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General synthetic route to flavan-3-ols was developed.
Union of two fragments was accomplished by an efficient
three-step protocol, enabling the stereoselective synthesis of
(�)-gallocatechin.

Considerable attention has recently been centered at the po-
tential bioactivities of flavan-3-ols (catechins). However, de-
tailed studies at molecular levels are hampered by their scarce
availability of pure samples, because the natural sources are gen-
erally comprised of hardly separable mixture of closely related
compounds. At this juncture, development of reliable synthetic
methods is of keen necessity.1,2

We have developed a concise synthetic route to this class
of compounds based on the assembly of two fragments for con-
structing the central pyran ring (Scheme 1). This communication
features the generality and the efficiency of the route by the
stereoselective synthesis of a highly oxygenated congener,
(�)-gallocatechin (1).3

Scheme 2 shows three critical steps. Step 1 involves union
of two building blocks, 2 and 3, through the C–O bond formation
in an inversion of the C(2) center. The anxiety was loss of the
stereochemical integrity, since the electron-rich aromatic ring
in 3 could strongly facilitate the SN1 ionization. Step 2 is the
opening of the oxirane ring to the corresponding halohydrin II,
since consideration of the Baldwin’s rule4 suggested the inade-
quacy of epoxide I as a substrate for the pyran ring closure
(6-endo-tet).

Conversely, we hoped that halohydrin II would be a good
substrate for Step 3, that is, the C–C bond formation to construct
the pyran ring (6-exo-tet). Two critical processes are relevant,
(1) the halogen–metal exchange (X ! Met) to generate aryl
anion species III, (2) displacement to form the pyran ring. The
first stage requires the chemoselectivity in that the other halogen
Y needs to remain intact.5,6

Scheme 3 shows the preparation of epoxide 3.7 Asymmetric
dihydroxylation of allyl alcohol 4 by using (DHQD)2PHAL

8 as
the chiral ligand gave the corresponding triol 5 (92% yield, 99%
ee).9 Selective sulfonylation of the prim-hydroxy group in 510

followed by treatment with K2CO3 gave epoxide 3 in high yield.
Union of epoxyalcohol 3 with phenol 2 (X ¼ I) posed a ster-

eochemical challenge by the potentially facile loss of stereospe-
cificity (vide supra). Delightedly, however, the Mitsunobu reac-
tion11 gave us a clean solution to this issue. When epoxyalcohol
3 was allowed to react with Bu3P and TMAD,12 ether 7 was ob-
tained in 93% yield as a single diastereomer. Complete inversion
of the benzylic stereocenter was proven at a later stage.13 Oxir-
ane 7 was then regioselectively cleaved by Li2NiBr4,

14 giving 8
in 98% yield, and the resulting alcohol was masked with TBS
group to afford bromide 9 in 93% yield (Scheme 4).

Faced with the pivotal transformation, i.e., construction of
the flavan skeleton from 9, we examined various reaction condi-
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Scheme 1. Retrosynthetic analysis.
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Scheme 2. Synthetic plan.
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Scheme 3. Conditions: (a) (DHQD)2PHAL (1mol%), K3Fe-
(CN)6, K2CO3, K2OsO2(OH)4 (0.5mol%), t-BuOH, H2O,
MeSO2NH2, 0

�C, 92%, 99% ee; (b) 2,4,6-triisopropylbenzene-
1-sulfonyl chloride, pyridine, rt, 89%; (c) K2CO3, MeOH, 1,4-di-
oxane, 0 �C, 90%; (DHQD)2PHAL = hydroquinidine 1,4-phthal-
azinediyl diether.
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Scheme 4. Conditions: (a) TMAD, n-Bu3P, toluene, 0
�C, 93%.

(b) Li2NiBr4, THF, 0 �C, 98%; (c) TBSOTf, 2,6-di-t-butyl-
pyridine, CH2Cl2, 0

�C, 93%; TMAD = N,N,N0,N0-tetramethyl-
azodicarboxamide, TBS = t-butyldimethylsilyl.
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tions by using alkylmetals for the chemoselective halogen–lithi-
um exchange (Table 1). All the reactions were quenched by add-
ing CH3OD in order to assess the amount of ‘‘living’’ anionic
species.

When n-BuLi was employed for the halogen–metal ex-
change, the cyclized product 10was obtained in 77% yield along
with a small amount of non-cyclized product 11 (Run 1). t-BuLi
(2.0 equiv.) led to a poorer yield. Among various by-products,
compound 12 was obtained, showing that the double lithiation
occurred to some extent (Run 2).

Having only limited success with organolithium reagents,
we turned our attention to organomagnesium reagents, which
gave eventually an excellent result after thorough screening of
the reaction conditions. The initial attempt with i-PrMgCl15 only
effected slow halogen–metal exchange at �40 �C, and gave no
cyclized product (Run 3). Notably, however, the non-cyclized
product 11 was completely deuterated, showing that the aryl
anion species was still present before the quenching. Further at-
tempts allowed us to find that the use of the Mg ate complexes16

improved the yield of 10 (Runs 4 and 5). Although the yields of
10 were similar, an important difference in these results was the
extent of deuterium incorporation in 11. Namely, 11 was highly
deuterated in the case of Ph3MgLi (Run 5), while no deuterium
atom was incorporated in the case of n-Bu3MgLi (Run 4). Thus,
we chose to use Ph3MgLi as the metalation agent.

Upon further experimentations, choice of an additive
offered us the optimal conditions for obtaining the cyclized

product 10 exclusively. Thus, upon addition of 9 into a mixture
of 2.5 mole equiv. of Ph3MgLi and 10 mole equiv. of HMPA
in THF, the desired product 10 was obtained in 96% yield
(Run 6).17

Scheme 5 shows the final stage of the synthesis. After re-
moval of the silyl group in 10, all the benzyl protecting groups
in the resulting alcohol 13 were removed by hydrogenolysis over
20% Pd(OH)2 in a mixed solvent (THF, MeOH, H2O = 4:4:1)
for 12 h to give (�)-gallocatechin (1) as an amorphous solid in
82% yield. All the physical data of the synthetic sample 1 (1H
and 13CNMR, IR, ½��D) coincided with those of the natural
product.3

In summary, a convergent, stereoselective synthesis of (�)-
gallocatechin (1) was achieved, which opened a flexible synthet-
ic approach to various flavan analogs.
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Table 1. Cyclizaiton via halogen–metal exchange
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