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Chemical Constituents of Leaf of Liquidambar formosana

YUAN Hui'®, FU Hui-zheng', ZHONG Rui-jian'" , ZHOU Guo-ping', GUO Qing'
(1. Jiangxi Provincial Institute for Food and Drug Control, Nanchang 330029, China;
2. Pharmaceutical Department of Nanchang University, Nanchang 330006, China)

[ Abstract ] Objective;: To study the chemical constituents of the leaf of Liquidambar formosana.
Method: The chemical constituents were isolated by column chromatography on silica gel, Sephadex LH-20 and
MPLC. Their chemical structures were elucidated on the basis of special analysis. Result; Nine compounds were
isolated from ethyl acetate position, whose structures were elucidated as ( + ) -lyoniresinol-3a-0-8-D-
glucopyranoside (1), (6R, 7S, 8S) -7a- [ ( B-glucopyranosyl ) oxy ] lyoniresinol (2), ( + ) -5’
methoxyisolariciresinol 3a-0-8-D-glucopyranoside (3 ), (-) -isolariciresinol 3a-0-B-D-glucopyranoside (4 ),
(3S, 5R, 6R, 7E, 9S) -megastigman-7-ene-3, 5, 6, 9-tetrol (5), kaempferol-4’'-0-B-D-glucopyranoside
(6 ), kaempferol-4’-0O-a-L-rhamonpyranoyl-8-D-glucopyranoside ( 7 ), kaempferol-3-0-8-D- ( 6"-galloyl )
galactopyranoside (8), quercetin-3-0-8-D- (6"-galloyl) galactopyranoside (9). Conclusion: Compounds 1-9
were isolated from this plant for the first time.

[ Key words | Liquidambar formosana; Hamamelidaceae; chemical constituents

BB ISP RS 5, AT R RUBR I, A7k

(KR EE] 20130606(022) i, R TRk, BB TRy attE %, misE,
[EEMA] AR € (20122X09504005) PR R B L AT I R

[E—1EHE] =&, W+, hF b2 iF Ml 4 58, Tel: 0791- Eﬂﬂﬁﬁl*ﬂ%:—ﬂiﬂlj,ﬁﬁﬂijbm/‘ﬁ%mo WU A 1
86217386, E-mail : huiyuan520505@ 163. com e et e .
CERAEE] L, S b T S PR B R R ML A R 2 R
WE BF 5%, Tel; 079188158786, E-mail; shongrj @ RS FEE IR Z — o 164 R WAT AR it
jxfda. gov. en P BRI T Ak 2 A3 ) HE 1R KRR A K B

-+ 102 -



B Y R e T

WK =AW be . LR LR IE T BE b 4T T 4R 0L, 1%
B4 A BRAL, FAF LR A E A 25 A K H K 4R Wy gk
17 25 BRG 1 ,  BUAR A B K SR ) M 2R 2 i
37 % 4B B €00 48] 25 R R A B LA I 3 B A
(WF D)o T FHIA RS, B 2530 5
FERl, 5L T e ) FZAB W B R, AR S5 6 ) A A A
MHEAT T RO RGERIBETE o F A i 4035 5 AR AR
KR LR QRS> B4 5E T 9 MG
Yo AL G 1 ~9 X0 N i oy AR R

x1 WEHMITAEYNREINERERE (MIC) g-mL ™'
i A K 2 L BRIBAL
WO A EREE 0.25 0.125
BB 1 2
1

L1 U By 2010 R 51 & HORAH 5L ( H A
By HEA D), Buchi B v i AH il 4 (035 A% (Jig 40
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Micromass 2\ & ) , Autopol TV-T/V A jig 3¢ ¥ ( 3& H
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M2 LM IE T BRI A ORI ) s W 4 = 1 L 1S
=ZEAMLETR 3 (60 ) (LR LR 43 (230 ) FIIE T
B ER 73 (360 g) o L TR &M B 0 2 o WY st A
R 105 B Rk BEHERE , 28 1 AR R 235, L =&
Be-FEE(3: 1) AP s, U0 P A Fro 1~ Fr. 19, 1

1 F6(37.4 g) LA =G W e-H B (7: 1 ~1: 1) Ry PEJi
M, 2R AR, S A R 2 43, 45 20 A2 4
(Fr.6-1 ~Fr.6-20) , Fr.6-7(3.0 g) & JE 1§l 55 W&
AHETE , LU -7K (10290 ~70: 30) A B2 UE M6, H e
ROBAH B35 K0 ), & 918 10 S8 43 (Fr. 6-7-1 ~
Fr.6-7-10) ,Fr. 6-7-3(42. 4 mg) , % [ AH 5 %0 45 )
A, L EE0.1% =3 LR (25:75) (7 mL-
min ") S B, B A EIME A Y 1(12. 6 mg) Ak
E¥2(3.2 mg), Fr.6-7-5(20.3 mg) 4 2 AH = 550
B A g, DL 0. 1% =8 LR (28:72) (7
mL-min ") Ry S M, 25 BI4L A 9 3 (4.3 mg) A1 4
(2.0 mg) , Fr.6-7-8(30.8 mg) £ fx &2 fift AL (0 3%
1 Sephadex LH-20 ( H B 36 I ) A1 643% , 15 24 & 9
5 (1.6 mg), Fr.6-14(10.0 g) L2 1 1 45 WA €2,
T, LLHEE-ZK (10290 ~ 80: 20) A6 J8 Uk JBE , 28 v &80k
ISR S, 5 IF 15 A8 4 (Fr. 6-14-1 ~ Fr. 6-
14-15) ,Fr. 6-14-5(50. 4 mg) 25 S AH = 801 8 W AR €
B LLZNE0.1% =4 LR (14:86) (7 mL-min ")
A, BB G Y 6(5.5 mg) LG W 7(6.6
mg) L&Y 8(4.9 mg) ., Fr.6-14-10(25.6 mg) &
S s 2] A& WA B3, DL B0, 1% = 3R 4
(16:84) (7 mL-min~") R ¥ sh Hl, 1 8tk & 4 9
(6.9 mg)
3 GHHETE

a1 HETERHEAR(HE), mp 178 ~
179 °C,[a]® +32.8 (¢ 0.8,MeOH) ., 2K fitJ5
H 2 75 8 ESI-MS m/z: 605 [M + Na] ' ,'H-NMR
(DMSO-d,, 600 MHz) 6§:6.53 (1H, s, H-8),6.33
(2H,s,H2', H-6") ,4.26(1H,d,J =6.0 Hz,H-4) ,
4.12(1H,d,J =7.8 Hz,H-1") ,3.96(1H,m,H-3a) ,
3.76 (3H,s,7-0CH,) ,3.67 (1H,dd,J =11.4,5.4
Hz,H-2a),3.64 (6H,s,3'-0CH,, 5'-0CH, ), 3. 24
(3H,s,5-0CH,),3.02 (2H, m, H2a, H-3a) , 2. 63
(1H,dd,J =15.0,4.2 Hz,H-1),2.51 (1H, overlap,
H-1),1.91 (1H, m,H-3),1.50 (1H, m, H-2) " C-
NMR (DMSO-d, ,150 MHz) §:32.5(C-1,t),39.3(C-
2,d),65.4(C-2a,t),44.5(C-3,d),69.5(C-3a,t),
40.9(C-4,d) ,146.8(C-5,s),137.2(C-6,s) ,146. 4
(C-7,s),106.6(C-8,d),128.3(C9,s),124.8(C-
10,s),137.5(C-1",s),105.9(C-2",d),147.4 (C-
3',s),133.2(C4",s),147.4 (C-5",s),105.9 (C-
6',d),103.9(C-1",d),72.5(C-2",d),73.2(C-3",
d),69.5(C4",d),76.7(C-5",d),63.6(C-6",1),
58.5 (5-0CH,, q), 55.6 (7-OCH,, q), 56.0 (3'-
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OCH,,q),56.0(5"-0CH, ,q) o A _E%d 5 SCHR 3 ]
Bm—2, WEEAAEY 1 K ( +)-lyoniresinol-3a-
0-B-D-glucopyranoside[ ( + ) -Fg i A g B -3-0-8-
D-TE W5 ]

k&2 HETEREAR(HE), mp 170 ~
172 °C,[a]® +22.7 (¢ 0.04,MeOH) . M /KfHJG K
H 2 25 8% ESI-MS m/z: 605 [M + Na] ' ,'H-NMR
(DMSO-d,, 600 MHz) §:6.54 (1H,s, H4),6.29
(2H,s,H2' ,H-6') ,4.15(1H,d,J =6.0 Hz,H-8),
4.06 (1H,d, J = 7.8 Hz, H-1"),3.77 (3H, s, 5-
OCH,),3.70(1H,dd,J =10.8,5. 4 Hz,H-7a) ,3. 64
(6H,s,3'-OCH,,5’-OCH,) ,3.46(1H,d,J =4.2 Hz,
H-7a),3.37(2H, m,H-6a),3.24(3H,s,1-0CH, ),
2.60 (2H, m,H-5),1.94 (1H, m,H-7),1.52 (1H,
m,H-6),"” C-NMR ( DMSO-d,, 150 MHz) §:146.4
(C-1,8),137.2(C-2,s),146.9(C-3,s),106.6( C-
4,d),32.3(C-5,1),39.2(C-6,d),65.7(C-6a,t),
44.4 (C-7,d),69.5(C-7a,t),40.8(C-8,d),124.7
(C-9,s),128.4(C-10,s) ,137.6(C-1",s) ,106. 0( C-
2',d),147.5(C3",s),133.4(C4",s),147.5 (C-
5',s),106.0 (C-6',d),103.7(C-1",d),73.2(C-2",
d),75.7(C-3",d),69.5(C-4",d),76.6 (C-5",d),
64.0(C-6",1),58.7(1-0CH,,q) ,55.7(3-0CH, ,q) ,
56.0(3'-OCH,,q) ,56.0(5'-0CH, ,q) . DL I ¥#i 5
SCHk [ 4 ) 8E — 3, s e kB 2 S (6R,7S,8S) -
7a-[ (B-glucopyranosyl) oxy ] lyoniresinol ,

fRE&W 3 FETE R AR(HE),mp 189 ~
192 °C,[a]® +7.4 (¢ 0.04,MeOH) . &K it J5
% A B, ESI-MS m/z:575 [M + Na]*, ESI-MS
m/z:551 [M-H] ~,"H-NMR ( DMSO-d, ,600 MHz) §:
6.60 (1H,s, H-8),6.42 (2H,s, H2', H-6'), 6. 10
(1H,s,H-5),4.06 (1H,d,J =7.8 Hz, H-1"),3.90
(1H,d,J=7.8 Hz,H4),3.86(1H,m,H-3a),3.70
(3H,s,7-0CH, ) ,3.68 (6H,s,3'-OCH,,5'-OCH, ) ,
3.59(1H,dd,J =10.8,3.0 Hz,H-2a),2.96 (2H,m,
H-2a,H-3a),2.77 (1H,d,J =5.4 Hz,H-1),2.73
(1H,d,J =3.0 Hz,H-1),1.89 (1H, m,H-3),1.71
(1H, m, H2) " C-NMR ( DMSO-d,, 150 MHz) §:
32.5(C-1,1),39.9(C2,d),65.5(C-2a,t) ,43. 8(C-
3,d),69.5(C-3a,t),46.1(C4,d),116.1(C-5,d),
144.0(C-6,s),145.5 (C-7,s),111.9 (C-8,d),
126.9(C9,s),132.5(C-10,s),135.7 (C-1",s),
106.8(C-2",d),147.8 (C-3",s),133.6 (C4',s),
147.8 (C-5',s),106.8 (C-6",d),104.5(C-1",d),
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72.4(C-2",d),73.3(C-3",d),69.7(C4",d),76.5
(C-5",d),62.6 (C-6",1),55.5(7-0CH,, q),55.9
(3'-0CH, ,q) ,55.9(5'-0CH, ,q) . LA I %d 5 3¢k
(5] %l — 2, MEELED I N (+)-5
methoxyisolariciresinol 3a-0-B-D-glucopyranoside ,

ka4 HETERMKEAR(HE),mp 186 ~
189 C,[a]? =10.0 (¢ 0.01,MeOH) . W2/Kfitt)5 ¥
17 %5 B, ESI-MS m/z:545 [M + Na] ', ESI-MS
m/z:521 [M -=H] ,'"H-NMR (DMSO-d,,600 MHz)
8:6.78(1H,d,J =1.8 Hz,H-2") ,6.67(1H,d, ] =
8.4 Hz,H-5") ,6.59(1H,s,H-8),6.46(1H,dd,J =
8.4,1.8 Hz,H-6") ,6.06(1H,s,H-5),4.01 (1H,d,
J=7.8 Hz,H-1"),3.90 (1H,d,J =8.2 Hz, H4),
3.83(1H,br d,J =13.2 Hz,H-2a),3.71 (3H,s,7-
OCH,),3.69(3H,s,3’-OCH,) ,3.47(1H,d,J =7.2
Hz,H-3a),3.45(1H,br d,J =13.2 Hz,H-2a),2.76
(1H,d,J =7.2 Hz,H-3a),2.70(2H,m,H-1),1. 86
(1H,m,H-2),1.68(1H,m,H-3).” C-NMR ( DMSO-
dy,150 MHz) 6:32.1(C-1,1),39.6(C-2,d),65.2
(C-2a,t),43.7(C-3,d),69.2(C-3a,1),45.4(C-4,
d),115.9(C-5,d),143.7(C-6,s),145.1(C-7,s),
111.7(C-8,d),126.7 (C9,s),132.4(C-10,5s),
136.4(C-1",s),113.8(C=2",d),146.8 (C-3",s),
144.3(C4",s),115.1 (C-5',d),121.0 (C-6",d),
104.1(C-1",d),72.9(C-2",d) ,76.2(C-3",d) ,69.5
(C4",d),76.2(C-5",d),62.3(C-6",1),55.2(7-
OCH,,q) ,55.3(3'-0CH, ,q) . LA F%dls 55 3CHk[ 6]
e — 3, S FHEY 4 M ( -)-isolariciresinol
3a-0-B-D-glucopyranoside

&S HETEMKEAR(TE),mp 183 ~
185 C,[al) —38.0 (¢ 1.00,MeOH) , ESI-MS m/
z:243 [M -H] ~,'H-NMR (DMSO-d,, 600 MHz) §:
0.87(3H,s,H-12),1.10(3H,s,H-11), 1.21 (3H,
s,H-13),1.26(3H,d,J =6.6 Hz,H-10),1. 64 (1H,
d,J] =12.0 Hz,H2eq),1.73 (1H,d,J = 13.2 Hz,
H2ax),1.75(1H,dd,J=13.2,12.0 Hz,H4ax) ,1. 77
(1H,dd,J=13.2,1.8 Hz,H4eq) ,4.34(1H,quint d,
J=6.6,1.2 Hz, H9),4.90 (overlap, H-3),5.78
(1H,dd,J =15.6,1.2 Hz,H-8),6.07 (1H,d, J =
15.6 Hz, H-7) ., C-NMR ( DMSO-d,, 150 MHz) §:
40.8(C-1,s),45.8(C-2,t),65.4(C-3,d) ,46.4(C-
4,1),77.8(C-5,5),79.0 (C-6,s),131.2(C-7,d),
136.2(C-8,d), 69.6(C-9,d) ,24.2(C-10,q) ,27.6
(C-11,q),26.3(C-12,q),27.1(C-13,q) . DL L%k
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Wi 5 3R L7 ) Bl — B, i s etk 5% S A (3S,5R,
6R,7E ,9S) -megastigman-7-ene-3,5,6,9-tetrol ,

&Y 6 B ETEE BB R (I EE) ,mp 223 ~
225 °C,[a]) =3.3 (¢ 0.03,MeOH) , EhFREEM X
I 5% FH A, Molish Jz 1 5 B 1, R K i I A6 th 7 44
W ESI-MS m/z:471 [M + Na]*,'H-NMR ( DMSO-
dy,600 MHz) §:6.21(1H,d,J=2.4 Hz,H-6) ,6.44
(1H,d,J=2.4 Hz,H-8) ,6.88(2H,d,J=8.0 Hz,H-
3',5'),8.05 (2H,d,J =8.0 Hz,H-2",6") ,"”” C-NMR
(DMSO-d,,150 MHz) §:156.7(C-2,s),133.7(C-3,
s),178.0(C4,s),161.7(C-5,5),99.2(C-6,d),
164.6(C-7,s),94.1(C-8,d),156.9(C9,s),104.5
(C-10,s),121.4(C-1",s),131.4(C-2",d),115.6
(C-3",d),160.4(C4",s),115.6(C-5",d),131. 4
(C-6",d),101.4(C-1",d),74.7(C-2",d),76.9(C-
37,d),70.4(C4",d),78.0(C-5",d),61.3(C-6",
) o LR M5 Sk (8 ] B — B0, MU E L& 6
A kaempferol-4'-0-B-D-glucopyranoside

&Y 7 BAETCE BB AR (HEE) ,mp 223 ~
225 °C,[a]y) —15.0 (¢ 0.02,MeOH) , EhFREEH
N BH M, Molish [z W 5 BH £, ESI-MS m/z: 617
[M+Nal]*, ESI-MS m/z: 593 [ M-H ]~ ,'H-NMR
(DMSO-d,,600 MHz) §:0.97 (3H,d,J =6.0 Hz,
Rha-CH,) ,4.36(1H,s,H-1"),5.30(1H,d,/J=7.8
Hz,H-1") ,6.20(1H,d,J=1.8 Hz,H-6) ,6.41(1H,
d,/J=1.8 Hz,H-8),6.87(2H,d,J =8.4 Hz,H-3",
5'),7.98 (2H,d, J = 8.4 Hz, H2',6")."” C-NMR
(DMSO-d,,150 MHz) §:156.5(C-2,s),133.2(C-3,
s),177.4(C4,s),161.2(C-5,s),98.7 (C-6,d),
164.1(C-7,s),93.7(C-8,d),156.8(C9,s),104.0
(C-10,s),120.9(C-1",s),130.9(C-2",d),115. 1
(€C-3",d),159.9(C4",s),115.1(C-5",d),130.9
(C-6",d),100.8(C-1",d),74.2(C-2",d),75.7(C-
3",d),70.0(C4",d),76.3(C-5",d) ,66.9(C-6",1)
101.3(C-1",d),70.6 (C-2",d),70.3 (C-3",d),
71.8(C4",d),68.2(C-5",d),17.7(C-6",q), LL
EEAE S SCER L9 Bl — B M EEM T A
kaempferol-4’-0-q-L-rhamonpyranoyl ( 1 — 6 )-8-D-
glucopyranoside,

a8  BAEAICE R AR (P EE) , mp 215 ~
218 C,[al}) =5.0 (c0.02,MeOH) . WM K
N5 B, Molish Jz 07 52 BH 4, B2 7K it 5 A 2 31
¥ ESI-MS m/z:623 [M + Na] *, ESI-MS m/z:599
[M-H] ,'H-NMR (DMSO-d,, 600 MHz) §:6.20

(1H,d,J=1.8 Hz,H-6) ,6.43(1H,d,J=1.8 Hz, H-
8),6.85(2H,d,J=7.8 Hz,H-3",5"),8.05(2H,d,
J=7.8 Hz, H2",6").,” C-NMR ( DMSO-d,, 150
MHz) §:156.3(C-2,s),133.3(C-3,s),177.4(C-4,
$),161.1(C-5,5),98.7 (C-6,d),164.1(C-7,s),
93.6(C-8,d),156.6 (C9,s),103.8 (C-10,s),
120.7(C-1",s),130.8 (C-2",d),115.0(C-3",d),
160.0(C4",s),115.0(C-5",d),130.8(C-6",d),
102.1(C-1",d),71.0(C-2",d),72.7(C-3",d) ,67.7
(C-4",d),72.3(C-5",d),62.1(C-6",1),119.0(C-
1”,s),108.5(C2",d),145.4(C-3",s),138.4 (C-
4" . s) ,145.4(C-5",s),108.5(C-6",d) , i I % ¥
53wk [10] B — 3, Mk EhEY 8 N
kaempferol-3-0-B-D-(6"-galloyl) galactopyranoside,
a9 e Bk R (HEE) , mp 210-
213 °C,[a]y -160.0 (¢ 0.02,MeOH) . k24K
SIS BHAE  Molish Jz 07 52 FHAE , 2 7K fif )5 A e 3L
Wi, ESI-MS: m/z:639 [M + Na]* ESI-MS m/z:615
[M-H] ,'H-NMR ( DMSO-d,, 600 MHz) §&:6.19
(1H,d,J=1.8 Hz,H-6) ,6.40 (1H,d,J =1.8 Hgz,
H-8),6.81 (1H,d,J =8.4 Hz, H-5"),7.51 (1H,d,
J=1.8 Hz,H-2"),7.66 (1H,dd,J =8.4,1.8 Hz, H-
6') ., C-NMR (DMSO-d,,150 MHz) §:156.3(C-2,s),
133.9(C-3,s),177.4(C4,s),161.2 (C-5,5),98.8
(C-6,d),164.2(C-7,5),93.5(C-8,d),156.5(C9,
$),104.3(C-10,s),121.1(C-1",s),115.2(C-2",d),
142.0(C-3",s),148.5(C4",s),116.1(C-5",d) ,121.9
(C-6',d),102.0(C-1",d),71.1(C-=2",d),72.7(C-3",
d),67.7(C-4",d),76.5(C-5",d),62.3(C-6",1),
120.2(C-1",5),108.6 (C2",d), 144.8 (C-3",s),
138.5(C-4",s),144.8(C-5",s),108.6(C-6",d) . L
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Chemical Components from Qili Qiangxin Capsule (Il )
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[ Abstract | Objective: To study the chemical components of Qili Qiangxin capsule and to prove its

material basis for efficacy. Method: The compounds were isolated from fractions eluted by 95% ethanol, 50%
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