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AQUATOLIDE.A NEW TYPE OF HUMULANE-RELATED SESQUITERPENE LACTONE
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Summary: A new sesquiterpene lactone called aquatolide was isolated from the hexane extract of
Asteriscus aquaticus. /ts constitution and stereochemistry were deduced from spectroscopic data, mainly
homonuclear and heteronuciear two-dimensional NMR correlations.

From the neutral part of a methanol deffated hexane extract of Asteriscus aquaticus L. (family,
Compositae; Tribe, Inuleae), by repeated chromatography and crystallization, a small amount of a new
substance 1 was isolated!. Its origin and the preliminar analysis of its spectroscopic properties, readily
suggested the structure of a sesquiterpene lactone for the compound.

Its MS displayed the M+ at m/z= 2462 in the El mode and showed peaks at m/z = 281 (M+
+ 35) and m/z = 264 (M+ + 18) in the C! mode (NH3). These data, together with 13C NMR data
obtained from its BB decoupled and DEPT spectra (Table 1}, established a molecular formula of C15H1303
for aquatolide. In its IR spectrum prominemts bands of saturated y-lactone (1770 cm-!) and o,p-
unsaturated ketone (1680 cm-1) accounted for all the oxygenated functions in the molecule. Conjugation of
the carbonyl group was confirmed by an absorption maximum at 240 nm in the UV spectrum and the
presence of only one double bond, as was deduced from the signals at 130.9 and 136.0 ppm in the 13C
NMR spectrum, permitted us to deduce the existence of four rings in the molecule.

The 1H-NMR spectrum of aquatolide { fig 1a, Table |) showed two methyl singlets at 1.04 and
1.18 ppm, as well as another three protons signal (1.86 ppm), assigned to a methyl attached to an olefinic
carbon. Furthermore, signals of a deshielded olefinic proton (5.84 ppm) and of a proton geminal to the
lactone oxygen (4.48 ppm), which formed an AMX system with another two protons absorbing at 3.26 and
2.64 ppm were also observed. A singlet of one proton at 2.92 ppm and some overlapping multiplets in the
range between 1.8 and 2.6 ppm, corresponding to four protons, completed the spectrum. In agreement
with these data, apart from the signais of two carbonyis, two olefinic carbons and one oxygenated methine,
the 13C NMR spectrum of aquatolide (fig. 1c) showed signals for three methyls, iwo methylenes, three
methines and two sp3 quaternary carbons.

With these data, also taking into consideration the large deshielding of the methines (54.3, 54.4
and 62.5 ppm), which were similar to those of photoisabelin3, as well as the structure of Asteriscunolides
A - D and Asteriscanolide, described by us previously as metabolites of A. aquaticust.5, we were able to
propose the structure 1 for aquatolide.
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Fig.1- 10 and 2D NMR spectra
of aquatolide

TH NMR spectrum with
enhanced resolution

bottom-right: COSY-90
upper-left: long-range
CosY-90

DEPT spectrum showing
CH +CH3 (right) and
CHz (left).

@& denotes position of
quaternary carbons.

Long-range H/C corre-
lation spectrum,
* denotes position of
one-bond H-C correla-
tions.
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To confirm our proposal and to perform the unequivocal assignment of the spectra, several 2D-
NMR experiments were carried out. The connectivities detected in the COSY-90 spectrumé (fig. 1b) are
all in agreement with the proposed structure and by the long-range connectivities observed for the singlet
at 2.92 ppm; namely, Haa, H4p and Hig4, the proton environment ( four or five bonds apart) of the
"uncoupled " Hg was confirmed. Similarly, protons Hy and Hig were long-range connected to Hi4 and His,
whereas Ho showed long-range coupling with Hys only. The ~H/C correlations (fig. 1d)7 also served to
confirm the constitution of aguatolide through the numerous connectivities observed. In particular, we
were able to discover the environment of non-protonated carbons . Thus, the ketone carbonyl must be
located near (two or three bonds apart) Hg, Hg and Hys, and the carboxy! group near Hy, Hg and Hg.
Furthermore, methyl protons Hi4 and His simultaneously correlate with carbons Cq, C2 and Cy4, thus
demonstrating the existence of the gem-dimethyl group at C14.

The assignment of the relative stereochemistry for 1 was simple due to the restrictions involved
by the fusion of several rings. The only position to be defined was Cg, whose configuration was easily
deduced to have a Hg/Hyg-trans relationship due to the absence of coupling between both protons,
corresponding to the observed 900 dihedral angle. Some NOE-difference experiments, whose results are
summarized in fig. 2, served to confirm the structure and to unequivocally assign the signals of methyls
14 and 15.

The conformation depicted in fig.2 for
the seven-membered ring was deduced from the
NOE detected on both Hsz and Hsp upon
irradiation of {Hg} and from the excision pattern
of these three protons. After assuming this
conformation, application of empirical rules3 to
the analysis of the CD spectrum of aquatolide,
showing Cotton effects at 245 { AE = -16.4) Fig.2 NOEs observed for aquatolide
and 318 nm ({ AL = +5.6), permitted us to
establish the absolute stereochemistry shown in Fig.2 for this compound, which aiso agrees with those of
Asteriscunolides A-D and Asteriscanclide, previously isolated from the same planté.5.

Table I. *C and 'H NMR data for Aquatolide. CDCI, TMS as int. standard. J in Hz.

N2 13C & 1H 8§ multipl(J) Ne 13c d TH & muitipl.{J)

1 84.12 4.48 dd ( 2.5, 1.9) 7  135.07

2 54.48 3.25 dd ( 7.2, 2.5) 8 211.58

3 62.77 9 54.37 292 s

4 22.07 4a; 2.50 dd(13.9, 6.5) 10 62.57 2.64 dd (7.2, 1.9)
4b; 2.02 m 11 41.73

5 28.53 5a3;238m 12 177.27
5b; 2.07 m 13 22.00 1.86 m

6 130.94 5.84 m 14 22.73 118 s

15 22.486 1.04 s
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