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A number of N-substituted thymine and adenine derivatives, 2a, b and 3a, b, were synthe-
sized by the coupling reaction of 1-bromo-2,2-diethoxyethane with the corresponding base.
The corresponding peptide nucleic acid (PNA) analogues, N-substituted ethylamino-3-hy-
droxypropanoate derivatives 5a, b and ethylamino-3-hydroxybutanoate derivatives 6a, b,
were synthesized from the corresponding 2-[3,4-dihydro-5-methyl-2,4-dioxopyrimidin-1(2H)-
yl]-acetaldehyde (3a) and 2-[6-amino-4H-purin-9(5H)-yl]-acetaldehyde (3b), respectively. The
synthesized compounds were tested for their antiviral activity against hepatitis B virus (HBV).
The plaque reduction infectivity assay was used to determine the virus count reduction as a
result of the treatment with the tested compounds.
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Introduction

Synthetic compounds that specifically recognize
and bind to a specific DNA or RNA sequence of
interest are of great significance (DeMesmaeker et
al., 1995; Milligan et al., 1993; Uhlmann and Pey-
mann 1990). A particular successful DNA-binding
agent is a recently developed class of DNA ana-
logues, the peptide nucleic acids (PNAs) (Fig. 1)
(Nielsen et al., 1991; Egholm et al., 1992; Hyrup
and Nielsen, 1996; Nielsen, 1998; Uhlmann et al.,
1998; Ganesh and Nielsen, 2000). PNAs are oligo-
nucleotide analogues, in which the entire phos-
phodiester pentose backbone of DNA or RNA is
replaced by a polyamide or peptide backbone (Eg-
holm et al., 1993). The complete replacement of
the ribose phosphate backbone with an artificial
pseudopeptide backbone results in a remarkably
improved binding to complementary nucleic acid
sequences occurring with both high affinity and
high selectivity. These characteristics make them
potentially useful as antisense and antigene drugs
or molecular probes, which have numerous appli-
cations in the field of molecular and experimental
medicine (Egholm et al., 1995; Ray and Norden,
2000; Zhou et al., 2006; Hyun et al., 2006). Further-
more N1/N9-alkylation of nucleobases affords the
important building blocks for PNAs, which have
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been widely described in the literature (Duehohm
et al., 1994; Thomson et al., 1995; Will et al., 1995;
Alahiane et al., 2003). The hybridization prop-
erties of PNAs have attracted widespread interest
to this class of compounds (Zhou et al., 2003; Niel-
sen, 1999; Seitz, 2000). Their biological stability has
made PNAs attractive as therapeutic and biomolecu-
lar tools. In PNAs, the phosphoribose backbone of

Fig. 1. Chemical structure of peptide nucleic acids.
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a natural oligonucleotide has been replaced by
N-(2-aminoethyl)glycine whereby the purine/pyr-
imidine base pair is attached to the glycine nitrogen
atom via a methylene carbonyl linker (Debaene
and Winssinger, 2003). Owing to the above signifi-
cance and as a consequence of the chemical stability
of PNAs and their superior hybridization prop-
erties relative to natural oligonucleotides, we here
report the synthesis of new PNA analogues and
acyclic analogues of nucleosides using pyrimidine
and adenine as heterocyclic nucleobases.

Experimental

General

Melting points were determined using a Büchi ap-
paratus. IR spectra (KBr) were recorded with a
Bruker-Vector22 instrument (Bruker, Bremen,
Germany). 1H NMR spectra were recorded with a
Varian Gemini spectrometer at 300 MHz and 200
MHz. Chemical shifts were reported in δ scale
(ppm) relative to TMS as internal standard and the
coupling constants (J values) are given in Hz. The
progress of the reactions was monitored by TLC
using aluminum silica gel plates 60 F245. EIMS spec-
tra were recorded with a HP D5988 A 1000 MHz in-
strument (Hewlett Packard, Palo Alto, CA, USA).
Antiviral activity against hepatitis B virus was tested
at the Liver Institute, Menofia University, Egypt.

Antiviral activity

The synthesized compounds were tested for their
antiviral activity against hepatitis B virus (HBV)
using the HepG2.2.2.15 cell line (Sells et al., 1987),
a human hepatoplastoma cell line producing HBV
viral particles (Korba and Gerin, 1992).

The cell line was maintained in RPMI-1640 (Glu-
tamax) (Gibco BRL Life Technologies, Paisly,
Scotland) culture medium containing 100 IU/ml
nystatin (Gibco BRL Life Technologies), 380 μg/
ml G418 (genetecin) (Gibco BRL Life Technol-
ogies) and 10% fetal calf serum (FCS) (Gibco BRL
Life Technologies). The transferred HEPG2.2.2.15
cells were kept in a tissue culture flask at 37 ∞C
and 5 % CO2. Subcultures were set up after a week
by trypsination (10 % versin/trypsin; Biochrome
KG, Berlin, Germany) and transferred to a 96-well
tissue culture plate. Serial dilutions of the test
compounds were added to the cell suspension and
incubated for 6 d at 37 ∞C and 5% CO2. The anti-
viral activity and cytotoxic effect of the test com-
pounds was estimated by comparing the DNA con-

tent in the culture supernatant and the viability
of the cells with the test compounds to those of
HepG2.2.2.15 cells without any compound added
(blank cells). The drug lamivudine which is a po-
tent selective inhibitor of HBV replication has been
used as a standard positive control (Doong et al.,
1991). Each compound was tested in triplicate.

DNA extraction

DNA extraction was done by incubating 10 μl of
diluted supernatant with 10 μl of 0.2 m NaOH at
37 ∞C for 1 h; then 9.6 μl of 0.2 m HCl were carefully
added followed by addition of 90 μl of Tris-EDTA
(TE) buffer (Gibco BRL Life Technologies).

PCR-ELISA detection of HBV DNA

The DNA content in the cell culture supernatant
was determined by PCR amplification of the HBV
DNA using 1 μmol/1 of each of the following pri-
mers: HCID-1 (5�-GGAAAGAAGTCAGAAGG-
CA-3�) and HCID-2 (5�-TTGGGGGAGGAGAT-
TAGGTT-3�), in a reaction mixture containing 14 μl
extracted supernatant, 4 mmol/l MgCl2, 10 μmol/l
DIG-11-dUTP (Roche, Munich, Germany),
190 μmol/l dTTP, 200 μmol/l dATP, dGTP, dCTP
(Roche), 1.5 U Taq polymerase (Roche) in a total
volume of 50 μl. PCR reaction conditions were: 32
cycles of 10 min at 94 ∞C, 30 s at 58 ∞C and 30 s at
72 ∞C with a 3-s increment for each cycle in a Perkin
Elmer 480 thermal cycler (Perkin Elmer, Waltham,
MA, USA). The PCR product was detected by the
DIG-ELISA assay (Roche). The optical density
(OD) of the DNA of the test compound was com-
pared to that of the blank culture.

Cytotoxicity assay

3-(3,5-Dimethylthiazole-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) (Sigma, St. Louis, MO,
USA) is a colourless substrate that is transferred to
a coloured product by any living cell but not by
dead cells. The assay utilizes this compound to test
for the viability of cells in the presence of test com-
pound compared to the viability of the blank cells
(Fouad et al., 1998).

Calculation of IC50, CC50, and SI values

The 50% inhibitory concentration of antiviral
drugs (IC50) was determined by plotting the DNA
content of the serial dilutions of the tested com-
pound versus the concentration of this compound.
The 50 % cytotoxic effect (CC50) was calculated
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from the average viability of the cells with 0.1 μm
concentration of drugs. The selectivity index (SI)
was calculated as CC50/IC50 (Fouad et al., 1998).

Results and Discussion

Chemistry

The coupling reaction at one of the nitrogen
atoms in the heterocyclic base is the most effective
method for introducing certain substituents with
desired functionalities into the heterocyclic base.
Thus, the reaction of thymine and adenine with
1-bromo-2,2-diethoxyethane was carried out in the
presence of anhydrous potassium carbonate to give
1-(2,2-diethoxyethyl)-5-methylpyrimidine-2,4(1H,
3H)-dione (2a) and 9-(2,2-diethoxyethyl)-9H-pur-
in-6-amine (2b), respectively. The structures of these
compounds were proved by IR, 1H NMR and
mass spectra which were in agreement with the
assigned structure. The 1H NMR spectra of com-
pounds 2a and 2b showed the signals of ethyl pro-
tons as triplets and quartets at δ 1.19, 3.55 ppm

Fig. 2. Pyrimidine and adenine peptide nucleic acid ana-
logues.

and δ 1.17, 3.51 ppm, respectively. Hydrolysis of
2a and 2b was carried out by means of 4 m hydro-
chloric acid to give the corresponding 2-[3,4-dihy-
dro-5-methyl-2,4-dioxopyrimidin-1(2H)-yl]-acetal-
dehyde (3a) and 2-[6-amino-4H-purin-9(5H)-yl]-ac-
etaldehyde (3b) in good yields. The 1H NMR spec-
trum of 3a showed the protons of NÐCH2 as a dou-
blet at δ 3.62 ppm, the proton in the pyrimidine ring
as a singlet at δ 7.25 ppm in addition to the NH as a
singlet at δ 8.85 ppm. When 3a and 3b were allowed
to react with l-serine and l-threonine methylester in
the presence of potassium hydroxide at room tem-
perature, they afforded the corresponding ethylami-
no-3-hydroxypropanoate derivatives 5a and 5b and
ethylamino-3-hydroxybutanoate derivatives 6a and
6b, respectively, in moderate yields. The IR spectra
of these compounds showed the characteristic ab-
sorption band at 1740Ð1755 cmÐ1 The 1H NMR
spectra of these compounds are in agreement with
the assigned structures. For compound 5b the spec-
trum showed a peak at δ 3.62 ppm corresponding to
OÐCH3 in addition to the peak of the hydroxy group
at δ 3.95 ppm and the triplet at δ 4.05 ppm corre-
sponding to the CHÐCH2 group which is in agree-
ment with the assigned structure. The 1H NMR spec-
trum of compound 6a showed the two methyl groups
as a doublet at δ 1.22 ppm and a singlet at δ 1.68 ppm
in addition to the peak corresponding to the OÐCH3

group at δ 2.43 ppm and the hydroxy group as a dou-
blet at δ 3.75 ppm (Fig. 2).

Antiviral testing

The results of the antiviral activity measurements
against HBV are shown in Tables I and II. Prelimi-
nary screening indicated that 5b and 6b showed

Table I. Cytotoxic effect (CC50)*, inhibitory concentra-
tion (IC50), and selectivity index (SI) of the newly syn-
thesized compounds.

Compound HBV DNA SI
IC50 [μm]

Lamivudine 0.1 1000
2a 0.6 166.6
2b 0.5 200.0
3a 0.7 142.8
3b 0.6 166.6
5a 0.5 200.0
5b 0.2 500.0
6a 0.3 333.3
6b 0.2 500.0

* HepG2.2.2.15 CC50 for all tested compounds was
100 μm.
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Compound Concentration HBV DNA HepG2 viable
[μm] in supernatant cells

Lamivudine 0.1 0.25 1.00
2a 0.1 0.17 0.56
2b 0.1 0.13 0.19
3a 0.1 0.28 0.35
3b 0.1 0.19 0.33
5a 0.1 0.13 0.19
5b 0.1 0.83 0.90
6a 0.1 0.21 0.63
6b 0.1 0.29 0.44

Table II. Inhibition of HBV replication
by the tested compounds.
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