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Abstract: (-)-Heliespinore A, the first member of a novel family of bioactive sesquiterpenes, a potential
allelopathic agent, has been isolated from cultivar sunflowers var. SH-222® (Helianthus annuus L.). The
structure displays an unusual previously unknown spirosesquiterpene skeleton of Heliespirane. The structure
elucidation of Heliespinone A was performed by homo- and hetero- nuclear 2D-NMR spectral data. On the basis
of combined studies of the theoretical conformations and NOEDIFF data its relative stereochemistry is
proposed. © 1997 Elsevier Science Ltd. All rights reserved.

The indiscriminate use of herbicides has resulted in a) increasing incidence of resistance in weeds to some
herbicide classes such as triazines and dinitroanilines b) shifts in weed population to species that are more closely
related to the crop they infest ¢) environmental pollution and potential health hazards. Allelopathy, an emerging
branch of applied sciences which studies biochemical plant-plant and plant-microorganisms interactions, may help
in overcoming such problems through development of crop varieties having greater ability to smother weeds, use
of natural phytotoxins from plants or microbes as herbicides and use of synthetic derivatives of natural products
as herbicides.?

Plants have their own defence mechanisms and allelochemicals are, in fact, natural herbicides. One way
to use allelopathy in agriculture is through isolation, identification and synthesis of active compounds from
allelopathic plant species.

Sunflower species are allelopathic, indeed some of them, as Helianthus rigidus, exhibit autotoxicity.
Cultivated sunflower (Helianthus annuus) has great allelopathic potential and inhibits weed-seedling growth of
velvet leaf, thorn apple, moming glory, wild mustard and other weeds.? Field studies have demonstrated that the
weed biomass is equally reduced in sunflower plots with or without herbicides.*

With this concept in mind and with the notion that exist, a wide diversity of skeletal types of allelopathic
compounds we have initiated systematic allelopathic activity studies on cultivar sunflowers in order to evaluate

their potential as source of allelopathic agents and consequently as natural herbicide templates. We have
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previously described and characterized, in addition to simple phenolics, triterpenes and steroids,” sesquiterpene
lactones, mainly germacranolides and guaianolides,® flavonoids,” diterpenes® and a novel family of sesquiterpenes
named heliannuols.’

Extraction of fresh leaves aqueous extract of Helianthus annuus L.var SH-222 with CH,Cl, afforded 9g

of crude extract from 4Kg of fresh plant material, that yield, after chromatography, 3 mg of 1 as a yellowish oil
([alp=-29.0% c=0.1, CHCl, 25°). The HRMS spectrum suggested a sesquiterpene with six unsaturations with a
molecular ion at m/z 264.1354 [M]* (calculated 264.1362), in accord with a molecular formula C;;H,,0,, plus
fragments at m/z 249[M-CH,]*, and 231[M-CH,-H,0] *The IR spectrum showed absorptions at 3406 cm
(hydroxyl group), 1693 and 1681 cm™ (two carbonyl groups), 1621 cm™' (double bond) and 1249 cm (C-O-C
asymmetric stretching).

The 'H-NMR spectrum'® showed a deshielded singlet (H-3; 86.61s) corresponding to a proton attached
to a double bond conjugated with a carbonyl group, and a doublet (H-15; §1.96; 3H, d, J, ,;=1.5 Hz ) which was
assigned to a methyl group attached to double bond. In the 2D-COSY-'H-NMR spectrum the following
correlations were observed: H-14 (85.06; ddd, J,, , = 16.8; J; ,, = 1.3; Jy45, = 0.7 Hz ) with H-14' (84.96; dd, J, |,
= 10.0 Hz) and H-7 (65.29; ddd, J, 5, = 9.8 Hz); H-7 showed coupling with H-8a (2.91; ddd, Jy, 5, = 6.4; Jg, 5
= 12.7 Hz) and H-8a with H-90 (61.96; ddd, Jg, g5 = 12.7; J5, ;o= 5.2 Hz) and H-9f (62.14; ddd, J4y ;4 =10.6 Hz)
and both showed coupling with the signal corresponding to H-10e (64.03; dd). Additionally, 'H-NMR spectrum
showed the following signals: two doublets corresponding to two geminal protons, H-6 and H-6' (83.23; d and
62.95; d, J= 15.5 Hz) only coupled with each other and two three-proton singlets assigned to two methyl groups
H-12 and H-13 (81.32 and 81.09). These data suggested the structure shown in figure 1.

Figure 1. Heliespirone A (1).

The "C-NMR spectrum'' confirmed this hypothesis with two signals corresponding to two carbonyl
carbons C-2 (6201.5) and C-5 (8179.5) and four signals in the region of olefinic carbons C-3 (6137.0), C-4
(6153.4), C-7 (8135.3) and C-14 (5118.4).

Complete assignment of *C NMR spectrum was made following the observed correlations in the HMQC,
HMBC and GHMBC spectra (Figure 2). Those signals corresponding to carbons attached to oxygen have been
assigned to C-1 (687.6) and C-11 (570.1) based on HMBC spectra. These spectra allowed as to correlate the
signals belonging to H-6 and H-6' with C-8. These data support the spirane-type nature of C-1.
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Figure 2. HMBC (60 ms) and GHMBC (110ms, signals with circles) of heliespirone A. H-12
and H-13 may be interchanged.

The relative stereochemistry of the molecule was established by NOE difference experiments. Figure 3
represents the main observed effects by irradiation of signals corresponding to H-7, H-8, H-6 and H-3. These
effects are explained by the most stable conformation obtained using semiempirical calculations (PM3)'? with this
stereochemistry. frradiation of H-8 caused a significant effect on H-10 that indicated that both protons presented

the same a-orientation. A clear effect on H-6¢¢ was observed when H-10¢ was irradiated.

Figure 3. Observed NOE:s for the most stable conformer of 1, using PM3
calculations.
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This compound is of particular interest since it is the first member of a new class of bioactive

sesquiterpenes with potential allelopathic activity, for which we suggest the name Heliespirane. Based on their

bioassay results,” it is likely to be significantly involved in the allelopathic action of cultivar sunflowers. Its

biogenesis may proceed through a bisabolene-type precursor like the recently reported heliannuols,’ also found

in this plant.
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