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Abstract—gem-Difluoromethylenated biflavonoid 1 was synthesized via the Suzuki coupling reaction. The key intermediate 6-iodo-
nated flavone 4 was regioselectively synthesized by the use of AgOAc/I2 under mild conditions without handling of a strongly toxic
reagent. The key step was the formation of a flavone 3 0-boronate 3 using a palladium-catalyzed exchange of the corresponding 3 0-
iodonated flavone with a diboron reagent.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1. Retrosynthetic analysis.
Biflavonoids are a group of naturally occurring com-
pounds and possess a broad range of pharmacological
properties including anti-oxidant, anti-microbial, anti-
inflammatory and anti-cancer properties.1–3 However,
the anti-cancer activity of biflavonoids is low. It is
known that fluorine is the most electronegative element
and the van der Waals radius of fluorine is close to that
of hydrogen. The introduction of the trifluoromethyl
(CF3) or gem-difluoromethylene (CF2) group into
organic molecules often changes their physiological,
physical and chemical properties dramatically, without
extra steric demand. We have recently reported that
introduction of CF3 group into flavonoids molecule
can enhance their anti-cancer activities.4,5 Despite the
wide occurrence and biological importance of biflavo-
noids, synthetic efforts towards efficient preparation of
fluorinated biflavonoids are rarely reported. As a part
of our current work on the search for anti-cancer sub-
stances with high efficacy, low toxicity and minimum
of side effects, we describe herein the synthesis of gem-
difluoromethylenated biflavonoid 1.

We envisaged that 1 could be constructed from 6-iodo-
flavone 2 and the 3 0-boronate 3 via a Suzuki coupling
reaction (Scheme 1).
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Compound 2 was prepared as outlined in Scheme 2.
Condensation of phloroglucinol with chloroacetonitrile
catalyzed by ZnCl2 and HCl gas followed by hydrolysis
provided ketone 7 in 65% yield. Treatment of 7 with p-
hydroxytolualdehyde in the presence of excess NaOH in
H2O/EtOH and followed by acidification with aqueous
HCl gave the expected compound 6 in 92% yield.6 Based
on our knowledge of the chemistry of flavonoids, the
5-hydroxy group of 6 was hydrogen bonded to the
adjacent carbonyl group, and thus not readily gem-
difluoromethylenated.7 Chemoselective 4 0-O- and 7-O-
gem-difluoromethylenation of 6 was therefore readily
achieved using HCF2Cl gas in the presence of NaOH
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in dioxane/H2O and compound 5 was obtained in 46%
yield.8 The iodination of 5,7-dioxygenated flavones are
known to occur rather at C8.4,9 To our best knowledge,
there were two methodologies, to provide 6-iodoflav-
ones in good yield in the literature. One of them
required TlOAc, a highly toxic reagent,10 the other
was regioselective 6-iodination of 5,7-dioxygenated flav-
ones by the use of benzyltrimethylammonium dichloro-
iodate.9 We regioselectively prepared 6-iodonated
flavone 4 in 88% yield from compound 5 with AgOAc/
I2 under mild conditions.11 The methylation of 4 was
accomplished with CH3I in the presence of K2CO3 to
give compound 2 in 93% yield.

Compound 3 was prepared according to Scheme 3.
Compound 11 was prepared from resorcinol in the same
manner as compound 7. Compound 10, prepared from
4-methoxybenzaldehyde with ICl in AcOH at 60 �C,
was reacted with 11 in the presence of excess NaOH in
H2O/EtOH and followed by acidification with aqueous
HCl to give the expected compound 9 in 90% yield.
The methylation of 9 was carried out with CH3I in the
presence of K2CO3 in acetone to afford 8 in 95% yield.
Following the literature procedure,10 a mixture of com-
pound 8, bis(pinacolato)diboron, KOAc and PdCl2
(dppf) in DMF was stirred at 80 �C overnight. The
expected compound 3 was obtained by column chroma-
tography on silica gel. The cross coupling of compound
3 with 2 by a standard Suzuki reaction conditions12
gave the desired biflavonoid 113 in 33% yield based on
compound 8.

In summary, we have described a synthesis of
gem-difluoromethylenated biflavonoid 1 via the Suzuki
coupling reaction. The key intermediate 6-iodonated
flavone 4 was regioselectively synthesized by the use of
AgOAc/I2 under mild conditions without the handling
of a strongly toxic reagent.
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