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Chemical Constituents of Leaves of Forsythia suspense
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[ Abstract |

The compounds were isolated and purified by D101 macroporous absorptive resin, column chromatography and
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Objective: To study the chemical constituents of the leaves of Forsythia suspense. Method .

preparative HPLC. Their structures were identified by MS, NMR and other methods. Result: Ten compounds were
obtained and identified as rutin (1), phillyrin (2), ( + ) pinoresinol-8-D-glucoside (3), epipinoresinol-B-D-
glucoside (4), epipinoresinol-4'-0-B-D-glucoside (5) , forsythenside F (6), ( +) -1-hydroxypinoresinol-4”"-0-3-
D-glucopyranoside (7), forsythoside 1 (8), forsythoside H (9), forsythoside A (10). Conclusion; Compounds

4-7, 9 were isolated from the leaves of Forsythia suspense for the first time.
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W — BT S A B Y BT i, g e A
1(300 mg) , IEW AL P79 D101 AIA A5 41 (3 kg)
R K ,40% 21 ,95% 2 BEpe i, 40% £ i
VRO RO E e 45 2 T, B 115 g, FRERSH: , =4 W
Pe-HBE (200 1 ~ 15 1) B BE Pk, 48 TLC, HPLC 43
BT, F i 5 7o 2800 €8 33 ) A% 4l Ak 5 3L 15 20 9 A~k
G100 1EE RS 2 G 2(2.0 9) , kG 3
(495 mg) LG 4(83 mg) LG 5(71 mg) , 1k
B 6(43 mg) LG 7(20 mg),5: 1 PR AR5
LAY 8(36 mg) , fLEW 9(9 mg), LAY 10
(35 mg),

a1 EEBAK, ESI-MS m/z 609[ M -
H] ™ R M4 F i 610,454 NMR 54 , i 2
HAy 1= M CyrH,0,. H-NMR (400 MHz, DMSO)
8,:6.23(1H,d,J=1.8 Hz,H-6),6.40 (1H,d, J =
2.2 Hz,H-8),6.87 (1H,d,J =9 Hz, H-5"),7.56
(1H,d,J=1.7Hz,H-2"),7.58(1H,dd,J =2,8 Hz,
H-6"),4.42(1H,d,J =1.5 Hz,H-1Rha) ,5.37(1H,
d,J=7.5 Hz,H-1Glc) ;" C-NMR (100 MHz, DMSO)
8.:156.8 (€2),133.5(C-3),177.5(C-4),161.4
(C-5),98.8(C-6),164.2(C-7),93.7(C-8),156.6
(C9),104.1(C-10), 121.3(C-1"),115.4(C-2"),
144.9(C-3"),148.6(C-4") ,116.4(C-5") ,121.7(C-
6'),101.3(Gle-1),74.2(Gle-2) ,76.0( Gle-3) ,70. 5
(Gle4),76.6 (Gle-5),67.2 ( Gle-6) , 100. 9 ( Rha-
1),70.2(Rha-2),70.7( Rha-3),72.0( Rha-4) ,68. 4
(Rha-5),17.9(Rha-6) , DL | 3 1% ¥4 5 Sc ik [6]
FOT RS — B0 S S 1 T (ratin)

a2 Ha¥ K, ESI-MS m/z 535[ M +
H] " 48R AHXS 43 F T it 534, 254 NMR £,
EH S F XK C, H, 0,.'H-NMR (400 MHz,
DMSO) §,:7.03(1H,br s,H-2),7.12(H,d,J =8.2
Hz,H-5),6.93(1H,dd,J =8.2,1.4 Hz,H-6) ,6.96
(1H,d,J=1.8 Hz,H-2") ,6.93(1H,m,H-5"),6.90
(1H,dd,J =8.4,1.8 Hz, H6') ,4.16 (1H, m, H-
9a),4.86(1H,d,J=7.2 Hz,H-1Glc) ,3.76 (9H, s,
3 x OMe) ,"°C-NMR (100 MHz, DMSO0)§,:135.4( C-
1),110.5(C-2),149.1(C-3),146.1(C4),115.3
(C-5),118.3(C-6),86.9(C-7),54.2(C-8),70.5
(C9),131.3(C-1"),109.5(C-2"),148.6 (C-3"),
147.8(C-4") ,111.7(C-5") ,117.7(C-6"),81. 4 (C-
7'),49.5(C-8"),69.2(C-9"),100.3 ( Gle-1),73. 4
(Gle2),77.1(Gle-3) ,69.8(Gle-4) ,77.2(Gle-5) ,
60.9(Gle-6) ,55.8(3 x OCH, ) . L) I i i %4 5 3¢

BR[7 ] E 0 B — B0, s w6 2 i
(phillyrin)

&3 [l A, ESI-MS m/z 521[ M +
H] " 4R AHXS 40 7 B it 520, 454 NMR 040,
EH 7k €y Hy, O0,,,'H-NMR (400 MHz,
DMSO) 8,:6.89(1H,d,J=1.3 Hz,H-2) ,6.71(1H,
d,/]=8.1 Hz,H-5),6.75(1H,dd,J =8.1,1.3 Hz,
H-6), 6.95(1H,d,J=1.8 Hz,H-2"),7.04(1H,d,
J=8.5Hz,H-5"),6.85(1H,dd,J=8.5,1.8 Hz,H-
6'),4.60(1H,d,J=4.0 Hz,H-7), 3.04(2H,m, H-
8,8),4.13(1H, m, H-9a), 3.74 (1H, m, H9b) ,
4.66(1H,d,J =4.0 Hz,H-7'), 4. 11 (1H, m, H-9'
a), 3.73(1H,m,H9'b), 4.87(1H,d,J =7.4 Hz,
H-1 Glc),3.46 ~3.15 pm sugar H),3.75(6H, s,
2 x OMe) ,"”C-NMR (100 MHz,DMSO) §,:135.6(C-
1),110.9(C-2),149.4(C-3),146.4 (C-4),115.6
(C-5),118.6 (C-6),85.3(C-7),54.2(C-8),71.5
(€9),132.6(C-1"),110.8(C-2"), 148.0(C-3"),
146.3(C-4"), 115.5(C-5"), 119.1(C-6"), 85.7
(C-7"),54.0(C-8"), 71.4(C9"), 100.5(Glec-1),
73.7(Gle-2) ,77.3(Gle-3) ,70. 1( Gle4) ,77.5( Gle-
5),61.1(Gle-6), 56.1,56.0(2 x OMe) , VA |- ki
Bl 5 SCHR [ 8O J B M AR —B, L e &Y 3
H(+ ) 8 IR R -B-D-Hi 4 M H ( pinoresinol-B-D-
glucoside) .,

e 4 [ AR, ESI-MS m/z 5S21[ M +
H]" 48R AH XS 43 F BT it 520, %54 NMR £040 ,
B H 4 F Lk ¢ Hy, O, ,'H-NMR (400 MHz,
DMSO) §,:8.91 (1H, m,0H4"),6.96 (1H,d, J =
1.6 Hz,H-2), 7.04(1H, d,J =8.4 Hz,H-5) ,6.85
(1H,dd,J=8.4,1.6 Hz,H-6) ,6.87(1H,d,J=1.4
Hz,H-=2'), 6.74 (2H,br s,H-5",6") ,4.35(1H,d,
J=6.8 Hz,H-7),2.83(1H, m,H-8), 4.07 (1H,d,
J=9.2 Hz,H9a) ,3.71(1H,m,H-9b) ,4.75(1H,d,
J=5.8 Hz,H-7'), 3.34(1H, m, H-8'), 3.68(1H,
m,H9'a) 3. 12(1H,m,H-9'b) ,4.88(1H,d,J =7.2
Hz,H-1Gle),3.76 (6H,s, 2 x OMe) ., C-NMR ( 100
MHz,DMSO) §.:135.7(C-1),110.8(C-2),149.3
(C3), 146.3(C4),115.6(C-5),118.6(C-6),
87.1(C-7),54.5(C-8),70.7(C9), 130.0(C-1"),
110.1(C-2"),147.7(C-3"),145.7(C-4") ,115.5(C-
5'),118.3(C-6"), 81.8(C-7"), 49.8(C-8"), 70.1
(€9'),100.5(Gle-1),73.7(Gle-2),77.3(Gle-3) ,
69.4(Gle4),77.5(Gle-5) ,61.1(Gle-6) ,56.1,56.0

.23 .
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(2 xO0Me) . DAL ik Hcds 55 Cmk [ 8,10 ] iz 3H 1y 5
AR —3, MR A Y 4 R RN -B-D-H % BT
(epipinoresinol-B-D-glucoside )

e s HEBAK, ESI-MS m/z 5S21[ M +
H] " BRAH XS 4r F T & 520, 454G NMR 34, o
EH 7 Xk Cy) Hy, 0, ,'H-NMR (400 MHz,
DMSO) §,,:8.94(1H,m,0H-4) 6.95(1H,d,J=1.3
Hz,H-2),7.04(1H,J =8.4 Hz,H-5) ,6.83(1H,dd,
J=8.4,1.3Hz,H-6),6.89 (1H,d, J = 1.4 Hz, H-
2'),6.71(1H,br s,H-5") , 6.75 (1H, dd, J=8.2,
1.4 Hz,H-6"), 4.30(1H,d,J=7.1 Hz,H-7) ,2. 82
(1H,m,H-8), 4.05(1H, d, J=9.3 Hz,H9a),
3.73(1H,m ,H-9b) ,4.79(1H,d,J =5.8 Hz,H-7') ,
3.15(1H,m,H9'b), 4.88 (1H,d,J =7.2 Hz, H-
1Gle), 3.76, 3.77(6H, s, 2 x OMe) ,"*C-NMR ( 100
MHz,DMSO) §,:132.8 (C-1),110.7 (C-2),148.0
(C-3),146.4(C-4),115.2(C-5),119.1(C-6) ,87. 4
(C-7),54.4(C-8),70.1(C9),132.9(C-1"),110. 4
(C-2"),149.0(C-3"),145.9(C4"),115.6 (C-5"),
118.0(C-6"),81.6 (C-7'),49.8 (C-8"),69.3 ( C-
9'),100. 5(Gle-1),73.7(Gle-2) ,77.3(Gle-3) ,70. 8
(Gle4),77.5 (Gle-5),61.1 (Gle-6) , 56.0, 56. 1
(2 xOMe) ., LA b3 Bt 55 SOk [ 7 ] i3l i A4
— M EA Y S R R 4-0-B-D-7 i B
+ (epipinoresinol-4'-0-8-D-glucoside ) ,

a6 HEk A, ESI-MS m/z 451 [ M +
H] " 48R AHXS 43 F T it 450, 254 NMR £G4, o
EHSF XK Cy H, 0,. H-NMR (400 MHz,
DMSO) §,:6.03(2H,d,J =10.0 Hz,H-2,6) ,6.93
(2H,dd,J=10.0,2.6 Hz,H-3,5),1.92(2H,m, H-
4),4.10(1H,d,J=7.8 Hz,H-1") ,7.04(2H,d,J =
8.4 Hz, H-2",6"),6.69 (2H,d, J = 8.4 Hz, H-3",
5"y,3.52 (2H, s, H-7"), "C-NMR (100 MHz,
DMSO) §.:185.3(C-1),126.3(C-2,6),153.2(C-
3,5),67.3(C-4),39.6(C-7),67.3(C-8),102.7(C-
1),73.2(C-2"),73.5(C-3"),70.0(C-4") ,76.3 (C-
5'),63.9(C-6"),124.3 (C-1"),130.2 (C-2",6"),
115.0(C-3",5"),156.2(C-4"),39.6 (C-7"),171.5
(C-8") o DA Liis s 55 SClk [ 11 ] i 38 i B A —
B, EALEY) 6 N forsythenside F,

a7 BB AK, ESI-MS m/z 537[ M +
H] " 3R AHXS 43 F i & 536, 454G NMR %4, i
EHSFX R C, H, 0,.,'H-NMR (400 MHz,
DMS0)8§,:6.95(1H,d,J =1.4 Hz,H-2) ,6.72(1H,

.24 .

brs,H5),6.76 (1H,dd,J =8.2,1.4 Hz, H6),
4.52(1H,s,H-7),7.02(1H,d,J =1.8 Hz,H2"),
7.06(1H,d,J =8.4 Hz, H-5"),6.90 (1H, dd, J =
8.4,1.8 Hz,H-6"), 4.80(1H,d,J=5.0 Hz,H-7"),
4.89(1H,d,J=7.3 Hz,H-1Gle),3.75,3.77 (6H,
s, 2x OMe),"” C-NMR ( 100 MHz, DMSO ) §,:
135.2(C-1),110.8(C2), 148.8(C-3), 145.8
(C4), 115.1(C-5), 118.3(C-6), 85.0(C-7),
60.8(C-8),70.3(C9), 127.9(C-1"), 112.2(C-
2'), 146.9(C-3"),145.9(C4"),114.5(C-5")
120.2(C-6"),87.2(C-7"),91.0(C-8"),74.7(C-
9'),100.0 ( Gle-1),73.2 (Gle-2),76.8 ( Gle-3) ,
69.6(Gle-4),77.0( Gle-5),60.6 ( Gle-6) , 55.5,
55.6(2 x OMe) ., LA b %404 5 SCHk [ 8,12
ER AR B M EEEGWT H(+)-1-FHn
g R4"-0--D-% #H W H [( + )-l-
hydroxypinoresinol-4”-0-8-D-glucopyranoside ] ,

ka8 LK, ESI-MS m/z625 [M +
H] " BERAH XS 4> F 0T 624 454 NMR 4, i
EH S FX R C, H, O, H-NMR (400 MHz,
DMSO) 8,:6.59(1H,d,J=1.8 Hz,H-2) ,6. 62(1H,
d,J=8.0 Hz,H-5) ,6.48 (1H,dd,J =8.0,1.8 Hz,
H-6),2.65(1H,m,H-7) ,4.32(1H,d,J =7.2 Hz,H-
1) ,4.56(1H,br s,H-1") ,1.14(1H,d,J =6.6 Hz,
H-6"),7.03(1H,d,J =1.8 Hz,H2") ,6.75(1H,d,
J=8.2 Hz,H-5") 7.01(1H,dd,J =8.4,1.8 Hz, H-
6"),7.45(1H,d,J =15.2 Hz,H-7") ,6.25(1H,d,
J=15.2 Hz,H-8") ,”C-NMR (100 MHz,DMSO) §,:
129.1(C-1),115.5(C-2),144.7(C-3),143.5(C-
4),116.3(C-5),119.5(C-6),35.1(C-7),70.2(C-
8), 102.6 (C-1"),71.4(C-2"),77.5(C-3"),68.1
(C4"),75.1(C-5"),66.4(C-6"),100.7(C-1"),
70.6(C-2"),70.4(C-3"),71.9(C4"), 68.4(C-
5"),17.8 (C-6") 125.6 (C-1"), 114.7 (C=2"),
145.5 ( C-3"), 148.2 ( C4"), 115.8 ( C-5"),
121.2 ( C-6"), 144.9 (C-7"), 114.6 ( C-8"),
166. 1(C9™) o DA Iyl i ks 5 SClk [ 13 ] B
A -, % Ehaw 8 ik M I
(forsythoside 1) ,

&9 koK, ESI-MS m/z 625
(M +H] " 4R A0 X5 4> F T it 624, 454 NMR %L
B2 H Ay F XM CuH, 0, ' H-NMR (400 MHz,
DMSO) 8,:6.53(1H,d,J=1.8 Hz,H-2) ,6.55(1H,
d,J=8.4 Hz,H-5) ,6.40(1H,dd,J =8.4,1.8 Hz,
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H-6),2.55(1H,m,H-7) ,4.48(1H,d,J =7. 8 Hz, H-
1'),4.60(1H,br s,H-1"),1.14(1H,d,J =6.6 Hz,
H-6"),7.05(1H,br s, H2") ,6.76 (1H,d,J =7.2
Hz,H-5"), 7.00(1H,br s, H-6"), 7.49(1H,d,J =
16.0 Hz, H-7"),6.25(1H,d, J = 16.0 Hz, H-8")
“C-NMR (100 MHz,DMSO) §.:129.1(C-1), 115.4
(C2), 144.9(C-3), 143.4(C4),116.2(C-5),
119.5(C-6),35.0(C-7),69.8(C-8),100.2(C-1"),
73.4(C-2"),74.1(C-3"),70.6(C-4"),75.5(C-5") ,
66.6(C-6"),100.7 (C-1"),70.4 ( C-2"),70.3 ( C-
37),71.9 (C-4"),68.4 (C-5"),17.9 (C-6"),125.5
(C-1"),114.8(C-2") ,145.6(C-3") ,148.4(C-4") ,
115.8(C-5"),121.2 (C-6"),145. 1 (C-7"), 114.2
(C-8"),165.6(C-9") . LA I ik #9555 Sk [ 13 ]
ROER AR — B, MO e GW 9 BB H H
(forsythoside H) ,

L&Y 10 220 Ak K, ESI-MS m/z 625
[M+H] " 32X 5 F & 624, 454G NMR %%
W E T CH, 0,5, H-NMR (400 MHz,
DMSO) §,:6.65(1H,d,J=1.8 Hz,H2) ,6.63(1H,
d,J=7.8 Hz,H-5),6.50(1H,dd,J=7.8,1.8 Hz,
H-6),2.67(1H,m,H-7) ,4.30(1H,d,J =7. 8 Hz, H-
1'),4.50(1H,br s,H-1"),1.04(1H,d,J =6.1 Hz,
H-6"),7.05(1H,br s, H2") ,6.76 (1H,d, J = 8.2
Hz,H-5"), 7.00(1H,br s,H-6"), 7.50(1H,d,J =
15.6 Hz,H-7"),6.25(1H,d, J = 15.6 Hz, H-8")
“C-NMR (100 MHz, DMSO)§.:129.2(C-1),115.5
(C2),144.9 (C-3),143.5(C4),116.3 (C-5),
119.5(C-6),35.1(C-7), 70.3(C-8), 102.8 ( C-
1'),72.9(C=2"), 73.4(C-3"),71.0(C4"), 73.9
(C-5"),66.0(C-6"),100.5 (C-1"),70.5(C2"),
70.4(C-3"),71.9 (C4"),68.4 (C-5"),17.8 ( C-
6"),125.4(C-1"), 114.8 (C-=2"), 145.6 (C-3"),
148.5(C-4"), 115.8(C-5"), 121.4 (C-6"), 145.6
(C-7"), 113.7(C-8"),165.8(C-9") . L I I it %
P SCER [ 13-14 R 18 0y B AR — 30, S S et &9
10 % ABEH A (orsythoside A) |
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