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Abstract

A pterocarpan, 1,9-dihydroxy-3-methoxy-2-methylpterocarpan (named uncinacarpan) and two isoflavanones, 5,7-dihydroxy-2 0,3 0,4 0-
trimethoxy-6-(3-methylbut-2-enyl)isoflavanone (named uncinanone D) and 5,4 0-dihydroxy-7,2 0-dimethoxy-6-methylisoflavanone (named
uncinanone E), were isolated from the CH2Cl2 root extract of Desmodium uncinatum (Jacq.) DC and characterised by spectroscopic
methods. In addition, a rare pterocarpan edudiol and two known abietane diterpenes, 7-oxo-15-hydroxydehydroabietic acid and 7-
hydroxycallitrisic acid were identified. The fraction of the root extract that was analysed induced germination of Striga hermonthica

seeds, but none of the isolated compounds showed this activity.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Desmodium (Fabaceae) is used in erosion
control, ground cover and wildlife protection in lands
cleared of vegetation (Trout, 2004). Many of the species
are also highly valued as fodder and in folk medicine.
The fodder legumes Desmodium uncinatum (silver leaf)
and Desmodium intortum (green leaf), when deployed as
intercrops, have been found to reduce damage to maize
by stem borers such as Busseola fusca (Noctuidae) and
Chilo partellus (Pyralidae) (Khan et al., 2000). Volatile
repellent emissions from these legumes have been shown
to be responsible. When these intercrops are located in
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areas infested with parasitic witch-weeds such as Striga her-

monthica (Scrophulariaceae), dramatic reduction in the
infestation of maize is observed (Khan et al., 2002, 2006).
In addition to effects of increased nitrogen and shading
associated with maize-desmodium intercrops, an allelo-
pathic effect is largely responsible for the control of S. her-

monthica. The root exudate of D. uncinatum has been
found to stimulate germination of striga seeds and to inhi-
bit radical growth of the resulting seedlings, and this com-
bination represent the allelopathic mechanism associated
with striga control (Khan et al., 2002; Tsanuo et al.,
2003). It also accounts for the fact that intercropping maize
with desmodium over successive years results in a continual
and rapid depletion of striga seed bank in the soil (Khan
et al., 2002).

In a previous investigation of the aqueous root exudates
of D. uncinatum (Tsanuo et al., 2003), three isoflavanones
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and an isoflavone were isolated and characterized. Of
these, 400,500-dihydro-5,2 0,4 0-trihydroxy-500-isopropenylfur-
ano-(200,300;7,6)-isoflavanone (uncinanone B) and 400,500-
dihydro-2 0-methoxy-5,4 0-dihydroxy-500-isopropenylfurano-
(200,300;7,6)-isoflavanone (uncinanone C) were active, as a
moderate striga germination stimulant and as a moderate
post-germination radical inhibitor, respectively. The pres-
ent paper, which reports on the isolation and structure elu-
cidation of three new isoflavonoids from a fraction of
CH2Cl2 extract of D. uncinatum roots, represents part of
our current studies to comprehensively examine root chem-
istry of this plant and to bioassay constituents of different
polarity range.
2. Results and discussion

Unlike the aqueous root exudates of D. uncinatum,
which exhibited both striga germination stimulation and
post-germination radicle growth inhibition activities (Tsa-
nuo et al., 2003), the CH2Cl2 extract of D. uncinatum (fresh
roots) only caused germination stimulation of S. hermonth-
ica seeds. At 10 lg/ml and 100 lg/ml, the CH2Cl2 extract
of D. uncinatum (roots) stimulated the germination of S.

hermonthica seeds by 51.5 ± 2.2% and 61.5 ± 0.9% respec-
tively. Chromatographic fractionation of the extract on sil-
ica gel yielded four fractions with fraction D (eluted with
50% acetone in hexane) giving a potent germination stimu-
lation activity (Table 1). In the same bioassays, GR-24, a
synthetic sesquiterpene known to stimulate striga germina-
tion (Johnson et al., 1981), caused germination stimulation
of 50.2 ± 4.7% at 5 lg/ml. Isolation and purification of
some of the compounds from the fraction of the CH2Cl2
extract of D. uncinatum (roots) yielded four isoflavonoids
(compounds 1–4, Fig. 1), together with two abietane diter-
penes. However, none of these compounds exhibited signif-
icant striga germination stimulation activities.

The HREIMS of compound 1 gave a molecular ion
peak at m/z 300.0993 corresponding to the molecular for-
mula of C17H16O5. The 1H NMR and 1H,1H-COSY spec-
tra showed four aliphatic protons in a single spin system
Table 1
Germination response of Striga hermonthica seeds to fractions of CH2Cl2
extract of Desmodium uncinatum roots

Test solution Percentage mean germination (±SE), n = 10

100 ppm 10 ppm 5 ppm 1 ppm

CH2Cl2 extract 61.5 (1.0)a,b 51.5 (2.2)b,c,d 36.8 (2.1)e,f

Fraction A 0.6 (0.6)g 0.4 (0.4)g 0.0 (0.0)g

Fraction B 46.2 (1.9)c,d,e 42.6 (1.2)d,e 29.4 (2.4)f

Fraction C 57.6 (3.9)a,b,c 50.2 (2.8)b,c,d 35.8 (0.7)e,f

Fraction D 67.8 (3.6)a 53.8 (4.3)b,c,d 41.4 (3.1)d,e,f

GR-24
(Johnson
et al., 1981)

50.2
(4.7)b,c,d

Means with the same letter are not significantly different (P < 0.05) by
Tukey’s studentized range test.
at d 4.22 (dd, J = 4.4, �10.4 Hz), 3.50 (dd, J = �10.4,
11.0 Hz), 3.43 (ddd, J = 4.4, 6.6, 11.0 Hz) and 5.65 (d,
J = 6.6 Hz), attributed to CH2-6, H-6a and H-11a of a
pterocarpan skeleton, respectively (Table 2). The presence
of a pterocarpan skeleton was supported by 13C NMR
spectrum, which showed the corresponding carbons at d
66.5 (C-6), 39.5 (C-6a) and d 76.3 (C-11a). In the 1H
NMR spectrum further signals were observed which
showed the presence of a methyl group (d 2.07, s), a meth-
oxyl group (d 3.80, s), an aromatic singlet (d 6.13) and aro-
matic protons with an ABX spin system (d 6.33, d,
J = 2.2 Hz; d 6.36, dd, J = 2.2, 8.2 Hz and d 7.12, d,
J = 8.2 Hz). The molecular formula C17H16O5 and the
presence of five oxygenated aromatic carbon atoms (d
155.2, 155.8, 158.8 and 159.8, 160.8) in the 13C NMR spec-
trum are consistent with two hydroxyl substituents, in
addition to the methyl and methoxy groups in the pterocar-
pan skeleton. Formation of a di-acetate, whose EIMS gave
a molecular ion peak at m/z 384 confirmed the presence of
the two hydroxyl groups in this compound. In the HMBC
spectrum (Table 2), correlation of methyl protons (d 2.07)
with the signals at d 155.8, 105.6 and 159.8 are consistent
with a tri-substituted A-ring with the methyl at C-2 and
oxygenations at C-1 and C-3. HMBC correlation of the
methoxyl protons (d 3.80) with the signal at d 159.8 and
that of H-11a (d 5.65) with the signal at d 155.8 allowed
placement of the methoxyl group at C-3 and hydroxyl at
C-1. The substitution pattern in A-ring was confirmed by
1D-GOESY experiments, which showed interaction
between the methyl protons (d 2.07) and the methoxyl
group (d 3.80); and between the methoxyl group (d 3.80)
and an aromatic singlet at d 6.13 (H-4). The ABX spin sys-
tem corresponds to D-ring protons with the biogenetically
expected oxygenation at C-9, and this was confirmed by the
HMBC experiments (Table 2). Natural pterocarpans are
known to occur in cis configuration (Dewick, 1988,
1994). In agreement with this, the coupling constant
between H-6a and H-11a (J = 6.6 Hz) and the strong
NOE between H-11a (d 5.65) and H-6a (d 3.43) are consis-
tent with cis-geometry at the ring junction (Van Aardt
et al., 1999, 2001). This compound showed high negative
optical rotation ([a]D = �250�) consistent with 6aR:11aR

absolute configuration (Yenesew et al., 1998). Thus com-
pound 1 was characterized as (6aR:11aR)-1,9-dihydroxy-
3-methoxy-2-methylpterocarpan (1) for which the trivial
name uncinacarpan is suggested. All the 1H and 13C
NMR spectroscopic signals of 1 (Table 2) were assigned
on the basis of 1H–1H COSY, GOESY, HMQC and
HMBC spectra.

Compound 2 was assigned a molecular formula of
C21H22O5 (m/z 354.1467) from HREIMS. The 1H and
13C NMR spectra (Table 2) showed this compound to be
a pterocarpan derivative with a 3-methylbut-2-enyl, a
methoxyl and two hydroxyl substituents. Comparison of
the NMR data of compound 2 with those of compound
1 (Table 2) showed that 2 differs from 1 by the presence
of a 3-methylbut-2-enyl group in place of a methyl group
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Fig. 1. Structures of isoflavonoids isolated from the roots of Desmodium uncinatum.
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at C-2. The placement of the 3-methylbut-2-enyl group at
the C-2 position was confirmed by the HMBC spectrum
showing correlations between the methylene protons at
C-1 0 (d 3.39, d, J = 6.3 Hz) with C-1 (d 159.9), C-2 (d
Table 2
1H (500 MHz) and 13C (125 MHz) NMR spectral data along with HMBC cor

Position 1 (MeOH-d4) HMBC

dC dH(J in Hz)

1 155.8
2 105.6
3 159.8
4 91.6 6.13 s C-2, 3, 4a, 11
4a 155.2
6 66.5 3.50 dd (�10.4, 11.0) C-4a, 6a, 6b,

4.22 dd (4.4, �10.4) C-4a, 6a, 6b,
6a 39.5 3.43 ddd (4.4, 6.6, 11.0) C-6, 6b, 10a
6b 118.4
7 124.9 7.12 d (8.2) C-9, 6a, 10a
8 107.6 6.36 dd (8.2, 2.2) C-9, 10, 6b
9 158.8
10 97.9 6.33 d (2.2) C-8, 9, 6b, 10
10a 160.8
11a 76.3 5.65 d (6.6) C-1, 6, 6a, 11
11b 101.8
10

20

30

40

50

1-OCH3

2-CH3 7.2 2.07 s C-1, 2, 3
3-OCH3 54.9 3.80 s C-3
114.3) and C-3 (d 157.8). The 13C chemical shift position
of the methoxyl group in 2 (d 63.5) is substantially down-
field compared to what has been observed in 1 (d 54.9) sug-
gesting that it is di-ortho substituted consistent with its
relations of 1 and 2

2 (CDCl3) HMBC

dC dH (J in Hz)

159.9
114.3
157.8

b 100.9 6.26 s C-2, 3, 4a, 11b
155.8

11a 66.7 3.59 t (�11.0, 11.4) C-4a, 6b, 11a
11a 4.16 dd (�11.0, 5.0) C-4a, 6a, 6b, 11a

39.3 3.38 ddd (5.0, 6.6, 11.4) C-6, 6b, 10a
119.9
125.2 7.07 d (8.0) C-9, 6a, 10a
107.8 6.35 dd (8.1, 2.1) C-10, 6b
157.2

a 98.9 6.38 d (2.0) C-8, 6b
161.3

b 76.3 5.63 d (6.6) C-1, 6, 6a, 11b, 4a
107.3
23.4 3.39 d (6.3) C-1, 2, 3, 20, 3 0

122.4 5.24 br t (6.8) C-2, 40, 50

135.9
18.4 1.83 s C-20, 30, 5 0

26.2 1.76 s C-20, 30, 4 0

63.5 3.91 s C-1
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location at C-1 (Panichpol and Waterman, 1978). This
was confirmed from HMBC correlation between the meth-
oxyl protons with C-1 and from NOE (in a GOESY exper-
iment) interaction of the methoxyl protons with H-11a (d
5.63) and with methylene protons (d 3.39) at C-1 0 of the
3-methylbut-2-enyl group at C-2. Thus compound 2 was
characterized as 3,9-dihydroxy-1-methoxy-2-(3-methylbut-
2-enyl)pterocarpan. This compound (trivial name edudiol)
was previously isolated from Neorautanenia edulis and its
structure proposed on the basis of chemical inter-conver-
sion and comparison with other pterocarpans (Brink
et al., 1977). Here the first detailed NMR evidence for
the structure of this compound is provided.

Compound 3 was assigned a molecular formula of
C23H26O7 (m/z 414.1678) from HREIMS. A set of ali-
phatic proton signals (d 4.40, dd, J = 5.4, �10.8 Hz; d
4.51, dd, J = �10.8, 11.0 Hz and d 4.23, dd, J = 5.5,
11.0 Hz) and carbon signals (d 70.8, d 47.8 and d 197.9)
in the 1H and 13C NMR spectra (Table 3) are consistent
with compound 3 being an isoflavanone derivative (Tsa-
nuo et al., 2003). The 1H and 13C NMR (Table 3)
revealed the presence of a 3-methylbut-2-enyl, three meth-
oxyl and two hydroxyl substituents on the isoflavanone
skeleton. The presence of an aromatic singlet (d 5.97)
and two ortho-coupled aromatic protons (d 6.91, d,
J = 8.6 Hz and d 6.78, d, J = 8.6 Hz) was also evident
from 1H NMR spectrum. In the MS the fragment ion
at m/z 194 (3a) resulting from retro-Diels Alder (RDA)
Table 3
1H (500 MHz) and 13C (125 MHz) NMR spectral data along with HMBC cor

Position 3 (MeOH-d4) HMBC

dC dH(J in Hz)

2 70.8 4.40 dd (5.4, �10.8)
4.51 dd (�10.8, 11.0)

C-4, 8a, 10 C-4,

3 47.8 4.23 dd (11.0, 5.5) C-2, 4, 10, 2 0, 6 0

4 197.9
4a 102.4
5 161.8
6 108.7
7 164.9
8 94.2 5.97 s C-4a, 6, 7, 8a
8a 161.8
1 0 121.6
2 0 152.2
3 0 142.5
4 0 154.1
5 0 107.7 6.78 d (8.6) C-10, 30, 4 0

6 0 125.1 6.91 d (8.6) C-3, 20, 40

100 20.9 3.25 d (7.1) C-5, 6, 7, 200, 300

200 122.9 5.24 br t (7.3)
300 130.6
400 24.9 1.79 s C-200, 300, 400

500 16.8 1.70 s C-200, 300, 500

5-OH
7-OCH3

2 0-OCH3 60.3 3.87 s C-20

3 0-OCH3 60.0 3.85 s C-30

4 0-OCH3 55.5 3.88 s C-40

6-CH3
cleavage of C-ring indicated the placement of the three
methoxyl groups in B-ring and the two hydroxyl and
the 3-methylbut-2-enyl groups in A-ring. With the bioge-
netically expected oxygenations at C-5 and C-7, the 3-
methylbut-2-enyl group could either be at C-6 or C-8.
In the HMBC spectrum, the singlet at d 5.97 and the
methylene protons (d 4.40, dd, J = 5.4, �10.8 Hz and d
4.51, dd, J = �10.8, 11.0 Hz) at C-2 showed correlation
with C-8a (d 161.8) allowing the assignment of the singlet
at d 5.97 to H-8; consequently the 3-methylbut-2-enyl
group could only be placed at C-6. This was confirmed
by the HMBC experiment, showing the correlations
between the methylene protons at C-100 (d 3.25, d

7.1 Hz) with C-5 (d 161.8), C-6 (d 108.7) and C-7 (d
164.9). In the B-ring, the two ortho-coupled doublets at
d 6.78 and 6.91 (J = 8.6 Hz) can be assigned to H-5 0

and H-6 0 with the three methoxyl groups being at C-2 0,
C-3 0 and C-4 0. The 13C NMR chemical shift positions
for B-ring carbon atoms and the methoxyl groups are
consistent with the placement of the methoxyl groups at
C-2 0, C-3 0 and C-4 0. Hence compound 3 was characterized
as 5,7-dihydroxy-2 0,3 0,4 0-trimethoxy-6-(3-methylbut-2-
enyl) isoflavanone (3) for which the trivial name uncina-
none D is suggested.

Compound 4, C18H18O6 (m/z 330.1103) is also an isof-
lavanone derivative having two methoxyl, two hydroxyl
and a methyl substituents (Table 3). In the EIMS the
fragment ion at m/z 181 (4a) resulting from RDA cleav-
relations of 3 and 4

4 (CDCl3) HMBC

dC dH (J in Hz)

8a 71.0 4.45 dd (�10.9, 5.5)
4.55 dd (�10.9, 11.0)

C-3, 4, 8a, 10 C-3, 4, 8a

47.1 4.31 dd (11.0, 5.5) C-2, 4, 10, 20, 6 0

197.9
103.6
161.1
106.2
165.8
90.8 6.05 s C-6, 7, 8a, 4a
161.9
115.7
158.9
100.0 6.47 d (2.1) C-10, 20, 4 0, 5 0

157.0
107.7 6.41 dd (8.1, 2.1) C-10, 30, 4 0

131.3 6.97 d (8.1) C-3, 20, 40

2.04 s C-5, 6, 7

12.33 s C-4a, 5, 6
56.2 3.89 s C-7
56.0 3.80 s C-20

7.2 2.04, s C-5, 6, 7
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age of C-ring is consistent with the placement of one
hydroxyl (d 12.33 for 5-OH), methoxyl (at C-7) and
methyl (at C-6 or C-8) in A-ring. HMBC correlation of
the methyl protons (d 2.04) with C-5 (d 161.1), C-6 (d
106.2) and C-7 (d 165.8), and correlation of the aromatic
singlet (d 6.05) with C-8a (d 161.9) and C-4a (d 103.6)
allow the assignment of the singlet to H-8 and location
of the methyl at C-6. The placement of latter was con-
firmed by a GOESY experiment, which showed NOE
interaction between the methyl protons (d 2.04) with both
5-OH (d 12.33) and 7-OMe (d 3.89). An AXY spin system
at d 6.97 (d, J = 8.1 Hz), d 6.41 (dd, J = 2.1,8.1 Hz) and d
6.47, (d, J = 2.1 Hz) can be assigned to H-6 0, H-5 0 and H-
3 0 respectively of B-ring, with the remaining methoxyl and
hydroxyl groups being at C-2 0 and C-4 0. A GOESY exper-
iment showed interaction of the methoxyl group (d 3.80)
with H-3 0 (d 6.47), CH2-2 (d 4.45 and d 4.55) and H-3
(d 4.31) consistent with the placement of the methoxyl
group at C-2 0. This was confirmed from the HMBC spec-
trum which showed correlations between the methoxyl
protons (d 3.80) and C-2 0 (Table 3). Thus the new com-
pound is 5,4 0-dihydroxy-7,2 0-dimethoxy-6-methylisoflava-
none (4) for which the trivial name uncinanone E is
assigned.

The known abietane diterpenes, 7-oxo-15-hydroxydehy-
droabietic acid (Ayer and Macaulay, 1987) and 7-hydroxy-
callitrisic acid (Lee et al., 1994) were identified by
comparison of their spectroscopic and physical data with
those reported in the literature.
3. Experimental

3.1. General

UV spectra were recorded on a 168-diode array detector
module attached to a Beckman System gold 126 HPLC sys-
tem on a reverse phase C-18 silica. Mass spectra were
obtained using a VG Autospec spectrometer at 70 eV.
NMR data were acquired using Bruker Avance 500 spec-
trometer. Column chromatography was performed using
silica gel 60 Merck (70–230 mesh).

3.2. Plant material

The seeds of D. uncinatum (Jacq.) DC were purchased
from Western Seed Company, Kitale, Kenya, and planted
in June, 2004 at Mbita Point Field Station (MPFS) of the
International Centre of Insect Physiology and Ecology
(ICIPE), Mbita, Kenya. The plants were uprooted after
four months. The seeds of S. hermonthica were collected
from Striga plants parasitizing maize at MPFS.

3.3. Germination assay

Preparation (surface sterilization and pre-conditioning)
of S. hermonthica seeds was done according to Thuring
et al. (1997). Germination tests were carried out in accor-
dance with Tsanuo et al. (2003) and data subjected to
Tukey’s Studentised Range Test (SAS Statistical package,
version 8.0).
3.4. Extraction and isolation

Fresh roots (7.8 kg) of D. uncinatum were extracted in
CH2Cl2 and dried in vacuo at 40 �C to give 12.3 g of
extract. A part of the extract (9 g) was subjected to vac-
uum liquid chromatography on silica gel eluting with n-
hexane containing increasing amounts of acetone. This
afforded four major fractions each ca.500 ml (A–D): A
(eluted with n-hexane, 1.5 g), B (eluted with 5% acetone
in hexane, 3 g), C (20% acetone in hexane, 490 mg) and
D (eluted with 50% acetone, 4.5 g). Fraction D was
loaded onto a silica gel column and eluted with hexane
containing increasing amounts (5%, 20%, 50%, 75%,
100%) of EtOAc to give five sub-fractions each ca.
200 ml. The sub-fractions that was eluted with 20–75%
EtOAc-hexane were combined and part of this was fur-
ther purified on a semi-prep HPLC (Ultrasphere C-18 col-
umn, 10 mm · 250 mm, 5 lm, gradient elution with
MeCN and H2O mxtures: 50% MeCN in H2O (4 min),
gradual increase to 90% MeCN (19 min), gradual decrease
to 50% MeCN (4 min) and maintained at this level
(3 min) before the next cycle of injection. The flow rate
was 3 ml/min and elution of the compounds was moni-
tored at 215 nm). This yielded four isoflavonoids, 1

(4.7 mg, Rt = 7.7 min), 2 (0.7 mg, Rt = 10.9 min), 3
(1.9 mg, Rt = 16.2 min) and 4 (0.9 mg, Rt = 12.3 min)
and two abietane diterpenes, 7-oxo-15-hydroxydehydroa-
bietic acid (17.8 mg, Rt = 4.8 min) and 7-hydroxycallitrisic
acid (10.5 mg, Rt = 14.5 min).
3.5. Uncinacarpan (1)

White paste. ½a�25
D ¼ �250

�
(c 0.001, MeOH). UV kmax-

(MeOH) nm: 283, 234. IR mmax (NaCl)cm�1: 3580, 2827,
1624, 1608, 1593, 1498, 1456. 1H NMR (Table 2). 13C
NMR (Table 2). EIMS m/z (rel. int.): 300 [M]+ (100),
299 (40), 285 (10), 191 (8), 178 (10), 167 (10), 150 (8). HRE-
IMS m/z 300.0993 [M]+ (Calc. for C17H16O5: 300. 0998).
Compound 1 was acetylated in the usual way to give unci-
nacarpan diacetate as colourless paste. EIMS m/z (rel. int.):
384 ([M]+, 5), 383 (15), 341 (10), 299 (25), 191 (5), 178 (5),
167 (15), 149 (33), 43 (100).
3.6. Edudiol (2)

Amorphous powder. UV kmax(MeOH) nm: 286, 234. IR
mmax (NaCl)cm�1: 3585, 3054, 2927, 1621, 1591, 1495, 1455.
1H NMR (Table 2). 13C NMR (Table 2). EIMS m/z (rel.
int.): 354 [M]+ (100), 299 (46), 283 (22), 147 (8), 123 (8).
HREIMS m/z 354.1467 [M]+ (Calc. for C21H22O5:
354.1467).
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3.7. Uncinanone D (3)

Amorphous powder. UV kmax(MeOH) nm: 295, 235. IR
mmax (NaCl)cm�1: 3661, 2926, 1637, 1605, 1496, 1468. 1H
NMR (Table 3). 13C NMR (Table 3). EIMS m/z (rel.
int.): 414 [M+] (30), 359 [M–C4H7]+ (30), 194 [C11H14O3]+

(100), 181 (85), 179 (30), 165 (10), 151 (10). HREIMS m/z
414.1678 [M+] (Calc. for C23H26O7: 414.1679).

3.8. Uncinanone E (4)

Amorphous powder. UV kmax(MeOH) nm: 291, 236.
mmax (NaCl)cm�1: 2924, 1639, 1618, 1581, 1509. 1H NMR
(Table 3). 13C NMR (Table 3). EIMS m/z (rel. int.): 330
[M+] (30), 181 [C9H9O4]+ (100), 150 (14), 135 (10), 107
(10). HREIMS m/z 330.1103 [M+] (Calc. for C18H18O6:
330.1103).
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