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Abstract—Two new compounds, 8-(1,1-dimethylallyl)-50-(3-methylbut-2-enyl)-30,40,5,7-tetrahydroxyflanvonol (1), 30-(3-methylbut-
2-enyl)-30,40,7-trihydroxyflavane (2) and three known compounds 3,30,40,5,7-pentahydroxyflavone (3), uralenol (4), broussochalcone
A (5) were isolated from the roots of Broussonetia papyrifera, and their structures determined by spectroscopic methods. Com-
pounds 1, 3, 4 and 5 significantly show the inhibitory activities against the PTP1B enzyme.
# 2002 Elsevier Science Ltd. All rights reserved.

Introduction

Non-insulin-dependent diabetes mellitus (type II)
represents 80–90% of the human population with dia-
betes and, worldwide estimates approximately 215 mil-
lion sufferers by 2010.1 However, this is difficult since
the current therapies for type II diabetes have inherent
problems including compliance, ineffectiveness and
hypoglycemic episodes with insulin and the soulfonyl-
ureas.2 The glitazone-type therapeutic agents are not
effective in all type II patients;3 therefore, there still
remains a great need for more effective, orally admini-
stered agents particularly ones that normalize both glu-
cose and insulin levels.4

It is now appreciated that insulin resistance is the result
of a defect in the insulin receptor signaling system, at a
site post binding of insulin to its receptor. The inter-
action of insulin with its receptors leads to the phos-
phorylation of certain tyrosine molecules with the
receptor protein, thus activating the receptor kinase.
But PTPases dephsphorylate the activated insulin recep-
tor, attenuating the tyrosine kinase activity. Therefore, it
can be concluded that dephosphorylation of PTPases is
one of reasons to the result of insulin resistance. The
PTPases that appears most likely to closely associate with
insulin receptors kinase activity, include PTP1B, LAR,
PTPa and SH-PTP2.5

PTP1B have been shown to play a major role in the
dephosphorylation of the insulin receptor in many cel-
lular and biochemical studies. Therefore, orally active
PTP1B inhibitors could be potential pharmacological
agents for the treatment of Type-II diabetes and obesity.6

In our research work for natural products with anti-
diabetes activity, we screened our extract bank for inhib-
itors of PTP1B enzyme and found that a fraction from
ethanol extract of the roots of Broussonetia papyrifera
(L.) Vent. showed strong inhibitory bioactivity against
PTP1B enzyme. Using the PTP1B enzyme bioassay as a
guide, chromatography of the fraction afford two new
compounds: 8-(1,1-dimethylallyl)-50-(3-methylbut-2-enyl)-
30,40,5,7-tetrahydroxy-flanvonol (1) and 30-(3-methylbut-
2-enyl)-30,40,7-dihydroxyflavane (2), and three known
compounds: 3,30,40,5,7-pentahydroxyflavone (3), uralenol
(4) and broussochalcone A (5).

The roots of B. papyrifera were collected from Zhibo,
Anhui of China, in August 2001. A voucher specimen
(2001008) was deposited at the herbarium of Chinese
National Center for Drug Screening, Shanghai, China.
The dried and powdered roots of B. papyrifera (L.)
Vent. (2 kg) was extracted with ethanol (8 L�3) at room
temperature. The concentrated extract obtained under
reduced pressure was partitioned with CHCl3 and H2O.
The CHCl3 layer (41 g) was subjected to D-101 macro-
porous resin, eluted with ethanol–H2O (1:1) to yield
fractions A (5 g), B (9 g), C (6 g). Fraction A was
resubjected to MCI column, eluted with acetone-H2O
(1:1) and then applied to Sephadex LH-20 column
(CHCl3/CH3=2:1), to afford compound 3 (18 mg).
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Fraction B was resubjected to MCI column, eluted with
acetone–H2O (1:1) and then applied to TSK HW-40
column [acetone–H2O (3:7)] and Sephadex LH-20
(CHCl3/CH3=2:1), to afford compounds 4 (30 mg), 5
(50 mg) and 2 (18 mg). Fraction C was resubjected to
Si-gel column, eluted with petroleum ether–acetone (8:1–
3:1) and then was purified with MCI column (acetone/
water=1:1) and Si-gel [CHCl3–CH3OH (10:1)], to
afford compound 1 (16 mg).

Results and Discussion

Structural elucidation

Compound 1 was obtained as an amorphous powder,
m/z 438.1669 ([M]+), C25H26O7, exhibiting a positive
ferric chloride test. The infrared (IR) spectrum of 1
suggested the presence of hydroxyl groups (3407 cm�1),
aromatic rings (1593, 1547 cm�1), and a conjugated
carbonyl group (1653 cm�1). The ultraviolet (UV)

Table 1. 1H NMR (acetone-d6, 400 Hz) and 13C NMR (acetone-d6, 100 Hz) spectra data for 1, 7,8 2 and 612

No. Compd 1 Compd 7 No. Compd 2 Compd 6

dH dC dC dH dC dC

2 144.7 148.7 2 5.04 (10.2, 2.3) 74.9 77.6
3 136.2 136.2 3 2.06 m 30.0 30.0

1.88 m
4 176.6 175.8 4 2.86 ddd (16.5, 5.2, 3.7) 24.6 24.9
4a 104.9 105.2 4 2.69 ddd (16.5, 10.8, 5.6) 24.6 24.9
5 159.7 159.5 5 6.86 d (8.7) 130.1 127.3
6 6.33 s 100.1 100.9 6 6.34 dd (8.7, 2.5) 108.1 108.1
7 163.6 161.8 7 156.8 153.0
8 111.7 110.1 8 6.26 d (2.5) 103.2 114.6
8a 156.2 155.7 9 156.6 153.6
9 41.8 40.5 10 112.8 113.9
10 1.64 s 30.6 27.5 10 130.3 137.5
11 1.64 s 30.6 28.1 20 6.78 d (2.3) 117.2 127.3
12 6.34 dd (17.6, 10.3) 150.9 149.1 30 125.9 115.2
13 a 4.81 dd (17.6, 1.2) 109.4 113.6 40 143.0 155.0

b 4.80 dd (10.3, 1.2)
10 122.6 122.7 50 144.0 115.2
20 7.51 d (2.1) 114.3 114.2 60 6.77 d (2.3) 112.7 127.3
30 148.3 142.0 100 3.46 d (7.1) 25.1 22.4
40 146.0 144.8 200 5.15 t (7.1) 123.9 122.2
50 128.8 127.1 300 131.9 134.0
60 7.70 d (2.1) 122.1 132.7 400 1.69 s 17.4 17.8
70 3.38 d (7.3) 28.8 26.2 500 1.63 s 25.2 25.8
80 5.37 m 123.4 121.9
90 136.2 134.4
100 1.72 17.8 18.0
110 1.72 s 26.0 25.8
120 29.2
130 123.5
140 131.4
150 17.8
160 25.4
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spectrum of 1 showed absorptions maxima at 225, 256,
288, 308 and 355 nm. From above, 1 seems to be a
flavonoloid derivative. The EI mass spectrum of 1
showed a significant peak at m/z 383 [M�C4H7]

+, 205
(C12H13O3), suggesting that a prenyl group and two
hydroxyl groups are located in the B-ring.7 The 1H
NMR spectrum of 1 showed the presence of one
3,3-dimethylallyl group [d 1.72 (6H, brs, Me�2), d 3.38
(2H, d, J=7.3 Hz), d 5.37 (1H, t, J=5.9 Hz) and one 1,
1-dimethylallyl group [d 1.67 (6H, s, Me�2), d 6.34 (1H,
dd, J=17.6, 10.3 Hz), d 4.81 (1H, dd, J=17.6, 1.2 Hz),
d 4.80 (1H, dd, J=10.3, 1.2 Hz). The spectrum also
indicated the presence of AB type aromatic proton sig-
nals at d 7.51 (1H, d, J=2.1 Hz), d 7.70 (1H, d, J=2.1
Hz), a singlet of aromatic proton signal at d 6.33 and a
hydrogen bonded hydroxyl group signal at d 12.6 (1H,
brs). The 13C NMR spectrum of 1 (Table 1) was
assigned by H-decoupled spectra, DEPT pulse
sequence, HMQC and HMBC correlations and com-
parison of chemical shifts with those of corresponding
data for 20,30-bis-(3-methylbut-2-enyl)-8-(1,1-dimethyl-
allyl)-40, 50-dihydroxyflavonol (7) (Table 1). This estab-
lished that 1 has the proposed structure.16 The
characterization of 1 was also supported by HMBC
correlations (Fig. 1).

Compound 2 gave a violet spot on TLC plate with cerric
sulfate. It was assigned the molecular formula C20H22O4

by its HREI–MS (m/z 326.1568, [M+], calcd, 326.1563).
The IR spectrum of compound 2 suggested the presence
of a hydroxyl group (3393 cm�1) and an aromatic ring
(1618 and 1457 cm�1). Its 1H NMR spectrum showed
typical signals of a flavan skeleton [d 5.04 (1H, dd,
J=10.2 and 2.3 Hz, H-2), d 1.88 and d 2.06 (1H each,
m, H2-3), d 2.69 (1H, ddd, J=16.5, 5.2 and 3.7 Hz,
H-4a) and d 2.89 (1H, ddd, J=16.5, 10.8 and 5.6 Hz,
H-4b)].9,10 Its 1H NMR also suggested the presence of
one 3,3-dimethylallyl group [d 1.63 s (Me), d 1.69s (Me),
d 3.46 d (2H, J=7.1 Hz), d 5.15 m (1H, J=7.1)], one
ABX type aromatic proton signals at d 6.26d (1H,
J=2.5 Hz), d 6.34 dd (1H, J=8.7 and 2.5 Hz), d 6.86d
(1H, J=8.7 Hz) and one AB type aromatic proton sig-
nals at d 6.77d (1H, J=2.3) and d 6.78d (1H, J=2.3).
The EI mass spectrum showed characteristic retro-
Diels–Alder fragments at m/z 123 and 204, indicating
the presence of 3,3-dimethylallyl and two hydroxyl
groups in the B ring and two hydroxyl groups in the
A-ring.11 The 13C NMR spectrum of 2 was assigned by
H-decoupled spectra, DEPT pulse sequence, HMQC

and HMBC correlations and comparison of chemical
shifts with those of corresponding data for 40,7-di-
hydroxy-8-prenylflavane (6). This established that 2 has
the proposed structure.16 The characterization of 2 was
also supported by HMBC correlations (Fig. 2).

The known compounds 3,30,40,5,7-pentahydroxyflavone
(3),13 uralenol(4),14 brousso-chalcone A (5),15 were
identified by comparison of their spectral and physical
data with those reported in the literature.

Biological Activity Evaluation

The inhibitory activities of these compounds were tested
toward PTP1B enzyme and their results were summar-
ized in Table 2. As our knowledge, this is the first reported
PTP1B inhibitors from natural plants. We found com-
pounds 1, 3, and 4 have the same 30,40,5,7-tetrahydroxy-
flanvnol skeleton, and more nonpolar substituents at
this skeleton increase their inhibitory activities [from
1 (two isoprenyl substituents) to 4 (one isoprenyl
substituent), 3].
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