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Study on chemical constituents in Yaobitong Capsule (I)
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Abstract: Objective To investigate the chemical constituents from the ethanol extract of Yaobitong Capsule. Methods The
chemical constituents were isolated by repeated silica gel column, dynamic axial compression chromatography, Sephadex LH-20
column, and prep-HPLC. Their structures were identified on the basis of NMR spectral data analysis. Results Sixteen compounds
were isolated and identified to be nodakenetin (1), columbianetin (2), ferulic acid (3), umbelliferone (4), bergaptol (5), xanthotoxin (6),
isoimperatorin (7), scoparone (8), (Z)-6-hydroxy-7-methoxydihydroligustilide (9), 4-hydroxy-3-butylphthalide (10), 3-(3"-hydroxy)-
butylphthalide (11), senkyunolide C (12), senkyunolide H (13), senkyunolide I (14), fraxidin (15), and isofraxidin (16). Conclusion
Compounds 1—16 are isolated from Yaobitong Capsule for the first time, and compound 11 is obtained by the means of separation for
the first time.

Key words: Yaobitong Capsule; nodakenetin; isoimperatorin; senkyunolide H; ferulic acid; 3-(3'-hydroxy)-butylphthalide
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JEAEWEE Cumbelliferone, 4). i FH (bergaptol,
5). Ml E &£ (xanthotoxin, 6). 7 NKAT#H &
(isoimperatorin, 7)+ ¥ A lE (scoparone, 8). (2)-6-
hydroxy-7-methoxydihydroligustilide (9). 4-F£%E-3-
TIHEZEREL (4-hydroxy-3-butylphthalide, 10). 3-(3'-
F2IE)-T HAHEL [3-(3'-hydroxy)-butylphthalide, 11]+
E)IE AEE C (senkyunolide C, 12). ¥EJIIE M Bs
H (senkyunolide H, 13). ¥ /11 N g I (senkyunolide
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Bruker-AV-400 R AZREILIROGIEAX (45 [E Bruker
AT]); Agilent 1260 il £ 8 5 A0BUAH (115X Agilent
6538 Q-TOF Jiiil ¢ (3EH Agilent); DAC AH:
il LIPS RHE AR A W2 R (il ik i
(5 S LT ); Sephadex LH-20 (Pharmacia 24
#]); Fuji Cjg (250 mmX 50 mm, 5 pm) tAiffE;
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1) 0~80 min #REHENL, 53] 15 MR s> Fr. D1~
D15, HX Fr. C8 Z#il# % HPLC, LLZJE-/K (21 :
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& 1. BaEIREG S (FED, 7R
C4H1404, HR-ESI-MS m/z: 245.089 2 [M—H] .
'H-NMR (400 MHz, CDCl;) 6: 6.20 (1H, d, J = 9.5
Hz, H-3), 7.62 (1H, d, J = 9.5 Hz, H-4), 7.23 (1H, s,
H-5), 6.72 (1H, s, H-8), 4.74 (1H, t, J = 8.8 Hz, H-2'),
3.23 (2H, m, H-3'), 1.24 (3H, s, H-5'), 1.36 (3H, s,
H-6'); “C-NMR (100 MHz, CDCl;) d: 163.4 (C-2),
112.0 (C-3), 144.1 (C-4), 123.5 (C-5), 125.3 (C-6),
161.9 (C-7), 97.8 (C-8), 155.6 (C-9), 112.8 (C-10),
91.2 (C-2), 29.5 (C-3'), 71.5 (C-4"), 25.8 (C-5"), 24.4
(C-6") LA ¥R 5 cmrifE A5, Seths
Y11 AR N .

& 2 BEAIRG S (FE, 27 R
C4sH1404, HR-ESI-MS m/z: 245.089 2 [M—H] .
'H-NMR (400 MHz, CD;OD) &: 6.17 (1H, d, J = 9.5
Hz, H-3), 7.85 (1H, d, J = 9.5 Hz, H-4), 7.39 (1H, d,
J = 8.3 Hz, H-5), 6.78 (1H, d, J = 8.3 Hz, H-6), 4.80
(1H, t, J = 8.8 Hz, H-2), 3.30 (2H, m, H-3"), 1.25 (3H,
s, H-5", 1.30 (3H, s, H-6'); “C-NMR (100 MHz,
CD;0D) 6: 163.7 (C-2), 112.3 (C-3), 144.5 (C-4),
129.5 (C-5), 106.9 (C-6), 162.9 (C-7), 115.0 (C-8),
152.2 (C-9), 114.2 (C-10), 91.5 (C-2), 28.0 (C-3'),
71.0 (C-4"), 25.4 (C-5'), 25.2 (C-6"). LA -Hd 5 ik
HoBEFA -, L&Y 2 NEHEELTE .

& 3. EasIRG S (FED, 7R
CoH1004» HR-ESI-MS m/z: 193.062 3 [M—H] .
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'H-NMR (400 MHz, CD;0OD) §: 7.17 (1H, d, J = 1.8
Hz, H-2), 6.81 (1H, d, J = 8.2 Hz, H-5), 7.06 (1H, dd,
J=1.8, 8.2 Hz, H-6), 7.59 (1H, d, J = 15.8 Hz, H-7),
6.31 (1H, d, J = 15.8 Hz, H-8); "C-NMR (100 MHz,
CD;0D) &: 127.8 (C-1), 111.6 (C-2), 150.5 (C-3),
149.5 (C-4), 116.2 (C-5), 123.9 (C-6), 146.8 (C-7),
116.5 (C-8), 171.2 (C = O). LA L% 5 ek ks
A5, %EaY 3 AT,

&Y 4: AGEIRG W (FED, 27
CoH¢O3, HR-ESI-MS m/z: 161.034 2 [M—H] .
'H-NMR (400 MHz, CD;0D) ¢: 6.17 (1H, d, J = 9.5
Hz, H-3), 7.85 (1H, d, J = 9.5 Hz, H-4), 7.38 (1H, d,
J =83 Hz, H-5), 6.79 (1H, dd, J = 2.1, 8.3 Hz, H-6),
6.71 (1H, d, J = 2.1 Hz, H-8); "C-NMR (100 MHz,
CDs0D) ¢: 162.4 (C-2), 113.3 (C-3), 144.4 (C-4),
129.5 (C-5), 111.6 (C-6), 161.8 (C-7), 102.2 (C-8),
155.6 (C-9), 110.8 (C-10). LA -E 5 kg A
— 5, e th B 4 NTEAE B

& 5. LEEIRG S (FED, 27X
C1HeO4, HR-ESI-MS m/z: 201.024 6 [M—H] .
'H-NMR (400 MHz, CD;0D) 8: 6.24 (1H, d, J = 9.5
Hz, H-3), 8.33 (1H, d, J = 9.5 Hz, H-4), 7.04 (1H, s,
H-8), 7.72 (1H, d, J = 2.3 Hz, H-2'), 6.96 (1H, d, J =
2.3 Hz, H-3"); “C-NMR (100 MHz, CD;OD) J: 163.5
(C-2), 112.4 (C-3), 144.5 (C-4), 146.4 (C-5), 112.6
(C-6), 161.4 (C-7), 97.2 (C-8), 155.4 (C-9), 104.8
(C-10), 147.8 (C-2'), 106.4 (C-3"). LA L% 5 SC iRk
BRA-H, Setham 5 T .

WwEY 6: AL (FED, 7+ CpHg0,,
HR-ESI-MS m/z: 215.045 6 [M—H] . "H-NMR (400
MHz, CsDsN) 6: 6.43 (1H, d, J = 9.6 Hz, H-3), 7.79
(1H, d, J = 9.6 Hz, H-4), 7.55 (1H, s, H-5), 7.89 (1H,
d, J =22 Hz, H-2'), 6.87 (1H, d, J = 2.2 Hz, H-3"),
4.15 3H, s, -OCH;); "*C-NMR (100 MHz, CsDsN) 6:
160.2 (C-2), 114.7 (C-3), 144.6 (C-4), 113.6 (C-5),
126.3 (C-6), 147.6 (C-7), 132.6 (C-8), 143.2 (C-9),
116.8 (C-10), 147.2 (C-2), 107.0 (C-3"), 608
(8-OCH3). VA E¥#l 5 ik ig s A —5", %5e
A 6 NIEHTEZ .

& 7 ARG R (FED, 7R
C1gH1404, HR-ESI-MS m/z: 269.088 6 [M—H] .
'H-NMR (400 MHz, CDCl3) é: 6.18 (1H, d, J = 9.5
Hz, H-3), 8.06 (1H, d, J = 9.5 Hz, H-4), 7.07 (1H, s,

H-8), 7.60 (1H, d, J = 2.3 Hz, H-2'), 6.96 (1H, d, J =
2.3 Hz, H-3'), 5.49 (1H, t, J = 6.4 Hz, H-3"), 4.89 (2H,
d, J = 7.0 Hz, H-2"), 1.72 (3H, s, H-5"), 1.78 (3H, s,
H-6"); *C-NMR (100 MHz, CDCls) 6: 161.2 (C-2),
112.5 (C-3), 140.4 (C-4), 149.7 (C-5), 114.6 (C-6),
158.8 (C-7), 94.7 (C-8), 152.8 (C-9), 107.8 (C-10),
144.3 (C-2"), 105.1 (C-3"), 70.2 (C-2"), 120.0 (C-3"),
139.9 (C-4"), 25.4 (C-5"), 20.2 (C-6"). LA EH¥E 5
RRRE S A — 3, S A T N RRR AT

ey 8: Htgidh (BEERLHE), 4+ 3R
C11H04, HR-ESI-MS m/z: 205.058 9 [M—H] .
"H-NMR (400 MHz, DMSO-dg) J: 6.31 (1H, d, J=9.5
Hz, H-3), 7.95 (1H, d, J = 9.5 Hz, H-4), 7.26 (1H, s,
H-5), 7.08 (1H, s, H-8), 3.80 (3H, s, 6-OCH), 3.84
(3H, s, 7-OCH3); "*C-NMR (100 MHz, DMSO-dy) J:
161.2 (C-2), 112.0 (C-3), 143.4 (C-4), 100.5 (C-5),
149.9 (C-6), 152.8 (C-7), 109.3 (C-8), 146.1 (C-9),
112.8 (C-10), 56.3 (6-OCH3), 56.6 (7-OCH3). Bl |
BE S cmakiE R A -, S E 8 NiE
i PIE .

WEY 9: WHEEWARY, 50130 Ci3H 30y,
HR-ESI-MS m/z: 237.122 1 [M—H] . 'H-NMR (400
MHz, CD;0D) §: 2.53 (2H, m, H-4), 1.92 (2H, m,
H-5), 4.10 (1H, d, J = 3.2 Hz, H-6), 3.88 (1H, m, H-7),
5.47 (1H, t, J = 7.9 Hz, H-8), 2.37 (2H, m, H-9), 1.53
(2H, m, H-10), 0.97 3H, t, J = 7.2 Hz, H-11), 3.50
(3H, s, 7-OCH3); "*C-NMR (100 MHz, CD;0D) §:
171.3 (C-1), 156.3 (C-3), 150.0 (C-3a), 18.0 (C-4),
25.1 (C-5), 67.8 (C-6), 74.5 (C-7), 125.1 (C-7a), 114.9
(C-8), 29.1 (C-9), 23.3 (C-10), 14.1 (C-11), 58.8
(7-OCH3). VA E¥t 5 ki s A — 5, %o
WA 9 N (Z)-6-hydroxy-7-methoxydihydroligustilide.

&Y 10: LEHIRY, "%iﬁ C2H1403,
HR-ESI-MS m/z: 205.094 1 [M—H] . 'H-NMR (400
MHz, CD;0D) &: 5.57 (1H, dd, J = 7.5, 3.1 Hz, H-3),
7.30 (1H, dd, J = 7.5, 0.6 Hz, H-5), 7.38 (1H, dd, J =
7.5,7.7 Hz, H-6), 7.07 (1H, dd, J = 7.7, 0.6 Hz, H-7),
1.76~2.31 (2H, m, H-8), 1.37 (2H, m, H-9), 1.38 (2H,
m, H-10), 0.91 (3H, t, J = 7.2 Hz, H-11); “C-NMR
(100 MHz, CD;0D) &: 173.3 (C-1), 82.6 (C-3), 137.6
(C-3a), 154.0 (C-4), 121.3 (C-5), 131.9 (C-6), 116.8
(C-7), 129.0 (C-7a), 33.3 (C-8), 28.1 (C-9), 23.6
(C-10), 14.3 (C-11). LA _EH5 5 SCiphig A —5d ),
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YEALE 10 O 4-F2FE-3-T FEFERL.

WwEY 11: TEWIRY, 413 CH 05,
HR-ESI-MS m/z: 203.078 5 [M—H] . 'H-NMR (400
MHz, CD;0D) &: 5.62 (1H, m, H-3), 7.61 (1H, d, J =
7.5 Hz, H-4), 7.76 (1H, t, J = 7.6 Hz, H-5), 7.58 (1H,
t, J = 7.5 Hz, H-6), 7.85 (1H, brd, J = 7.6 Hz, H-7),
1.53 (2H, m, H-8), 1.76~2.28 (2H, m, H-9), 3.77 (1H,
m, H-10), 1.16 (3H, d, J = 6.2 Hz, H-11); "“C-NMR
(100 MHz, CD;0D) d: 172.9 (C-1), 83.5 (C-3), 127.4
(C-3a), 123.4 (C-4), 135.7 (C-5), 130.6 (C-6), 126.1
(C-7), 151.6 (C-7a), 32.1 (C-8), 35.5 (C-9), 68.5 (C-10),
23.5 (C-11). SilHdR 5 cifoE A —5, Bk
SRR S B AT AR, e A 11k 3-(3-F2 ) -
T IR

&Y 12: LEMRY), 2T CpHpO;s,
HR-ESI-MS m/z: 203.078 5 [M—H] » 'H-NMR (400
MHz, CD;0OD) ¢: 7.08 (1H, s, H-4), 7.00 (1H, d, J =
8.0 Hz, H-6), 7.76 (1H, d, J = 8.0 Hz, H-7), 5.58 (1H,
t, J = 7.9 Hz, H-8), 2.42 (2H, m, H-9), 1.54 (2H, m,
H-10), 0.98 (3H, t, J=7.2 Hz, H-11); *C-NMR (100
MHz, CD;0OD) &: 168.9 (C-1), 145.5 (C-3), 142.4
(C-3a), 110.4 (C-4), 163.6 (C-5), 116.1 (C-6), 127.3
(C-7), 118.6 (C-Ta), 105.5 (C-8), 28.1 (C-9), 22.5 (C-10),
14.0 (C-11). VL EXdE 5 el A5, %
&M 12 7)1 = N B Co

WEM13: REEWRY), 713 C1oH 604,
HR-ESI-MS m/z: 223.108 5 [M—H] . 'H-NMR (400
MHz, CD;0D) §: 2.48~2.67 (2H, m, H-4), 1.84~
1.97 (2H, m, H-5), 3.80 (1H, m, H-6), 4.43 (1H, d, J =
3.2 Hz, H-7), 5.45 (1H, t, J = 7.9 Hz, H-8), 2.34 (2H,
m, H-9), 1.52 (2H, m, H-10), 0.94 3H, t, J = 7.2 Hz,
H-11); "*C-NMR (100 MHz, CD;0OD) &: 170.1 (C-1),
155.4 (C-3), 149.7 (C-3a), 23.2 (C-4), 25.5 (C-5), 70.3
(C-6), 63.1 (C-7), 127.7 (C-7a), 114.8 (C-8), 29.1
(C-9), 21.0 (C-10), 14.1 (C-11). PL_EH¥5 5 0 lkdRE
FHA—F, Mm-S 13 J9rE)I1E S He

WA 14: BEEEHRY, 4T CH 04,
HR-ESI-MS m/z: 223.108 5 [M—H] » 'H-NMR (400
MHz, CD;0D) §: 2.48~2.52 (2H, m, H-4), 1.94 (2H,
m, H-5), 3.95 (1H, m, H-6), 4.25 (1H, d, J = 3.4 Hz,
H-7), 5.46 (1H, t, J = 7.9 Hz, H-8), 2.35 (2H, m, H-9),
1.53 (2H, m, H-10), 0.97 3H, t, J = 7.2 Hz, H-11);
BC-NMR (100 MHz, CD;0D) &: 170.8 (C-1), 155.4

(C-3), 150.0 (C-3a), 23.3 (C-4), 25.0 (C-5), 71.1

(C-6), 65.4 (C-7), 126.6 (C-7a), 114.5 (C-8), 29.1

(C-9), 18.2 (C-10), 14.1 (C-11). DL X 5 CikikiE

HA S, S AW 14 NEEN T A B L
AP 15: A S & (AR D, 437 C11H,0Os»

HR-ESI-MS m/z: 221.192 1 [M—H] . 'H-NMR (400

MHz, CD;0D) ¢: 6.32 (1H, d, J = 9.5 Hz, H-3), 7.86

(1H, d, J = 9.5 Hz, H-4), 6.73 (1H, s, H-5), 3.85 (3H,

s, 6-OCH;3), 3.88 (3H, s, 7-OCHs); "“C-NMR (100

MHz, CD;OD) d: 162.1 (C-2), 1153 (C-3), 146.3

(C-4), 101.2 (C-5), 151.8 (C-6), 141.8 (C-7), 139.7

(C-8), 140.0 (C-9), 116.1 (C-10), 56.7 (6-OCH3), 61.5

(7-OCH3). VA E¥d 5 cikifig se A —5l™, %

B 15 NZR R E .

&M 16: 45 (AR, 5+ CiH0s,
HR-ESI-MS m/z: 221.192 1 [M—H] . "H-NMR (400
MHz, CD;0D) ¢: 6.22 (1H, d, J = 9.5 Hz, H-3), 7.85
(1H, d, J = 9.5 Hz, H-4), 6.92 (1H, s, H-5), 3.90 (3H,
s, 6-OCH3), 3.95 (3H, s, 8-OCHj3); “C-NMR (100
MHz, CD;OD) d: 162.1 (C-2), 111.4 (C-3), 145.3
(C-4), 104.2 (C-5), 146.1 (C-6), 143.4 (C-7), 135.0
(C-8), 144.9 (C-9), 110.8 (C-10), 56.3 (6-OCHj3), 60.9
(8-OCH3). VA F¥dfs 5 ki s A — 5™, %5e
G 16 N 57Z K€ .

4 itie
R TR AR, AR & R

T IR, SR AR AL 22 7 16 57 A 07 AT R

e A SRS E, AT AT A A BT AR R

g3 o ARSI I LA 2 4 2 T B T R B A

J7 BESE AL AT A 25 B i 7, H 53 AR 3 16 ML

&Y, Ho o NEGERE 6 MREESEM 1 ANEN

TR G, M B 1) J 40 Jon BE it 9 A

SR EFRHESR T B 5E T B

S 3k
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