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The first construction of a 3,6-bridged ellagitannin skeleton with
1C4/B glucose core; synthesis of nonamethylcorilagin
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Abstract—The synthesis of nonamethylcorilagin is described. In the synthesis, the intramolecular Ullmann coupling afforded the
(R)-hexahydroxydiphenoyl part––a characteristic bridge structure of the target molecule––when the glucopyranose ring was opened
in advance. This synthesis demonstrates the first synthetic approach to a 3,6-bridged ellagitannin skeleton whose conformation of
the DD-glucose core is 1C4 or skew boat.
� 2003 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of corilagin (1) and nonamethylcorilagin (2).
Ellagitannins––a family of the polyphenolic plant
metabolites––have hexahydroxydiphenoyl (HHDP)1

and/or analogous group(s) esterified to the hydroxyl
groups of a glucose core.2 Among the ellagitannins,
there is a subclass of compounds whose HHDP group
bridges the nonadjacent hydroxyl groups in the glucose
core, and thus the conformation of the pyranose ring is
bound to be in the 1C4 or skew boat form (1C4/B).

3 The
interests in such compounds have recently grown,
because of their wide range of activities. For example,
corilagin (1) (Fig. 1)––one of the most classic and sim-
plest 3,6-bridged ellagitannins4––shows potentiation of
b-lactam antibiotics against MRSA,5 antifungal,3b

antimicroviral,6 and antiviral activities,7 antihyperten-
sive effect in rats,8 and a cancer preventive effect.9

Total syntheses of the 3,6-bridged ellagitannins have not
been accomplished despite the fact that more than a
dozen ellagitannins have been synthesized after the
pioneering synthesis of a 4,6-HHDP-containing ellagi-
tannin, tellimagrandin I, by Feldman and co-workers.10

Even the HHDP bridge over the northern hemisphere of
the 1C4/B glucose core has not been synthesized.11 This
communication reports the first synthetic approach to
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the 3,6-bridged HHDP group through the synthesis of
nonamethylcorilagin (2).

As our preliminary attempts, construction of the 3,6-
HHDP bridge was investigated by the intramolecular
Ullmann coupling of 3 (Fig. 2) according to Dai and
Martin�s report.11a However, the coupling was ineffective
in producing the corresponding annulated product.
Intermolecular diesterification of 4 with 5 was also
ineffective. These direct formations of the 3,6-HHDP
bridge require a ring flip of the pyranose into the axial-
rich chair or skew boat. This would be the main reason
for these failures.

Preparation of the (R)-HHDP-3,6-bridge has been
realized using the following sequence: opening of a
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Figure 2.
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Scheme 1. Reagents and conditions: (a) MOMCl, i-Pr2NEt, DMF, 0 �C to r

2.5 h, (2) NBS, THF/H2O (7:1), 0 �C, 20min, 69% (two steps); (c) Ph3P@CH2

DMF, rt, 7 h, (2) HCl, i-PrOH, 60 �C, 3 h, 65% (two steps); (e) 2-iodo-3,4,5-tr

Cu-dust, DMF, reflux, 22 h, 48%; (g) (1) DDQ, CH2Cl2/H2O (10:1), rt, 1 h

trimethoxybenzoyl chloride, Et3N, CH2Cl2, rt, 15 h, 93% (a/b¼ 4:6); (i) 20%
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pyranose ring, stereoselective intramolecular Ullmann
coupling of 6, then reproduction of the pyranose ring
from 7. Adopting this �indirect� approach, synthesis of 2
was achieved.

The synthesis of 2 started from phenyl 1-thio-b-DD-
glucopyranoside (8) (Scheme 1).12 Treatment of 8 with
methoxymethyl (MOM) chloride discriminated the 2,4-
and 3,6-positions to protect the 3,6-hydroxyl groups and
selectively give 9 in 64% yield.13 Dibenzylation of the
unprotected 2,4-positions of 9 followed by hydrolysis of
the phenylthio group furnished a glucopyranose 10.
Wittig olefination of 10 opened the pyranose ring to
obtain 11, which was introduced to a diol 12 by way of
p-methoxybenzyl (PMB) protection and cleavage of the
MOM groups. Installations of the two 2-iodo-3,4,5-
trimethoxybenzoyl esters to the resulting diol furnished
the precursor of the Ullmann coupling, 6.11a The slow
addition of 6 in DMF to refluxing DMF containing
pretreated Cu-dust afforded the desired intramolecular
annulated compound 7 as the sole diastereomer along
with the reduced 13. The yield of 7 was 48% when the
final concentration of the products was 3mM. An
increase in the concentration decreased the yield. The
biaryl asymmetry was not clear at this stage. Successive
oxidative treatments of 7 deprotected the PMB group
and cleaved the double bond to reproduce the gluco-
pyranose ring in 14 whose conformation was 1C4/B that
has more axial substituents. Introduction of the tri-
methylgalloyl ester to the anomeric hydroxyl group gave
a 4:6 mixture of the corresponding a- and b-isomers.
Debenzylation of the separated b-isomer 15 furnished
nonamethylcorilagin (2). All the spectral data (1H and
13C NMR, IR, MS, and optical rotation) of synthetic 2
were in agreement with those obtained from the
Ph

c OR2

OBn
R1O

BnO

OR1

11
12

: R1 = MOM, R2 = H
: R1 = H, R2 = PMB

d

e

OMe
OMe

OMe
O

OR OR

MeO OMe

O

O
O

OMeOMeMeOMeO

O

O O

15
2

: R = Bn
: R = Hi

h

14
Bn OBn

O

O OH

t, 1 day, 64%; (b) (1) NaH, 0 �C, 30min, then BnBr, DMF, 0 �C to rt,

, THF, )50 �C to rt, overnight, 82%; (d) (1) NaH, rt, 1 h, then PMBCl,

imethoxybenzoic acid, EDCl (WSC), DMAP, CH2Cl2, rt, 10 h, 94%; (f)

, 85%, (2) cat OsO4, NaIO4, THF/H2O (1:1), rt, 6 h, 70%; (h) 3,4,5-

Pd(OH)2 on C, H2, THF, 4 h, 92%.
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methylated natural product,14;15 and this revealed the
(R)-configuration of the biaryl moiety in the synthetic
compound. Cleavage of the methyl ethers of 2 under
several reaction conditions was pointless because the
cleavage of the anomeric ester competed against the
demethylations.16

In conclusion, nonamethylcorilagin was synthesized,
which contains a 3,6-bridged HHDP group with a 1C4/B
glucose core, one of the common structures in the
ellagitannin family. The construction of the 3,6-bridged
biaryl moiety required pre-opening of the pyranose ring.
The Ullmann coupling took place in a highly stereo-
selective manner to give the (R)-HHDP moiety.
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