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Seperation and purification of daidzein by agar gel microspheres bonded
p-cyclodextrin study on and its chromatographic mechanism
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Abstract: Objective Daidzein was efficiently purified by agar gel microspheres bonded B-cyclodextrin (AG-B-CD). Methods
Using agar as raw material, after emulsification, crosslinking, and bonding B-CD as functional group, AG-B-CD was synthesized for
the purification of daidzein, and the purification process was determined and proved with mobile phase, flow rate, and loading capacity
of microspheres. The structure of daidzein was identified by MS and NMR, AG-B-CD was chromatographically evaluated with
daidzein, EGCG, and puerarin as the following tripartition such as difference of retention behavior on C;g reversed phase column
chromatography, molecular simulation by autoDOCK4.0, and retention time curves on AG-B-CD with different contents of acetonitrile.
Results The main component of soybean isoflavone was daidzein (57.14%). The loading quantity of AG-B-CD was 1.33 mg/mL,
flow rate was 2 BV/h, eluted by 2 BV of 20% ethanol, 1.33 BV of 40% ethanol, and 6—7 BV of 70% ethanol, the content was > 95%,
purity of daidzein (96.98%) was obtained with 97.86% yield. Chromatographic mechanism research showed that AG--CD had
hydrophilic interaction chromatography and reversed-phase chromatography. Conclusion AG-B-CD is capable of highly efficient
purification of daidzein.
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K55 (soybean isoflavone) J& M KELH
FEIS B I A A AL T PR () — S IR AR A
PR SAR . K 2l b F A 12 %, 28K
G (daidzin group). T F12E (glycitin group)
DL GBI ARTF 2 (genistin group) 3 28, FH LI
YR E TV i € D W s d L LB € T (K N
IR BB R 52 B £ E RIS
KEWICEN RS e E i F 2k sy —, HAdt
OERHE P DU E L BT, P
AN 7110 L N (1 7 {28 P\ /AN R N2 5051 N ok A
B IR, MERCEFER TR . U o
BRA PEEHLA SR ) B A 3 R R
O ] eV o R 2 BRGE A . H RTREOK E  )
il & Z 4L P E K S SR A TS, B R G
F AL gt b . Xu 2R I RIACE . 45,
ferngifh ., B R E AR AR TR TG B
/b e 2B SR e J A i Ak J5 K S 0 0 2 B0A
] 90%; Yang 25U OTH P v S L (03 MK ERTAR
Yy 1S 2 E S B0 99% MK G . UL BTk
BB, AR R, BNECR, AR
WA R T i B K S T

B-FAMIKG (B-CD) & 7 ANt g 4] 26 B 5.6 od
o a-1,4 BRI “ARSRIK, WK FRRA
JeE AR A G, Hods B IR R R RSy
FREE IR R (RS RITLE RN .
ey KK EHD R AR ER (R iRAl
EH . m-m W AEHT . BB s A HD
SHE AT IRBINT, HE LadkEErE, £ B-CD
St AN () Pl A3 5 1 [0 5 A P SR i s AR UYL %
BETILKER B THEE (EGCG) ML HhRA
P . ASZEG LIS B-CD BREEIR R (AG-B-
CD) 1ER 53 B 5T, TR S e s ke oK 1
TG 2tk Xelife T EAT T, FEXTHE
T HLEIREAT T AT,

1 UE5HH

Waters e2695 iR ZOBAH (451X, 2998 PDA Hirill
o5+ Waters C-18 £, K[H Waters A F]; (O1E4E:,
GRS ST AR T s A 2 v AR A €3
LC3000, i “JuhhEA. SRAMGM . REH,
R EPFHEEREAT A W] s AUWI20D Efc
MR, HABEEAH .

KESFEHEI A (LS 20140428, KE 0%
B 57.14%) . KEH I (20150817, Jit

HOH=98%). BEIRE (20150516, Fimn%i=
98%). EGCG (20151109, Jit/340=98%), Wiz
IRAREYR AR AR HEE, ik, 55 Merck
AT TKCEE, mhral, Btk TR A A PR A
LK. B-CD~ M. m4L 85, Wbk
FIABR A W HARF 0 o Hrati.

2 HEE4R

2.1 AG-B-CD HI%|#%&

S22 KT b . OB IR R
BRAIAG: B 1 LAY 0.1 g/mL OBAR /KIS, i
NGRS, N 1 LIRA S AR AL TR (BR
Cle-F AL 85, 40 1) HiFEFA 30 min, HiUE, &
W R Al A 7K A8 B Bk % 25 PRk AR T AH AN FL AR 745 21 B
HEHEN AR . @#RERAT R : HY 100 g #RER I 100 mL
gtk a, BiRET AU 15 g FIBRIREY, 4 mL
1) 50% NaOH F1 1.2 g BiEE 5, Z218 i 25 mL
WA SN HERT 50 mL 1) 50% NaOH Ji5, T 50 ‘CJil
AP 18 h, WHIREMEM LRI pH 5.0~6.0,
8 J5 SR ALA K AT B P AT RIS HCER . O
£ B-CD: HL 5 g B-CD JIA 100 mL Zlik /K i fig
Ja, M 100 g ACHRIMEK, SRR, 153
AG-p-CD.

BRI e S, OGRS 0.300. 0.100. 0.068
mm i 9 R BN I EA T 0 328 » Gl I 0.068 mm i W4 (1)
UERF TS ai e A, @R s (SEM) M
LA SR IR 5 43 BT O 5 RAR /N B FL a3 A
RIL AG-B-CD ki A s), IPkise KA
(12.3940.80) pm, W& 1.

22 KREHTOWEN A

221 (AR iRl Waters C-18 A (250
mmX4.6 mm, 5 um), VisIAHAIK-FHEL, BElT
K BEEBEME: 0~15 min, 35%; 15~20 min,
35%~65%H i ; 20~40 min, 65%~55% HlE; 40~
50 min, 55%~35%HE; AP 254 nm, AR
Ui 1.0 mL/min, #FiF 25 C, HEFEE 10 L. O
KL 2,

222 WHSREEIECE] OREFRFREL 50 mg K 1FIT
R A 50 mL S, 30 R o8 4 05 O
SERBZIE, AR o R

223 A EEICH] RS ERRRIUR & 5 2 AR
50 mg % 50 mL &, 2l n R A o 4 ) O
ERBZEGS, 1022 pm FIBALIER, I
R K S A
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BH 5%

B4/ um

B 1 AG-B-CDHJSEM BH (A) REKZENTH (B)
Fig. 1 SEM micrograph (A) and particle size distribution
(B) of AG-B-CD

A NSRSV

B KEHIT

T T JIA T T = T T T T T 1
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2 REERTMEM A) MXEZFEER B) B
HPLC
Fig. 2 HPLC of reference substance (A) and crude product

(B) of soybean isoflavone

224 ZPEVEHEFEE OREE RO G AT o0 UL
W% 6+ 5. 4. 3. 2. ImL T 10 mL &4, jnF
MEE R BRI LGRS, %I “2.2.17 TR a4
PRRERE, DUERE SR REARER (XD, MR A bR
(V), ilbrde s, RN Y=3.14X107
X+1.18X10°, r=0.999 8, ZIEEHA 0.1~0.6
mg/mL.

225 REEREOALS  HOGHHE SIS, g 92217
T A B L IERE 6 VK, il st ik I i AR, H RSD

h0.76%, 45 FR ARG % R AT
2.2.6 FamtEREe MR AR R, R
0. 2. 4. 8, 12. 24hJg, % “22.17 Ik
100 5 Ve THIAR, L RSD 4 0.97%, 25 R AR i
VEWAE 24 h 2 FR0E 1 .
227 EEMERE  EEPOCE R EEH S 6
By, FEH “2.2.37 TJ5IETAT % FRE AR i
w6, T “2.2.17 WG AN e A, T
ARG CESE, HRSD 4 1.12%, RFELE
PER 4.
2.2.8 OFEMEICRAE I “2.2.37 TUR A FREX
50 mg K& e {ilk b 6 43, 43 M 3 mL K5
HFoR T 50 mL S, i B RO e
BRUIEL, R “2.2.17 WA 44 & 311,
HOP R IBEIR% ol 100.23%, RSD 24 1.34%.
2.3 AG-B-CD " BEHAUAEEHTT

HU AG-B-CD BERIMER A (A (10 mm X 40
em) 1, FAifb KBRS A, FEAAFA (30.0£0.5)
mL, FA5E R RS R Ok RS B, HE)
FHHEAT P4 60 min. FREX 20 mg K 555 3 FRLKL v
N G EAE, SEAMEI A IR I 254 nm,
FEAAR IS, W e RO, M 10 mL YicdkE
1 X, it HPLC s A sk ali i 5, 5980
O (PR ai g, hTmARH— AR 2D =95%
VeI o
231 WAHIE S ISR B R 2 4 A
#, LCRERKVE R T4k,  EABEm A
oA 1 mL/min JEATYEMG, SEIEE KR, 15%
CTEAE RSN AYEN 200 min J5, FERIELLYE
JBE T K5 11T 70% £ T i % TIOR3 o VeI Ok
R DL 26 =Rl A 4l H I (B 3-A), Rtk
WAIAHIIPLA X T BB 15%~T70% LT

2 20% LR 2 BV Jib, S A4 AR VE N
K, ¥ LREMRFUY B INE] 70%, PG ICTE
R K s U H=95% M K AT T ilieF ol 88.64%
(K 3-B, WAERAI A 105~135 min), {H/DEHIZ
KRG CES, R EReE.

AREERIIN 20% LPBEGEMARRRIN e LUK Ho A 2
5 K G e oy 25, o BAEA H AR =)
(PR B 3K, BRI n 1 ANPEsEE, LUA S5
RSB SR ) H Y, SRR 20% L
(0~60 min). 40%ZEE (60~100 min). 70%Z. %
(100~200 min), K& HIGREE H AR D15 2K 4T
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Hh oy B (B 3-CO, nT LA 2 4 Mk, @i HPLC
SRR, Hrh ki 4 COREA A 120~180
min) JE KRG HICE LB, ESECH 97.76%
(Kl 4,

232 PEARBIREMAEE BRI 20 mg KW 53
FfH S, OSSR RUA REEAR R (BV) [R) b, 4%
20% 40 (2 BV) 40% 405 (1.3 BV) Pellit)E, 70%
LIRS VENG, SEAT I AT R, MBI RR R
N 2 mL/min, TR 7340 =95% (1 K G TCCE Ny

96.79% (/341 97.53%), BINF| 3 mL/min, J&
HTH=95% KT TOIR A 76.28% (it 734
97.81%).

PLK A o (3 5 &7 20 = 95% M R ok Fa b
52, JrEHEEEE (B 5, B N
S =95%M K G T, FRD WAL, nsk
AR, (O 3 R0 4 (14 BB IRA, Akiss
BAHCE , RBA R 2 mL/min NN, 2444k
AR RIS 3 mL/min J&, WERIRGE R .

A A i B g C
70% £ 20%Z 1 (0~60 min) 20%Z M (0~60 min)
70%Z. 1 (60~200 min) 40%ZME (60~100 min)
70%Z i (100~200 min)
0 40 80 120 160 200 O 40 80 120 160 200 O 40 80 120 160 200
t/min
3 AG-B-CD #it XK= ZEERIH & &IEE
Fig.3 Preparative chromatogram of purification of soybean isoflavone by AG--CD
K 3-C U 1: Kl 3-C I 2: Kl 3-C I 3: [ 3-C I 4:
0~45 min 45~100 min 100~120 min 120~180 min
‘JM
0 15 30 45 0 15 30 45 0 15 30 45 0 15 30 45
t/min
4 AG-B-CD it X5 5 HiR HPLC
Fig. 4 HPLC of soybean isoflavone purified by AG-$-CD

PR 2 mL-min !
VBIAH:

20%Z. 8 (0~30 min)
40%Z % (30~50 min)
70%Z. (50~200 min)

R 3 mLmin”!
WAIAH:

20%Z.8E (0~20 min)
40%Z. % (20~33 min)
70%Z. 1% (33~200 min)

)

200

0 40 80 200

t/min

5 AFREMFFRER AG--CD U KEHTHI & EIZE

Fig.5 Preparative chromatogram of different flow rate for purification of daidzein by AG-p-CD
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AR R A N, 8 s ) I S 560 A IR
KR A i ERE RGN 2] 30 mg B, PEBAATR
Uit 2 mL/min B, JE53 40 =95% K G olieR
I NBE, 4 78.47%. LEFTULIRCR . ki
AR 3 ANJT I #%EE, 2 BV/h (1 mL/min) FIVERR
AR B IR B Al R et
233 fERfE (ERE N BREE SRR
Lo %% e el E G, AR A
AR 30 mg:

JiiE 441 98.60%
KR 97.64%

WA RS FIAT AR, 4 O AL 5 IR A e 2
RS 1 mL/min, 23 7F%HEL 30, 40, 50 mg KT
SIS, B G EAE,
WS (K] 6), HPLC K)o &7 FOR i i

HHACR . gREY], LR 40 mg, B4/
ks 1.33 mg/mL (LR S MEREAR
L) IR e, BT 97.66%I I # ik 2]
97.23%.

3k 40 mg: ki 50 mg:
T4 97.66% JH A 97.17%

WK 97.23% R 87.64%

KEH TG PNGAE T PNGAE N
0 70 140 210 280 350 0 70 140 210 280 350 0 70 140 210 280 350
t/min

6 AEREkGEHER AG--CD it XEHThHlFEIZE
Fig. 6 Preparative chromatogram of different sample loading for purification of daidzein by AG-p-CD

24 GHMEE

Wik HPLC 23 #7 T AR K 57 S S i = B A 43
AR S I E g 4, EMRENRE 120~
180 min, HAR™ ¥ i /3 B0, M ik fEiR
ARG, E R PR A Ja VA VR TR A T A
i il £, PG AR IR S e A . R
f AR B (R K s HR-ESI-MS (m/z): 255.062 05 [M+
H]" (WF5Y 255.062 05), #5120 C1sH 0043
'H-NMR (DMSO-d, 400 MHz) ¢: 8.28 (1H, s, H-2),
7.96 (1H, d, J = 8.8 Hz, H-5), 7.39 (2H, d, J = 8.8 Hz,
H-2', 6"), 6.93 (1H, dd, J= 8.8, 2.0 Hz, H-6), 6.86 (1H,
d, J=2.0 Hz, H-8), 6.81 (2H, d, J= 8.8 Hz, H-3', 5');
BC-NMR (100 MHz, DMSO-dg) &: 174.7 (C-4), 163.1
(C-7), 157.5 (C-9), 157.2 (C-2), 152.7 (C-4"), 130.0
(C-2', 6'), 1272 (C-5), 123.4 (C-1), 122.6 (C-3),
116.3 (C-10), 115.4 (C-6), 114.9 (C-3', 5), 102.1
(C-8)o VA il et 55 ek s A — 5P, %o
Hgb ¥ h K E A,
2.5 IHERLE

R IR E kA, AR (30.0+
0.5) mL, % 1.33 mg/mL Fa AL iR 20 s)

FFE TR 2 BV/h AR R ERERIVERG, SeBi R
M 20%L 0% 2 BV, 40%.% 1.33 BV, 70%L B
it 6~7 BV. I&RURAEAIA:, 8 3 HLUGT
R, g5RINE 1, AIEEIWE 7. MR 25 R
RO, KGN M ET AG-B-CD 4tk a1k
GAFICF I R H0k F] 96.98%, RSD A 0.22%:
SERIWCR L F] 97.86%, RSD N 0.20%; K,
AG-B-CD 4l K5 Ia i 7 V2 2 Ae e il 5E I
2.6 BIBITASS BN

CAZEHR A Jrokh, B FLAG . ACHE S 4% B g it
IAAER, HEES B-CD ThfeREHDN K e i AT
aifl, LR FEPORIL, WAES B-CD HBiiEEE
IRAHER , TR AE A K AR 2RI 2 = iR B A AL

£z 1 AG-B-CD @t KT HTIIERLE
Table1 Vertification of purification of daidzein by AG-p-CD

i eI 1A /min T 50 450 % /%
1 140~210 96.89 97.89
2 140~210 97.23 97.65
3 130~200 96.83 98.03

") 4= 95% 1 K T ST N TR

"collection time of daidzein at purity > 95%
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0 70 140 210 280 350
t/min

&7 AG-B-CD @it XS H THlE G iLEERIE
Fig. 7  Vertification of preparative chromatogram for

purification of daidzein by AG-$-CD

XK 52 S B AL ot BEAS TR BRI 23 B AR, DRI ER
] AG-B-CD (10 Bft-5 7 254 HIYE-T- B-CD.
2.6.1 {REALTTAELE:  B-CD [& 5 AHAE H 42 3
Tl HOE R 2 ()2 SR A A I AT, AR
I LL EGCG. E#E (puerarin) FUKGH T AT
X5, JHI Crg (LA I (s IR E AT AT XS T
PRI 2 mg [ EGCG. BRE . KT ICIR G %R
T 10%HEE, Cig (REFE 1 % 4 1 bR 5 A S
K&EN 275 nm 5, HARSARE “2.2.17 T,
AG-B-CD [t il A AUA% FAE AR “2.37 TiAH [,
TENAHZ IR 10% i (0~80 min), 70% H i (80~
150 min), 100%H i (150~300 min), AFIE 1
mL/min FEATHENE; et 3 B BRI, SEAMNK
K E N 275 nm,

MG S AR O 1% 2 B IR B, R [R] Ak S A3
G IR 11 2 S T 1 380 0 5 o AR A 61 8 77, EGCG
B R KEH TCAE Crg T AL ARG 2
EGCG> 5% > K 10; MifE AG-B-CD ', %
WEBR VR, JLVEINUT A B % > K o>
EGCG, ¥EBNT5 RAHGEEFE Cg HATEE—EL,
LI EI% 3 AG-B-CD MR 50 BAF R T
B-CD s 4l T G /K VE 4, A FoA SR
D)t B — P RE
2.6.2 4 RIS R ARG T REIE N IOMIRE
Jis, SRR S s R AR DC LA Y e f Yy, IL
HHRI 2> FIRER 200~800 124K TN E A
HAs s RSP 5 5 autoDOCK4.0 BT 43 145
Tz, MWAEEEME, EGCG 5 B-CD it 4% [

A KEGHTT
B
EGCG
r T T T T T T T 1
0 10 20 30 40 50
t/min
B

B EGCG

0 50 100 150 200 250 300
t/min
B8 3FMEENLESYIN Cs HPLC E (A) 1 AG--CD
HEREEIEE (B)
Fig. 8 C;3 HPLC of three kind of flavonoids (A) and
preparation chromatogram of AG-p-CD (B)

BN, AN TEEALEN B-CD 14,
W e EEY); KEH s RN, BN
B-CD WK, 52 sk AR SR 30 73 45 1)
55 B-IARIDRG 25 AT VLT, 1 FH AR 59 (B 9) - B4R EGCG,
B EN KRG0S B-CD i AHAE LRI, 5
Hoor v g G i kaoe Pt 2 HAEH ) 2561
i, WEOKVER ) ABER ) Y5, K
' EGCG 5 B-CD JEI4 & A g/ (-AG=
—6.7), BEHRAEN, LI KEHIT (-AG=
—-5.4), ZEERERIIIRERE (-AG=-5.14),
DR o] AT 3 Rk S50 £ B e & EGCG> K
SN >ERE, SRR
2.6.3 fREAMLEIIFY DL EGCG. HiREM KRG
TCMHWFR A%, SFREL 2 mg K% IR AR T
ISR, W5 AG-p-CD AN[FAF > $1H) £ I
X3 PR E IR AT (BRimahAash, I
TGS F] “2.6.17)

FEAALSEIG IS RE R R, 3 PRI AL A I AR
B I TR A LR RS A4k, FREILH “U” Ui
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WIER-B-CD L&YW

EGCG-B-CD E45Y

9 RIZER B-CD EEHLEH
Fig. 9 Most stable -CD complexes

ek (B 100, 53cikRkiE—80>, LHE EGCG
IR B AR IR, 20% LSRR 300 min
HMELLEE T K, 60% & Mg Ok B IS 1Al dse R, 117 100% &
S 200 min CARMELAYEE, X5 2- 3G
Ji P R J L C BR B 2 R G 5 4 15 | ) st 7K P
X2 MR IR AL SR A G, B ER KT
W BT AH IR MK FISE /K 8544, AT B-CD “ Ak
K, WEK” MEMHEAER, &H AG-B8-CD K
A 28K E ABRELR 5 B EH .

120+ \
) / B
X o 3
100 \\ / v Ky
/ + EGCG
g 801 \ /
£ N/
= \
= 90 \/
B Y
K ] v
40 - . . —3
v
20 R
0 T T T T T T T T
20 40 60 80 100
L%

& 10 3 FhEEN{L SR BB BT E) phik

Fig. 10 Retention time curves of three kinds of flavonoids
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At BT K FRINES TP AL St
ARG SR IR A 77 i SRAEAR K AF B .

S0k

(11 W82, MERMR, £ db, 55 SO s 8osoH 0% 28
# A KRB (7). (i, 2006, 24(4):
363-366.

[2] Setchell K D R, Brown N M, Linda Z N, et al. Evidence
for lack of absorption of soy isoflavone glycosides in
humans, supporting the crucial role of intestinal
metabolism for bioavailability [J]. Am J Clin Nutr, 2002,
76(2): 447-453.

[31 MHbm, BE U, 8, A KRG HICHOHR AR
RS [J]. s E 25 2%, 2003, 28(9): 853-856.

(41 M, B, BRANEE SR RGO R ) Sk
AU JE R B L = A A 5E W [J]. P 2R,
2007, 32(14): 1449-1452.

(51 B, xiEssn, B 5, & KSR I K RO AL
NEJE 5L EAL o ER P AE R [7]. P32y, 2007, 38(11):
1673-16717.

[6] Jin S, Zhang Q Y, Kang X M, et al. Daidzein induces
MCEF-7 breast cancer cell apoptosis via the mitochondrial
pathway [J]. Ann Oncol, 2010, 21: 263-268.

[7] Liu X, Suzuki N, Laxmi Y R S, ef al. Anti-breast cancer
potential of daidzein in rodents [J]. Life Sci, 2012,
91(11/12): 415-419.

[8] Roghani M, Mahdavi M R V, Jalali-Nadoushan M R, et

al. Chronic administration of daidzein, a soybean



* 2634 °

¢ %% Chinese Traditional and Herbal Drugs

B a7 F15H 20165E8 A

9]

[10]

[11]

[14]

[15]

[16]

isoflavone, improves endothelial dysfunction and
attenuates oxidative stress in streptozotocin-induced
diabetic rats [J]. Phytother Res, 2013, 27(1): 112-117.
WL, AR W, B, SF. KGR SN T R
AN R TAGR [7]. P2, 2014, 45(2):
227-231.

Choi EY, JinJY, LeeJ Y, et al. Anti-inflammatory effects
and the underlying mechanisms of action of daidzein in
murine macrophages stimulated with iPrevotella
intermedia/i lipopolysaccharide [J]. J Periodontal Res,
2012, 47(2): 204-211.

Ma T C, Campana A, Lange P S, ef al. A large-scale
chemical screen for regulators of the arginase 1 promoter
identifies the soy isoflavone daidzeinas a clinically
approved small molecule that can promote neuronal
protection or regeneration via a cAMP-independent
pathway [J]. J Neurosci, 2010, 30(2): 739-748.

(5 A N IR T =70 N NIVAS € e 2T il ) i
JE [J]. *FEZY, 2008, 39(9): 1429-1434.

A, T4k, AR, S5 JURPRSRAREH IO
2P EL K U [ A F s 0], T R 2y B A AR,
2004, 20(3): 276-279.

Xu H N, He C H. Extraction of isoflavones from stem of
Pueraria lobata (Willd.) Ohwi using n-butanol/water
two-phase solvent system and separation of daidzein [J].
Sep Purif Technol, 2007, 56(1): 85-89.

R, AR R IR R TR 23 B K S B Y T
MIEsE (9], A, 2009, 28(1): 29-32.

Yang F Q, Ma Y, Ito Y. Separation and purification of
isoflavones from a crude soybean extract by high-speed

counter-current chromatography [J]. J Chromatogr A,

[17]

[20]

(25]

[26]

2001, 928(2): 163-170.

25 B, IR, TR B-ERMIDRAT AR o Tk
APURIHLE R AT B I (0], i, 2010,
28(4): 413-421.

TR, ORAT, Janson J C. FIF B-FRRIPRS B & [ 2 A
SrEALE I ER [, {1, 2003, 21(6): 610-613.

Lai S M, GulJ Y, Huang B H, et al. Preparative separation
and purification of epigallocatechin gallate from green tea
extracts using a silica adsorbent containing -cyclodextrin
[1]. J Chromatogr B, 2012, 887/888: 112-121.

Li SR, Chen P Y, Chen LY, et al. Synthesis of haginin E,
equol, daidzein, and formononetin from resorcinol via an
isoflavene intermediate [J]. Tetrahedron Lett, 2009,
50(18): 2121-2123.

ik . BOIRRER ORI B AN (D] B
JEntfE TR, 2015,

RERA, AR, kEE, % DEAE-BRIREEIR kI
il %% J2A£ R-PE M1 C-PC $2IU X B N [J]. Brdh T
MR, 2016, 37(2): 301-306.

BIGRGH, I8 AL ORAEE JsURE ORGSR B A HPLC 7
Mg [3]. Jeikss =, 2007, 24(2): 268-270.

Li SR, Chen P Y, Chen LY, et al. Synthesis of haginin E,
equol, daidzein, and formononetin from resorcinol via an
isoflavene intermediate [J]. Tetrahedron Lett, 2009,
50(18): 2121-2123.

IREE, TR, SIS, AF. AR TSR Sk
1 B-FRIRS [ A1 2 A A R AT 0TI (0] &
i 2013, 31(3): 185-190.

HEPRAE, BUKE, SRV, 5. 0 FEHURTIT B-FARIE
AR 7 BORBIHLEL ], JEste TR AR
RBIZ£R, 2012, 39(1): 83-88.



