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Abstract-Aerial parts of two collections of Mikaniu cordijolio from northern Argentina afforded eight new 
melampolides whose structures were established by chemical and spectroscopic means. Two of these appear to be 
mixtures of ester side chain epimers. 

INTRODtJCTION 

Mikaniacordi/olia (L.f.) Willd. (Eupatorieae, Compositae) 
is a widespread species ranging from Gulf coastal U.S.A. 
(Louisiana, Mississippi and Florida) through wet-tropical 
America into northern Argentina. In previous work on 
M. cordifolia, a collection from Puerto Rico furnished the 
interesting polyfunctionalized elemanolide micordilin (1) 
[I]. Work on the isolation of micordilin [I] dates back to 
the late 1960s and it is possible that other, noncrystalline 
lactoneconstituents present in the extract of Puerto Rican 
M. cordifolia were overlooked. A collection of the plant 
from Ecuador gave no micordilin, but several germa- 
cradienolides of type 2 [Z]. As part of our continuing 
study of Mikania species [33 we now report isolation from 
two Argentine collections of M. cordijolia of a series of 
closely related melampolides 3r-3h where 3d and 3g are 
apparently mixtures of C-2’ epimers. Again no micordilin 
was found. Both collections also contained a small 
amount of acetophenetidine. As this substance has not 
been reported previously as a natural product, it may have 
been a contaminant. 

RESULTS AND DISCUSSION 

The two collections of M. cordi/olia from the provinces 
of Salta and Catamarca gave similar mixtures of the 
melampolide esters 3a-3g which also contained the 
parent diol 3b. In the Catamarca material ester 3f 
predominated. The constituents were very difficult to 
purify, with 31 and 3b,and 3g and 3h, being obtained only 
in the form of binary mixtures, and they tended to 
polymerize. Characterization was therefore carried out 
primarily by spectroscopic methods. ‘H NMR spectra of 
the purified lactones in CDCIj or C6D6 at room tempera- 
ture showed, except for the narrowly split low field 
doublets of H-13a, b and the signals which allowed 
identification of the various ester residues, only broad 
partially superimposed signals. Significant improvement 
in the spectra was achieved at elevated tem- 
perature, especially in C,D6. 

The main features of the very similar ‘H NMR spectra 
of 3a-3b (Table 1) were the H-13 doublets near 66.20 and 
5.50 (J = 3 Hz)and the two vinylic protons (H-l and H-S) 

partially superimposed on the H-l3b signal. An AB 
system centered at about 64.50 (J,, = I2 Hz) could be 
ascribed to allylic -CH,OCOR, either H-14 or H-15, and 
a broad two proton singlet at 64.12 to allylic -CHzOH 
(H-15 or H-14). The proton under the lactone oxygen was 
seen at approx. 63.85 as a broad multiplet which shar- 
pened to a dt (J = 8.3.3 Hz) on raising the temperature. 
Irradiation at this frequency, which because of its multip- 
licity was tentatively assigned to H-8, collapsed a pair of 
dd at 62.72 and 2.44, presumably due to H-9a, b, to an AB 
system (J,, = 14 Hz) and simplified a two proton multip- 
let near 62.8 which represented H-7 and one of the other 
four methylene protons, either H-2a or H-6a. Further 
irradiation at the frequency of the 62.8 multiplet con- 
verted not only the H-13a, b doublets into singlets, but 
also collapsed the dd of H-5 (or H-l) under the H-13b 
signal into a doublet. 

Comparison of the ‘H NMR spectra of 3n-3h with the 
spectra of the acetates &I, 4iil (Table 2) did not resolve 
the question of whether the acyl groups of the various 
lactones were located on C-14 or C-l 5 and did not remove 
the slight uncertainty about the orientation of the lactone 
ring. Therefore 3&k and 3e were oxidized with man- 
ganese dioxide to the corresponding aldehydes Sa-Sc and 
Se in whose ‘H NMR spectra (Table 3) the relevant 
signals were now nicely separated, with the broadened 
triplet near 66.6 being clearly assignable to hydrogen on 
the /?-carbon of an a&unsaturated aldehyde. Irradiation 
at the frequency of the second vinylic ring hydrogen, now 
shifted somewhat upfield to near 65.3, located the two 
protons of the neighboring methylene group at 62.74 
(superimposed on H-7) and 62.15, the latter a sharp dt (J 
= 13, II. II Hz). Irradiation at 62.15 in turn simplified 
borh components of the two proton signal at 62.74, thus 
identifying the signals at 62.74, 2.15 and 5.30 as arising 
from H-6a together with H-7, H-6b and H-5, respectively 
and locating the aldehyde as C-14. Hence, the parent 
compounds 3r-3g carried the acyl functions on C-15 and 
the lactone rings were closed to C-8. 

The remaining problem was the stereochemistry of the 
two ring double bonds. The chemical shift of the aldehyde 
protons of Sa-Sc and Se which appeared near 69.5 
indicated clearly that the l(lO)-double bond was E [4]; 
additional evidence for this and for Z-stereochemistry of 
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the 4,Sdouble bond was provided by NOE dilTerence 1(10),4,5-germacradicn 8/3,12_olides interferes with use of 
spectrometry using a freshly prepared mixture of 58 and NOE measurements for deducing conformations and 
Sb, the other aldehydes having decomposed in the inter- orientations of ring substituents, it does not negate use of 
val. It seems necessary to stress that while the conforma- the technique for determining E and 2 double bond 
tional equilibrium evident from the NMR spectra of many stereochemistry. Irradiation at the frequency of H-14 
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Table 1. ‘H NMR spectra of compounds 3*3h (CDCI,. 270 MHz. 60”) 

H 3a* 3b’ 3c 3(§ 3dt 3e 3c 3ft 3dn 3u 

I 5.38 br I 5.36 br r 

(8) 
5 5.04 dd 5.04 dd 

(II. 5) 
6fi 
7 -2.2 m -2.2 m 
8 3.55 dr 3.55 dt 

(8. 3.5) 
9a 2.29 dd 2.29 dd 

(14. 3.5) 

9b 2.17 dd 2.17 dd 
(14, 3.5) 

13a 6.08 d(3) 6.08 d 
13b 4.98 d (3) 4.98 d 
14a. b 3.92 br 3.92 br 
15a 4.51 d (12) 4.54 d 

15b 4.25 d (12) 4.32 d 

2 2.4Om - 

3’a 1.06 d (7)# 5.26 br 

b - 4.98 br 
4 1.06 d (7)1) 1.82 br(( 

5.62 br I 5.62 br r 

(7) 
5.50 br dd 5.60 br dd 
(10. 6) (11. 5) 
2.80 m 2.80 m 

2.82 m 2.82 m 

3.80 dr 3.82 dt 

(8. 3) (9.4) 
2.89 dd 2.72 dd 

(14. 3) (14.4) 
2.47 dd 2.45 dd 

(14. 3) (14. 4) 
6.25 d 6.22 d 
5.55 d 5.54 d 
4.12 br 4.13 br 
4.64 d 4.73 d 

4.48 d 4.50 d 

- - 

3.08 d (6) 3.77 d 
(I 1.5) 

2.86 d (6) 3.56 d 

1.58 sll 114wll 

5.36 br I 

(8) 
5.04 dd 

-2.2 m 

3.50 dl 

(8. 3.5) 
2.22 dd 

(14, 3.5) 

2.10 dd 
(14. 3.5) 
6.08 d 
4.99 d 
3.91 br 
4.50 d 

4.27 d 

- 
3.57 d 

3.33 d 
1.30 sll 

5.60 br I 5.55 

5.55 5.59 br dd 
(10. 6) 

2.80 m 
2.82 m 2.82 m 
3.87 dr 3.87 dt 
(9. 3.5) 
2.72 dd 2.72 dd 
(15, 3.5) 
2.44 dd 2.46 br dd 

(15. 3.5) 

6.22 d(3.5) 6.22 d (3) 

5.55 d 5.50 d 
4.12 br 4.12 br 
4.66 d 4.69 br d 
(12.5) 

4.50 d 4.58 d 
(12.5) 
- - 

1.41 s(( 6.32 br 

5.86 br q 
1.43 SII KU) br 

5.34 br t 

5.01 br dd 
(II. 5.5) 

-2.2 m 
3.52 dr 
(8.5, 3.5) 

2.25 dd 

(14. 3.5) 

5.61 br I 

(7) 
5.58 br dd 

2.80 m 

2.80 m 

3.80 dr 

(8. 3) 
2.71 dd 

(14. 3) 
2.45 dd 

5.65 br t 

(8) 
5.45 dd 

(12. 5) 
2.80 m 

2.80 m 

3.90 dr 
(8. 3.5) 
2.71 dd 

2.45 dd 

6.09 d 6.22 d 6.22 d 
4.97 d (2.5) 5.50 d 5.50 d 
3.89 br 4.12 br 4.12 br 
4.49 br d 4.68 d (12) 4.02 br 

4.24 d 4.55 d (12) 4.02 br 

- - - 
6.15 br q 3.80 d (11.5) - 

(1.5) 
5.58 br q 3.58 d (ll.5e 

4.18 br 1.38 su - 

*Run in C,D, at 70’ on a 3:2 mixture. 

t Run in C,D, at 70”. 

$Chemical shifts from mixture of 3g and 3b. 
@econd acyl cpimer-3.78 dd (11.5) (H-3’a). 3.57 d (11.5) (H-3’b). 1.49 s (H-4’). 

$kcond acyl cpimer-3.80 d (11.5) (H-3’a). 3.60 d (11.5) (H-3’b). I.41 s (H-4’). 

((Intensity three protons. 

produced a 21% enhancement in the H-l signal (in the 
converse experiment irradiation at the frequency of H-l 
produced a 23 % enhancement of H-14) whik irradiation 
at the frequency of H-5 caused no significant change in the 
intensity of H-14a or H-14b. Hence 3r-3h were melampo- 
lides. Chemical shifts and coupling constants of h-3h 
and !ia, Se-Se conform reasonably closely to those of 
‘acetoxydicomanolide’ and ‘lrl-oxodicomanolide’ from 
Dicoma anomala ssp. cirsioides [SJ whose originally 
assigned 1(10)-2.4,5-Z stereochemistries were sub- 
sequently [6] changed to 8r and 8b for reasons that were 
not clearly specified but must depend on thechemical shift 
of H-14 of 8b. 

Whether the acyl function esterifying the C-15 hydroxyl 
group of 3d and 4d was derived from achloro-/I- 
hydroxyisobutyric or from flchloro-a-hydroxyisobutyric 
acid was not immediately clear from the NMR spectra. 
However, when the spectra of 4d and 4i are compared the 
relatively small paramagnetic shift of H-3$ b indicates 
the latter. This conclusion is supported by comparing the 
spectra of 3d and 41 with those of 3g and 4k where 
acetylation of the primary hydroxyl group of the ester side 
chain has resulted in considerably larger paramagnetic 
shifts of H-3’a, b than in the case of the conversion of 3d to 
4i. 

In the ‘H NMR spectra of 3d and 3g (CDCIJ, 60”). the 
signals of the ester side chain were duplicated. As this 
phenomenon was not observed in the spaztra of 3a-3e, 3e, 

3f we think that the duplicate signals may be due to the 
presence of C-2’epimers in the approximate ratio 3: 1. It is 
likely that 3d and 3g are artifacts resulting from acid- 
catalysed opening of the ester side chain of 3c. 

The “CNMR spectra of 3a-3f given in Table 4 
resembled each other closely except for the signals of the 
acyl moieties whose shifts and multiplicities confirmed the 
inferences about their structure deduced from the proton 
spectra and which were very sharp in contrast to the 
signals of the carbons of the IO-membered ring. The latter 
were somewhat broadened as a result of conformational 
interconversion, a phenomenon especially marked in the 
case of the C-9 signal. Assignments were easily made 
exapt for those of the triplets of C-2, C-3 and C-6 which 
remain tentative. As regards the pairs C-l, C-5 and C-4, C- 
10, their components could be distinguished by compar- 
ing the spectra of 3f and 4j. Acetylation of the l4-hydroxyl 
should result in shielding of C-l& and deshielding of C- 
18 to C-14, whereas the resonances of C4and C-5 should 
not be affected significantly. 

Because of the conformational flexibility of the lactones 
described in this report, the CD curve of 3e given in the 
Experimental section provides no clue to the absolute 
conformation which we assume is that shown in the 
formulas. Reaction of 4e with diazomethane furnished 
two pyrazolinea 6and 7 to which structures were assigned 
on the basis of the chemical shift differences exhibited by 
the H-7 and H-8 signals (Table 5). 
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Table 5. ‘HNMR spectra of compounds 6 and 7 &De. Pyrazoline6and 7. Reaction ofO.15 gof4j with excess CHrNs 
270 MHz. 70’) in CHCI, followed by removal of solvent and radial chromato- 

graphy of the crude product gave 95 mg of Qand 26 mg of 7, both 
H 6 7 gums. Pyrazoline 6 had IRv~x~~cn~‘: 1780, 1740 br, 1690, 

1540; PCIMS m/z (ml. int.): 489 [M + 1 -N,]’ (l), 461 [hi+ I 
1 5.63 br r (8) 5.35 br dd (8, 7) -2Nr]+ (7.9), 303 (lOOk 243 (82.5), 159 (32.5), 99 (3.9). 
2ab 2.1-2.4 c 1.7s2.0 c Pyrazolinc 7 had IR V~?I cm ‘: 1780, 1740 br. 1690, 1540; 

34 b ElMSm/z(rel.int.):46O[M-2Nl]’ (0.1),401 (6.3),331 (0.1),303 
5 5.45 dd (12 5.5) 4.99 dd (Il. 5.5) (7.8). 243 (42.6), 141 (96.3), 81 (100). 

6a, b 2.1-2.4 c 
7 2.5 m 3.05 ddd (12, 10. 4) Acknowledgements-Work in Argentina was supported by a 
8 4.99 In 3.86 dt (IO, 4) grant from CONICOR, Cordoba. V. E. S. thanks CONICET for 
9s 2.1-2.4 c 2.48 dd (15. 4) a fellowship. We also express our thanks to Dr Manuel Gonzalez 
9b 2.62 br d (14) 2.38 br dd (15,4) Sierra for some “C NMR spectra. 

134 b 1.65 m 1.3-1.5 c 
14a.b 
14a.b 4.48-4.8 m 4.1-4.7 m 
16a. b 
H-3’a. b 1.52 m 1. 
H-4& b 2.1-2.4 in 1.31.5 m 
H-5’a. b 4.484.8 m 4.14.7 m 2. 
AC* 2.10 s 1.85 s 

2.00 s 1.50 s 3. 

*Intensity three protons. 4. 

5. 
of impure 3f. fraction 1116 gave 0.21 g of a mixture of Jf and 3g 6. 
and0.93 gof3f.fraction IVBgave 13 mgofthe3f. 3gmixtureand 
49 mg of a mixture of 3g and XI. 7. 
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