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Abstract—The aerial parts of Acanthospermum australe afforded two new sesquiterpene lactones, an acid and a cis,cis-
germacranolide, as well as three diterpene lactones of a new type, most probably formed by intermolecular nucleophilic
attack of the carboxyl group of an acid epoxide derived from geranylgeraniol. The structures were proposed on the basis

of spectroscopic studies.

So far from the small American genus Acanthospermum
(Compositae, tribe Heliantheae, subtribe
Melampodiinae), melampolides [1-3] similar to those
from the genus Melampodium [4] have been isolated. A re-
investigation of A. australe (Loefl.) Ktze. afforded, in
addition to germacrene D, a further melampolide, the
diangelate 1 with a carboxyl group at C-10, traces of the
cis,cis-germacranolide 2 and the geranylgeraniol
derivatives 3, 4 and 6. The 'H NMR data of 1 (Table 1)
were similar to those of related aldehydes [1,2]. The
stereochemistry at C-8 and C-9 followed from the
observed couplings and that of the 1,10-double bond from
the chemical shift of H-1. The presence of a 10-carboxyl
group was deduced from the IR spectrum, the molecular
formula and the chemical shift of H-1, while the nature of
the ester residues followed from the typical 'HNMR
signals. The 'HNMR data of 2 (Table 1) again showed
the presence of a diangelate, which, however, had a
hydroxyl group at C-15 (4.10, br. s). The 4,5-cis
configuration followed from the characteristic differences
in the chemical shifts of H-5 and H-6 and the coupling J ,
[2], while the stereochemistry at C-8 and C-9 was
deduced from the coupling J; ; and J, ,,. The latter was a
typical W-coupling between H-9 and H-14 [2]. The
presence of a 1(10)-cis-double bond followed from the
chemical shift of H-1. Though some signals overlapped
(H-2 and H-3), the proposed structure was very likely. The
'H NMR data were characteristically different from those
of orientalide [5].

The structures of 3, which was isolated as its diacetate 5,
and of the isomeric acetates 4 and 6 were deduced by the
'HNMR data (Table 2). The spectra of 4 and 6 showed
characteristic differences. While in the spectrum of 4 the
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Table 1. 'H NMR spectral data of sesquiterpene lactones 1 and 2
(270 MHz, TMS as internal standard, CDCl;)

1 2
H-1 7.20 br. dd 6.80 br. dd
H-2 2.83m 280m
H-5 502 br.d 5.60 br. d
H-6 5.16 dd 547 dd
H-7 254 m 2.64 m
H-8 6.77 dd 6.70 dd
H-9 5.50d 5.89 br. d
H-13 6.29d 6.43 d
H-13 586 d 5.89d
H-14 — 943 d
H-15 204 br. s 4.10 br. s
OAng 6.10, 6. 05 qq 6.15, 6.00 gq
1.95, 1.90 dg 1.96, 1.86 dgq
1.81, 1.79 dg 1.81, 1.79 dg

J (Hz): Compound 1: 1,2 =10;1,2"'=75;5,6 =6,7 = 10;
78=15;7,13=3.5;7,13 = 3;8,9 = 9;compound 2: 1,2 = 9;
1,2’=6;5,6=10;6,7=5;7,8=2;7,13=3,7,13 = 2.6;8,
9=10:9,14=15;0Ang: 3.4 =7;3,5=4"5=15.

presence of a secondary hydroxyl was indicated by the
broadened double doublet at §3.50 ppm, this signal was
replaced in the spectrum of 6 by a double doublet at
4.52 ppm. Furthermore, the singlet at 1.35 was shifted to
1.27. The presence of unsaturaied lactones in both
compounds followed from the IR band at 1700cm ™! and
from their molecular formulae. The position of the
hydroxyl in 4 was deduced by spin decoupling. The
broadened triplet at 5.38 had to be assigned to H-2, as on
irradiation the double doublets of the CH,OAc group
collapsed to doublets. H-2, however, showed allylic
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Fable 2. 'H NMR spectral data of diterpene lactones 3-6 (270 MHz, TMS as internal

standard, CDCl,)

3 4 5 6
H-1 4.20 dd 4.66 dd 4,63 dd
H-l' 4.02 dd 4.60 dd } 433 br. d 4.50 dd
H-2 5.58 br. t 538 br. t 537 br. ¢ 5.36 br. t
H-4 215 m 231m 215m 214 m
H-5 1.77m 1.77 m 1.75m 153
H-s' 155 m 1.50 m 1.50 m oo m
H-6 3.47 dd 3.50 dd 4.98 dd 4.52 dd
H-9 2.50 m 250 m 247 m 253 m
H-10 6.29 br. t 6.28 br. t 6.27 br. t 598 br. t
H-12 215 m 215 m 2.10m 2.14m
H-14 5.08 br. t 5.09 br. ¢ 509 br. t 509 br. ¢
H-16 1.59 br. s 1.60 br. s 1.58 br. s 1.59 br. s
H-17 1.68 br. s 1.69 br. s 1.67 br. s 1.67 br. s
H-19 1.36 s 1.35s 1.34 s 1.27 s
H-20 1.74 br. s 1.78 br. s 1.76 br. s 1.77 br. s
OAc — 2.06 s 204 s 204 s

— 212s —

JHz): ,1"=12:1,2=7;56=25:5,6=10;9,10=45;:13, 14 = 6.

couplings with the protons at C-4, which were coupled
with two further protons. The latter were coupled with the
proton at the carbon bearing the hydroxyl, clearly
indicating the sequence H-1 through H-6. In the spectrum
of 6, the H-6 signal overlapped the H-1 signal. Irradiation
of the H-2 signal, however, clearly showed that the H-6

signal was a double doublet. The chemical shifts of the
other protons were similar in all compounds, except that
of H-10, which was at higher fields in the spectrum of 6.
The signals of H-12 through H-17 were typical for such
end groups, while the stereochemistry of the 2,3-double
bond followed from the chemical shifts of H-2 and H-20,
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Sesquiterpene and diterpene lactones from Acanthospermum australe

when compared with those of geranyl and neryl acetate.
The configuration at C-6 and C-7, however, could not be
assigned. Compounds 4 and 6 obviously were formed via
the epoxide 7 by nucleophilic attack of the carboxyl group
at C-7 and C-8 respectively. We have named 3
acanthoaustralide and 6 isoacanthoaustralide-1-0-
acetate.

The isolation of 1 and 2 confirm that the genus
Acanthospermum can be characterized by the occurrence
of melampolides and cis,cis-germacranolides. These
lactones, however, are also typical for the genus
Melampodium [4] and for Smallanthus [2]. Further
investigations are necessary to determine whether the
diterpenes are characteristic.

EXPERIMENTAL

The air-dried aerial parts (70g, voucher RMK 8187) were
extracted with Et,O-petrol (1:2). The extract obtained was
separated first by column chromatography (Si gel). While
germacrene D was in the petrol fraction, all the other compounds
were eluted with Et ,O-MeOH (9:1). This fraction was separated
further by repeated TLC (Si gel) using CHCl;-MeOH (20:1) as
solvent. Finally 70mg germacrene D, 6mg 1, 2mg 2, 4mg 3,
18 mg 4 and 10mg 6 were obtained.

88.9a-Diangeloyloxy-14-oic-acanthospermolide (1). Colourless
gum, IR v$Ceocm™!: 3500-2600, 1700 (C=CCO,H), 1785 (y-
lactone), 1730, 1650 (C==CCO,R); MS m/z (rel. int.): 458.194
(M, 6) (C;5H,,04), 440 (M — H,0, 0.5), 412 (440 — CO, 0.5),
359 (M - 'OAng, 18), 358 (M — AngOH, 14), 258 (358
— AngOH, 63), 213 (258 — "CO,H, 12), 83 (C,H,CO", 100).

589 578 546 436nm
+64 +66 +68 +83

[ali,. = (¢ = 0.3, CHCl,).

8,9a-Diangeloyloxy-15-hydroxy-14-0x0-4,5-cis-acanthosper-
molide (2). Colourless gum, IR v{S* cm™!; 3600 (OH), 1780 (y-
lactone), 1730 (C=CCO,R), 1700 (C=CCHO); MS (CI,
isobutane) m/z (rel. int.): 459 (M + 1, 1) (C,sH;,054), 359 (459
— AngOH, 31), 259 (359 — AngOH, 11), 241 (259 — H,0, 3),
101 (AngOH + 1, 100), 83 (C,H,CO", 25).

589 578 546
-225 =25 =27

436 nm
—~57.5

(c = 02, CHCL,).

leliee =
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Acanthoaustralide (3). Colourless gum, which was purified as
its diacetate. 4 mg 3 were heated for 1hr in 0.5ml Ac,O at 70°.
TLC (Et,O-petrol, 1:1) afforded 4mg 3, colourless gum, IR
v€Cllaem~1: 1740 (OAc), 1695 (C=CCO); MS m/z (rel. int.):
420251 (M*, 1) (C,,H;404), 360 (M —HOAc, 6), 300
(360 — HOAC, 3), 231 (300 — CH,, 10), 69 (C,HJ, 100).

Acanthoaustralide -1-O-acetate  (4). Colourless gum, IR
vECkem ™! 3520 (OH), 1740, 1240 (OAc), 1700 (C=CCO); MS
m/z (rel. int): 378 (M*, 0.), 318220 (M — HOAc, 7)
(C;0H;3,03), 300 (318 — H, 0, 4), 285 (300 — Me, 2), 249 (318
— C4H,y, 6), 231 (300 - C;H,, 5), 69 (CsH;, 100); CI
(isobutane): 379 (M + 1, 7), 335 (379 — CO,, 19), 319 (379
— HOAc, 100), 301 (319 — H,0, 17).

589 578 546 436
+7 +6 +5 -5

365 nm
—55

[ali,e = (c =0.2,CHCL,).

Isoacanthoaustralide-1-O-acetate (6). Colourless gum, IR
Ve cm ™1 3520 (OH), 1740 (OAc), 1700 (C=CCO); MS m/z
(rel. int.): 318.220 (M — HOALc, 6), 300 (318 — H, 0O, 4),249 (318
— C4H,, 7),69 (CsHy , 100); CI (isobutane): 379 (M + 1,4),319
(379 — HOACc, 100), 301 (319 — H,0, 12).

580 578 546 436  365nm
+95 +9 +8 +65 -8

[“]éu =

(¢ = 0.2, CHCL,).

Acknowledgements—We thank Drs. Scott A. Mori and P. Alvim,
Herbario Centro de Pesquisas do Cacau at Itabanu, Bahia,
Brazil, for their help during plant collection and the Deutsche
Forschungsgemeinschaft for financial support.

REFERENCES

. Herz, W.and Kalyanaraman, P. (1975) J. Org. Chem. 40, 3486.

2. Bohlmann, F., Jakupovic, J., Zdero, C., King, R. M. and
Robinson, H. (1979) Phytochemistry 18, 625.

3. Saleh, A. A, Cordell, G. A. and Farnsworth, N. R. (1980) J.
Chem. Soc. Perkin Trans. 1, 1090.

4. Fischer, N. H., Olivier, E. J. and Fischer, H. D. (1975) in
Progress in the Chemistry of Organic Natural Products, Vol. 38,
pp- 48-390. Springer, Vienna.

5. Baruah, R. N., Sharma, R. P., Madhusudanan, K. P,

Thyagarajan, G., Herz;, W. and Murari, R. (1979)

Phytochemistry 18, 991.

—



