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Chemical constituents from Chuanxiong Rhizoma in standardization implantation

WEI Wei, XU Wei, YANG Xiu-wei
State Key Laboratory of Natural and Biomimetic Drugs, Department of Natural Medicines, School of Pharmaceutical Sciences,

Peking University, Beijing 100191, China

Abstract: Objective To study the chemical constituents in 95% ethanol aqueous extract of Chuanxiong Rhizoma. Methods The
compounds were separated and purified by repeated column chromatography on silica gel and high performance liquid
chromatography, and their structures were determined by spectroscopic data analyses. Results Forty-one compounds were obtained.
Among them, 34 compounds were identified as xanthotoxin (1), 3-butylidenephthalide (2), Z-ligustilide (3), senkyunolide A (4),
senkyunolide H (5), senkyunolide I (6), coniferyl alcohol (7), 3-propylanisole (8), epoxyligustilide (9), 5-hydroxy-3-butylene-phthalide
(10), chuanxiongdiolide R; (11), neocnidilide (12), Z'-3,8-dihydro-6.6',7.3"a-diligustilide (13), tokinolide B (14), ansaspirolide (15),
bergaptol (16), senkyunolide D (17), 4-hydroxy-3-butyl-phthalide (18), 5-hydroxymethylfurfural (19), vanillin (20), levistolide A (21),
trans-ferulic acid (22), 4-hydroxy-3-methoxypropiophenone (23), ethyl ferulate (24), falcarindiol (25), oplopandiol (26), senkyunolide
E (27), stigmasterol (28), pregnenolone (29), isopimpinellin (30), B-sitosterol (31), dibutylphthalate (32), diisobutylphthalate (33), and
coniferyl aldehyde (34), respectively. Conclusion Compounds 1, 8, 16, 23, 26, and 30 are isolated from Chuanxiong Rhizoma for the
first time.
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MRS NEEZTI. =z 5 ) 3
A6, DU 2T ) i X 22—,
T3 N T A L B ACUAS R P IR ) B er 461
A O [ K 28 GAP WE. (P
L) SR DA bR AR TP 25T IR 5 1~
20 W, RLRGH A3 B bl 5 )1 1 v 2435 678
A NE AR ARG 22— 2 Ll
FRPHMAK. KIE. BIF SR N, B
REF VL KT N E A F AT RE= ™, @
TR AT R 5 1) )1 75 B R A b A i 1
AR (0 )1 e Ay b AT e A AE 25 R, AR
WAL G HIE T ) EF 7 AHAE YN E N S
( chuanxiongnolide ) L1. L2, L3. L4. L5",

(37')-(35,85,3a'S,6'R)-4,5- 2 5(-3.3a",8.6"- XL A Py Jig
[(32)-(35,85,32'S,6'R)-4,5-dehydro-3.3',8.6'-diligus-
tilide] #1112 1§ Ry (chuanxiongdiolide Ry) 2!
(153 BEFNEE A 258, LA RCRAT IO IR 20 W5 1) Bl 1k
5 20— S A R 2R A T PO AR szt
MHFEAL TIN5 95% LK SR E A 70 25 25 58 1)
Hopth 34 MEEY, 730 h4EFEZ  (xanthotoxin,

1. 3-TMFEABL (3-butylidenephthalide, 2). Z-
AN EE ( Zligustilide, 3). VENIE AEE A
(senkyunolide A, 4). ¥ )1 HlE H (senkyunolide
H, 5). 7)II*NEE T (senkyunolide I, 6). FA{HE
3- N A B C3-
propylanisole, 8). M FEA NN (epoxyligustilide,
9). 5-JRH-3-T A RPL (5-hydroxy-3-butylene-
phthalide, 10). JI|= — s R; (chuanxiongdiolide
Ry, 1D, #)II* ANEE (neocnidilide, 12). Z'-3,8-
2:40-6.6',7.3'a- KPR (Z'-3,8-dihydro-6.6,7.3"a-
diligustilide, 13)+ <413 I B (tokinolide B, 14).
M EE MR N I8 Cansaspirolide , 15 )+ i = iy
(bergaptol, 16). 7¥JI|* NE D (senkyunolide D,

17) . 4-F 2L -3- T JE X B (4-hydroxy-3-butyl-
phthalide, 18). 5-F&HIJEAEEE (5-hydroxymethyl-
furfural, 19). FHEE (vanillin, 200 K45 AP
A (levistolide A, 21). FiZEMR (srans-ferulic acid,

22) . 4-FR L 3- WAL JE K Y i ( 4-hydroxy-3-
methoxypropiophenone, 23). LR L B8 (ethyl
ferulate, 24). Bt r —E¥ (falcarindiol, 25). 3
)2 [ Coplopandiol, 26). ¥ Il & WES E
(senkyunolide E, 27). Tl (stigmasterol, 28).
Zf Ifi B M ( pregnenolone , 29 ) . 7 i A+ N B

( coniferyl alcohol , 7).

(isopimpinellin, 30). B-73 /7 (B-sitosterol, 31D,
AR FIE Tl (dibutylphthalate, 32). 4BAE
% 5 Tl§ (diisobutylphthalate, 33). A
(coniferyl aldehyde, 34). HH, (L5471, 8. 16,
23, 26 130 4 RN oy 543 31
1 {NESHH

XT-4A BB A (b 2R e A A PR
A7) ; MDS SCIEX API QSTAR % Jii i {%
(ESI-TOF-MS; Applied Biosystems/MDS Sciex.,
Foster, 3&[E) A Finnigan TRACE 2000 %45t {X
(EI-MS; Thermo Finnigan Inc., San Jose, 3%[H);
Bruker AV III 400 7Y A% R 3t 3% % 3% 4 ( Bruker
BioSpin AG Facilities, Fillanden, Fi#ll). AH#&
L ROBO (43 (RP-SP-HPLC) 24 LC 3000 HPLC 1%
A4 eGPl E R AT R AR, BUE P3050
T JGE, CXTH-3000 & T fEuh; ik
Phenomenex Prodigy ODS (250 mmX21.2 mm, 10
um; Phenomenex Inc., Torrance, F[E ). GF,s4 i
JA S RE AR (TLC) 235l A 7 B g4 1) Al
Merck AR (FEED /= fh; 200~300 HAE % AE
BT S T 77 Sephadex LH-20 A fi it
Pharmacia 2 7] 77 i o 0T 20 AT L BER L6
SRR Ak WEISE IR T s A
4l RN 201 24 92 [H Fisher Chemical 7 i

IR 2581 T 2015 45 5 A 20 HRA )
5 TR ] 52 N T AL A R R G AL PR
H, SACHURZEM AR AT 2 < R BEA R
WINE Ligusticum chuanxiong Hort. )T AR 2E, 1%
HEFR A (20150520CXR) FEHCT b HU KA Rk Y
AT HE ) [ 5K SR
2 ERESE

JIEHZE TR A (10.5kg) ] 95%LBEK%
W (20 L) ¥ 72 h, JLERHC8 K, R [EDCAHL
W, 138 1.5 kg 3REU. KRB TNE, 5
PRI 1 1 1 I ELBIRES), BRI G S e IR
FE TS5 B o BEMGAS A R CbE- A (100 © 1,80
1. 50:1.30:1. 15:1. 5:1. 1:1), & TLC
I TEAH [ R 73 J5 49 21 7 AN Fr 1~7.
Fr.2 (3.0 g) SrERAE RS, HOke-E (10 0 D
BN, 28 TLC kil & 433 5 AN (Fr. 2.1~2.5),
Fr. 2.3 (200 mg) RO, HOki-Bi LN
(20 0 D i, AEMHAEY 1 (5mg) F12 (15mg).
Fr. 2.4 (10 g) £ Sephadex LH-20 k:{aif4lifh, =
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FME-HEE (10D P, 19253 (2g) M
4 (10mg). Fr.2.5 (500 mg) AHERALGIE,
Le-NE (10 1) PEME, SREY S (40 mg) Al
6 (15mg). W4 Fr.3 (13 g) & AIREIRFE (O i)
Bt MK (40%~90%) FREEVEME, 193] 6 ANt
4y (Fr.3.1~3.6). Fr.3.2 (1.0 g) &mERHGLRE,

A BTN (10 2 1) PEliE, R4 Sephadex LH-20
FEE IS I S Ak, 3R A D) 7(12 mg)F 8(2 mg).
Fr.3.3 (1.5 g) &hEAE @, PR Aki-INEE (20 @ 1)
Ve, S3kE 9 (5mg) F110 (14 mg). Fr.3.4
(1.5 g) %4 Sephadex LH-20 #: (% i, =5 - H i
(101 YEmE, BRFEEARE L1 (9.0 mg) PO
k&4 11 (10.0 mg). Fr. 3.5 (990 mg) ZHERAT:
O, =S PE-FEE (300 1) ¥El, HREw
12 (5mg). 13 (5mg) 114 (12 mg). Fr.4 (9.1 g)
2 ANRE AT (i 50 B, HEE-7K (30%~100%) Ff
JEVEE, 53] 8 My (Fr.4.1~4.8). Fr. 4.2 (500
mg) B 5EH Sephadex LH-20 A A ilifiAT40 By, —5
FPe-FmE (12 1 e, 285 54 RP-SP-HPLC 4l
1k, HEE-K (35165, ARAH 8 mL/min, A5l
Bk 230 nm) PeMiE, FE)IFEENEE LS (r=121
min, 25.1 mg)PFL &9 15(, =133 min, 7.3 mg)-
Fr. 4.3(2.0 @) & REMFE (3, IR CUbe-B5 R LR (40 ¢
D Ve, BEMkEY 16 (5 mg). 17 (21 mg) Fl
18 (8 mg). Fr.4.4 (10.0 mg) %% RP-SP-HPLC,

CNE-7K (65 135, AR E 5 mL/min, KK
230 nm) YEME, 54 Sephadex LH-20 #1 i, —
A RE-TEE (10 1) e, /RIS NN L2
(3.0 mg) %, Fr. 5 (301.4 mg) %4 Sephadex LH-20
FE I aifl, FHARERAE AN, & bE-BE R 05
(60 : 1) PEB, fA334A9 19 (100 mg) F120 (50
mg). Fr. 6 (300.6 mg) ZRERA:MRE, & F -
A (40 @ D) PelliE, #3380 2 MASr Fr. 6.1~6.2.

Fr. 6.1 (150 mg) £ RP-SP-HPLC, ZJif-7/K (55
45, PFE 8 mL/min, YK 254 nm) VB,

BEMLEY 21 (=43 min, 15.5 mg). JIIZ5HEE K
L3 (=49 min, 60.4 mg) Fl)I|ZEENMEE L4 (=066
min, 75.5 mg) %, Fr. 6.2 (90 mg) % RP-SP-HPLC
alifh, M-k (65135, PARUME 5 mL/min, £
MPA 230 nm) e, 52 (32)-(35,85,32'S,6'R)-
4,5-£5-3.32' 8.6- WH A NEE (=612 min, 6.4
mg) FIJII= “NEE Ry ((r=64.2 min, 5.5 mg) ',
WA Fr. 7 (5 g) SRERHEENE, M Ake-IEd (10 :

1 e, 7950 5 AN (Fr. 7.1~7.5), Fr. 7.1 (100
mg) ZAERAT A, =GP LE-HEE (20 0 1) P,
HEMEEY 22 (23 mg). 23 (5mg) 124 (3 mg).
Fr.7.2 (3 g) ZRERAERE, RCOke-AE (20 @ 1D
Ve, fEMEE 25 (1 g). 26 (20 mg) 127 (10
mg). Fr. 7.3 (600 mg) ZHEMAE(NE, PR ke-BS
MR ClR (10 2 1) yEl, 521454 28 (300 mg)

129 (13 mg). Fr. 7.4 (200 mg) Lt fichkE i,

O Re-BEIR 8 (30 ¢ 1) e, 32014649 30 (10
mg) A131 (12 mg). Fr. 7.5 (50 mg) LREMFEM
W, RCBE-AER (501 PRl SEEAY 32 (6
mg). 33 (7mg) 134 (3mg),

3 GiEE

AW 1: TN (B5R LERD; mp 150 C;
EI-MS m/z: 216 [M]"; "H-NMR (400 MHz, CDCl;) ¢:
7.77 (1H, d, J = 9.6 Hz, H-4), 7.69 (1H, d, J= 2.2 Hz,
H-2'), 7.35 (1H, s, H-5), 6.82 (1H, d, J = 2.2 Hz,
H-3'), 6.38 (1H, d, J = 9.6 Hz, H-3), 430 (3H, s,
8-OCH;): "“C-NMR (100 MHz, CDCly) &: 160.6
(C-2), 147.9 (C-7), 146.8 (C-2'), 144.4 (C-4), 143.2
(C-8a), 133.0 (C-8), 126.3 (C-6), 116.7 (C-4a), 115.0
(C-3), 113.0 (C-5), 106.9 (C-3"), 61.5 (8-OCHs).
NMR $i 5 Scikaion — 87, et a1
TR 2 .

WA 2: W AHARY); ESI-MS m/z: 189 M+
H]"; 'H-NMR (400 MHz, CDCls) 6: 6.13 (1H, d, J =
8.1 Hz, H-7), 6.00~6.13 (3H, m, H-4~6), 5.10 (1H,
t, J = 7.6 Hz, H-8), 2.60 (2H, m, H-9), 1.40 (2H, m,
H-10), 0.96 3H, t, J = 7.2 Hz, H-11). L Iyl %k
5 SckAoE — 8, ME A 2 o 3- T
FEORPK

AW 3: R IEEHPIRY); EI-MS m/z: 190 [M]';
'H-NMR (400 MHz, CDCl;) 6: 6.25 (1H, dt, J = 9.7,
1.5 Hz, H-7), 5.95 (1H, m, H-6), 5.18 (1H, t, J = 8.0
Hz, H-8), 2.57 (2H, t, J = 13.5 Hz, H-5), 2.55~2.39
(2H, m, H-4), 2.33 (2H, m, H-9), 1.47~1.31 (2H, m,
H-10), 0.92 (3H, t, J= 7.5 Hz, H-11); *C-NMR (100
MHz, CDCly) &: 167.4 (C-1), 148.5 (C-3a), 147.4
(C-3), 129.7 (C-6), 123.7 (C-7a), 117.0 (C-7), 112.1
(C-8), 28.2 (C-9), 22.4 (C-10), 22.1 (C-5), 18.9 (C-4),
14.0 (C-11). LI %ol 5 scikdion — 8™, we
B 3 Ny Z-BEA A BE.

&G 4: EEHARY); EI-MS m/z: 192 [M]';
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'H-NMR (400 MHz, CDCl3) 6: 6.20 (1H, d, J = 9.7
Hz, H-7), 5.95~5.86 (1H, m, H-6), 4.92 (1H, dd, J =
7.3, 3.5 Hz, H-3), 2.55~2.39 (2H, m, H-4), 2.55~
2.39 (2H, m, H-5), 1.87 (1H, m, H-8a), 1.59~1.46
(1H, m, H-8b), 1.47~1.31 (2H, m, H-9), 1.47~1.31
(2H, m, H-10), 0.90 (3H, t, J = 7.0 Hz, H-11);
BC-NMR (100 MHz, CDCl3) d: 171.4 (C-1), 161.5
(C-3a), 128.4 (C-6), 124.7 (C-7a), 117.0 (C-7), 82.6
(C-3), 32.1 (C-8), 26.9 (C-9), 22.6 (C-5), 22.4 (C-10),
20.9 (C-4), 14.0 (C-11). L E%¥E 5 ks —
Y, MO 4 ) N A

WEW S: TORY; EI-MS m/z: 224 [M]';
'H-NMR (400 MHz, CDCLy) &: 527 (1H, t, J = 7.7
Hz, H-8), 4.57 (1H, brs, H-7), 3.95 (1H, brs, H-6),
2.61 (1H, m, H-4b), 2.40 (1H, m, H-4a), 2.33 (2H, m,
H-9), 2.04 (1H, brs, H-5a), 1.83 (1H, brs, H-5b), 1.46
(2H, m, H-10), 0.92 (3H, t, J = 7.2 Hz, H-11);
BC-NMR (100 MHz, CDCl) J: 169.5 (C-1), 153.8
(C-3), 148.3 (C-3a), 125.9 (C-7a), 114.5 (C-8), 68.2
(C-6), 62.8 (C-7), 28.2 (C-9), 25.3 (C-5), 22.3 (C-10),
19.1 (C-4), 13.9 (C-11). PA_b-$id b5 scpkdian — 25>,
WS e A 5 i) TS H

A 6: %8 MR s EI-MS m/z: 224 [M];
'H-NMR (400 MHz, CDCl3) &: 5.27 (1H, t, J = 8.4
Hz, H-8), 2.39 (2H, m, H-4), 2.10 (H, m, H-5a), 1.91
(1H, m, H-5b), 4.48 (1H, d, J = 5.2 Hz, H-7), 3.98
(1H, m, H-6), 2.31 (2H, m, H-9), 1.51 (2H, m, H-10),
0.94 3H, t, J = 7.4 Hz, H-11); "“C-NMR (100 MHz,
CDCly) &: 169.3 (C-1), 151.9 (C-3), 151.1 (C-3a),
125.8 (C-7a), 115.5 (C-8), 71.1 (C-6), 67.6 (C-7), 28.0
(C-9), 26.8 (C-5), 22.1 (C-10), 19.6 (C-4), 13.8
(C-11)o VL R%ctl 5 Sk — 80>, et s
Y16 23 )11 I 1o

WA T: R IR : EI-MS m/z: 180 [M]';
'H-NMR (400 MHz, CD;0D) §: 7.01 (1H, d, J = 1.8
Hz, H-2), 6.86 (1H, dd, J = 8.1, 1.8 Hz, H-6), 6.75
(1H, d, J = 8.1 Hz, H-5), 6.52 (1H, d, J = 15.8 Hz,
H-7), 6.21 (1H, dt, J = 15.8, 5.9 Hz, H-8), 4.21 (2H,
dd, J = 5.9, 1.1 Hz, H-9), 3.86 (3H, s, 3-OCH;):
BC-NMR (100 MHz, CD;OD) &: 147.5 (C-4), 149.1
(C-3), 130.6 (C-1), 132.1 (C-7), 127.0 (C-8), 120.9
(C-6), 1162 (C-5), 110.5 (C-2), 63.9 (C-9), 56.3
(3-OCH;). NMR %dfs 15 scikdios — 80>, ke

WY T AFAMATE

Wy 8. sEaikY); "H-NMR (400 MHz,
CDCly) 8: 7.63 (1H, d, J = 9.2 Hz, H-5), 6.93 (1H, d,
J =92 Hz, H-4), 6.84 (1H, s, H-2), 6.24 (1H, d, J =
9.2 Hz, H-6), 3.92 (3H, s, 3-OCHj3), 2.51~2.55 (2H,
m, H-1"), 1.54 (2H, m, H-2'), 0.96 (3H, t, J = 7.4 Hz,
H-3"). NMR $d 5 Sclifdiin — 8500, #etb s
W 8 g 3-P KL A ik

AW 9: ¥R IE EIHPIRY) ; EI-MS m/z: 206 [M]';
'H-NMR (400 MHz, CDCl;) &: 5.35 (1H, t, J = 7.9
Hz, H-8), 4.61 (1H, brd, H-7), 4.33 (1H, m, H-6), 2.64
(1H, m, H-4a), 2.53 (1H, m, H-4b), 2.37 (2H, m, H-9),
2.21 (1H, m, H-5a), 2.03 (1H, m, H-5b), 1.51 (2H, q,
J = 7.4 Hz, H-10), 0.96 (3H, t, J = 7.4 Hz, H-11);
BC-NMR (100 MHz, CDCly) d: 167.6 (C-1), 153.1
(C-3), 148.2 (C-3a), 123.8 (C-7a), 114.9 (C-8), 70.9
(C-6), 50.9 (C-7), 28.4 (C-9), 23.9 (C-5), 22.4 (C-10),
17.2 (C-4), 14.0 (C-11). VL 3t 5ok — a7,
M A 9 IR R BEA TG .

wAEY 10 AtEtd CARD, mp 195 C;
ESI-MS m/z: 205.1 [M+H]"; 'H-NMR (400 MHz,
CDCls) 6: 7.73 (1H, d, J = 8.4 Hz, H-7), 7.08 (1H, brs,
H-4), 7.04 (1H, brd, J = 8.4 Hz, H-6), 5.59 (1H, t, J =
7.8 Hz, H-8), 2.39 (2H, m, H-9), 1.51 (2H, m, H-10),
0.95 (3H, t, J = 7.4 Hz, H-11); “C-NMR (100 MHz,
CDCl;) 6: 168.5 (C-1), 162.8 (C-5), 145.6 (C-3), 142.4
(C-3a), 127.1 (C-7), 118.5 (C-7a), 116.1 (C-6), 110.2
(C-4), 105.5 (C-8), 27.8 (C-9), 22.4 (C-10), 13.8
(C-11). LL ¥ 5 Sckanas —s0Y, et
Y10 Dk 5-F2FE-3- T IR FEARHK

a1 R EMRY); ESI-MS m/z: 433.2
[M+Na]"; '"H-NMR (400 MHz, CDCl3) 6: 7.76 (1H,
d, J=17.6 Hz, H-7), 7.57 (1H, d, J = 7.0 Hz, H-7"),
7.53 (1H, t, J = 7.7 Hz, H-5), 7.41 (1H, t, J = 7.7 Hz,
H-6), 7.15 (1H, d, J = 7.7 Hz, H-4), 3.70 (3H, s,
OCHj3), 2.90 (1H, m, H-6"), 2.62 (1H, m, Ha-4"), 2.44
(2H, m, H-8"), 2.13 (1H, m, H-5"a), 1.83 (1H, m, H-8),
1.75 (1H, m, H-4'b), 1.53 (1H, m, H-5'b), 1.50 (2H, m,
H-9), 1.23 (2H, m, H-9'), 1.13 (4H, m, H-10’, 10),
0.83 (3H, t,J=7.2 Hz, H-11"), 0.76 (3H, t, J = 7.2 Hz,
H-11); “C-NMR (100 MHz, CDCl3) d: 207.1 (C-3"),
170.4 (C-1), 165.4 (C-1'), 155.0 (C-3a), 148.6 (C-7'),
136.2 (C-7a’), 133.9 (C-5), 128.5 (C-6), 125.7 (C-7a),
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124.6 (C-7), 122.0 (C-4), 89.0 (C-3), 58.2 (C-3a’),
52.1 (OCH3), 49.1 (C-8), 40.9 (C-8), 33.8 (C-6'), 28.1
(C-9), 26.3 (C-4), 25.6 (C-9"), 22.1 (C-10"), 20.7
(C-10), 17.9 (C-5"), 14.0 (C-11), 13.8 (C-11"). LA %k
P sk g — s, M E A 10 k)
“EE Ry,

AW 12: LAY EI-MS m/z: 194 [M]';
'H-NMR (400 MHz, CDCls) 6 6.74 (1H, dt, J = 3.2,
3.2 Hz, H-7), 3.94 (1H, ddd, J = 8.8, 7.2, 5.6 Hz, H-3),
2.53~2.41 (1H, m, H-3a), 2.32 (1H, m, H-6a), 2.24~
2.11 (1H, m, H-6b), 2.08~2.00 (1H, m, H-4a), 1.91
(1H, dddd, J = 13.9, 6.8, 3.3, 3.1 Hz, H-5a), 1.82~
1.65 (2H, m, H-8), 1.60~1.44 (2H, m, H-5b, 9a),
1.44~1.26 (3H, m, H-9b, 10b), 1.24~1.08 (1H, m,
H-4b), 0.89 (3H, t, J = 7.1 Hz, H-11); "C-NMR (100
MHz, CDCly) &: 1702 (C-1), 1352 (C-7), 131.2
(C-7a), 85.4 (C-3), 43.1 (C-3a), 34.4 (C-8), 27.6 (C-9),
25.4 (C-4), 25.0 (C-6), 22.6 (C-10), 20.8 (C-5), 13.9
(C-11). DL 5 scmrapiE —80Y, W% eis
Y12 )15 B

G 13: R OMPRY): ESI-MS m/z: 383.2
[M+H]"; 'H-NMR (400 MHz, CDCl;) 6: 7.30 (1H, d,
J=6.5Hz, H-7"), 5.17 (14, t, J = 7.9 Hz, H-8'), 5.11
(1H, dd, J = 9.9, 2.9 Hz, H-3), 3.02 (1H, brd, J = 8.9
Hz, H-7), 2.96 (1H, m, H-6"), 2.47 (1H, m, H-6), 2.32
(2H, m, H-9'), 2.15~2.20 (2H, m, H-4), 1.88~1.86
(1H, m, H-5a), 1.88~1.84 (1H, m, H-4'a), 1.77~1.75
(1H, m, H-8a), 1.76~1.70 (1H, m, H-5'a), 1.52~1.44
(1H, m, H-5'b), 1.50~1.48 (1H, m, H-4'b), 1.50~
1.43 (1H, m, H-5b), 1.47~1.46 (1H, m, H-8b), 1.46~
1.44 (2H, m, H-10"), 1.45~1.44 (4H, m, H-9, 10),
0.94 (3H, t, J=17.5 Hz, H-11), 0.93 (3H, t, J = 7.4 Hz,
H-11); “C-NMR (100 MHz, CDCl;) &: 170.8 (C-1),
167.1 (C-1'), 156.1 (C-3a), 148.2 (C-3"), 141.8 (C-7"),
135.9 (C-7"a), 126.0 (C-7a), 113.2 (C-8), 84.3 (C-3),
48.3 (C-3'a), 39.8 (C-6"), 40.0 (C-7), 39.0 (C-6), 32.0
(C-8), 31.2 (C-4"), 28.8 (C-9), 28.7 (C-5"), 28.0 (C-9),
25.9 (C-5), 22.5 (C-10), 22.3 (C-10"), 19.8 (C-4), 14.0
(C-11), 13.8 (C-11"). LA b ¥od 5 e —=7,
WS A3 Ky 7-3,8-2:40-6.6',7.3"a- R KK

EY 14: FEAMARY; EI-MS m/z: 380
[M]"; "H-NMR (400 MHz, CDCls) 6: 7.52 (1H, d, J =
6.5 Hz, H-7'), 6.16 (1H, d, J = 9.8 Hz, H-7), 5.94 (1H,

m, H-6), 4.64 (1H, dd, J= 6.5 9.0 Hz, H-8'), 3.13 (1H,
d, J= 6.5 Hz, H-6'), 2.50 (1H, m, H-4'a), 2.30 (1H, m,
H-5a), 2.20 (2H, m, H-5'a, 9'a), 2.10 (2H, m, H-4a,
9'b), 1.38~1.21 (8H, m, H-4b, 5b, 9a, 10a, 4'b, 5'b,
10’a, 10'b), 1.66 (1H, m, H-8), 1.12 (2H, m, H-9b,
10a), 0.87 (3H, t, J = 7.5 Hz, H-11), 0.86 3H, t, J =
7.5 Hz, H-11"); "C-NMR (100 MHz, CDCls) 8: 169.9
(C-1), 164.1 (C-1'), 161.3 (C-3a), 148.0 (C-3"), 145.9
(C-7"), 133.1 (C-7'a), 129.1 (C-6), 125.9 (C-7a), 116.7
(C-7), 107.5 (C-8'), 90.0 (C-3), 50.0 (C-3'a), 42.7
(C-8), 36.4 (C-6"), 28.7 (C-9), 28.5 (C-4"), 27.0 (C-9"),
22.5 (C-5, 10'), 22.4 (C-10), 22.2 (C-4), 16.9 (C-5"),
141(c 11), 13.6 (C-11"). VL %0¥s 5 STk s —
P, s A 14 N 44U EE B.

%é\% 15: R ARY); ESI-MS m/z 379.2
[M+H]"; 'H-NMR (400 MHz, CDCl;) 8: 7.87 (1H, d,
J=1.5 Hz, H-7), 7.76 (1H, td, J = 7.5, 1.2 Hz, H-5),
7.60 (1H, t, J = 7.5 Hz, H-6), 7.54 (1H, d, J = 7.5 Hz,
H-4), 7.46 (1H, d, J = 6.6 Hz, H-7'), 3.24 (1H, m,
H-6'), 3.12 (1H, dd, J = 8.8, 6.5 Hz, H-8"), 2.25 (1H,
dt, J = 9.2, 4.1 Hz, H-8), 2.23~2.17 (1H, m, H-4'a),
2.10 (1H, m, H-9'a), 1.92 (1H, m, H-5'a), 1.74 (1H, m,
H-9'b), 1.60 (1H, m, H-5'b), 1.51 (1H, m, H-4b"), 1.21
(1H, m, H-10a), 1.20~1.18 (2H, m, H-9), 1.12~1.09
(1H, m, H-10"a), 1.10~1.01 (1H, m, H-10'b), 0.99
(1H, m, H-10b), 0.73 (3H, t, J = 7.1 Hz, H-11), 0.69
(3H, t, J = 7.1 Hz, H-11"); “C-NMR (100 MHz,
CDCl;) d: 169.0 (C-1), 164.1 (C-1'), 149.3 (C-3a),
148.0 (C-3"), 140.9 (C-7"), 134.1 (C-7a'), 134.0 (C-5),
129.9 (C-7a), 128.1 (C-6), 125.7 (C-7), 122.2 (C-4),
107.5 (C-8"), 91.5 (C-3), 52.0 (C-3'a), 51.3 (C-8), 38.4
(C-6"), 32.7 (C-9), 27.0 (C-9"), 25.5 (C-4"), 25.1 (C-5"),
22.4 (C-10), 21.5 (C-10"), 14.1 (C-11), 13.6 (C-11"),
DL $od 5 scmvdoE — 80, s ettt 15
MUABEIB P g

AW 16: TEEEN (BER Z18); mp 276 C;
EI-MS m/z 202 [M]"; '"H-NMR (400 MHz, DMSO-d;)
5: 11.31 (1H, s, 5-OH), 8.26 (1H, d, J = 9.8 Hz, H-4),
7.91 (1H, d, J = 2.3 Hz, H-2'), 7.20 (1H, d, J = 2.3 Hz,
H-3'), 7.16 (1H, s, H-8), 6.27 (1H, d, J = 9.8 Hz,
H-3). NMR %ffs 55 3cikapiE — 8, s eib s
W16 T .

WA 17 AR s EI-MS m/z 222 [M] s
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'H-NMR (400 MHz, CDCls) 6: 6.26 (1H, d, J = 9.4
Hz, H-7), 6.09 (1H, m, H-6), 5.34 (1H, s, OH), 2.67
(2H, m, H-9), 2.27 (2H, m, H-4), 2.48 (1H, m, H-5a),
2.23 (1H, m, H-5b), 1.65 (2H, m, H-10), 0.92 (3H, t,
J =723 Hz, H-11); “C-NMR (100 MHz, CDCl;) ¢:
202.7 (C-8), 168.7 (C-1), 155.1 (C-3a), 131.8 (C-6),
129.1 (C-7a), 116.3 (C-7), 102.8 (C-3), 36.6 (C-9),
22.6 (C-5), 19.1 (C-4), 17.1 (C-10), 13.6 (C-11). LI
o 5 SoikaaE — 80, MR A Y 17 )
=S AEE D
&M 18: At s <ﬁ3@ﬁ>, mp 190 C;
ESI-MS m/z: 207.1 [M+H]"; 'H-NMR (400 MHz,
CDCl;) 6: 7.48 (1H, d, J = 7.6 Hz, H-5), 7.37 (1H, t,
J =17.6 Hz, H-6), 7.01 (1H, d, J = 7.6 Hz, H-7), 5.68
(1H, s, 4-OH), 5.56 (1H, dd, J = 7.9, 2.9 Hz, H-3),
2.30 (1H, m, H-8a), 1.78 (1H, m, H-8b), 1.48~1.28
(4H, m, H-9, 10), 0.90 (3H, t, J = 6.5 Hz, H-11);
BC.NMR (100 MHz, CDCl;) 8: 171.4 (C-1), 136.4
(C-3a), 152.5 (C-4), 120.2 (C-5), 130.4 (C-6), 115.9
(C-7), 127.9 (C-7a), 80.9 (C-3), 32.7 (C-8), 27.0
(C-9), 22.9 (C-10), 14.0 (C-11). LA Hc¥i 15 ek i
— U, WS 18 O 43 T SR
AW 19: Bk EI-MS m/z: 126 [M]';
'H-NMR (400 MHz, DMSO-d) 6: 9.50 (1H, s, CHO),
7.47 (1H, d, J = 3.4 Hz, H-3), 6.59 (1H, d, J = 3.4 Hz,
H-4), 4.50 (2H, s, CH,0H); "“C-NMR (100 MHz,
DMSO-d) d: 178.0 (CHO), 162.2 (C-5), 151.8 (C-2),
124.5 (C-3), 109.9 (C-4), 56.0 (CH,OH). NMR %4
5 acikapoE — 50, A 19 SR
G4 20: E’él%ﬁﬁ@?) mp 80 C; EI-MS
miz: 152 [M]"; '"H-NMR (400 MHz, CDCls) 6: 9.83
(1H, s, CHO), 7.44 (1H, d, J = 1.8 Hz, H-2), 7.42 (1H,
dd, J = 8.5, 1.8 Hz, H-6), 7.05 (1H, d, J = 8.5 Hz,
H-5), 6.16 (1H, s, OH), 3.97 (3H, s, OCH3). NMR %}
i 5 SCHRARE Y, MRS 20 TR
&Y 21 AalEs (AR, mp 114 C;
ESI-MS m/z: 381.2 [M+H]"; 'H-NMR (400 MHz,
CDCly) 6: 7.33 (1H, d, J = 6.6 Hz, H-7"), 5.05 (1H, t,
J =179 Hz, H-8), 497 (1H, t, J = 7.4 Hz, H-8'), 3.23
(1H, d, J= 8.9 Hz, H-7), 2.97 (1H, m, H-6'), 2.53 (1H,
t, J = 7.9 Hz, H-6), 2.26 (2H, m, H-9), 2.19~2.11
(2H, m, H-9"), 2.22 (1H, m, H-4a), 2.14 (1H, m,

H-4b), 1.87 (2H, m, H-4'a, 5a), 1.76 (1H, m, H-5a),
1.50~1.43 (7H, m, H-4'b, 5'b, 5b, 10'a, 10'b, 10a,
10b), 0.91 (3H, t, J = 7.3 Hz, H-11), 0.90 3H, t, J =
7.3 Hz, H-11"); "*C-NMR (100 MHz, CDCL3) J: 168.5
(C-1), 165.0 (C-1"), 155.1 (C-3a), 150.6 (C-3"), 148.1
(C-3), 142.2 (C-7"), 134.2 (C-7'a), 126.6 (C-7a), 112.1
(C-8), 108.6 (C-8'), 47.7 (C-3'a), 41.6 (C-7, 6"), 38.4
(C-6), 31.1 (C-4"), 29.8 (C-5), 28.1 (C-9), 27.5 (C-9"),
25.8 (C-5"), 22.5 (C-10), 22.4 (C-10"), 19.8 (C-4), 14.0
(C-11), 13.9 (C-11").  BA_E%dfa 5 ok — 50,
WS B 21 RS AR A

WY 22: ?ﬁ%@%ﬂﬁéﬁﬁ% (K), mp 172~
173 °C: EI-MS m/z: 194 [M]"; 'H-NMR (400 MHz,
DMSO-dg) 6: 7.49 (1H, d, J = 15.9 Hz, H-7), 7.27
(1H, d, J = 1.6 Hz, H-2), 7.07 (1H, dd, J = 8.1, 1.6 Hz,
H-6), 6.79 (1H, d, J = 8.1 Hz, H-5), 6.37 (1H, d, J =
15.9 Hz, H-8), 3.81 (3H, s, 3-OCHj); "*C-NMR (100
MHz, DMSO-ds) 6: 168.1 (C-9), 149.1 (C-3), 148.0
(C-4), 144.4 (C-7), 125.9 (C-1), 122.8 (C-8), 115.9
(C-6), 115.6 (C-5), 112.2 (C-2), 55.7 (3-OCH3). NMR
Kot 5 cwkioE 80, M etk a 22 ikt
BT BRI .

&Y 23: W EaRY: EI-MS m/z 180.1
[M]"; '"H-NMR (400 MHz, CDCl;) 6: 7.56 (1H, d, J =
1.9 Hz, H-2), 7.53 (1H, dd, J = 8.1, 1.9 Hz, H-6), 6.89
(1H, d, J = 8.1 Hz, H-5), 5.64 (1H, s, 4-OH), 3.96 (3H,
s, 3-OCH3), 2.94 (2H, q, J = 7.2 Hz, H-2"), 1.20 (3H, t,
J =72 Hz, H-3"); “C-NMR (100 MHz, CDCl;) ¢:
199.6 (C-1'), 150.4 (C-4), 145.4 (C-3), 130.9 (C-1),
121.4 (C-6), 114.2 (C-2), 109.9 (C-5), 56.1 (3-OCHs),
31.5 (C-2'), 8.5 (C-3). NMR $#ht 55 ki — 57,
WS A 23 Oy 4-FE-3- FAR LR T N

EW) 24: AEFAR (FHED; ESI-MS m/z 221
[M—H]; 'H-NMR (400 MHz, CDCls) 6: 7.63 (1H, d,

J=15.9 Hz, H-7), 7.09 (1H, dd, J = 8.2, 1.9 Hz, H-6),

7.05 (1H, d, J= 1.9 Hz,, H-2), 6.93 (1H, d, J = 8.2 Hz,
H-5), 6.31 (1H, d, J = 15.9 Hz, H-8), 5.94 (1H, s, OH),
428 (2H, q, J = 7.1 Hz, H-1'), 3.94 (3H, s, OCHj),
1.35 (3H, t, J = 7.1 Hz, H-2'); “C-NMR (100 MHz,
CDCls) 6: 167.4 (C-9), 148.1 (C-4), 146.9 (C-3), 144.8
(C-7), 127.2 (C-1), 123.1 (C-6), 115.8 (C-8), 114.9
(C-5), 109.5 (C-2), 60.5 (C-1"), 56.1 (OCH3), 14.5
(C-2"). NMR $odi b5 3cmkdion — 80, et s
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A 25: IRFEAHPIRY) ;s EI-MS m/z 260 [M]
'H-NMR (400 MHz, CDCls) &: 5.89 (1H, ddd, J =
17.1, 10.1, 5.4 Hz, H-2), 5.58~5.54 (1H, m, H-10),
548 (1H, d, J = 8.2 Hz, H-9), 5.41 (1H, d, J = 17.1
Hz, H-1b), 5.20 (1H, d, J = 10.1 Hz, H-1a), 5.15 (1H,
d, J= 8.2 Hz, H-8), 4.89 (1H, d, J = 5.4 Hz, H-3), 2.05
(2H, q, J = 7.4 Hz, H-11), 1.30~1.39 (2H, m, H-12),
1.20~1.30 (8H, m, H-13~16), 0.84 (3H, t, J = 6.8
Hz, H-17); “C-NMR (100 MHz, CDCls) 6: 135.9
(C-2), 1342 (C-10), 127.8 (C-9), 117.2 (C-1), 79.8
(C-4), 78.4 (C-7), 70.2 (C-5), 68.7 (C-6), 63.2 (C-3),
58.4 (C-8), 31.8 (C-15), 29.3 (C-12), 29.2 (C-13), 29.1
(C-14), 27.7 (C-11), 22.6 (C-16), 14.1 (C-17). NMR
K 5 ScrIiE — 80, et A 25 ikt
Jip

WEY 26: HIEOHRY; EI-MS miz: 262
M]"; '"H-NMR (400 MHz, CDCl5) 6: 5.56 (1H, ddt,
J=10.8, 8.2, 1.5 Hz, H-9), 5.55 (1H, ddt, J = 10.8,
7.3, 1.5 Hz, H-10), 5.20 (1H, d, J = 8.2 Hz, H-8), 4.38
(1H, t, J = 6.4 Hz, H-3), 2.10 (2H, dq, J= 1.5, 7.3 Hz,
H-11), 1.74 (2H, m, H-2), 1.37 (2H, m, H-12), 1.27
(8H, m, H-13~16), 1.01 (3H, t, J = 7.4 Hz, H-1), 0.88
(3H, t, J = 7.5 Hz, H-17); “C-NMR (100 MHz,
CDCly) 6: 134.7 (C-9), 127.9 (C-10), 80.9 (C-4), 79.4
(C-7), 69.1 (C-6), 69.0 (C-5), 64.2 (C-3), 58.8 (C-8),
31.9 (C-16), 30.8 (C-2), 29.4 (C-12), 29.3 (C-13), 29.2
(C-14), 27.8 (C-11), 22.8 (C-15), 14.2 (C-17), 9.4
(C-1)s NMR ¥ 55 scmkdions —80*, #seth
Y126 Sl S .

&Y 27: JLnikY); ESI-MS m/z: 205.1
[M+H]"; "H-NMR (400 MHz, CDCls) 6: 7.91 (1H, d,
J = 1.7 Hz, H-7), 7.75~7.66 (2H, m, H-4, 5), 7.56
(1H, t, J = 7.7 Hz, H-6), 5.65 (1H, d, J = 8.5 Hz, H-8),
4.86 (1H, dt, J = 8.5, 6.8 Hz, H-9), 1.74 (2H, m,
H-10), 1.00 (3H, t, J= 7.4 Hz, H-11); *C-NMR (100
MHz, CDCly) 6: 166.7 (C-1), 145.9 (C-3), 139.4
(C-3a), 134.7 (C-5), 130.4 (C-6), 125.6 (C-7), 124.7
(C-7a), 120.4 (C-4), 110.7 (C-8), 68.4 (C-9), 30.4
(C-10), 9.8 (C-11). LA % 5 Scikapis — s, i
YEAEY 27 AN B E.

&Y 28: FATRR CARERD, 5% G
B3 TLC 2087, 3 FlRITFRIRETE, EREATh—3L

S e B ) 28 Jh LI

& 29: JLEEE GAEDD, mp 192 C;
'H-NMR (400 MHz, CDCl3) 6: 5.31 (1H, d, J = 5.3
Hz, H-6), 3.51 (1H, m, H-3), 2.53 (1H, t, J = 8.9 Hz,
H-17), 2.12 (3H, s, H-21), 0.98 (3H, s, H-19), 0.62
(3H, s, H-18); "C-NMR (100 MHz, CDCls) 6: 209.7
(C-20), 140.9 (C-5), 121.3 (C-6), 71.6 (C-3), 63.7
(C-17), 56.9 (C-14), 50.0 (C-9), 44.0 (C-13), 42.2
(C-4), 389 (C-12), 37.3 (C-1), 36.5 (C-10), 31.9
(C-7), 31.8 (C-8), 31.6 (C-21), 31.5 (C-2), 245
(C-15), 22.8 (C-16), 21.1 (C-11), 19.4 (C-19), 13.2
(C-18) LA et 5 ScikapiE — 8™, wes e
A 29 9 447 BER o

&) 30: KR (BERR L18), mp 152 C;
EI-MS m/z: 246 [M]": 'H-NMR (400 MHz, CDCl;) &
8.12 (1H, d, J= 9.8 Hz, H-4), 7.62 (1H, d, J = 2.2 Hz,
H-2'), 6.99 (1H, d, J = 2.2 Hz, H-3"), 6.29 (1H, d, J =
9.8 Hz, H-3), 4.17 (6H, s, 5, 8-OCH3); ">C-NMR (100
MHz, CDCly) 6: 160.4 (C-2), 150.0 (C-7), 145.1
(C-2'), 1443 (C-5), 143.7 (C-9), 139.4 (C-4), 1283
(C-8), 114.9 (C-6), 113.0 (C-3), 107.7 (C-10), 105.1
(C-3"), 61.7 (8-OCHj3), 60.9 (5-OCHs). LA -y ik %%
P 5 SCpRRE S0, M A 30 BT
P .

W 31 AR (CHED, S5XE B-5
S EESL TLC 43#T, 3 PRI TIF, (kAT h—5L,
M EALE Y 31 O B4 ES

WA 32: TEEMPIRY): EI-MS m/z: 278 [M]';
'H-NMR (400 MHz, CDCl3) 6: 7.72 (2H, dd, J = 5.3,
3.5 Hz, H-3, 6), 7.53 (2H, dd, J = 5.3, 3.5 Hz, H-4, 5),
430 (4H, t, J = 6.7 Hz, H-9, 9'), 1.72 (4H, m, H-11,
11", 1.44 (4H, m, H-10, 10'), 0.96 (6H, t, J = 7.4 Hz,
12, 12'-CHs). Lh F3ods 5 3cikapos — 50, e
A 32 AR IR T s,

Y 33: LEHRY); EI-MS m/z: 278 [M]';
'H-NMR (400 MHz, CDCLy) 6: 7.72 (2H, dd, J = 5.3,
3.5 Hz, H-3, 6), 7.53 (2H, dd, J = 5.5, 3.5 Hz, H-4, 5),
4.09 (4H, d, J = 6.7 Hz, H-1’, 1”), 2.04 (2H, m, H-2',
2"),0.99 (12H, d, J= 6.7 Hz, H-3, 3", 4, 4"). L L%
o5 ScwkapE — 5, M A 33 MARHE
IR — 5% T IR,

&) 34: B (BER B, mp 372 C;
'H-NMR (400 MHz, CDCL3) 6: 9.65 (1H, d, J = 7.7
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Hz, CHO), 7.40 (1H, d, J = 15.8 Hz, H-7), 7.13 (1H,
dd, J = 82, 1.9 Hz, H-6), 7.07 (1H, d, J = 1.9 Hz,
H-2), 6.96 (1H, d, J = 8.2 Hz, H-5), 6.60 (1H, dd, J =
15.8, 7.7 Hz, H-8), 5.97 (1H, s, 3-OH), 3.95 (3H, s,
4-OCH3); “C-NMR (100 MHz, CDCly) 6: 196.4
(C-9), 156.1 (C-7), 150.9 (C-4), 149.8 (C-3), 127.2
(C-8), 127.0 (C-1), 125.1 (C-6), 116.8 (C-5), 111.5
(C-2), 56.1 (4-OCH;). NMR ¥#i 5 Sk — 3™,
W e A 34 AT .
4 g

RSB IRM N E oy B % e IR T 2 2R/ A
YIRS (D BTm (16). JEFWEE (30)
R SE PR 2 FE (26) LR TSR 3- 43
AR (8), 4-FpIE-3- WA BRIV I (23), F5 T
NS AR G R 25 A4 32 A1 33 th T e 4
oy e R A A ML R s A, A fr
AT

OO )1 25 &5 G540 22 FF (1 B AR
PREAT A, )15 MR (senkyunolide) AL B. C.
D. E. F. G. H. L. J. LI¥, M7, NI Q| R,
SV, BRI ISATAEY, W) E A EE O, PP,
JIZ LS (chuanxiongnolide) A. B, R;. R,
FIE — A EE (chuanxiongdiolide) R;. R,!'4%,
KRRGIFFTS E ) S REN EE L1~L5 RIS =N
fig Rs LI (37)-(35,85,3a'S,6'R)-4,5-2:41-3.32,8.6'"-
WUEEA BRI A SR ORBRRAT A, 2 )1 5405
YyF el b B RRREYE, N O A A A
IRERAT L6t G 22 085 S 1) Uk e P — %Ak
S A A AEIE T AR RBLESLS TR
ig JI1E5 70% SR /KSR, A BN M Bl 43 )1 55
WliE A. D. F. J. I. M. Q, E-] &R EAEL
( E-butylidenephthalide ) Z-#E A< PN il ( Z-ligustilide )
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