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Abstract—Three new prenylflavonoids, namely corylifols A—C (1-3), together with 13 known ones, were isolated from the seeds of
Psoralea corylifolia. Their structures were elucidated by spectral methods including 1D and 2D NMR techniques. All the isolates
were tested on antibacterial assays, and nine of them showed significant antibacterial activities against two pathogenic bacteria
Staphylococcus aureus and S. epidermidis. The antibacterial structure—activity relationship of these prenylflavonoids (1-16) was also

briefly discussed.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

The seeds of Psoralea corylifolia L. (Fabaceae), a well-
known traditional Chinese medicine, are widely applied
for the cure of gynaecological bleeding, vitiligo and
psoriasis. A number of chemical constituents including
coumarins, flavonoids and meroterpene phenols were
isolated from this plant, and some of which exhibited
antibacterial, antitumour, broadening coronary artery
and estrogen-like activities.! There were also several
reports on antioxidative,? antiplatelet,>” DNA polymer-
ase and topoisomerase II inhibition* and osteoblastic
proliferation stimulating® activities of the plant extracts
or its constituents in later years. Quite recently, a simple
flavonoid, 4'-methoxy flavone, from this plant was re-
ported to display antifungal activities,® and a few cou-
marins of this plant were showed antibacterial
activities.” During our antibacterial screening pro-
gramme, the ethanol extract of the seeds of P. corylifolia
showed remarkable growth inhibitory effects against two
major hospital pathogenic bacteria, Staphylococcus
aureus and S. epidermidis. This extract, when examined
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by TLC, proved to contain bakuchiol, a meroterpene
phenol, which was initially isolated from this plant and
reported as an antibacterial agent.® After removal of
bakuchiol and some fatty acids by column chromato-
graphy in a small scale sample, the remained part of this
extract showed more strong antibacterial activity,
inferring that the antibacterial components of this plant
are more than bakuchiol. The ethanolic extract was then
partitioned with petroleum ether and ethyl acetate suc-
cessively to yield two major antibacterial fractions PE
and EA, respectively. The fraction PE contained mainly
bakuchiol, while the fraction EA mainly contained
prenylflavone derivatives (also a small amount of bak-
uchiol). An antibacterial bioassay-guided fractionation
and purification of the EA fraction were then carried
out. In addition to the isolation of a series of potent
antibacterial prenylflavone derivatives, some other
inactive analogous were also collected and tested for the
antibacterial SAR discussion. Herein, we present the
isolation and structural elucidation of three new flavo-
noids corylifols A-C (1-3), along with thirteen known
compounds 4-16 isolated from the seeds of P. corylifo-
lia. This paper also dealt with the antibacterial evalua-
tion of all the isolates against S. aureus ATCC 25923
and S. epidermidis ATCC 12228 in vitro, and a brief
antibacterial SAR discussion. Among the tested com-
pounds, nine of them 2, 4-10 and 16 showed significant
antibacterial activities against the tested microbes at the
level of MICs 0.009-0.073 mM.
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2. Results and discussion
2.1. Structural elucidation of three new compounds

Compound 1, obtained as a light yellow amorphous
powder, showed the molecular formula as C,sH,sO4
determined by HREIMS at m/z 390.1833 [M]* (calcu-
lated 390.1831). Its '"H NMR spectrum indicated the
signals of two 1,3,4-trisubstituted benzene rings and a
typical proton signal at 6 8.08 (s) assignable for the H-2
of isoflavonoid. Comparison of its 'H and *C NMR
spectral data (Table 1) with those of a known compound
neobavaisoflavone (4),” which also isolated from this
plant showed a characteristic 3’-alkyl-4',7-dihydroxy-
isoflavone features. A typical geranyl moiety of 3".7"-
dimethyl-octa-2",6"-dienyl was also inferred by its 'H
and PC NMR spectral data. In the NOESY spectrum of
1 (Fig. 2), an aromatic proton signal at § 7.32 (d,
J = 1.8 Hz) correlated with H-2 was assigned to H-2/,
which was correlated with the proton signals at 6 3.34
(2H, d, J =7.0Hz) attributable to the H,-1” of the
geranyl moiety, suggesting that the geranyl moiety was
attached to C-3'. In the HMBC spectrum (Table 1), the
strong correlation between H,-1” and the carbon signal
at ¢ 128.30 assignable to C-3’ confirmed the linkage of
the geranyl moiety. On the basis of above evidences,
compound 1 was elucidated to be 4',7-dihydroxy-3'-
geranylisoflavone, namely corylifol A as showed in
Figure 1. The 'H and *C NMR spectral data were
completely assigned (Table 1) by extensive analysis of its
1D and 2D NMR ('H, 3C NMR, NOESY, HMQC and
HMBC) spectra.

Compound 2 was obtained as a brown amorphous
powder. The molecular formula of 2 was arranged to be
CyHO5 by HREIMS at m/z 340.1315 [M]* (calculated
340.1311). Analysis of its 'H and *C NMR spectral
data (Table 2) revealed a typical feature of chalcone
analogues comprising of one 1,3,4-trisubstituted ben-
zene ring, one 1,2,3, 4-tetrasubstituted benzene ring and
a prenyl moiety. Comparison of its 'H and '3C NMR
spectral data with those of a known compound iso-
bavachalcone (5) also obtained in the current research,
showed that the only difference was presence of one
more hydroxyl at C-3' in compound 2. The prenyl
moiety was linked to the C-3 by the correlation between
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the H,-1" (6 3.37,2H, d,J = 7.1 Hz) and C-3 at 6 115.28
in the HMBC spectrum. Two hydroxyls at C-3',4" were
confirmed by the coupling patterns of the 1,3,4-trisub-
stituted benzene ring and the correlations of H-c at o
7.77 (d, J = 15.4 Hz) with H-2' (6 7.35, d, J =1.9Hz)
and H-6' (0 7.22, dd, J =1.9, 8.2Hz) in its NOESY
spectrum (Fig. 2). Compound 2 was therefore deter-
mined to be 3’-hydroxyisobavachalcone, namely coryli-
fol B, as shown in Figure 1.

Compound 3 was obtained as a yellow amorphous
powder. The molecular formula of 3 was determined as
CyH 305 by HREIMS at m/z 338.1161 [M]* (calculated
338.1154). In the 'H NMR spectrum (Table 2), the
coupling patterns and the chemical shifts of the most
protons were quite similar to those of compound 2,
except for the presence of a singlet proton signal at §
6.64 (H-3) in 3 instead of the two trans-olefinic proton
signals (H-b and H-c) of 2, indicating that 3 was a fla-
vone, which probably derived from compound 2 by the
formation of an ether bond between the C-8a and C-2 in
3. Comparison of the molecular formulae of compounds
2 and 3, compound 3 showed two mass units less than
that of compound 2, supporting the assumption made
above. Two hydroxyl groups at C-3' and C-4’ were de-
duced by NOESY correlations of H-3 with H-2' (6 7.60,
d, J =2.0Hz) and H-¢' (6 7.42, dd, J = 2.0, 8.3Hz) in
its NOESY spectrum (Fig. 2). The location of the prenyl
group at C-8 was validated by the correlation between
two protons signal of Hy-1” (6 3.56, 2H, d, J = 7.4 Hz)
and the carbon signal of C-8 at 6 114.02 in the HMBC
spectrum. The structure of compound 3 was thus elu-
cidated as 8-prenyl-3',4',7-trihydroxyflavone, namely
corylifol C (Fig. 1).

2.2. Structural identification of known compounds

Among the known compounds, isobavachalcone (5),
bavachin (9) and bavachinin (10) were identified by
direct comparison with authentic samples (co-TLC, 'H
NMR, MS); bavachalcone (8), whose structure was
determined previously in the literature'' by chemical
correlation, but no spectral data are available up to
now, was identified by spectroscopic method in the
current research and the spectral data was thus reported

Table 1. 'H, 3C NMR data and key HMBC correlations of corylifol A (1)*

BC 'H HMBC BC 'H HMBC
2 153.05 8.08, s 5 115.29 6.88, d, 8.3
3 125.46 H-2, 2, ¢ 6 128.30 7.25,dd, 1.8, 8.3 H-2, 5
4 176.01 H-2, 5 1” 28.81 3.34,d,7.0 H-2', 2"
4a 118.17 H-6, 8 2" 123.57 5.40, t-like, 7.0 H-17, 4", 10"
5 128.30 8.03,d, 8.7 3" 136.24 H-1", 10"
6 115.71 6.96, dd, 2.1, 8.7 H-8 4" 40.41 2.02, m H-2", ¢
7 163.56 H-5, 6, 8 5" 27.30 2.09, m H-4", 6"
8 102.93 6.85,d, 2.2 H-6 6" 125.04 5.08, t-like, 6.9 H-5", 8", 9"
8a 158.81 H-5, 8 7" 131.66 H-5", 8", 9"
Iy 124.15 H-2, 5 8" 17.64 1.55,s H-6", 9"
2 130.96 7.32,d, 1.8 H-¢' 9" 25.69 1.57, s H-6", 8"
3 128.30 H-2, 5, 1" 10” 16.14 1.72, s H-2", 4"
4 155.74 H-2,5,6,1”

#Measured in acetone-ds, 6 in parts per million, J in hertz.
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Figure 1. Structures of compounds 1-16.

in the experimental part; neobavaisoflavone (4), 7,
8-dihydro-8-(4-hydroxyphenyl)-2,2-dimethyl-2H,6H-
benzo[1,2-b:5,4-b']dipyran-6-one (6),'° isoneobavaiso-
flavone (7),” corylin (11),'* 1-[2, 4-dihydroxy-3-(2-hy-
droxy-3-methyl-3-butenyl)phenyl]-3-(4-hydroxyphenyl)-
2-propen-l-one (12),"3 8-prenyldaidzein (13),'* baku-
chalcone (14)," brosimacutin G (15)'¢ and erythrinin A
(16)'7 were identified by comparison of their spectral
data (‘H, “C NMR, MS, [o],) with those reported.
Four of these compounds, 12, 13, 15 and 16 were iso-
lated from this plant for the first time.

2.3. Antibacterial evaluation of all the isolates and their
antibacterial SAR discussion

All isolates were assayed for the antibacterial activities
against two hospital pathogenic Gram-positive bacteria
S. aureus ATCC 25923 and S. epidermidis ATCC 12228

in vitro. Two most potential natural antibacterial
agents, bakuchiol® and magnolol,'® were used as positive
controls in this tests. Among the tested compounds, nine
of them 2, 4-10 and 16 showed significant antimicrobial
activities against S. aureus and S. epidermidis at the level
of MICs 0.009-0.073 mM (Table 3). Compounds 2, 4, 6,
8 and 9 showed comparable antibacterial activities as
that of the positive controls, bakuchiol and magnolol.
Compounds 5, 10 and 16 were even stronger than that of
two well-known natural antimicrobial agents, bakuchiol
and magnolol (their MICs are twofold lower than that
of positive controls).

Observation of antibacterial results of compounds 1-16
and their structural features has inferred some regular
patterns of structure—activity relationship, which are: (1)
For the chalcone derivatives 2, 5, 8, 12, 14 and 15, the
compounds, such as 2, 5 and 8, with a prenyl group at
the A-ring are more active; if the prenyl group at A-ring
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Table 2. 'H and *C NMR data of corylifols B (2) and C (3)

Table 3. Antibacterial activities of compounds 1-16

20 3
B3 'H BC H
a 192.11 2 146.70
b 117.77  17.70,d, 15.4 3 112.26 6.64, s
c 144.62  7.77,4d, 15.4 4 182.48
1 113.57 4a 114.02
2 162.18 5 118.30 7.46, d, 8.4
3 115.28 6 122.86 6.82,d, 8.4
4 163.86 7 163.39
5 107.40  6.53,d, 8.8 8 112.26
6 129.58  7.98,d, 8.8 8a 165.99
Iy 127.35 I 124.78
2 115.08  7.35,d, 1.9 2 115.83 7.60, d, 2.0
3 145.68 3 145.56
4 148.54 4 147.58
5 115.69  691,d, 8.2 5 111.83 6.95,d, 8.3
6 12268  7.22,dd,19, ¢ 124.66 7.42, dd, 2.0,
8.2 8.3
17 21.91 3.37,d,7.1 1” 22.19 3.56,d, 7.4
2" 122.68 528, t-like, 7.1 2" 121.55 5.41, t-like,
7.4
3" 130.76 3" 132.11
4" 17.56 1.78, s 4" 17.74 1.88, s
5" 25.50 1.64, s 5" 25.48 1.68, s
2-OH 14.0, s

#Measured in acetone-ds, 6 in parts per million, J in hertz.

is oxygenated/and further cyclized, the compounds, such
as 12, 14 and 15, become inactive; the compound 2 with
an additional hydroxyl group at C-3’ showed remark-
able attenuation of the antibacterial activities (2—4-folds
lower) compared with compound 5 with only C-4
hydroxyl group. (2) For the prenylflavone derivatives 3,
6, 9 and 10, three dihydro flavone derivatives 6, 9 and 10
displayed strong antibacterial activities; Compound 10
with a 7-methoxy group showed more stronger activities
than that of 9 with a 7-hydroxy group. (3) For the
prenylisoflavone derivatives 1, 4, 7, 11, 13 and 16,
because their structures are so diversified, the patterns of
structure—activity relationship are difficult to sum up.

2.4. Conclusion

In conclusion, three new prenylflavonoids corylifols A—
C (1-3) and thirteen known prenylflavone derivatives
were isolated from the seeds of P. corylifolia. All the
isolates were tested on antibacterial assays, and some of
the prenylflavone derivatives described in this work are

Figure 2. Key NOE correlations of compounds 1-3.

Compounds and MICs (mM)?*

controls S. aureus ATCC S. epidermidis ATCC
25923 12228
1 0.147 0.147
2 0.037 0.037
3 >0.147 >0.147
4 0.037 0.037
5 0.018 0.009
6 0.037 0.037
7 0.073 0.037
8 0.037 0.018
9 0.037 0.037
10 0.018 0.018
11 >0.147 >0.147
12 >0.147 >0.147
13 >0.147 >0.147
14 >0.147 >0.147
15 >0.147 >0.147
16 0.018 0.018
Bakuchiol 0.037 0.018
Magnolol 0.037 0.018

#MIC was defined as the lowest concentration that inhibited visible
growth.

markedly potent in vitro test against two pathogenic
bacteria S. aureus and S. epidermidis. The antimicrobial
activities of compounds 5, 10 and 16 were even stronger
than that of two well-known natural antimicrobial
agents, bakuchiol and magnolol. The prenylflavone
derivatives are one major class of constituents of
P. corylifolia, especially compounds 1, 5 and 8-10 with
high contents in the seeds. Antibacterial test results of
compounds 1-16 and their structural features have
inferred some regular patterns of structure-activity
relationship.

3. Experimental section
3.1. General

Optical rotations were recorded on a Perkin-Elmer
polarimeter 341. UV spectra were measured on a Varian
Cary 300 BIO spectrometer. IR spectra were made on a
Nicolet Magna 750 spectrometer with KBr discus.
NMR spectra were obtained on a Brucker AM-
400 MHz spectrometer. General '"H NMR data were run
at 400 MHz, and ®C NMR data were measured at
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100.6 MHz. Chemical shifts are expressed in parts per
million relative to TMS. EIMS and ESIMS were
recorded with a Finnigan MAT 95 and Finnigan
LCQPECA Mass spectrometers, respectively.

3.2. Plant material

The seeds of P. corylifolia were collected in September
1999 from farm cultivation in Anhui Province of China,
which was authenticated by Professor Zeng-Tao Wang
of Shanghai Traditional Chinese Medical University. A
voucher specimen has been deposited in the Herbarium
of Shanghai Institute of Materia Medica (Accession
number Pc-1999-1Y), Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, PR China.

3.3. Extraction and isolation

The powder of dried seeds of P. corylifolia (2.0 kg) was
extracted with 95% EtOH for three times to give 592 ¢
crude extract. 392 g of the extract was suspended in 2.5 L
water and then partitioned with petroleum ether and
ethyl acetate successively to give fractions PE (143 g),
EA (120 g) and W (81.5 g), respectively.

EA fraction (100g) was subjected to column chroma-
tography (CC) on silica gel eluted with a gradient of
acetone in petroleum ether to yield fractions 1-9 moni-
tored by TLC tests. Fractions 1-4 (total 46 g) contained
three major constituents, including bakuchiol and two
coumarins, psoralen and isopsoralen, identified by
co-TLC with authentic samples. Fraction 5 (4.5g) was
re-chromatographed on silica gel eluted with CHCl; and
CHCI3;-MeOH (60:1) to give fractions Sa—e and a pure
compound 10 (670 mg). Fraction 5e (0.12 g) was passed
through Sephadex LH-20 eluted with EtOH, and then
purified to yield 11 (67 mg) by CC on a silica gel column
eluted with CHCl;—-MeOH (40:1). Fraction 6 (11 g) was
subjected to CC of silica gel eluted with petroleum
ether-EtOAc (6:1 — 1:1) to obtain six fractions 6a—f.
Compound 5 (1.6g) was obtained from fraction 6d
(2.4 g) by recrystallization in MeOH, and it was found to
be major compound in other three fractions 6b (1.1 g),
6¢c (2.2g) and 6e (1.4g) by TLC tests. Compounds 16
(53mg), 6 (18 mg), 10 (136 mg) and 8 (235mg) were
isolated from fraction 6a (0.82g) by CC on silica gel
eluted with petroleum ether-CHCl; (1:2— 1:8), CHCl;
and CHCLI;-MeOH (40:1), successively. Fraction 6f
(1.2 g) was chromatographed on a column of MCI GEL
CHP 20P eluted with MeOH/H,0O (60% — 100%) to
yield a crude compound 1 (0.65 g) and a mixture (0.22 g).
Compound 1 (460mg) was further purified by CC of
silica gel eluted with petroleum ether—acetone (2:1), and
the mixture was subjected to CC of silica gel eluted with
petroleum ether—isopropanol (15:1 and 10:1) to give
three compounds 7 (37 mg), 4 (82mg) and 14 (42 mg).
Fraction 7 (4.3 g) was separated over a column of MCI
GEL CHP 20P eluted with MeOH/H,O (60% — 100%)
to give a crude product of compound 5 (1.2 g) and four
fractions 7a-d. Fraction 7a (0.92g) was purified by a
column of Sephadex LH-20 eluted with EtOH to obtain

the major part, which was then purified to yield 9
(340 mg) by CC of silica gel eluted with CHCl;-MeOH
(40:1). Fraction 7b (0.51 g) was separated by a column of
Sephadex LH-20 eluted with EtOH to give a pure
compound 2 (32mg) and a mixture, which was further
purified to yield compound 13 (43 mg) by CC of a silica
gel eluted with CHCl;-MeOH (20:1). Compound 12
(87 mg), compounds 3 (39 mg) and 15 (12 mg) were ob-
tained from fraction 7¢ (0.32 g) by CC of Sephadex LH-
20 eluted with EtOH to collect the major fraction, which
was then purified on a column of silica gel eluted with
CHCI3-MeOH (30:1 - 15:1).

3.3.1. Corylifol A (1). Light yellow amorphous powder.
UV (MeOH) Ayax (1g€) 249 (4.44) nm; IR (KBr disc) vy
3346, 2914, 1624, 1590, 1580, 1508, 1456, 1379, 1269,
1240, 1200, 1097 cm~!; HREIMS m/z 390.1833 [M]*
(caled for CysHpsOy4, 390.1831); EIMS m/z (rel int.) 390
(IM1*, 28), 375 (2), 347 (10), 321 (36), 268 (100), 137
(24); 'H and '3C NMR data: see Table 1.

3.3.2. Corylifol B (2). Brown amorphous powder. UV
(MeOH) Anax (Ige) 377 (4.47)nm; IR (KBr disc) vpax
3365, 3168, 2921, 1693, 1627, 1606, 1544, 1506, 1446,
1373, 1259, 1234, 1111, 1043cm~!; HREIMS m/z
340.1315 [M]* (caled for CyHyOs, 340.1311); EIMS
m/z (rel int.) 340 ((M]*, 100), 325 (9), 297 (76), 149 (88);
'H and '*C NMR data: see Table 2.

3.3.3. Corylifol C (3). Yellow amorphous powder. UV
(MeOH) Amax (Ige) 271 (4.22)nm; IR (KBr disc) vy
3384, 2920, 1668, 1641, 1602, 1583, 1525, 1433, 1317,
1267, 1139, 1039cm~!; HREIMS m/z 338.1161 [M]*
(caled for CyH 505, 338.1154); EIMS m/z (rel int.) 338
(IM]*, 61), 301 (36), 283 (40), 149 (100); 'H and *C
NMR data: see Table 2.

3.3.4. Bavachalcone (8). Orange amorphous powder.
ESIMS m/z positive mode 339.2 [M+H]", negative
mode 337.2 [M—H]*; '"H NMR (CDCl): § 1.74 (3H, s,
H-5"), 1.78 (3H, s, H-4"), 3.26 2H, d, J = 7.0Hz, H-1"),
528 (1H, br t, J = 7.1 Hz, H-2"), 6.44 (1H, s, H-3), 6.90
(2H, d, J = 8.5Hz, H-3, 5'), 7.43 (1H, d, J = 15.4Hz),
7.55(2H, d, J = 8.5Hz, H-2', ¢'), 7.59 (1H, s, H-6), 7.83
(1H, d, J = 15.4Hz), 5.92 (OH, br s), 13.58 (OH, s); 1*C
NMR (CDCls3) 6 18.0 (C-4"), 25.9 (C-5"), 28.2 (C-1"),
55.8 (4-OMe), 99.2 (C-3), 113.2 (C-1), 116.0 (C-3, 5,
117.6 (C-b), 121.6 (C-5), 122.0 (C-2"), 127.2 (C-1), 129.6
(C-6), 130.4 (C-2, 6), 132.8 (C-3"), 144.0 (C-c), 158.4
(C-4), 163.9 (C-2), 164.9 (C-4), 191.7 (C-a).

3.4. Antibacterial tests

Bioassay on antibacterial activities against S. aureus and
S. epidermidis in vitro was carried out according to the
protocols described in the literature.!” The microbial
cells were suspended in Mueller Hinton broth to form a
final density of 5x107°~10~°* CFU/mL and incubated at
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37°C for 18h under aerobic conditions with the
respective compounds, which have been dissolved in
DMSO. The blank controls of microbial culture were
incubated with limited DMSO under the same condi-
tion. DMSO was determined not to be toxic at a limited
amount under the experimental conditions.
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