

2.17 d 

(2.0) 
3.81 s 

3.08 q 

(6.0) 
1.53 s 

1.26 d 

(6.0) 

1.03 \ 

(7.0) 

0.79 it 
(8.0) 
2.3 It 

2.74 p 

(8.01 
1.19 d 

(8.01 

4.39 5 (hr) 3.83 s (hr) 

5.42 d 

(3.01 
6.17 d 

(3.0) 
2.03 .\ 

5.02 d 

5.98 d 

2.03 .\ 

3.73 .\ 3.30 \ 

3.03 qt 2.46 q 

1.53 s 1.14 5 

1.26 d 0.96 d 

(6.0) 

* Figures in parentheses are coupling constants or line separation in Hz 

t Obscured by other signals. 

stirring with 5 ‘:,, Pb(OAc)z in EtOH- HI0 (1: 1) for 24 hr 
at room temperature, led to specific hydrolysis of the C-9 
acetate function. However, treatment of melampodinin A 
(1) under similar experimental conditions did not provide 
compound 4. 

11,13-Dihydromelampodin A 9- [2-methylbutanoate] 
(6), CZ6H34010, mp 187.-lW”, exhibited an IR band at 
1775 cm ’ which suggested a y-lactone but doublets near 
(i 6 typical for an r-methylene-y-lactone were missing. 
Instead, the presence of a three-proton doublet at (5 1.19 
(C-II-Me, J1 ,,13 =G 8.0 Hz) indicated an 11.13-dihydro- 
lactone. Two three-proton absorptions, a singlet at ,i 1.53 
and a doublet 1.26 (J = 6.0 Hz), together with a quartet at 
3.08 suggested an epoxyangelate side-chain in 6 and 
prominent MS peaks at rn:: 390 (M’ - C,H,O,), 116 

(C&03, B), 99 GH702, B,) and 71 (GH70, I%) 
verified the above ‘H NMR assignments. Further intense 
MS peaks at m/z 404 (M + - C,H,,OJ, 102(C5H,,O2I 
85 (C,H,O), 57 (C,H,) and 29 (CZH,) and a three-proton 
singlet at ci 1.03 (C-2”-Me) together with a triplet at 0.79 
(C-3”-Me) were diagnostic of 2-methylbutanoate as the 
second ester in 6. Spin-decoupling experiments. which are 
summarized in Table 1, established the structure of the 
medium ring skeleton exclusive of stereochemistry and 
the sites of attachment of the two ester groups at C-8 and 
C-9.Comparisonofthe1HNMRparametersof6withdata 
of melampolides of similar oxidation patterns suggested 
that 6 should exhibit the same configurations at C-2, C-3 
and C-6 to C-9 as melampodin A (5) the absolute 
configuration of which had previously been established 
[3-51. The coupling data also indicated that the 
conformation of the medium ring portion of 6 was not 
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affected by the bio-reduction ofthe 11,13-methylene bond 
and should be as in melampodin A (5). The stereochemistry 
at C-11 was tentatively assigned based on correlations 
between .J,,ii and the two possible dihedral angles 
between H-7/H-l ICC (45”) and H-7/H-l l/I (160”) obtained 
from stereomodels. The experimentally observed coupling 

(J ,,,, 1 = 8 Hz) was in better agreement with the nearly 
anttperiplanar arrangement of H-7 and H-l 1 suggesting a 
H-l l@in 6. No chemical evidence could be provided for the 
attachments ofthe two ester functions. Nearly identical ‘H 
NMR shifts of the epoxyangelate absorptions in 6 and 
melampodin A (5) [3] were used as arguments to 
tentatively assign structure 6 for the new 11,13-dihydro 
compound. 

Melampolides with a skeletal arrangement represented 
by melampodin A (5) and the melampodinin-type 
compounds exhibit a strong broad positive CD band near 

250 nm. Application of the Stocklin-Waddell-Geissman 
rule [lo] for the assignment oflactonization of the 6,12-y- 
lactone group would predict a cis-lactone function in all 
compounds which is contrary to the data obtained from 
X-ray [4] and NMR studies [3]. Failure of the lactone 
rule for these types of melampolides seems to be most 
strongly influenced by the presence of a second 
chromophore, the a&unsaturated methyl ester. Indeed, 
the 11,13-dihydrocompound 6 still exhibited a strong 
positive absorption at 249 nm which suggested that the 
major contribution to the positive bands in compounds 1 
to 6 stems from the n +x*-transition of the cc,/?- 
unsaturated methyl ester [7]. It should be pointed out, 
however, that the melampolides melampolidin [2], 
uvedalin and polydalin [ll 1, which resemble the same 
skeletal type as the above compounds, but have no 2,3- 
epoxide function, exhibit negative bands near 250 nm. 

CO,Me 

Melampodinin A (I) 

L\ 

AC 

Melampodinin B (2)* AI C, 
Melampodmin C (3)’ A, D, 
9-Desacetylmelampodinin A (4) A, H 

Melampodin A (5) B, H 

I 1. 13-Dihvdromelamnodin A. 

9- [3-methylbutanoatej (6)’ 

R = B,; R’ = C, 

15-Desacetoxymelfusin (7) 

R = CO,Me: R’ = B,; R” = H 

Melfusin (8) R = CO,Me; R’ = B: R” = OAc 

A A, A, A3 
1159:131 r 

c Cl G C3 

CO,Me 

Leucanthin A (9) 

R = B, 

B B, Bz 

the 

D D, Dz 

*Tentatively assigned on basis of NMR correlations of 

compounds 2, 3 and 6 with those of known melampolides. The 

ester side chains at C-8 and C-9 might have to be reversed. 

Except in B of compound 5, the chiralities of the asymmetric 

centres of the ester moities A. B and C are unknown. 
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