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Chemical constituents from fruits of Forsythia suspense
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Abstract: Objective To study the chemical constituents from the fruits of Forsythia suspensa. Methods Compounds were isolated
by a combination of various chromatographic techniques including column chromatography over macroporous resin, Sephadex LH-20,
and reversed-phase HPLC. Their structures were elucidated by physiochemical property and spectral analysis. Results Thirteen
compounds were isolated and identified as salidroside (1), forsythoside E (2), quinolacetic acid (3), rengyolone (4), senecio lactone (5),
cleroindicin C (6), 4-hydroxy-4-isopropylcyclohex-1-enecarboxylic acid (7), oleuropeic acid (8), rel-(1S,2S,45)-trihydroxy-p-
menthane (9), azelaic acid (10), 2-hydroxy-succinic acid 4-methylester (11), glochidioboside (12), and (+)-isolariciresino-9-O-f-D-
glucopyranoside (13). Conclusion Compounds 5—13 are isolated from genus Forsythia Vahl. for the first time.
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Y E N BHIAY Csalidroside, 1)+ ZEMME{F E
(forsythoside E, 2). quinolacetic acid (3). #Fifch
(rengyolone, 4). THUGHER (senecio lactone, 5)+

cleroindicin C (6. 4-F2Jk-4-53 PyJk-1-3F O TR
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menthane (9). F P& (azelaic acid, 10). 2-F5%:-
T MR-4- g (2-hydroxy-succinic acid 4-methylester,
11)., glochidioboside (12) (+)-57& HHA IEEE-9-O-B-D-
WA [(+)-isolariciresino-9-O-B-D-glucopyranoside
13]. HrP &9 5~13 iR Nl E rh 4y 515 2.
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Bruker ARX 300 MHz. Bruker ARX 400
MHz ¥t 35 4% 9 3% 4 ( Bruker A7), TMS fEA
Fr); Bruker micro-Q-Tof /5 7 #F it {% (Bruker 2
ml, Ht); Waters Pro 150 1 iRy RCBUH (53 A%
(Waters 2y 7], 3 E) ;YMC ODS-A 4 434 (250
mmX 10 mm, 5 pm); YMC ODS-A 43 H7 (A% 45 (150
mmX4.6 mm, 5um),

FEERERER (100~200 H. 200~300 H ). #
JEEERER H (300~400 H)v GFysy (5 B
T.J7); ODS KA %R (60~80 pm, 44 [ Merck);
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BB AE COREE SR R PR A R
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2-4, I Fr. 2-2 sl ak H8BAH €l (35% S MiG-7K0
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i, AR SR BE-FE (50 01 20010 150 1,
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mg); Fr. 3-4 Ml Hl s AH IS (15% 457K 3
IRAAEME A 11 (20 mg); Fr. 5 i A (i,
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I R B (10%ZA5-7K) Ve A2k &)
12 (20 mg). 13 (20 mg)-
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a1 LERY, % THE. 'HNMR
(400 MHz, DMSO-dg) 6: 2.73 (2H, m, H-7), 3.56 (1H,
m, H-8a), 3.87 (1H, m, H-8b), 4.16 (1H, d, J = 7.9 Hz,
H-1'), 6.66 (2H, d, J = 8.4 Hz, H-3, 5), 7.04 2H, d, J =
8.4 Hz, H-2, 6); C-NMR (100 MHz, DMSO-dq)
128.4 (C-1), 129.7 (C-2, 6), 115.1 (C-3, 5), 155.7
(C-4), 70.1 (C-8), 34.8 (C-7), 102.9 (C-1), 73.4
(C-2)), 77.0 (C-3"), 69.9 (C-4), 76.3 (C-5), 61.1
(C-6")o LA 3 it 15 SCmRARoE e A — 30, i
EE 1 B

a2 LRy, ST HEE. 'H-NMR
(400 MHz, MeOD-d,) d: 2.77 (2H, m, H-7), 4.26 (1H,
m, H-8a), 4.74 (1H, m, H-8b), 6.57 (1H, dd, J = 7.8,
2.1 Hz, H-6), 6.72 (1H, d, J = 7.8 Hz, H-5), 6.60 (1H,
d, J=2.1 Hz, H-2), 1.25 (3H, d, J = 6.2 Hz, H-6");
BC-NMR (100 MHz, MeOD-d,) d: 130.4 (C-1), 117.2
(C-2), 146.7 (C-3), 1452 (C-4), 116.4 (C-5), 120.4
(C-6), 34.8 (C-7), 70.1 (C-8), 104.4 (C-1), 74.8
(C-2)), 783 (C-3"), 71.6 (C-4'), 76.8 (C-5'), 68.1
(C-6"), 102.2 (C-1"), 72.5 (C-2"), 72.0 (C-3"), 73.7
(C-4"), 69.6 (C-5"), 18.5 (C-6"). LA byt 53
BRI A 5, W e A 2 BT E.

WA 3: ToOERIRES i CHEE) . "TH-NMR (400
MHz, DMSO-ds) d: 7.02 (2H, d, J = 9.8 Hz, H-2, 6),
6.03 (2H, d, J = 9.8 Hz, H-3, 5), 2.56 (2H, s, H-7);
BC-NMR (100 MHz, DMSO-dq) d: 185.7 (C-1), 126.9
(C-2, 6), 152.4 (C-3, 5), 67.0 (C-4), 45.4 (C-7), 170.4
(C-8)o LA b3 il ¥t 5 ek e A — 5, %
AW 3 A quinolacetic acid.

A 4: 10455 CRIEE) . "H-NMR (400 MHz,
MeOD-d,) 6: 5.87 (1H, d, J = 10.2 Hz, H-2), 6.77 (1H,
d, J=10.2 Hz, H-3), 4.13 (1H, m, H-5), 2.50 (1H, dd,
J=16.6,4.3 Hz, H-6a), 2.79 (1H, dd, J = 16.6, 4.3 Hz,
H-6b), 2.26 (1H, m, H-7a), 2.20 (1H, m, H-7b), 3.93
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(1H, m, H-8a), 3.79 (1H, m, H-8b); "C-NMR (100
MHz, MeOH-dy) 6: 196.7 (C-1), 128.3 (C-2), 149.6
(C-3), 75.3 (C-4), 81.9 (C-5), 40.3 (C-6), 40.3 (C-7),
66.3 (C-8)o LL bW Kot 15 Sk iE ™I R A— 3L,
MO Y 4 s SRR o

WA 5: s ONED . "H-NMR (400 MHz,
DMSO-dg) 6: 6.02 (1H, d, J = 10.2 Hz, H-2), 6.83
(1H, d, J = 10.2 Hz, H-3), 4.78 (1H, t, J= 6.5, 5.0 Hz,
H-5), 2.90 (1H, dd, J = 16.9, 5.0 Hz, H-6a), 2.73 (1H,
dd, J = 16.9, 6.6 Hz, H-6b), 2.95 (1H, d, J = 17.0 Hz,
H-7a), 2.85 (1H, d, J = 17.0, H-7b); "“*C-NMR (100
MHz, DMSO-dg) &: 195.5 (C-1), 128.3 (C-2), 148.5
(C-3), 71.8 (C-4), 82.5 (C-5), 39.7 (C-6), 41.9 (C-7),
173.9 (C-8). LA L3 i Hiedhi 55 ek A — 3,
MO LAY 5 T BDE N

& 6. LOmMrRY), ST . FAB-MS
miz: 155 [M—H]; 'H-NMR (400 MHz, CD;COCD)
J: 4.36 (1H, m, H-2), 3.88 (2H, m, H-8), 2.96 (1H, dd,
J=15.8, 4.5 Hz, H-3a), 2.72 (1H, m, H-3b), 2.35 (1H,
m, H-5a), 2.24 (1H, m, H-7a), 2.13 (2H, m, H-6), 2.02
(1H, m, H-7b), 1.63 (1H, m, H-5b); *C-NMR (100
MHz, CD;COCD;) 6: 77.0 (C-1), 84.5 (C-2), 42.9
(C-3), 209.9 (C-4), 34.1 (C-5), 35.5 (C-6), 40.9 (C-7),
66.2 (C-8)o Lh b Kot 15 Sk IiE ™I R A— 3,
WM 2L E W) 6 4 cleroindicin C.

a7 B4 i (RED . FAB-MS m/z: 182.9
[M—H], 4Tk CioH 1603, 'H-NMR (400 MHz,
DMSO-d) &: 6.73 (1H, brs, H-2), 0.86 (3H, d, J =
6.3 Hz, -CHs), 0.84 (3H, d, J = 6.3 Hz, -CHj;), 2.20
(2H, m, H-3), 1.97 (2H, m, H-6), 1.58 (2H, m, H-5),
1.36 (1H, m, H-7); >*C-NMR (100 MHz, DMSO-dj) &:
168.2 (-COOH), 137.1 (C-2), 129.7 (C-1), 69.6 (C-4),
36.8 (C-3), 34.7 (C-7), 30.2 (C-5), 21.2 (C-6), 16.9
(-CH3), 16.9 (-CHy). LA biisesicd 5 scmkap g™
FER—5, M EEw 7 8 4-F83E-4- A HE-1-
WO IR -

&Y 8: Agh s (FED, SR+ P,
'H-NMR (400 MHz, DMSO-ds) J: 6.86 (1H, brs,
H-2), 0.85 (6H, s, -CH3); "“C-NMR (100 MHz,
DMSO-dg) 8: 130.2 (C-1), 139.2 (C-2), 25.0 (C-3),
43.8 (C-4), 23.1 (C-5), 26.6 (C-6), 168.2 (-COOH),
70.3 (C-8),27.1 (C-9, 10). LA -yt 5 Scikapas!™
FEA—F, W% EHAY 8 4 oleuropeic acid.

E9: It (FED . ESI-MS m/z: 184,
'H-NMR (400 MHz, DMSO-d¢) J: 4.14 (1H, brs,
1-OH), 5.13 (1H, d, J = 6.9 Hz, 2-OH), 4.55 (1H, s,
4-OH), 1.10 (3H, s, H-7), 1.75 (2H, m, H-3), 1.38 (1H,
m, H-5a), 1.65 (1H, m, H-5b), 1.27 (1H, m, H-6a),
1.40 (1H, m, H-6b), 3.35 (1H, m, H-2), 1.46 (1H, m,
H-8), 0.82 (6H, d, J = 6.8 Hz, H-9, 10); “C-NMR
(100 MHz, DMSO-dg) 6: 73.3 (C-1), 69.9 (C-2), 37.4
(C-3), 73.8 (C-4), 29.2 (C-5), 29.5 (C-6), 27.1 (C-7),
34.0 (C-8), 16.9 (C-9, 10). LA F il & i 5 SCik R
EUEAR 8, MR AY 9 4 rel-(15,25,45)-
trihydroxy-p-menthane.

&Y 10: LEMARY . HR-ESI-MS m/z:
187.095 4 [M—H] . 'H-NMR (400 MHz, DMSO-dj)
5:2.17 (4H, t, J = 2.4 Hz, H-2, 8), 1.47 (4H, t, J = 6.0
Hz, H-3, 7), 1.24 (6H, brs, H-4, 5, 6); "*C-NMR (100
MHz, DMSO-dg) 6: 173.3 (C-1, 9), 33.7 (C-2, 8), 24.5
(C-3,7),28.4 (C-4, 5, 6). A_E3 i K 15 Scmkdpos!™
BB, MR AW 10 8T K.

WA 11: LOAHRY) . 'HNMR (400 MHz,
DMSO-dq) d: 4.32 (1H, dd, J = 7.3, 5.4 Hz, H-2), 2.46
(1H, d, J = 7.3 Hz, H-3a), 2.61 (1H, d, J = 5.4 Hz,
H-3b); “C-NMR (100 MHz, DMSO-ds) d: 171.6
(C-4), 173.3 (C-1), 67.0 (C-2), 51.9 (C-5), 39.3 (C-3).
DL E 3 Bt 5 Sciraton A 8, e s
P11k 2580 T T R-4- I TR

WEY 12: BOLCHEMAK, HETHE.
UV A (nm): 229.2, 281.6. 278.6 nm; 'H-NMR
(300 MHz, DMSO-ds) J: 6.89 (1H, brs, H-2), 6.72
(1H, d, J = 8.5 Hz, H-5), 6.71 (1H, d, J = 8.5 Hz, H-6),
5.39 (1H, d, J = 6.5 Hz, H-7), 3.40 (1H, m, H-8), 3.58
(1H, m, H-9a), 3.68 (1H, m, H-9b), 6.71 (2H, s, H-2’,
6), 2.57 (2H, t, J = 7.5 Hz, H-7"), 1.77 (2H, m, H-8"),
3.39 (1H, m, H-9a'), 3.78 (1H, m, H-9b"), 3.73 (3H, s,
3-OCHs3), 3.75 (3H, s, 3'-OCH;), 4.12 (1H, d, J = 7.8
Hz, H-1"); “C-NMR (75 MHz, DMSO-d;) J: 132.5
(C-1), 110.3 (C-2), 147.5 (C-3), 146.3 (C-4), 1153
(C-5), 118.5 (C-6), 86.9 (C-7), 53.3 (C-8), 63.0 (C-9),
134.6 (C-1"), 112.5 (C-2'), 143.3 (C-3'), 145.6 (C-4"),
129.0 (C-5'), 116.5 (C-6'), 31.4 (C-7'), 31.4 (C-8),
67.9 (C-9'), 55.6 (3-OCHj), 55.7 (3'-OCHs), glc: 103.0
(C-1), 73.5 (C-2), 76.8 (C-3), 70.1 (C-4), 76.7 (C-5),
61.1 (C-6) LA L9kt iedhs 15 sk is! e A —5L,
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WA 13: SEEHRY), 53T P HE. "TH-NMR
(400 MHz, DMSO-d) ¢: 6.35~6.70 (6H, m, Arom
H), 2.70 (1H, m, H-7), 3.69 (6H, s, 2X OCH3), 1.90
(1H, m, H-8), 3.54 (1H, m, H-9a), 3.16 (1H, m, H-9b),
3.77 (1H, m, H-7"), 1.65 (1H, m, H-8"), 3.45 (2H, d,
J =9.0 Hz, H-9), 4.30 (1H, d, J = 6.9 Hz, H-1");
BC-NMR (100 MHz, DMSO-dq) d: 136.9 (C-1), 113.9
(C-2), 147.2 (C-3), 144.4 (C-4), 115.5 (C-5), 121.1
(C-6), 45.5 (C-7), 44.1 (C-8), 67.7 (C-9), 127.0 (C-1"),
111.9 (C-2), 145.5 (C-3'), 144.5 (C-4"), 116.3 (C-5"),
136.9 (C-6'), 32.2 (C-7"), 37.5 (C-8"), 62.3 (C-9"),
104.1 (C-1"), 73.5 (C-2"), 76.7 (C-3"), 70.8 (C-4"),
76.7 (C-5"), 61.1 (C-6"), 55.5 (-OCH;), 55.6
(-OCH3). Lh_E il it $iths b5 Sc ik ! e A — 5,
WEEED 13 4 (- i MR IR EE-9-O-B-D-Hi
HPHET o
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