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Abstract: Objective To separate and purify coumarins from Heracleum millefolium by high-speed counter-current chromatography
(HSCCC). Methods HPLC was used to analyze and optimize the solvent system and hexane-ethyl acetate-water-methanol (1.5 :
2.5 12 1 1.5) was chosen as the two-phase solvent system of HSCCC, in which the upper phase was used as the stationary phase, while
the lower phase was used as the mobile phase with flow rate of 3 mL/min, the revolution speed was set at 850 r/min, and detected at 323
nm. Three compounds were obtained as crystals by vacuum concentration at 50 ‘C, and determined through HPLC, then their
structures were identified by IR, ESI-MS, 'H-NMR, and C-NMR. Results Columbianetin acetate (6.3 mg), osthole (10.6 mg), and
columbianadin (6.4 mg) were obtained from crude sample (300 mg) extracts and their purity were above 96.0%. Conclusion HSCCC
is a powerful technique for the rapid separation and purification of coumarins from crude extract of H. millefolium.
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PR TSR 45 CRES T 12 h, Bl
60 Hii, FREC1 000 g, H 5 fi55 95% LR
W24h, EH IR, HIFLIEE. B LIEHRREK
FifFRE, IEE/KER, H 3 e MmBAER 5
R BIHFAER, R A1S3) 209 g WH, 9%
H2.1%, EEARAT S
22 BRIRGFIE

DL VE4E & HPLC ¥4, Il HSCCC %7 &
SRS (K)o B 1 mg Z4H-phifFL iR v T
by FARS 1 mL AR RS, IR, FE, &
W ZiE, WSS L. FAHEW B A HPLC
RO T I0. TI0 508, FHFAH G AR Bk DL T AH I T
RIS 3] K . HSCCC ffE: ) K H—fh 0.5~
2.0, WH KAH>2.0, W HAbRS 53 25 IR
M KAE<0.5 I, HARE 5 HAb Ry H S AN RE
IR Lo ks, S8BT 5 AARFEAERLL
MR R, WK 1. R K, EHET 3 Fi
AR
23 HEFHRNL

TRSEEG &5 R W, MmahHEBmE R 2
mL/min I, I 50584 RS H T 698 330 min,
LRI TR, 22U AR S O 3 mL/min, 40
IR B AT 2y B R B RTER T 46 R S 58 B ) H
(7, S0 IR 4576 0 250 min; [ E BEREAAFR R 20
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Table 1 K values of three compounds in different solvent systems
MESHIKL S il
i o1 415 11
I Cpe-BiIR L lE-HlF-K 5050505 0.89 3.72 4.58
IE CUpE-BAIR LBE-HEE-K 50506 0 4 0.57 0.67 0.81
IF Cpe-Bi IR L lE-TlF-K 1512125015 0.68 1.17 1.36
AR L G- RE- K 5050505 0.51 3.25 3.78
AR G- T E- K 50506 0 4 0.32 247 3.45
30 mg/mL, KILLLKT 15 mg/mL by HEAE oSk 11
I 2sAT E ARG, T LASIZG B P HERE T B I
15 mg/mL, S IN— RS 6l s s
AT 10 B 2 AR OR B A, (HR 2 i P AR A B
S, T H U A S e, TREARAX i
gegt, U ORRRIEI KL 25 °C BB, .y
O3 BB, AR ORI S S AR AL R B ! o e o e b

AR, LR 25 REIEPEFE A 850 r/min. LK),
SO RE IR B S0 BOR, HLIA 20544 i ) A1
PRI H e AR B 2L 2] 73%.
2.4 HSCCC HEH&

PLUIE QL e-BE R 4 l6- £ lE-7K (1512125
1.5) fENBFIER . KX 4 Fhis e b iR S G
SREVERL, WHE S LR AHIEE S A 20 mine T
SRR R A, (R ORERAE 25 °C, &Sh
R e K4 323 nm. # EAH CEERD L 30
mL/min AR RN TN, FBil)E, Ef, ik
ik 850 r/min, L 3 mL/min ARG EAT FAH (R
A EATML A AN AR A, &
PR RIB BRSNSy 2P, TR RN 73%.
by NAHS 10 mL %% 300 mg 24 phym K EE 4
BB RN B E . M HSCCC 4
T B T AR S TR Oy, 49 BRI
) HSCCC ik W1 1. Fr Bl e 50 °C R ik
4R a8 Ak, Al
2.5 HPLC JESH

B FE AT 2 AR IMRIX 4R T TR
280. 350 nm P!, 2 HPLC-DAD #&3liny 41,
AR L T R TR T B K IRBC I AT 330 nim P,
M PR T 2 (B ORI /E 320 nm PRI, UKL
T PR G () d5e KR AE 325 nm P, 2565
ZIE, SEEERE 323 nm VEA LI K. K HSCCC
JITAR11) 3 it A FH R I e, 4% 180 T VAR

t/min

AR TRE ORISR TR TR - SRR L R R
I-columbianetin acetate II-osthole III-columbianadin

1 RMMEIEHERY HSCCC EiE
Fig.1 HSCCC of crude extract from H. millefolium

100 pg/mL, #Ff. Wah HEE-/K (70 230D, &
BAE N 1.0 mL/min, FHEK 20 C, FMHEKH
323 nm, #EFFES pL. H Agilent1260 (4l T {Eus
AT e BT o BBV — 2 B L 43
K, WsE g5 AL T RE SRR T ) ECh
98.1%, FREHEN 6.3 mg, 48N 2.1%; KT
R HCN 97.3%, FREEN 10.6 mg, 35K
3.5%; AWK LT RS IR IR TR S H0h 96.9%,
FRAE A 6.4 mg, 1354 2.1%. 3 Tl 4K 1K) HPLC
KL 2.
2.6 LHHIETE

Moy 1. AERRRG: W (FEE-/K 70 £ 300, mp
133~134 C; IRveer (em ) 1728 (WHERIR) , 1 614,
1 580, 1 488, 1 453, 841; ESI-MS m/z: 288 [M]" (*F
W), 228, 213, 203, 187, 176, 159, 131, 77, 59;
'H-NMR (400 MHz, CDCl3) 6: 6.21 (1H, d, J = 18.0
Hz, H-3), 7.65 (1H, d, J = 9.6 Hz, H-4), 7.28 (1H, d,
J = 8.4 Hz, H-5), 6.76 (1H, d, J = 8.4 Hz, H-6), 3.30
(2H, dd, J= 7.6, 7.6 Hz, H-3'), 5.15 (1H, dd, J = 18.0,
16.4 Hz, H-2'), 1.58 (3H, s, H-4"), 1.52 (3H, s, H-5),
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I-columbianetin acetate Il-osthole III-columbianadin

2 HSCCC 7 EH#Y 3 #&{KH HPLC
Fig.2 HPLC of three crystals obtained by HSCCC

2.01 (3H, s, OAc-CHj); "*C-NMR (100 MHz, CDCl5)
d: 170.1 (OAc-C=0),160.8 (C-2), 112.3 (C-3), 143.8
(C-4), 128.8 (C-5), 106.6 (C-6), 163.9 (C-7), 113.4
(C-8), 151.3 (C-9), 113.4 (C-10), 27.6 (C-1'), 88.7
(C-2), 82.1 (C-3"), 22.1 (C-4'), 22.0 (C-5"), 20.9
(OAc-Me). LA_E% 5 Sk 2 A — 50, g
Y h AR LT R LRI .

Moy U JotadeiRgh sl (FEE-7K 70 2 30), mp
83~84 C; IRve (cm'): 1720 (-C=0), 1 604,
1 562, 1 499 (Ar), 1 251 (-C-O); ESI-MS m/z: 244
[M]" ("), 229, 213, 201, 159, 131, 103, 89, 77, 63,
51; 'H-NMR (400 MHz, CDCL) J: 1.67 (3H, s, H-5"),
1.84 (3H, s, H-4"), 3.52 (2H, d, J = 8.0 Hz, H-1"), 3.92
(3H, s, OCH3), 5.22 (1H, m, H-2"), 6.83 (1H, d, J= 8.0
Hz, H-6), 7.28 (1H, d, J = 8.0 Hz, H-5), 7.61 (1H, d,
J = 8.0 Hz, H-4), 6.23 (1H, d, J = 6.2 Hz, H-3);
BC-NMR (100 MHz, CDCl3) d: 160.2 (C-2), 113.0
(C-3), 143.6 (C-4), 126.2 (C-5), 107.4 (C-6), 161.2
(C-7), 113.0 (C-8), 152.9 (C-9), 118.1 (C-10), 21.9
(C-1"), 121.2 (C-2), 132.5 (C-3"), 25.7 (C-4"), 17.8
(C-5"), 56.1 (OCH;)o LA L% 15 SOk I8 3 A —
H, K AR T &

Ao M AEEEL R (FEE-7K 80 120D, mp
114~115C; IRveX (em™'): 1710 (A EEFF), 1 616,
1579, 1 491 (Ar), 1 455, 1 385; ESI-MS m/z: 328
[M]" (), 228, 213, 187, 159, 131, 83, 55, 43;
'H-NMR (400 MHz, CDCL;) 6: 6.21 (1H, d, J = 9.6
Hz, H-3), 7.63 (1H, d, J = 8.3 Hz, H-4), 7.26 (1H, d,
J =17.6 Hz, H-5), 6.74 (1H, d, J = 8.0 Hz, H-6), 3.38
(2H, m, H-3"), 5.13 (1H, t, J = 8.0 Hz, H-2'), 1.60 (3H,
s, H-4"), 1.64 (3H, s, H-5"), 5.98 (1H, m, H-3"), 1.89
(3H, dd, J = 8.0, 2.0 Hz, 3"-CH;), 1.67 (3H, s,

2"-CHj); C-NMR (100 MHz, CDCl3) d: 160.9 (C-2),
113.0 (C-3), 143.8 (C-4), 128.8 (C-5), 106.6 (C-6),
164.0 (C-7), 112.2 (C-8), 151.3 (C-9), 113.5 (C-10),
89.2 (C-2'), 27.6 (C-3"), 82.0 (C-4"), 21.2 (4'-CHj),
223 (4-CH;), 167.1 (C-1"), 128.7 (C-2"), 137.3
(C-3"), 15.5 (2"-CHs), 20.4 (3"-CHs3). LA %5
SCRRIRAE A ST, e oy A URR L R
P 1 -
3 iTie

ASLHRKH HSCCC ¥, PAIE CVe-BE IR £.Bs-
HEE-K (1.5:2:25:01.5) 1ENBERIRR, —k
PR AR P 23 B a5 31 3 M 2R A
EW, FEA B E T 96%. ZAM IS E K — R
72, XTI . AR TR AR IR iR
T FR AN LT AR B R AT 2 P 2 s,
HEWTIX LE B 73 AR AT AT g S RS (R0 e R g o A
SERAH HSCCC — IR 441X 3 Bl fy 38 1y
XA R Ll 2P E ) Al R A U AR AR
[FIFE A AL KM o Bl e it =% . A,
AWFFEFEIMAEBL T HSCCC VLT, k. bRk
il 2% B RN 2% 0 B 2 B0 A s . HSCCC AT
AR, AAHARAEAE— el i, WORE S A I 4y
AT PE A RS =y, R SR v S B e AN
FE A 05 R A

S 30k
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