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Flavone (1) was eas ily re duced by us ing the elec tro chem i cal method to give two hydrodimers of
2,2 -biflavanone(racemate) (5a) and 2,2 -biflavanone(meso) (5b) and one reductive prod uct of flavanone (6).
Their yields were de pend ent on the na ture of elec trodes, the kinds of support ing elec tro lytes and the re ac tion
tem per a ture. They were found to af ford higher yields of 2,2 -biflavanone(racemate) (5a) and 2,2 -biflavan one
(meso) (5b) (32.4% and 24.8%, 35.8% and 13.4%, re spec tively,) in the re ac tion con di tions of Pb(-)/C(+)-
 H2SO4-7F/mol and C(-)/C(+)-H2SO4-5F/mol.

IN TRO DUC TION

Biflavonoids are widely dis trib uted in nat u ral plants.1

Early on, they were found to have strong bi o log i cal ac tiv i ties
in clud ing spasmolysis,2a pe riph eral vasodilatation, anti-
brady kinin ac tiv ity and antispasmogenic ac tion against pros -
ta glan din PGE1,

2b in hi bi tion of cy clic GMP and cy clic AMP
phosphodiesterase2c~d and in hi bi tion of hepatoma cells.2e Re -
cently, some biflavonoids were dem on strated to en hance sup-
pres sion of lym pho cyte preliferation,3a in hi bi tion of phos -
pholipaseCr1,

3b anti-inflammatory ac tiv ity,3c anti-HIV ac tiv-
ity,3d~e anticomplementatory ac tiv ity,3f an ti vi ral ac tiv ity3g and
chemoprevention of hepatotoxicity.3h

Many syn thetic at tempts in clud ing Ullmann cou pling,4

Baker-Venkataraman re ar range ment and cyclization,5 cy -
cliza tion from bichalcone,6 ox i da tive cou pling7 and reductive
cou pling8 were de vel oped for prep a ra tions of some bi flavonoids.
Re cently, Pd-cathode re duc tion9 and photoinduced elec tron
trans fer re ac tion10 were car ried out for trans for ma tion of fla -
vones to biflavanones. In our con tin u ous study for syn thetic
ap pli ca tion of biflavonoids, we re port herein syn the sis of
2,2 -biflavanones from fla vones via elec tro lytic reductive
cou pling.

RE SULTS AND DIS CUS SION

o-Hydroxyacetophenone (1) un der went an esterifica -
tion with benzoyl chlo ride in the pres ence of pyridine to give
o-benzoyloxyacetophenone (2) with a yield of 69.6%. o-
 Benzoyloxyacetophenone (2) fol lowed a base-catalyzed
Fries re ar range ment to con vert into o-hydroxy dibenzoyl-
methane (3) with a yield of 72.8%. Finally, flavone (4) was
ob tained from cyclization of o-hydroxydibenzoylmethane

(3) in the pres ence of acid with a yield of 32.0%, as shown in
Scheme I.11

The elec tro chem i cal re duc tion of flavone (4) was car -
ried out by us ing the H-type cell with a glass-filter di a phragm
equipped with a se ries of elec trodes and meth a nol with sul fu-
ric acid or p-toulenesulfonic acid used as sup port ing elec tro-
lytes. Flavone (4) was found to be eas ily re duced to yield two
dimers of 2,2 -biflavanone(racemate) (5a) and 2,2 -bi flavan-
one(meso) (5b) and one reductive prod uct of flavanone (6),
as shown in Scheme II.

As shown in Ta ble 1 and Ta ble 2, yields were largely af-
fected by the na ture of elec trodes, the kinds of sup port ing
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elec tro lytes and the re ac tion tem per a ture. The re ac tion con di-
tions of Pb(-)/C(+)-H2SO4-7F/mol (En try 3 in Ta ble 1) and
C(-)/C(+)-H2SO4-5F/mol (En try 4 in Ta ble 1) were found to
af ford higher yields of 2,2 -biflavanone(racemate) (2a) and
2,2 -biflavanone(meso) (2b) (32.4% and 24.8%, 35.8% and
13.4%, re spec tively). How ever, there was a higher yield of
flavanone (6) (62.1%) in the re ac tion con di tion of Cu(-)/
C(+)-H2SO4-10F/mol (En try 5 in Ta ble 1).

Elec tro lytic cou pling of , -un sat u rated car bonyl com-
pounds may have two main ways of dimerization; one is cou-

pled at the -car bon, the other is at the -car bon.12 Of ten a
, -cou pled com pound is given as a ma jor prod uct. Al though

flavone (4) has a phenyl substitutent at the 2-position, the
cou pling at the 2-position was still achieved. There fore the
mech a nism of the elec tro chem i cal re duc tion of flavone (4) is
pro posed as showed in Scheme III. Flavone (4) was first pro -
tonated to yield a cat ion (7)9 and then fol lowed to ac cept one
elec tron to give a rad i cal (8). The rad i cal (8) could un dergo
ei ther to cou ple with a rad i cal (8) and then to fol low tau tom-
er ism to af ford 2,2 -biflavanone (5a) and 2,2 -biflavanone
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Table 1. The Yields of Products for the Electrochemical Reduction of Flavone (4) at 0 C

Entries Reaction Conditions*1 Conversion Yields of Products (%)*2 Current Efficiency
(%) 5a 5b 6 (%)

1 Zn(-)/C(+), 0.1M H2SO4, 10F/mol 59.6 10.1 30.2 4.0
2 Al(-)/C(+), 0.1M H2SO4, 17F/mol 70.0 15.8 19.5 24.1 3.5
3 Pb(-)/C(+), 0.1M H2SO4, 7F/mol 68.3 32.4 24.8 2.0 8.5
4 C(-)/C(+), 0.1M H2SO4, 5F/mol 79.6 35.8 13.4 9.8
5 Cu(-)/C(+), 0.1M H2SO4, 10F/mol 100.0 4.1 2.0 62.1 6.8
6 Pt(-)/C(+), 0.1M H2SO4, 10F/mol 93.9 2.1 2.1 31.7 3.6
7 Ni(-)/C(+), 0.1M H2SO4, 15F/mol 50.3 1.1 0.8 5.6 0.4
8 Zn(-)/C(+), 0.1M PTSA, 5F/mol 62.8 24.8 8.5 6.6
9 Al(-)/C(+), 0.1M PTSA, 8F/mol 77.5 14.7 4.9 2.4
10 Pb(-)/C(+), 0.1M PTSA, 4F/mol 87.9 21.5 7.3 7.2
11 C(-)/C(+), 0.1M PTSA, 4F/mol 83.7 23.3 12.4 8.9
12 Cu(-)/C(+), 0.1M PTSA, 6F/mol 72.3 2.8 2.2 53.7 9.7
13 Pt(-)/C(+), 0.1M PTSA, 6F/mol 69.6 1.3 1.1 18.2 3.4
14 Ni(-)/C(+), 0.1M PTSA, 6F/mol 83.7 11.4 6.2 2.9

*1 PTSA: p-toulenesulfonic acid.
*2 Yield based on consumed flavone (4).

Table 2. The Temperature Effects of the Product Yields for the Electrochemical Reduction of
Flavone (4)

Yields of Products (%)*4Entries Reaction Temperature at
a Specified Condition*3 5a 5b 6

Current Efficiency
(%)

1 -10 C at A Condition 28.2 9.9 7.6
2 0 C at A Condition 35.8 13.4 9.8
3 +10 C at A Condition 16.8 11.1 2.7 6.1
4 -10 C at B Condition 9.8 5.1 2.9
5 0 C at B Condition 23.3 12.4 8.9
6 +10 C at B Condition 13.0 8.9 12.8 6.8
7 -10 C at C Condition 17.8 12.1 1.9 4.5
8 0 C at C Condition 32.4 24.8 2.0 8.5
9 +10 C at C Condition 5.1 6.1 30.4 5.9
10 -10 C at D Condition 15.5 9.6 6.3
11 0 C at D Condition 21.5 7.3 7.2
12 +10 C at D Condition 16.0 9.9 17.5 10.8

*3 A Condition: C(-)/C(+), 0.1M H2SO4, 5F/mol; B Condition: C(-)/C(+), 0.1M PTSA,
4F/mol; C Condition: Pb(-)/C(+), 0.1M H2SO4, 7F/mol; D Condition: Pb(-)/C(+), 0.1M
PTSA, 4F/mol.

*4 Yield based on consumed flavone (4).



(5b) or to ac cept a pro ton to af ford enol (10) and then to fol -
low tau tom er ism to form flavanone (6).

CON CLU SION

Flavone (4) was eas ily cou pled by us ing the elec tro-
chem i cal method to give two dimers of 2,2 -biflavan one
(racemate) (5a) and 2,2 -biflavanone(meso) (5b) and one re -
ductive prod uct of flavanone (6). Their yields were de pend-
ent on the na ture of elec trodes, the kinds of sup port ing elec -
tro lytes and the re ac tion tem per a ture. There fore 2,2 -bi-
flavanoves were eas ily syn the sized from fla vones via an elec-
tro lytic reductive cou pling.

EX PER I MEN TAL SEC TION

Gen eral
The melt ing points were mea sured with out cor rec tion

on a Yanagimoto Micromelting Point Ap pa ra tus. 1H and 13C
nu clear mag netic res o nance spec tra were mea sured on a
Varian INOVA-500 spec trom e ter. Mass spec tral were de ter-
mined on a VG Quattro GC/MS/MS DS spec trom e ter. High
res o lu tion mass spec tra were de ter mined on a VG 70-250S

GC/MS spec trom e ter. El e men tal anal y ses were mea sured on
a Heraeus CHN-O-Rapid An a lyzer.

Syn the sis of Flavone (4)
(a) o-Benzoyloxyacetophenone (2)

A so lu tion of o-hydroxyacetophenone (1) (10.04 g,
73.74 mmol) and pyridine (14.50 g, 103.15 mmol) in a flask
was stirred in a wa ter bath at 40 C and to which was added
benzoyl chlo ride (14.50 g, 103.15 mmol). The re ac tion so lu-
tion was stirred for 30 min utes at 40 C and was poured into a
so lu tion of 1 M HCl (120 mL). The pre cip i tate was fil tered
and was washed with wa ter. The prod uct was recrystallized
from meth a nol to give a white crys tal of 12.32 g of o- ben zo-
yl oxyacetophenone (2) with a yield of 69.6%, m.p. 87-8 C.
1H NMR (CDCl3, 500 MHz):  2.55 (s, 3H), 7.23-7.26 (m,
1H), 7.35-7.40 (m, 1H) 7.51-7.66 (m, 4H), 7.86-7.89 (m, 1H),
8.20-8.24 (m, 2H); 13C NMR (CDCl3, 125 MHz): 29.78,
123.90, 126.16, 128.69, 129.21, 130.26, 130.29, 131.26,
133.40, 133.81, 149.35, 165.14, 197.55; MS (FAB, m/z, %):
105 (100), 136 (55.2), 154 (64.5), 241 (14.2, M), 242 (4.3,
M+1); Anal.: Found: C: 74.32%, H: 5.03%; Calcd. for
C15H12O3: C: 74.99%, H: 5.03%.
(b) o-Hydroxydibenzoylmethane (3)

o-Benzoyloxyacetophenone (2) (3.01 g, 12.54 mmol)
was dis solved in 5 mL of dry pyridine. The so lu tion was
heated to 50 C in a wa ter bath and to which was added 1.06 g
of dry po tas sium hy drox ide (18.89 mmol). The re ac tion so lu-
tion was stirred for 30 min utes at 50 C. The so lu tion was
acid i fied by add ing 10% ace tic acid (30 mL) and the pre cip i-
tate was col lected by suc tion fil tra tion. The pre cip i tate was
recrystallized to af ford a yel low crys tal of 2.19 g of o-hydro -
xy dibenzoylmethane (3) with a yield of 72.8%, m.p. 120-1
C. 1H NMR (CDCl3, 500 MHz):  6.85 (s, 1H), 6.90-7.03 (m,

2H), 7.45-7.57 (m, 4H), 7.78-7.81 (m, 1H), 7.93-7.97 (m,
2H), 12.10 (s, 1H), 15.51 (s, 1H); 13C NMR (CDCl3, 125
MHz): 92.26, 118.80, 118.94, 119.08, 126.80, 128.49,
128.78, 128.88, 132.42, 135.84, 162.45, 177.48, 195.67; MS
(EI, m/z, %): 105 (100), 121 (13.0), 240 (m, 8.6), 241 (M+1,
1.2); MS (FAB, m/z, %): 154 (100), 240 (19.8), 241 (M+1,
46.5); Anal.: Found: C: 74.90%, H: 5.10%; Calcd. for
C15H12O3: C:74.99%, H: 5.03%.
(c) Flavone (4)

A so lu tion of o-hydroxydibenzoylmethane (3) (7.74 g,
32.25 mmol) dis solved in 55 mL of gla cial ace tic acid was
heated in a boil ing wa ter bath and to which was added 5 mL
of con cen trated sul fu ric acid. The re ac tion so lu tion was
stirred for 1 hour in a boil ing wa ter bath and was poured into
200 mL of wa ter. The pre cip i tate was fil tered and was recrys-
tallized from n-hexane to pro duce a white crys tal of 2.29 g of
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flavone (4) with a yield of 32.0%, m.p. 98-9 C. 1H NMR
(CDCl3, 500 MHz):  6.84 (s, 1H), 7.41-7.43 (m, 1H), 7.53-
 7.60 (m, 4H), 7.69-7.71 (m, 1H), 7.93-7.96 (m, 1H), 8.23-
 8.26 (m, 1H); 13C NMR (CDCl3, 125 MHz): 107.62, 118.09,
123.97, 125.24, 125.72, 126.31, 129.05, 131.61, 131.80,
133.78, 156.27, 163.42, 178.49; MS (EI, m/z, %): 92 (75.7),
120 (96.8), 165 (13.0), 194 (45.3), 222 (M, 100); MS (FAB,
m/z, %): 136 (89.4), 154 (100), 233 (M+1, 40.3); Anal.:
Found: C:81.06%, H: 4.63%; Calcd. for C15H10O2: C:
81.07%, H: 4.54%.

Typ i cal An odic Dimerization of Flavone (4)
Cath odic dimerization of flavone (4) was car ried out in

a 40 mL H-type cell with a glass-filter di a phragm equipped
with a Pb-plat (2  2 cm) as a cath ode and a graph ite rod (di -
am e ter: 0.7 cm) as an an ode. The cath ode com part ment con -
tained a so lu tion of flavone (4) (100.0 mg, 0.35 mmol) in 2
mL of meth a nol with sul fu ric acid (0.1 mL, 0.1 M) used as
sup port ing elec tro lytes. The an ode com part ment con tained a
so lu tion of 20 mL of meth a nol with sul fu ric acid (0.1 mL, 0.1
M) used as sup port ing elec tro lytes. Af ter 7 F/mol of elec tric-
ity was passed with con stant cur rent of 10 mA un der the con -
di tion of ex ter nal cool ing (0 C), the cath ode so lu tion was
evap o rated to re move the sol vent un der a re duced pres sure.
The res i due was dis solved in ethyl ether and was washed with
sat u rated aque ous so dium bi car bon ate and sat u rated brine.
The or ganic layer was dried over so dium sul fate and evap o-
rated to re move the sol vent. The res i due was chromato-
graphed on sil ica gel and was eluted with ben zene to give
three white crys tals: 2,2 -biflavanone(recemate) (5a) (32.5
mg, 0.07 mmol, 32.4%, m.p. 212-5 C), 2,2 -biflavan one
(meso) (5b) (24.9 mg, 0.06 mmol, 24.8%, m.p. 288-290 C)
and flavone (6) (2.3 mg, 2.0%, m.p. 77-80 C); 2,2 -biflavan-
one(recemate) (5a): 1H NMR (CDCl3, 500 MHz):  3.35 (d,
2H, J = 16.5 Hz), 3.96 (d, 2H, J = 16.5 Hz), 6.91-6.94 (m,
4H), 7.08-7.18 (m, 10H), 7.50-7.47 (m, 2H), 7.67-7.65 (m,
2H); 13C NMR (CDCl3, 125 MHz): 41.02, 87.96, 118.23,
121.40, 121.47, 126.48, 127.74, 128.61, 128.84, 135.00,
136.18, 159.27, 191.24; MS (EI, m/z, %): 92 (16.1), 103
(14.9), 121 (54.6), 223 (M/2, 100), 224 (M/2+1, 14.2);
HRMS: 446.1515 (M+), calcd. 446.1518; 2,2 -biflavanone
(meso) (5b): 1H NMR (CDCl3, 500 MHz):  3.12 (d, 2H, J =
16.0 Hz), 3.65 (d, 2H, J = 16.0 Hz), 6.88-6.91 (m, 2H). 7.12
(d, 2H, J = 8.0 Hz), 7.22-7.39 (m, 8H), 7.39 (d, 2H, J = 6.5
Hz), 7.46-7.49 (m, 2H), 7.58-7.60 (m, 2H); 13C NMR (CDCl3,
125 MHz): 42.42, 87.11, 117.94, 121.34, 121.50, 126.50,
128.10, 128.48, 129.09, 135.91, 126.22, 158.76, 190.50; MS
(EI, m/z, %): 121 (14.2), 223 (M/2, 100), 224 (M/2+1, 14.2);
HRMS: 446.1517 (M+), calcd. 446.1518; flavanone (6): 1H

NMR (CDCl3, 500 MHz):  2.86-2.90 (m, 1H), 3.05-3.11 (m,
1H), 5.46-5.49 (m, 1H), 7.03-7.06 (m, 2H), 7.37-7.50 (m,
6H), 7.9-7.93 (m, 1H); 13C NMR (CDCl3, 125 MHz): 30.91,
44.66, 79.59, 118.12, 121.61, 126.13, 127.03, 128.77,
128.84, 136.20, 207.01; MS (EI, m/z, %): 92 (85.0), 104
(44.7), 120 (100), 121 (22.9), 147 (45.3), 223 (21.7), 224 (M,
24.8), 225 (M+1, 3.1); HRMS: 224.0834 (M+), calcd.
224.0837.
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