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Chemical Constituents from Couplet Medicine of “Duliang” Pill
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[ Abstract]  Objective: To study the chemical constituents of the couplet medicine of " Duliang" Pill. Methods: Re-
peated column chromatography on silica gel and HPLC were applied to the separation of compounds and their structures were
determined by spectroscopic data analyses of MS and NMR. Results: Forty-one compounds were obtained and identified as 5-
hydroxymethylfurfural (1), vanillin (2), ferulic acid (3), coniferyl aldehyde (4), xanthotoxin (5), bergaptol (6), fal-
carindiol (7), senkyunolide H (8), senkyunolide I (9), senkyunolide D (10), 4-hydroxy-3-butyl-phthalide (11), sen-
kyunolide A (12), Z-ligustilide (13), 3-butylidenephthalide (14), neocnidilide (15), levistolide A (16), B-sitosterol
(17), isopimpinellin (18), dibutyl-O-phthalate (19), diisobutyl phthalate (20), chuanxiongdiolide R, (21), atractyleno-
lactam (22), bergapten (23), psoralen (24), isooxypeucedanin (25), phellopterin (26), heraclenol (27), pabulari-
none (28), anhydrobyakangelicin (29), imperatorin (30), isoimperatorin (31), alloisoimperatorin (32), oxypeucedanin
hydrate (33), byakangelicin (34), ( —)-marmesinin] (35), (2'S, 3'R)-3'-hydroxymarmesinin (36), sec-0-8-D-gluco-
pyranosylbyakangelicin (37), teri-O-8-D-glucopyranosylbyakangelicin (38), (2'R, 3'S)-3'-hydroxynodakenin(39), xanthotoxol-
8-0-B-D-glucopyranoside (40), and adenosine (41), respectively. Conclusion: Originally, coumarins and coumarin glycosides
were from Angelicae Dahuricae Radix, and phthalides were from Chuanxiong Rhizoma.
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HEG TR TS, PRGBS AR Ay
SN ARG E M B RS, 2 58 0y I 5%t 2k
PR . R, RABE T %
U3 5 AT MRS 1) & NI o | B
GO R ORI S A A ) U 4
YIRS ; “HRRAL” R AR L 411
JEREC AL B LR, D (P AR IERIE 2
iy 2015 Bk . LA TE R E Y, FiRE
B, SEGERT, HACKIBHENEIE . GBS LR
DA 125 3 AT BN, KU FE B, St
. REXVETE . TR . RS, HEEHER
HOFE | IR IME A 2 . AR DTVATT RIEZ A E ALK
W2 AL, AL EERE S R A SR . DIME S AL
FFERKA CERRAL BT TR Bl Bt
PERFFIE D] CHRAL HoA B B AR A,
TR 5 5 B VR A 28 R S-¥R i (5-HT) Al
S-FRIVE 2R (5-HIAA) 25 i & B 5605 Mkl
SMFLALY c-fos KPR k4 6, ASCHRIE “#B
I WAL

1 UFEE5##

L1 {8

Bruker AV IIT 400 %Y #% % 3L 3R % 3% 1Y ( Bruker
BioSpin AG Facilities, Fillanden, Switzerland), PYH
kb A AR; Finnigan TRACE 2000 GC-MS Jiiji{%
(EI-MS; Thermo Finnigan, San Jose, CA, USA);
MDS SCIEX API QSTAR %! %1% ( ESI-TOF-MS; Ap-
plied Biosystems/MDS Sciex. , Foster City, CA,
USA) ; LC 3000 > i % HY = 0 AH €433 (SP-HPLC)
ARG (AL QUF E R A R A W), B E P3050
TJGHE, CXTH-3000 (&35 TAEu,; o He i AH (A5
(46 om x2.6 om, L5 LG FHE AT ) ;
SRR (200 ~300 H, 35 BT ) 5 Seph-
adex LH-20 >}y Pharmacia 7\ &) 7= i ; MCl-gel CHP 20
(75 ~150 w) oy HAS =224 s GF254 )2 (1%
(TLC) f M 730 0 7 8 ¥ AL ) F Merck 23 7]
(Darmstadt, Germany)j=f, ol lE, WEE, &
ROlR. =& Wke. HE., HekeE i T

P o
1.2 4

BUEEZ5%1 T 2012 48 8 J] 2R AT 1 18 L™
WA 2 BIREE S SRR, B RHEY) Angelica
dahurica cv. Hangbaizhi 1 T 1 f#; Il & 25 ¥ F
2015 485 2% @ )48 2 N T HOF S A, <
TR A JE YY) Ligusticum chuanxiong Hort. BT
R, brEiE (HBZ201208) F1)il = (20150520CXR )
L FEMERR A AT A AL 50 R KR 258 Kl A= 24590)
ERE SRS, WERAEEZ - H R E
BN (A NRIEFIE 2580 2015 RN 1Y IE & o

2 REBESE

HRAALZG A Ky R (10 kg, HPHTEIE 8 ke, JI
52 kg) H170% LK R I de e, BHE LR 1:3,
LERIC8 Yk, BRI, o U85 R A AL
FIZETC CBEWR, NiE oK, SR MUK A i ik
CMROTR . TE T A, A OB 430 T 15 2 41
fik 2 G (120 g) . LR TR 2 BUGRR A (181 g) |
IE T B (207 g) o

AR A AT 57 SR T RE AT 647 20 5, A I
Bik- 28 TR (50:1 —1:1) S A 2 64746 B
2 TLC f iR, &I R w4, 453 12 3o
(Fr. 1 ~Fr. 12), Fr. 10(12 g) RARERAE (R HE: &
MROME =9:1) #4750 Bi45 8] 4 AP 48 (Fr. 10-1 ~
Fr.104), Fr. 104 (1 g) %4 HPLC i £ ( HHfE: K =
45:55) Ay B85 7T A4y (Fr. 104-1 ~ Fr. 104-7)
Hrp Fr.104-3 2K G A AL AT N EE (33, 1, =
30.9 min, 5 mg), Fr. 10-4-4(300 mg) % HPLC £
(MK =15:85) 73 B 45 3 M % & B (27, 1y =
62.1 min, 25 mg), Fr.104-6 3 )| & HNEE T (9,
tg =49.1 min, 15 mg), Fr. 1047 HEHYIHE (34,
tg =55.1 min, 200 mg), Fr.3(2 g) % HPLC i %%
(LMK =60:40) 7 2753 3- T ERTR (14, 1) =
50.5 min, 300 mg), Fr.4 (1.5 g) R (FFC
bi: CBR TR =9:1) #4743 3 5 i s (Fr. 4-1 ~
Fr.4-5), Fr.4-2(100 mg) Z5 HPLC( ZfiE: 7K =60:40) 1]
O BT BRI K A TR (15, 1, =31.4 min, 33 mg),
Fr. 4-3(195 mg) RHREBAT 38 ( LR CBF = AP b =
1:99) #4770 B4R 4 DYy (Fro4-3-1 ~ Fr.4-34)
Hor Fr. 4-3-3 (88 mg) R ARERCAH: 55 (R O bE: LR
Wi =9:1) #4757 B 45 B2 A% 43 (Fr. 4-3-3-1 ~
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Fr.4-3-3-2) . Fr. 4-3-3-2(45 mg) % HPLC( ZJi5: /K =
55:45) il %5 o> AR B E B A (12, 1 =
41.8 min, 11 mg), Fr.7(5 g) % HPLC il 4% ( FH s
K =70:30) ZF B ARE] T AWy (Fr.7-1 ~ Fr.7-7)
Fr.7-5(3 g) RAGERAE OIS (RO be: LR OB =
9:1) AT A E 4 NSy (Fr. 7-5-1 ~Fr. 7-54)
Fr.7-52(2 g) 24 HPLC( &I 7K =45:55) il #5453 2515
FIRNRRTHHZE (31, 1, =25.1 min, 1.0 g), Fr.7-2
(200 mg) & HPLC ( HIfig: 7K =55:45) il & 43 2515 21| 4-
PR3- T HHAEEL (11, 1, =21.6 min, 5 mg), Fr.74
(22 mg) £ HPLC( i 7K = 60:40 ) il % 73 2515 2 b
BleZE (24, 1, =34.5 min, 4 mg), Fr.8(1.5 g) £
HPLC ( i1 7K = 60:40) il & 43 &5 15 2] 4 4> 3 41
(Fr.8-1 ~Fr.84), Fr.8-3(550 mg) % HPLC ( ZJi:
IK =45:55) 1454y B AR F 4 4N 45 (Fr. 8-3-1 ~ Fr. 8-3-
4), FEXAiiHZ (30, ¢y, =81.7 min, 330 mg), I
MAE(26, t;, =102.7 min, 22 mg)

LR TR 26 G A ik A €% 458, LA i
M- R TR (100:0 —0: 1) SRy YK 2 3E 1716 B2 Uk
B, 2 TLC K, SIFAEEIR ;. 158] 10 sy
(Fr.1~Fr.10), Fr.1 (1 g) ZREBRAHEARE (AL N
Fi =10:1) SEBEVRIBE, 43 il 45 21 5-7% B epe i (1,
Smg). HHEME(2, 7 mg) MIAME (4, 3 mg).
Fr.2(3 g) Zemk et (i (=4 e B = 100:1—10:1)
FEEEGEL, TLC #R 5 69545 8] 3 A4y (Fr. 2-1 ~
3), Fr.2-1(1.5 g) Jitsr R ERI R3] 11 550
(Fr.2-1-1 ~11) , Fr. 2-1-6(200 mg) %4 HPLC 4 4l
AT BN EMFER (5, 13, =56 min, 5 mg), Fr.2-1-7
(300 mg) L AEMAE IS, DAFRCLe-NEH (30:1) 47
SYESAR B 5 T R (18, 1, =212 min, 8 mg),
Fr. 2-1-9(700 mg) Z8fE AT (B33 ( 2O be: N =49:1)
155 4 NP4y (Fr. 2-19-1 ~4) , Fr. 2-194(100 mg)
2 HPLC( ZJi: 7K =50:50 ) il % 73 B 15 B B A3 7
i (28, ¢tz =26 min, 7 mg), Fr.2-1-10(200 mg) &
HPLC ( HIi: 7K =45:55) il £ 77 2545 2 A A TR (23,
tg =167 min, 5 mg), Fr.2-1-11(450 mg) &L A
(AT KE N =30:1) 152 8 i s (Fr. 2-1-11-1 ~
8), Fr.2-1-11-5 (55 mg) %44 HPLC ( FHfig: K =
60:40) 73 B3 45 2] 7 H 2 5K (29, ¢4 =51 min,
5mg). Fr.3 (1.6 g) Zf BAE (435 (A vihik: R =
30:1) SFFEVRIAT 2 F 1 (6, 3 mg) . HR0t )T B
(7, Lg). ¥EJIIZ N D(10, 15 mg), Fr.4(4g)%
R AT 015 (AT g C R SR = 10:1) 45 B P i 45 2]
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Z-FAR N g (13, 400 mg) . 3-7T M BE A BE (14,
100 mg) . BRMIH MR A (16, 20 mg) . B-#F fii I
(17, 1 g), Fr.5(600 mg) £ HPLC ( ZJif: 7K =70:30,
K. 254 nm, R : 8 mL -min_l, HEFE 0.2
mL) il 25, BE)IE ZMNEE R, (21, 2, =3.1 min, 5
mg) . FIARNEERE (22, 1 =5.0 min, 6 mg), {FIHK
THRRIETHEE(19, ¢, =43.1 min, 23 mg) . 4BHE
HR S THE (20, 1, =45.2 min, 13 mg), Fr.6 (1 g)
ZRERCHE AT (A O e QR G = 10:1) S FE YRS
B AT 2R (32, 11 mg) FUK & A AL HT N R
(33, 33 mg),

IE TR O A P RE AT A7 40 B, DA =&
Be-HEE(20: 1 —1:1) R PE ik RVEATHE BE VRN, &
TLC 53#r /G G ARy, FEA5 30 4 A3 (Fr 1-
4), Fr.4(100 g) 244 HPLC DL 205 7K R vk i 4 &
(10:90—100:0) 43 BE 1531 10 4748 (Fr. 4.5-1 ~10) .
B B4 Fr.4.5-1 ~ 10 £ TLC K, 834
AT . Fro4.5-1(2 g) & HPLC( Zfii: 7K =10:90,
W 254 nm, FE: 8 mL -min~', #FFE0.2 mL)
W& BRI 3 A4y (Fr. 4.5-1-1 ~3), Fr.4.5-1-3
(250 mg) £ HPLC( Z i 7k =15:85, %K. 254 nm,
P 5 mL-min~', PEFE 0.5 mL) il &8,
A A 13 B IR (41, 1 = 13.1 min, 55 mg),
Fr.4.52(13.5 g) A (=B e HE =95:5 —
80:20) #4770 BeA3 B 4 DYy (Fr.4.52-1 ~4),
Fr.4.52-3(7 g) %4 HPLC ( L Jif:7K =20:80, K.
254 nm, Wii: 15 mL-min~", #EFE 1 mL) #4545 B
BE T A4 (Fr.4.523-1 ~7), Fr.4.524
(950 mg) 2 HPLC ( ZJi5: 7k =20:80, JK: 254 nm,
Wi 15 mL-min ™', PEFE 1 mL) $il 55 BEARE 4 4
WA (Fr.4.524-1 ~4), Hrp, Fr.4.524-3 RHEP
(35, t3 =59.3 min, 15 mg), Fr.4.53(1.5 g) %4
HPLC ( I BE: R K =25:75, P 254 nm, ik
8 mL-min~", #EFEO. 1 mL) il £ 5rBeAS ] 4 4340
(Fr.4.5-3-1 ~4), Hrp Fr. 4. 5-3-3(400 mg) £ HPLC
(Z g7k =12:88, P& K: 320 nm, Jfi#: 8 mL +min~',
HEFE 0.2 mL) 24 1R B VE N N EE H (8, 1, =
79.3 min, 8 mg), Fr.4.5-4(900 mg) £ HPLC ( HpE:
K =30:70) #5543 2 Maisr (Frd. 54-1 ~2)
Fr. 4.54-1 5 Frd. 54.2 BiANR494 HPLC ( 2 0%:
K =15:85, P 280 nm, JFHE: 8 mL-min_l, Uk
FE0.5 mL), #il&4lifk, 52](2'R, 3'S)-3" - 324k
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LEAERTHATE (39, 1, =53.9 min, 30 mg) . fEHIEE -
8-0-B-D-NL IR 2 b1 (40, 1, =55.1 min, 11 mg),
Fr.4.5-5 5 Fr. 4.5-6 B34 38 Fr.4.5-(5.6)
(10 g) , M ZRERRT: (i (=AM Pz =955 —
80:20) #4743 Bedg 2] 6 Ay [Fr.4.5-(5.6)-1 ~
6], Hrp, Fr.4.5-(5.6)-5 (300 mg) Z HPLC ( Z,
K =30:70, PK: 320 nm, JiE: 8 mLemin~', #F
FEO.2 mL) il 540 Br, 19815 M4y [Fr.4.5-(5.6)-
5-1 ~5], Fr.4.5-(5.6)-6 B4 HPLC (Z JiF: 7k =
15:85, JK: 254 nm, Jid: 15 mL -min~', #EFE
0.5 mL) il & 53 B, 1985 s [Fr.4.5-(5.6)-6-
1~5], Fr.4.5-7(600 mg)%s HPLC ( FfEE K =45:55, ik
K. 254 nm, P 10 mL -min ', #EFE 0.4 mL) 4%
1B, 1% 3 5 AL AT N IR (25, 1, = 57.3 min,
27 mg) . f1-0-B-D-MHeg 3 4 B 5L Y 5 R (37, 1, =
61.4 min, 7 mg) . AN-0-B-D-MLI %ML 2 IH R
(38, 13, =64.1 min, 5 mg), Fr.4.5-7-1(100 mg) £
HPLC( Z Ji5: /K = 17:83, P K. 254 nm, 3 .
8 mL-min~", #FFE 0.2 mL)4lifk, 75508 (3,
tx =9.3 min, 50 mg) A (2'S, 3'R)-3'-FLFEIIRFF
(36, t; =15 min, 5 mg),

3 LEMEHRERE

G 1 BERY); EIMS m/z 126 [M] 7
"H-NMR (400 MHz, DMSO-d,) &: 9.50 (1H, s,
CHO), 7.47 (1H, d, J =3.4 Hz, H3), 6.59
(1H, d, J=3.4 Hz, H4), 4.50 (2H, s, CH,0H);
“C-NMR (100 MHz, DMSO-d,) &: 178.0 (CHO),
162.2 (C-5), 151.8 (C2), 124.5 (C-3), 109.9
(C4), 56.0 (CH,OH), NMR %4 5 3CHk 4 16 —
O, WE A 1 S-FE A (5-hydroxy-
methylfurfural ) ,

G2 AEEKCHE); mp 80 C; EI-MS
m/z152 [M]*;'H-NMR (CDCl,, 400 MHz) §: 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-2), 7.05 (1H,
d, J=8.5 Hz, H-5), 6.16 (1H, s, OH), 3.97
(3H, s, OCH;), NMR %4 5 Sk 4 8 — 5,
T EAA Y 2 A EEE (vanillin)

G 3. LEIHIRY); EI-MS m/z 194 [M] "
"H-NMR (400 MHz, DMSO-d,) &: 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
(IH, d, J=8.1 Hz, H-5), 6.37 (1H, d, J =
15.9 Hz, H-8), 3.81 (3H, s, 3-OCH,);"” C-NMR
(100 MHz, DMSO —d,) &: 168.1 (C9), 149.1 (C-
3), 148.0 (C4), 144.4 (C-7), 125.9 (C-1),
122.8 (C-8), 115.9 (C6), 115.6 (C5), 112.2
(C-2), 55.7 (3-OCH, ), NMR ¥4 5 SCHk it 16 —
P, ALY 3 MBI (ferulic acid)

ka4 HEFEER(LRLEE); mp 372 C;
EI-MS m/z 178 [M]*;'H-NMR (CDCl,, 400 MHz)
8: 9.65 (1H, d, J=7.7 Hz, CHO), 7.40 (1H,
d, J=15.8 Hz, H-7), 7.13 (1H, dd, J =8.2,
1.9 Hz, H-5), 7.07 (1H, d, J=1.9 Hz, H-3),
6.96 (1H, d, J=8.2 Hz, H6), 6.60 (1H, dd,
J=15.8, 7.7 Hz, H-8), 5.97 (1H, s, OH),
3.95 (3H, s, OCH,);"”C-NMR (CDCl,, 100 MHz)
8: 196.4 (C9), 156.1 (C7), 150.9 (C-1),
149.8 (C-2), 127.2 (C8), 127.0 (C4), 125.1
(C-5), 116.8 (C-6), 111.5 (C-3), 56.1 (OCH,),
NMR df 5 Sclifaai— 20, e s e sy 4
FAT ( coniferyl aldehyde)

EWS: TEsM(LROEE); mp 150 C;
EI-MS m/z 216 [M]*;'H-NMR ( CDCl,, 400 MHz)
8: 7.77 (1H, d, J=9.6 Hz, H4), 7.69 (1H, d,
J=2.2Hz, H2'), 7.35 (1H, s, H-5), 6.82(1H,
d, J=2.2 Hz, H3"), 6.38 (1H, d, J=9.6 Hz, H-
3), 4.30 (3H, s, 8-OCH,);"” C-NMR ( CDCl,,
100 MHz) §: 160.6 (C-2), 147.9 (C-7), 146.8
(C-2"), 144.4 (C4), 143.2 (C-8a), 133.0 (C-
8), 126.3 (C-6), 116.7 (C4a), 115.0 (C3),
113.0 (C-5), 106.9 (C-3"), 61.5 (8-OCH,),
NMR ¥ 5 3cifaios —50 2, iz thad s ik
i 2% (xanthotoxin ) ,

tLEwe. Lot i (LR OMEE); mp 276 C;
EI-MS m/z 202 [M]*;'H-NMR (400 MHz, DMSO-
dg) 8: 11.31 (1H, s, 5-OH), 8.26 (1H, d, J=
9.8 Hz, H4), 7.91 (1H, d, J=2.3 Hz, H2'),
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 %#E
GICHRARE 5, O E LAY 6 T (ber-
gaptol) 5

G 7. IR B A AR Y ELMS m/z 260
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[M]*;"H-NMR (CDCl,, 400 MHz) &: 5.89 (1H,
ddd, J=17.0, 10.1, 5.4 Hz, H2), 5.58 ~5.54
(1H, m, H-10), 5.48 (1H, d, J =8.2 Hz, H-
9), 5.41 (1H, d, J=17.1Hz, Hb-1), 5.20 (1H,
d, J=10.1 Hz, Ha-1), 5.15 (1H, d, J=8.2 Hz,
H-8), 4.89 (1H, d, J =5.4 Hz, H3), 2.05
(2H, q, J =7.4 Hz, H-11), 1.30 ~ 1.39 (m,
2H), 1.20 ~1.30 (m, 8H), 0.84 (3H, t, J =
6.8 Hz, H-17);" C-NMR ( CDCl,, 100 MHz) §:
135.9 (C-2), 134.2 (C-10), 127.8 (C9), 117.2
(C-1), 79.8 (C4), 78.4 (C-7), 70.2 (C-5),
68.7 (C6), 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 % ##
SICHRIRE — 2, e A T R T R
(falcarindiol ) ,

5w 8. TLEimikY); EL-MS m/z 224 [M] "
'"H-NMR (CDCl,, 400 MHz) &: 5.27 (1H, t, J =
7.7 Hz, H-8), 4.57 (1H, brs, H-7), 3.95 (1H,
brs, H-6), 2.61 (1H, m, Hb4), 2.40 (1H, m,
Ha4), 2.33 (2H, m, H9), 2.04 (1H, brs, Hb-
5), 1.83 (1H, brs, Ha-5), 1.46 (2H, sext, H-
10), 0.92 (3H, t, J=7.2 Hz, H-11);"” C-NMR
(CDCl,, 100 MHz) §: 169.5 (C-1), 153.8(C-3),
148.3 (C-3a), 125.9 (C-7a), 114.5 (C8), 68.2
(C-6), 62.8 (C-7), 28.2 (C9), 25.3 (C-5),
22.3 (C-10), 19.1 (C4), 13.9 (C-11), NMR %%
P 530k — 80, BB 8 ITENE
fis H ( senkyunolide H)

AW 9. REEMIRY); EI-MS m/z 224 [M] "5
'"H-NMR (CDCl,, 400 MHz) &: 0.94 (3H, t, J =
7.4 Hz, H-11), 1.51 (2H, m, H-10), 1.91 (1H,
m, H-5), 2.10 (H, m, H-5), 2.31 (2H, q, H-
9), 2.39 (2H, m, H4), 3.98 (1H, m, H6),
4.48 (1H, d, J =5.2 Hz, H7), 5.27 (1H, t,
J=8.4 Hz, H-8);"”C-NMR (CDCl,, 100 MHz) §:
169.3 (C-1), 151.9 (C-3), 151.1 (C-3a), 125.8
(C-7a), 115.5 (C-8), 71.1 (C6), 67.6 (C-7),
28.0 (C9), 26.8 (C-5), 22.1 (C-10), 19.6 (C-
4), 13.8 (C-11). NMR ¥4 5 3¢k iz am — 5%
WS EA Y 9 APENE MR 1 (senkyunolide 1)

G 10 % B @l R Y EI-MS m/z 222

- 948 -

[M]*;'H-NMR (CDCl;, 400 MHz) §; 6.26 (1H,
d, J=9.4 Hz, H7), 6.09 (1H, m, H6), 5.34
(IH, s, OH), 2.67 (2H, m, H9), 2.27 (2H,
m, H6), 2.48 (1H, m, H-5), 2.23 (1H, m, H-
5), 1.65 (2H, m, H-10), 0.92 (3H, t, J=7.3 Hz,
H-11) ;" C-NMR (CDCl,, 100 MHz) &: 202.7 (C-
9), 168.7 (C-1), 155.1 (3a), 131.8 (C-6),
129.07, 116.3 (C-7), 102.8 (C3), 36.6 (C9),
22.6 (C-6), 19.1 (C4), 17.1 (C-10), 13.6 (C-
11) ., NMR %4 5 3CiikdRkis —3>, S8 E sy
10 7)1 E lE D (senkyunolide D)

G 1. JEg S (HEE) s mp 190 °C; ESI-
MS m/z 207.1 [ M + H]";' H-NMR ( CDCl,,
400 MHz) §&: 7.48 (1H, d, J =7.6 Hz, H-5),
7.37 (1H, t, J=7.6 Hz, H6), 7.01 (1H, d,
J=7.6 Hz, H7), 5.68 (1H, s, 7-OH), 5.56
(1H, dd, J=7.9, 2.9 Hz, H-3), 2.30 (1H, m,
H-8), 1.78 (1H, m, H-8), 1.48 ~1.28 (4H, m,
H9, 10), 0.90 (3H, t, J=6.5 Hz, H-11);"C-
NMR ( CDCl,, 100 MHz) §: 171.4 (C-1), 136.4
(C3a), 152.5 (C4), 120.2 (C5), 130.4 (C-
6), 1159 (C7), 127.9 (C-7a), 80.9 (C3),
32.7 (C8), 27.0 (C9), 22.9 (C-10), 14.0 (C-
11) ., NMR 4 5 3CiikdRas —35 , e ay
11 3 4-% FE3-T & 2K BE ( 4-hydroxy-3-butyl-
phthalide) ,

e 12: LEmMRY; EL-MS m/z 192 [M]©;
'"H-NMR (CDCl,, 400 MHz) §: 6.20 (1H, d, J =
9.7 Hz, H-7), 5.95 ~5.86 (1H, m, H-6), 4.92
(IH, dd, J =7.3, 3.5 Hz, H3), 2.55 ~2.39
(2H, m, H4), 2.55~2.39 (2H, m, H-5), 1.87
(1H, m, H-8), 1.59 ~1.46 (1H, m, H=), 1.47 ~
1.31 (2H, m, H9), 1.47 ~ 1.31 (2H, m, H-
10), 0.90 (3H, t, J=7.0 Hz, H-11);"” C-NMR
(CDCl,, 100 MHz) &: 171.4 (C-1), 161.5 (C-
3a), 128.4 (C-6), 124.7 (C7a), 117.0 (C-7),
82.6 (C-3), 32.1 (C8), 26.9 (C9), 22.6 (C-
5), 22.4 (C-10), 20.9 (C4), 14.0 (C-11),
NMR ¥ 5 3Ck s — 80", s et am 12 5
VENE NS A(senkyunolide A) .

HEW 13: IREEIMRY); EI-MS m/z 190 [M] 7
'"H-NMR (CDCl,, 400 MHz) §: 6.25 (1H, dt, J =
9.7 1.5 Hz, H7), 5.95 (1H, m, H-6), 5.18
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(IH, t, J =8.0 Hz, H8), 2.57 (2H, t, J =
13.5 Hz, H-5), 2.55~2.39 (2H, m, H4), 2.33
(2H, m, H9), 1.47 ~ 1.31 (2H, m, H-10),
0.92 (3H, t, J=7.5 Hz, H-11);"C-NMR (CDCL,,
100 MHz) §: 167.4 (C-1), 148.5 (C-3a), 147.4
(C3), 129.7 (C6), 123.7 (C-7a), 117.0 (C-
7), 112.1 (C-8), 28.2 (C9), 22.4 (C-10), 22.1
(C5), 18.9 (C4), 14.0 (C-11), NMR #t#z 53¢
BRI — B, OSSR A 13 Ol Z-HEAR TS (Z-
ligustilide ) .

EY 14 IREEGIPIRY); ESI-MS m/z 189 [M +
H]*;'H-NMR (CDCl,, 400 MHz) §: 6.13 (1H, d,
J=8.1 Hz, H7), 6.00 (1H, m, H6), 5.10
(1H, t, J=7.6 Hz, H-8), 2.60 (2H, m, H9),
2.54 (2H, m, H-5), 2.39 (2H, m, H4), 1.40
(2H, m, H-10), 0.96 (3H, t, J =7.2 Hz, H-
11), NMR % 55cikis — 5, M Ehaw
14 >y 3- T FLFRBK (3-butylidenephthalide ) ,

& W 15 T @ R ¥ EI-MS m/z 194
[M]*;'H-NMR (CDCl,, 400 MHz) §: 6.74 (1H,
dt, J=3.2, 3.2 Hz, H-7), 3.94 (1H, ddd, J =
8.8, 7.2, 5.6 Hz, H3), 2.53 ~2.41 (1H, m,
H-3a), 2.32 (1H, m, H6), 2.24 ~2.11 (1H,
m, H-6), 2.08~2.00 (1H, m, H4), 1.91 (1H,
dddd, 7=13.9, 6.8, 3.3, 3.1 Hz, H-5), 1.82 ~
1.65 (2H, m, H8), 1.60 ~1.44 (2H, m, H-=5,
9), 1.44 ~1.26 (2H, m, H9, 10), 1.24 ~1.08
(IH, m, H4), 0.8 (3H, t, J =7.1 Hz, H-
11);”C-NMR (CDCl,, 100 MHz) §: 170.2 (C-1),
135.2 (C-7), 131.2 (C-7a), 85.4 (C-3), 43.1
(C-3a), 34.4 (C8), 27.6 (C9), 25.4 (C4),
25.0 (C-6), 22.6 (C-10), 20.8 (C-5), 13.9 (C-
11) . NMR $¥fs 5 3chkiiis —3 , e ks
15 J3Er e IR PN BE ( neocnidilide ) o

taw16: HEEACHER); mp 114 °C; ESI-
MS m/z 381.2 [ M + H]";' H.NMR ( CDCl,,
400 MHz) &: 7.33 (1H, d, J =6.6 Hz, H-7"),
5.05 (1H, t, J=7.9 Hz, H8), 4.97 (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, H9), 2.19 ~2.11 (2H, m,
H9'), 0.91 (3H, t, J=7.3, H-11), 0.90 (3H,

t, J=7.3, H-11");"C-NMR (CDCl,, 100 MHz) §:
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
(C3'a), 41.6 (C-7), 41.6 (C-6"), 38.4 (C6),
31.1 (C4'), 29.8 (C3), 28.1 (C9), 27.5 (C-
9'), 25.8 (C-5"), 22.5 (C-10), 22.4 (C-10"),
19.8 (C4), 14.0 (C-11), 13.9 (C-11"), NMR %%
P 5 Sk AR — 3, WAL S Y 16 SIS 1
NEE A (levistolide A)

a7 HEBRR(PEE), S5XRGB-A
i TLC 434fr, 3 FhURIFF I, @ik h—3, i)
USTEN B4 18§ 5 ( B-sitosterol )

a8 EEKAK(LKRLE); mp 152 C;
EI-MS m/z 246 [M] " ;' H-NMR ( CDClL,, 400 MHz)
5: 8.12 (1H, d, J=9.8 Hz, H4), 7.62 (1H, d,
J=2.2 Hz, H2'), 6.99 (1H, d, J=2.2 Hz, H-
3'), 6.29 (1H, d, J=9.8 Hz, H-3), 4.17 (3H,
s, OCH, ), 4.17 (3H, s, OCH,); "C-NMR
(CDCl,, 100 MHz) &: 60.9 (5-OCH,), 61.7 (8-
OCH,), 105.1 (C-3"), 107.7 (C-10), 113.0 (C-
3), 114.9 (C6), 128.3 (C8), 139.4 (C4),
143.7 (C9), 144.3 (C-5), 145.1 (C-=2"), 150.0
(C-7), 160.4 (C-2) . NMR i Bl 5 SCHk R iE —
HP, e LAY 18 g ST TS (isopimpinel-
lin) ,

&Y 19 6 @k ¥; ELMS m/z 278
[M]*;'"H-NMR (400 MHz, CDCL,) &: 7.72 (2H,
dd, J =5.3, 3.5 Hz, H-3, 6), 7.53 (2H, dd,
5.3, 3.5 Hz, H4, 5), 4.30 (4H, t, J=6.7 Hz,
H9, 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'-CH; ) . NMR ¥ 5 SCmk s — 280, s se
&% 19 4828 — W R IE T FE ( dibutyl-0-
phthalate ) .

AP 20 JTLEmRY; EI-MS m/z 278 [M]©;
"H-NMR (400 MHz, CDCl,) &: 7.72 (2H, dd, J=
5.3, 3.5 Hz, H-3, 6), 7.53 (2H, dd, J=5.5,
3.5Hz, H4, 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"), NMR ¥## 53¢
BRI — 20, B E A 20 R ARTE TR S
T fig ( diisobutyl phthalate)
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eE 21 REEHARY; ESI-MS m/z 379. 1
[M +H]*;"H.NMR (400 MHz, CDCl,) §: 7.76
(IH, d, J=7.6 Hz, H7), 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, H6), 7.15 (1H, d,
J=7.7 Hz, H4), 3.70 (3H, s, OCH,), 2.90
(1H, m, H-6'), 2.62 (1H, m, H4'), 2.44
(2H, m, H-8'), 2.13 (1H, m, H-5"), 1.83
(1H, m, H-8), 1.75 (1H, m, H4'), 1.53 (1H,
m, H-5'), 1.50 (2H, m, H9), 1.23 (2H, m,
H9'), 1.13 (2H, m, H-10"), 0.83 (3H, J =
7.2 Hz, H-11"), 0.76 (3H, t, J =7.2 Hz, H-
11);”C-NMR (100 MHz, CDCl,) §: 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), 124.6 (C-7), 122.0 (C4),
89.0 (C-3), 58.2 (C3a’), 52.1 (OCH,), 49.1
(C-8), 40.9 (C-8"), 33.8 (C-6"), 28.1 (C9),
26.3 (C9), 25.6 (C-9'), 22.1 (C-10"), 20.7 (C-
10), 17.9 (C-5"), 14.0 (C-11), 13.8 (C-11"),
NMR ¥ 5 ek — 50, e a2l
JI1E — N8 R, (chuanxiongdiolide R, ) .

EW22: HEBAR(HE); mp 120 ~123 C;
ESI-MS m/z 230.2 [M + H]* ' H-NMR (400 MHz,
CDCL,), §: 7.50 (1H, s, N-H), 4.63 (1H, brs,
Ha-15), 4.89 (1H, brs, Hb-15), 5.45 (1H, s,
H9), 2.63 (1H, dd, J=3.8, 16.4 Hz, Hb-6),
2.46 (1H, d, J=13.4 Hz, Ha6), 2.36 (1H, m,
H-3), 2.34 (1H, m, H-1), 2.04 (1H, m, H-1),
1.64 (2H, m, H2), 1.61 (1H, m, H-3), 1.58
(1H, m, H-5), 1.87 (3H, s, H-13), 0.91 (3H,
s, H-14);" C-NMR (CDCl,, 100 MHz) §: 173.3
(C-12), 148.8 (C4), 141.8 (C-8), 135.4 (C-
7), 124.9 (C-11), 120.9 (C9), 107.2 (C-15),
49.2 (C-5), 39.5 (C-1), 38.2 (C-10), 36.4 (C-
3), 23.3 (C6), 22.5 (C2), 18.7 (C-14), 8.3
(C-13), NMR $¥fs 5 3cikiias —2", sk &k
EW 22 AR N BEE (atractylenolactam)

a9 23. WA AL (HEE); mp 188 C;
EI-MS m/z 216 [M]* ;' H-NMR ( CDCI,, 400 MHz)
5: 8.13 (1H, d, J=9.8 Hz, H4), 7.59 (1H, d,
J =22 Hz, H2'), 7.10 (1H, s, H-8), 7.02
(IH, d, J=2.2 Hz, H3"), 6.25 (1H, d, J =

- 950 -

9.8 Hz, H-3), 4.27 (3H, s, 5-0CH,);" C-NMR
(CDCl,, 100 MHz) §; 161.2 (C-2), 158.3 (C-7),
152.7 (C-8a), 149.5 (C-5), 144.7 (C=2"), 139.2
(C4), 112.7 (C-6), 112.5 (C-3), 106.4 (C-
4a), 105.0 (C-3"), 93.8 (C-8), 60.1 (5-OCH,),
NMR % 5 3cmafas — 20, s e sy 23
R T (bergapten) .

WEY) 24, A K, mp 186 C; EI-MS m/z
186 [M]";' H-NMR ( CDCl,, 400 MHz) &: 7.80
(IH, d, J=9.6 Hz, H4), 7.69 (1H, d, J =
2.2 Hz, H2'), 7.68 (1H, s, H-5), 7.47 (1H,
s, H-8), 6.83 (1H, d, J=2.2 Hz, H3'), 6.38
(1H, d, J=9.6 Hz, H-3), NMR %4 5 SCikRiE
—FY ) HOSER S 24 AT IEE (psoralen) .

EW 25 AEBAR(HE); mp 146 C; El-
MS m/z 286 [M]*;'H-NMR (CDCl,, 400 MHz) §:
8.32 (1H, d, J=9.8 Hz, H4), 7.61 (1H, d,
J=2.4 Hz, H2'), 7.17 (1H, s, H-8), 6.84
(1H, d, J=2.4 Hz, H3"), 6.32 (1H, d, J =
9.8 Hz, H-3), 5.10 (2H, s, H-1"), 2.86 (1H,
q, J=8.0 Hz, H-3"), 1.18 (6H, d, J=6.9 Hz,
3"-CH,) ;"C-NMR (CDCl,, 100 MHz) §: 208.9 (C-
2"), 161.1 (C-2), 158.1 (C-7), 152.7 (C-8a),
148.0 (C-5), 145.6 (C-2"), 139.4 (C4), 113.7
(C6), 113.4 (C3), 107.6 (C4a), 104.2 (C-
3), 95.2 (C8), 75.1 (C-1"), 37.5 (C-3"),
18.1 (3"-CH,) . NMR 4 5 SCiik i i — 3>, %
YEAG Y 25 S F A AL T A R (isooxypeuceda-
nin) .

AP 26 IRECAREIA(ZROEE) ; mp 102 C;
EI -MS m/z 300 [M]*;'H-NMR (CDCI;, 400 MHz)
8: 8.11 (1H, d, J=9.8 Hz, H4), 7.60 (1H, d,
J=2.3 Hz, H2'), 6.99 (1H, J=2.3 Hz, H3'),
6.26 (1H, d, J =9.8 Hz, H3), 559 (1H, t,
J=7.2 Hz, H2"), 4.83 (2H, d, J=7.2 Hz, H-
1”), 4.16 (3H, s, 5-OCH,), 1.72 (3H, s, 3"-
CH,), 1.68 (3H, s, 3"-CH,);"” C-NMR ( CDCl,,
100 MHz) §: 160.7 (C-2), 150.9 (C-7), 145.2
(C-2"), 144.5 (C-8a), 144.4 (C-5), 139.8 (C-
3"), 139.6 (C4), 126.9 (C-8), 119.9 (C-2"),
114.6 (C-6), 112.8 (C-3), 107.6 (C4a), 105.2
(C-3"), 70.5 (C-1"), 60.8 (5-OCH,), 25.9 (3"-
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CH,), 18.2 (3"-CH,)., NMR %4 5 SCHk iz 18 —
P, s e LA 26 9 I 3 P9 1S ( phellop-
terin) o

EY 27T AEAMK(LERLTER); mp 130 C;
EI-MS m/z 304 [M] " ;' H-NMR (CDCl,, 400 MHz)
5: 7.74 (1H, d, J=9.6 Hz, H4), 7.69 (1H, d,
J =272 Hz, H2'), 7.35 (1H, s, H-5), 6.81
(1H, d, J=2.2 Hz, H3"), 6.34 (1H, d, J =
9.6 Hz, H-3), 4.73 (1H, dd, J=10.2, 2.7 Hz,
H,-1"), 4.40 (1H, dd, J=10.2, 7.9 Hz, H-1"),
3.87 (1H, dd, J = 7.9, 2.7 Hz, H-2"), 1.32
(3H, s, 3"-CH,), 1.28 (3H, s, 3"-CH,);" C-
NMR ( CDCl,, 100 MHz) §; 160.4 (C-2), 148.0
(C-7), 146.9 (C-2"), 144.5 (C4), 143.3 (C-
8a), 131.7 (C-8), 126.2 (C-6), 116.5 (C4a),
114.8 (C-3), 113.8 (C-5), 106.9 (C-3"), 76.1
(C2")y, 75.7 (C-1"), 71.7 (C-3"), 25.2 (3"
CH,), 26.7 (3"-CH,)., NMR %4 5 SCHk iz 18 —
HOY, LAY 27 i JE B (heraclenol ) .

awr 28 Jost i (AMEBE-CRCER) 5 mp
133 °C; ESI-MS m/z 287.1 [M + H]";' H-NMR
(CDCl,, 400 MHz) §: 7.76 (1H, d, J=9.6 Hz,
H4), 7.66 (1H, d, J =2.0 Hz, H=2'), 7.36
(1H, s, H5), 6.81 (1H, d, J=2.0 Hz, H-3"),
6.37 (1H, d, J=9.6 Hz, H-3), 5.19 (2H, s, H-
1), 3.05 (1H, m, H3"), 1.21 (3H, s, 3"
CH;), 1.20 (3H, s, 3"-CH,) ., NMR %5 5 SCik
W3, MO E AT 28 MR R ( pabu-
larinone )

G 29 HERK(HEE); mp 106 C; ESI-
MS m/z317.1 [M+H] " ;'H-NMR (CDCl;, 400 MHz)
5: 8.08 (1H, d, J=9.8 Hz, H4), 7.59 (1H, d,
J=2.3 Hz, H2'), 6.98 (1H, d, J=2.3 Hz, H-
3"), 6.23 (1H, d, J=9.8 Hz, H-3), 5.00 (2H,
s, H-1"), 4.15 (3H, s, 5-OCH,), 3.07 (1H, q,
J=6.9 Hz, H-3"), 1.18 (6H, d, J=6.9 Hz, 3"-
CH,);"” C-NMR (CDCl,, 100 MHz) §; 210.3 (C-
2"), 160.2 (C2), 149.5 (C-7), 145.3 (C=2"),
144.7 (C-5), 143.3 (C-8a), 139.5 (C4), 126.4
(C-8), 114.7 (C-6), 112.8 (C-3), 107.5 (C-
4a), 105.3 (C-3"), 75.9 (C-1"), 60.8 (5-OCH,),
37.0 (C-3"), 18.0 (3"-CH,) ., NMR %#i 5 SCiik it

W5, s E S Y 29 9 F S U K (an-
hydrobyakangelicin) ,,

EY 30. Tkl ( LBRETR) 5 mp 102 C;
ESI-MS m/z271.1 [M +H]" ;' H-NMR (400 MHz,
CDCL,) 6: 7.76 (1H, d, J=9.6 Hz, H4), 7.68
(1H, d, J=2.2 Hz, H2'), 7.35 (1H, s, H-5),
6.80 (1H, d, J=2.2 Hz, H3"), 6.35 (1H, d,
J=9.6 Hz, H3), 5.60 (1H, t, J=7.2 Hz, H-
2"y, 4.99 (2H, d, J=7.2 Hz, H-1"), 1.73 (3H,
s, 3"-CH, ), 1.71 (3H, s, 3"-CH,);" C-NMR
(100 MHz, CDCl,) §: 160.7 (C-2), 148.7 (C-7),
146.8 (C-2"), 144.5 (C4), 143.9 (C-8a), 139.9
(C3"), 131.8 (C-8), 126.0 (C-6), 119.9 (C-
2"), 116.6 (C4a), 114.8 (C-3), 113.3 (C5),
106.8 (C-3"), 70.3 (C-1"), 25.9 (3"-CH,), 18.2
(3"-CH;) . NMR ¥4 5 ek s — 850,
AbE 4 30 S ERHTEH 2 (imperatorin )

L&Y 31 s ( LR LTER) s mp 108 °C;
ESI-MS m/z271.1 [M + H] *;' H-NMR (400 MHz,
CDClL,) 6: 8.16 (1H, d, J=9.8 Hz, H4), 7.59
(1H, d, J=2.4 Hz, H2'), 7.15 (1H, s, H-8),
6.95 (1H, d, J=2.4 Hz, H-3"), 6.27 (1H, d,
J=9.8 Hz, H3), 5.54 (1H, t, J=7.0 Hz, H-
2"), 4.92 (2H, d, J=7.0 Hz, H-1"), 1.80 (3H,
s, 3"-CH, ), 1.70 (3H, s, 3"-CH,);"” C-NMR
(100 MHz, CDCl,) 8: 161.4 (C-2), 158.3 (C-7),
152.8 (C9), 149.1 (C-5), 145.0 (C-2"), 140.0
(C3"), 139.7 (C4), 119.3 (C-=2"), 114.4 (C-
6), 112.7 (C3), 107.7 (C4a), 105.2 (C-3"),
94.4 (C-8), 69.9 (C-1"), 25.9 (3"-CH,), 18.4
(3"-CH,) . NMR $¥fs 5 3Cmkfas — 20, %
A4 31 S RERRTEH 2 (isoimperatorin )

EY32: Lkl (HPEE); mp 178 °C; ESI-
MS m/z 271.5 [M + H]";' H-NMR ( DMSO-d,,
400 MHz) 6. 8.18 (1H, d, J =9.8 Hz, H4),
8.04 (1H, br s, H2"), 7.08 (1H, br s, H-3"),
6.40 (1H, d, J =9.8 Hz, H-3), 5.12 (1H, t,
J=6.6 Hz, H2"), 3.72 (2H, d, J =6.6 Hz, H-
1), 3.19 (1H, br s, 5-OH), 1.80 (3H, s, 3"-
CH,), 1.63 (3H, s, 3"-CH,);"”C-NMR (DMSO-d,,
100 MHz) &: 160.2 (C-2), 146.9 (C-=2'), 145.4
(C7), 142.0 (C-5, 9), 140.9 (C4), 131.2 (C-
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37, 128.1 (C-6), 124.9 (C8), 123.2 (C=2"),
113.9 (C-10), 113.6 (C-3), 106.6 (C-3"), 27.4
(3"-CH,), 25.1 (C-1"), 18.0 (3"-CH,), NMR %k
P 5 Sk AR aE — 3, SO LS 32 S B RK
R Z (alloisoimperatorin) ,

G 33 B A ER () ; mp 138 C;
EI-MS m/z 304 [M]*;'H-NMR (400 MHz, CDCL,)
5: 8.16 (1H, d, J=9.8 Hz, H4), 7.59 (1H, d,
J =18 Hz, H2'), 7.11 (1H, s, H-8), 6.98
(1H, d, J=1.8 Hz, H3"), 6.24 (1H, d, J =
9.8 Hz, H-3), 4.54 (1H, dd, J=9.7, 2.5 Hgz,
Hb-1"), 4.43 (1H, t, J=9.7 Hz, Ha-1"), 3.91
(1H, d, J =7.2 Hz, H2"), 1.36 (3H, s, 3"-
CH,), 1.31 (3H, s, 3"-CH,) ;" C-NMR (100 MHz,
CDCl,) &: 161.3 (C=2), 158.2 (C-7), 152.6 (C-
8a), 148.7 (C-5), 145.4 (C2"), 139.3 (C4),
114.3 (C-6), 113.1 (C-3), 107.4 (C4a), 104.9
(C3"), 94.8 (C-8), 76.7 (C-3"), 74.6 (C-2"),
71.8 (C-1"), 26.8 (3"-CH,), 25.3 (3"-CH,),
NMR ¥fs-5 ek — 80", sk a w33
IKEEACRITH NS (oxypeucedanin hydrate)

EY34. HEBARK(PE); mp 118 C; ESI-
MS m/z 357.1 [M + Na]*;' H-NMR (400 MHz,
CDCL,) 6: 8.12 (1H, d, J=9.8 Hz, H4), 7.63
(1H, d, J=2.3 Hz, H2"), 7.02 (1H, d, J =
2.3 Hz, H-3'), 6.29 (1H, d, J=9.8 Hz, H-3),
4.60 (1H, dd, J =10.2, 2.6 Hz, Hb-1"), 4.26
(1H, dd, J=10.2, 7.9 Hz, Ha-1"), 4.19 (3H,
s, 5-OCH,), 3.83 (1H, dd, J=7.9, 2.6 Hz, H-
2"y, 1.32 (3H, s, 3"-CH,), 1.28 (3H, s, 3"-
CH,);"” C-NMR (100 MHz, CDCL ) §: 160.3 (C-
2), 150.3 (C-7), 145.4 (C=2'), 145.0 (C-5),
144.1 (C-8a), 139.6 (C4), 126.9 (C-8), 114.7
(C6), 113.0 (C-3), 107.7 (C4a), 105.5 (C-
3", 76.2 (C2"), 76.1 (C-1"), 71.7 (C3"),
60.9 (5-OCH,), 26.8 (3"-CH,), 25.2 (3"-CH,),
NMR df-5 SCR R — 30, s a 34
[ 2459 % ( byakangelicin) ,

EY 35 AEKAK(LKRLEE); mp 260 C;
ESI-MS m/z 431 [M +Na]*, 407 [M-H] ;'H-NMR
(DMSO-d,, 400 MHz) §: 7.95 (1H, d, J=9.5 Hz,
H4), 7.48 (1H, s, H-5), 6.82 (1H, s, H8),
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6.22 (1H, d, J=9.5Hz, H-3), 4.82~4.89 (4H,
m, H2', 4"-OH, 3"-OH, 2"-OH), 4.40 (1H, d,
J=7.8 Hz, H-1"), 4.30 (1H, t, J=5.7 Hz, 6"-
OH), 3.44 ~3.33 (2H, m, H,-6", H,6"), 3.33 ~
3.03 (5H, m, H-3", 3", 4", 5"), 2.88 ~ 2.83
(1H, m, H2"), 1.26 (3H, s, 4'-CH,), 1.23
(3H, s, 4'-CH,) ;" C-NMR ( DMSO-d,, 100 MHz)
8: 163.2 (C-7), 160.6 (C-2), 155.1 (C9),
144.8 (C4), 125.7 (C6), 124.0 (C-5), 112.3
(C-10), 111.4 (C3), 97.4 (C-1"), 96.9 (C-8),
90.2 (C=2"), 77.0 (C4'), 77.0 (C5"), 76.6 (C-
3"y, 73.6 (C-2"), 70.1 (C4"), 61.0 (C-6"),
28.9 (C-3'), 23.2 (4'-CH,), 21.9 (4'-CH;),
NMR $o¥f5 Semk R — 80, ek 5w 3s h
FIAHE [ ( - ) -marmesinin | .

EY 36 HEEIRES & (HEE) ; mp 258 C;
ESI-MS m/z 447 [M + Na]*;' H-NMR ( DMSO-d,,
400 MHz) §: 8.00 (1H, d, J =9.6 Hz, H4),
7.66 (1H, s, H-5), 6.96 (1H, s, H-8), 6.28
(1H, d, J=9.6 Hz, H3), 5.20 ~5.27 (2H, m,
H-3", 3'-OH), 4.99 (1H, d, J=3.1 Hz, 4"-0H),
4.89 (1H, br s, 3-OH), 4.86 (1H, br s, 2
OH), 4.52 ~4.55 (2H, m, H-1", H2"), 4.31
(IH, br s, 6"-OH), 3.36 (1H, overlap, H,6-6",
H,-6"), 3.15 (1H, m, H-5"), 3.06 (2H, br s,
H-3", 4"), 2.88 (1H, d, J=7.2 Hz, H2"), 1.47
(6H, s, 2 x4'-CH,);"” C-NMR ( DMSO-d,, 100 MHz)
8: 162.4 (C-7), 160.4 (C2), 156.1 (C9),
144.9 (C4), 128.6 (C6), 125.7 (C-5), 112.9
(C-10), 111.8 (C-3), 97.7 (C-1"), 97.3 (C-8),
91.9 (C-2"), 77.5 (C-3"), 76.9 (C3"), 76.7 (C-
5"y, 73.5 (C-2"), 70.1 (C4"), 69.8 (C4'),
60.8 (C-6"), 24.6 (4’-CH,), 22.8 (4'-CH;),
NMR %ff-5 ek R — 8, S a9 36 0y
(2'S, 3'R)-3"-FILEIFIFF [ (2'S, 3'R)-3'-hydroxy-
marmesinin | ,

EY 37 AERE(LIE-7K) s mp 925 C;
ESI-MS m/z 496 [M + H]*;' H-NMR ( DMSO-d,,
400 MHz) 6. 8.18 (1H, d, J =9.8 Hz, H4),
8.10 (1H, d, J=2.3 Hz, H2'), 7.34 (1H, d,
J=2.3 Hz, H3"), 6.34 (1H, d, J=9.8 Hz, H-
3), 5.254.93 (3H, br s, 2”-OH, 3”-OH, 4"-
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OH), 4.504.43 (4H, m, H-1”, H,-1", H-1",
3"-OH), 4.18 (3H, s, 5-OCH;), 4.12 (1H, brs,
6”-OH), 3.73 (1H, t, J =4.9 Hz, H-2"), 3.40
(2H, overlap, H-6"), 3.19 ~3.08 (3H, m, H-3",
4" 5"y, 3.01 (1H, t, J=8.3 Hz, H2"), 1.26
(3H, s, 3"-CH,), 1.24 (3H, s, 3"-CH,);"” C-NMR
(DMSO-d¢, 100 MHz) §: 159.9 (C-2), 149.1 (C-
7), 146.6 (C-2'), 144.3 (C-5), 143.1 (C9),
139.8 (C4), 126.6 (C8), 114.8 (C-6), 112.8
(C3), 107.1 (C-10), 105.9 (C-3"), 105.2 (C-
1"y, 86.0 (C-2"), 76.8 (C-5"), 76.6 (C-3"),
74.4 (C-1"), 74.2 (C2"), 71.4 (C-3"), 70.0 (C-
4"y, 61.0 (C-6"), 61.0 (5-OCH,), 26.6 (3"-
CH,), 25.3 (3"-CH; )., NMR %4 5 SCHk 4 8 —
B WA 3T g -0-B-D-nt i 4 2
F 2414 2 ( sec-0-B-D-glucopyranosyl-byakangelicin)
EY) 38 FEER(TE); mp 944 C; ESI-
MS m/z 519 [ M + Na]*;' H.NMR ( DMSO-d,,
400 MHz) §: 8.16 (1H, d, J =9.6 Hz, H4),
8.10 (1H, d, J=2.2 Hz, H-2"), 7.35 (1H, d,
J=2.2 Hz, H-3"), 6.35 (1H, d, J=9.6 Hz, H-
3), 4.86 (2H, br s, 3”-OH, 4”-OH), 4.70 (1H,
d, J=7.8 Hz, H-1"), 4.66 (1H, dd, J=10.9,
2.8 Hz, H,-1"), 4.37 (1H, d, J=10.9, 6.2 Hz,
H,-1"), 4.56 (1H, d, J=3.4 Hz, 2”-OH), 4.34
(1H, s, 2"-OH), 4.36 (1H, s, 6”-OH), 4.17
(3H, s, 5-O0CH, ), 3.94 (1H, dd, J = 6.2,
2.8 Hz, H2"), 3.69 (1H, dd, J=11.5, 2.7 Hz,
H,-6"), 3.44 (1H, m, H,-6"), 3.25~3.07 (3H,
m, H-3", 47 5”), 3.01 (1H, m, H-2"), 1.23
(3H, s, 3"-CH,), 1.11 (3H, 3"-CH,);" C-NMR
(DMSO-d¢, 100 MHz) &: 159.8 (C-2), 149.7 (C-
7), 146.4 (C-2'), 144.3 (C-5), 143.2 (C9),
139.9 (C4), 126.3 (C-8), 114.6 (C-6), 112.7
(C3), 107.1 (C-10), 105.9 (C-3"), 102.0 (C-
1), 82.9 (C3"), 76.9 (C-1"), 76.7 (C2"),
75.3 (C-3"), 75.6 (C5"), 73.9 (C-2"), 70.2
(C4"), 61.6 (C-6"), 60.7 (5-OCH,), 27.4 (3"-
CH;), 25.5 (3"-CH; ). NMR %4 5 SCHk I 8 —
U WAL A Y 38 R-0-B-D-tk I 4 2 bl
24 2 (tert-0-B-D-glucopyranosyl-byakangelicin ) ,
EY 39: HEBAR(LHE-K); mp 614 °C;

ESI-MS m/z 425 [M+H]*,'H-NMR (400 MHz, DMSO-
dg) 6: 8.03 (1H, d, J =9.5 Hz, H4), 7.69
(1H, s, H5), 6.93 (1H, s, H8), 6.27 (1H,
d, J=9.5 Hz, H3), 5.25 (1H, d, J=6.6 Hz,
H-3'), 5.24 (1H, s, 3'-OH), 5.01 (1H, s, 2"-
OH), 4.93 (1H, s, 3"-OH), 4.88 (1H, s, 4'-
OH), 4.53 (1H, d, J = 7.1 Hz, H-1"), 3.36
(2H, overlap, H-6), 3.16 (1H, s, H-3"), 3.006
(1H, m, H4), 3.05 (1H, m, H-5), 2.88 (1H,
m, H2'), 1.47 (6H, s, 3"-CH,);"C-NMR (100 MHz,
DMSO-d,) &: 162.2 (C-7), 160.3 (C-2), 156.0
(C-8a), 144.8 (C4), 128.5 (C-6), 125.6 (C-
5), 112.7 (C4a), 111.7 (C3), 97.6 (C-1"),
97.2 (C-8), 91.8 (C-2"), 77.4 (C3"), 76.8 (C-
3"y, 76.6 (C-5"), 73.3 (C2"), 70.0 (C4"),
69.7 (C-3'), 60.7 (C6"), 24.5 (3"-CH,), 22.7
(3"-CHy) . NMR ¥4 5 Scik i — 50, s
539 3 (2'R, 3'S)-3" - FALRAEATHIH [ (27
R, 3'S)-3'-hydroxynodakenin ] ,

&Y 40 AR Y) (ER) ; ESI-MS m/z 387
[M+Na]*;'H-NMR (DMSO-d,, 400 MHz)§: 8.15
(IH, d, J=9.6 Hz, H4), 8. 11 (1H, d, J =
2.2 Hz, H2'), 7.69 (1 H, s, H5), 7.09 (1H,
d, J=2.2 Hz, H3"), 6.44 (1H, d, J=9.6 Hz,
H-3), 5.62 (1H, d, J =7.5 Hz, H-1"), 5.53
(IH, d, J=5.0 Hz, 4"-OH), 5.15 (1H, d, J =
3.6 Hz, 3"-OH), 5.03 (1H, br s, 2"-OH), 4.34
(1H, t, J=5.6 Hz, H6"), 3.53 (1H, dd, J =
11.6, 4.9 Hz, H,-6"), 3.39 (2H, overlap, H-3",
5"), 3.21 (2H, brs, H=2", 4");"C-NMR ( DMSO-
ds, 100 MHz) §: 160.1 (C-2), 148.0 (C-=2"),
146.3 (C-7), 145.4 (C4), 142.3 (C9), 128.9
(C-8), 126.1 (C-6), 116.5 (C-10), 114.4 (C-
3), 114.2 (C-5), 107.1 (C-3"), 102.1 (C-1"),
77.7 (C-5"), 76.9 (C-3"), 74.1 (C-2"), 69.8 (C-
4"), 60.7(C-6"), NMR %4 55 3wk 48 — 55",
W E AL B W) 40 Sy AE RS 9 -8 -0-B- DAL I 4 4 B 1
( xanthotoxol-8-0-B-D-glucopyranoside ) ,

a4 BEBAR(SHE-K) s mp 236 C;
ESI-MS m/z 290 [M + Na]*.' H-NMR ( DMSO-d,,
400 MHz) 6. 8.36 (1H, s, H2), 8.14 (1H, s,
H-8), 7.36 (2H, brs, -NH,), 5.88 (1H, d, J=

+ 953 .



201747 H #19% £71H

FEI T2 Mod Chin Med

Jul. 2017 Vol.19 No.7

6.1 Hz, H-1"), 5.47 (1H, d, J =5.7 Hz, 2'-
OH), 5.44 (1H, m, 3'-OH), 5.21 (1H, d, J=
3.8 Hz, 4’-OH), 4.64 (1H, q, J =5.5 Hz, H-
2"y, 4.15 (1H, d, J=2.8 Hz, H-3"), 3.97 (1H,
d, ] =2.6 Hz, H4'), 3.68 (1H, m, H-5"),
3.56 (1H, m, H,-5');" C-NMR (DMSO-d,, 100 MHz)
5: 156.2 (C-6), 152.4 (C=2), 149.0 (C4),
139.9 (C-8), 119.3 (C-5), 87.9 (C-1"), 73.4
(C2"), 70.6 (C-3"), 85.9 (C41"), 61.7 (C5"),
NMR ¥l 5 ek — 80, ek a4
R4 (adenosine)
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