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Biologically Active Substance from Kenyan Plant,
Vernonia hindii S. Moore (Asteraceae)
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A novel stigmastane-type steroid glucoside has been isolated from the aerial parts

of Vernonia hindii. The structure was elucidated by spectroscopic methods. The

compound exhibited lettuce seedling growth inhibitory activity.
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Introduction

The tribe Vernonieae is dominated by a single
genus Vernonia that alone has 800 to 1000 species
growing in Brazil and tropical Africa?. Many
Vernonia species have had wide use medicinally
in native cultures to cure a variety of diseases. In
East Africa, the leaves of Vernonia amygdalina
are used as a folk medicine to cure fever?, and
are eaten after macerating with water for helping
digestion®. A possible use of this plant by chim-
panzees as a medicine has recently been
reported?. Jisaka et al. isolated some steroid
glycosides including vernonioside A, and the
steroids are suspected to be of medicinal value to
chimpanzees?®.

In the course of our investigations of Kenyan

plants for biologically active substances, Ver-

nonta hindii S. Moore (Asteraceae) exhibited
lettuce growth inhibitory activity. We have ear-
lier tentatively reported the isolation of a steroid
glucoside (1)®. This report describes the detailed
chemical structure study of compound 1 and its
lettuce seedling growth inhibitory activity.

Materials and Methods

General

Melting points were measured with

Yanagimoto melting point apparatus and are
uncorrected. Infrared spectra were measured on
Hitachi EP-G3 spectrometer and Nicolet FT-IR
710 GC. Gas chromatograms were taken on
Hitachi G3000 (column, F-WCOT OV-1, 0.25
mm X5 m). Mass spectra were recorded with a
JEOL JMS D-300. *H and *C NMR were meas-
ured with Varian VXR 500 instrument.
Extraction and isolation

The aerial parts of the plant material (2.8 kg)
were collected at Jomo Kenyatta University of
Agriculture and Technology farm. They were
identified by Seki et al® and were extracted with
methanol over two weeks at room temperature.
The extracts were concentrated and successively
extracted with hexane (500 mlx3) and ethyl
acetate (500 mlx 3). The ethyl acetate layer bn
concentration gave a grayish powder (4.5 g). The
powder (500 mg) was chromatographed on an
activated alumina column (90 g, Nakalai Chemi-
cals ; 35 mm i.d.). Elution was with mixtures of
methanol : water : acetic acid (60 : 40 : 1,200 ml ;
fraction A, 60 mg). Fraction A was further
chromatographed on reverse phase column (ODS
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-Q3, Fuji gel, 170 mm X35 mm i.d.), eluting with
70 96 methanol. This yielded the fraction A-2 (10
mg) that was rich in active compound 1. When
the fraction A-2 was subjected to preparative
TLC (silica gel 60 F,s,, Merck) developing with
chloroform : methanol (8 : 1) six times, it yielded
4 mg of 1. Compound 1 ; mp 226-228 °C ; FABMS
(glycerin) m/z : 621 (MH") ; IR vpax (KBr) cm™!;
3400 (broad), 2850, 1710, 1450, 1390, 1080, 1035. 'H
NMR (500 MHz, CD,0OD) : 6 0.93 (3H, s), 1.10 (3H,
d, /=6.8 Hz), 1.15 (6H, d, / =6.7 Hz), 1.17 (3H, s),
1.38 (3H, d, J=5.7 Hz), 1.5-1.9(m), 2.00 (1H, dd,
J=12.6, 12.4 Hz), 252 (1H, dd, J =12.8, 12.7 Hz),
2.60 (1H, dd, / —11.6, 11.0 Hz), 2.80 (1H, ddd, / =
13.5, 8.1, 7.1 Hz), 3.18 (1H, q, / =5.7 Hz), 3.68 (1H,
dd, /=104, 4.8 Hz), 3.77 (1H, m), 3.90 (1H, d, J =
11.0 Hz), 3.95 (1H, d, /=104 Hz), 4.42 (1H, ddd,
J=82,72, 46 Hz) 442 (1H, d, /=78 Hz). 3C
NMR (126 MHz, CD,0OD) : ¢ 12.0, 13.5, 18.5, 19.1,
20.4, 22.5, 28.3, 30.1, 31.2; 33.7, 35.3, 37.0, 37.2, 37.3,
40.1, 40.6, 43.5, 47.0, 48.1, 48.2, 48.3, 50.6, 56.8, 58.0,
62.1, 62.8, 69.5, 71.7, 73.1, 75.1, 77.9, 78.1, 78.6, 102.3,
214.0
Acid hydrolysis of 1

Compound 1 (2 mg) was dissolved in 0.5 N HCI
(0.4 ml) and held at 85 °C for 2 hr. The aqueous
layer was made neutral with 0.1 N NaOH. The
neutralized solution was extracted with benzene
(2 mlx3). It was further extracted with chloro-
form (2 ml X 3). The aqueous layer was subjected
to preparative TLC (silica gel 60 F,;,, methanol :
chloroform, 1 : 1) This gave approximately 1 mg

of sugar.

Methanolysis and acetylation of the sugar compo-

nent of 1

The sugar fraction (1 mg) from acid hydrolysis
was treated with 5 9§ hydrogen chloride meth-
anol solution (Wako Pure Chemical Industries)
and kept at 90 °C for 11 hr. The solvent was
evaporated to give the methyl glucoside. This
methylated sugar was dissolved in a mixture of
pyridine (0.5 ml) and acetic anhydride (0.5 ml) and
maintained at 30 ‘C overnight. The reaction
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mixture was taken in methanol and freed from
pyridine by evaporation in vacuo. Purification of
the reaction mixture was done by preparative
TLC (silica gel 60 F,s;,, methanol : chloroform,
1 : 10) to give a tetraacetate (1 mg). Tetraacetate
; '"H NMR (500 MHz, CDCl,) : ¢ 3.68 (1H, m), 4.10
(1H, dd, / =5.0, 10.5 Hz), 4.22 (1H, dd, / =5.1, 10.4
Hz), 440 (1H, d, J =7.8 Hz), 4.96 (1H, dd, J =7.8,
8.2Hz), 5.07 (1H, t, /=7.8 Hz), 518 (1H, t, /=78
Hz).
Enzymatic hydrvolysis of 1

The powder (4 mg) of 1 was suspended in
water (b ml) and B-glucosidase (20 mg, from
almonds, Sigma) was added. The mixture was
kept at 32 °C for 20 hr with stirring. The aglycone
was extracted with ethyl acetate (5 mlX3). The
extract was purified by preparative TLC (silica
gel 60 F,.,) to give 2.0 mg of the aglycone of 1.
Aglycone of compound 1 ; FABMS (glycerin)
m/z 459 (MH*) ; EIMS m/z : 458 (M), 440, 414,
287 ; IR vpax (KBr) cm™! ; 3350, 1710 ; *"H NMR
(500 MHz, CDCls) : § 0.84 (3H, s), 1.01 BH, d, /=
6.8 Hz), 1.04 (3H, d, /=6.8 Hz), 1.07 (3H, s), 1.08
(3H, d, /=6.8 Hz), 1.15-1.35 (m) 1.32 (3H, d, / =5.7
Hz), 1.40-1.90 (m), 1.95 (1H, m), 2.01 (1H, dd, /=
12.6, 3.0 Hz), 2.35 (1H, dd, J=12.8, 12.7 Hz), 2.40
(IH, dd, /=116, 11.0 Hz), 2.79 (1H, ddd, J =13.5,
8.1, 7.1 Hz), 3.14 (1H, q, / =5.7 Hz), 3.60 (1H, m),
3.80 (1H, d, /=11.0 Hz), 4.42 (1H, ddd, J=38.2, 7.2,
4.6 Hz).
Lettuce seedling growth bioassay

The bioassay was performed as described by

Kato et al.” with some modifications.
Results and Discussion

Compound 1 was isolated as a white-gray
amorphous solid, m.p. 226-228 °C. FABMS gave
MH*" ion at m/z 621 corresponding to the molecu-
lar formula C,;H.sOs which was established on
the basis of elemental analysis (Found : C, 67.74
%, H, 8.96 %. Calcd. for C;sHs60s 2 C, 67.71 %6, H,
9.03 9%). The IR spectrum of compound 1 showed
the presence of carbonyl and hydroxyl group(s)
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(1710 and a broad band at 3400 cm™!, respective-
ly). The *C NMR spectrum of 1 revealed 35
carbons and confirmed the presence of a ketone
group with a signal at ¢ 214. 'H NMR of 1
showed a signal at 6 4.42 (1 H, d, / —=7.8 Hz). This
suggested that the compound was a g-glucopyr-
anoside. The presence of glucopyranoside was
further supported by **C NMR signals at ¢ 102.3,
78.6, 78.1, 75.1, 71.7 and 62.8. The formation of a
tetraacetate from 1 on acetylation confirmed the
presence of four hydroxyl groups. The resultant
sugar after hydrolysis was conclusively identified
as glucose by GLC experiments. 'H NMR spec-
trum of the methylated tetraacetate of the sugar
gave signals corresponding to e«-and g-methyl D
-glucopyranosyl tetraacetate because of muta-
rotation. FABMS of an aglycone of 1 showed
MH™ ion at m/z 459 and EIMS showed M~ ion at
m/z 458 with major fragmentation ions at m/z
440 (M~ - H,0), 414 (M~ - OCHCH;) and 287
(M~” - H,O-side chain). '"H-'H COSY spectrum of
the aglycone indicated the presence of an iso-
propyl group. Two methyl doublets at ¢ 1.08 (/ =
6.8 Hz) and 1.04 (f =6.8 Hz) coupled to a proton at
¢ 1.60. This was further supported by nuclear
Overhauser effect (nOe) experiments. Two other
methyl singlets were observed at ¢ 1.07 and 0.84
while two other methyl doublets were observed
at ¢ 1.01 (/ =6.8 Hz) and 1.32 (/ =5.7 Hz). The
latter methyl protons coupled to a proton quartet
at ¢ 3.14 (/ =5.7 Hz) and two *C NMR signals
due to two species of carbon carrying oxygen ¢
57.0 (-CH-0-) and 62.1 (-0-C-) suggested the
presence of an epoxide ring. This 'H NMR pat-
tern together with the mass fragmentation was in
close agreement with the pattern observed for
steroids®*?. Since 'H NMR and *C NMR for
compound 1 and its aglycone are comparable to
those of vernonioside A, and other stigma-
stanoids, we concluded that the compound 1 was
a stigmastane-type steroid glucoside. Therefore,
we could assign the isopropyl group at C-25, C-26
and C-27. The signals at ¢ 3.14 and 1.32 could
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also be assigned to the protons at C-28 and C-29
respectively. "H-*H COSY experiments revealed
that the methyl doublet observed at ¢ 1.01(H-21)
was coupled to the proton at & 1.95 (m, H-20),
which was coupled to the proton at ¢ 1.05 (H-17).
The latter proton was in turn coupled to the
proton at ¢ 4.42 (H-16) which was coupled to the
signals at ¢ 2.83 (#H-15) and 1.20 («H-15). This
confirmed the connectivity of C21-C20-C17-C16-
C15. The rest of the protons were assigned as
follows. The proton at ¢ 1.30 (H-14) was found to
be coupled to the protons at ¢ 2.83 (8H-15), 1.20
(a«H-15) and 2.40 (H-8). The downfield shift of the
proton at C-8 suggested the presence of a ketone
at C-7. Two signals at ¢ 2.35 and 2.01 («8, H-6)
were found to be coupled to the proton at ¢ 1.49
(H-5) which was coupled to the proton at ¢ 1.58
{(H-4) and the signal at ¢ 3.58 (H-3). The position
of the sugar moiety was deduced by comparing
the 'H NMR signals of the parent compound, its
acetate and the aglycone of compound 1. The
signal at ¢ 3.77 in the parent compound was
shifted upfield to & 3.58 in the aglycone. All the
other signals due to the aglycone were un-
changed. In the acetate of 1 this signal remained
at ¢ 3.77. This suggested 1 did not contain any
free hydroxyl group except on a sugar moiety
that could be acetylated. The hydroxyl group at
C-16 was therefore replaced by an ether. The
signal at ¢ 3.79 (dd, / =11.0, 1.0 Hz) was found to
be coupled to the proton at ¢ 1.55 (H-22) which
was coupled to the signal at ¢ 1.95 (H-20). This
allowed the assignment of the signal at 6 3.79 to
the proton at C-23. The stereochemistry at C-5,
C-16 and C-20 was assigned on the basis of the
coupling constants and nQOe experiments. The
irradiation at ¢ 1.07 (H-19) did not have any
effect on the proton at C-5 as would be expected
for a f-H. The small coupling constant (/ —3.0
Hz) for the proton at ¢ 2.01 (H-6) is due to the
coupling with the @#-H at C-5. On the other hand,
the irradiation at & 0.84 (H-18) enhanced the
signals due to the protons at C-16 and C-20 and
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Fig. 1 Structure of compound 1.
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Fig. 2 The lettuce growth bioassay results for com-
pound 1 and its aglycone.

did not have any effect on the signals at C-14 and
C-17. This would result when both of the protons
at C-16 and C-20 were on the same plane with the
methyl group at C-18. Assuming the methyl to be
B (as would be expected from biosynthesis) then
the two protons at C-16 and C-20 would be g and
the other protons at C-14 and C-17 would be a.

All these data are in close agreement with the
steroidal structure of compound 1 (Fig. 1) and the
same structure could not be found by literature
survey.
Lettuce growth inhibitory activity

The lettuce growth bioassay on the isolated
compound indicated that it had growth inhibitory
effect. The total growth length was reduced to 24
% at a concentration of 100 uxg/disc. The ag-
Iycone reduced the total growth to 76 94 at the
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same concentration suggesting that the presence
of the glucose moiety may be necessary for its

activity (Fig. 2).
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