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Abstract

Isolation, structural elucidation and allelopathic bioassays of 13 compounds, isolated from sun¯ower cultivar cv. Peredovick

are described. Two new sesquiterpene lactones, helivypolide D and helivypolide E and the bisnorsesquiterpene, annuionone D,
which is reported at the ®rst time as natural product, are described. The e�ects of a series of aqueous solutions at 10ÿ4±10ÿ9 M
of these compounds were studied on the root and shoot lengths of Lactuca sativa, Lepidium sativum seedlings (dicotyledons) and

Hordeum vulgare and Allium cepa (monocotyledons). # 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Modern crop production technology depends on
synthetic insecticides, herbicides and other chemicals.
The increasing dependence on chemicals for pest con-
trol poses a serious threat to our health and environ-
ment, because after the ®eld application of pesticides,
some of their degradation products are adsorbed in
the soil and persist for a long period. Besides, another
problem faced in chemical weed control is the develop-
ment of resistant weed biotypes (De Prado, JorrõÂ n, &
GarcõÂ a-Torres, 1997). 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 which have a greater ability to smother

weeds, by using natural phytotoxins from plants or

microbes as herbicides (MacõÂ as, 1995; MacõÂ as, Varela,

Torres, & Molinillo, 1996; MacõÂ as, Varela, Torres, &

Molinillo, 1997).

In continuation of our systematic study of the allelo-

pathic activity of di�erent cultivar of Helianthus

annuus L. (MacõÂ as, Varela, Torres, Molinillo, &

Fronczek, 1993; MacõÂ as, Varela, Torres, & Molinillo,

1993; MacõÂ as, Molinillo, Varela, Torres & Fronczek,

1994), we report the isolation, structural elucidation

and allelopathic bioassay of 13 compounds isolated

from sun¯ower cultivar cv. Peredovick. Two new ses-

quiterpene lactones, helivypolide D and helivypolide E

and the bisnorsesquiterpene, annuionone D, which is

reported at the ®rst time as natural product, are

described.

In order to evaluate the potential allelopathic ac-

tivity of the new compounds, we have studied the

e�ect of a series of aqueous solutions between 10ÿ4±
10ÿ9 M on the root and shoot lengths of Lactuca

sativa, Lepidium sativum seedlings (dicotyledons),

Hordeum vulgare and Allium cepa (monocotyledons).
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Fig. 1. Allelochemicals from sun¯ower leaves cv. Peredovick.
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2. Results and discussion

The extraction of dry leaf of H. annuus L. cv.
Peredovick with dichloromethane gave a crude extract
which was chromatographed on a silica gel column
(Flash chromatography) eluted with hexane-acetone
mixtures of increasing polarity. Medium polar frac-
tions yielded 13 compounds (Fig. 1): 5 sesquiterpene
lactones, two heliangolides, helivypolide D (1) and lep-
tocarpin (3), one cis,cis-germacranolide, helivypolide E
(2), two guaianolides, annuolide F (4), 8b-angeloiloxi-
cumambranolide (5); one heliannuol, heliannuol J (6);
two bisnorsesquiterpenes, (+)-dehydrovomifoliol (7),
annuionone D (8); 4 ¯avonoids, heliannone A (9),
kukulkanine B (10), heliannone B (11) tambuline (12)
and one degradation compound from carotenoids,
(+)-loliolide (13). The compounds 1 and 2 are new
ones in the literature, and the bisnorsesquiterpene 8 is
described at ®rst time as natural product.
Spectroscopic data of 3 (MartõÂ nez, Ayamonte, NuÂ nÄ ez-
AlarcoÂ n, & Romo de Vivar, 1979), 4 (MacõÂ as, Torres,
Molinillo, Varela, & Castellano, 1996), 5 (Gershenzon
& Mabry, 1984), 6 (MacõÂ as, Varela, Torres, &
Molinillo, 1999), 7 (Takasugi, Anetai, Katsui, &
Masumune, 1973) and 9 (MacõÂ as, Molinillo, Torres,
Varela, & Castellano, 1997), 10 (DomõÂ nguez et al.,
1989), 11 (Bose & Bose, 1939), 12 and 13 (Isoe,
Katsumura, Hyeon, & Sakan, 1971) were identical to
those previously reported.

Helivypolide D (1) was isolated as a gum, [M]+ at
m/z 360, which together with the 1H-NMR data
(Table 1) was in agreement with the molecular formula
C20H24O6.

The 1H-NMR spectrum of 1 (Table 1) exhibited
typical signals of a sesquiterpene lactone with an exo-
cyclic a-methylene-g-lactone at d6.30 and 5.70 assigned
to H-13b and H-13a, and an angelate ester [d6.22 (qq,
H-3 '), 1.96 (dg, 3H, H-4 '), 1.82 (dq, 3H, H-5 ')].
Compound 1 exhibited also two doublets at d5.79 and
6.33 coupled to each other, characteristic of a furane
ring. The chemical shift and the multiplicity of the sig-
nal assigned to H-14 (d1.40,s ) was in agreement with
an oxygen atom attached to C-10. The b-orientation
for the furane ring oxygen was assigned by comparison
with the spectroscopic data of other furanoheliango-
lides (Herz & Sharma, 1975; Chowdhury, Sharma,
Thyagarajan, Herz, & Govindan, 1980; Zdero,
Bohlmann, & Scott, 1987; Pereira, DõÂ as, Vichnewsi,
Nassi, & Herz, 1997).

1H-NMR 2D COSY spectrum of 1 showed the fol-
lowing series coupling protons: H-13a (d, d5.70) and
H-13b (d, d6.30) with H-7 (dddd, d3.44); H-7 with H-6
(dd, d5.94); H-6 with H-5 (dq; d5.68). The chemical
shift of H-5 suggested the presence of a double bond
at position 4±5. The geometry of this double bond
(D4±5) as well as the orientation of H-8 was established

by NOE di�erence experiments (Fig. 2). The observed
NOE e�ects between H-5 and H-15, was in agreement
with a Z-double bond between C-4 and C-5. A NOE
e�ect between H-7 and H-8, and the small coupling
constant value (J7,8a=1.5 Hz) required an a-orien-
tation of H-8.

The absence of the signal of C-3, and the molecular
formula led to the structure shown in Fig. 1 with an a-
oriented hydroxyl group at C-3.

Helivypolide E (2) exhibits typical signals of an a-
methylene-g-lactone moiety at d6.36 (d, H-13b) and
5.86 (d, H-13a) and an angelate ester [d6.14 (qq, H-3 '),
1.97 (dq, 3H, H-4 ') and 1.82 (dq, 3H, H-5 ')].

The molecular ion [M+] at m/z 376 (C20H24O7) was
not observed but a peak at m/z 358 [M-H2O]+ indicate
the presence of an hydroxyl group, the following peaks
con®rmed the presence of the angelate ester: m/z 259
[M-H2O-C5H7O2]

+, m/z 83 [C5H7O]+, 55 [C4H7]
+.

The 1H-NMR 2D COSY spectrum of 2 showed the
following series of coupling protons: H-13a (d, d6.58)
and H-13b (d, d6.36) with H-7 (dddd, d3.30), H-7 with
H-6 (dd, d5.62), H-6 with H-5 (dq, d6.37). H-6 and H-
5 are coupled with H-15 (dd, d1.94). H-7 was also
coupled H-8 (ddd, d5.44) and H-8 with H-9a (dd,

Table 1
1H-NMR of compounds 1, 2 and 8 (399.952 MHz, CDCl3, signal of

residual CHCl3 centred at d 7.25 ppm)a

H 1 2 8

1 5.8 d 3.2 Ð

2a 6.3 d ± 1.3 dd

2b ± 3.6 1.6 dd

3a ± ± 3.9 ddd

4a ± ± 1.6 dd

4b ± ± 2.4 dd

5 5.7 dq 6.4 ±

6b 5.9 dd 5.6 ±

7 3.4 dddd 3.3 6.3 d

8 5.1 dd 5.4 ddd 7.0 d

9a 2.4 d 2.2 dd ±

9b 2.4 d 2.0 dd ±

10 ± ± 2.3 s

11 ± ± 1.6 s

12 ± ± 1.0 s

0.04 5.7 d 5.9 1.2 s

13b 6.3 d 6.4 ±

14 1.4 s 1.3 ±

15 1.9 dd 1.9 ±

3 ' 6.2 qq 6.1 ±

4 ' 2.0 dq 2.0 ±

5 ' 1.8 dq 1.8 ±

a Multiplicities are indicated when the coupling constant can be

measured and they are not repeated if identical with those in the pre-

ceding column. J(Hz): 1: 1,2=5.7; 5,6=6.6; 5,15=1.4; 6,703;

6,15=1.4; 7,801.5; 7, 13a=2.3; 7,13b=2.6; 8,9=3.6; 3 ',4 '=7.2;

3 ',5 '=1.5; 4 ',5 '=1.5. 2: 1,2=2.5; 5,6=5.5; 5,15=1.4; 6,702;

6,15=1.4; 7,13a=1.7; 7,13b=1.8; 7,8=3.0; 8a,9a=4.3; 8a,9b=9.4;

9a,9b=15.2; 3 ',4 '=7.2; 3 ',5=1.5; 4 ',5 '=1.5. 8: 2,2 '=14.5; 2,3=1.9;

2 ',3=4.9; 3,4=5.1; 3,4 '=8.8; 4,4 '=14.3; 7,8=15.0.
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d2.20) and H-9b (dd, d2.00). Finally, H-1 (d, d3.23)
was coupled with H-2 (d, d3.67). H-1 and H-2 have

the characteristic chemical shifts of protons attached

to an oxirane ring.

The absence of H-3 and the molecular formula led

us to propose a carbonyl group at C-3. This is in

agreement with the deshielding of the signal assigned

go H-5 (d6.37), corresponding to a vinylic proton of a

double bond conjugated with a carbonyl group.

The proposed structure is shown in Fig. 2, with an

a-oriented hydroxyl group at C-10, that was con®rmed

by the chemical shift observed for H-14 (d1.26).
The stereochemistry was established by comparison

with the spectroscopy data of 1b-2a-epoxytaginine C, a

related compound with an isobutyrate ester attached
to C-8 (Zdero et al., 1987).

Annuionone D (8) was isolated a colourless oil.
EIMS showed a molecular ion at m/z 224, which
together with the 13C NMR data were in good agree-
ment with the molecular formula of a bisnorsesquiter-
pene C13H20O3.

1H NMR 2D COSY spectrum analysis showed the
correlation of H-3a (d3.90, dddd ) with H-2a (d2.38;
dd ), H-2b (d1.64; dd ), H-4a (d=1.62; dd ) and with H-
4b (d1.27; dd ). Other observed correlations were: H-2a
with H-2b (J2a,2b=14.5 Hz) and H-4a with H-4b
(J4a,4b=14.3 Hz). The coupling constant observed for
H-7 led us to propose an E geometry for the double
bond 7±8.

These correlations, together with the presence of
three methyl groups at d2.27(H-10), d1.24 (H-11),
d0.96 and 1.18 (H-12 and H-13), suggested an ionane
skeleton with a carbonyl group at C-9.

The chemical shifts of H-3 (d3.90) and C-3 (d64.0)
in 1H NMR (Table 1) and 13C NMR spectra, together
with the observed absorption at 3407 cmÿ1 in the IR
spectrum, indicated the presence of an hydroxyl group
at C-3.

The absence of signals assigned to H-5 and H-6, as
well as the multiplicity of H-7 (d5.6, d ) and H-11
(d1.24, s ), and the molecular formula, indicated the
presence of an oxirane ring between C-5 and C-6. The
NOE e�ects between H-11 and H-7 (Fig. 2) con®rmed
a cis stereochemistry for this epoxyde. Otherwise, the
NOE e�ect between H-3 and H-11 indicate the same
relative orientation for the hydroxyl group and the
epoxyde.

Absolute con®guration was determined by compari-
son of the optical rotation data of this compound and
the previous synthetic intermediate (Broom, Ede, &
Wilkins, 1992). This is the ®rst time that compound 8
is reported as a natural product.

2.1. Bioassay data discussion

In order to evaluate their potential allelopathic ac-
tivity, we have studied the e�ect of a series of aqueous
solutions ranged between 10ÿ4±10±9 M of isolated
compounds on germination, root and shoot length of
Lactuca sativa, Lepidium sativum, Allium cepa and
Horedum vulgare, as standard target species (STS).

Compounds 1 and 2 showed an inhibitory pro®le
for the three tested parameters (germination, root and
shoot length) on Lactuca sativa cv. Roman (Fig. 3)
with inhibition values of 40%. The highest activity is
shown by 1 at 10ÿ6 M with a value of ÿ46% on ger-
mination. Anyway, the activities produced by com-
pound 2 solutions are, in general, higher than those
produced by 1, specially on root (2: 10ÿ5 M, 41%;
10ÿ6M, 22%; 10ÿ7 M, 33%; 10ÿ8 M, 40%; 10ÿ9 M,

Fig. 2. Observed NOEs for the most stable conformers of 1 and 8

using PM3 calculations.
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26%). This can be due to a major ¯exibility of mol-
ecule 2. It has been reported that the di�erent spacial
arrangements that the molecule can adopt play an im-
portant role in the activity, as well as the presence of
an a-methylene-g-lactone moiety, and other functiona-
lizations (MacõÂ as, Galindo, & Massanet, 1992).

The compounds generally had no e�ect on germina-
tion of Lepidium sativum, but they had a moderate
stimulatory pro®le on root and shoot growth. We can
point out that the e�ect of 1 on root growth was main-
tained with the dilution, with signi®cance P < 0.05,
(Fig. 3).

Fig. 3. E�ects of lactones 1, 2 and norsesquiterpenes 7, 8 on the germination, radicle and shoot length of dicotyledon standard target species

(STS) L. sativa L. cv. Nigra (left), L. sativa L. cv. Roman (centre) and L. sativum L. (right).

F.A. MacõÂas et al. / Phytochemistry 52 (1999) 613±621 617



The observed e�ect of 1and 2 over Allium cepa and
Hordeum vulgare are of small signi®cance.

The most signi®cant e�ects found for the dicotyle-
don species (L. sativa and L. sativum ) were obtained
with 7, which showed a strong inhibitory e�ect on the
germination of L. sativa cv. Roman in a range of con-
centrations between 10ÿ4±10ÿ6 M with an average of
ÿ45% (Fig. 3).

Compounds 7 and 8 showed the most relevant
observed e�ects over monocotyledons species (Allium
cepa and Hordeum vulgare ) (Fig. 4). Compound 8
stimulated root growth of Allium cepa in all tested
concentrations (10ÿ5±10ÿ9 M), with values that
decrease with the dilution (10ÿ5 M, 67%; 10ÿ6 M,
62%; 10ÿ7 M, 52%; 10ÿ8 M, 41%; 10ÿ9 M, 34%).
Compounds 7 and 8 also showed stimulatory e�ects

Fig. 4. E�ects of lactones 1, 2 and norsesquiterpenes 7, 8 on the germination, radicle and shoot length of monocotyledon standard target species

(STS) A. cepa L. (left) and H. vulgare L. (right).

F.A. MacõÂas et al. / Phytochemistry 52 (1999) 613±621618



on root and shoot growth of Hordeum vulgare (average
35%). These stimulatory e�ects over Hordeum vulgare
(especially on root) are in good agreement with our
previous observations for other series of bisnorsesqui-
terpenes (MacõÂ as, Torres, Varela, Oliva, & Molinillo,
1998).

3. Experimental

3.1. Plant material

Leaves of H. annuus L. cv. Peredovick
1

were col-
lected in September 1990 during the third plant devel-
opment stage (MacõÂ as, 1995) (plants 1.2 m tall with
¯owers, 1 month before harvest) and were provided by
Rancho de la Merced, Agricultural Research Station
(CIFA), Junta de AndalucõÂ a, Jerez, Spain.

3.2. Extraction and isolation

Dry leaves (1.7 kg) were soaked in CH2Cl2 (fresh
plant:solvent 1:3) for 24 h at 258C in the dark. The
CH2Cl2 extract was separated by `Dry Flash' chroma-
tography on silica gel using n-hexane-acetone mixts of
increasing polarity yielding 123 � 50 ml frs which were
reduced to 7 frs after comparison by TLC: A (0±2%),
B (5%), C (10±20%), D (40%), E (60±100%), F
(100% AcOEt) and G (100% MeOH).

By following the bioactivity exhibited by the frac-
tions of L. sativa, Lepidium sativum, Allium cepa and
Hordeum vulgare, fr. C was chromatographed using
silica gel and eluted with n-hexane-acetone mixts of
increasing polarity. After separations using HPLC
with a Hibar Si60 (MERCK) column we obtained 1
(1 mg), 2 (0.5 mg), 3 (2.5 mg), 4 (0.5 mg), 5 (1 mg), 6
(1 mg), 7 (1 mg), 8 (1 mg), 9 (2 mg), 10 (1 mg), 11
(0.5 mg), 12 (4 mg) and 13 (1.5 mg).

3.3. Helivypolide D (1)

C20H24O6, colourless oil, IR nKBr,neat
max cmÿ1: 3488

(OH), 1759 (a,b-unsaturated-g-lactone), 1715 (a,b-
unsaturated ester). EI-MS (70 eV) m/z (rel. int): 360
[M]+ (8); 260 [M-C5H8O2]

+ (4), 83 [C5H7O]+ (100),
55 [C4H7]

+ (81); 1H NMR: see Table 1. 13C NMR
(100.23 MHz, CDCl3): d 169.5 (s, C-12), 164.2 (s, C-
1 '), 140.7 (d, C-3 '), 139.5 (d, C-2), 139.4 (s, C-4), 139.2
(s, C-11), 131.1 (d, C-1), 130.5 (d, C-2 '), 127.6 (d, C-5),
124.1 (t, C-13), 104.1 (s, C-3), 82.9 (s, C-10), 76.4 (d,
C-8), 74.7 (d, C-6), 47.9 (d, C-7), 43.7 (t, C-9), 31.6 (q,
C-14), 20.6 (q, C-15), 20.5 (q, C-5 '), 15.7 (q, C-4 ').
HREIMS calcd for C20H24O6 360.1573, found
360.1579.

3.4. Helivypolide E (2)

C20H24O7, colourless oil, IR nKbr,neat
max cmÿ1: 3418

(OH), 1767 (a,b-unsaturated-g-lactone), 1717 (a,b-
unsaturated ester). EI-MS (70 eV) m/z (rel. int): 358
[M-H2O]+ (4), 259 [M-H2O-C5H7O2]

+ (16), 83
[C5H7O]+ (100), 55 [C4H7]

+ (94); 1H NMR: see Table
1. HREIMS calcd for C20H22O6 358.1416 [M-H2O]+,
found 358.1413.

3.5. Annuionone D (8)

C13H20O3, oil, IR nKBr,neat
max cmÿ1: 3408(OH), 1671

(a,b-unsaturated C1O). EI-MS (70 eV) m/z (rel. int):
224 [M]+ (2.7), 123 [M-C6H13O]+ (100), 43
[CH3CO]+ (75); 1H NMR: Table 1. 13C NMR
(100.23 MHz, CDCl3): d197.5 (s, C-9), 142.4 (d, C-7),
132.6 (d, C-8), 77.2 (s, C-6), 69.3 (s, C-5), 64.0 (d, C-
3), 46.6 (t, C-4), 40.5 (t, C-2), 35.1 (s, C-1), 29.3 (q, C-
10), 28.3 (q, C-11), 24.9 (q, C-13), 19.8 (q, C-12).

3.6. Bioassays

Seeds of Lactuca sativa L. cv. Nigra, and cv.
Roman, Allium cepa L., and Hordeum vulgare L. were
obtained from FITOÂ , SL. (Barcelona, Spain). All
undersized or damaged seeds were discarded and the
assay seeds were selected for uniformity. Germination
and growth bioassays for tested species were as fol-
lows: Lactuca sativa, L. sativum and A. cepa, 25 seeds
per dish, 5 ml test soln, 5 days dark, 258, and four
replicates of each conc; H. vulgare, 10 seeds per dish,
5 ml test soln, 5 days dark, 258, and 10 replicates of
each conc (MacõÂ as, Castellano, & Molinillo, 1999).

Test solns (10ÿ4M or 10ÿ5 M) were prepd using
H2O-MES (2-[N-Morpholino]ethanesulfonic acid,
10 mM), and the rest were obtained by dilution.
Parallel controls were performed. All pH values were
adjusted to 6.0 before bioassay with 1M NaOH(aq).
Osmotic pressure values were measured on a vapour
pressure osmometer (WESCOR 5500) and ranged
between 30 and 38 mM/kg.

Data are presented as percentage di�erences from
control in graphics and tables (Table 2 and Figs 3, 4).
Thus, zero represents the control; positive values rep-
resent stimulation of the studied parameter, and nega-
tive values represent inhibition.

3.7. Statistical treatment

Germination root, and shoot length values were
tested by the Welch test; di�erences between exper-
imental and controls were signi®cant (P = 0.01) (Table
2).

F.A. MacõÂas et al. / Phytochemistry 52 (1999) 613±621 619
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