© 622 ¢ 3% Chinese Traditional and Herbal Drugs 38 45% 25 58] 20144E3 A

BERERBUERIR

W oA EZmA L AEE, mALY R#%KEY, 2 50
1 REEEFRER, R 300070

L REEAITAE, R 300193

REPBEH KRS, RE 300193

RRZGRIRE:, &7 B 110066

HUBr g R N 2T, RidE 300401

RS

# E: B WIETERARR Melilotus officinalis [NAGZERK Sy« Frik  RAIREIRFE (AT . BERAE: (1% R ODS H:ta i HE1T 4y
galif, W EAT IR RS EAR AT A S e . R ONETEEORSE 70% ORHB IR T o S A2 12 MEEY), 4yl
K B-AEE (D, FEE (). MNRERNBHEEE (3. LEE-3-0-0-L-RFWEH (). AT (8. FHKE-T-0-8-D-5T
PEE (60 42K —HER T g (7). robinin (8. clovin (9). IIZE)-3-O-ZFFHF (100, Tz (11D, il 3-3-0-B-
AR (12). %t AW 3. 4. 6. 7. 11, 12 W RNZBRY T B85,

FHEIE: WOREOAR; FEE; WRERNREER: LRM-3-0-0-L-RAET; e

RESES: R284.1 NHERERD: A XE/HS: 0253 -2670(2014)05 - 0622 - 04

DOI: 10.7501/j.issn.0253-2670.2014.05.005

Chemical constituents from Melilotus officinalis

YANG Jie', WANG Li-li?, ZHOU Xin-tang’, YUAN Jiu-zhi*, ZHANG Tie-jun’, LIU Fang’

1. Tianjin Medical University, Tianjin 300070, China

2. Tianjin Institute of Pharmaceutical Research, Tianjin 300193, China

3. Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China

4. Shenyang Pharmaceutical University, Shenyang 110016, China

5. No. 6 Traditional Chinese Medicine Factory,Tianjin Zhongxin Pharmaceutical Group Co., Ltd., Tianjin 300401, China

Abstract: Objective To study the chemical constituents of Melilotus officinalis. Methods The compounds were isolated and
purified by silica gel column chromatography, gel chromatography, and ODS column chromatography. Their structures were elucidated
by chemical and spectral analyses. Results Twelve compounds were obtained from the 70% ethanol extract of M. officinalis and their
structures were identified as B-sitosterol (1), coumarin (2), methyl 3-(4-hydroxyphenyl)propionate (3), kaempferol-3-O-o-L-
rhamnoside (4), rutin (5), apigenin-7-O-B-D-lutinoside (6), dibutyl phthalate (7), robinin (8) clovin (9), kaempferol-3-O-rutinoside
(10), isoquerecitrin (11), and medicarpin 3-O-B-glucopyranoside (12). Conclusion Compounds 3, 4, 6, 7, 11, and 12 are isolated from
plants from Melilotus Miller for the first time.
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ALK BE Melilotus officinalis (L.) Pall. Jj 5. HORESAAE, Eiam)T, WEEE, BA)REIT
B} (Leguminosae) HAKJRIE Melilotus Miller F14), KA A ARSI 8 i AT s R AT
N AR, SG8CT (R L% ), MBGR T G (1% R ODS A (il 2r s alith, M 70% SR
AR Y o FLPERSE L o, BAVEIVIERE WAL HUETharEAa R 12 MEEW, aralsE s B
HINEEDIR, TR . 2dn. AmE. FLkSE ¥ (B-sitosterol, 1), 1% (coumarin, 2). X%
P R EZEA AR 2y, EELE KN ES [methyl 3-(4-hydroxyphenyl)
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propionate , 3]+ I & My -3-O-a-L- B 4= B H
(kaempferol-3-O-a-L-rhamnoside, 4). F] (rutin,
5). JTHKE-T-0-B-D-F T it (apigenin-7-O-B-D-
lutinoside, 6 27 — 2 ] JiE (dibutyl phthalate,
7). robinin (8). clovin (9). LZ5My-3-0-2FF b
1 (kaempferol-3-O-rutinoside , 10 ). 57 #fft f7 f
(isoquerecitrin, 11). &l 5 25 -3-0-B- %] % itk
M4 (medicarpin 3-O-B-glucopyranoside, 12),
HAp a3, 4. 64 7. 11, 12 AN ZIED
ARG ETR
1 X5

Bruker AV400 # L9 1% (Bruker A#]); X—
4 W A CIEIR R e A AT PR A 7] D; Finnigan-
MAT 90 Jiiif (GEEERFHLATD; ODS Ik}
(100~200 H , Jb 5BV H R 22 7] )5 Sephadex LH-
20 % (Pharmacia A #]); 8 2 (43 FHAEAL GFasan
RS (100~200. 200~300 H, 7 &i#Ereie
T e, HARIRGRIA A A4l

TAG R R 24 2 R I 5 ot 5K Bk 9T
T A TR EOR R R Y A R R Melilotus
officinalis (L.) Pall. [P)JTJgeH_ 35
2 ERSSE

FREUE AL AR R 2544 20 kg, ¥tE, i 10 H,
BRI R 73 BRI, IR PR o 2 TR 5 o
BURA R 258 10 kg ZENBWM L, A 70%
CWE, A MNRIE G, Y2 24 he FH 20 {55 (200 L)
(1) 70% L EEB W, AR I HI7E 3 L/h (2K
PAFRUL R , A ol s W 4B TR (L 25 B2 0.1 MPa,
JJE 45~55 "C) £ 2 500 mL. BFIRGEHERE AN KAL
W AR AT, SE RN IS, IR 28K ) 10%.
40%- 95% LBERAT VRN, & B o R R 4 22
B RV IR TR, 1925870000 4 27.84 81.3, 259.1,
110.9 g. M 40% LWEUE 7y 200 g, ZREMH: (D
W, SRR VEG, & TLC &, &IF
Ware o R FEE (100 10D Fr S RERHE
iy B a9 L& 4 1 (300 mg). 2 (4 g);
SUTLE- A (100 © 1) 432 ODS A, rEfik
FEE T B AL S 3 (1 g); 5 be-H iz
(100 : 10) #4534 ODS kRS, AERAE (%5 25
4lifb 1940 54 4 (40 mg) 10 (300 mg)+ 12 (34 mg);
A RE-HEE (100 1300 F1 (100 500 ALK
SEREIRAE (A% . ODS M (03 43 B 2 A3+ 54 5(500
mg). 6 (400 mg). 8 (50 mg). 9 (100 mg). 11 (650

mg); A HLE-FEE (100 © 80) /M4 R S REIAE
ik, ODS fEik /i Bai b3 59 7 (1 g
3 LT

WEW 1: Totsr il GEAT), mp 133~134 C.
E4 4 (254, 365 nm) I K G %G 5 s BT,
Libermann-Burchard S V. 5 BHM:, 10%M6 R £ 1 5
oA, BHR- LR BRRE N IEET L.
'H-NMR (400 MHz, CDCl;) 8: 5.6 (1H, d, J = 4.8 Hz,
H-6), 3.53 (1H, m, H-3), 0.66 (3H, s, H-18), 0.82 (3H,
s, H-29), 0.84 (3H, s, H-28), 0.92 (3H, s, H-21), 1.01
(3H, s, 19); “C-NMR (100 MHz, CDCl;) J: 37.2
(C-1), 31.6 (C-2), 71.8 (C-3), 42.3 (C-4), 140.7 (C-5),
121.7 (C-6), 31.9 (C-7), 31.9 (C-8), 50.1 (C-9), 36.1
(C-10), 21.1 (C-11), 28.2 (C-12), 42.3 (C-13), 56.7
(C-14), 24.3 (C-15), 39.7 (C-16), 56.0 (C-17), 12.0
(C-18), 19.4 (C-19), 36.5 (C-20), 18.8 (C-21), 33.9
(C-22), 26.0 (C-23), 45.8 (C-24), 29.1 (C-25), 19.0
(C-26), 19.8 (C-27), 23.0 (C-28), 11.8 (C-29). LA %k
a5 scmkapE — 80, M A1 B B

WEW 2. AdER CaMEE-BTRR 408, mp
64~65 °C. 'H-NMR P85 o fEAR sz X A7 AE
6 M55 6 7.72 (1H, dd, J = 9.6 Hz), 7.53
(2H, m), 7.29 (2H, m) #16.41 (1H, dd, J=9.6 Hz).
Hrp, §7.72 F1 6 6.41 FIRUEIERE S H0Ch 9.6 Hz,
& C-3, 4 fRRfFIE . *C-NMR Wi Bordt 9
AN s BLFE 1 ANBRIERAE 5 6 160.7 F1 6 ANt
=5 0154.0,131.8, 127.8, 124.4, 118.8, 116.9, £
BRI, FIRPAE R R 2 G & R
G, & TLC %E 5 F v 20 i w2
REE M 0047 0 — 8. LR35 ok s — a5,
S ENEY 2 AT S,

&5 3. TCEIRY), ESI-MS m/z: 203.2 [M+
Na]". "H-NMR (400 MHz, CDCl;) d: 7.07 2H, d, J =
8.0 Hz, H-2, 6), 6.84 (2H, d, J = 8.0 Hz, H-3, 5), 3.67
(3H, s, -OCH3), 2.90 (2H, t, J = 6.8 Hz, -CH,), 2.70
(2H, t, J = 6.8 Hz, -CH,); "“C-NMR (100 MHz,
CDCls) 6: 175.7 (C-3), 154.2 (C-4), 130.4 (C-1), 127.9
(C-2, 6), 116.7 (C-3, 5), 52.1 (OCHs3), 34.7 (C-1), 24.9
(C-2). DA% 5 Scirars — 8, et
3 RSN IR F S

e 4: kR (HED. ESI-MS m/z: 432
[M]". "H-NMR (400 MHz, DMSO-d;) J: 12.46 (1H, s,
5-OH), 10.11 (1H, s, 7-OH), 9.50 (1H, s, 4'-OH), (1H,
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d, J=2.0 Hz, H-8), 6.40 (1H, d, J = 2.0 Hz, H-6), 5.53
(1H, s, H-1"), 1.11 3H, d, J = 6.0 Hz, H-6");
BC-NMR (100 MHz, DMSO-d;) d: 176.0 (C-4), 161.4
(C-7), 160.4 (C-5), 159.4 (C-4), 155.7 (C-9), 147.5
(C-2), 136.0 (C-3), 129.6 (C-2', 6'), 121.5 (C-1"),
115.4 (C-3', 5"), 104.7 (C-10), 98.8 (C-1"), 98.4 (C-6),
94.3 (C-8), 71.6 (C-5"), 70.2 (C-2"), 70.0 (C-3"), 69.8
(C-5"), 17.9 (C-6"). VA_EXcdfi 5 Sk — 5,
WEAY) 4 4 1L -3-0-0-L- R .

WA 5: IR ERIR, ShIR-BN Y. 2 PH
Molish J 3 S BHE; ESI-MS m/z: 611 [M+H]";
'H-NMR (400 MHz, DMSO-dq) d: 12.57 (1H, s, -OH),
10.81 (1H, s, 5-OH), 9.71 (1H, s, -OH), 9.22 (1H, s,
-OH), 8.10 (1H, d, J = 8.5 Hz, H-6'), 7.68 (1H, s,
H-2'), 6.86 (1H, d, J = 8.5 Hz, H-5'), 6.79 (1H, s,
H-8), 6.42 (1H, s, H-6), 5.54 (1H, s, H-1"), 4.50 (1H,
J=3.0Hz, H-1""), 1.12 (3H, s, -CH3); "*C-NMR (100
MHz, DMSO-d) : 177.6 (C-4), 161.6 (C-7), 160.8
(C-5), 156.7 (C-2), 155.9 (C-9), 148. 8 (C-4"), 145.0
(C-3), 133. 7 (C-3), 122. 1 (C-1"), 120.8 (C-6), 116. 0
(C-5"), 115.2 (C-2'), 105.5 (C-10), 101.6 (C-1"), 99.4
(C-1), 98.4 (C-6), 94.3 (C-8), 75.9 (C-3"), 73.2 (C-5"),
71.6 (C-2"), 71.2 (C-4""), 70.0 (C-4"), 69.8 (C-2""), 67.9
(C-3""), 65.0 (C-5""), 60.1 (C-6"), 17.9 (C-6""). LA ¥k
o5 ScpapiE— 8, e A 5 AR T,

ED 6: W AK; mp 272~274 C;
ESI-MS m/z: 577 [M—H] , 'H-NMR (DMSO-dj, 400
MHz) &: 12.97 (1H, s, 5-OH), 10.40 (1H, s, 4'-OH),
7.96 (2H, d, J = 8.8 Hz, H-2, 6'), 6.96 (2H, d, J = 8.8
Hz, H-3', 5'), 6.88 (1H, s, H-3), 6.78 (1H, d, J = 1.6
Hz, H-8), 6.46 (1H, d, J = 2.0 Hz, H-6), 5.07 (1H, d,
J =172 Hz, H-1"), 4.55 (1H, brs, H-1""), 1.07 (3H, d,
J=6.0 Hz, H-6""); *C-NMR (100 MHz, DMSO-ds) 6:
182.0 (C-4), 164.4 (C-2), 162.9 (C-5), 161.3 (C-7),
161.2 (C-4'), 156.9 (C-9), 128.7 (C-2', 6'), 121.0
(C-1)), 116.1 (C-3', 5), 105.4 (C-10), 103.1 (C-3),
100.5 (C-1"), 99.9 (C-1""), 99.5 (C-6), 94.8 (C-8), 76.3
(C-5"), 75.6 (C-3"), 73.1 (C-4""), 72.1 (C-2"), 70.7
(C-4"), 70.3 (C-3""), 69.5 (C-2"), 68.3 (C-5""), 66.0
(C-6"), 17.8 (C-6"") LA E%#hs 5 Scihdmis — 5,
K& 6 N E-T1-0--D-7 | HETY.

WEW 7. HEMRY, ESI-MS m/z: 301 [M+
Nal", 579 [2M+Na]". "H-NMR (400 MHz, CD;0OD)

5:7.69 (2H, dd, J = 5.6, 3.2 Hz, H-3, 6), 7.51 (2H, dd,
J=5.6,3.2 Hz, H-4, 5), 428 (4H, t, J = 6.6 Hz, H-1,
1”), 1.71 (4H, m, H-2', 2"), 1.45 (4H, m, H-3’, 3"),
0.94 (6H, t, J = 7.4 Hz, H-4", 4"); “C-NMR (100
MHz, CD;0D) 6: 130.8 (C-1, 2), 128.9 (C-3, 6), 132.3
(C-4, 5), 65.5 (C-1', 1"), 30.6 (C-2’, 2"), 19.2 (C-3',
3"), 13.7 (C-4', 4"), 167.8 (C=0). L\ ¥ 5 SCiikik
S, WSS T NARE R g

WA 8: BE R AR CHEE) . 'H-NMR (400 MHz,
DMSO-dg). 'H-NMR (400 MHz, DMSO-d¢) &: 1.07
(3H, d, J = 5.6 Hz, tha-CH3), 1.13 (3H, d, J = 5.4 Hz,
rha-CH;), 4.41 (1H, brs, H-1""), 5.35 (1H, d, J = 7.1
Hz, H-1"), 5.54 (1H, brs, H-1"""), 6.44 (1H, d, J=2.0
Hz, H-6), 6.80 (1H, d, J = 2.0 Hz, H-8), 6.87 (2H, d,
J=28.8 Hz, H-3', 5"), 8.09 (2H, d, J = 8.8 Hz, H-2', 6'),
12.55 (1H, brs, 5-OH); "“C-NMR (100 MHz,
DMSO-ds) d: 156.3 (C-2), 133.9 (C-3), 177.8 (C-4),
161.9 (C-5), 99.5 (C-6), 161.1 (C-7), 94.9 (C-8), 156.3
(C-9), 105.8 (C-10), 120.9 (C-1'), 131.2 (C-2"), 115.3
(C-3), 160.3 (C-4"), 115.3 (C-5), 131.2 (C-6'), 102.2
(C-17), 71.4 (C-2"), 73.3 (C-3"), 68.4 (C-4"), 74.0
(C-5"), 65.6 (C-6"), 100.3 (C-1""), 70.6 (C-2""), 70.9
(C-3"), 72.2 (C-4""), 68.4 (C-5""), 18.0 (C-6""), 98.8
(C-1""), 70.3 (C-2""""), 70.6 (C-3""), 71.9 (C-4""), 70.1
(C-5""), 18.0 (C-6""") o LA_b-$jud 5 Sk —=1,
W 254 8 M robinin.

& 9: AR AR (HEE, mp 199~201 C,
'H-NMR (400 MHz, DMSO-d) 6: 12.57 (1H, s,
5-OH), 7.67 (1H, d, J = 8.0 Hz, H-6), 7.56 (1H, s,
H-2'), 6.82 (1H, d, J = 8.4 Hz, H-5"), 6.76 (1H, s,
H-8), 6.43 (1H, s, H-6), 5.54 (1H, s, H-1"""), 5.34 (1H,
d, J = 7.6 Hz, H-1"), 1.12 (3H, d, J = 5.6 Hz,
rha-CHs), 1.05 (3H, d, J = 5.6 Hz, tha-CH3); *C-NMR
(100 MHz, DMSO-ds) 6: 155.9 (C-2), 133.7 (C-3),
177.5 (C-4), 161.6 (C-5), 99.3 (C-6), 160.8 (C-7), 94.4
(C-8), 156.8 (C-9), 105.5 (C-10), 120.9 (C-1'), 115.2
(C-2), 144.8 (C-3'), 148.6 (C-4"), 116.1 (C-5'), 122.0
(C-6"), 101.8 (C-1"), 71.2 (C-2"), 73.0 (C-3"), 68.2
(C-4"), 73.6 (C-5"), 65.0 (C-6"), 99.9 (C-1""), 70.4
(C-2"), 70.2 (C-3""), 71.9 (C-4"), 68.0 (C-5""), 17.9
(C-6""), 98.4 (C-1""), 70.2 (C-2"""), 70.4 (C-3""), 71.6
(C-4""),70.6 (C-5""), 17.9 (C-6"""). LA L %iid 5 ik
a8, M A 9 K clovin,
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A 10: Bk AR CHEE, mp 171~173 C,
Rk RN B AL, R R XN B
ESI-MS m/z: 432 [M]". 'H-NMR (400 MHz, DMSO-dj)
8: 12.46 (1H, s, 5-OH), 10.89 (1H, s, 7-OH), 10.16
(1H, s, 4-OH), 7.99 (2H, d, J = 8.8 Hz, H-2', 6'), 6.87
(2H, s, H-3', 5"), 6.44 (1H, s, H-8), 6.22 (1H, s, H-6),
1.11 3H, s, -CH;); "“C-NMR (100 MHz, DMSO-dj)
5: 177.2 (C-4), 164.3 (C-7), 161.4 (C-5), 157.1 (C-2),
156.7 (C-9), 133. 4 (C-3), 131.1 (C-2), 115.3 (C-3', 5'),
101.5 (C-1"), 101.1 (C-1""), 98.9 (C-6), 93.9 (C-8), 76.7
(C-3"), 75.9 (C-5"), 74.1 (C-2"), 72.0 (C-4"), 70.5
(C-2), 70.8 (C-3"), 68.4 (C-5), 17.9 (C-6""). LA L%
A5 SckARE S, MO RS 10 il 4
1y -3-0- AR

& 11 WOk R (PR, EhIR-BE RN
M Molish 2 ¥ 5 B PE . "H-NMR (400 MHz,
DMSO-dg) &: 13.13 (1H, s, 5-OH), 8.12 (1H, dd, J =
2.0, 8.4 Hz, H-6'), 7. 87 (1H, d, J = 2.0 Hz, H-2"), 7.50
(1H, dd, J = 2.0, 8.6 Hz, H-5"), 6.81 (1H, s, H-8), 6.61
(1H, s, H-6), 5.80 (1H, d, J = 7.9 Hz, H-1"), 4.12~
457 (5H, m, H-2"~6"); “C-NMR (100 MHz,
DMSO-ds) d: 180.3 (C-4), 166.7 (C-7), 164.2 (C-5),
159.3 (C-2), 159.0 (C-9), 152.1 (C-4"), 148.2 (C-3"),
136.7 (C-3), 124.2 (C-6'), 123.8 (C-1"), 118.3 (C-5"),
117.7 (C-2), 105.6 (C-10), 105.6 (C-1"), 102.7 (C-6),
96.7 (C-8), 79.1 (C-3"), 76.2 (C-2"), 74.8 (C-4"), 71.2
(C-5"), 63.4 (C-6") LA -4 15 ek as — a1,
WO AL S 11 g S R

AW 12: S CRERED, mp 106~107 C.
'H-NMR (400 MHz, CDCl3) 6: 7.37 (1H, d, J = 8.4
Hz, H-1), 7.11 (1H, d, J = 8.4 Hz, H-7), 6.71 (1H, dd,
J = 184,20 Hz, H-2), 6.54 (1H, d, J = 2.4 Hz, H-4),
6.42 (2H, m, H-8, 10), 5.59 (1H, d, J = 6.8 Hz, H-11a),
5.26 (1H, d, J = 6.0 Hz, H-1"), 4.52 (1H, dd, J = 6.8
Hz, H-6¢eq), 3.66 (3H, s, OCH3), 3.61 (1H, m, H-6ax),
3.45 (1H, m, H-6a); "*C-NMR (100 MHz, CDCl;) §:
39.7 (C-6a), 55.2 (-OCH3), 60.6 (C-6") 65.9 (C-6),
69.6 (C-4"), 73.1 (C-2"), 76.5 (C-5"), 77.0 (C-3"), 77.7

(C-11a), 96.3 (C-10), 100.3 (C-1') 104.0 (C-4), 106.1
(C-8), 110.4 (C-2), 114.1 (C-1a), 119.1 (C-7a), 125.1
(C-7), 131.9 (C-1), 156.2 (C-3), 158.4 (C-10a), 160.2
(C-9), 160.5 (C-4a). LA_L-¥d 5 ki — 5,
W E AW 12 4 15 5 -3-O-B- 11 250 4k Nk
A
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