FIRPEEIN G 5 FF & Nat Prod Res Dev 2015 ,27 :945-951

X E4RS :1001-6880(2015)6-0945-07

M 25 i F HER £ & K
® R FEAE T.F BK FKER

B ARG B IR RIR W) b T S % DAL ME 2544 9L U
TR ER TR E BRI R A2 T 22, 1622 710062

B BT LA2,4- TR RO (La) 2,4,6- = EIK LR (L) FRFIIRE (8) Xt F AR (9a) kL iy

JEORE, FIT Negishi 28 SUBHR SN & BAEARAE R (Ta) CREHIT(Th) FIEHEZZER A(Te) YRR (7d) TRy
SR S IR 5 o RO B 5 R B 5 Tl A AL NiCL (PPhy ), BRI 515 S HE &

TR, 557 R A i o IO 3- it (0 Ji ) B4 o 4 A Negishi 22 SIS RE AR S 78 2 3 T 25478, 25 iU

AN B el , AN B PR, B AR (7 (8 | J5 Ak BT 5, B0 2% PRI, X BRE AU, 7 i e e, AT T

TER L AN E

KB : 57 2 ; NiCl, (PPh, ), s Negishi S8 SIS ; I 5258 R A

FE 925 R284.3;0946.91;0621.3 SCEAFRIRAS:A DOI:10. 16333/j. 1001-6880. 2015. 06. 002

Total Synthesis of Four Isoflavones
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Abstract : In this paper,a new method for the synthesis of 4 isoflavones ,namely formononetin , daidzein , biochanin A and
genistein was studied. Four isoflavones were synthesized starting from substituted 2-hydroxy-acetophenone via Negishi
cross-coupling of substituted 3-iodochromones with arylzinc using NiCl, (PPh; ), as catalyst. The method has a potential
of industrialization, giving a higher atom utilization and good yield. The synthesis of the arylzinc reagent and the Negishi
cross-coupling reactions were carried out at room temperature and did not need inert gas protection. The operation was

easy and all process carried out under mild conditions. All of reagents were commonly used and friendly to environment.

The structures of synthesized isoflavones were identified by IR,'H NMR,"”C NMR and HR-MS.
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Fig. 1  Synthesis of isoflavones by the deoxybenzoin route
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&M 7Ta 7105 K; mp. 257 ~ 258 C; IR
(KBr) v, 3697,3078,2985,2835,1638,1600,1513
1453 ,1386,1316,1273,1249,1177,1100, 1025, 887,
840,813,780 em™;'H NMR ( DMSO, 300 MHz) §
10.74 (1H,s),8.24 (1H,s),7.90 (1H,d,J =8.7

Hz),7.43 (2H,d,J=8.5 Hz),6.86 (4H,m) ,3.71
(3H,s);"” C NMR (DMSO,75 MHz) §:174. 6,
162.5,158.9,157. 4,153.01,30.0,127.3,124. 2,
123.1,116.6,115.1,113.6,102. 1,55. 1 ; HR-EI-MS
m/z [M + Na] " (caled for C,(H,,0,Na;:291. 0633,
found :291.0649) ,

L& T 65 mp. 304 ~ 305 °C; IR
(KBr) v, 3509, 1941, 1816, 1710, 1616, 1536,
1499, 1417, 1323, 1296, 1267, 1207, 1112, 1059,
1029, 971, 913, 862, 805, 762, 704, 564, 536, 515
em” ;'H NMR (CDCI,,400 MHz) § 10.70 (1H,s),
9.45(1H,s),8.19 (1H,m),7.89 (1H,d,J =8.8
Hz),7.39-7.24 (2H,m),6.85 (1H,dd,J =8.8,
2.2Hz),6.78 (1H,d,J=2.0 Hz) ,6.74 (2H,d,J =
8.6 Hz,);”C NMR (CDCL,, 100 MHz) & 179. 9,
167.7,162.6,162.4,158.0,157.9,135.3,132. 5,
128.7,127.8,121.9,120. 3,120. 2,107. 3; HR-EI-
MS m/z [ M + Na]® (caled for C,5 H, O,Na:
277. 0477 ,found :277.0499) ,
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g, 2 H R 49%
WEW Tc A5 mp. 211 ~ 213 C; 1R
(KBr) v, 3515, 3355, 3111, 1723, 1636, 1592,

1537, 1482, 1379, 1321, 1279, 1210, 1156, 1074,
1037,941, 894, 862, 815, 786, 753, 713, 679, 578 ,
547,525,483 c¢m”; 'H NMR ( DMSO, 300 MHz) &
12.91 (1H,s),10.87 (1H,s),8.35 (1H,s),7.49
(2H,d,J=8.4 Hz) ,6.99 (d,J=8.3 Hz,2H) ,6.38
(s,1H),6.22 (s,1H),3.78 (s,3H); “C NMR
(DMSO0,100 MHz) & 180.1,164.3,162.0,159. 1,
157.6,154.2,130.1,122.9,121.9,113.7,104. 4,
99.0,93.7,55.1; HR-EI-MS m/z [M + Na] * (caled
for C,,H,,0,Na;307.0582,found;307.0606) .

& 7d [ mp. 299 ~ 300 °C; IR
(KBr) v, 3410, 3105, 1816, 1652, 1614, 1568,
1503, 1427, 1394, 1360, 1312, 1256, 1204, 1176,
1143,1063,1042,912, 883,843 816,788, 744,641,
613,568 ,532,488,439 c¢m™ ;'H NMR ( DMSO, 300
MHz) §12.86 (1H,s),10.79 (1H,s),9.51 (1H,
$),8.20 (1H,s),7.28 (2H,d,J =8.4 Hz),6.73
(2H,d,J=8.4 Hz),6.20 (2H,m) ;”C NMR (DM-
SO,75 MHz) & 180.2,164.2,162.0,157.5,157. 4,
153.8,130. 1,122.3,121.2,115.0,104. 4,98.9,
93.6;HR-EI-MS m/z [ M + Na] " (caled for C,sH,,
0,Na;293. 0426, found ;291.0450) ,
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K BSERE , AT P KAk, B DMF 8 5
B, ASHI TSN Y e A B PR O 3k FH S 56 5 R
() K,CO; M, 535 LA DMF | 20l PSR Sk i 700 R4 7
FLNE, SERG 2 W, L LB 1% N JLF AN
BEVEAT(ZR 1, Entry 3) ; LI DMF FI1TR Bl Sk 3% 5] 2 i
AT DLtk B2 300 51108 69% F174% (5% 1, Entries
2,4), AN R, K, COp S, XA
o ) B B IR L R AT A Ak, S5 45 SR B < 1a: MOMCI
(K,CO5 BEZR HE R 1: 1. 1: 1.8 B, P2 ) =R 5
1:1.1:2.0 8 1:1.2: 1. 8 BF /= FAH A K, B4k
SEHE K K, CO, [HE 3% MOMCI (1 & X 7= Py (1) 7= %
M AN K (3% 3, Entries 5-8), 1fi 5 4k 2 9 /)
K,CO; My MOMCI [y, F=4) = 28 25 B i R AIK
(% 1,Entries 9,10) . 1 S50, 5 2 125 0 A0 Fe
ZAF R DL K,CO, M, 1a: MOMCL: K,CO; JE /K H
Sls1. 1108, FE PN [l 2 by PR ATk
90% .
2.2 EAFIFSE EBEREHAEXT Negishi BELR
R B 2 M

L da Fl 5a BRI N MBI A SN 2540, K
$E Sk, 2EFH NICL, (PPhy ), AR, A 5
x 107 mol% , AANABLIAR , 4F 4a (R HEATHHIE , K3

®1 2-REA-FAHERERREXZMHNERFMGHMUL

Table 1  Optimization of synthesis of 1-(2-Hydroxy-4-( methoxymethoxy ) phenyl) ethanone
o] o]
1a 1b
Entry Solvent Base T(C) Molar ratios 1a: MOMCI: base Yield" (%)
1 DMF NaH 0 1:1.1:1.15 82
2 DMF K, CO; 0 1:1.1:1.15 69
3 CH; OH K,CO, 80 1:1.1:1.15 trace
4 CH, COCH,4 K,CO, 60 BRORE 74
5 CH, COCH,4 K,CO, 60 1:2.2:2.2 92
6 CH, COCH, K, CO, 60 115 1.8 90
7 CH, COCH, K, CO, 60 1:1.1:2.0 91
8 CH,COCH,4 K,CO, 60 1:1.2:1.8 89
9 CH,COCH, K, CO, 60 BREN 85
10 CH, COCH, K, CO, 60 1:1:1.8 82

“Conditions:1 a (0.8 mmol,1 equiv). “Isolated yield after silica chromatography.
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H5 Sa BEE/RHCAN 10 1.2 B3 55 1:2 i, P24 7=
RF W ZE 92% (3 2, Entries 1-3) , 504 4a 5 5a
(EEJR OB E A 1 25 BB JS K A AL 700 1 F 2 DA S
107 mol % 2 # A, % IR 2S48 AL 7 %l 4 x 107
mol% I}, ;74 7= Z JL-F- 1% A7 52 B 52 (3% 2, Entry
4) 5 T AR FH B 3 x 107 mol % i, 7= 49 7 2R 1
SRR, R 78% (3 2, Entry 5) , A IHOKE A4 4K 5

NiCl, (PPh,), (& E N 4 x 107 mol% , K T i#F—
AR , 223 FHJE /K NiCl, #1 PPhy BoiARC &
IR AR NiCl, (PPhy ), , 25 251 % B 12 i AL 51
NiCL, 4 3 x 10” mol% Z i 2 107 mol% , 74
FEEREA AR AU 80% (4% 2, Entries 6-9) . Z5 I
Jrik 4a 5 5a [ EEJR L2 10 2, 4k 57 A NiCl,
(PPh,), HEHE R4 x10°mol% ,

R2 SR Negishi X X BEAR A KA

Table 2 Optimization of synthesis of isoflavone by the Negishi cross-coupling under nickelcatalyst

MOMO. 0.
MOoMo o catalyst, ligand |
| + CH;0 ZnBr —— _ ____ ~
1 LiCl, THF, rt

o o OCH;
4a 5a 6a
Entry Catalyst Ligand " Syiﬁilry“‘:tl”;gan . Yield" (%)
1 NiCl, ( PPh; ), _c 1:1.2:0.05:0 79
2 NiCl, ( PPh; ), - 1:1.5:0.05:0 83
3 NiCl, (PPh, ), - 1:2:0.05:0 92
4 NiCl, (PPhy ), - 1:2:0.04:0 91
5 NiCl, (PPh, ), - 1:2:0.03:0 78
6 NiCl, PPh, 1:2:0.03:0.06 76
7 NiCl, PPh, 1:2:0.05:0.1 81
8 NiCl, PPh, 1:2:0.08:0. 16 79
9 NiCl, PPh, 1:2:0.1:0.2 80
“Conditions :4a (0.2 mmol, 1 equiv) ,LiC1(0.3 mmol,1.5 equiv) ,THF(1.5 mL) ,room temperature, 1 h. *Isolated yield after silica chromatography. * No
ligand.
2 Laupattarakasem P, Houghton PJ, Robin J,et al. Antiinflam-
3 NG
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