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acrocyclic Polyamines Targeting the Cellular HIV Co-receptors,
XCR4 and CCR5

unil Hamal 1,∗, Li Cui 1, Bell Thomas 1, Aquaro Stefano 2, Dana
uskens 3, Dominique Schols 3

Department of Chemistry, University of Nevada, Reno, USA;
Department of Experimental Medicine and Biochemical Sciences,
niversity of Rome ‘Tor Vergata’, Rome, Italy; 3 Rega Institute for Medi-
al Research, Department of Microbiology and Immunology, Katholieke
niversiteit Leuven, Leuven, Belgium

A number of macrocyclic polyamines and/or their metal
omplexes are known to have anti-HIV activity. For example,
ADA compounds are triazacyclododecanes that specifically down-
odulate CD4, the principal cellular receptor for HIV. Bicyclams

nd their metal complexes act as entry inhibitors by a differ-
nt mechanism, via specific binding to the cellular co-receptor
XCR4. Manganese(II) complexes of certain pentaazacyclopen-
adecanes are superoxide dismutase mimics and reduce oxidative
tress in cells. One such compound, M40401, has been reported
o decrease apoptosis in HIV-infected astrocytes [Mollace et al.,
002. J. Leukoc. Biol., 71, 65–72]. By synthesizing and screening var-

ous pyridine-fused macrocyclic polyamines, we have discovered
wo lead compounds that act as HIV entry inhibitors by bind-
ng to one or both cellular co-receptors, CXCR4 and CCR5. One of
hese new leads is SH06, the manganese(II) complex of a novel
ing-fused pentaazacyclopentadecane. SH06 inhibits replication of
IV-1 IIIB and NL4.3 in MT-4 cell cultures with IC50 values of
.2–0.4 �g/ml and with CC50 of 20 �g/ml. Remarkably, SH06 inter-
cts with both HIV co-receptors CXCR4 and CCR5, according to
pecific chemokine-induced calcium-signaling assays. SH06 acts
s an antagonist toward SDF-1-induced Ca-signaling in CXCR4-
ransfected cells (IC50: 0.3 �g/ml), but acts as an agonist toward
CR5. In addition, the compound also has significant activity (IC50:
.6–3.4 �g/ml) against several R5 viruses in PBMCs and mono-
ytes/macrophages. The other new lead is Cui3, a previously known
ing-fused hexaazacyclooctadecane. Cui3 inhibits HIV-1 NL4.3 in
T-4 cell cultures (IC50: 2.1 �g/ml; CC50 > 100 �g/ml), and it acts

s a specific antagonist towards SDF-1-induced Ca-signaling in
87.CD4.CXCR4-transfected cells (IC50: 1.7 �g/ml). Syntheses and
nti-HIV-1 activities of these and some related ring-fused polyaza-
acrocycles will be presented.
oi:10.1016/j.antiviral.2009.02.137
Research 82 (2009) A1–A83

133

Synthesis and Antiviral Activity of Substituted Uracils

Alexander Ivanov 1,∗, Vera Tunitskaya 1, Olga Smirnova 1, Robert
Buckheit 2, Katherine Seley-Radtke 3, Alexander Ozerov 4, Mikhail
Novikov 4

1 Engelhardt Institute of Molecular Biology, Moscow, Russia;
2 University of Maryland, Baltimore County, Baltimore, USA; 3 ImQuest
BioSciences, Inc., Frederick, USA; 4 Volgograd State Medical University,
Volgograd, Russia

Hepatitis C virus (HCV), human immunodeficiency virus (HIV)
and Epstein-Barr virus (EBV) belong to a group of infectious agents
that are a global health threat due to their chronic nature. These
viruses induce liver injury, mononucleosis and disrupt the immune
system. They have been classified as group 1 carcinogens by the
International Agency for Research in Cancer. Treatment of HCV
and EBV infections is poorly developed, despite a large number of
compounds that have shown potential as antiviral agents in cell
culture systems. In contrast, several nucleoside and nonnucleoside
inhibitors of HIV reproduction have been approved for AIDS ther-
apy. Nevertheless, during extended treatment there is a high risk
of developing resistance. Hence, the discovery of novel antiviral
agents continues to be one of the major goals for modern medicinal
chemistry.

Here we present synthesis of a series of substituted pyrim-
idines and their evaluation as antiviral agents. For this purpose, two
groups of compounds were synthesized: N1-benzyl substituted-
5-aminouracils and 2,5-disubstituted-2-thio-6-methyluracils. The
compounds displayed only moderate inhibitory activity against
HIV, however some of the 5-aminouracils showed notable anti-
EBV activity. The highest activity observed was EC50 2.3 �M for
compound 11 that was not found to be toxic in the Akata cell line.

Several 2-thio-6-methyluracils inhibited HCV replication in cell
culture. Their mechanism of action against HCV was dual: among
the compounds active in replicon system only five inhibited viral
RNA-dependent RNA polymerase. None of the compounds blocked
helicase or NTPase activities of HCV NS3 protein, therefore, it is
likely that 2-thiouracils may also alter some cellular process crucial
for HCV replication.

Acknowledgments: This work was supported by Russian Foun-
dation for Basic Research (Project 08-04-00549), and by the
Presidium of the Russian Academy of Sciences (Program on Molec-
ular and Cellular Biology). The authors would also like to thank
Southern Research Institute for some of the biological testing.

doi:10.1016/j.antiviral.2009.02.138

134

Synthesis and Biological Evaluation of Acyclic Nucleotide Ana-
logues of Bicyclic Pyrimidine Bases

Zlatko Janeba 1,∗, Antonín Holý 1, Robert Snoeck 2, Graciela
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The bicyclic furo[2,3-d]pyrimidine nucleoside analogues are
potent and selective inhibitors of Varicella-Zoster virus (VZV).
Antiviral compound Cf 1743 is one of the most potent antiviral
agents that have ever been reported and is subject of phase-I

clinical trials as its orally bioavailable 5′-valine prodrug deriva-
tive (McGuigan et al., 2007). Modifications on the sugar moiety
of the furo[2,3-d]pyrimidine nucleosides led to compounds poorly
active against VZV but with activity against human cytomegalovirus
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