Fitoterapia 95 (2014) 147-153

Contents lists available at ScienceDirect

Fitoterapia

journal homepage: www.elsevier.com/locate/fitote

Flavonoids and stilbenoids from Derris eriocarpa

@ CrossMark
Hong-Xia Zhang ?, Paul-Keilah Lunga P, Zhi-Jian Li *¢, Qin Dai?, Zhi-Zhi Du®*

2 State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201, PR China
b Department of Biochemistry, Laboratory of Phytobiochemistry and Medicinal Plants Study, Faculty of Science, University of Yaoundé 1, P.O. Box 812, Yaoundé, Cameroon
€ School of Life Sciences, Yunnan University, Kunming 650091, PR China

ARTICLE INFO ABSTRACT

One new resveratrol analogue, 1-(3',4’,5'-trimethoxyphenyl)-2-methoxy-2-(4"-methoxyphenyl)-
ethane-1-ol (1), and two new prenylisoflavones, 4’-hydroxy-5,7-dimethoxy-6-(3-methyl-2-
butenyl)-isoflavone (2), and derrubon 5-methyl ether (3), together with 17 known compounds
including one new natural product, 5,7-dihydroxy-3-[4’-O-(3-methyl-2-butenyl)-phenyl]-
isoflavone (4), were isolated from the stems of ethnomedicinal plant Derris eriocarpa How.
(Leguminosae). Their structures were elucidated based on chemical evidence and spectroscopic
techniques including two-dimensional NMR methods. All compounds are reported from this
species for the first time. Antimicrobial activities of the new compounds were evaluated.
Compound 2 exhibited good inhibitory activities against Candida guilliermondii, C. albicans and
Microsporium gypseum with the minimal inhibitory concentration (MIC) values of 12.5 pg/ml.
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1. Introduction

Derris eriocarpa How, belonging to the Leguminosae family,
is commonly known as ‘Tugancao’ in ‘Zhuang’ and ‘Dai’
ethnopharmacy in Guangxi and Yunnan Province of China [1].
The dried stems of the plant are used to relieve cough and
reduce sputum, as well as in the treatment of nephritis, cystitis,
urethritis, beriberi edema and cough [2]. The aqueous, ethanol
and n-butanol extracts of D. eriocarpa have been reported to
possess cough-relieving, sputum-reducing, anti-inflammatory
and analgesic effect; meanwhile the aqueous and ethanol
extracts showed no acute toxic response in mice with maximal
tolerance dose of 62.8 and 96 g/kg [3-7]. Despite its long
time use in folk medicine and diverse activities, there are no
systematic chemical and bioactivity studies on D. eriocarpa.
Only one preliminary chemical test reported that the plant may
contain the components such as amino acid, polypeptide,
protein, saccharide, polysaccharide, glycoside, saponin, organic
acid, flavone, anthraquinone, cardiac glycoside, triterpene and
phenols [8]. During our research on unique ethnomedicinal
materials from Yunnan province, the plant was selected for
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further investigation on its chemical constituents and bioac-
tivity. In this study, one new resveratrol analogue (1) and two
new prenylisoflavones (2,3) together with 17 known com-
pounds (4-20), including one new natural product, 5,7-dihy-
droxy-3-[4"- O-(3- methyl-2-butenyl)-phenyl]-isoflavone (4),
(Fig. 2), have been isolated from the stems of D. eriocarpa, and
reported here for the first time. In addition, the antimicrobial
activities of the new compounds were evaluated against
bacteria, yeasts and dermatophytes. Herein, we describe the
isolation, structure elucidation and the antimicrobial activities
of the new compounds.

2. Experiment part
2.1. General experiment procedure

Optical rotations were measured with a Horiba Sepa-300
polarimeter. UV spectra were obtained using a Shimadzu
UV-2401A spectrophotometer. A tensor 27 spectrophotome-
ter was used for scanning IR spectroscopy using KBr pellets.
1D and 2D NMR spectra were measured on Brucker AM-400
and DRX-500, Avance III 600 with tetramethylsilane (TMS) as
internal standard. Unless otherwise specified, chemical shifts
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(6) were expressed in ppm with reference to the solvent
signals. ESIMS was obtained on an API-Qstar-Pulsar-1 spec-
trometer. HREIMS was recorded on a Waters AutoSpec Premier
P776 spectrometer.

Column chromatography (CC) was done using silica gel
(100-200 or 200-300 mesh, Qingdao Marine Chemical Ltd.
Co., China) and Lichroprep RP-18 gel (40-63 pm, Merch,
Germany), TLC was performed on silica gel GF254 (Qingdao
Marine Chemical Led. Co., China), and spots were visualized
by heating silica gel plates sprayed with 10% H,SO4.

2.2. Plant material

The fresh stems of D. eriocarpa were collected in Jingxi,
Guangxi Province, China and identified by Prof. Wang Lisong.
A voucher specimen (No.11-32219) has been deposited in
the Herbarium, Kunming Institute of Botany, Chinese Acad-
emy of Sciences (KUN).

2.3. Extraction and isolation

The air-dried and powdered stems of D. eriocarpa (6 kg)
were extracted 3 times with 80% aqueous MeOH at room
temperature. After evaporation of MeOH under reduced pres-
sure, the aqueous residue was partitioned with petroleum ether,
CHCl3, EtOAc and n-BuOH to yield petroleum portion (150 g),
EtOAc portion (12 g), n-BuOH portion (80 g). The CHCI; portion
(150 g) was absorbed on silica gel and chromatographed on
silica gel column, eluted with a gradient system of petroleum
ether-acetone (1:0,50:1,25:1,9:1, 8:2, 7:3,6:4, 5:5) to give 10
fractions (CP1-10); CP4 afforded 5 (2 g) after repeated
crystallizing. CP6 (26 g) was absorbed on silica gel and
chromatographed on silica gel column, eluted with a gradient
system of petroleum ether-ethyl acetate (15:1, 5:1, 3:1) to give
10 fractions (CP6,_j); CP6. (300 mg) was applied repeatedly to
CC over silica gel to afford 4 (20 mg), 7 (17 mg), 10 (25 mg),
11 (15 mg); CP6; (3 g) afforded 2 (20 mg), 3 (15 mg),6 (2 g),
8 (10 mg), 16 (5 mg). CP6; (2 g) afforded 1 (50 mg), 9 (5 mg),
13 (40 mg). CP8 (10 g) was absorbed on silica gel and
chromatographed on silica gel column, eluted with a gradient
system of chloroform-acetone (1:0,30:1,10:1,4:1,1:1,0:1) to
give 7 fractions (CP8,_g); CP8. (50 mg) was applied repeatedly
to CC over silica gel to afford 12 (30 mg), and CP8; (600 mg)
afforded 14 (140 mg). The EtOAc portion (12 g) was absorbed
on silica gel and chromatographed on a silica gel column, and
eluted with a gradient system of chloroform-acetone (1:0,
60:1, 20:1, 10:1, 5:1, 2:1, 1:1, 0:1) to give 10 fractions (EP1-
10). EP6 (100 mg) afforded 15 (60 mg) and EP9 (300 mg)
afforded 20 (35 mg) after applied repeatedly to CC over silica
gel. The n-BuOH portion (80 g) was subjected to a Diaion D101
column eluted with 30%, 50%, 70%, and 100% EtOH. The 30%
EtOH fraction (recorded as BP1, 15 g) was then absorbed on
silica gel and chromatographed on silica gel column, eluted
with a gradient system of CHCl;-MeOH (15:1, 10:1, 5:1, 3:1,
1:1,0:1) to give 7 fractions (BP1,_g). After applied repeatedly to
CC over silica gel, BP1. afforded 19 (120 mg), BP1, afforded 17
(25 mg), and BP1, afforded 18 (100 mg).

1-(3',4',5'-trimethoxyphenyl)-2-methoxy-2-(4”-methox-
yphenyl)-ethane-1-ol (1): Gray oil, UV (MeOH) Apax(nm)
(log €): 274 (3.02), 204(4.25); IR (KBr) Vmax cm™ ': 3455
(OH), 2938, 1592, 1511, 1461, 1420, 1243, 1126, 833; H NMR

and C NMR data, see Table 1; ESI-MS m/z 371 [M + Na]™";
HR-EI-MS m/z 348.1582, [M]" (calcd for C;9H»406, 348.1582).

4'-hydroxy-5,7-dimethoxy-6-(3-methyl-2-butenyl)-isofla-
vone (2): White amorphous powder, UV (MeOH) Apax(nm)
(log €): 260 (4.15),203 (4.19); IR (KBr) Vpmax cm™ ': 3415 (OH),
2916, 1629, 1610,1515, 1453, 1435, 1250. 'H NMR, see Table 2
and 3C NMR data, see Table 3; ESI-MS m/z 389, [M + Na]™;
HR-EI-MS m/z 366.1440 [M] ™" (calcd for C,H»,0s, 366.1440).

Derrubon 5-methyl ether (3): White amorphous powder,
UV (MeOH) Amax(nm) (log €): 293 (3.77), 258 (3.93), 204
(4.13); IR (KBr) Vax cm™ ': 3222(0H), 1632, 1582, 1489, 1433,
1243, 'H NMR, see Table 2 and '>C NMR data, see Table 3;
ESI-MS m/z 403, [M + Na]™; HR-EI-MS m/z 380.1269 [M]"
(calcd for C22H2005, 3801269)

5,7-Dihydroxy-3-[4’-0-(3-methyl-2-butenyl)-phenyl]-
isoflavone (4): White amorphous powder, UV (MeOH)
Amax(nm) (log €): 264 (4.33), 202 (4.32); IR (KBr) Vpax cm™ 1
3423, 1655, 1572, 1513, 1287, 1246, 1176, 1044, 1004, 836;
THNMR see Table 2 and '>*CNMR data see Table 3; ESI-MS (m/z
338, [M + HJ™; m/z 361, [M + Na]™).

2.4. Antimicrobial assay

Microorganisms and culture media: The microorganisms
used in this study included three bacteria strains: Enterococcus
faecalis ATCC 10541, Staphylococcus aureus ATCC 25922 and
Providensia smartii ATCC29916; three yeasts: Candida albicans
ATCC 2091, Cryptococcus neoformans IP 90526 and Candida
guilimondis (clinical isolate) and three dermatophytes:
Trichophyton mentagrophytes E1425, Microsporium gypseum
E1420 and Trichophyton terrestre E1422. They were obtained
from the American Type Culture Collection (ATCC), “Ecole
Nationale Vétérinaire d'Alfort” (E), “centre Pasteur” of Yaounde
Cameroon and “Institut Pasteur de Paris” (IP). The culture
media, Nutrient Agar (NA, Conda) and Sabouraud Dextrose
Agar (SDA, Conda), were used for culturing bacteria and fungi

Table 1

NMR data of Compound 1 recorded in CDCl5 (6 in ppm, J in Hz).
No. 'H NMR? 13C NMR® HMBC
1 4.54 (d, 8.4) 78.5 (d) 6.17,3.97,
2 3.97 (d, 8.4) 88.7 (d) 6.92,6.17, 4.54, 3.25
1 134.8 (s) 4.54,3.97
2 6.17 (s) 103.9 (d) 6.17, 4.54
3 152.4 (s) 6.17, 3.62
4 136.9 (s) 6.17,3.73
5 1524 (s) 6.17, 3.62
6’ 6.17 (s) 103.9 (d) 6.17,4.54
1" 1294 (s) 6.75, 4.54
2" 6.92 (d, 84) 128.9 (d) 6.92, 3.97
3" 6.75 (d, 8.4) 1134 (d) 6.92, 6.75
4" 159.3 (s) 6.92, 6.75, 3.71
5" 6.75 (d, 8.4) 1134 (d) 6.92, 6.75
6" 6.92 (d, 84) 128.9 (d) 6.92,3.97
2-0OCHj3 3.25 (s) 56.6 (q) 3.97
3'-0CH3 3.62 (s) 55.7 (q)
4'-0CH3 3.73 (s) 60.7 (q)
5'-OCH3 3.62 (s) 55.7 (q)
4"-0CH3 3.71 (s) 55.1 (q)

9 Measured at 400 MHz.
b Measured at 100 MHz.
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Table 2

'H NMR data of compounds 2-4 (6 in ppm, J in Hz).
No 2? 3P 4°
2 7.80 (s) 8.15 (1H, s) 8.20 (1H, s)
3
4
4a
5
6 6.29 (d, 2.4)
7
8 6.66 (s) 6.66 (s) 6.42 (d, 2.4)
8a
1
2 7.33 (d, 8.0) 7.06 (s) 7.54 (d, 8.4)
3 6.83 (d, 8.0) 6.99 (d, 8.4)
4
5/ 6.83 (d, 8.0) 6.93 (d, 8.0) 6.99 (d, 8.4)
6 7.33 (d, 8.0) 6.96 (d, 8.0) 7.54 (d, 8.4)
7 342 (d, 6.7) 3.26 (d, 6.7) 4.60 (d, 6.6)
8 5.18 (t, 6.4) 512 (t) 5.49 (t, 6.6)
9/
10’ 1.67 (s) 1.60 (s) 1.78 (s)
11 1.79 (s) 1.71 (s) 1.76 (s)
5-0OCH3 3.87 (s) 3.69 (s)
7-OCH3 3.92 (s)
OCH,0 6.01 (s)
5-OH 13.02 (s)
7-OH 9.79 (s)

@ Measured at 400 MHz in CDCls.
b Measured at 400 MHz in DMSO-ds.
¢ Measured at 600 MHz in acetone-de.

respectively, while Mueller Hinton Broth (MHB, Conda), and
Sabouraud Dextrose Broth (SDB, Conda) were used for the
determination of minimum inhibitory concentrations (MIC).

Table 3
13C NMR and HMBC data of compounds 2-4 (6 in ppm).

Preparation of microbial inocula: The inocula of bacteria
and yeasts were prepared from 24 h and 48 h old agar cultures
respectively. The absorbance was read at 600 and 530 nm
respectively and adjusted with sterile physiological solution to
an optical density of 0.10 (0.5 McFarland standards). These
solutions corresponded to about 10® colony-forming units
(CFU) per milliliter and 2.5 x 10° cells/ml for bacteria [9] and
yeasts [10] respectively. From the prepared bacterial solutions,
other dilutions with sterile physiological solution were pre-
pared to give a final concentration of 10® CFU/ml for bacteria
[11]. Conidia suspensions of dermatophyte species were
prepared from 10 day old cultures. The number of conidia
was determined using a spectrophotometer and adjusted
with sterile saline (NaCl) solution (0.9%) to an absorbance of
0.600 at 450 nm (Jenway 6105 UV/Vis spectrophotometer-
50 Hz/60 Hz) corresponding to a final concentration of about
4 x 10 spores/ml [12].

Determination of minimum inhibitory concentration (MIC):
The MICs of the isolated compounds were determined by the
broth microdilution method in 96-well micro-titre plates as
described by Tchakam et al. [13]. The 96-well plates were
prepared by dispensing into each well 100 pl of Mueller Hinton
Broth for bacteria and Sabouraud Dextrose broth for fungi. The
test substances were initially prepared in 10% DMSO in broth
medium at 400 pg/ml for compounds or 50 pg/ml for the
reference antibiotics. A volume of 100 ul of each test sample
was added into the first wells of the micro-titre plate (whose
wells were previously loaded with 100 pl of broth medium).
Serial two-fold dilutions of the test samples were made and
100 pl of the inocula prepared above was added into respective
wells [9]. This gave final concentration ranges of 100 to
0.781 pg/ml for the compounds and 12.5 to 0.097 pg/ml for

No 2 in CDCl3 3 in DMSO-dg 4 in acetone-dg
& HMBC &¢c? HMBC 5> HMBC
2 150.5 (d) 151.4 (d) 154.5 (d)
3 126.0 (s) 7.80,7.33 124.1 (s) 8.15, 7.06, 6.96 123.8 (s) 8.20, 6.99
4 1754 (s) 7.80, 6.66 173.5 (s) 8.15, 6.66 181.6 (s) 13.02, 8.20, 7.54, 6.42, 6.29
4a 112.9 (s) 6.66 111.2 (s) 8.16, 6.66 106.1 (s) 13.02, 6.42, 6.29
5 158.0 (s) 3.87,3.42 158.0 (s) 3.69, 3.26 163.9 (s) 13.02, 6.29
6 1223 (s)¢ 6.66, 3.42 1204 (s) 6.66, 3.26 99.9 (d) 13.02, 6.42
7 162.2 (s) 6.66, 3.92, 3.42 160.7 (s) 6.66, 3.26 165.1 (s) 6.42
8 95.1 (d) 3.92 98.3 (d) 94.5 (d) 6.29
8a 157.8 (s) 7.80, 6.66 156.8 (s) 8.15, 6.66 159.0 (s) 8.20, 6.42
1 123.8 (s) 7.80, 6.83 126.0 (s) 8.15, 6.93 124.0 (s) 8.20, 6.99
2! 130.4 (d) 7.33,7.80 109.7 (d) 6.96 131.1 (d) 7.54, 6.99
3 115.6 (d) 6.83 146.9 (s)¢ 7.06, 6.96, 6.93, 6.01 115.2 (d) 7.54, 6.99
4 155.9 (s) 7.33,6.83 146.8 (s)¢ 7.06, 6.96, 6.93, 6.01 159.9 (s) 7.54, 6.99, 4.60
5/ 115.6 (d) 6.83 108.0 (d) 7.06 115.2 (d) 7.54, 6.99
6’ 130.4 (d) 7.33,7.80 122.5 (d) 7.06 131.1 (d) 7.54, 6.99
7 22.3 (t) 5.18 22.0 (t) 6.66, 5.12 65.4 (t) 5.49
8’ 122.4 (d)© 3.42,1.79, 1.67 122.8d) 3.26, 1.71, 1.60 121.1 (d) 4.60, 1.78, 1.76
9’ 131.8 (s) 3.42,1.79, 1.67 130.6 (s) 3.26, 1.71, 1.60 137.9 (s) 4,60, 1.78, 1.76
10’ 25.7 (q) 5.18,1.79 25.5(q) 5.12,3.26, 1.71 25.8 (q) 5.49, 1.76
11/ 17.8 (q) 5.18,1.67 17.7 (q) 5.12, 1.60 182 (q) 5.49,1.78
5-OCH3 62.3 (q) 61.2 (q)
7-OCH3 55.9 (q)
OCH,0 101.0 (CHy)

2 Measured at 100 MHz.
b Measured at 150 MHz.
¢ Interchangeable.
4 Interchangeable.
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reference substances. The plates were sealed with parafilm,
then agitated with a plate shaker to mix their contents and
incubated at 35 °C for 24 h for bacteria, 48 h for yeast and at
28 °Cfor 5 days for dermatophytes.

For bacteria, MICs were determined upon addition of
50 W (0.2 mg/ml) p-iodonitrotetrazolium chloride (INT,
Sigma-Aldrich). Viable bacteria reduced the yellow dye to a
pink colour. For yeasts and dermatophytes, MICs were
determined by visualizing the turbidity of the wells. The
MIC corresponded to the lowest well concentration where no
colour/turbidity change was observed, indicating no growth
of microorganism. All tests were performed in triplicates.
Gentamycin for bacteria, nystatin for yeast and griseofulvin
for dermatophytes were used as positives controls.

3. Results and discussion

Compound 1, was obtained as gray oil, [«t]17 D —4.2 (c 0.26,
MeOH). The molecular formula, C;9H,406, with eight degrees of
unsaturation, was deduced by high-resolution (HR) EI-MS (m/z
348.1582, [M]*"), which was compatible with the results of
ESI-MS (m/z 371, [M + Na]*) and NMR data analysis. The UV
spectrum exhibited maxima at A,.x (MeOH) 274 nm, 204 nm
(log € 3.02, 4.25). The IR spectrum suggested the presence
of hydroxyl group (3455 cm™') and aromatic ring (1592,
1511 cm™ ). The "H NMR spectrum (Table 1) of 1 contained
four sets of signals, including one set of ortho-coupled protons
assignable to an AA’BB’-type phenyl group [6y: 6.92, 6.75
(2H each, d, ] = 8.4 Hz)], a set of protons assignable to
1,3,4,5-tetrasubstituted phenyl group (6y: 6.17, 2H, s), two
aliphatic protons [6y: 4.54, 3.97 (1H each, d, ] = 8.4 Hz)], and
four methoxyl groups. The '>C NMR spectrum (Table 1)
exhibited 19 signals. Comparing its 'H NMR and '>C NMR
spectrum with those of compound 5 [14], the significant
difference was observed at benzylic signals; the benzylic
double bond of 5 was saturated and oxygenated. The hydroxyl
positioned at C-1 and the methoxyl positioned at C-2 were
disclosed by the HSQC and HMBC correlations (Fig. 1 and

OMe

</ OMe

OMe
) ~

( O < OMe

O
weo >

1

Table 1). HMBC correlations were observed from the protons at
6y 6.17 (H-2’ and H-6") to the carbon at 6¢c 78.5 (d, C-1), from
the protons at 6y 3.25 (3H, s) to the carbon at ¢ 88.7 (d, C-2),
from the protons at 6y 6.92 (H-2"” and H-6") to the carbons at 6¢
159.3 (s, C-4") and 88.7 (d, C-2). Based on the coupling constants
of the two aliphatic protons (J] = 8.4 Hz), the hydroxyl and
methoxyl should be in the threo form [15,16]. Thus, the
structure of 1 was elucidated as 1-(3',4’,5'-trimethoxyphenyl)-
2-methoxy-2-(4"-methoxyphenyl)-ethane-1-ol.

Compound 2, was obtained as white amorphous powder. The
molecular formula, Cx;H3,05, with 12 degrees of unsaturation,
was deduced by high-resolution (HR) EI-MS (m/z 366.1440,
[M]*), which was compatible with the results of ESI-MS (m/z
389, [M + Na]*) and NMR data analysis. The UV spectrum
exhibited maxima at A, (MeOH) 260 nm, 203 nm (log € 4.15
and 4.19). The IR spectrum suggested the presence of hydroxyl
group (3415 cm™!) and aromatic ring (1629, 1610 cm™ ). The
TH NMR spectrum (Table 2) displayed two sets of signals at 6y
7.33 and 6.83 (each 2H, d,] = 8.0 Hz) ascribed to a p-substituted
phenyl, one aromatic and one olefinic proton singles at 6y 6.66
and 7.80 (each 1H, s), two methoxyl groups at 6y 3.92 and 3.87
(each 3H, s). The 'H NMR spectrum also exhibited a 3-
methyl-2-butenyl group [6y 3.42 (2H, d, ] = 6.7 Hz), 5.18 (1H,
t, ] =64 Hz), 1.67 and 1.79 (each 3H, s)]. The C NMR
spectrum (Table 3) showed 22 carbon signals corresponding to
a prenylated isoflavone derivative with two methoxyl groups.
One methoxyl group (64 3.92, 3H, s) positioned at C-7, was
confirmed by the HMBC correlations (Fig. 1 and Table 3) from the
protons at 6y 3.92 (3H, s) to the carbon at 6¢c 162.2 (s, C-7), from
the proton at 6y 6.66 (H-8) to the carbons at 6¢ 175.4 (s, C-4),
162.2 (s, C-7), 157.8 (s, C-8a), and 112.9 (s, C-4a). The other
methoxyl group (6y 3.87, 3H, s) was positioned at C-5 by the
HMBC correlations from the protons at 6, 3.87 and the protons at
6y 3.42 (H-7') to the carbon at 6¢ 158.0 (s, C-5). Therefore, the
structure of 2 was determined as 4’-hydroxy-5,7-dimethoxy-6-
(3- methyl-2-butenyl)-isoflavone.

Compound 3, was obtained as white amorphous powder.
The molecular formula, C;;H00s, with 13 degrees of

Fig. 1. The selected key HMBC correlations of 1-4.
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unsaturation, was deduced by high-resolution (HR) EI-MS (m/z
380.1269, [M]"), which was compatible with the results
of ESI-MS (m/z 403, [M + Na]*) and NMR data analysis. The
UV spectrum exhibited maxima at An.x (MeOH) 293 nm,
258 nm, 204 (log ¢ 3.77, 393 and 4.13). The IR spectrum
suggested the presence of hydroxyl group (3222 cm™!') and
aromatic ring (1632, 1582 cm™!). Comparison of its 'H NMR

spectrum (Table 2) with that of compound 11 [17] showed that,
for compound 3, the signal of 5-OH or 7-OH in compound 11 was
replaced by the signal of a methoxyl group (6y: 3.69, 3H, s) and it
was confirmed in the spectrum by the corresponding signals (6c:
61.6). It assigned the 7-OH and 5-OMe from the HMBC cor-
relations from the protons at 6y 6.66 (H-8) to the carbons at 6¢
173.5 (s, C-4), 111.2 (s, C-4a), 1204 (s, C-6), 160.7 (s, C-7) and

2 R1=R3=OM9, R2=A, R4=H, R5=OH
3 R;=OH, R,=A, R3=OMe, R,=R5=-OCH20-
4 R1:R3:OH, R2:R4:H, R5:-OA

11 R1 =R3=OH, R2=A, R4=R5=-OCH20-
12 Ry=OH, R,=OMe, R3=H, R4=R5=-OCH20-
13 R1=0Me, R2=R3=R4=H, R5=OH
14 R1 =R5=OH, R2=R3=R4=H

0
OMe OCH, O o>

HO

HO

MeO
OMe o

16

Fig. 2. The structure of compounds 1-20.
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156.8 (s, C-8a), and from the protons at 6y 3.69 (3H, s) to the
carbon at 6¢ 158.0 (s, C-5), as well as from the protons at 6y 3.26
(H-7") to the carbon at 6¢ 158.0 (s, C-5), 120.4 (s, C-6), and 160.7
(s, C-7) (Fig. 1 and Table 3). Thus, the structure of 3 was
elucidated as 7-hydroxy-5-methoxy-6-(3-methyl-2-butenyl)-
3’,4’-(methylenedioxy)-isoflavone, and named as derrubone
5-methyl ether.

Compound 4, was obtained as white amorphous powder.
The molecular formula, C;oH;50s, with 12 degrees of un-
saturation, was deduced by ESI-MS (m/z 338, [M + H|"; m/z
361, [M + Na]*) and NMR data analysis. The UV spectrum
exhibited maxima at Apax (MeOH) 264 nm, 202 nm (log &
433, 432). The IR spectrum suggested the presence of
hydroxyl group (3423 cm™!) and aromatic ring (1655,
1572 cm™'). The 'H NMR spectrum (Table 2) showed two
phenolic hydroxyl groups at 6y 13.02, 9.79 (each 1H, s), an
aromatic or olefinic proton at 6y 8.20 (1H, s), two sets of
signals at 6y 7.54 and 6.99 (each 2H, d, ] = 8.4 Hz) ascribed
to a p-substituted phenyl, two meta-coupled aromatic
protons at 6y 6.29 and 6.42 (each 1H, d, J = 2.4 Hz), a
0-(3-methyl-2-butenyl) group [6y 4.60 (2H, d, ] = 6.6 Hz),
5.49 (1H, t, ] = 6.6 Hz), 1.78 and 1.76 (each 3H, s)]. The >C
NMR spectrum (Table 3) showed 22 carbon signals. Comparison
of its '"H NMR and '>C NMR spectrum with those of genistein [18]
showed that, for compound 4 the signal of one phenolic hydroxyl
group of the later compound was replaced by an O-(3-
methyl-2-butenyl) group. The O-(3-methyl-2-butenyl) group in
compound 4 positioned at C-4/, was confirmed by the HMBC
correlations from the protons at 6y 7.54 (H-2’ and H-6'), 6.99
(H-3’" and H-5’) and 6y 4.60 (H-7") to the carbon at 6¢ 159.9 (s,
C-4’). The 5-OH and 7-OH were further supported by the HMBC
correlations (Fig. 1 and Table 3) from the proton at 6y 13.02
(5-OH) to the carbons at 6¢c 181.6 (s, C-4), 163.9 (s, C-5),99.9 (d,
C-6), from the proton at 6y 642 (1H, d, ] = 2.4 Hz) to the
carbons at 6c 181.6 (s, C-4), 106.1 (s, C-4a), 99.9 (d, C-6), 165.1
(s, C-7), 159.0 (s, C-8a) respectively. In a previous phytochem-
istry investigation, compound 4 had been synthesized [19];
however NMR spectral data were not available. In the present
study, we carried out detailed NMR data analysis and con-
firmed its structure as 5,7-dihydroxy-3-[4’-O-(3-methyl-2-
butenyl)-phenyl]-isoflavone.

The known compounds were 3,4,4',5-tetramethoxystilbene
(5) [14], robustic acid (6) [20,21], 4-hydroxy-3-[4’-0-(3,3-

dimethylallyl)phenyl]-5-methoxy-2",2"-dimethylpyrano-
(5",6":6,7)-coumarin (7) [22], derrusnin (8) [23], medicagol
(9) [24,25], maackiain (10) [26], derrubone (11) [17],
6-methoxy-7-hydroxy-3’,4’-methyl-ene-dioxyisoflavone (12)
[27], formononetin (13) [28], daidzein (14) [29], (3S)-vestitol
(15) [30], coniferaldehyde (16) [31], 3-adenosine (17) [32,33],
alangioside A (18) [34], ampelopsisionoside (19) [32], and
(3S,5R,6S,7E,9R)-3,6-dihydroxy-5,6-di-hydro-£3-ionol (20) [35]
(Fig. 2), which were identified comparison of their physical and
spectroscopic data with those reported in the literature.

The new compounds 1-3 were evaluated for their anti-
microbial activities against three bacterial, three yeasts and
three dermatophytes strains, and the MIC values were
summarized in Table 4. The results showed that bacteria
were more resistant to these compounds compared to fungi,
with Providencia stuartii being the most susceptible strain.
Compound 2 exhibited inhibitory activities against most of the
tested microbial strains, in which the best activities showed on
Candida guilliermondii, C. albicans, and M. gypseum with the
minimal inhibitory concentration (MIC) values of 12.5 pg/ml.
Compound 3 showed inhibitory activities against six tested
microbial strains in which the lowest MIC value of 25 pg/ml
on four of the tested trains. It is worth noting that the antifungal
activity of compounds 2 and 3 on T. mentagrophytes (with
MIC value of 25 pyg/ml) and M. gypseum (with MIC values of
12.5 pg/ml and 25 pg/ml, respectively) was close to that of the
reference drug, as well as compound 2 on C. albicans. Compound
1 showed better inhibitory activity against the tested yeast
strains compared to bacterial and dermatophyte strains. Thus
these compounds showed varied activities depending on the
type and species of the microorganism. In the previously anti-
microbial activities investigation, isoflavone erythrinin B isolated
from Erythrina porppigiana had been reported to possess anti-
bacterial activity against methicillin-resistant S. aureus with MIC
value of 6.25 pg/ml [36]. In our study, the new isoflavones
compound 2 and 3 have antibacterial activity against S. aureus
with a MIC value more than 100 pg/ml. Comparing erythrinin B
with compounds 2 and 3, it was observed that more than one
hydroxyl groups in erythrinin B were replaced by methoxyl
groups. So we infer that the hydroxyl groups in this type
compounds may contribute to the antibacterial activity.

In conclusion, twenty compounds were isolated from 80%
methanol extract of the D. eriocarpa stem for the first time,

Table 4

Anti-microorganism activities of new compounds 1-3RD: Reference drug (Gentamycin for bacteria, Nystatin for yeasts and Griseofulvin for dermatophytes).
Microorganism MIC pg/ml

Comp.1 Comp.2 Comp.3 RD

Bacteria
Staphylococcus aureus >100.000 >100.000 >100.000 0.195
Providencia stuartii 100.000 100.000 25.000 0.195
Enterococcus faecalis 100.000 >100.000 >100.000 1.963
Yeast
Cryptococcus neoformans 100.000 50.000 >100.000 6.250
Candida guilliermondii 50.000 12.500 25.000 3.125
C. albicans 50.000 12.500 50.000 6.250
Dermatophyte
Trichophyton mentagrophytes >100.000 25.000 25.000 12.500
T. terrestre 100.000 100.000 50.000 12.500
Microsporium gypseum 100.000 12.500 25.000 3.125
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and three of them are new (1, 2 and 3), together with a new
natural compound (4). The compound types reported here
include resveratrol analogues, prenylisoflavones, coumarins
and ionoe derivatives. In the antimicrobial bioassay, com-
pound 2 showed the best inhibitory activities against three of
the tested microbial strains. The above mentioned informa-
tion makes the present study a starting and vital aspect for
systemic investigation of the ethnomedicinal plant.
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