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HCMV) (McGuigan et al., 2004). Replacement of the sugar at N3
ith the (2-hydroxyethoxy)methyl group (present in the antiher-
es drug acyclovir) afforded compounds with weak activity against
oth VZV and HCMV (Janeba et al., 2005). Phosphorylation of the
uro[2,3-d]pyrimidine nucleoside analogues by the VZV TK is a
rerequisite for their anti-VZV activity, but it is apparently not suf-
cient (Balzarini and McGuigan, 2002). To further elucidate the
echanism of antiviral action of this group of compounds, novel

eries of phosphoryl methoxy ethyl (PME) furo[2,3-d]pyrimidines
ere synthesized. The target compounds were prepared by the

onogashira coupling of various alkynes with protected 5-iodo
MEU, followed by Cu(I)-promoted intramolecular cyclization,
nd removal of the iPr ester groups. The antiviral activity
gainst HIV, HSV, VZV and HCMV of these compounds will be
eported.
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IV-1 Gag Matrix Protein Fragments and Polyacid Conjugates
esigned for the HIV Inhibition

. Karaseva ∗, A. Serbin, I. Rodionov, A. Vasiliev, V. Abramov, O.
likhanova

Health RDF, Moscow, Russia

The HIV gag matrix protein (MA) plays an essential role in
he HIV life cycle at earliest (viral uncoating, RNA delivery to
uclei) and latest (RNA re-transporting toward plasma membrane,
irions assembly-maturation) steps. So, the MA, as promising
nti-HIV therapeutic target, was included in priority of our anti-
IV inhibitors design strategy [Antivir. Res. 2003 57(3):50; 2006
0(1):85]. Here we report the recent experimental developments
n frame of: (1) MA-derived peptides (MAP) design and synthesis;
2) a cooperation of the MA-interfere with an anti-RNA potency
xpected on macromolecular level of MAP grafted to specific poly-
ers (NAM), mimicking furan- and acid-kind species alternation

imilar to polymeric backbone of nucleic acids. A number of MAP-
mitators of MA helix 2–4 region fragments (responsible for MA–MA
nter-self recognition-aggregation) were synthesized and modified
o mono-amino group active reagents suitable for single-linked
rafting to NAM, and the corresponding MAP-NAM conjugates were
ynthesized, purified and separated in soluble lyophilized forms
oo. The grafting link location within AA chain/N-terminus of MAP
as regulated by regioselective variation of the active and protected

NH2 groups positions along the polypeptide chain. In parallel
he fluorescent derivates of MAP and MAP-NAM were prepared.
he newly synthesized candidates (Fig. 1) to therapeutic counter-
ntervention in HIV life cycle by MA-interfering and by cooperative
NA-antagonistic mechanisms are disposed to anti-HIV evaluation
Research 82 (2009) A1–A83 A59

(particularly in A. Bukrinskaya Lab., Virol. Inst., Moscow), and cur-
rent results will be discussed.

Acknowledgement: This work was granted partly by the
ISTC#3272 and RFBR06-04-89402/NWO#047.017.026 projects

doi:10.1016/j.antiviral.2009.02.140

136

CXCR4 Antagonists: A New Generation of Configurationally
Restricted Bis-azamacrocyclic Compounds

Abid Khan 1,∗, Gary Nicholson 1, Graeme McRobbie 1, John
Greenman 4, Christophe Pannecouque 2, Dirk Daelemans 2,
Dominique Schols 2, Erik De CLercq 2, Timothy J. Hubin 3, Stephen
J. Archibald 1

1 Department of Chemistry, University of Hull, Hull, United Kingdom;
2 Rega Institute for Medical Research, Katholieke Universiteit Leuven,
Leuven, Belgium; 3 Department of Chemistry and Physics, Southwest-
ern Oklahoma State University, Weatherford, USA; 4 Centre for Medical
Research, University of Hull, Hull, United Kingdom

AMD3100 is a bis-azamacrocyclic compound that has been
demonstrated to be a highly effective antagonist of the CXCR4
chemokine receptor. The two azamacrocyclic rings have been
shown to interact with aspartate residues on the receptor via hydro-
gen bonding and electrostatic interactions. However, it is proposed
that AMD3100 may bind metal ions in vivo and the active form may
be a metal containing drug compound. This presents an issue as the
metal complexes of AMD3100 exist in a configurational equilibrium
some of which are better at binding to the receptor than others.
The aim of this research is to design, synthesise and characterise
new azamacrocyclic metal complexes with fixed configurations to

provide optimised interactions with the CXCR4 receptor, increas-
ing the potency and residence times of the new drugs relative to
AMD3100. Informed design of a metal containing drug requires
a comprehensive knowledge of coordination chemistry principles
and must incorporate high kinetic stability of the complex to pre-

dx.doi.org/10.1016/j.antiviral.2009.02.139
dx.doi.org/10.1016/j.antiviral.2009.02.140
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ent exchange of the metal ion. New compounds containing zinc(II)
nd copper(II) were produced, which showed improved binding
roperties and increased anti-HIV potency. In vitro MT-4 anti-HIV

nfection assay, average EC50 HIV-1 (IIIB): SJA-GCV49(Zn) 2.5 nM,
JA5(Cu) 4.3 nM, SJA-GCV18(Cu)26 nM. X-ray crystallographic and
pectroscopic data of compounds mimicking the drug binding inter-
ctions with CXCR4 allow structure activity relationships to be
lucidated with regard to the coordination chemistry of the metal
entres.

oi:10.1016/j.antiviral.2009.02.141
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est Nile Virus Helicase: Homology Modeling and Docking Stud-
es

ohammed Khedr ∗, Andrea Brancale

Cardiff University, Welsh School of Pharmacy, Cardiff, United Kingdom

The flaviviridae is a family of at least 66 viruses of which almost
alf have been associated with human diseases. The most well-
nown members are Hepatitis C virus, dengue virus, and West Nile
irus (WNV). Diseases caused by these viruses are global health
roblem that put an estimated 2.5 billion people at risk. At present
here is no treatment available to prevent or cure most of these dis-
ases. A potential target for the development of therapeutics against
he virus is the viral helicase due to its importance in viral replica-
ion. In our project we are looking to design inhibitors for different
aviviridae helicases, in particular the HCV, WNV, and Dengue virus
nzymes. Considering that the crystal structure of WNV helicase is
ot reported yet, we have built a homology model of this enzyme
sing the Yellow Fever helicase as template. The model obtained
as further optimized using molecular dynamics. This model can
ow be used as a tool for the design of novel compounds that target
his enzyme and inhibit viral replication.

oi:10.1016/j.antiviral.2009.02.142
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ucleoside Phosphonate Analogues Modified by Lipophilic Cage
oiety as Potential Antiviral Agents

uri Klimochkin a,∗, Marina Leonova a, Alexander Reznikov a,
ndrey Shiraev a, Eugene Golovin a, Eugene Belanov b

Samara State Technical University, Samara, Russia; b FSRI SRC “Vec-
or”, Novosibirsk, Russia

At the present time analogs of nucleoside phosphonates con-
aining dihydroxypropyl groups (adefovir, cidofovir, tenofovir) are
he most perspective antivirus agents. There has been reported cid-
fovir and its derivatives show good activity against poxvirus on
nimal models. The most disadvantages of all these compounds
re the low level of bioavailability which determines their applica-
ion by intravenous injection. This disadvantage is determined by
he presence in the structure the very polar phosphonate group.
ut this group is very important for antiviral activity. At this
oint nucleotide analogs bearing phosphonate group modified by
lipophilic substituent are of the special interest. The modifying

ipophilic group can be able easy eliminate in the course of hydrol-
ses at cytoplasm pH values or cell enzymes action. More lipophilic
idofovir derivatives have been synthesized and they shown bet-

er activity due to not only its bioavailability but themselves own
tructure. For instance hexadecyloxypropyl derivative of cidofovir
how very good antiviral activity. We have attempted to modify
idofovir and related structures using lipophilic cage compounds.
Research 82 (2009) A1–A83

A number of compounds containing adamantane derivative bonded
with phosphonate group by a chain linkage have been prepared (B –
heterocyclic base, X – (CH2)n or (CH2)nO, Ad – adamantane deriva-
tive): Earlier we have found several oxygen and nitrogen derivatives
of cage compounds show high activity against RNA and DNA viruses
on cell cultures. And we have used these derivatives as lipophilic
modifiers of nucleoside phosphonates analogs in order to raise the
activity of the whole structure. This way of modification could allow
developing new therapeutic agents having high level of bioavail-
ability and can be able to act on two or more stages of reproductive
cycle of DNA viruses
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2008-02-1.2-05-16-022 and Grant of RFFI 08-03-99038-r ofi.
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Antiviral Activity of New Derivatives of Cage Compounds

Yuri Klimochkin a,∗, Vitalij Osyanin a, Pavel Krasnikov a, Marina
Leonova a, Eugene Golovin a, Sergey Balakhnin b, Eugene Belanov b

a Samara State Technical University, Samara, Russia; b FSRI SRC “Vec-
tor”, Novosibirsk, Russia

The high pathogenicity influenza A (H5N1) virus has been the
cause of large-scale death in poultry and death of over 200 humans.
As regards orthopox viruses, discontinuation of vaccination makes
population vulnerable to variola and orthopox infections. Func-
tional derivatives of cage structure are as known one of perspective
classes of organic compounds for search of antiviral agents. Dur-
ing our investigation we have synthesized series of functional
derivatives of adamantane: oxygen, nitrogen, sulphur containing
derivatives and wide range of adamantyl substituted heterocycles.
Antiviral activity was evaluated against influenza A (H5N1) virus
and orthopox viruses: vaccinia, cowpox, mousepox, monkeypox in
cell cultures (Vero, MK 2). Biological tests show that most of syn-
thesized compounds reveal antiviral activity to a greater or lesser
extent. Among compounds having activity against poxviruses it
is necessary to note cage fluoro containing amide, which inhibits
reproduction of vaccinia virus in 0.06 mM concentration and
derivative of adamantyl substituted 1,3,4-thiadiazole shows good
potency against cowpox (IC50 = 0.09 mM). Also adamantane con-
taining hydrazide has marked antiviral potency against influenza
A virus (H5N1), it inhibits their reproduction at 0.5 mM concentra-
tion. Amino derivative, containing adamantylidene unit, suppresses
replication of H5N1 virus at 0.7 mM concentration. The presence of
great number of high active compounds indicates some common
principles of antiviral action of compounds, containing saturated
cage moiety. It determines route to new inhibitors of the influenza
which block M2 ion channels. Structures of compounds having
activity against poxviruses allow to suppose that their action occurs
at the later stages of viral reproduction.
doi:10.1016/j.antiviral.2009.02.144
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