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Chemical Constituents of Sophora japonica Leaves
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(1. Dermatological Institute of Peking Union Medical University & Chinese Academy of Medical
Sciences ,Nanjing 210042, China; 2. Jiangsu Key Laboratory for Tractional Chinese Medicine
Formulae Research, Nanjing University of Chinese Medicine, Nanjing 210046, China)

[ Abstract] Objective:To study the chemical constituents in the leaves of Sophora japonica. Method : The
constituents were isolated by column chromatography and their structures were elucidated by physico-chemical
properties and spectroscopic analysis. Result: Fifteen compounds were isolated and identified as quercetin (1),
kaempferol (2), isorhamnetin (3), genistein (4), prunetin (5), daidzein (6), calycosin (7), pyrocatechol
(8), protocatechuric acid (9), eicosyl behenate (10), eicosanol (11), behenic acid (12),B-sitosterol (13),
stigmasterol (14 ) and daucosterol (15). Conclusion: All of the constituents are obtained in the leaves of S.
Japonica ; among them, compounds 7-10, 12 and 14 are reported in this species for the first time. The results are
helpful for the comprehensive utilization of pagoda tree resources.
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FE AR  B Ak s R A WSS AR A R R TR AT
X MR I HEAT T R 4 IS A 0 o B, b ok B A
T3 A EE 4 A 5B L 8 S HABZE L
BT G5 Ah 28 1 T 1k B E O A K F ((querceting,
1), 112515 (kaempferol, 2) , 5 Fl 2 & (isorhamnetin,
3), YRl R & (genistein, 4) , 2% & (prunetin, 5),
K G # % (daidzein, 6) , & 55 #% Wi ( calycosin, 7) ,
JLZE ) ( pyrocatechol, 8) , Ji JL 45 2 ( protocatechuric
acid, 9), .+ — 4 B8 — + %E fig ( eicosyl behenate,
10) , — 1 (eicosanol, 11), — | — ¢ M2 ( behenic
acid, 12), B-7& {§§ B% ( B-sitosterol, 13 ), B §i %
(stigmasterol, 14) F1#1 % b # ( daucosterol, 15) , ¥
X0 E WA oy B4 3], b e &%) 7 ~ 10,
12,14 Sy I Z MY h 4015
1 ##

BRI 2544 5% A 1L 95 48 B AL VL7 X, SRR )
P 24 B O S T B I i M E . I E ] XT4
XUH PR AR ) SO (Ul R AL IE ) 5 41
b5t A Nicolet Tmpact 410 % 21 41 5% i 43 ) 5 5 #%
1 35 I 3% i Bruker ACF-400 I A4% @4 3t ¥k 1L ('H-
NMR 400 MHz,"” C-NMR 100 MHz, TMS &5 ) M)
E ;% HPS989A 1§ VG Quttro MS/MS J5 1% 43 il
52, B4 A EL RN ESL, 2 3 Koi: a3 ik i
YR B WAl T A7 A ion Sy o A at
2 REEHE

# 5.0 kg JH95% LWEERER S W &)
PEIPCH, 9 2 TR AR LA W o B BT T K, 0 )
=AWt LR Mg IE T B 2 B, 45 A0 il k7
89 ¢ LR ORI ST 32 ¢ IE T B4 56 g0 MUK
PR e B8 3 HE AT Ak A J2E A, T A il Bk - £ TR £ TR A )
RAE(1:0 ~0: 1) BEREVEL , 15 3 4 N3 o 2
FAT e - £ R O BRI AR R AT VRN, e 2 03 i 74
F 4454 10(20 mg) ,11(40 mg) ,12(18 mg) ,13(50
mg) , 14 (12 mg) . ZH43 3 F 5 e - P I i3 50 4K &%
PEATVR ML, e & 7y B A B L& 9 1(120 mg) ,2(22
mg) ,3(9 mg) ,4(320 mg),5(32 mg),6(34 mg),7
(10 mg) ,8(10 mg) ,9(8 mg) ,15(20 mg) ,
3 LR

a1 EEAKAK, mp >300 C, HETH
B VIR, 7E 365 nm 5AMETT W (A5, H 5 9
N sk, BR-EE A N 2 BH R, FeCly S I & FH
' H-NMR (400 MHz, DMSO-d,)s: 12.58 (1H, s,
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5-OH), 10.36 (1H, s, 7-OH), 9.47 (1H, s, 3'-
OH),9.25 (1H, s, 3-OH), 9.17 (1H, s, 4’-0OH) ,
7.84 (1H, d, J=2.2 Hz, 2'-H), 7.51 (1H, dd,
J=8.4,2.2 Hz, 6'-H), 6.64 (1H, d, J=8.4 Hz,
5'-H), 6.24 (1H, d, J=2.2 Hz, 8-H), 6. 14 (1H,
d, J = 2.2 Hz, 6-H) . BEALM: 5 0615 804 5 Sk
[ 6-7 | 218 I K AR AT, 55 e 3R % BR ot il 23 4 3%
R A — 2, 8% 8 146 & W M ik K & (quercetin)

k&2 ®EEBAK, mp>300 C, 5% TH
B DS, 7F 365 nm 425N B # A 5E, E 5 K
JEN B, ER R -BE By B N & BH P, FeCly 2N & FH
P .'H-NMR (400 MHz, DMSO-d,)8: 12.70 (1H, s,
5-OH), 10.78 (1H, s, 7-OH), 10.25 (1H, s, 4'-
OH), 9.47 (1H, s, 3-OH), 8.13 (2H, d, J=8.6
Hz, 2(,6'-H), 6.99 (2H, d, J =8.6 Hz, 3(,5'-
H),6.54 (1H, d, J=2.0 Hz, 8-H), 6.23 (1H, d,
J = 2.0 Hz, 6-H), 53CHk[6-7 ] #¢iE /Y 1L 25 B AH
5,5 1L 250 X BE 5 M2 28T RE (I — 30, S %
16459 0 1L 25 B (kaempferol )

&3 EEHAK, mp >300 C, LT H
B DS, 7E 365 nm 224N (A 0O S S O
S 5, WR-5E M RN & BH P, FeCly N & FH
P ' H-NMR (400 MHz, DMSO-d,)8: 12.54 (1H, s,
5-OH), 10.85 (1H, s, 7-OH), 9.84 (1H, s, 4(-
OH), 9.51 (1H, s, 3-OH), 7.78 (1H, d, J=2.0
Hz, 2'-H), 7.72 (1H, dd, J=8.4,2.0 Hz, 6'-H) ,
6.96 (1H, d, J=8.4 Hz, 5'-H), 6.51 (1H, d, J =
2.2 Hz, 8-H), 6.18 (1H, d, J =2.2 Hz, 6-H),
3.85 (3H, 3'-OMe) , FAb P T 5 )63 £ dh 55 SCik
(6] 4iE 1y 5 B R AHAT, 5 % W42 R0 Jah )2
ik REE -3, ME TGN RRER
(isorhamnetin)

a4 RE A5 (MeOH) , mp 297 ~ 298
C L T ML OE BB RS DY B, RN T K $hRe -85 by
FRE R B ME, W B BRI 2 B (. H-NMR (400
MHz, DMSO-d,)§: 12.92 (1H, s, 5-OH), 10. 89
(1H, s, 7-OH), 9.52 (1H, s, 4(-OH) , 8.34 (1H,
s,2-H),7.38 (2H, d, J=6.4 Hz, 2( ,6'-H), 6. 80
(2H, d, J=6.4 Hz, 3',5'-H), 6.34 (1H, d, J =
2.0 Hz, 8-H), 6.22 (1H, d, J = 2.0 Hz, 6-H),
PRAE M BT 50 S 5 s 5 SCHR [ 7 ] 8 i e Rk R A
¥, 5 ek A 2 0T IR 2 3% RE(E — B0, 80 2
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ZAL G W S5 48 R GeBER R (genistein)

&Y s WA i (MeOH) ,mp 215 ~216
C L3 T ML IE | BRERT BTN B, N T K $h R -8 by
JNE5BVE, We B R R & ¥ €5, H-NMR (400
MHz, DMSO-d,)é: 12.95 (1H, s, 5-OH), 9.61
(1H, s, 4(-OH), 8.42 (1H, s, 2-H), 7.38 (2H,
d, J=8.4Hz, 2" ,6'-H), 6.82 (2H, d, J=8.4 Hz,
3(,5'-H), 6.66 (1H, d, J=2.2 Hz, 8-H), 6.42
(1H, d, J=2.2 Hz, 6-H), AL T 50055 £ 48
53CHR (8 ] i 1B 9 M B R — B, WO E AR S T
Z5# # 8E FK (prunetin)

a6 IR A S (MeOH) ,mp 295 ~296
C LU T L IE | AR DN R, AN T K 3R IR -BE Ry
BB S B M, W OB R I & E (. H-NMR (400
MHz, DMSO-d,) §: 10.72 (1H, s, 7-OH), 9.46
(1H, s, 4’-OH), 8.24 (1H, s, 2-H), 7.91 (1H,
d, J=8.6 Hz, 5-H), 7.33 (2H, d, J = 8.2 Hz,
2'.6'-H), 6.88 (1H, dd,J =8.6, 2.0 Hz, 6'-H),
6.80 (1H, d,J= 2.0 Hz, 8-H), 6.74 (2H, d, J=
8.2 Hz, 3',5"-H) , HALM: T 5038 80 5 ik [9 ]
TSR NI - ek G @ DR X e /L SR X A SN
o # &K (daidzein)

& T A5 (MeOH) , mp 245 ~ 246
C L3 T UERE FRBEFNH N BR AN T K 3 IR BE 0y I
R B ' H-NMR (400 MHz, CD,0D)§s: 8.05 (1H,
s, 2-H), 7.99 (1H, d, J =8.8 Hz, 5-H), 7.95
(1H, dd, J=8.4, 2.0 Hz, 6'-H), 6.98 (1H, d,
J=2.0Hz,2'-H), 6.91 (1H, d, J=8.4 Hz, 5'-
H), 6.87 (1H, dd, J=8.8, 2.0 Hz, 6-H), 6.78
(1H, d, J=2.0 Hz, 8-H), 3.81 (3H, 4’-OMe) ,
PRACPE T 5 06 3% B s 5 SCk [ 10 ] il 19 B 8 = i
M — B, WO e Ak B W AR O B R R R
(calycosin) ,

e 8 % (MeOH) , mp 105 ~ 106
C,BWTE0, 5 THEE, 7 fA 8 MR R AR R,
= Gk 8 B P % ' H-NMR (400 MHz, DMSO-d)
5:8.80 (2H, s, 1,2-0OH), 6.71 (2H, m, 3,6-H)
6.59 (2H, m, 4 ,5-H) , B ALPE A6 3 50 5 0 iR
rn JLZR Wy — B, WO S Z AL G W S5 A S LR B
( pyrocatechol ) ,

&9 HAAE S (MeOH), mp 195 ~ 196
C, A TEN, S THE  EEPAELE IE

by K. = & k8 5 BH . H-NMR (400 MHz,
DMSO-d,)8: 12.28 (1H, s, COOH), 9.67 (1H, s,
OH), 9.28 (1IH, s, OH), 7.31 (1H, dd, J=8.2,
2.1 Hz, 5-H), 7.27 (1H, d, J =2.1 Hz, 2-H),
6.77 (1H, d, J=8.2 Hz, 6-H) , {1 i FI G 4
P 55 08 B D L2 R — B, MOR 8 i AL B W) 1) A
M LR (protocatechuric acid)

RGP 10 F Ok R, BOE T Al e, — A
Jot R4 0 A6 A M P U R, B R UK 4 f4 . H-NMR
(400 MHz, CDCI1,)é8: 0.89 (6H, t, J=6.6 Hz, 2-
Me), 1.2 ~1.4 (68H, m, 4 ~21-H and 3’ ~ 19'-
H), 1.5~1.7 (4H, m, 3-H and 2’-H) , 2.36 (2H,
t,J=7.3 Hz, 2-H), 3.66 (2H, t, J =6.8 Hz, 1'-
H), EI-MS (m/z): 620 (M", 1.01), 588 (1.91),
572 (26.95), 558 (9.91), 544 (38.73), 516
(7.14), 480 (7.67), 452 (7.53), 418 (4.88),
397 (12.14), 369 (8.06), 334 (4.47), 306
(4.47), 285 (5.37), 257 (20.02), 241 (8.94),
181 (6.22), 152 (15.79), 125 (25.42), 111
(46.07), 97 (86.52), 83 (88.90), 69 (80.55),
57 (100.00) , 43 (74.99) . 45 LM T 56
3N B E AL B Y SR Sy A bR e e
(eicosyl behenate)

a1l {ER R, E T aahmE "
Tt A1 G A7 A A MR T 5 L B AR W K 4k 5" H-NMR
(400 MHz, CDCIl, ) §; 0.87 (3H, t, J =6.3 Hz,
Me), 1.2 ~1.7 (34H, m, 2 ~19-H) , 3.64 (2H, t,
J = 6.8 Hz, 1-H), Negative ESI-MS (m/z); 297
(M-H) ~ o M4 H 20 Ak BT 506385 40 0, 0 8 1% Ak
By — A B (eicosanol ) .

feaw 12\ R, R T Al
Joe RIS 7 2 A A M I DL B R WK 4% £5 . H-NMR
(400 MHz, CDCL ) 5. 0.88 (3H, t, J = 6.3 Hz,
Me), 1.2 ~1.4 (36H, m, 4 ~21-H), 1.62 (2H,
m, 3-H), 2.35 (2H, t, J = 7.4 Hz, 2-H) " C-
NMR (100 MHz, CDCIl, ) 8 179.77 (C-1), 33.99
(C-2), 31.93 (C-3), 29.06 ~29.70 (C4 ~19),
24.67 (C-20), 22.69 (C=21), 14.12 (C-22),
Negative ESI-MS (m/z) : 339 (M-H) ~ . #R¥5 ¥k
PE T 5 6T A BT, 0 2 1AL B W R SE A S ke
2 ( behenic acid)

EW 13 A& (CHCL) , #9875 05 Al
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LR TG , 7 B T - i R S 17 8 41 €8, H-NMR (400
MHz, CDCl,)é8: 0.67 (3H, s, 18-H), 0.82 (3H, t,
J=6.2 Hz, 29-H), 0.84 (6H, d, J=6.4 Hz, 26,
27-H), 0.91 (3H, d, J =9.6 Hz, 21-H), 0.99
(3H, s, 19-H), 0.7 ~2.3 (38H, m), 3.51 (1H,
m, 3-H), 5.35 (1H, d, J=5.0 Hz, 6-H) , B fk %
B 5 0G g B 5Ok [ 11 ] i R B- A AT, 5
B-4 HS WS A )2 (03 RE(E— 2, SO e ik &
VIR G544 Ry B-4 1 BE ( B-sitosterol ) .

k& 14 1 EEE (CHCL ), #ugs T & 05 Al
CWR TG 7 B T - i R S 17 8 41 7' H-NMR (400
MHz, CDCL,)§: 0.69 (3H, s, 18-H), 0.82 (6H,
d, J=6.5Hz,26,27-H),0.84 (3H, t, J=6.2 Hz,
29-H), 0.88 (3H, d, J =9.2 Hz, 21-H), 0.99
(3H, s, 19-H), 0.7 ~2.3 (34H, m), 3.54 (1H,
m, 3-H), 4.94 ~5.21 (2H, m, 22,23-H), 5.35
(1H, d, J=5.2 Hz, 6-H) , AL PE 5T 50638 &l 5
SCHR LT ] i v 5768 BEAH AT, 15 5 HS 0 IR 2
JEHT RE(E — 2, §06 5 % A6 & W 19 45 4 Oy O
(' stigmasterol ) ,,

a5 HERR, I T B, 7 5 R
BRI i 21 {5, H-NMR (400 MHz, DMSO-d, ) §:
0.68 (3H, s, 18-H), 0.82 (3H, t, J=6.0 Hz, 29-
H), 0.84 (6H, d, J=6.6 Hz, 26,27-H), 0.90
(3H, d, J=9.5 Hz, 21-H), 0.99 (3H, s, 19-H),
0.7~2.3 (38H, m), 3.40 (1H, m, 3-H), 2.80 ~
3.70 (m, sugar protons), 4.22 (1H, d, J=7.7 Hz,
1"-H), 5.35 (1H, d, J=5.2 Hz, 6-H) , #AbME:T
5O B 50 O A N AT R R 5 X
PR EA B N AT REE— 20, SO 2 itk & W 454
A% N (daucosterol) o
4 iTig

BB SRS P AR R rh 18 A R R Y B L
W R LA g L R R B e
A B 5 S IR 2 ), R I A OR ) KB AR

7 B R 2 e 58 B2 AL 5 W, Ol ok — 20 B AR A W i
PEBEE LA, oA Bl TR I KR TR B 255 R
55T K
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