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ABSTRACT

The regioselective synthesis of chafurosides A (1) and B (2) from the same methyl ketone 5 was accomplished using a novel protecting group
strategy. Both flavone rings were constructed from �-diketone intermediate 4, which was readily obtained by condensation of an acyl donor
and ketone 5. Construction of the dihydrofuran ring was achieved via an intramolecular Mitsunobu reaction.

Oolong tea extract exhibits a suppressive effect for type I
and IV reactions related to atopic dermatitis.1 A novel flavone
C-glycoside, chafuroside A (1),2 which displays potent
inhibitory activity against DNFB (2,4-dinitrofluorobenzene)
induced contact hypersensitivity in mice, at a concentration
of 1.0-10 µg/kg, has been isolated as the active ingredient.
Flavonoids typically exhibit moderate anti-inflammatory
activity, but 1 shows significantly potent anti-inflammatory
activity compared to other flavonoids, including isovitexin,
vitexin, and apigenin.3 Although oolong tea has a particularly
high content of 1, the compound provided by the natural
source is not enough for further study of its biological
functions.

Due to the remarkable bioactivity of 1 and the regioiso-
meric skeleton of newly isolated chafuroside B (2)4 com-

posed of a dihydrofuran ring between the 2′ and 7-OH and
a C-glycoside bond at the C8 position, efficient total
syntheses of 1 and 2 are highly desired. Because 1 and 2
possess similar skeleta, an efficient synthetic method for
construction of the flavone ring should be a key step for the
synthesis of these minor nutritional ingredients. Since we
could not achieve efficient formation of the flavone ring in
the previous study in 2004,5 we have continuously made
efforts to develop an efficient synthetic method for obtaining
the flavone ring6 and we succeeded in applying a new
protocol in the second generation of total synthesis of 1 and
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Kleinschmidt, K.; Weissenböck, G.; Klein, M. Plant Physiol. 2007, 144,
432.

(4) Detailed data of isolation and structure elucidation of chafuroside B
are described in Supporting Information sections II and III.

Figure 1. Structures of 1 and 2.7
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2. Herein we report the details of these synthetic investiga-
tions.

Scheme 1 illustrates our synthetic plan. According to our
previous synthetic investigation of 1,5a the dihydrofuran ring
of 1 and 2 could be constructed by Mitsunobu conditions8

at a late stage in the synthesis. Thus, the crucial step in the
syntheses of 1 and 2 would be regioselective construction

of isovitexin (3a) and vitexin (3b). Because the conversion
of the flavone ring from a �-diketone intermediate has been
reported,9,10 3a and 3b could be derived from appropriately
protected 4a and 4b, respectively.11 To construct �-diketone
4, an alkylation reaction between acyl donor equivalent 9
and methyl ketone 5 would be suitable because C-glycoside
5 is readily available from O-glycosidation and a subsequent
O-C rearrangement between glucosyl imidate 6 and an
acetophenone derivative 7.12

As shown in Scheme 2, the synthesis of chafuroside A
(1) began from tetra-O-benzyl-D-glucosyl imidate (6)12a and
acetophenone derivative 7, which was synthesized according
to Cairns’ method.13 Upon treatment of 6 and 7 with
TMSOTf, O-glycosidation and successive O-C rearrange-
ment (Fries rearrangement)14 proceeded smoothly to give
an aryl C-glucoside 5. In this reaction, O-glucoside 8 was
detected by terminating the reaction after a short time.12

Because of the different reactivity for each phenolic hydroxyl
group of 5, various protecting groups were incorporated in
a stepwise manner.15 The less hindered 8a-OH of 5 was
selectively protected by treatment with TBDPSCl and
imidazole to give mono-TBDPS ether. The reactivity of the
remaining free phenol was low due to hydrogen bonding with
the neighboring carbonyl group as well as steric hindrance
from both substituents at the ortho positions. After several
attempts to protect the phenol,15 we found that the Mitsunobu
conditions were suitable for alkylation of the remaining
phenol. Thus, treatment of the phenol with benzyl alcohol
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Scheme 1. Retrosynthetic Analysis of 1 and 2
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in the presence of PPh3 and DEAD proceeded smoothly, and
the protection reaction gave key intermediate 5a. For the
acyl donor unit, we selected a 1-acylbenzotriazole 916 due
to its stability under several conditions. Upon treatment of
5a and 9 using KHMDS, the desired acylation reaction
predominantly produced desired �-diketone 4a. Treatment
with TBAF removed the TBDPS group. Sequential cycliza-
tion and dehydration were performed by heating in toluene
with p-TsOH to afford selectively protected isovitexin
derivative 10. Although a concomitant deprotection of benzyl
group at 5-OH occurred during the cyclization reaction,12h

the ring closure product with a hindered phenol such as the
vitexin type was not detected in this step. Removal of the
benzyl groups of 10 was carried out by hydrogenolysis
conditions to provide the isovitexin 3a in good yield. The
critical dihydrobenzofuran ring was formed by the Mitsunobu
reaction. Upon treatment of 3a with DEAD and PPh3, the
desired ring was successfully formed, and 1 was afforded in
81% yield in two steps. Furthermore, intermolecular reactions
and/or polymerized products were not observed even if free
alcohol compound 3a was employed (Scheme 2).

Next, we focused on the selective synthesis of chafuroside
B (2) (Scheme 3). After selective protection of the reactive
phenol of 5 as a benzyl group, 5b was subjected to acylation
with 1-acylbenzotriazole 9. Upon treatment of 5b and 9 with
KHMDS, the acylation reaction afforded desired �-diketone
4b in 95% yield, even with the free hydroxyl group in 5b.
The ring closing reaction of �-diketone 4b was performed
under acidic conditions with TsOH as well as Amberlyst 15
to give flavone 11. In this reaction, the benzyl ether at C-5

was not affected by p-TsOH. Subsequently, removal of the
benzyl groups followed by a Mitsunobu reaction of vitexin
(3b) afforded 2 in 63% yield.

Thus, we accomplished the regioselective synthesis of
1 and 2 with 6- and 8-C-glycoside bonds, respectively.
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Scheme 2. Synthesis of Chafuroside A (1)

Scheme 3. Synthesis of Chafuroside B (2)
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The synthesis employs a �-diketone intermediate, which
can be readily obtained by selective protection of 1 and
2. Consequently, we developed a seven step sequence to
1 beginning from aryl-C-glycoside (5) in 32% overall
yield. Moreover, newly identified 2 could be synthesized
in 13% yield in five steps from 5, and its stereochemistry
was confirmed. Furthermore, considering the compatibility
of this synthesis with a variety of functional groups, our
synthetic strategy should be applicable to various flavone
derivatives. Further synthetic investigation and biological
evaluation of 1 and 2 are currently under investigation in
our laboratory.
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