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Chemical constituents from aerial parts of Ligusticum sinense cv. chaxiong
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State Key labortatory of Bioactive Substangce and Function of Natural Medicines, Institute of Materia Medica, Chinese Academy
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Abstract: Objective To study the chemical constituents from the aerial parts of Ligusticum sinense cv. chaxiong. Methods The
chemical constituents were separated and purified by silica gel, ODS column chromatography, and preparative HPLC. Their structures
were determined by various of spectroscopic analyses. Results Fourteen compounds were isolated from the petrol ester and CH,Cl,
fractions of 95% ethanol extract of the aerial parts of L. sinense cv. chaxiong, and their structures were identified as 5-hydroxy-3-
butylphthalide (1), 3-hydroxy-octa-1, 5-dien-7-one (2), umbelliferone (3), pumbinernoid A (4), crocinervolide (5), (3R, 6R, 7E)-3-
hydroxy-4, 7-megastignadien-9-one (6), senkyunolide G (7), scopoletin (8), (22)-3-(3, 4-dihydroxyphenyl)-2-propenal (9), (3S, 5R, 6S,
7E, 9R)-5, 6-epoxy-3, 9-dihydroxy-7-megastigmene (10), vomifoliol (11), dihydroactinidiolide (12), 7-hydroxy-3-butylphthalide (13),
and senkyunolide A (14). Conclusion Compounds 1—13 are isolated from this plant for the first time, compounds 1, 2, 4—6, and 9—13
are found from the plants of genus Ligusticum L. for the first time, and compound 1 is a new natural product.
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WwaEY, alh S-FRIEIET FEAEK (5-hydroxy-3-
butylphthalide, 1). 3-hydroxy-octa-1, 5-dien-7-one
(). = JEAE M (umbelliferone, 3). pumbinernoid
A (4), crocinervolide (5). (3R, 6R, 7E)-3-hydroxy-4,
FEN S NE G
(senkyunolide G, 7). %5 (scopoletin, 8).
(22)-3-(3, 4- IR IL)-2-INIRE [(22)-3-(3, 4-
dihydroxyphenyl)-2-propenal, 9]. (3S, 5R, 6S, 7E,
9R)-5, 6-epoxy-3, 9-dihydroxy-7-megastigmene (10).
H: - (vomifoliol, 11). —&UBkMEHE A EE (dihydro-
actinidiolide, 12). 7-F2JE1E T HEAKEK (7-hydroxy-3-
butylphthalide, 13). ¥ /1| % W5 A (senkyunolide A,
14). AEY 1~13 K5 IR NZMHEY) 2 243 21,
WAEY 1. 2. 4~6 F1 9~13 N IR B M4
TP AR ACEY 1 RN R Yo AT 2
1 EFESHH

Mercury 400 Invoa 500 1 SYS 600 %434
1%, F2[H Varian A A]; Aglient 1100 Series LC-MSD-
Trap-SL i 143 ; EYELA N—1100 g% 28 R AL
PR A 2 (R R Bl ) &
7 RO FHRENR GFase W2 PRI R & AL
TENVBFFURT s 43T HPLC (53854124 Diamonsil
Cis (0 1EAE (250 mm X 4.6 mm, 5 pm); 145 H] HPLC
3% R YMC-pack ODS-A {Aifi4F (250 mmX 20
mm, 5pm); PTG e, Rt T
Ay BRI B E R AR R AT

ZEH EIEAL T 2011 4 6 AR TLAE %
H, b EEE R B2y SRS D
KA E Ligusticum sinense Oliv. cv. chaxiong, FrA
(No. ID-5-2437 ) A8 T+ [ B2 22 B2 Bt 25t 52 e
DB A
2 RESHE

TR 7 E A2 70 kg, KR 5 HT 95%
LTE MBI 3 K, R 3 h, SEBORIE S [ 77
1HRE 4.6 kg, VIIKIRAE, KR4, — &
Fi BEME LWG. IE T REASHL, 20015 2140 ik AL
(2.5kg) “EFHEEBAL (120 @) SR LER B4 (250
) IE TR (1.5kg)o Hoh & H beiir Ffk
PRFE IR 7y (ST E-ED, 1338 6 M
(CC-1~CC-6),

CC-1 (25 @) ZREMROIEFES B IT5 I AH At
g, 135 8 A4y (CC-1-1~CC-1-8) . CC-1-2 &
SRR AT 0385 B 25 (0 3 R 2Rk H AR 3 (Al

7-megastignadien-9-one ( 6 ) .

k-2 06 HEMLEY 1 (8 mg); CC-1-4 LrERA:
Bk, SRR 152 8 M4y, 4l CC-1-4-1
(3.0 @) &AM EE 7 Ry 12 A5 (CC-1-4-1-1~
CC-1-4-1-12), HHAifi 4y CC-1-4-1-2 L 2414 O
k- OB 524 54 2 (23 mg); sy CC-1-4-1-3
Al H AT IS CHlilk-aiD S35 3 (10
mg) 4 (5mg); iy CC-1-4-1-6 ZHER H A
i CEAT-INED A BAY) 5 (3 mg); s CC-1-4-
1-11 SHER H AEEE CRAT-ED K s B0
# i (45% CH;0H-H,0) #3254 6 (29 min,
3 mg) F1 7 (100 min, 20mg). #i5> CC-1-7 } CC-1-8
BT H K s A, P AT TR - R £ IR EE 45 5h 1S
PS8 (1.0 g)o CC-3 Fl CC-4 HIFJa4 I H it
R A3 24 5 9 (23 mg) . CC-5 ZRER H A
ok CGh-HRD 19214654 10 (6 mg) 111 (6
mg) o A1 HEEACELER AL (2.5 kg) 2T Byl s A (i |
SAHIRH AT €33 K ey 0B i £ (s S5 AS BI A )
12 (100 mg). 13 (30 mg) F114 (8 mg).
3 S#mEE

&Y 1: RFEEAMPIRY) ;. ESI-MS m/z: 207.0
[M+H]", 204.9 [M—H], X437 N 206, 45
4 "H-NMR., "C-NMR " #EI H 7> 730 C1oH 14050
'H-NMR (400 MHz, CDCl3) 6: 5.41 (1H, dd, J = 7.2,
4.0 Hz, H-3), 6.89 (1H, brs, H-4), 7.03 (1H, dd, J =
6.4, 1.2 Hz, H-6), 7.74 (1H, d, J = 6.4 Hz, H-7), 2.01
(1H, m, H-8a), 1.74 (1H, m, H-8b), 1.45 (2H, m, H-9),
1.39 (2H, m, H-10), 0.89 (3H, t, J = 6.0 Hz, H-11);
BC.NMR (100 MHz, CDCl3) 6: 171.6 (C-1), 81.2
(C-3), 127.5 (C-3a), 108.1 (C-4), 162.4 (C-5), 117.6
(C-6), 117.5 (C-7), 210.4 (C-7a), 34.3 (C-8), 26.7
(C-9), 22.4 (C-10), 13.8 (C-11). LA _E# ¥ 15 ek i
— B, WU ERA 1 5B HEIE T R

WEY) 2: RFEMPIRY); ESI-MS m/z: 152.9
[M—H], HXa5FREA 154, 454 'H-NMR,
BC-NMR HERIEL 5 T304 CoH 140, 'H-NMR (400
MHz, CDCl3) 6: 5.23 (1H, d, J = 17.2 Hz, H-1a), 5.09
(1H, d, J = 10.8 Hz, H-1b), 5.92 (1H, dd, J = 17.2,
10.8 Hz, H-2), 2.44 (2H, d, J= 7.6 Hz, H-4), 6.79 (1H,
m, H-5), 6.08 (1H, d, J = 16.0 Hz, H-6), 2.25 (3H, s,
H-8), 1.30 (3H, s, H-9); "*C-NMR (100 MHz, CDCl;)
5 113.0 (C-1), 144.8 (C-2), 72.8 (C-3), 45.5 (C-4),
141.9 (C-5), 134.5 (C-6), 199.0 (C-7), 27.2 (C-8), 28.0
(C-9). PAEXH 5 3cikapig —8, et &



* 1982

¢ &% Chinese Traditional and Herbal Drugs 3£ 45 % 25 14 3] 2014 4E7 A
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e 3: AEKIAR; ESI-MS m/z: 185.0 [M+
Na]’, 160.8 [M—H] , $Z/RHIX TN 162, &5
# "H-NMR. “C-NMR A #E0 H: 7> 7300 CoHeOs0
'H-NMR (400 MHz, CD;0CDs) 6: 6.16 (1H, d, J =
9.6 Hz, H-3), 7.86 (1H, d, J = 9.6 Hz, H-4), 7.51 (1H,
d, J=8.4 Hz, H-6), 6.75 (1H, s, H-8). L\ ¥4 530
BRIRE 80, WA 3 AR I

EY) 4: RFEMPIRY) ;. ESI-MS m/z: 219.0
[M+Nal’, 415.2 [2M+Na]", R F A
206, %54 'H-NMR. C-NMR A5 75K 0
C11H1605. '"H-NMR (400 MHz, CDCl3) 6: 1.97 (1H, d,
J = 14.4 Hz, H-1a), 1.52 (1H, dd, J = 14.4, 3.2 Hz,
H-1b), 4.32 (1H, brs, H-2), 2.46 (1H, d, J = 14.4 Hz,
H-3a), 1.75 (1H, dd, J = 14.4, 3.2 Hz, H-3b), 5.68
(1H, s, H-6), 1.46 (3H, s, H-9), 1.26 (1H, s, H-10),
1.77 (3H, s, H-11); "“C-NMR (125 MHz, CDCl;) ¢:
47.4 (C-1), 66.7 (C-2), 45.6 (C-3), 86.8 (C-4), 182.6
(C-5), 112.8 (C-6), 171.9 (C-7), 35.9 (C-8), 26.5
(C-9), 30.6 (C-10), 27.0 (C-11). LA s 55 SCliR 4R e
— 5, W EAL A 4 4 pumbinernoid A .

& 5. TEOmeRY); ESI-MS m/z: 221.1 M+
H]', 233.0 [M+Na]", $&/-5AHIX 7 sk 2100 45
# "H-NMR. "C-NMR A #EMH /> 7 Hh CiaHig030
'H-NMR (400 MHz, CDCls) 6: 5.19 (1H, d, J = 17.2
Hz, H-1a), 5.06 (1H, d, J = 10.8 Hz, H-1b), 5.90 (1H,
dd, J=17.2, 10.8 Hz, H-2), 2.31 (2H, t, J = 6.8 Hz,
H-4), 5.70 (1H, m, H-5), 5.60 (1H, d, J = 16.0 Hz,
H-6), 2.16 (1H, m, H-8a), 2.06 (1H, m, H-8b), 2.54
(2H, t, J = 7.6 Hz, H-9), 1.20 (3H, s, H-11), 1.50 (3H,
s, H-12); “C-NMR (125 MHz, CDCl;) 6: 112.3 (C-1),
144.4 (C-2), 72.6 (C-3), 44.9 (C-4), 125.0 (C-5), 136.1
(C-6), 85.1 (C-7), 34.2 (C-8), 28.9 (C-9), 176.5
(C-10), 27.5 (C-11), 26.7 (C-12). L %¥s 5 Sk
5", M EAY S crocinervolide.

AW 6: R IECAIHIRY); EI-MS m/z: 208 [M],
FORAR 43 T FUR R 208, 454 'TH-NMR. C-NMR
AHEN 2> 7oA Ci3H00,. 'H-NMR (400 MHz,
CDCl;) o: 1.84 (1H, m, H-2a), 1.39 (1H, m, H-2b),
426 (1H, brs, H-3), 5.63 (1H, brs, H-4), 2.50 (1H, d,
J=9.9 Hz, H-6), 6.54 (1H, dd, J = 15.8, 9.9 Hz, H-7),
6.10 (1H, d, J = 15.8 Hz, H-8), 2.26 (3H, s, H-10),
0.97 (3H, s, H-11), 0.88 (3H, s, H-12), 1.63 (3H, s,

H-13); C-NMR (125 MHz, CDCL) 6: 33.9 (C-1),
43.8 (C-2), 65.5 (C-3), 125.4 (C-4), 135.5 (C-5), 54.3
(C-6), 147.1 (C-7), 133.6 (C-8), 198.0 (C-9), 27.0
(C-10), 27.1 (C-11), 22.4 (C-12), 29.0 (C-13). LA_I-%
a5 SRR 5, MO E A 6 4 (3R, 6R,
7E)-3-hydroxy-4, 7-megastigmadien-9-one.

EY 7. R EAMARY): HR-ESI-MS m/z:
231.099 1 [M+Na]", 2+ 13N C.H 1605, 'H-NMR
(300 MHz, CDCl3) d: 2.46 (2H, m, H-4), 2.46 (2H, m,
H-5), 5.95 (1H, d, J = 9.6 Hz, H-6), 6.16 (1H, d, J =
9.6 Hz, H-7), 1.92 (2H, m, H-8), 1.27 (2H, m, H-9),
1.27 (2H, m, H-10), 0.88 (3H, t, J = 9.6 Hz, H-12);
BC-NMR (125 MHz, CDCls) d: 169.3 (C-1), 116.3
(C-3), 158.6 (C-3a), 22.5 (C-4), 19.3 (C-5), 130.0
(C-6), 116.9 (C-7), 125.9 (C-7a), 35.9 (C-8), 22.4
(C-9), 25.1 (C-10), 13.8 (C-11). LL_-Hd 5 Sk iE
—P, WA T ATENE N G.

WA 8: FIERIA; ESI-MS m/z: 193.0 M+
H]*. 'H-NMR (400 MHz, CDCl;) &: 6.18 (1H, d, J =
8.0 Hz, H-3), 7.84 (1H, d, J = 8.0 Hz, H-4), 6.80 (1H,
s, H-5), 7.20 (1H, s, H-8), 3.91 (3H, s, -OCH3), 8.72
(1H, brs, -OH). A E¥d 5 scpkapis— 5, %
SELEY) 8 N R,

&Y 9: A MPIRY) ;. ESI-MS m/z: 199.8
[M+CI], - AHRE 23 TR 164,454 "H-NMR
BC-NMR A 143 T-38 4 CoHgOs. 'H-NMR (400
MHz, CDCl3) d: 6.42 (1H, s, H-2"), 6.40 (1H, d, J =
8.0 Hz, H-5"), 6.05 (1H, d, J = 8.0 Hz, H-6"), 6.01 (1H,
d, J=8.2 Hz, H-2), 6.95 (1H, d, J = 8.2 Hz, H-3), 8.83
(1H, brs, -CHO); "“C-NMR (150 MHz, CDCl3) 6
190.2 (C-1), 130.1 (C-2), 115.3 (C-3), 115.4 (C-1"),
115.3 (C-2'), 145.5 (C-3"), 151.4 (C-4'), 114.3 (C-5"),
124.5 (C-6"). LA i b5 ok — 8, s
WEW 9 N (22)-3-(3, 4-FRIEFIE)-2- N M

&Y 10: TLEAHARY); ESI-MS m/z: 227.1
[M-+H]", 487.3 [2M~+CI]", X9 1w A
226. 4%y "TH-NMR Il >C-NMR A4y 12K
C13H2,05. 'H-NMR (400 MHz, CDCls) d: 1.60 (1H,
m, H-2a), 1.37 (1H, m, H-2b), 3.89 (1H, m, H-3), 2.36
(1H, dd, J = 14.0, 4.4 Hz, H-4a), 1.60 (1H, d, J = 14.0
Hz, H-4b), 5.90 (1H, d, J = 15.2 Hz, H-7), 5.76 (1H,
dd, J = 15.2, 6.0 Hz, H-8), 4.38 (1H, m, H-9), 1.28
(3H, d, J = 6.5 Hz, H-10), 1.12 (3H, s, H-11), 0.97
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(3H, s, H-12), 1.19 (3H, s, H-13); “C-NMR (125
MHz, CDCl;) d: 34.9 (C-1), 40.8 (C-2), 64.2 (C-3),
40.7 (C-4), 66.3 (C-5), 69.5 (C-6), 124.9 (C-7), 137.8
(C-8), 682 (C-9), 23.6 (C-10), 29.5 (C-11), 24.7
(C-12), 19.8 (C-13). LL_b¥o¥ & Srhiis —=0,
S EL G 10 24 (3S, SR, 68, 7E, 9R)-5, 6-epoxy-
3, 9-dihydroxy-7-megastigmene.

A 11 TLEMIRY); ESI-MS m/z: 2253 [M+
H]', 223.1 [M—H], /-1 ik 224, 4
4 'H-NMR Hl C-NMR ] 4 Wl 1 4> 7 58
C13H2003. "H-NMR (400 MHz, CDCl5) 6: 2.45 (1H, d,
J =172 Hz, H-3a), 1.37 (1H, d, J = 17.2 Hz, H-3b),
5.90 (1H, m, H-5), 5.81 (1H, m, H-7), 5.84 (1H, m,
H-8), 441 (1H, m, H-9), 1.29 (1H, d, J = 6.4 Hz, H-10),
1.01 (3H, s, H-11), 1.08 (3H, s, H-12), 1.89 (3H, s,
H-13); “C-NMR (100 MHz, CDCls) 6: 79.0 (C-1), 41.2
(C-2), 49.7 (C-3), 197.9 (C-4), 126.9 (C-5), 162.6 (C-6),
129.0 (C-7), 135.7 (C-8), 68.1 (C-9), 23.7 (C-10), 24.0
(C-11),23.0 (C-12), 18.8 (C-13). LI ¥ 5 kR
— 5, MO A ) 11

G 12: W OMPIRY): ESI-MS m/z: 205.0
[M+Na]", $&RHI 2 7 A 206. 454 'H-NMR
A1 PC-NMR AlHEIIL 57508 C1iHi6020 'H-NMR
(300 MHz, CDCl3) d: 5.63 (1H, s, H-3), 1.54 (2H, m,
H-5), 1.72 (2H, m, H-6), 2.24 (1H, d, J = 6.0 Hz,
H-7a), 1.74 (1H, m, H-7b), 1.27 (3H, s, H-8), 1.25
(3H, s, H-9), 1.60 (3H, s, H-10); *C-NMR (100 MHz,
CDCl3) J: 182.4 (C-2), 112.3 (C-3), 172.0 (C-3a), 36.4
(C-4), 40.0 (C-5), 19.6 (C-6), 41.6 (C-7), 87.2 (C-Ta),
24.3 (C-8), 24.1 (C-9), 29.7 (C-10). LA % 55 SCik
a5, M A 12 AR P I

&Y 13 W aiRY): ESI-MS m/z: 207.0
[M+H]". "H-NMR (300 MHz, CDCl3) §: 5.49 (1H,
dd, J = 8.1, 4.4 Hz, H-3), 6.92 (1H, d, J = 8.1 Hz,
H-4), 7.54 (1H, t, J = 8.1 Hz, H-5), 6.90 (1H, d, J =
8.1 Hz, H-6), 2.10 (1H, m, H-8a), 1.80 (1H, m, H-8b),
1.40 (2H, m, H-9), 1.51 (2H, m, H-10), 0.92 (3H, t,
J = 6.6 Hz, H-11); “C-NMR (100 MHz, CDCl;) ¢:
172.2 (C-1), 82.9 (C-3), 150.4 (C-3a), 136.8 (C-5),
113.0 (C-6), 156.6 (C-7), 111.2 (C-7a), 34.3 (C-8), 26.8
(C-9), 22.4 (C-10), 13.8 (C-11). L _EX¥s 5 ke
55 A S 13 Sk TR T T L

WA 14: TEORY); ESI-MS m/z: 193.1 [M+

H]+o 'H-NMR (300 MHz, CDCl) ¢: 2.45 (4H, m, H-4,
5), 5.90 (1H, m, H-6), 6.20 (1H, d, J = 9.6 Hz, H-7),
1.20~1.80 (6H, m, H-8, 9, 10), 0.90 (3H, t, J = 7.2

Hz, H-11). LA %5 3cmiaoE— 80, et

B 14 Ve ABE A.
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