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ABSTRACT

A novel and efficient synthesis of cyanidin 3- O-â-D-glucoside (1) was accomplished the first time by a biomimetic oxidation route. From
(+)-catechin, 3-OH was glucosylated, and the 4-position of the nucleus was then oxidized and dehydrated to give the 5,7,3 ′,4′-tetra- O-(tert -
butyldimethylsilyl)flav-3-en-3-ol 3- O-glucoside (8) as a key intermediate. 8 was deprotected and oxidized under air in hydrogen chloride −MeOH
to give 1.

Anthocyanin is a pigment widespread in flowers, leaves,
fruits, and the roots of higher plants, which shows red
through purple to blue colors.1 Nowadays, anthocyanins are
attracting attention not only as a food colorant but also for
nutritional and medicinal reasons.2 Furthermore, the pigments
are also expected to be used in solar-cell devices.3 Despite

the amount of structural and color development research, only
few synthetic methods have been reported until now.4-6 One
is the pioneering work of Robinson and his group in the early
period of the 20th century.5 They synthesized many antho-
cyanidin mono- and diglucosides using an aldol condensation
method. However, the yield was sometimes low because of
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Elhabiri et al. reported the yield was 60%. However, we reexamined the
reduction of rutin under HCl-MeOH with zinc amalgam, zinc powder, or
magnesium powder to obtain cyanidin 3-O-rutinoside in less than 30% yield
at the optimized condition. This might be due to the fact that the value of
the molar absorption coefficients for cyanidin 3-O-rutinoside reported by
Elhabiri et al. (7000 at 510 nm) is too low compared to the theoretical
value (around 20 000 in our results); therefore, they miscalculated the yield.
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the drastic reaction conditions at the final step.5 The other
is the reduction of flavone and flavonol by metals, which
was first described by Shibata et al.6a Although several
experiments using commercially available rutin6b,chave been
reported, these methods possess the inherent defect that it is
difficult to prepare a wide variety of flavonol glycosides and
that the reaction yield of the reduction to anthocyanin is low.6

Anthocyanin is biosynthesized from chalcone via leucoan-
thocyanidin (Scheme 1).7 The last and key step from a
colorless compound to a colored anthocyanidin is catalyzed
by anthocyanidin synthase (ANS), a family of 2-oxoglutarate-
dependent oxygenases, requiring molecular O2 and a ferrous
ion in oxidation.7 After this, anthocyanidin 3-O-glucosyl-
transferase (3GT) works to give anthocyanin. However,
leucoanthocyanidin is very unstable. Therefore, the chemical
mechanism and mode of action of ANS are still the subject
of argument.7 Furthermore, no one has yet attempted this
oxidation route to synthesize anthocyanins. Only red col-
oration of the reaction mixture and detection of the antho-
cyanidin nucleus without glycosyl residue have been previ-
ously described.8 Here, we report on the first chemical
synthesis of cyanidin 3-O-â-D-glucoside (1),9 which is one
of the most popular anthocyanidin monoglucosides, using a
biomimetic oxidative reaction of a leucoanthocyanidin
compound via the flav-3-en-3-ol derivative.

In planning the synthetic strategy, we designed 5,7,3′,4′-
tetra-O-(tert-butyldimethylsilyl)flav-3-en-3-ol 3-O-glucoside
(8) as an equivalent of thecis-leuco compound (Scheme 2).
We decided to oxidize this enol compound to anthocyanin
at the final step because the key oxidation reaction of8 to

an anthocyanidin nucleus (aromatization) could proceed
under mild conditions using molecular oxygen from our
preliminary experiments (Scheme 2).

As shown in Scheme 3, the 3-hydroxyl group of 5,7,3′,4′-
tetra-O-benzylcatechin (2), prepared from (+)-catechin ac-
cording to Kawamoto’s procedure,10 was glucosylated with
peracetylglucosyl trichloroacetimidate in the presence of
catalytic amounts of TMSOTf.11 The desiredâ-glucoside3
was obtained (71%) with the 3-O-acetylcatechin (15%). The
benzyl groups of3 were replaced with TBS or acetyl groups
because the benzyl protecting groups were inappropriate for
the following reactions. After removal of the benzyl groups
of 3 by hydrogenation, the resulting product was treated with
TBSCl or AcCl to give4 (84%, two steps) and5 (86%, two
steps), respectively. TBS-protected4 was oxidized with
DDQ12 in a suspension of CH2Cl2 and H2O to give the 3,4-
cis-leucoanthocyanin (6) in 74% yield as a single isomer
accompanying the corresponding flavanone7 (9%), and the
acetylated catechin5 did not give any 4-oxidized product
under the same oxidative conditions. The configuration of6
was determined to be 3,4-cis, which was the same as the
biosynthetic intermediate, by NMR analysis.13

The compound6 was dissolved in MeOH containing 5%
(w/w) hydrogen chloride, and the mixture was allowed to
stand at room temperature. The solution gradually became
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Scheme 1. Biosynthetic Pathway of Anthocyanin

Scheme 2. Key Steps of Our Synthetic Strategy for1
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red, and after 20 h, the color was dark red. However, the
amount of cyanidin 3-O-glucoside (1) quantified by HPLC
was very low.14 Presumably, this is due to the formation of
oligomers by self-condensation; decomposition products
might also be produced after carbocation formation at the
C-4 position.10,12cTherefore, we concluded that6 was not a
suitable substrate for oxidation to anthocyanin. Therefore,
we designed flav-3-en-3-ol 3-O-glucoside 8 as a key
intermediate to inhibit formation of the carbocation at C-4
and to enhance radical hydrogen atom abstraction at the C-2
position.15 Accordingly,6 was treated with MsCl andi-Pr2-
NEt in CH2ClCH2Cl at 80°C to give8 in 82% yield (Scheme
3). Using the combination of Tf2O and Et3N or pyridine did
not give8 but instead caused decomposition.

Deprotection of theO-acetyl groups of8 with NaOMe
gave 9 in 82% yield with a small amount of partially
desilylated compounds. Removal of the TBS groups and
oxidation were performed in one pot under acidic condi-
tions,16,17which used hydrogen chloride in anhydrous MeOH.
Thus, 9 was dissolved in 1% (w/w) HCl-MeOH18 under

dried air, and the reaction mixture was allowed to stand at
room temperature. The reaction mixture gradually became
red, and after 3 h,1 was detected by HPLC as coexisting
with colorless compounds.19 After 8 h, the colorless com-
pounds disappeared, and the reaction was complete. When
the reaction was conducted in 1% (w/w) aqueous hydro-
chloric acid-MeOH at room temperature, the oxidation
reaction was slower than that with gaseous hydrogen
chloride-MeOH, and the yield was lower. Finally, 32 mg
(51%, two steps) of cyanidin 3-O-â-D-glucoside (1) was
obtained directly from8 (119 mg, 111µmol) by treatment
with 2.5 equiv of NaOMe, followed by 1% hydrogen
chloride-MeOH.20

In conclusion, we established a novel and efficient
synthetic route to cyanidin 3-O-â-D-glucoside (1) from (+)-
catechin using a biomimetic oxidation reaction via flav-3-
en-3-ol 3-O-glucoside8. This study can provide a practical

(14) Develosil ODS-HG-5 column (2.0 mmφ × 250 mm) with linear
gradient elution from 10% aqueous to 90% MeCN containing 0.5% TFA;
flow rate of 0.2 mL/min, detection with a photodiode array, and a
temperature of 40°C.
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(19) The colorless peaks might be intermediates corresponding to mono-
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Scheme 3. Synthesis of Cyanidin 3-O-â-D-Glucoside (1) via a Flav-3-en-3-ol 3-O-Glucoside8 as a Key Intermediate
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preparation process for anthocyanin synthesis. The difference
in reactivity between the leuco derivative6 and the flav-3-
en-3-ol derivative8 indicated that the oxidation mechanism
by ANS might go through a flavenol intermediate. The
synthesis of various anthocyanins according to this procedure
is in progress.
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(20) To the reaction mixture was added a large amount of water, and
the mixture was then absorbed to an Amberlite XAD-7 column. The column
was eluted with 50% MeCN containing 0.5% TFA to give crude1. The
crude fraction was purified by HPLC (Develosil ODS-HG-5 column,
stepwise elution from 0.5% TFA to 30% MeCN aqueous containing 0.5%
TFA) to give pure1 as a dark red TFA salt. The synthetic1 was identical
with the natural one (CD, UV/VIS,1H NMR, and HPLC).9c
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