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Three butylphthalide derivatives from the Rhizome of Ligusticum
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Abstract: Three butylphthalide derivatives were isolated from the Rhizome of Ligusticum chuanxiong using a
series of isolation and purification approaches including macroporous resin, ODS-A column, Sephadex LH-20 and
preparative HPLC. These structures were elucidated based on extensive spectroscopic data (UV, IR, HR-ESI-MS
and NMR) and identified as (3Z,3aE)-(6R,7R,2'S)-6-hydroxy-7-(2-carboxyl-2-hydroxyethylthio)-3- (2-hydroxybu-
tylidene)-4,5,6,7-tetrahydro-phthalide (1), (3Z,3aZ)-3-butylidene-6,7-dihydroxy-4,5,6,7-tetrahydro-phthalide 7-O-
a.-D-glucopyranosyl- (1—2) - g -D-fructo-furanoside (2) and 3- (3- #-D-glucopyranosyloxy-butylidene) -7-hydroxy-
phthalide (3).
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Figure 1 The chemical structures of compounds 1-3

TROAF ] 26 £ 1 45 22 b i 22 J7 0%, IS IE T B0 A
Iy BB 3R F L S (B 1), IRl MS.NMR
A CD S5 il SR 5 5 4514, 73738 (3Z,3aE)-(6R, 7R,
2'S)-6-hydroxy-7- (2-carboxyl-2-hydroxyethylthio) -3- (2-
hydroxybutylidene)-4,5,6,7-tetrahydro-phthalide (1).(3Z,
3aZ) -3-butylidene-6, 7-dihydroxy-4, 5, 6, 7-tetrahydro-
phthalide 7-O-a-D-glucopyranosyl-(1—2)-$-D-fructo-fu-
ranoside (2) #1 3-(3-8-D-glucopyranosyloxy-butylidene)-
7-hydroxy-phthalide (3).

ZR5E

KEML AT EIEHN K, UV 1 (MeOH)

(log ¢): 201 (4.08). 273 (4.03) nm; [«]5 -12.3 (c 0.10
MeOH); HR-ESI-MS m/z 367.083 0 [M+Na]* (Calcd.
367.082 2), #En L& 1 15 F 5N CgH,00,S, A
FIE A 6; IR G HE7E 3 356.2 932.1 757.1 678.1 636
1411.1 23911 090 cm* &b W Wi v, WAL & A7 1E
FREE - R AN A B

HO\@.::OOH ‘\%

— 'H-'HCOSY ~ HMBC »  ROESY

Figure 2 Key HMBC 'H-H COSY and ROESY correlations of 1

1H*H NMR 3 (% 1) 32 R A E VNG T8 5 0y
5.35 (1H, d, J = 9.0 Hz, H-8); 4 M 1 3L {5 5 5, 2.43
(2H, m, H-4).1.82 (2H, m, H-5).1.45 (1H, m, H-10a).
1.55 (1H, m, H-10b).2.85 (1H, dd, J = 7.0, 13.5 Hz, H-
1'a) £13.04 (1H, dd, J = 4.0, 13.5 Hz, H-1'b); 1 M1 345

56, 0.84 (3H, 1, J = 7.5 Hz, H-11); 3 N &Kk FH HE 145
5 0y 4.11 (1H, m, H-6).4.41 (1H, m, H-9) £14.03 (1H,
dd, J = 4.0, 7.0 Hz, H-2"). 3C NMRi¥ (%2) LB RE
1I5MRAS 5, BLFE N IR L5 5 6. 167.8 (C-1) A1174.0
(C-3"), 34N H 3 6. 67.4 (C-6).66.3 (C-9) #170.7
(C-2)o AT4H 5 BT 1 1 5 1% 0 k% bl 5041 e R L 5 AR A
FCLH RT3 43 2543 2 14k & 4 thiosenkyunolide C % it
Fym e w B2, X AITE T O A7 i R 7E 1 b g FR 0
1k, HMBC i f1 1H-1H COSY i i 5 1 _F iR I (1
2). ROESY Sz, H-8 Al H-4 #2715 3 7 X4 h Z
PR N BE b C-2' A7 i £ S 4 R E 3 i N 4 R A
[Mo,(AcO),] i 5& CD 1 1) J7 % Sk 1 e 1, CD K3 72
345 nm 4t 2 7x 7 it Cotton B (1 3), K] C-2'4 () 4
XFFHLN S,

287.5 nm, 1.19534
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Figure 3 CD spectrum of 1 with [Mo,(AcO),]
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senkyunolide C AH [, 4 J)e 7. 1fi H. 1 A thiosenkyu-
nolide C [1) 556 ECD &1 Cotton 2 & 34 — 3k (€ 4),
Al LHEWT 174 6,7 47 L 5 thiosenkyunolide C A [7] f
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Figure 4 CD spectrum of 1

7R,2'S)-6-hydroxy-7-(2-carboxyl-2-hydroxyethylthio)-3-
(2-hydroxybutylidene)-4,5,6,7-tetrahydro-phthalide .

wE®m2 AL ERH K, UV 1, (MeOH)
(log €): 200 (3.76). 273 (3.85) nm; [a]5 15.7 (c 0.10
MeOH); HR-ESI-MS m/z 571.199 6 [M+Na]* (Calcd.
571.199 7), $&7 2 1150 F 3N CoyHy6O 1, NHLFIEE N T;
IR Y% r 3 380.2 932.2 877.1 751.1 640.1 418
1 049 cmt 4bAG TR AL

CH,
= 'H-'HCOSY ~« HMBC » ~x ROESY
Figure 5 Key HMBC!H-'H COSY and ROESY correlations of 2

£ 2 /11*H NMR % (3 1) i3 X 0 42 21 14> XU
i T8 5 0, 5.50 (1H, t, J = 7.5 Hz, H-8), &% X A74E 1
MNHILELE S 6, 091 (3H, t, J = 7.5 Hz, H-11), 4 L
H LS (55 0, 2.44 (2H, m, H-4).1.80 (2H, m, H-5).
2.27 (2H, g, J = 7.5 Hz, H-9) f11.46 (2H, m, H-10), %
ANERIRH AT 0, 4.16 (1H, m, H-6) F14.09 (1H,
d, J = 9.5 Hz, H-7); H:3C NMR i (3 2) &7~ 14N Eg Bk
HARAF 5 o 168.6 (C-1), 4 N X B A5 55 6. 148.0 (C-
3).154.4 (C-3a).123.5 (C-7a) f1113.0 (C-8), 14> H' 3
WA5 5 oc 13.7 (C-11), 44 H LA 5 o 16.4 (C-4).
23.0 (C-5).27.6 (C-9) #121.7 (C-10), P /N 4 Ik FH F
W15 5 . 65.4 (C-6) A1 71.1 (C-7), LA %k i B 2 1

BIZESRS LM . 5 FEE 2 #H NMR %4 & 7R
e — M ERE A (S 5 0, 3.47 (1H, overlap, H-1'a).3.56
(3H, overlap, H-1'b/6"). 4.11 (1H, d, J = 6.0 Hz, H-3").
3.85 (1H, m, H-4).3.59 (1H, overlap, H-5').5.15 (1H, d,
J =4.0 Hz, H-1").3.10 (1H, overlap, H-2").3.25 (1H, m,
H-3").3.11 (1H, overlap, H-4") F13.47 (3H, overlap, H-
5"/6").

2 HMBC i 1 i/~ H-8 5 C-3/C-3a ff155, H-7 5
C-7a/C-3a/C-1 #H %, H-6 fll C-7a #] 5%, H-5 Il C-3a #f]
%, H-4 5 C-3a/C-Ta #Hl K, 454 *H-*H COSY i+ H-8/
H-9/H-10/H-11 #15%, H-4/H-5/H-6/H-7 M KAESE T T 3
VU S IR 45 1 BEAZ I A7 4E (181 5). HMBC i o, ] 4
W 35 3L iR 7 (O 5.15) A C-2' [l AH K AE SE T HERE (1%
&, T H-7 A1 C-3'4H 5%, 1t W] B 4k (1) C-3'foz Al C-7 id
REVEFEEAE . AR YR H-6 A H-7 (AL 2200 B RO &
HnT LA 5E HAH X 14 B 6, 7-trans[B1022], 2 4 4 vy ik
WS H AL (4.0 Hz) FERERT AR ARE i 1) SR il
XM E N a-D-% & . ROESY i1, H-8 Fll H-4 A
KA 3B Z B . T B By, T LA E
&2 (458 (3Z,3aZ)-3-butylidene-6,7-dihydroxy-
4,5,6,7-tetrahydro-phthalide 7-O-a-D-glucopyranosyl-(1
—2)-p-D-fructo-furanoside.

HEMI HETEEH K, UV L, (MeOH)
(log €): 225 (4.24). 265 (4.02) nm; [a]s —20.9 (c 0.10
MeOH); HR-ESI-MS m/z 405.115 8 [M+Na] * (Calcd.
405.115 6), #2718 3 1173 7 304 CygH,,0,, NEHIE Jy 8;
IR Y& i 7F 3 410.2 928.2 671.1 759.1 689.1 607
1015 cm A W fic i

— 'H-'HcosY ~ « HMBC

Figure 6 Key HMBC correlations of 3

3HI*H NMR % (3 1) B%3 X o] DLW 52 21 34~ 7%
F EHAAEEAE 5 5, 7.25 (1H, d, J = 8.0 Hz, H-4).
7.55 (1H, t, J = 8.0 Hz, H-5) #16.90 (1H, d, J = 8.0 Hz,
H-6), 1 />34 5455 0, 5.98 (1H, t, J = 7.5 Hz, H-
8), FL R iZIL AT RES A 14 1,2,3- ZHUR 2K A A1
ISR B fEmp X ER T I HEEG
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Table 1 *H NMR data of compounds 1-3 at 500 MHz in DMSO-

ds (J in Hz)
Position 1 2 3
4 243 m 2.44m 7.25d (8.0)
5 1.82m 1.80m 7.551(8.0)
6 411m 4.16 m 6.90 d (8.0)
7 3.52 brs 4.09d (9.5)
8 5.35d (9.0) 5.50t(7.5) 5.981(7.5)
9 441m 2.27q(7.5) 2.53dd (7.5, 13.5)
10 1.45m 1.46 m 391m
1.55m
1 0.84t(7.5) 091t(75)  1.18d (6.5)
1 2.85dd (7.0,13.5) 3.47overlap 4.25d (8.0)
3.04 dd (4.0, 13.5)  3.56 overlap
2' 4.03dd (4.0, 7.0) 2.951(8.0)
3 411d(6.0) 312m
4 3.85m 3.04 q(9.0)
5' 3.59 overlap 3.08m
6' 3.56 overlap  3.42dd (5.5, 11.5)
3.65dd (2.0, 11.5)
1" 5.15d (4.0)
2" 3.10 overlap
3" 3.25m
4" 3.11 overlap
5" 3.47 overlap
6" 3.47 overlap

Table 2 **C NMR data of compounds 1-3 at 125 MHz in DMSO-
de

Position 1 2 3 Position 1 2 3
1 167.8 168.6 164.5 1 374 620 1022
3 146.4 148.0 1456 2 70.7 103.1 73.6
3a 151.8 1544 1410 3 1740 836 76.8
4 16.1 16.4 110.3 4 725 701
5 229 23.0 136.6 5 82.1 76.7
6 67.4 654 1165 6 623 61.1
7 41.7 711 1571 1" 91.4
on
3
4
5
6

7a 1252 1235 109.4 71.1
8 1152 113.0 1045 73.2
9 663 276 320 69.6
10 399 217 738 724
11 9.6 13.7 214 60.3

aiF

50, 1.18 (3H, d, J = 6.5 Hz, H-11), 1 NV H 3L S
8, 2.53 (2H, dd, J = 7.5, 13.5 Hz, H-9), 1 MESA K
S5 5 0, 3.91 (1H, m, H-10), A Az 1 40 % % b A 15
5, 4.25 (1H, d, J = 8.0 Hz, H-1').2.95 (1H, t, J = 8.0 Hz,
H-2').3.12 (1H, m, H-3").3.04 (1H, g, J = 9.0 Hz, H-4").
3.08 (1H, m, H-5.3.42 (1H, dd, J = 5.5, 11.5 Hz, H-6'a)
A113.65 (1H, dd, J = 2.0, 11.5 Hz, H-6'b). 3C NMR i
(£ 2) LB 18N R(E S, BHE LB LIRS 5 oc
164.5 (C-1), 6 N 2K i {5 5 o 141.0 (C-3a).110.3 (C-
4).136.6 (C-5).116.5 (C-6).157.1 (C-7) #1109.4 (C-7a),
A U TR 15 5 6 145.6 (C-3) A1104.5 (C-8), 1 4™ H!
BT 5 0 21.4 (C-11), 14N FH B 3545 5 6. 32.0 (C-

F -H

%
5
2

9), 1AM H IR F I A5 5 o 73.8 (C-10), LA K 1 4%
E BB A5 5 0. 102.2 (C-1).73.6 (C-2').76.8 (C-3).
70.1 (C-4').76.7 (C-5') #161.1 (C-6").

3 A S AL W% 27, 3 5 ligusticumolide F £}
12 S5 A AU, S T R OR R R B W, 45w T iE i
HMBC it 7 H-6 5 C-4/C-7a #1 5%, H-5 55 C-7/C-3a /]
%, H-4 5 C-6/C-7a/C-3 #H %, H-8 &5 C-3/C-3a tH K i
ITUESE (K 6). IEAN, H-1' (6, 4.25) A1 C-10 k3%, 5 1]
BTG AE C-10 00 3 45 58 267 i o J2 S U AR 50 2
(8.0 Hz) A1 ELBE AT A= AL i (1) SR BBl 20 B A -
D-F % Bl . J8aE DL E oA, vT BUR B A S 3 I 45
A 3- (3- p-D-glucopyranosyloxy-butylidene) -7-hydroxy-
phthalide.

w5, HT eGP r &R, fER e 1~3
1) 25 b 30t V5 Z5CHE P S THT 465 A4 R L PR 38 40 S Ak b 7Y
Ja, JoiE R SR SR AT B e . R — P AG ket
X & Ak 2 B o BEAT IR N S, N ) (T &R H
PR IS A 2B

SMUTE

JASCO P-2000 7 i Y 4%, JASCO V-650 %4 4 4 5
FHSE T, JASCO J-712 R[5 — 1343 (32[EH JASCO A
A]); Nicolet 5700 % 21 41 't i 4% (3% [ Thermo A ]);
Bruker AVANCE 111 500 7 #% i H£ 9% 1% (3 & Bruker-
Biospin 2 #); Agilent 1100 LC/MSD TOF % i 43 # i
A (3£ [ Agilent 2> 71); Agilent 1260 74 = 27 A1 (4
A (3% H 2 e B A R 4 F]); Shimadzu LC-6AD
Y e ] 28 VAR B 1A (H A B HEA #F]); YMC ODS-A
C18 #l| %4 (250 mmx10 mm, 5 pm, H A& YMC 2 #);
Sephadex LH-20 % 5 b &k Ji 4 3% OB} (3 38 Pharma-
cia Fine Chemicals 24 7); FEB (6 3 R (5 B4k
TT)e
1 RBESSE

JIE5 1 T AR 25 45 100 kg, W3 B 48 80% 2.1 [f]
WMAREL (32 h), IR E (£123.1kg). RELKDEUG,
MR TR B ANIE T BEZEEL . PSR T IEERAL (1.3 kg)
IR 538, 7KV 38 43 B R FLR BB T, Ak 2 F 0% ~
95% £ A FE Ve o HUIE T W A K AL R R T 15%
W B 30 43 33 4T o i ODS 0 1% 43 85 FH 7K 1 i
B VR, 193] Fri~Fr 84 3L it 84 Mk 4> Fr 19
(60 mg) b # Sephadex LH-20 A o i, B J& 18 F pre-
HPLC (C18, 5 um, 250 mmx20 mm, YMC; 5.0 mL-min;
254 nm; 25% MeOH/H,0) ik 5 2k &4 1 (3.1 mg,
ty = 26.0 min, 4l &F: 93%). Fr 32 (55 mg) £ pre-HPLC
(C18,5 um, 250 mmx10 mm, YMC; 3.0 mL-min?; 254 nm;
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18% MeOH/H,0) 7355, 15211t 542 (3 mg, t; = 23.7 min,
41 97%). Fr 42 (55 mg) 4 Sephadex LH-20 75, fiti
J& i i pre-HPLC (C18, 5 um, 250 mmx10 mm, YMC;
3.0 mL-min; 254 nm; 12% ACN/H,0) ¥ th it 7y 55, 15
Ftb 5413 (2.8 mg, tg = 21.0 min, 4liJF: 95%).
2 AWM ELITHBNFHE

SR G 2 134 1.5 mg, i T3 mL =L
B2V (1 mol-L2) ) 60 °C/K IR M 4 h, H 4%k % 7]
W 7, BRI AR T R T RE SV T L mL g 7%
WA, RN L-2F B 2 B2 H s #5182 25 3 mg, 60 °CK N
WL he RMNEERE FWCE R G, I = B S RELE Rk
0.5 mL, 60 °C/KIB N1 he ARJEANAK 2 mL & 2
R, B OE CREAEE 3 K (B 2 mL). A HUAHMR 4
£0.2 mL, 3P JE AR . B S ERdE R
P B4 IS [R) B B (D- %6 70 5% 1) R B I8 18] 24 29.61 min) 2],
i 7 2 0 3 T 6 T (1 245 AL 2
3 HHEE

HEML HETEERHR AR, UV 4, (MeOH)
(log ¢): 201 (4.08). 273 (4.03) nm; [«]5 -12.3 (c 0.10
MeOH); HR-ESI-MS m/z 367.083 0 [M+Na] * (Calcd.
367.082 2); IR: 3 356.2 967.2 932.1 757.1 678.1 636.
1519.1411.1307.1 239.1 188.1 090.1 045.972 cm**;
ECD (MeOH)/nm: 247 (Ae 1.71).289 (Ae —2.12); *H NMR
(500 MHz, DMSO-d,) ##fi 2 W.% 1, *C NMR (125 MHz,
DMSO-d,) i 5 W% 2.

a2 At kEEH K, UV L, (MeOH)
(log €): 200 (3.76). 273 (3.85) nm; [a]5 15.7 (c 0.10
MeOH); HR-ESI-MS m/z 571.199 6 [M+Na] * (Calcd.
571.199 7); IR: 3 380.2 962.2 932.2 877.1 751.1 679.
1640.1 418.1 331.1 256.1 049.996.930 cm?; *H NMR
(500 MHz, DMSO-d;) ##f52: .3 1, *C NMR (125 MHz,
DMSO-d,) % Z L3 2.

HE®M3 AfLEEH A, UV iy, (MeOH)
(log ¢): 198 (4.04). 225 (4.24). 265 (4.02). 230 (3.79).
239 (3.80) nm; [a]5 —20.9 (¢ 0.10 MeOH); HR-ESI-MS
m/z 405.115 8 [M+Na]* (Calcd. 405.115 6); IR: 3 410.
2975.2928.2 671.1 759.1 689.1 607.1 472.1 377.
1288.1199.1 162.1 076.1 015,897 cm™; *H NMR
(500 MHz, DMSO-d;) ##f52: .3 1, *C NMR (125 MHz,
DMSO-d,) %4 2 3% 2.

1E& SRR A ST 54 R UK 3 B A7 5 40 B ik T4,
SHAE AR BTN, 5 BRI 2 A 5T 5 00 B AR, M

R BE Bl S 5T 4R T A AR AT AR, TR A R R 2 eI ik
T SRR AR SR .
P S BAAEATH 2 R
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