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Abstract: Eleven compounds were isolated from the ethyl acetate fraction of the 95% aqueous ethanol extract
of the roots of Sophora tonkinensis by silica gel, ODS, Sephadex LH-20 column chromatography, and semi-
preparative RP-HPLC. Their structures were identified as 7-hydroxy-8-isopentenylchromone (1), furo[2,3-f]-1,3-
benzodioxole-7-carboxylic acid (2), 6-[3-(2',4'-dihydroxyphenyl)acryloyl]-7-hydroxy-2,2-dimethyl-8-(3-methyl-2-
butenyl)-2H-benzopyran (3), flemichapparin B (4), tectorigenin (5), genistein (6), 6-hydroxy-1,3-benzodioxole-5-
carboxylic acid (7), vanillic acid (8), protocatechuic acid (9), 2,4-dihydroxybenzoic acid (10), and p-hydroxybenzoic
acid (11) through extensive spectroscopic data (IR, UV, HR-ESI-MS, and NMR spectra). Among them, compounds
1 and 2 were new compounds. In addition, compound 3 showed significant « -glucosidase and protein tyrosine
phosphatase-1B (PTP1B) inhibitory activities with IC, values of 5.595 and 0.320 pmol-L", respectively.
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(PTP1B) ¥R i & 35 10 400 ) v& 4%, 1C, M 2 0l A~
5.595 #110.320 pmol-L™',

LERMITiL
1 HENEREE

&1 BEJEE R R, HR-ESI-MS 45 t i
4% T8 m/z 231.101 6 [M+H]", 15514 4 231.101 6
[M+H]", #0473~ €, H,,0,, AEFIE N8, LI4M
W R IZA SIS AL (2925 em™)FRIE (1 636 cm™).
ZEIR (1 61941 594.1 566 cm™). 'H NMR #(#5 (£ 1)
BoR—HABE RGEM AR EA(E T, 7.71 (1H, d,
J = 8.5 Hz, H-5) 1 6.94 (1H, d, J = 8.5 Hz, H-6), Fi 1>
it =X 0 4% A S 5 0, 8.20 (1H, d, J = 6.0 Hz, H-2) Al
6.17 (1H, d, J = 6.0 Hz, H-3). "“C NMR %#5 &~ 5 L

Figure 1 Chemical structures of compounds 1-11

b G5 R R T X BB AE S BL R — A R EE RS T 6
176.0. fE4L&91 1 HMBC i (& 2), H-2 5 C-4/C-
9.H-3 5 C-10.H-5 5 C-4/C-7 PA & H-6 5 C-8/C-10 [{]
ZHMAE ST T AERNERE. 9 —HEARES
BIE—MERESES 6, 5.18 (1H, m, H-12) P> H 3
A M550, 1.62 (3H, s, H-14) F11.76 (3H, s, H-15) LA
— N H R E(E S 0, 3.42 (2H, brd, J = 7.0 Hz, H-11)
RN E AT RES A — A UG EE, 46 H-11 5 C-
13/C-9/C-7 LA & H-12 55 C-15/C-14/C-8 {1 % 41 HMBC
KM KGESHE T 7GR AL HERENS
I8 AL 45 b, A& W0 1 I 24 5 4 1l 1 o o 7-
hydroxy-8-isopentenylchromone.

EW2  AETEERH KR, HR-ESI-MS 45 itk 4
T B 7§ m/z 205.014 2 [M-H]", it 514 4 205.014 3
[M—-HT", #0537 30K C, H,O,, ANHLUFIE N 8, 2140
RN AEYEH o f- AR (1 670 cm™) Al
IR (1 566 A1 465 cm™). 'H NMR ¥4 (£ 1) &R
PN T5 R T 55 0, 7.31 (1H, s, H-5) f17.36 (1H, s,
H-11). — M &R T15 5 0, 8.49 (1H, s, H-8) fl— 41
W B F1E 5 0, 6.09 (2H, s, H-2). "C NMR %}
# (K1) HLERI0OMKE T, 20— D RERE S
0. 164.4,— NI H — S EBRAE 5 0, 101.7. — AL ke
55 0. 1152 M151.0, LR 6 N5 EWAE S . LG
)2 {1 HMBC i (/K 2) /1, H-8 5 C-6/C-10.H-5 5 C-7/
C-10/C-12 L 2 H-11 55 C-4/C-6 ) £ 4 AH A5 5 i i€
TR AT S H-2 5 C-4/C-12 AR5 5
e 7 AR A B H-8 5 C-10/C-13 ) R HEAH
KAFFUIHRIENL T 700 R, 1 &9 2 IS5 i %
€ A furo[2,3-f]-1,3-benzodioxole-7-carboxylic acid .
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Table 1 'H NMR (500 MHz) and "C NMR (125 MHz) spectro-
scopic data of compounds 1 and 2 in DMSO-d, (J in ppm and J in

Hz)

No. 1 2
5, 5. 5, 5.
1
2 8.20,d (6.0) 156.0 6.09, s 101.7
3 6.17,d (6.0) 11.5
4 176.0 1453
5 7.71,d (8.5) 123.5 731,s 99.5
6 6.94,d (8.5) 114.5 118.2
7 161.1 115.2
8 114.9 8.49,s 151.0
9 155.7
10 116.6 150.2
11 3.42,d(7.0) 21.8 7.36, s 94.7
12 5.18, m 121.9 146.5
13 131.3 164.4
14 1.62,s 25.5
15 1.76, s 17.8
i
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Figure 2 Key HMBC () and 'H-"H COSY (===) correlations

of compounds 1and 2
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I ERSY
JASCO V-650 24 45 41 43 5656 BE i1 (H 4% Jasco 24
), Nicolet 5700 % £1 41 ¢ ¥ 4% (3% [ Thermo 24 #),

Thermo-Scientific Q Exactive Focus /5 7 ##/i 154X (32 [H
Thermo Fisher Scientific 22 &), Agilent 1260 24 & 250
FH A TEAL (32 5 Agilent 2 \]), Shimadzu LC-10AT ]
R T ROBAR g AL (H A R i# A 7], Apollo C18 (1
(250 mm x 4.6 mm, 5 um) (3£ [E Alltech), Sephadex
LH-20 %5 5 4 ¢ i €0 3% U] (B $4 Pharmacia f# 41 1k
T.), YMC-Pack ODS-A 4+ (250 mm x 10 mm, 5 pm).
Rp-18 2 - )\ e B 4 & e AHAE R (50 pm) (H A< YMC
AF]); FER ik ORL (F B L) ).

W AR 2G4 F 2018 4 6 H W T L B = M i, %
T RL 22 v [ I 27 ) 2 B 245 W0 7 BT 55 AR I 4F 9T 0
N E R S @ W) ik B M Sophora tonkinensis
Gagnep. [f] T 148 25, b5 A& (No. ID-S-2980) 17T
I 2 B2 B 29 VR TR bR A =
1 R#BSHE

Ly AR T AR 2535 50.0 kg, B HE IS £ 95% LI
[l FEHL 3 Ik, Bk 2 h, 18 fE UCEE BIE R, A F 3 X
PIPE B, R4 5 1R E (93.0 k), BES K
BUE, (4R CERAEL, RS 5 19 2 LR 6
£12239.0 g LT8R TG H A7 FH Ak B A €03 9 9, Ak VX
1 k- 218 Z.F (100 0—0: 100) 3E47 1A B e i, 15
FIIAAS (Fr.A~K), S FE A (1 aE AT H 15
B &Y 4 (5.7 mg). Fr.I(19.3 g) i & ODS H: (o it
O3B, WU I -K (10:90—100: 0) i B B i ) 15
F 36 N4 4y (Fr.11~Fr.136). Fr.Il (103.0 mg) i #l%
I HPLC 2hif (FEE-7K, 35:65, 0.2% 4 1R) 234k &
Y19 (2.1 mg) Ml 11 (60.6 mg). Fr.115 tr4 i (0 [ 44 by
i, 2R JE 2% 8 HPLC #E 4744k (25 -7K, 50150,
0.2% LFR) 15 31L A5 (30.0 mg) AL &6 (2.5 mg);
Fr.12 (357.0 mg) H] Sephadex LH-20 % & A% 4> B (—
AHE-HEE, 2:1), 1527 M5 (Fri2.1~Fr.l2.7).
Fr.12.4 (95.0 mg) i #l % % HPLC #4724 fL (L H-7K,
15:85, 0.2% £ 1) 13 31 & 4 8 (15.0 mg). Fr.12.5
(80.0 mg) H il #¢ A& HPLC #EAT4lift (ZJiE-7K, 10:90,
0.2% £ R) 13 24k A9 10 (22.0 mg). Fr.I4 (32.5 mg)
L ) 4% B HPLC #E 47 44k (FFE-7K, 45155, 0.2%
LR BRI A Y7 (3.0 mg). Fr.I17 (347.0 mg) H
Sephadex LH-20 #E[i A 70 25 (— 5 T ke~ EE, 2:1) 13
2| 5444 (Fr.117.1~Fr.117.5). Fr.117.4 (162.9 mg)
FH il £ 7 HPLC #4744k (FHEE-IK, 55:45, 0.2% L.TK)
BEMLEY 2 (4.8 mg). Fr.24 (1.0 g) ] Sephadex LH-
20 BERAEREAT 2 B (A H - HEE, 201) 15 5144 AH
7y (Fr.124.1~Fr.124.4). Fr.124.2 (150.0 mg) i | % %
HPLC #E4T 44k (2 f5-7K, 45:55,0.2% ) 1584 &
Y1 (2.4 mg). Fri31 (1.2 g) H Sephadex LH-20 #¢ i #
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BEAT e (& Wb -, 20 1) 38 6 N 7 (Fr.
131.1~Fr.131.6). Fr.I31.5 (50 mg) % %4 HPLC #t
T4tk (2 E-K, 75:25, 02% 4. 8) 53tk &4 3
(2.7 mg).

2 HEMETE

WEY: AETEERHA; UV (MeOH) 4, (log &):
208 (4.22), 244 (4.16), 250 (4.21), 301 (3.82) nm; IR
v,.0 2925, 1 636, 1 619, 1 594, 1 566, 1 435, 1 413,
1296, 1 255, 1 060 cm™; "H F1"°C NMR £ 4 L 5% 1;
HR-ESI-MS m/z 231.101 6 [M+H]" (C,H,,0, it 5 {8
231.101 6).

EY2: BEOTEERHA; UV (MeOH) 4, (log &):
206 (4.42), 248 (3.82), 305 (3.95) nm; IR v,_: 1 670,
1 566, 1 465, 1295, 1 136, 1 081, 1 045 cm™; '"H NMR
F1°C NMR (4% W, 3% 1; HR-ESI-MS m/z 205.014 2
[M-H] (C,,H,O0, 115 1 205.014 3).

&) 3: 88 3 (5T 58 T K K5 ESI-MS: m/z 407.2
[M+H] ", & T X A C,;H,,0; 'H NMR (500 MHz,
CD,0D) d,;: 8.13 (1H, d, J = 15.5 Hz, H-), 7.70 (1H, d,
J = 15.5 Hz, H-a), 7.60 (1H, s, H-6"), 7.56 (1H, d, J =
8.5 Hz, H-6), 6.41 (1H, d, J = 10.0 Hz, H-1"), 6.35 (1H,
d, J =2.5 Hz, H-3), 6.37 (1H, dd, J = 8.5, 2.5 Hz, H-5),
5.65 (1H, d, J = 10.0 Hz, H-2"), 5.20 (1H, t, J = 7.5 Hz,
H-7"), 3.31 (2H, m, H-6"), 1.81 (3H, brs, H-9"), 1.67
(3H, brs, H-10"), 1.44 (6H, s, H-4", 5"); “C NMR
(125 MHz, CD,0D) ,: 194.4 (C=0), 164.9 (C-2"), 163.0
(C-4), 160.9 (C-2), 158.5 (C-4"), 142.2 (C-p), 132.2 (C-
6), 131.9 (C-8"), 129.4 (C-2"), 126.6 (C-6"), 123.4 (C-
7"), 122.9 (C-1"), 117.7 (C-3"), 117.4 (C-a), 115.6 (C-1),
115.1 (C-1"), 114.6 (C-5"), 109.1 (C-5), 103.5 (C-3), 78.8
(C-3"), 28.8 (C-4", 5"), 26.0 (C-10"), 22.3 (C-6"), 18.1
(C-9")e DL AXHEAE 5 SCBRP i 6-[3-(2',4'-dihydroxy-
phenyl)acryloyl] -7-hydroxy-2, 2-dimethyl-8- (3-methyl-2-
butenyl)-2H-benzopyran £ FE AR — 3, DA A 1% 44
E )N 6-[3-(2',4'-dihydroxyphenyl)acryloyl]-7-hydroxy-
2,2-dimethyl-8-(3-methyl-2-butenyl)-2 H-benzopyran.

&M 4. B 5T E K F K5 ESI-MS: m/z 297.1
[M+H]", 773N C . H,,0,; 'H NMR (500 MHz, DMSO-
d) d,: 7.34 (1H, d, J = 8.0 Hz, H-1), 7.34 (1H, s, H-7),
7.08 (1H, s, H-10), 6.60 (1H, dd, J = 8.0, 2.5 Hz, H-2),
6.56 (1H, d,J=2.5 Hz, H-4), 6.06 (2H, s, -O-CH,-0-), 5.54
(2H, s, H-6), 3.75 (3H, s, H-OCH,); "C NMR (125 MHz,
DMSO-d,) d.: 160.6 (C-3), 154.6 (C-4a), 149.8 (C-10a),
146.7 (C-11a), 145.6 (C-9), 144.5 (C-8), 120.7 (C-1),
118.7 (C-6b), 109.2 (C-11b), 107.4 (C-2), 106.9 (C-6a),

102.6 (C-7), 101.5 (-O-CH,-0-), 98.1 (C-10), 94.2 (C-
4), 64.9 (C-6), 55.4 (-OCH,). VL I A% Hf 3 45 5 SC k"
18 flemichapparin B (14088 3 & — 2, B 2 iz 4k
%N flemichapparin B .

WA S: AT TR A ; ESI-MS: m/z 299.1 [M-
H], 7T~ C,H,,0,; 'H NMR (500 MHz, DMSO-d,)
d,: 13.04 (1H, s, 5-OH), 8.29 (1H, s, H-2), 7.36 (2H, d,
J=8.5Hz,H-2',6'),6.81 (2H,d,J=8.5 Hz, H-3',5'), 6.43
(1H, s, H-8), 3.73 (3H, s, -OCH,); *C NMR (125 MHz,
DMSO-d,) d.: 180.3 (C-4), 157.4 (C-9, 4", 153.8 (C-2),
153.1 (C-7), 153.0 (C-5), 131.8 (C-6), 130.2 (C-2', 6"),
121.7 (C-1"), 121.4 (C-3), 115.1 (C-3', 5"), 104.2 (C-10),
94.1 (C-8), 59.8 (-OCH,) LA - #Z WA 5 SCHRP i 1E
tectorigenin ) B4 56 A — 2, KL @ iZ AL SN S
R,

&Y 6: AT E K AK; ESI-MS: m/z 271.0 [M+
HY', 4 73N C,,H,,0,; '"H NMR (500 MHz, DMSO-d,)
d8,: 12.96 (1H, s, 5-OH), 8.32 (1H, s, H-2), 7.37 (2H, d,
J=8.5Hz, H-2', 6'), 6.82 (2H, d, J = 8.5 Hz, H-3', 5'),
6.38 (1H, d, J = 2.0 Hz, H-8), 6.22 (1H, d, J = 2.0 Hz, H-
6); "C NMR (125 MHz, DMSO-d,) d.: 180.2 (C-4),
164.4 (C-7), 162.0 (C-5), 157.6 (C-4"), 157.4 (C-9), 154.0
(C-2), 130.2 (C-2', 6'), 122.3 (C-1"), 121.2 (C-3), 115.1
(C-3', 5"), 104.5 (C-10), 99.0 (C-6), 93.7 (C-8). LA %
T H I 5 SRR BB AR 2R HdE B AR — 3,
eGP NG RIAR

&7 BB E K B K ESI-MS: m/z 183.0
[M+H]", 47 h CH,O,; 'H NMR (500 MHz, DMSO-
d) 6,: 7.14 (1H, s, H-4), 6.57 (1H, s, H-7), 6.04 (2H, s,
H-1); *C NMR (125 MHz, DMSO-d,) d.: 172.0 (-COOH),
159.7 (C-6), 153.4 (C-2), 140.1 (C-3), 106.9 (C-4), 104.2
(C-5), 101.9 (C-1), 97.9 (C-7). VA_ERZREH R 5 SCHR>Y
1 6-hydroxybenzo-1,3-dioxole-5-carboxylic acid %L
P FE AR — 3, DA G o 1% 40 A W0 6-hydroxy-1,3-ben-
zodioxole-5-carboxylic acid.

&Y 8: BT E Tk K5 ESI-MS: m/z 169.0
[M+H]', 7 A CH,0,; 'H NMR (500 MHz, DMSO-
d) d,: 7.56 (1H, d, J = 1.5 Hz, H-2), 7.55 (1H, dd, J =
8.5, 1.5 Hz, H-6), 6.83 (1H, d, J = 8.5 Hz, H-5), 3.89
(3H, s, -OCH,); "C NMR (125 MHz, DMSO-d,) .
170.4 (-COOH), 152.5 (C-4), 148.6 (C-3), 125.2 (C-6),
123.6 (C-1), 115.8 (C-2), 113.7 (C-5), 56.3 (-OCH,). LA
R 5 SRR TE A R R ) AR AR — B
I E 2 BN E R -

B 9: 155 BTG Tk K ESI-MS: m/z 155.0
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[M+H]", 7> T3~ C,H,0,; '"H NMR (500 MHz, CD,0D)
Oy 7.43 (1H, overlap, H-2), 7.41 (1H, overlap, H-6), 6.78
(1H, d, J = 8.0 Hz); "C NMR (125 MHz, CD,0D) 4.
170.4 (-COOH), 151.2 (C-4), 146.0 (C-3), 124.2 (C-1),
123.8 (C-6), 117.8 (C-2), 115.7 (C-5). VL FHI¥HE S
SCHERPOHR TE J5 ) L2 R R AN AR — 2, DN e Ak
BNIE LR -

AP 10: & &6 € XK K, ESI-MS: m/z 155.0
[M+H]", 7> 73~ C,H,0,; '"H NMR (500 MHz, CD,0D)
d,: 7.68 (1H, d, J = 8.5 Hz, H-6), 6.31 (1H, dd, J = 8.5,
2.5 Hz, H-5), 6.27 (1H, d, J = 2.5 Hz, H-3); "C NMR
(125 MHz, CD,0D) §.: 173.7 (-COOH), 165.4 (C-2),
165.3 (C-4), 133.2 (C-6), 108.7 (C-5), 106.1 (C-1), 103.3
(C-3). VA A% W% 5 ST R4 1E 2,4-dihydroxyben-
zoic acid 150 36 A — 25, i e i G908 2,4-—
FRERHTR

&Y 11 B T8 E B K K ESI-MS: m/z 139.0
[M+H]", 4> F 3~ C,H,0,; '"H NMR (500 MHz, CD,0D)
3, 7.88 (2H, d,J=8.5 Hz, H-2, 6), 6.81 (2H, d,J=8.5 Hz,
H-3,5); "C NMR (125 MHz, CD,0D) 6.: 170.2 (-COOH),
163.3 (C-4), 133.0 (C-2, 6), 122.8 (C-1), 116.0 (C-3, 5)
DA AZ R B 55 SCHR S %o 0 3 2 R T B B A
— 2, U e 12 B R R IR TR .

3 EYEMXE

31 «-BEEREEBAGIEN ALBRHAMTHH S
A 0.1 mol-L™" PBS & 1 50 A1 80 pL. & MK,
b 10 pl, a7 % B HF g 20 pl, 37 °C1H iR #8 bR 2 B
5 min, % I\ pNPG (1 mmol-L™) 20 puL, %k 5 37 °C
fH i BE R b SRR 15 min, % J5 F 0.4 mol-L”! Na,CO,
50 pL &1k N o BfFFR1X 400 nm P ODfE . % F %1 2
TSR 5 6T o 20 0 HF B R 40 1) 22 Inhibition (%) =
{[OD (blank) — OD (sample)] / OD (blank)} x 100%.
3.2 PTPIBEGHISGISCIG K 0T Al 2 24 1 19 IR I
(pNPP) {E N A\ 3£ A & 41 PTPIB £ ¥ . PTP1B
1k 1¥) pNPP 7K fift )2 i i 96 L AR 7E pH {H v 7.0 1)
100 pL AR 2R N llE « A& 95 B AE =0 T TE
5 min, A&7 50 mmol-L" HEPES.5 mmol-L"' DTT.
150 mmol-L" NaCl. 2 mmol-L" EDTA /% 2 mmol-L"’
pNPP [ N . 7E 30 °C F§¥ & 10 min, JIA 3 mol-L"!
FEA MR 50 pL 24 1E B ON. . 7E 405 nm AR HE I
W ODE, PAA I i) #4 ZAE 2 ot IR, BAToF 55
IR ot xof B R 7K i A 4l FH AR IC 5 1H

Bt AT ] R R B b T RN R S B 2 P A
JIE 53 A 00 00 A B 5 gt b L R 22 2 B bt

IS 27 Bt 25 W BT 9 i 24 B 2 0 R A A A

et B PR A NG S TR A /L P
ANGE ) 558 s MRIAH « EI08 25 9 ST SCRR IR B P R L it
ANAE A FH < A TS B3l PR R 00 S 35 3 [ Je oA
RIS IR RSN A 0 pud SN SR Erg Af 8 T iR
B2 TR0 A7 5t 3 3 SEB BT L A5 R AR A A S BB G FE
WA AR A 5T SR i i AR T .
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