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Abstract—Fourteen catechol and bis-catechol derivatives have been synthesised and tested for their HIV-1 inhibitory activities. The
six more active molecules have been tested for their antiviral activity and cytotoxicity. We have found that bis-catechols 1 and 2 are
the most active HIV-1 integrase inhibitor whereas the best antiviral compound is 4. © 2001 Elsevier Science Ltd. All rights

reserved.

Human Immunodeficiency Virus (HIV) is the causative
agent of acquired immune deficiency syndrome (AIDS),
thus warranting the interest for the search for new
powerful inhibitors of the virus replication. The latter
depends on the molecular engine consisting of three
viral enzymes, the reverse transcriptase, the protease
and the integrase (IN). Inhibitors of reverse tran-
scriptase and protease have been extremely useful for
treating HIV-infected people, particularly when used in
combination.!?> Despite the fact that combination anti-
retroviral therapy has made it possible to suppress the
replication of HIV-1 in infected persons to such an
extent that the virus becomes undetectable in the plasma
for more than two years, the virus persists in cellular
reservoirs, which remain to be clearly identified. This
means that HIV-1 infection cannot be eradicated with
current treatments.>* It is therefore important to search
for new agents that could block the virus at other steps
of its replication cycle, which are not affected by current
treatments. HIV integrase (IN) is one such promising
target because integration is an essential step in
retroviral replication cycle.>®

Systematic screening of potential inhibitors has been
undertaken using mostly purified integrase-based
assays. One of the most important class of IN inhibitor
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includes hydroxylated aromatic compounds such as
aurintricarboxylic acids,” bis-catechols,®~'> CAPE,!314
styrylquinoline  derivatives!>"!7 and lamellarins.!®
Structure—activity base correlations identified the cate-
chol structure as a possible pharmacophore. For rea-
sons that are still not well understood, most of the
catechol-containing inhibitors display a toxic effect on
cell culture whereas numerous natural polyphenols are
not toxic.

In this study, our goal was to test new rigid and semi-
rigid catechols and bis-catechols as IN inhibitors and
find new motifs that can substitute for catechol.

The three bis-catechols 1-3 (Scheme 1) were obtained as
previously described by us.!®?! Compounds 4-14%2
(Scheme 1) were synthesised by a cross-condensation
procedure using an equimolecular mixture of 3,4-di-
methoxyphenylacetone and another arylacetone treated
with boron tribromide. Using this procedure compounds
5and 6, 7 and 8, 9 and 10 and 11 and 12 were obtained
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Scheme 1.
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from 3,4-dimethoxyphenylacetone and phenylacetone,
4-methylphenylacetone, 2-fluorophenylacetone and 4-
fluorophenylacetone, respectively. In each case, 3 and
the dimer?! obtained from two molecules of the other
arylacetone were isolated. Each isomer can be separated
and purified by repeated liquid chromatographies. The
yields in pure products are generally lower than 5%.
When the aromatic ring of the other arylacetone was
substituted by a electron-withdrawing group, such as
trifluoromethyl group, the cross-condensation afforded
selectively in low yields the 2,3-dihydroxynaphthalenic
isomer 4, 13 and 14.

Each new compound was screened for inhibitory activ-
ity against HIV-1 IN in both Mg?*-dependant 3’-end-
processing and strand-transfer reactions. Since there are
no significant differences between the two reactions, we
present in Table 1 the inhibitory activity in 3’-processing
reaction. These compounds can be roughly classified as
active (1-4, 13-14) and inactive (5-12). The active series
was constituted by the three bis-catechols 1-3 and the
three  2-(trifluoromethylphenyl)-1,3-dimethylnaphtha-
lene-6,7-diols 4, 13 and 14. Micromolar activities were
obtained with bis-catechols 1 and 2, whereas 3, 4, 13
and 14 are 10-fold less active. Three dimensional struc-
tures of 1-3 have been previously reported.”> Com-
pound 1 presents a folded-rigid structure with an angle
of about 90-100° between the two catechol motifs
whereas 2 and 3 present a semi-rigid structure where the
naphthyl and phenyl rings show an angle of about 40
and 80 °, respectively. The tested compounds present the
general structural features common to many HIV inte-
grase inhibitors, that is two aryl units, one of which
contains the 1,2-dihydroxy pattern, separated by an
appropriate linker segment. The other one generally
contains at least one hydroxy group. Numerous bis-
catechols have been previously tested®!? and the best
results are obtained when the two catechol rings are not
conjugated (linked by one or more sp’ carbon atom)
and presents an angle close to 90° between the two
aromatic rings. It is the case for 1 that is the most active
in this study. Conversely, numerous bis-catechols where
the two aromatic units are conjugated were found to be
active.!>™!7 It seems that a strong twist between the
conjugated rings lower the HIV-1 IN activity (2 vs 3).
More originally are the comparable activities of 3 and 4,

Table 1. HIV-1 IN inhibitory potencies of compounds 1-14

Compd RI R2 R3 R4 RS R6 R7 ICs (M)
1 13
2 H H OH OH H OH OH 2.1
3 CH, H OH OH H OH OH 23
4 CH, H CF;, H H OH OH 13
5 CH, H H H H OH OH 76
6 CH, H OH OH H H H 500
7 CH, H H CH; H OH OH 84
8 CH, H OH OH H H CH; 157
9 CH, F H H H OH OH 500
10 CH, H OH OH F H H 500
11 CH, H H F H OH OH 138
12 CH, H OH OH H H F 500
13 CH, CF;, H H H OH OH 2
14 CH, H H CF;, H OH OH 21

13 and 14. It seems that the 3,4-dihydroxyphenyl group
may be replaced by a trifluoromethylphenyl group
whatever the position of the trifluoromethyl group on
the aromatic ring. The inactive series (5-12) also
revealed some interesting information. It may be divi-
ded into two sub-groups: the fairly active molecules (5,
7, 11 and 8) and the totally inactive ones (6, 9, 10 and
12). From this sub-division, it appears that the 2,3-
dihydroxynaphthyl moiety was found in the less inactive
molecules. This is not unexpected since 2,3-dihydroxy-
naphthalene is known to bind more readily divalent
cations than catechol.?*

Compounds 1-3, 13-14 were evaluated for their anti-
viral activities against HIV-1 replication in CEM cells.
They were tested for their ability to lower the viral
charge in culture supernatants. CEM cells were infected
with HIV-1 for 2h and subsequently treated with
increasing drug concentrations. Antiviral effect was
estimated three days after infection. Viral load was
determined by an infectivity assay on Hela-CD4*-BGal
reporter cells. Cytotoxicity was estimated by a cell via-
bility MTT assay. Results are listed in Table 2.

The present molecules exhibited a weak to relatively
high toxicity (TCso between 13.6 and 72.6 uM) and a
moderate antiviral activity (ICs, between 5.7 and
10.5uM) except for 1 which is poorly active but non-
toxic (TCsp>100uM). The best results were obtained
with 4 that is the most active and the least toxic mole-
cule presented here with a therapeutic index of about
12.7.

In conclusion, amongst fourteen easily available poly-
phenols, we have found two active molecules against
purified HIV-1 IN. We are currently studying the dock-
ing of the rigid molecule 1 to the HIV-1 IN catalytic
core. Compounds 1 and 2 will be also tested against a
preintegration complex (PIC)-mediated strand transfer
assay which constitutes a more relevant assay of anti-
integrase compounds in vivo.?>2¢ It is now well known
that a catechol function is not sufficient to afford HIV-1
integrase inhibitor. The model proposed by Burke et
al.'? involves another ancillary aromatic unit that pos-
sess substituent able to form hydrogen bond (generally
as a 4-hydroxy substitution).!” Trifluoromethyl group
may be useful to maintain the HIV-1 integrase inhibitor
activity (whatever its position on the aromatic ring),
increase the antiviral activity and decrease the toxicity
(in position 3). Some other compounds that possess the
rigid structure of 1 are actually synthesised as well as the
three 2-(trifluoromethylphenyl)naphthalene-6,7-diols.

Table 2. Antiviral activity and cytotoxicity

Compd ICso (UM) TCso (WM)
1 98 N.R

2 9.9 51

3 8.7 33

4 5.7 72.6

13 10.3 13.6

14 10.5 19

N.R., not reached.
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10: 2-(3,4-Dihydroxyphenyl)-5-fluoro-1,3-dimethylnaphtha-
lene: brown oil: 'H NMR (CDCl5): § 2.19 (s, 3H), 2.38 (s, 3H),
6.56 (dd, 1H, 3J=7.95Hz, “J=190Hz), 6.72 (d, 1H,
4J=190Hz), 698 (d, 1H, 3J=795Hz), 7.11 (dd, IH,
3J=7.60Hz, 3Jgr=9.85Hz), 7.37 (ddd, 1H, 3J=8.60Hz,
3J=17.60Hz, *Jyp=5.70Hz), 7.76 (de, 1H, 3J=8.60 Hz), 7.83
(se, 1H), 3C NMR (CDCls): & 16.8 (q), 22.1 (q), 109 (d,
2Jcg=19.70Hz), 115.4 (d), 116 (d), 117.8 (d, 3Jcp=75.90 Hz),
120.3 (d, *Jcp=3.90Hz), 121.9 (d), 123 (s, 2Jcp=15.75Hz),
124 (s, *Jcp=3.40Hz), 124.6 (d, 3Jcp=8.90Hz), 127.7 (s,
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101 (15%), 86 (100%), 58 (30%).
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brown solid: mp=68-70°C, '"H NMR (CDCl;): § 2.08 (d, 3H,
4J=0.65Hz), 2.24 (s, 3H), 7.11 (s, 2H), 7.15 (s, 2H), 7.17
(se, 1H), 7.37 (se, 1H), 7.40 (se, 1H), 3C NMR (CDCls): &
16.3 (q), 21.1 (q), 1074 (d), 1099 (d), 1151 (d,
2Jcp=21Hz), 124.3 (d), 127.2 (s), 130.7 (d, 3Jcr=6.30 Hz),
129.4 (s), 130.1 (s), 132.5 (s), 137.2 (s, *Jcp =3 Hz), 137.6 (5),
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282 (M *+, 100%), 267 (16%), 249 (8%), 221 (7%), 220 (11%),
110 (12%).
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3Jcr=8.40Hz), 134.5 (s), 135.3 (s, *Jcp=2.50 Hz), 142.7 (s),
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282 (M**, 100%), 267 (7%), 249 (17%), 221 (11%), 220
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2,3-diol: brown oil, '"H NMR (CDCl3): & 2.01 (d, 3H,
4J=0.95Hz), 2.15 (s, 3H), 6.23 (se, 2H), 7.17 (s, 1H), 7.20 (m,
1H), 7.37 (se, 1H), 7.38 (d, 1H, 4J=0.95Hz), 7.45-7.65 (m,
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2,3-diol: brown oil, '"H NMR (CDCl3): & 2.07 (d, 3H,
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(d), 110.1 (d), 124.3 (s, 'Jcp=271.8 Hz), 124.5 (d), 125.2 (d,
3Jcp=3.60Hz), 127.1 (s), 129.1 (s), 129.4 (s, 2Jcp=30.5
Hz), 129.8 (d, *Jcr=2Hz), 129.9 (s), 131.8 (s), 137 (s),
143.9 (s), 144.1 (s), 145.7 (s, Jcp=1.45 Hz), IEMS (60eV):
332 M™*, 100%), 317 (18%), 247 (10%), 202 (9%), 159
(14%), 107 (9%), 101 (11%).
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