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Abstract—Isolation, structure elucidation and allelopathic bioassay of five flavonoids (the flavonol tambulin,
the chalcones kukulcanin B and heliannone A, and the flavanones heliannones B and C) from the sunflower
cultivar VYP* are described. Heliannones A—C are reported in the literature as natural products, for the first
time. The effects of a series of aqueous solutions at 107*-107% M of the flavonoids on the root and shoot length
of Lycopersicon esculentum and Hordeum rulgare has been studied. They influence, principally, the shoot
growth of seedlings, but germination and radical length can be affected by chalcones. The effects of very similar
compounds, kukulcanin B and heliannone A, varied. The reason for this variation could be related to the
number and position of free hydroxy groups. 1977 Published by Elsevier Science Ltd. All rights reserved

INTRODUCTION tion product. hydrocinnamic acid, is a selective toxin

. . . . for native Florida grasses and pines [15].
We are carrying out a systemaltic study of the different or natly g P [13]

chemicals that may be involved in the allelopathic
activity of Helianthus annuus cultivars. From medium
polar active fractions we have isolated five flavonoids, RESLLTS AND DISCUSSION
three of which are new. Flavoncids have important
and diverse effects across much of the biological spec-
trum: nectar-guide components in flowers [1], larval-
growth inhibition [2], cytotoxicity [3. 4], phytoalexin
[5. 6], effects on the oxidative properties of intact plant
mitochondria [7, 8], effects uwpon the enzymatic
destruction of indole-3-acetic (auxin) acid through
‘1A A oxidasa’ [9, 10].

In spite of the large number and wide distribution,
only a few flavonoids have been implicated in allelo-
pathy [l1]. Recently, Inderjit and Dakshini have
related ononin, hesperidin and taxifolin 3-arabinoside
with the allelopathic activity of Pluchea lanceolaia
[12.13]. Chalcones and dihydrochalcones are particu-
larly interesting allelochemicals, 2°.6"-Dihydroxy-4'-
methoxychalcone is inhibitory at low concentration
(5% 1075 % 107 M), but stimulatery at even lower
concentration (3x 10 -5 x 10 * M) [14]. Ceratiolin
is an inactive dibydrochalcone, but its photo-degrada-

The extract of the fresh leaf aqueous extract of
Helianthus annuus L. var VYP* with dichloromethane
was chromatographed by column chromatography on
silica gel using hexane-ethyl acetate mixtures of
increasing polarity. Medium polar fractions yielded
five flavonoids: two chalcones, two flavancnes and
one flavonol (Fig. 1). Spectroscopic dala of tambulin
(1) [16], and kukulkanin B (2) [17] were identical to
those previously reported.

Heliannene A (3) was isolated as a gum, #/z 300,
which together with the '"H NMR data was in agree-
ment with the molecular formula C;H,,O.. Mass
spectral and UV data were consistent with a methoxy
chalcone structure. The '"H NMR spectrum was also
in good agrcement with the assignments of Mabry ef
al. [18] for substituted chalcones and those reported
for kukulkanin A and B. Compound 3 exhibited two
methoxy singlets at & 3.95 and 3.91 and two doublets
at & 7.85 and 7.45 (J,, = 15.5 Hz) corresponding to
H-f and H-z, respectively. Peaks for H-2, H-6 and H-

- 3, H-5 appeared as two doublets (2H) and 4 7.57 and

*Part 9 in the series *Allelopathic Studies in Cultivar Spe-  6.88 (J2; = J5, = 9 Hz), indicating the presence of a
cies”. For part § see ref. [24]. single para substituent in ring A. The analysis of its

+ Auther 1o whom correspondence should be addressed. mass fragmentation, with an important peak at m/z
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Fig. 1. Bioactive flavonoids from Helianthus anntuus cultivars.

120 due to p-hydroxyphenylethene, clearly indicated
that 3 had a p-hydroxy group in 4 ring A [19]. It was
also found to give a bathochromic shift of 68 nm of
band Iin the UV spectrum on adding sodium methox-
ide {433 nm) and sodium acetate (371 and 425sh nm),
indicating the presence of a free hydroxyl group at C-
4.

Doublets assigned to H-6" and H-5" were located
at 6 7.67 and 6.52 (J; . = 9 Hz), respectively, which
indicate an adjacent tetrasubstitution in ring B. A
2,3,6-substitution pattern that would also produce
two similar doublets for these two hydrogens was
considered unlikely on the basis of both chemical
shifts, which were very similar to those reported for
2, and on biosynthetic grounds. In view of the presence
of asignalat § 13.2 (s, C,~OH} and the bathochromic
shift of band I by 61 nm observed with aluminium
chloride that is a clear indication of the presence of a
hydroxyl group at C-2°, the methoxyl groups were
placed at C-3' and C-4’. The “C NMR daia were
in good agreement with those reported for similar
compounds [20].

Heliannones B (4) and C (5) were isolated as a gum.
Mass spectra were very similar in the low mass region,
differing in molecular ion values that were 300 for
heliannone B and 286 for heliannone C, agreeing with
molecular formulae of C,;H,;0; and C, ;H,,Os, respec-
tively. Mass spectral and UV data (282 and 324 nm

for 4, 275 and 325 nm for 5) were consistent with
flavanone structures.

'H NMR spectra of 4 and § were analogous to
those obtained for 3 and 2, respectively. Compound 4
exhibited two methoxy singlets at § 3.92 and 3.85,
while one methoxy at & 3.87 was found in 5. Instead
of signals for H-a and H-$, their spectra contained
signals corresponding to protons H-2f and H-3p.
Peaks for H-2", H-6", H-3" and H-5" appeared as two
doublets (2H) at 4 7.36 and 6.86 for 4 and at  7.35
and 6.88 for §, again indicating the presence of a single
para substituent in ring B.

Doublets attributed to H-5 and H-6 were located at
d7.65and 6.65(J;, = 8.5Hz)in4 and 3 7.64 and 6.67
(s, =8.5 Hz) in 5, indicating adjacent tetra-
substitution on ring A. Compound 5 was found to
give a bathochromic shift of 61 nm of band 11 in
the UV spectrum on adding sodium methoxide and
sodium acetate, indicating the presence of hydroxyl
group at C-7. Compound 4 isomerized to chalcone on
adding sodium methoxide, having a band I peak at
433 nm. The addition of sodium acetate did not pro-
voke any shift in UV spectrum that evidenced that
there was no free hydroxyl group at C-7. A 7,8-sub-
stitution pattern was chosen for these compounds on
the bases of the concordance between the reported
chemical shift for analogous compounds [21, 22} and
those for 4 and 5, and UV spectra.
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Fig. 2. Sciccted effects of compounds 1- 5 on the germination, radical and shoot length of L. escufentum, H. vulgare, L. sativa,
L. satioum and A. cepa. Yalues are expressed as percentage from the control and are not significantly different with £ > 0.05
for Mann-Whitney’s test. “Values significantly different with £ < 0.01. *Values significantly different with 0.01 < £ < 0.05.

The structures of 4 and 5 (Fig. 2) were also con-
firmed from their mass fragmentalion, with major
peaks corresponding to M*_ [M —1]*, ring A and ring
B. The presence of an important peak at m/z 120
again indicated that both compounds. 4 and 5, had p-
hvdroxyl groups in rings B.

Thus heliannone A (3), B (4) und C {5) have been
characterized as 2',4-dihydroxy-3',4'-dimethoxy-
chalcone, 4'-hydroxy-7,8-dimethoxyflavanone and
7,4 -dihydroxy-8-methoxyflavanone, respectively,
and this is the first report in the literature of these
natural products. The equilibrium between chalcones
and flavanones justifies the presence of the pairs of
compounds 2, 5 and 3, 4. This fact could explain the

low optical activily observed for the flavanones 4 and
5, that contain a chiral centre in their structures. Thus,
the orientations assigned above for hydrogens
attached at C-2 and (-3 are relative, so they do not
indicate absolute configurations.

Bioassay results

In order to evaluate the potential allelopathic
activity and to obtain information about the specific
requirements needed for bioactivity, we have studied
the effects of a series of agueous solutions at 107~
10-* M of isolated compounds on root and shoot
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length of Lycapersicon esculentum and Hordeum vul-
gare seedlings (Fig. 2).

The flavonol 1 did not show any effect against ger-
mination and radical length of both species, tomato
and barley, but inhibited shoot growth of tomato
(average —25%)and barley ( —22%. 10 ° M} (Fig. 2).
We can point out that the effect on the dicotyledonous
species was maintained with the dilution, with sig-
nificance P < 0.05.

Chalcones 2 and 3 have very similar structures.
They differ in the presence of an additional methyl
group in 3; however their activities are quite different.
Compound 3 inhibited germination of tomato
{(—20%, 107* M) and barely (average —35%) and
affected sightly bariey shoot growth with an inhibitory
profile of activity. On the other hand, 2 only showed
inhibilory activily on the shool growth of lomato
(—=17%. 107% M; —13%, 107° M; —34%. 1077 M;
—28%, 10~* M) (Fig. 2).

Flavanones 4 and 5 showed a similar profile of
activity, although the activities preduced by com-
pound 4 solutions are, in gencral, higher than those
produced by 5. Compounds 4 and 5 showed inhibitory
effects on the shoot (4, — 54%, 107" M; 5, —19%,
107 M; —24%, 10°°* M) and radical length (4,
—25%,10 *M; —14%, 10 “M;5, —26%, 167° M)
of tomato. The observed effects of 4 and 5 over barley
are of small significance. Based on the important value
of inhibition over shoot length of tomato, we carrned
out bioassays of 4 against other species: lettuce, cress
and onion. Compound 4 generally had no effect on
germination and growth of these species, except stimu-
latory effect on the radical length of cress (+39%.
10 * M) and onion germination {+31%, 107" M} in
low concentration, as well as inhibitory profile on the
radical and shoot length of onion (Fig. 2).

We conclude that flavonoids isolated from Heli-
anthus annuus, possibly, play roles in the allelopathic
activity of sunflower in addition to those played by
other compounds previously reported [23, 24]. They
influence, principally, the shoot growth of seedlings.
but germination and radical length can be affected by
chalcones. It may be noted that the effects of very
similar compounds (2 and 3) varicd. The reason for
this variation could be related to the number and
position of free hydroxy groups. Another important
point is that the observed effects varied with the seed
tested. Tomato seeds were found to be more sensitive
thun the other crop species. This may be due to differ-
ences in seed size, seed coat permeability, differential
uptake and metabolism [25].

EXPFRIMENTAL

Plant material. Leaves of Helianthus anruus L. var,
VYP* commercialized by KOYPE™ (Spain) werc
collected in September 1990 during the third plant
development stage (plants 1.2 m tall with flowers, 1
month before harvest) and were provided by Rancho
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de la Merced, Agricultural Research Station, Junta de
Andalucia, Jerez, Spain.

Extraction and isolation. Fresh leaves (1.7 kg) were
soaked in H,O {wt plant.: solvent volume 1:3) for 24
hr at 25° in the dark. The H,O extracts were extracted
(8 x) with 1.01 of CH,Cl, for each 1.21 of H,O and
the combined extracts were dried over Na,SQO, and
evapd ir vacue to yield 24 g of crude extract which
was sepd by CC on silica gel using n-hexane-EtOAc
mixts of increasing polarity vielding 192 x 50 ml frs
which were reduced to 30 frs after comparison by
TLC.

By following the bioactivity exhibited by the low
polar frs on L. sativa and Ho. vulgare. Medium polar
frs were chromatographed using silica gel (with N,
pressure) and eluting with hexane-Me,CO (7:3) and
hexane-Me,CO (6:4) and rechromatographed using
HPLC with a Hibar 8i60 (Merck) column, hexane-
Me,CO (6:4) as eluent, with 3 ml min~' flow, yielding
1 (4 mg), 2 (6 mg), 3 (5 mg), 4 (5 mg) and 5 (3 mg).

Heliannone A (3} C;,H,,0s, [R vEE= e —1: 3430
(OH); 1645 (C=0). UV ., nm (MeOH) 303sh, 365;
(AICI,) 249sh, 343sh, 426; (AICL;HCl) 249sh, 342,
408; (NaOMe) 278sh. 433; (NaOAc) 297, 371, 425sh;
(NaOAc/H,BO,) 298, 366. EIMS (70 eV) mjz (rel.
int.}: 300 [M]* (38); 181 [{CH,0)L(O0)C,H.COH]*
(21); 180 [(CH,O),(O)CH,CO)* (61), 152
[(CH;0)(O)CH:]™ (10); 147 [(HO)C H,C.H,COJ*
(5); 120 (HO)CH.,C;H,]* (31). 'H NMR (4060 MHz,
CDCL): & 785 (d. J,.5=155 Hz; H-f), 7.67 (d,
J o =9 Hz; H-6"), 757 2H, & J,; = J; . = 9 Hz; H-
2. H-6)., 745 (d, J.5 = 15.5 Hz; H-2), 6.88 (2H, 4,
Jia= i, = 9 Hz; H-3, H-5), 6.52(d, /., = 9 Hz; H-
5°), 3.95 (3H, 5. CH;0) and 3.91 (3H, 5, CH,0). "C-
NMR (100 MHz, CDCL): & 194.3 {5, C-§), 164.5 (s,
C-479, 161.5 (s, C-27), 138.2 (d. C-4), 1446 (d, C-1),
133.4 (d, C-6), 131.2 (d, C-2), 126.6 (5, C-1). 122.3 (5,
C-1}, 1194 (4, C-5), 116.7 (4, C-3 and C-5), 109.1 (s,
C-3). 105.5 (d, C-5. 101.3 (d, C-6") and 60.2 (5, (-
QCH, and C,-OCH;).

Heliannone B (4): C,;H,O;, [o¢]; +11.2° (CHCL;; ¢
0.1). IR vEBrm=at em ="', 3420 (OH); 1650 (C=0). UV
e M (MeOH) 282, 324sh; (AICL,) 281, 325sh;
(AICI/HCL) 281, 325sh; (NaOMe) 282sh, 433;
(NaOAc) 281, 324sh; (NaOAc/H,;BO;) 282, 324sh.
EIMS (70 eV) m;z (rel. int.): 300 [M]* (82); 299
(M-1]7 7y 181 [(CH,0)(0)XCH,COH]™ (18);
180 [(CH,O),(O)CH,COIT (78); 151 [(CH,0),
CH.OC.H,CH)* (50); 120 [{(HOCH,C,H,]* (30).
'H-NMR (400 MHz, CDCl,): 6 7.65 (d, /., = 8.6 Hz;
H-5). 7.36 (2H. d, J,. = J, , = 8.5 Hz; H-2', H-6"),
686 (2H. 4. )., = Jso = 8.5Hz, H-3, H-5). 6.65 (4,
Jsi = 8.6 Hz; H-6), 544 (dd, Jop;p = 3.2, Jop5, = 12.4
Hz; H-25), 3.92 (3H, 5, CH,0) 3.85 (3H. 5, CH,0),
3.03 {dd. Sz =17, Jopze = 12.4 Hz; H-3w) and 2.85
(ddd, Jyyng = 17, Jagap = 3.2 Hzs H-3/0).

Heliunnone C (5): C H.0s, [2]5 +1.2° (CHCL, ¢
0.1). IR vEBrneat o =1 3420 (OH); 1652 (C=0). UV
Ame: nm (MeQH) 275, 323; (AICL;) 275, 329sh;
(AICL/HCI) 274, 328sh; (NaOMe) 334; (NaOAc) 336;
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(NaOAc/H,BO;) 272, 327sh. EIMS (70 eV) m/z (rel.
int.), 286 [M]* (14); 181 [(CH;0),(O)CH,COH]*
(51); 167 [(HONCH,O{O)YC H,COH]™ (66); 166
{HOXCH,O0)(O)\C,H,COJ* (78); 137 [(HOXCH.0O)
C,H.OC,H,OH]* (51); 120 [(HO)CH.C.H,]"
(27). 'H-NMR (400 MHz, CDCL,): 3 7.64(d, J;, = 8.6
Hz; H-5), 735 2H. d. J,., = J5, = 8.5 Hz; H-2", H-
61,6.88(2H,d. J, ;- = S5 = 8.5 Hz; H-3' H-5). 6.67
(d, Js¢=8.6 Hz; H-6), 544 (dd, Jy,; =32,
Japa. = 13.2 Hz; H-2f), 3.87 (3H, s, CH;0), 3.03 (dd,
Jaap =167, Jypy, = 13.2 Hz;, H-3x) and 2.83 (dd,
Jipap = 1607, Jop 5 = 3.2 Hz; H-3).

Letiuce, cress, tomato, onion and barley seed ger-
mination bioassay. Seeds of Lactuca satfva var. nigra,
and H. vulgare were obtained from Rancho La
Merced. Junta de Andalucia, Jerez. Spain. Seeds of
Lepidivm sativum, Allium cepa and Lycopersicon escu-
lentum were obtained from FITO S.L. All undersized
and damaged seeds were discarded and the assay seeds
were selected for uniformity. Bioassays consisted of
germinating 25 seeds for 5 days (3 for germination
and 2 for root and shoot growth) for lettuce and
onion, 3 days (1 for germination and 2 for root and
shoot growth) for cress, 4.5 days (3 for germination
and 1.5 for root and shoot growth) for tomato, and 5
barlcy sceds for 4 daysin the dark at 257 in 9 cm plastic
Petri dishes containing a 10 ¢cm sheetl of Whatman no.
1 filter paper and 10 ml of a test of control soln. except
for barley (5 ml). Test solns (10 M) were prepd as
initial soluticn. Test solns (10 °-107° M) were
obtained by diluting the previous soln. Parallel con-
trols consisted of deionized H,0O. There were three
replicates, except for barley (19 replicates), of each
treatment, and parallel controls. The number of seeds
per replicate, time and temp of germination were
chosen in agreement with a number of preliminary
experiments, varying the number ol seeds, vol. to tesl
soln per dish and the incubation period. All the pH
values were adjusted to 6.0 before the bioassay using
MES (2-[N-morpholinojethanesulfonic acid, 10 mM).

Statistical treaiment. The germination, root and
shoot length values were tested by Mann—Whitney's
test being the differences between the experiment and
the control, significant with a value of P = 0.01.
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