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AbstractÐCa�eoylglucosides, which have a glucose ring as a central linker, were synthesized from methyl d-glucosides, and their
anti-HIV-1 activities were tested. Among them, four dica�eoylglucosides (IC50=29.1±35.1 mM), 6a, 6b, 9b and 10b, showed HIV-1
integrase inhibitory activity as potent as l-chicoric acid. # 2000 Elsevier Science Ltd. All rights reserved.

Human immunode®ciency virus (HIV) is the probable
causative agent of acquired immune de®ciency syn-
drome (AIDS), which is one of the world's most serious
health problems. Several biological processes in the life
cycle of this virus have been targeted for anti-HIV
therapy. Integrase (IN) catalyzes the integration of HIV
DNA copy into the host cell DNA. Such integration is
essential for the production of progeny viruses, and
therefore therapeutic agents that can inhibit this process
should be e�ective anti-HIV agents.1ÿ3 For the past few
years, extensive e�orts have been made resulting in a
large number of HIV IN inhibitors. Recent studies
showed that l-chicoric acid (1) and dica�eoylquinic
acids (DCQAs, for example, compound 2) display
potent activity against HIV IN and can inhibit HIV
replication with moderate anti-HIV activity.4ÿ9 To fur-
ther improve the anti-HIV e�ect in tissue culture, several
analogues of l-chicoric acid (1) and DCQAs have been

synthesized. The common structural features of reported
synthetic analogues are ca�eic acid esters separated by
aliphatic, alicyclic, or aromatic linker.10,11

In an e�ort to identify new HIV-1 IN inhibitors from
medicinal plants, we have recently isolated several HIV-1
IN inhibitory phenylpropanoid glycosides from the
extract of Clerodendron trichotomum.12 Among isolated
compounds, phenylpropanoid glycoside 3, which contains
a b-d-glucopyranoside as a basic skeleton with an l-
rhamnopyranosyl and a ca�eoyl substituent, showed
potent inhibitory activity against HIV-1 IN (IC50=7.8
mM). We envisioned that the compound 3 has a structural
similarity to DCQAs since two substituents were sepa-
rated by a glucose linker instead of a quinic acid ring of
DCQAs. Furthermore, there is no report on the synth-
esis of ca�eic acid esters separated by a sugar ring as a
central linker. In the present studies, we synthesized and
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tested a new class of compounds withHIV-1 IN inhibitory
activities, which have a glucose ring as a central linker. To
simplify the structure of parent compound 3 and exam-
ine the e�ect of the glycosidic bond on the activity,
methyl a-d-glucoside (4a) and methyl b-d-glucoside (4b)
were used as starting materials instead of 3,4-dihy-
droxyphe-nylethyl glucosides.

The 4- and 6-hydroxyl groups of 4a and 4b were benzyl-
ideneated with benzaldehyde dimethyl acetal in DMF
containing catalytic p-toluenesulfonic acid by heating to
80 �C under reduced pressure (Scheme 1).13 The residual
2- and 3-hydroxyl groups were acylated with diace-
tylcaf-feoyl chloride (Ac2ca�eoyl-Cl) to give 5a and 5b.
The benzylidene and acetyl protecting groups were
removed concomitantly in re¯uxing acetone containing
aqueous HCl to provide 6a and 6b, respectively.11,14 2,3-
Digalloyl glucoside 6c was also synthesized from 4b by
using triacetylgalloyl chloride (Ac3galloyl-Cl) in a simi-

lar procedure as above since digalloyl-substituted tarta-
ric acid derivatives were found to be potent inhibitors of
HIV-1 IN.11

In order to investigate the in¯uence of the position of
ca�eoyl groups on the HIV-1 IN inhibitory activity, 2,6-
and 3,6-dica�eoylglucosides (9, 10) were synthesized
(Scheme 2). The selective acylation of ca�eoyl groups at
2- and 6-positions was carried out after conversion to the
tributyltin ethers. Treatment of methyl a-d-glucoside (4a)
with dibutyltin oxide in re¯uxing toluene followed by
addition of Ac2ca�eoyl-Cl at room temperature a�orded
2,6-Ac2ca�eoylglucoside 7a and 3,6-Ac2ca�eoylglucoside
8a in 16:1 ratio. On the other hand, acylation of methyl b-
d-glucoside (4b) by the same procedure was not regio-
selective resulting in the formation of 7b and 8b in 1.7:1
ratio.15 The acetyl protecting groups were removed by
re¯uxing in acetone containing aqueous HCl to provide
2,6- and 3,6-ca�eoylglucosides (9a±b, 10a±b).16

Scheme 1.

Scheme 2.

1880 S. N. Kim et al. / Bioorg. Med. Chem. Lett. 10 (2000) 1879±1882



In order to examine the in¯uence of a number of caf-
feoyl groups on the activity, fully ca�eoylated gluco-
sides 12a and 12b were also synthesized in a similar
manner (Scheme 3).17

The ca�eoylglucosides were tested for inhibitory activity
against HIV-1 IN (Table 1). The activities of curcumin, l-
chicoric acid and a phenylpropanoid glycoside 3, isolated
from the extract of Clerodendron trichotomum were
included for comparisons. The inhibitory activities of
2,3-dica�eoylglucosides (6a, 6b) and 3,6- and 2,6-dicaf-
feoylglucosides (9b, 10b), derived from methyl b-d-glu-
coside were more potent than that of curcumin and
comparable to l-chicoric acid. However, all ca�eoyl-
glucosides were less active than the parent compound 3
implicating the important role of l-rhamnopyranosyl or
3,4-dihydroxyphenylethyl group in the binding withHIV-
1 IN. b-Methyl glucosides, except 6b, have more enhanced
HIV-1 IN inhibitory activity than their a-anomers,
respectively. Interestingly, upon substitution of digalloyl
groups at the 2- and 3-positions of glucose (6c) instead
of ca�eoyl groups, the inhibitory activity was remark-
ably increased. More substitutions than two ca�eoyl
groups decreased the IN inhibitory activity (12a, 12b).
However, more studies on the ca�eoylglucosides would
be needed since none of the ca�eoylglucosides synthe-
sized in this study could inhibit the replication of HIV-1
at nontoxic concentration (data not shown).

In conclusion, we have synthesized and tested the inhi-
bitory activities of new types of HIV-1 IN inhibitors
which have a glucose ring as a basic skeleton. This work
is the ®rst example of the synthesis of ca�eic acid esters
separated by a sugar ring as a central linker for the
development of HIV-1 integrase inhibitors.
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aCurcumin was purchased from Aldrich1.
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4.19 (d, 2H, J=3.5 Hz), 3.89 (m, 1H), 3.35 (s, 3H) .
18. The enzyme inhibition assay of compounds against HIV-1
integrase was carried out as described previously. Oh, J.-W.;
Shin, C.-G. Mol. Cells 1996, 6, 96.
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