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ABSTRACT

Enantioselective synthesis of epigallocatechin-3-gallate (EGCG, 3b), the active polyphenol component from green tea, has been achieved by
using a stereospecific cyclization of the Sharpless asymmetric dihydroxylation product 7c as the key step.

Second to water, tea is probably the most widely consumed
beverage worldwide. Regular consumption of tea has been
associated with reduced risk of several forms of cancer and
other health benefits according to some epidemiological
studies.1 Tea leaves contain many constituents,2 and the
biological effects of tea are often attributed to the polyphenols
among the tea constituents.3 In freshly harvested tea leaves,
the following flavanols, known collectively as the catechins,
are present: (+)-catechin (1a), (+)-gallocatechin (1b), (-)-
epicatechin (2a), (-)-epigallocatechin (2b), (-)-epicatechin-
3-gallate (3a), and (-)-epigallocatechin-3-gallate (3b, EGCG).
In particular, (-)-epigallocatechin-3-gallate (3b, EGCG), the
main ingredient of green tea extract, has been shown to
inhibit growth in a number of tumor cell lines such as human

leukemia cell lines, mouse NFS60 cell line,4 MCF-7 breast
carcinoma, HT-29 colon carcinoma, A-427 lung carcinoma,
UACC-375 melanoma,5 the prostate cancer cell lines LNCaP,
PC-3 and DU145,6 leukemia blast cells from AML patients,7

and human epidermoid carcinoma cell line A431.8 In 1996,
the Division of Cancer Prevention and Control, National
Cancer Institute of the United States, published a clinical
development plan with respect to tea.9 At the present time,
EGCG (3b) can be obtained by isolation from green tea
extract, and the yield depends on the processing and the
source of the tea. As far as we are aware, no synthesis of
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EGCG has been reported.10 A totally synthetic approach will
provide access to both the racemate and the individual
enantiomers of EGCG as well as its analogues. Their
biological studies might reveal more information about how
EGCG acts as an anticancer agent. Our retrosynthetic

approach to the total synthesis of (-)-epigallocatechin-3-
gallate and its analogues is depicted in Scheme 1. By

assembling the structure using the three separate aromatic
fragments A, B, and C, the scheme provides a potential route
to combinatorial library construction. The challenge resides
in the selective formation of the thermodynamically less
stablecis-disubstituted benzopyran and in the maintenance
of stereochemical integrity at the benzylic 2-position, which
is activated by the electron-donating oxygen functions on
the B phenyl ring.

Coupling of cinnamyl alcohol (4a) and 3,5-dimethoxyphe-
nol (5a) with H2SO4/SiO2 as catalyst in CS2/CH2Cl2 gave
the product6a in 55% isolated yield (Scheme 2). Dihy-

droxylation of6a with NMO in the presence of a catalytic
amount of OsO4 to give the diol 7a was accomplished
readily. Conversion of7a to theorthoester8awas achieved
by reaction with triethyl orthoformate in the presence of
PPTS in CH2Cl2. When8a was treated with acetyl bromide,
compound9a was formed together with minor amounts of
its regioisomer. Without purification, the crude9awas treated
with potassium carbonate in acetone to afford the cyclized
benzopyrans10aand11a. After removal of the formate ester
group, compound12a was obtained together with itstrans
isomer13a in a ratio of 9:1. When the same sequence of
reactions was repeated starting from 3,4,5-trimethoxycin-
namyl alcohol (4b) and5a, the cyclization of9b followed
by removal of the formate group gave instead a mixture of
cis-12band trans-13bin a ratio of 1:4, i.e., with thetrans
isomer predominating. This suggested that the activated
benzylic position in the methoxy-substituted9b could not
maintain its stereochemical integrity under these reaction
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conditions. We also found that theortho ester8b could be
cyclized directly totrans-11b in good yield with PPTS in
1,2-dichloroethane. Methanolic K2CO3 treatment of11bgave
the pentamethylated gallocatechin13b.

An alternative approach to thecis isomer was therefore
sought.11 Dess-Martin oxidation of13bgave the ketone14b,
which on reduction with L-selectride in THF gave selectively
cis-15b. We have therefore a route to either diastereoisomer
at hand. The removal of the methyl protection proved to be
inconvenient. The whole sequence according to Scheme 2
was therefore repeated starting with the coupling of 3,4,5-
tris(benzyloxy)cinnamyl alcohol (4c) and 3,5-bis(benzyloxy)-
phenol (5c). In this manner, the pentabenzylated epigallo-
catechin15cwas obtained uneventfully. Esterification of15c
with 3,4,5-tri-O-benzylgalloyl chloride (16) and DMAP in
CH2Cl2 gave the ester17. Catalytic hydrogenation of17with
20% Pd(OH)2 afforded racemic epigallocatechin-3-gallate
(3b). Preliminary investigations showed that Sharpless asym-

metric dihydroxylation12 could not be performed on6a
directly or on its acetate. However, protection of the free
phenolic hydroxyl group as thetert-butyldimethylsilyl ether
permitted the dihydroxylation to proceed with AD-mix.

Compound6cwas therefore converted to the TBS derivative
18. Asymmetric dihydroxylations of18 with either AD-
mix-R or -â were carried out to give the two enantiomers of
19. Desilylation of19 with fluoride gave optically active
7c. The same sequence of reactions as discussed above was

then applied to the enantiomer of7cderived from AD-mix-R
to give (-)-epigallocatechin-3-gallate ((-)-3b), identical in
all respects with natural EGCG. The enantiomeric (+)-3b
obtained with AD-mix-âshowed the same spectroscopic
properties but opposite optical rotation.13 NMR study of the
Mosher ester derivatives of15c suggested that the two
enantiomers were essentially enantiomerically pure. The
overall yield of (-)-3b, based on the starting cinnamyl
alcohol4c, is 19%.

We have therefore accomplished the diastereo- and enan-
tioselective synthesis of EGCG. The approach should be
amenable to the synthesis of analogues with diverse substitu-
tion patterns in the aromatic rings.
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