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Abstract

Five new furanocembrenoids (3–7) were isolated from the Dufour gland secretion of the Brazilian ant
Crematogaster brevispinosa ampla. The structure of the major component was established by a detailed high-field
1D and 2D NMR study as the dibutanoate3. Compounds4 and5 were shown to be the two isomeric monoacetate
monobutanoates corresponding to3, whereas6 and7 are the two isomeric monohydroxy monobutanoates. © 2000
Published by Elsevier Science Ltd. All rights reserved.
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Crematogasterants are characterized by a peculiar defense strategy. Instead of injecting their venom
as most primitive ant species do, they use their spatulate sting to apply their venom topically to
the integument of attacking insects. In European1–3 and New Guinean4 species, the Dufour gland
secretion contains complex mixtures of polyfunctionalized long chain derivatives bearing a (E,E)-
cross-conjugated dienone linked to a primary acetate function. When the venom is emitted, these
compounds are transformed into highly electrophilic and toxic 4-oxo-2,5-dienals by an esterase and
an oxidase stored in the poison gland. Recently, two new furanocembrenoid diterpenes, crematofuran
(1) and isocrematofuran (2), have been isolated from the Dufour gland secretion of the Brazilian ant
Crematogaster brevispinosa rochai.5 This was the first report of cembrane diterpenes as defensive
compounds in ants. In this paper, we report on the results of an investigation of another closely related
Brazilian Crematogastertaxon,Crematogaster brevispinosa amplaForel6, leading to the isolation and
structure determination of five new furanocembrenoids (3–7).
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For the present study, the venom of 200 workers ofC. brevispinosa ampla(collected at Serra de
Baturite, Ceará) was obtained in the usual manner1 and stored in MeOH. A GC–MS analysis (25 m CP-
Sil 5 CB capillary column, programmed from 150°C to 200°C at 5°C/min, then to 300°C at 7°C/min)
showed the presence of five peaks displaying molecular ions atm/z386, 386, 428, 428, and 456 Da, the
last being the major one. Successive extraction of this material with MeOH, CH2Cl2 and hexane gave
19.0 mg of an extract which was submitted to a flash chromatography on silica gel (hexane:acetone, 98:2)
affording, in order of increasing polarity, 3.22 mg of3, 0.8 mg of a 1:1 mixture of4 and5, and 2.7 mg
of a 4:6 mixture of6 and7. A TLC and GC–MS comparison of the methanolic extracts of the venom,
obtained by milking the ants, and of dissected Dufour glands showed that compounds3–7 originate from
the Dufour gland of the ant.

HR-EIMS of 3 displayed an M+� at m/z 456.2924 (calcd for C28H40O5: 456.2876) indicating the
presence in the molecule of nine degrees of unsaturation and five oxygen atoms. The structure of3
(without absolute configuration) was solved by a combination of 1D and 2D NMR methods (1H, 13C,
1H–1H COSY, HMQC, HMBC, NOESY) (Table 1). The13C NMR spectrum, as well as HMQC and
HMBC experiments in C6D6 allowed us to detect 28 carbon atoms, which included two ester carbonyls,
four olefinic methines, five olefinic quaternary carbons, one sp3 methine, thirteen methylenes [of which
two were oxygenated (�C 65.9, 62.9) and one was an exomethylene (�C 112.7,�H 5.0 and 5.15)], and
three methyls, one of which was vinylic (�H 1.52). Two carbonyl groups and five double bonds accounted
for the presence of seven degrees of unsaturation, and thus, on the basis of its molecular formula,3 must
be bicyclic. The1H NMR spectrum of3 (Table 1) exhibited two singlets at�H 6.87 and 5.77, attributable
to a furan ring, which was further confirmed by the UV spectrum (�max 217 nm," 4100, hexane), and
by comparison with the1H NMR spectra of1 and2.5 In the HMBC experiments at 5 and 10 Hz, the
cross peaks observed between H2-5 and C-6, and between H2-9 and C-8 allowed us to connect H2C-5 to
C-6 and H2C-9 to C-8 of the furan ring, respectively. These results, together with the lack of coupling
between the two hydrogen atoms of the furan and the�C values of C-6, C-7, C-8, and C-19, demonstrated
that the furan ring is 2,4-disubstituted. The connectivity between C-9/C-10/C-11 and C-13/C-14/C-1/C-
2/C-3 was afforded by the1H–1H COSY spectrum. These partial structures could be connected on the
basis of HMBC experiments. In particular, the protons H2-13 at�H 1.87 and 2.26 and H2-10 at�H 2.15
gave cross-peaks with the quaternary carbon at�C 137.5, allowing us to assign the latter to C-12. The
connectivity between partial structures C-6/C-5 and C-3/C-2/C-1/C-14/C-13 could also be deduced from
HMBC experiments, leading to a 14-membered carbocycle. The exomethylene H2-16 gave cross peaks
with the carbon atoms C-15, C-1 and C-17. These data allowed us to connect C-15 to C-16 through a
double bond, as well as to HC-1 and H2C-17. The two superimposed AB spin systems, H2C-17 (�H
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4.62 and 4.64,J=13.8 Hz) and H2C-20 (�H 4.55 and 4.63,J=12.6 Hz), were deduced from their1H and
13C chemical shifts to be vicinal to an oxygen atom. These methylene groups gave HMBC cross peaks,
respectively, with the carbonyls at�C 173.6 and 173.2, both of which belonged to a butanoic acid moiety,
as shown by1H–1H COSY and HMBC. The presence of two butanoate ester functions in3 was confirmed
by diagnostic fragment ions in MS atm/z368 andm/z280, corresponding, respectively, to the loss of one
and two butanoic acid moieties from the molecular ion atm/z456. Finally, the configuration of the�3

and�11 carbon–carbon double bonds was assigned asE, on the basis of the NOESY spectrum (see Table
1). It follows from all these data that3 is (3E,11E)-6,19-epoxy-17,20-dihydroxycembra-3,6,8(19),11,15-
pentaene 17,20-dibutanoate.

A GC–MS analysis of the mixture of compounds4 and 5 (0.8 mg) showed that they possess the
same molecular weight of 428 Da and HR-EIMS established their molecular formula as C26H36O5.
The 1H and 13C NMR spectra revealed that these two compounds are two isomeric furanocembre-
noids closely related to compound3, in a ratio of approximately 1:1. The only differences with
3 were the presence of a 3H singlet at�H 1.7 attributable to an acetate methyl, and of only one
triplet at �H 0.80 corresponding to the methyl group of a butanoate moiety. These hypotheses were
confirmed in HR-EIMS by the presence of fragment ions atm/z 368, 340 and 280 Da, correspon-
ding, respectively, to the loss of ethanoic acid, butanoic acid and both. Therefore, we propose that4
[(3E,11E)-6,19-epoxy-17,20-dihydroxycembra-3,6,8(19),11,15-pentaene 17-acetate, 20-butanoate] and
5 [(3E,11E)-6,19-epoxy-17,20-dihydroxycembra-3,6,8(19),11,15-pentaene 17-butanoate, 20-acetate] are
the two isomeric monoacetate monobutanoates corresponding to3.

Compounds6 and7 were also unseparable by flash chromatography on silica gel and were characteri-
zed as a mixture. They both had a molecular formula of C24H34O4 (M+� at m/z386.2454 by HR-EIMS;
calcd: 386.2457) and thus possess four carbon atoms less than3. The1H and13C NMR spectra of the
mixture were very similar to those of3. However, in the1H NMR of 6, the H2C-17 appeared at�H 3.92
instead of 4.62 and 4.64 in3, whereas the signals corresponding to the C-17 butanoic acid moiety were
absent. Moreover, HMQC correlations were observed between the signal at�H 3.92 and the carbon at
�C 65.0 confirming that, in6, H2C-17 bears an hydroxyl group. In a similar way, the1H and13C NMR
spectra of7 exibited a singlet at�H 3.87 (�C 61.0) assigned to H2C-20 (instead of�H 4.55 and 4.63 in
3), which was thus also vicinal to an hydroxyl group. The presence of hydroxyl and ester functionalities
in compounds6 and 7 was also evident from their IR spectrum, which displayed intense absorption
bands at 3577 and 1740 cm�1. Thus, compounds6 and 7 were, respectively, assigned the structures
of (3E,11E)-6,19-epoxy-17,20-dihydroxycembra-3,6,8(19),11,15-pentaene 20-butanoate and (3E,11E)-
6,19-epoxy-17,20-dihydroxycembra-3,6,8(19),11,15-pentaene 17-butanoate.

This is the second report of furanocembrenoids in the defensive secretion of an ant,5 confirming
that the defensive chemistry of the genusCrematogasteris more diversified than had been assumed.
Cembrenoids, however, have been found in only twoC. brevispinosasubspecies, confirming that Dufour
defensive compounds constitute a useful chemotaxonomic marker. On the other hand, the allylic ester
functions of compounds3–7 recall the allylic acetate of the long chain derivatives present in other species
of this genus.1–4 It was, therefore, interesting to check ifC. brevispinosa amplapossessed the esterase
and oxidase required to transform the ester functions of the furanocembrenes into conjugated and toxic
aldehydes as is the case for EuropeanCrematogasterspecies.2,3 A GC–MS analysis of the defensive
secretion ofC. brevispinosa ampla, exposed to air for 30 min before being dipped in MeOH, showed no
trace of aldehydes, thus excluding any enzymatic transformation. The toxicity of these new derivatives
will be investigated in the near future.
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