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Abstract A new ent-kaurane glucoside, named helikaur-
anoside A (4), was isolated from the aerial parts of
Helianthus annuus L. together with three known ent-
kaurane-type diterpenoids: (−)-kaur-16-en-19-oic acid (1),
grandifloric acid (2), and paniculoside IV (3). The structure
of 4 was determined by using a combination of 1D (1H-
NMR and 13C-NMR) and 2D (COSY, HSQC, and HMBC)
NMR techniques. Bioactivity spectra of isolated com-
pounds were tested by using the etiolated wheat coleoptile
bioassay in aqueous solutions at concentrations ranging
from 10−3 to 10−6M. Helikauranoside A (4) was the most
active (−84%, 10−3M; −56%, 10−4M). These results suggest
that this new compound may be involved in defense
mechanisms of H. annuus.
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Introduction

Chemical studies of Helianthus annuus L. (Spring et al.
1981; Melek et al. 1985; Alfatafta and Mullin 1992; Spring
et al. 1992; Macías et al. 1993a, b, 1994, 1996) have shown
that this species is a rich source of terpenoids, particularly
sesquiterpenoids. A wide spectrum of biological activities
has been reported for sunflower extracts and components

(Beale et al. 1983; Rieseberg et al. 1987; Spring et al. 1991;
Ghisalberti 1997). These activities include potential allelo-
pathic effects of extracts from different sunflower cultivars
(Macías et al. 1998, 1999a, b).

The isolations of diterpenoids from H. annuus L. that
have different skeleton types include the following:
trachylobanes (Ferguson et al. 1982; Pyrek 1984; Melek
et al. 1985); atisane (Morris et al. 2005); gibberellins
(Hutchinson et al. 1988); and the kaurenoid carboxilic acids
(−)-kaur-16-en-19-oic acid (1) (Fig. 1) (Pyrek 1970),
grandifloric acid (2) (Fig. 1) (Panizo and Rodriguez 1979;
Ferguson et al. 1982), angeloylgrandifloric acid, 15β-
acetoxy-kaur-16-en-19-oic acid, 15β-i-valeroxy-kaur-16-en-
19-oic acid, 15β-angeloxy-kaur-16-en-19-oic acid (Ferguson
et al. 1982), ent-kauran-16α-ol (Morris et al. 2005), 2β,16β-
ent-kauranediol, and 15α,16α-epoxy-17β-al-ent-kaurane-19-
oic acid (Suo et al. 2006).

A bioassay-guided fractionation of H. annuus L.
extracts was carried out to isolate, identify, and character-
ize the allelopathic constituents. Four kaurene diterpenes
were isolated from SH-222 and Stella cultivars of sun-
flowers. Helikauranoside A (4) (Fig. 1) is characterized by
a glycosylated kaurane-type skeleton and is described for
the first time. The etiolated wheat coleoptile bioassay in
aqueous solutions at concentrations between 10−3 and
10−6M were used to complete the bioactivity spectrum of
the isolated compounds.

Methods and Materials

General IR spectra (KBr) were recorded on a Perkin Elmer
FT-IR Spectrum 1000, Matton 5020 spectrophotometer.
NMR spectra were run on Varian INOVA-400 and Varian
INOVA 600 spectrometers. Chemical shifts are given in
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parts per million with respect to residual 1H signals of
MeOD-d4 and py-d5 (δ 3.30 and 7.55, respectively), as well
as 13C with those of the solvent (δ 49.0 and 135.5,
respectively). Optical rotations were determined with a
Perkin Elmer polarimeter model 241 (on the sodium D
line). High-resolution mass spectroscopy (HRMS) was
carried out on VG AUTOESPEC mass spectrometer
(70eV).

Plant Material Helianthus annuus cv. SH-222 (commer-
cialized by Semillas Pacífico) and Stella were collected
during the third plant development stage (Macías et al.
1999c) (i.e., plants were 1.2m tall with flowers, 1month
before harvest) and were provided by Rancho de la Merced,
Agricultural Research Station (CIFA), Junta de Andalucía,
Jerez, Spain.

Extraction and Isolation Fresh leaves of H. annuus cv. SH-
222 (6kg) were extracted in water (18l) for 24h in the dark
at room temperature. The aqueous solution was extracted
with CH2Cl2 and then with EtOAc at room temperature.
The organic layer was removed by reduced pressure
evaporation and yielded two extracts of 16g (CH2Cl2-W)
and 6g (EtOAc-W), respectively. EtOAc-W was chromato-
graphed by using hexane–ethyl acetate mixtures of increasing
polarity. The most polar fraction was chromatographed on a
reverse-phase column (C-18) with a water–methanol (1:4 to
0:1) solvent system to elute compounds 3 (2mg) and 4 (3mg)
(Fig. 1).

Similarly, 4kg of H. annuus cv. Stella was extracted and
yielded 77g (CH2Cl2-W) and 7g (EtOAc-W). CH2Cl2-A
was chromatographed with hexane–ethyl acetate mixtures
of increasing polarity. The fraction eluting with hexane–
ethyl acetate (1:1) was chromatographed and yielded two
compounds—1 (28mg) and 2 (1mg).

Known compounds were identified by comparison of
their physical and spectroscopical data (m.p., [α], IR, MS,
1H-NMR and 13C-NMR) with those previously reported in

the literature. Helikauranoside A (4) crystalline solid mp
260°C; IR νmax (KBr) cm−1: 3,500 (OH, carboxylic acid)
1,700 (C=O, acid). 1H-NMR data (600MHz) MeOD-d4: δ
0.95 (s, H-20), 1.20 (s, H-18), 1.91 (m, H-16), 2.17 (m, H-
3α), 3.32–3.37 (m, H-4′, H-3′, H-2′), 3.35 (m, 2H, H-17),
3.40 (ddd, 8.0, 1.7, 4.6, H-5′), 3.68 (dd, 11.9, 4.6, H-6′a),
3.81 (dd, 11.9, 1.7, H-6′b), 5.39 (d, 8.1, H-1′); py-d5: δ 6.26
(d, 7.9, H-1′), δ 4.45 (brd, 11.2, H-6′β), δ 4.38 (brd, 11.2,
H-6′α), δ 4.34 (dd, 10, 8.8, H-3′), δ 4.25 (dd, 8.8, 8.8, H-
4′), δ 4.22 (dd, 8.1, 7.9, H-2′), δ 3.94 (ddd, 8.8, 4.4, 2.4, H-
5′), δ 3.61 (m, 2H, H-17), δ 2.38 (brd, 13.2, H-3a), δ 2.29
(brs, H-13), δ 2.16 (m, H-16), δ 1.79 (brd, 12.3, H-1a), δ
1.61 (dd, 9, 12.1, H-15a), δ 1.44 (m, H-7a), δ 1.27 (s, 3H,
H-18), δ 1.22 (s, 3H, H-20), δ 1.08 (dd, 5.1, 12.1, H-15b), δ
0.96 (brd, 8.0, H-3a), δ 0.76 (m, H-7b); 13C NMR data
(150MHz): see Table 1; HREIMS m/s 482.2884 [M+] (cal.
for 482.2880).

Coleoptile Bioassay Wheat seeds (Triticum aestivum L. cv.
Duro) were sown in Petri dishes (15cm diameter), misted
with water, and grown in the dark at 22 ± 1°C for 3days
(Hancock et al. 1964). The roots and caryopsis were
removed from the shoots. The apical 2mm of the caryopsis
was cut off and discarded with a Van der Weij guillotine.
The next 4mm of the coleoptiles was removed and used for
bioassay. All manipulations were performed under a green
safelight (Nitsch and Nitsch 1956). Compounds were
predisolved in DMSO and diluted to the final bioassay
concentration with a maximum of 0.1% DMSO. Parallel
controls treated with water and DMSO were also run at the
same concentrations.

Crude extracts, fractions, or pure compounds to be
assayed for biological activity were added to test tubes.
Assays were run in duplicate. Phosphate–citrate buffer
(2ml) containing 2% sucrose (Nitsch and Nitsch 1956) at
pH5.6 was added to each test tube. Following the
placement of five coleoptiles in each test tube (three tubes
per dilution), the tubes were rotated at 0.25rpm in a roller
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Fig. 1 Isolated diterpenes
from H. annuus cv. Stella
and SH-222
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tube apparatus for 24h in the dark at 22°C. Coleoptiles were
measured following digitalization of their images. Data
were statistically analyzed by using Welch’s test (Martín
Andrés and Luna del Castillo 1990). Data are presented as
percentage differences from control. Thus, zero represents
the control, positive values represent stimulation of the
studied parameter, and negative values represent inhibition.

Results and Discussion

Fresh H. annuus cv SH-222 leaves were extracted in water
in the dark at room temperature. The aqueous solution was
extracted with CH2Cl2 and then with EtOAc. Following
chromatography, the EtOAc extract was separated into
eight fractions. Fraction H contained the compounds
paniculoside IV (3) (2mg) and helikauranoside A (4)
(3mg) described for the first time in this report (Fig. 1).
Helianthus annuus cv. Stella was extracted similarly. The
fraction eluting with hexane-EtOAc (1:1) yielded com-
pounds 1 (28mg) and 2 (1mg). The spectroscopic data for
1, (Pyrek 1970; Ohno et al. 1979) 2 (Panizo and Rodriguez
1979; Herz et al. 1983), and 3 (Fig. 1)(Ohno and Mabry
1980) were identical to those previously reported.

Helikauranoside A (4) was isolated as white crystals (mp
260°C) with [α]D

25 −6.4 (c = 0.14) from fraction H. The
molecular formula was deduced to be C26H42O8 on the
basis of HRMS that showed an ion peak [M]+ at m/z
482.2884. Intense absorption bands at 3,500 and 1,700cm−1

were observed in the IR spectrum of 4, in accordance with
the presence of hydroxyl and carbonyl functions, respec-
tively. The 1H NMR spectrum of 4 was run in methanol
(CD3OD) and pyridine (C5D5N). Both spectra exhibited
signals for a β-glucopyranosyl moiety in the structure
[CD3OD: δ 5.39 (H-1′, d, J = 8.1), δ 3.81 (H-6′β, dd, J =
11.9, 1.7), δ 3.68 (H-6′α, dd, J = 11.9, 4.6), δ 3.40 (H-5′,
ddd, J = 8.0, 4.6, 1.7), δ 3.32–3.37 (H-2′, H-3′, H-4′, m);
C5D5N: δ 6.26 (H-1′, d, J = 7.9), δ 4.45 (H-6′β, brd, J =
11.2), δ 4.38 (H-6′α, brd, J = 11.2), δ 4.34 (H-3′, dd, J = 10,
8.8), δ 4.25 (H-4′, dd, J = 8.8, 8.8), δ 4.22 (H-2′, dd, J = 8.1,
7.9), δ 3.94 (H-5′, ddd, J = 8.8, 4.4, 2.4)] (Agrawal 1992;
Rakotondraibe et al. 2002; Harinantenaina et al. 2002a, b).
This was confirmed by signals in the 13C NMR spectrum
[CD3OD: δ 95.6 (C-1′), δ 78.7 (C-3′), δ 78.7 (C-5′), δ 74.1
(C-2′), δ 71.1 (C-4′), δ 62.4 (C-6′)].

Additionally, the 1H NMR in methanol exhibited a signal
for the protons of two methyl groups at δ 1.20 (3H, s, H-18)
and δ 0.95 (3H, s, H-20). The H-17 protons resonate in
MeOD at δ 3.35 (2H, m) and suggest that 4 is an ent-
kaurane-type diterpene glycoside. The 13C NMR and
HSQC spectra of 4 showed the presence of two methyls,
11 methylenes, nine methines, and four quaternary carbons

Table 1 13C NMR data for compound 4 in deuterated methanol and
pyridine

C δ13C MeOD-d4 δ13C py-d4

1 42.1 t 41.0
2 20.0 t 19.3
3 39.1 t 38.5
4 45.1 s 44.1
5 58.8 d 57.5
6 23.5 t 22.9
7 43.0 t 42.2
8 45.9 s 45.0
9 56.9 d 55.6
10 40.9 s 40.0
11 20.2 t 19.6
12 32.5 t
13 39.5 d 38.7
14 37.9 t 37.2
15 46.3 d 45.7
16 44.5 s 44.3
17 67.7 t 67.1
18 29.1 q 28.7
19 178.3 s 175.6
20 16.5 q 16.0
1′ 95.6 d 95.8
2′ 74.1 d 74.1
3′ 78.7 d 71.1
4′ 71.1 d 79.2
5′ 78.7 d 79.4
6′ 62.4 d 62.1

Table 2 Selected 13C NMR data for α- and β-isomers of aglycone in
CDCl3 and those for compound 4 in methanol

C α-CH2OH β-CH2OH 4

12 20.0 31.4 32.5
13 36.9 38.1 39.5
15 44.2 45.0 46.3
17 64.2 67.4 67.7

Fig. 2 Bioactivities of compounds 1–4 in wheat coleoptile bioassay
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containing an ester carbonyl group. We found analogies in
the chemical shifts of signals from the 1H NMR and 13C
NMR spectra of 4 with those previously described for the
epimeric diterpenes at C-16 that correspond to the aglycone
(−)-17-hydroxy-kauran-19-oic acid (Table 1). On the basis
of the stereochemical studies performed by Yang et al.
(2002), the chemical shift of H-17 in methanol (δ 3.35)
suggested a β-orientation for the hydroxymethylene moiety
(δ 3.40 and 3.72 of the aglycone in CDCl3 for the β and α
isomers, respectively). This was confirmed by comparison
of the chemical shifts observed in 13C NMR spectrum with
those found for the both isomers described by Wu et al.
(1996; see Table 2). According to the chemical shift
observed for C-17 in the pyridine-d5 spectrum (δ 67.7),
the β-glucopyranosyl moiety must be attached to the
carboxylic ester at C-19; otherwise, a glycosylic moiety
attached at C-17 should resonate between δ 74 and 75ppm
(Shao et al. 1996). These data allow us to propose the
structure O-β-D-glucopyranosyl-17-hydroxy-16β-kauran-
19-oate. This is the first report of this structure, which
was named helikauranoside A (4).

Bioactivity—Coleoptiles Bioassay There are many antece-
dents of bioactivity of kaurane diterpenes. Some of them
are for compounds described in this report or for structures
related to them. Thus, (−)-kaur-16-en-19-oic acid (1) has an
inhibitory effect on the growth of Bacillus subtilis and
Staphylococus aureus (Phan et al. 2005) and has been
tested on the aggregation of Washed Rabbit Platelets,
showing complete inhibition induced by collagen at
200μM (Yang et al. 2002). This compound was active in
the brine shrimp test (BST LC50 16μg/ml) and was
selective for MCF-7 (breast cancer, ED50 1.0μg/ml) cells
among six human solid tumor cell lines (Majekodunmi and
Oladimeji 1996). Compound 1 and the aglycone of 4 have
strong inhibitory effects against cyclooxygenase (COX)
(Phan et al. 2005).

The aglycone of 3 gave 46% and was inhibited by HIV
reverse transcriptase at a concentration of 33μg/ml (Chang
et al. 1998). Epimers at C-16 inhibited HIV replication in
H9 lymphocyte cells with EC50 of 0.8μg/ml (Wu et al.
1996).

To complete the bioactivity spectrum of the isolated
compounds, isolated compounds were tested with the
etiolated wheat coleoptile bioassay (Hancock et al. 1964)
in a range of 10−3–10−6M. This bioassay has been used to
estimate plant growth regulation, herbicide, or phytotoxic
activities (Cutler 1984).

The growth of etiolated wheat coleoptiles (Fig. 2) was
inhibited (P<0.01) by solutions of 1 (−59%, 10−3 M;
−39%, 10−4 M), 2 (−55%, 10−3 M; −40%, 10−4 M), and 4
(−84%, 10−3 M; −56%, 10−4 M). The most active

compound was 4, whereas compounds 1 and 2 presented
similar activities, but 3 did not show any significant effect.

Chemical differences among diterpenes 1, 2, 3, and 4,
are centered at C-16. Therefore, the differences in the
activity must be explained by the different substitutions in
this position. Compound 4 has a hydroxymethylene group
at C-16 and is highly active, whereas the presence of an
additional hydroxyl group (compound 3) decreases activity
dramatically. On the other hand, if a double bond (between
C-16 and C-17) is present instead of the hydroxymethylene
group, activity also decreases (compounds 1 and 2). Other
positions in the kaurane skeleton seem to be less important
in relation to activity, such as those compounds that present
an angelate at C-15 or a sugar at C-19. The presence of
angelate at C-15 only changes the activity from slightly
stimulatory to inhibitory at the lowest concentration
(compound 2 vs. compound 1).

Although diterpenoids are not usually reported as
phytotoxic agents, in this case, the most active compound
is the glycosylated diterpenoid 4. The ecological role of
these compounds has been associated more with antifee-
dant, insecticidal, and deterrent activity. Moreover, diterpe-
noids as giberrellins act as important plant hormones
involved in growth regulation (Macías et al. 2007). In
contrast, the glycosidic form of active natural products is
less active than the aglycones (Macías et al. 2005).
Unfortunately, the lack of sufficient quantities of compound
did not allow us to hydrolyze it and to bioassay the
aglycone to compare their activities.

These results suggest that compound 4 should be
involved in defense mechanisms of H. annuus. The shown
activity indicates that its role may be related with the
allelopathic behavior shown by this species.
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