55 17 %55 20 rh ] S B 7 ) AR A AR Vol. 17, No. 20
2011 4F 10 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2011

A Jok 7 A 2 1o

INFRLEEL A
(1. LFRERKGYAG AL YRR EEERE HFRAKEHF L, LT 100191,
2. AFHAKRE AMNF IRFRENES L, LT 100023)

[(FZE] B:FFGEKS (R S 1S A8, v 2552 05 W) it B il i 58 $2 /R 15 . 75 3% < >R H R L W B A
Ji HE K Sephadex LH-20 | 52 AH &5 ROR AR (35 % 4 (1% 55 BEAT 20 88 2l 4k, A3 1L & W0 1) S Ak 42 T3 R 3l 2 5 8l 0 o Ho il . &5
SR MIE KT KSR T 4y B AR B 34 LAY, A E D SESE T(L) B SE (2) A S 1(3) SRR (4) JEL
AREE(S) KEHIL(6) JA-BIBLER (7) oS ALH (8) S-F AL H (9) RN Z Al H(10) (EMRE DOI1) (Jer AR H
(12) REAF(13) 3'-F A RE (14) LWL R -8-C-B-D-W: I f1 5 He - (1—6) -0-B-D-I W 4 45 B 11 (15) (= AR AL FK -7-0-8-
D-1K IR il 42 - (1—6) -O-B-D-Mb W 5 46 B 1 (16) I IR (17) .5, 7- 298 Bk -4 - S0 5L 57 B -7-0-B-D- K il 2 - (1—6 ) -B-D-
ML e 44T A B (18) JEEWE T 2R A-8-C-B-D-1k I i i - (1—6) -0-B-D- it I 4 45 W 1 (19) (B AR 2K (20) (REME (21) MR 08 4%
T (22) MR B RMETT (23) 3'-RAEFME (24) 3'-HH R T J0-7,4'-2-0-B-D-ML I 7 45 B4 41 (25) K E 4T J5-7,4'-0-
HIATHEE (26) 3'-W A E R T H (27) DS ALE 3R -8-C-B-D-Mk Wi AR BE B - (1-6) -0-B-D- Mt i 31 25 B 1 (28) Yk AKR FK-7-0-B-D-1k
W P A5 5 - (1—6) -0-B-D-NL W ] B AE 1 (29) Bl AR 5 -8-C-0k I ol k- (1—6) -0-8-D-NIk Weg 7 %5 45 41 (30) L K& AT -7-0--D-
i g 4 4 % - (1—4) -0-B- DI IR 7] 45 B 41 (31) jtﬁﬁfnﬂ—O—B-D—ﬂttﬂ@%%#ﬁ%—(1—>4)—0—B-D—ﬂktﬂ|ﬁ%%ﬂﬂ*ﬁﬁ(32)\3’-%73
FEER BRI (33) 67-0-D- AP BIRE (34) . S0 LAV L REIR F1S 2 Bk 25 M 402 54 i BIF 58 46 51, 1 7
KT A A O RIS R IE T A P ER 3 A SR G Y ORIEFA S RIS WS N ER HORIE F AT
RIS L AR AR 2 2 A TR SR O R B AT R B A R BRI 2B AR M Ay o 16,17 ,29 N IR N EAR KB JE T 4y
BAE,

[RER]  WIKTT A8 s 7 T

[FEHEE] R283.6 [ZEkkRiIRAD] A [XEHS]  1005-9903 (2011)20-0061-09

[DOI] CNKI:11-3495/R.20110823.1118.010 [ W4 HARRTE] 20110823 1118

[P Zg HRRAE]  http://www. cnki. net/kcms/detail/11.3495. R.20110823. 1118.010. html

Chemical Constituents of Tongmai Formula
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[ Abstract] Objective: To study the chemical constituents of Tongmai formula and set an example for its
bioactive substances foundation investigation. Method: The chemical constituents were isolated and purified by
column chromatography of macroporous resin, silica gel, Sephadex LH-20 and reversed phase high-performance
liquid chromatography, and their structures were identified by physico-chemical properties and spectrum analysis.

Result; Thirty-four compounds were separated and identified as tanshinone I (1), cryptotanshinone (2),
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dihydrotanshinone 1 (3), formononetin (4), protocatechuic aldehyde (5), daidzein (6), trans-ferulic acid (7),
ononin (8), 5-hydroxylononin (9), senkyunolide H (10), (4R)-3-[ 2-hydroxy-4-methoxyphenyl ]-4-(4-8-D-
glucopyranosyloxybenzyl) -but-2-en-4-olide ( pueroside D, 11), genistin (12), daidzin (13), 3’-methoxypuerarin
(14 ), formononetin-8-C-B-D-apiofuranosyl-( 1 — 6 )-0-8-D-glucopyranoside ( 15 ),
apiofuranosyl-(1—6) -0-B-D-glucopyranoside (16), lanceolarin (17), kakkanin (18), biochanin A-8-C-8-D-
apiofuranosyl-(1—6 ) -0-B-D-glucopyranoside (19), puerarin (20), sucrose (21), adenosine (22), mirificin
(23), 3’-hydroxypuerarin (24 ), 3'-methoxydaidzein-7, 4'-di-O-8-D-glucopyranoside (25), daidzein-7,4'-0-
glucoside (26), 3'-methoxydaidzin (27), formononetin-8-C-B-D-xylopyranosyl-( 1 — 6 )-0-8-D-glucopyranoside
(28 ), genistein-7-0-B-D-apiofuranosyl-( 1 — 6 )-0-8-D-glucopyranoside 29 ),
apiofuranosyl-( 1 — 6 )-0-B-D-glucopyranoside ( 30 ), daidzein-7-0-B-D-glucopyranosyl-( 1 — 4 )-0-8-D-
glucopyranoside (31) , daidzein-7-0-8-D-glucopyranosyl-( 1—4)-0-8-D-glucopyranoside (32 ), 3’-hydroxymirificin

formononetin-7-0-3-D-

( ambocin, genistein-8-C-

(33), 6"-0-D-xylosylpuerarin (34 ). Conclusion: On the basis of the above mentioned results and previously
reported chemical studies on the Puerariae Lobatae Radix, Salviae Miltiorrhizae Radix et Rhizoma, and Chuanxiong
Rhizoma, it was suggested that the main chemical components were isoflavanoid compounds rised from the Puerariae
Lobatae Radix, and the secondary components were tanshinones rised from the Salviae Miltiorrhizae Radix et

Rhizoma, and senkyunolide H rised from the Chuanxiong Rhizoma in the Tongmai formula. Compaunds 16,17, 29

were isolated from Puerariae Lobatae Radix and the genus Pueraria DC. for the first time.
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Tongmai formula; chemical constituents; isoflavone

Bruker-400 F1 JEOL AL-300 OV #li#i & #% pf 4L
PR 1% (TMS SN AR ) ,MDS SCIEX API QSTAR %!
JE 1%L (ESI-TOF-MS) , Finnigan TRACE 2000 % [ 1
IC(EI-MS) .

Jb 5 A i e AR A BR 2 ) 2 5 AL OB AR
g A (4G P3050 — JT 6 B 4, UV3000 5 I %% -
7)) ,Daisogel C f6i%+ (30 mm x 250 mm, 10 pm),
CXTH-3000 T /g,

R OISR GF254 (F B FEfb 1)) (Cyfik
)2 A 35 A ( Merck, Darmstadt, Germany ) . 3 Bt
i S AT VA 5 M T B R 2R AR R T ) s A (i
(CC) AHfEmBE (100 ~200 H,200 ~300 H,H S H
TT) Rk (200 H VLA L8 B b #H A
J7) . Sephadex LH-20 ( Pharmacia, Fine Chemicals,
Inc. , Piscataway, N.J., USA)  AB-8 Jc LW B #4 g
(REEHEL TAHRAFR)

CFE(EOH) (HEE(MeOH) (P ke (CHA) (=
AW B (CHCL ) . £ R & FE (EtOAc) | IE T B
(BuOH) A7 ik PR 55 2 g Jb st 4 T ™ ke K
R AKE B 2 T A 3 B i b S 6 = R AlK .

HWE %R 5% H,80, & BE# . 10%
H,S0, ZEEERAN AICL, 2BV i R e 35 51, AN T
254,365 nm FAR%L,
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BAL PSR KT K 5 R R (3 R Lk
M R LG 1 1 IR A, K A8 2 I, 56 1 IR
1.5 h, 28 2 1 b, & 35 FOME, sk, 8 v 47 28 AF X
R 108 R L R RV A N N B R 1. 38 ~
1.40 325 ) ¥ i i g 25 M A RS ml 4R 4k B AR |
P2 N E 2 G At 5 K 2525 b b 75 AF B 45 e
Ok SR Y B & Pueraria lobata (Willd. ) Ohwi
TR BRI P2 Salvia miltiorrhiza Bge. [
TR AR ZE L 2 B W NS Ligusticum
chuanxiong Hort. T HRIRZE . PFA EIEAR A LE L T
b K2 RIR 5 KA A 25 ) R R i SR =
2 RS54 H

PR IBCGHE Bk 7 7K S =5 10 kg, N7k & &, I %5 B2
1.18 ~1.22 i1 EtOH i & B g ik 65% . 8 24 h,
Y3, U8 W Il e EtOH & JC BB, MK W H 3 £ B
CHA ,EtOAc,BuOH ZE L 2 & 5 1 IRER Y R D,
5 CHA ZXHU) 15.0 g EtOAc ZE B %) 637 g.BuOH
Y 720 g FIFR AT K ES 448 g,

B CHA 2 H ) 15 ¢ & rE i CC 43 B, CHA-
EtOAc(10: 1 ~1: 1) B4 B ¥ i, 45 41 4% Fr. C1 ~ C5,
Fr.C2 (1.5 g) &%k K CC 4lifk, CHA-CHCL,-EtOAc
(10:2: 1) Yt , /3454 1 (12 mg) . Fr. C3(2.0 g)
ZREE CC glifk, CHA-CHCL-EtOAc (10 =2 : 1) ¥
B, 8k &% 2 (16 mg), Fr. C4(0.5 g) fl Fr. C5
(0.3 g) 43l 2 MeOH H 255 , 14 LG 4 3(9 mg)
4(5 mg) .,

EtOAc ZE ¥ 500 ¢ Z 6k ik CC 43 B, K i H
CHCL, ,CHCI,-MeOH (30: 1 ~1:1) MeOH i , 15 %
Fr.El ~ E7, Fr. E1 (10 g) & &£ CC 432, CHA-
EtOAc(3: 1) Pk, MeOH 25 &, 194 59 4 (23
mg), Fr. E2(16 g) &t CC 43, CHA-EtOAc (2:
1) ,EtOAc, MeOH R VEN , 13 214654 5(39 mg) |
6(612 mg) F17(21 mg), Fr.E4(19 ¢) &k CC 4
B ,CHCI,-MeOH (10: 1) B it , 554k &%) 8 (142 mg)
MO(17 mg) , Fr.E5(26 g) 4K CC 43 &, CHCL, -
MeOH (8: 1) ¥ i, 15 Fr. E5-1,E5-2,E5-3, Fr. E5-1
(1.5 g) &k CC 435, CHA-EtOAc (1: 1) Yl ,
43 9145 Sephadex LH-20 CC F12f 1l % HPLC 4lifk 1%
G 10(9 mg) ;Fr. E5-2(7.5 ¢) &6 8 CC 73,
CHCIL,-MeOH(10: 1) ¥ i, 18 £ (57, £ @k &
Sephadex LH-20 CC #fifk,, MeOH 3t i, 51L& 9y 11
(117 mg) ; Fr. E5-3 £ MeOH 45 i, 8k &4 12

(83 mg), Fr. E6 (36 ¢g) & fif )k CC 4 fk, CHCI,-
MeOH (6: 1) e, 7454 13 (1 358 mg) I 14 (362
mg), Fr. E7(95 ¢) &6k CC 4r &, CHCL,-MeOH
(4:1)PEME, 45 Fr. E7-1 ~ Fr. E7-3, Fr. E7-2(40 g)
B W e CC 43 85, CHCL,-MeOH (4: 1) ¥%E B, 15 5
Fr. E7-2-1 ~ Fr. E7-2-2, Fr. E7-2-1(3 g) &K CC
5315, CHCL,-MeOH (5: 1) YEJBE, 53 3 3, 6 £
% Sephadex LH-20 CC 43 % , MeOH ¥k %, 43 1% 2 1~
FFEL 4y Fr. E7-2-1-1 fil Fr. E7-2-12, Fr. E7-2-1-1
FR2e Pl 4 HPLC 4iifb, 154k &% 15 (126 mg) (16
(17 mg) F1 17 (15 mg), Fr. E7-2-1-2 2 2 il %
HPLC 2lifk , 734659 18 (8 mg) Ml 19(15 mg) , Fr.
E7-2-2 % Sephadex LH-20 CC 4fifk., MeOH 2 i , 1%
&% 20(1 279 mg) ,

BuOH #Ht4) 520 g finsk 1 L & f#, 24 AB-8 K
FL WK B 4% g CC 43 85, 3 5 K, 20% ,30% , 95%
EtOH 7K %W VeI , 45 7K BRI K 43 (335 ¢) .20% EtOH
BEME &R 43 (120 g) 30% EtOH P i &8 43 (38 g) F0
95% EtOH P& 7853 (25 g) o KPR A4 (30 g) £
FEE CC 4y 85, CHCL,-MeOH-7K (3:2:0.2) ¥k i, 1%
F| Fr. BW-1 #1 Fr. BW-2 Bi 44, Fr. BW-1(19 g)
%t Sephadex LH-20 CC 438, MeOH YL, 151k &)
21(53 mg), Fr. BW2(2 g) % Sephadex LH-20 CC
538, Pl 4 HPLC glifk , 13454 22(7 mg) . 20%
EtOH 7K % Wk Uk Bt &8 73 (20 g) & 6k CC 77 1%,
CHC1,-MeOH-7K (3: 1: 0. 1) &M, 15 5] Fr. BE2-1 ~
Fr. BE2-4 DU~ 4%, Fr. BE2-1(7 g) £ E Wk ik CC
alifg, CHCL,-MeOH (3: 1) U i, 75 /L & 4 23 (773
mg) F124 (809 mg) , Fr. BE2-2(3 g) 8 R Wlik CC 4
1k ,CHCL,-MeOH (3: 1) VeI, 1546 &4 25 (18 mg)
Fr. BE2-3(2 g) & Bt Jiie CC #lifk, CHCL,-MeOH (3:
1) e, 8659 26 (16 mg) . 30% £ /K ¥ WUk
53 (38 g) &k e CC 43 %5, CHCL,-MeOH-7K (3:
1:0. 1) Pe, 755 Fr. BE3-1 ~ Fr. BE3-4 U444y,
Fr. BE3-1 (4 g) % Sephadex LH-20 CC 4fifk., MeOH
VEME, R L5 W 27 (39 mg) ., Fr. BE3-2(8 g) &
Sephadex LH-20 CC 43 & , 2 % HPLC 4ifk, 151k
4128 (63 mg) 1 29(64 mg), Fr. BE3-3(5 g) &
Sephadex LH-20 CC /3 & , 2k il % HPLC 4lifk, 51k
A 30(32 mg), Fr. BE3-4 (12 g) 2 >F ] % HPLC
aifl #4459 31 (130 mg) ,32(13 mg) .

B KIZZ AB-8 RALWK R g CC 43 85, 4333
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7K ,20% ,95% EtOH JK ¥ W BRI , 157K (3 250 g) ,
20% EtOH (110 g) #1 95% EtOH (80 g) 453k i 5 47 »
20% EtOH /K Ve L2 (110 g) Z2REE CC 73,
CHCL,-MeOH-7K (3 : 1 : 0.5) e, 15 3] Fr. RW1 ~
Fr. RW 3 =44 4y, Fr. RWI (17 g) & 2§l %
HPLC 4fifl, #3465 %) 26 (56 mg) | 33 (103 mg) .20
(422 mg) 34(48 mg) Fl1 23 (211 mg) .
3 FRMITR

i 5 X B NMR, MS 36 TLC 734 46 &9
5,7,21,22 4 ) % %€ R JR L 45 8 ( protocatechuic
aldehyde ) . Jz Z-F] 20 BR ( trans-ferulic acid ) | Jif B
(sucrose) M4 4% 4 (adenosine) . L& 4 19,25,
31,32 73 il M5 N JEWE EL2F R A-8-C-B-D-IK I jr il
FH-(1—56) -0-B-D-nik M 5 %) % ( biochanin A-8-C-8-
D-apiofuranosyl-(1 — 6 ) -O-B-D-glucopyranoside ) , 3'-
48 K 5 J6-7, 47 - -0 -B-D- Nl Il 4 2 W 1 (37~
methoxydaidzein-7, 4'-di-0-8-D-glucopyranoside ) , K
KLH IC-7-0-B-D-M I 7 %5 Bl 3 (1 —4 ) -0-B-D-IL i
% M 1 ( daidzein-7-0-B-D-glucopyranosyl-(1—4) -
0-B-D-glucopyranoside ) Fl } & H JG-7-0-8-D-H, I 7]
W HE-(1—4) -0-8-D-nlk, g %5 4 ¥ ( daidzein-7-0-

B-D-glucopyranosyl-( 1 — 4 )-0-8-D-glucopyr-

anoside) "*' |

a1 FRA s i (MeOH) ;EI-MS m/z 276
[M]*,248 [ M-CO]",219 [ M2CO-H ] ", 205 [ M-
2C0-CH,]*,191 [ M-2CO-CH,-CH, ] *, 189 [ M-2CO-
2CH,-H] " ,176,165,152,139,124 ,94 ;' H-NMR (300
MHz, CDCl,) §:9.28 (1H, d, J =8.8 Hz, H-1),
7.57 (1H, dd, J =7.2, 8.8 Hz, H2), 7.37 (1H,
d, ] =6.8 Hz, H-3), 8.34 (1H, d, J =8.8 Hz,
H-6),7.86 (1H, d, J =8.8 Hz, H-7), 7.32 (1H,
s, H-16), 2.30 (3H, s, H,-17), 2.71 (3H, s, H,-
18) . DL AR5 SCmk[9] — 3, BHE NS 1
(tanshinone 1)

&2 W sr i (MeOH) ; EI-MS m/z 296
[M]*,281[ M-CH,]",268[ M-CO] *,253 [ M-CH,-
COJ]*(100),235,225,211,195,185,171,165,152,
128,115,105, 89;'H-NMR (300 MHz, CDCL,) §:
3.22 (2H, t, J =6.0, 6.6 Hz, H,-1), 1.78 (2H,
m, H,-2), 1.66 (2H, m, H,-3), 7.64 (1H, d,
J =8.4 Hz, H6), 7.50 (1H, d, J =8.4 Hz, H-
7),3.61 (1H, m, H-15), 4.89 (1H, t, J =9.3
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Hz, H,-16), 4.37 (1H, dd, J =9.3, 6.0 Hz, H,-
16), 1.36 (3H, d, J =6.0 Hz, H,;-17), 1.31
(6H, s, H,-18,H,-19), LI %4 5wk [10] —
B, % g F B P2 Wi ( cryptotanshinone)

B3 ARLL AN F (MeOH) s EI-MS m/z 278
[M]",263[ M-Me] *,250 M-2CH, ] *,235[ M-CH,-
CH-0]",222,207,189,179,169, 152, 139,89; H-
NMR (400 MHz, CDCl,) §: 9.30 (1H, d, J =8.8
Hz, H-1), 7.58 (1H, dd, J =8.8, 7.2 Hz, H-2),
7.41 (1H, d, J =7.2 Hz, H-3), 8.31 (1H, d,J =
8.8 Hz, H-6), 7.76 (1H, d, J =8.8 Hz, H-7),
3.66 (1H, m, H-15), 4.98 (1H, t, J =9.6 Hz,
H,-16), 4.44 (1H, dd, J =9.6, 6.4 Hz, H,-16),
1.42 (3H, d, J =6.4 Hz, H,-17), 2.71 (3H, s,
Ho-18) o DL BRI 53CHR[ 11 ] — 20, % o — &)
2 1( dihydrotanshinone I) ,

e 4 A (MeOH) ; EI-MS m/z 268
[M]*,267[M-H]",253[ M-CH, ] ",132,108; H-
NMR (300 MHz, DMSO-d, ) %5 5 SCHk [ 12 1 = #6516
Z (formononetin ) —F{ .

e o6 HEs s (MeOH) ; EI-MS m/z 254
[M]",253 [ M-H]",137,118,108;'H-NMR (300
MHz, DMSO-d, ) % 4% 5 3Cmk [ 13 ] R & # ot
(daidzein) —F{ .

A8 Mk K (MeOH) ; ESI-MS m/z 453
[M+Na]* ,431[M +H]",269[ M + H-Glc ] *; 'H-
NMR (300 MHz, DMSO-d, ) #1" C-NMR (75 MHz,
DMSO-d, ) 4 15 3CHR [ 12 ] 224l £ H (ononin) — .

WEY9 Bk AR (MeOH) ; ESI-MS m/z 469
[M+Na]®, 447[M+H]", 285[M + H-Glc ] " ;'H-
NMR (300 MHz, DMSO-d,) 1" C-NMR ( 75MHz,
DMSO-d, ) B 15 3CHk [ 14 ] 18 59 S 5w A AL H
(5-hydroxylononin) — £,

& 10 & @R EI-MS m/z 224[M] 7,
180, 151;'H-NMR (400 MHz, CDCI,) §: 5.26 (1H,
t, /] =8.0 Hz, H-8), 4.54 (1H, d, J =3.1 Hz, H-
7),3.91 (1H, d, J =8.8 Hz, H6), 2.60 (1H,
dt, J =18.4,5.2 Hz, H4),2.37 (1H, t,/] = 6.8
Hz, H4),2.29 (2H, dt, J =7.6, 7.6 Hz, H-9),
1.97 ~2.03 (1H, m, H-5), 1.79 ~1.82 (1H, m,
H-5), 1.45 (2H, tq, J =7.6, 7.2 Hz, H-10),
0.90 (3H, t, J =7.6 Hz, H-11) ;" C-NMR ( 100
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MHz, CDCI,) §: 169.3 (C-1), 153.8 (C-3), 148.2
(C-3a), 19.2 (C4), 25.0 (C5), 68.3 (C-6),
62.5 (C-7), 125.9 (C-7a), 114.2 (C-8), 28.0
(C9),22.2(C-10), 13.7 (C-11), LI F¥Hs5 L
BROIS ] — 2, %€ A ¥ I E A ER H (senkyunolide
H).

& 11 A6 (MeOH) ;ESI-MS m/z 497
[M+Nal*, 475[M +H] ", 313[M + H-Gle ] * ;'H-
NMR (400 MHz, DMSO-d,) §: 6.34 (1H, s, H-2),
6.02 (1H, dd, J =2.4, 8.0 Hz, H4), 6.90 (1H,
d, J =2.4 Hz, H-3"),6.73 (1H, dd, J =2.4, 8.4
Hz, H-5"), 7.57 (1H, d, J =8.4 Hz, H-6"), 6.95
(2H, d, J =8.4 Hz, H-2", H-6"), 6.63 (2H, d,
J =8.4 Hz, H-3", H-5"), 3.05 (1H, dd, J =2.4,
12.4 Hz, H4a,), 2.56 (1H, dd, J =8.0, 12.4
Hz, H4a,), 3.84 (3H, s, -OCH,), 5.06 (1H, d,
J =6.4 Hz, H-1"), 4.68 ~5.46 (4H, Gle-OH),
3.17 ~3.78 (6H, m, Gle-H) ;" C-NMR (100 MHz,
DMSO-d,) 6. 172.5 (C-1), 113.3 (C-2), 165.9
(C-3),83.6 (C4),112.1 (C-1"), 156.4 (C-2"),
101.2 (C-3"), 162.9 (C4'), 108.6 (C-5"), 131.3
(€C-6"), 126.6 (C-1"), 130.4 (C-2", C-6"), 114.8
(C-3",C-5"),155.9 (C4"),38.7 (C4a), 555 (-
OCH,), 100.2 (C-1"), 73.1 (C-=2"), 76.5 (C-
3"),69.9 (C4"),77.4 (C-5"),60.8 (C-6"), L&
BRSSOk (16 ] —H, B N E AR DI (4R)-3-
[ 2-hydroxy-4-methoxyphenyl 14-( 4-B-D-
glucopyranosyloxybenzyl ) -but-2-en-4-olide = pueroside
D,

WEW 12 B AR (MeOH) ; ESI-MS m/z 455
[M + Na]*,433[M + H]";'H-NMR (400 MHz,
DMSO0-d, ) F1" C-NMR (100 MHz, DMSO-d, ) ¥t 5
SCHR L 17 T4 T8 89 G BEAR T (genistin) — 2,

E 13 HaEE R (MeOH) ; ESI-MS m/z 439
[M+Na]",417[M +H] " ,255[M + H-Glc ] *;'H-
NMR (400 MHz, DMSO-d, ) F1'° C-NMR ( 100 MHz,
DMSO-d,, ) %4 55 SCHR [ 14 ] 438 /9 K 524 (daidzin)
—

EW 14 B[ K (MeOH) ; ESI — MS m/z
469[ M + Na]* ,447[M + H] " ,237;'H-NMR ( 400
MHz, DMSO-d,) & 10.68 (1H, s, 7-OH), 9.06
(1H, s, 4'-OH), 8.40 (1H, s, H-2), 7.94 (1H,

d, J=8.8 Hz, H-5), 6.99 (1H, d, J=8.8 Hz, H-
6),7.17 (1H, d, J=2.0 Hz, H2"), 6.81 (1H,
d, J=8.4Hz, H-5"), 7.04 (1H, dd, J=8.4, 2.0
Hz, H-6"), 3.80 (3H, s, 3'-OCH, ), 4.81 (1H, d,
J=9.2 Hz, H-1"), 4.49 ~4.94 (4H, glec-OH),
3.21 ~4.02 (6H, m, gle-H) ;" C-NMR (100 MHz,
DMSO-d,) 6 152.9 (C-2), 122.9 (C-3), 174.8 (C-
4), 126.2 (C-5), 115.1 (C-6), 161.0 (C-7),
112.6 (C-8), 157.1 (C9), 116.8 (C-10), 55.6
(4'-0CH3), 123.0 (C-1"), 113.0 (C-2"), 147.2
(C-3"), 146.4 (C4'), 115.2 (C-5"), 121.5 (C-
6'),73.4 (C-1"),70.8 (C-2"),78.7 (C-3"), 70.1
(C-4"), 81.8 (C-5"), 61.1 (C-6") . VI I Hu¥5
Bk L18 ] — 2, % & N 3'-H S kB MR R (3-
methoxypuerarin)

WwEY 15 HER K (MeOH) ; ESI-MS m/z 585
[M+Na]",563[M +H]",561[M-H]";'H-NMR
(400 MHz, DMSO-d,) &: 8.38 (1H, s, H-2), 7.94
(lH, d, J =8.8 Hz, H-5), 7.00 (1H, d, J =8.8
Hz, H-6),7.52 (2H, d, J =8.8 Hz, H-2', H-6") ,
6.98 (2H, d, J =8.8 Hz, H-3', H-5"), 3.78 (3H,
s, 4'-OCH, ), 4.81 (1H, d, J =8.8 Hz, H-1"),
4.78 (1H, d, J =3.2 Hz, H-1"), 4.42-5.07 (gle,
api-OH) , 3.16-4.03 (m, glc, api-H) ;"°C-NMR (100
MHz, DMSO-d,) & 152.9 (C-2), 124.2 (C-3),
174.8 (C4), 126.2 (C-5), 113.6 (C-6), 161.1
(C-7),112.5 (C-8), 158.9 (C9), 113.6 (C-10),
122.8 (C-1"), 130.0 (C-=2', C-6"), 113.6 (C-3',
C5"), 158.9 (C4'), 55.1 (4'-0OCH, ), 73.4 (C-
1"),70.5 (€C-2"),78.6 (C-3"),70.5 (C4"), 80.1
(C-5"), 68.3 (C-6"), 109.0 (C-1"), 75.7 (C-
2m), 78.7 (C-3"),73.2 (C4"),63.0 (C5"), LL
RS SRR (19 ] — 2, %5 O PR AE K -8-CB-D-
WKW T OB SE-(1 — 6)-0-8-D-Mt W A OB
[ formononetin-8-C-B-D-apiofuranosyl-( 1 — 6 ) -0-8-D-
glucopyranoside ] ,

e 16 HEK K (MeOH) ; ESI-MS m/z 585
[M+Na]",563[M +H]",269[ M + H-Api -Glc] ",
561 [ M-H ] *, 267 [ M-H-Api-Gle ] * ;' H-NMR ( 400
MHz, DMSO-d,) &: 8.39 (1H, s, H-2), 8.07 (1H,
d, J =9.0 Hz, H-5), 7.15 (1H, dd, J =9.0, 2.1
Hz, H-6), 7.24 (1H, d, J =2.1 Hz, H-8), 7.53
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(2H, d, J =8.4 Hz, H-2', H-6"), 7.00 (2H, d,
J =8.4 Hz, H-3", H-5"), 3.78 (3H, s, 4’-0CH,) ,
5.06 (1H, d, J =7.2 Hz, H-1"), 4.81 (1H, d,
J =3.2 Hz, H-1"), 4.52 ~5.48 (Glc, api-OH),
3.12~3.91 (m, Gle, api-H) ;" C-NMR (100 MHz,
DMSO-d,) &: 153.7 (C-2), 123.3 (C-3), 174.7
(C4),127.6 (C-5), 115.5 (C-6), 161.4 (C-7),
103.6 (C-8), 157.3 (C9), 118.5 (C-10), 124.1
(c-1"), 130.1 (C-2", C-6"), 113.6 (C-3", C-5"),
159.0 (C4'"), 55.2 (4'-OCH,), 100.0 (C-1"),
73.1 (C-2"), 76.5 (C-3"), 70.0 (C4"), 75.6 (C-
5"), 67.8 (C-6"), 109.4 (C-1"), 75.9 (C-=2"),
78.7 (C-3"), 73.3 (C4"), 63.2 (C-5"), LI E%
i 5 3CHR[20 ] — 2, %58 22 4L R -7-0-B-D-1kK i
FEMEIE-(1—6) -0-B-D-nlk, 1§ %5 %5 4 F [ formononetin-
7-0-B-D-apiofuranosyl-( 1 — 6 )-0-B-D-
glucopyranoside ] ,

WEM17T HEH K (MeOH) ; ESI-MS m/z 601
[M+Na]",579[M+H] ", 447[M + H-Api] ", 285
[M +H-Api-Gle] * ;'H-NMR (400 MHz, DMSO-d,) &
12.84 (1H, 5-OH), 8.42 (1H, s, H-2), 6.46
(1H, d, J =2.1 Hz, H-6), 6.73 (1H, d, J =2.1
Hz, H-8), 7.51 (2H, d, J =8.4 Hz, H-2', H-6") ,
7.00 (2H, d, J =8.4 Hz, H-3', H-5"), 3.78 (3H,
s, 4’-OCH,), 5.03 (1H, d, J =7.2 Hz, H-1"),
4.81 (1H, d, J =3.2 Hz, H-1"), 4.52 ~5.43
(Gle, Api-OH), 3.12 ~3.93 (m, glc, api-H) ;" C-
NMR (100 MHz, DMSO-d,) 6. 154.9 (C-2), 122.7
(C-3), 180.4 (C4), 161.6 (C-5), 99.6 (C-6),
162.9 (C-7), 94.6 (C-8), 157.3 (C-9), 106.1
(C-10), 122.2 (C-1"), 130.2 (C-2", C-6"), 113.8
(Cc-3", C5"), 159.2 (C4'), 55.2 (4'-0OCH,),
99.8 (C-1"), 73.0 (C-2"), 76.4 (C-3"), 69.9 (C-
4"y, 75.6 (C-5"), 67.7 (C-6"), 109.4 (C-1"),
75.9 (C-2"), 78.7 (C-3"), 73.3 (C4"), 63.3
(C-5") o ML L%l 5 3CmR[21 ] —20, @ i H
F (lanceolarin)

L& 18 kK (MeOH) ; ESI-MS m/z 601
[M+Nal]*,579[M +H]",577[ M-H] *;'H-NMR
(400 MHz, DMSO-d,) 6 8.43 (1H, s, H-2), 6.48
(1H, d, J =2.1 Hz, H-6), 6.77 (1H, d, J =2.1
Hz, H-8), 7.51 (2H, d, J =8.4 Hz, H-2', H-6") ,
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7.00 (2H, d, J =8.4 Hz, H-3’, H-5'), 3.78 (3H,
s, 4-0CH,), 5.02 (1H, d, J =6.8 Hz, H-1"),
4.16 (1H, d, J =7.6 Hz, H-1"), 2.96 ~3.92 (m,
Gle, Xyl-H);"” C-NMR (100 MHz, DMSO-d,) &:
154.9 (C-2), 122.7 (C-3), 180.4 (C-4), 161.6
(C-5), 99.7 (C-6), 163.0 (C-7), 94.6 (C-8),
157.3 (C9), 106.1 (C-10), 122.2 (C-1"), 130.2
(C2", C6"),113.8 (C-3", C-5'), 159.2 (C4"),
55.2 (4'-0CH,), 99.8 (C-1"), 73.0 (C-2"), 75.6
(C3"),69.6 (C4"), 76.5 (C-5"), 69.4 (C-6"),
104.1 (C-1"), 73.4 (C=2"), 76.3 (C-3"), 68.5
(C-4"),65.6 (C-5"), L EEIES3Cmk[22] %,
YE N 5, T-Z 4 - W A B 5 B -7-0-B-D- R b
(1—6) -B-D- i 7 %45 ¥ ( kakkanin) ,

EYW20 HEs 5 (MeOH) ; ESI-MS m/z 439
[M+Nal]*,417[M +H]",297;'H-NMR (400 MHz,
DMSO-d, ) #1"° C-NMR (100 MHz, DMSO-d, ) ¥ 5
SCHR[ 14 ] 38 /Y 55 H 2 (puerarin) — 3,

A 23 Akt S (MeOH) ;ESI-MS m/z 571
[M+Na]",549[M + H]",417[ M + H-Api] ",
301;'H-NMR (400 MHz, DMSO-d, ) F1"° C-NMR ( 100
MHz, DMSO-d, ) ¥4 5 SCik [ 13 ] iR 18 1Y &5 i 2 7
B (mirificin) — 2,

e 24 KK (MeOH) ; ESI - MS m/z 455
[M+Nal]",433[M +H]",313;'H-NMR (400 MHz,
DMSO-d6) & 8.98 (1H, s, 4’-OH), 8.93 (1H, s,
3'-OH), 8.28 (1H, s, H-2), 7.93 (1H, d, J=8.8
Hz, H-5), 6.97 (1H, d, J =8.8 Hz, H-6), 7.02
(1IH, d, J=2.0 Hz, H2"), 6.75 (1H, d, J=8.4
Hz, H-5'),6.78 (1H, dd, J=8.4,2.0 Hz, H6'),
4.81 (1H, d, J=9.6 Hz, H-1"), 4.50 ~4.97 (4H,
gle-OH) , 3.15 ~4.01 (6H, m, gle-H) ;" C-NMR
(100 MHz, DMSO-d6) & 152.6 (C-2), 123.0 (C-
3), 174.9 (C4), 126.2 (C-5), 115.3 (C-6),
161.0 (C-7), 112.6 (C-8), 157.1 (C9), 116.8
(C-10), 123.0 (C-1"), 115.3 (C-2"), 144.7 (C-
3'), 145.2 (C4'), 116.8 (C-5"), 119.7 (C-6"),
73.4 (C-1"), 70.7 (C-2"), 78.7 (C-3"), 70.5 (C-
4"), 81.8 (C-5"), 61.4 (C-6"), LI ¥4l 5 SCmk
(4] — %, X & Hh 3B EFTHRE (3-
hydroxypuerarin)

&Y 26 HEsr sy (MeOH-7K ) ; ESI-MS m/z
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601[M +Nal]*,579[M +H] " ,417[ M + H-Gle | *,
255[M + H-2Glc] " ;'H-NMR (400 MHz, DMSO-d, )
I C-NMR (100 MHz, DMSO-d, ) ¥4 5 CHk [ 13 ]
Wl K T 067,47 -0-% 25 154 ( daidzein-7 ,47-0-
glucoside ) — % ,

AEW 2T HEKH AR (MeOH) ; ESI-MS m/z 469
[M+Na]*,447[M +H]",285[ M + H-Glc ] *,283
[M-H-Glc] " ;'H-NMR (400 MHz, DMSO-d,) 1" C-
NMR (100 MHz, DMSO-d, ) 4 5 SCik [ 23 ] i 8 19
3'-H H FE K T H (3" -methoxydaidzin ) — % ,

&5 28 HEKA(MeOH) ; ESI-MS m/z 585
[M+Na]*,563[M+H]", 431[M +H- Xyl]*;'H-
NMR (400 MHz, DMSO-d,) &6: 8.37 (1H, s, H-2),
7.94 (1H, d, J =8.8 Hz, H-5), 6.99 (1H, d,
J =8.8 Hz, H6), 7.52 (2H, d, J=8.8 Hz, H-2",
H-6"), 6.98 (2H, d, J =8.8 Hz, H-3', H-5'),
3.78 (3H, s, 4’-OCH,), 4.80 (1H, d, J =9.6 Hz,
H-1"),4.11 (1H, d, J =7.2 Hz, H-1"), 2.92 ~
4.05 (m, Gle, Xyl-H) ;" C-NMR (100 MHz, DMSO-
d,) 6:152.9 (C-2), 124.3 (C-3), 174.8 (C4),
126.2 (C-5), 113.6 (C-6), 161.5 (C-7), 112.5
(C-8), 158.9 (C9), 113.6 (C-10), 122.8 (C-
1), 130.1 (C=2', C-6'), 113.6 (C3', C-5'),
158.9 (C-4'), 55.2 (4'-0CH,), 73.4 (C-1"),
70.5 (C-2"), 78.6 (C-3"), 70.7 (C-4"), 80.2 (C-
5"), 69.5 (C-6"), 103.9 (C-1"), 73.1 (C-=2"),
76.6 (C-3"), 69.3 (C4"), 65.6 (C-5"), LI %k
i 5 SCHR (19 ] — 30, %808 15 W AL & -8-C-B-D- it i
AW HR-(1—6)-0-8-D-4ij % B F [ formononetin-8-C-
B-D-xylopyranosyl-(1—6) -0-8-D-glucopyranoside ] ,

AW 29 AR R (MeOH) ; ESI-MS m/z 587
[M+Nal]*,565[M +H]", 433[ M + H-Api] *,271
[M + H-Api-Gle ] * ;'H-NMR (400 MHz, DMSO-d,) &
12.94 (1H, 5-OH), 8.35 (1H, s, H2), 6.45
(IH,d, J =1.6 Hz, H-6), 6.70 (1H, d, J =1.6
Hz, H-8), 7.38 (2H, d, J =8.4 Hz, H-2', H-6"),
6.83 (2H, d, J =8.4 Hz, H-3', H-5"), 5.02 (1H,
d, J =7.2 Hz, H-1"), 4.82 (1H, d, J =3.2 Hz,
H-1"), 3.11 ~3.94 (m, glc, api-H) ;" C-NMR ( 100
MHz, DMSO-d, ) &: 154.5 (C-2), 122.6 (C-3),
180.5 (C4), 161.8 (C-5), 99.7 (C-6), 162.9
(C-7),94.5 (C-8), 157.3 (C9), 106.3 (C-10),

121.1 (C-1"), 130.2 (C-=2', C-6"), 115.2 (C-3',
C-5"), 157.6 (C4'),99.9 (C-1"), 73.1 (C-2"),
76.5 (C-3"), 69.9 (C4"),75.6 (C-5"), 67.8 (C-
6"), 109.5 (C-1"), 76.0 (C-2"), 78.8 (C-3"),
73.4 (C4"), 63.3 (C-5"), DL & 5 3CHk[ 24 ]
— B, 2 O QR R K T-0-B-D-0EK W R AR -(1—
6 )-0-B-D-t M %5 4 B 4 [ genistein-7-0-8-D-
apiofuranosyl-( 1 — 6 )-0-8-D-glucopyranoside =
ambocin ] .

EY 30 FEk AR (MeOH) ; ESI-MS m/z 587
[M+Nal]*,565[M +H]", 433[M + H-Api] " ;' H-
NMR (400 MHz, DMSO-d,) &. 13.18 (1H, s, 5-
OH), 8.32 (1IH, s, H2), 6.24 (1H, s, H-6),
7.38 (2H, d, J =6.8 Hz, H-2", H-6'), 6. 81 (2H,
d, J =6.8 Hz, H-3', H-5"), 4.65 (1H, d, J =
10.0 Hz, H-1"), 4.77 (1H, d, J =3.2 Hz, H-1"),
3.11 ~3.99 (m, Gle, api-H) ;" C-NMR (100 MHz,
DMSO-dy) &: 153.5 (C-2), 121.9 (C-3), 180.3
(C4), 161.1 (C-5), 99.3 (C-6), 163.0 (C-7),
104.2 (C-8), 156.4 (C9), 104.2 (C-10), 121.3
(C-1"), 130.1 (C-2", C-6"), 115.1 (C-3", C5"),
157.4 (C4'"), 73.3 (C-1"), 70.7 (C-2"), 78.7
(C-3"),70.6 (C4"), 79.9 (C-5"), 68.4 (C-6"),
109.0 (C-1"), 75.7 (C-2"), 78.8 (C-3"), 73.2
(C4"), 63.0 (C-5"), DL &5 3Chk[ 13 ] —2K,
S8 R PR AR R -8-C-k W T - (156 ) -0-B-D-Ht
g 4 45 B 1 [ genistein-8-C-apiofuranosyl-(1—6) -0-8-
D-glucopyranoside ]

Y33 F @K AR (MeOH-/K) 5 ESI-MS m/z
587[M +Na]*,565[M + H] " ,433[ M + H-Api] ",
563[M-H] *;'H-NMR (400 MHz, DMSO-d,) &: 8.29
(IH, s, H2), 7.94 (1H, d, J =8.8 Hz, H-5),
6.99 (1H, d, J =8.8 Hz, H6), 7.04 (1H, d,
J =2.0Hz, H2"),6.76 (1H, d, J =8.4 Hz, H-
5'),6.81 (1H, dd, J =8.0, 2.0 Hz, H-6"), 4. 81
(1H, d, J =8.8 Hz, H-1"),4.78 (1H, d, J =3.2
Hz, H-1"), 3.97 ~5.06 (glc, api-OH), 3.15 ~
3.92 (m, gle, api-H) ;" C-NMR (100 MHz, DMSO-
d¢) 6: 152.5 (C-2), 123.3 (C-3), 174.9 (C4),
126.3 (C-5), 115.0 (C-6), 161.1 (C-7), 112.2
(C-8), 156.0 (C-9), 116.7 (C-10), 123.0 (C-
1'), 115.3 (C-2"), 144.8 (C-3"), 145.3 (C4'),
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116.3 (C-5"), 120.0 (C-6"), 73.4 (C-1"), 70.6
(C-2"),78.6 (C-3"), 70.6 (C-4"), 80.1 (C-5"),
68.3 (C-6"), 109.1 (C-1"), 75.7 (C-=2"), 78.7
(C-3"),73.2 (C-4"), 63.0 (C-5"), %N 3 -
H B AR M (37 -hydroxymirificin) 7

&Y 34 HEK K (MeOH-7K ) ; ESI-MS m/z
571[M + Na]*,549[M + H] " ,417[M + H-Xyl] ",
547[ M-H]*;'H-NMR (400 MHz, DMSO-d,) 1" C-

NMR (100 MHz, DMSO-d, ) B3 15 S ik [ 26 ] 238
6"-0-D-KHEFILE AR % (6"-0-D-xylosylpuerarin ) — .
258 UL B A o 1Y 23 8 M E 45 R I H i STk
IR EAR SFS SRR 25 A il 1 BT 5T 45
R FNWE ik OT 32 ZE AL iy S B S ORI T A
TR EAR 3 D PSS YRR T AH T
P2 WIS TR HORIETH I h =5 (R 1)

x1 BRAFEEMSHFRER

K

AL % (formononetin, 4) [ K T JC ( daidzein, 6) 14 £ H (ononin, 8) 5-% K 1 4 18 # (5-
hydroxylononin, 9) Yk} K F ( genistin, 12) , K & 4 ( daidzin, 13) . 3’-H 4 3 5 # & (3’ -methoxypuerarin,
14) FEGFE 2 -8-C-B-D-W i j7 4 FE-(1—6 ) -0-B-D-ilf, i 7 %5 4 5 [ formononetin-8-C-B-D-apiofuranosyl-( 1 —
6) -0-B-D-glucopyranoside , 15 ] . F=AHFE 2 -7-0-8-D-Wk I fr M 3 -(1—6 ) -0-B-D-ik I 4 %5 B4 5 [ formononetin-
7-0-B-D-apiofuranosyl-( 1 6 ) -0-B-D-glucopyranoside, 16 ] . # F1 R (lanceolarin, 17) 5,7~ F5 3 4'-H 4 4
S HT-0-B-D-A NI (16) B-D-L W ATHTHEF ( Kakkanin, 18) WS 35 2 A-8-C-B-D-0e I 75 2% -( 1
26 -0-B-D-ML T 4 %5 5 15 [ biochanin A-8-C-B-D-apiofuranosyl-( 16 )-0-8-D-glucopyranoside, 19 ] . il %
(puerarin, 20) EJAR 27320 (mirificin, 23) (3'-32 J B AR 3 (3'-hydroxypuerarin, 24) 3'-H1 & 5 K T #
67,4~ -0-B-D-TL T i AT B (3'-methoxydaidzein-7 ,4’-di-0-B-D-glucopyranoside , 25) . G 757 ,4'-0-
BT (daidzein-7 ,4"-O-glucoside , 26) \3'-H1 4 3 & 1F (3'-methoxydaidzin,, 27) 2K 15 2 -8-C-B-D-ME 1 A
FEIE-(1—6) -0-B-D-nlt Ui 3 25 B 5 [ formononetin-8-C-B-D-xylopyranosyl-( 1—6 ) -0-8-D-glucopyranoside , 28 ] |
Yokl K % -7-0-8-D-W: I 7K 3K - (16 ) -0-B-D-l I 4 % ¥ 7 [ genistein-7-0-B-D-apiofuranosyl (1—6)-0-8-D-
glucopyranoside = ambocin, 29 1, Je k} A 26 -8-C-1k I 12 5 3-( 1 —6 ) -0-B-D-Ttk I 4 %5 1% 1F [ genistein-8-C-
apiofuranosyl-(1—6) -0-B-D-glucopyranoside, 30 ] \ K & 3 JG-7-0-8-D-nl I 45 25§ 56 - (1 —4 ) -0-B-D-nlt kg 4 %45
B H [ daidzein-7-0-B-D-glucopyranosyl-(1—4) -0-B-D-glucopyranoside , 31 ] K 5 3 J0-7-0-8-D-nl i 7 25 4 5k -
(1—4) -0-B-D-lt Wit 4 %3 B 7 [ daidzein-7-0-8-D-glucopyranosyl-( 1 —4 ) -0-8-D-glucopyranoside,, 32 ] 3'-3% 3k

H

B SR (37 -hydroxymirificin, 33) ,6”-0-D-A B 5 5 M % (6”-0-D-xylosylpuerarin, 34)

pueroside D, 11}
FI 2%

HAR N )11 E ] BE H(senkyunolide H, 10)

AR ¥ D { (4R )-3-[ 2-hydroxy-4-methoxyphenyl | -4-( 4-B8-D-glucopyranosyloxybenzyl ) - but-2-en-4-olide = AR

F}Z: [ 1( tanshinone 1, 1) | [&S+Zf ( cryptotanshinone, 2) . —. % £+ Ml 1( dihydrotanshinone I, 3) F+&

=

AL RE B 24 b 9 A A o AR S T R R A
PRBL, (2R 25 B R A A2 i

[ &% 3Tk ]
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