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 1 INTRODUCTION

Medicines capable of inhibiting the human immu�
nodeficiency virus (HIV) replication play an impor�
tant role for the therapy of acquired immunodefi�
ciency syndrome. Such drugs include inhibitors of the
absorption of the virus on the cell surface (entry inhib�
itors), fusion inhibitors, protease inhibitors, integrase
inhibitors, and HIV reverse transcriptase inhibitors of
two types, nucleoside� and nonnucleoside�based
(NNRTI) compounds.

More than 50 structurally different types of NNRTI
are known. Among them there are structures with three
aromatic rings (for example, rilpivirin approved by FDA
in 2011) or two aromatic fragments joined with a linker.
Compounds HI�238 and R100943 [1], which displayed
a high antiviral activity and improved resistance profile
if compared with the first NNRTI generation (nevi�
rapine), pertain to the latter type.

It is noteworthy that compound R100943 contain�
ing two aromatic rings joined with a flexible linker
takes a “horseshoe” conformation in the enzyme
hydrophobic pocket [1], which differs greatly from the
butterfly�like model inherent for nevirapine and
related tricyclic derivatives [2].

Despite the hydrolytical instability of compound
R100943 due to a thiourea fragment in the linker [1],
which was found in the course of clinical trials, interest
to the compounds of this type was not lost. It was soon

 Abbreviations: DBU, 1,8�diazabicyclo[5.4.0]undec�7�ene;
TSA, toluenesulphonic acid; HIV, human immunodeficiency
virus type 1; RT, reverse transcriptase; NNRTI, nonnucleoside
reverse transcriptase inhibitors.

1 Corresponding author: phone: +7 (499) 135�1405; e�mail:
amk@eimb.ru.

demonstrated that the presence of a thiourea or urea
motifs in the linker structure was not mandatory for
the inhibitory activity [3].

Polymethylene derivatives of nucleic bases bearing
various ω�functional groups in the hydrophobic hydro�
carbon chain make possible the elucidation of the func�
tion–structure relationship upon the interaction with
various proteins. Particularly, earlier we searched for HIV
integrase inhibitors among 5�(4�halophenyl)�5�oxopen�
tyl derivatives of nucleic bases [4].

In this work, for the search of new HIV RT inhibi�
tors we used a concept, according to which the pres�
ence of two π�systems and a conformational flexibility
provided by an extended linker are necessary for inter�
actions with the enzyme hydrophobic pocket.

RESULTS AND DISCUSSION

Compound (I) was the starting structure for the
search of new HIV RT inhibitors. The inhibitory
activity of this compound toward HIV RT was found
during the screening of the library of nucleic base
derivatives synthesized earlier [5]. The following
structural elements can be discriminated in the mole�
cule of compound (I): an adenine residue, a polyme�
thylene linker, an aryl radical, and a dioxolane cycle,
whereas it was found in preliminary experiments that
pyrimidine and guanine derivatives similar to (I) did
not inhibit HIV RT. A dioxolane fragment in the
inhibitor molecule is also necessary, because the corre�
sponding phenone obtained by acid hydrolysis of com�
pound (I) did not inhibit the HIV RT activity.
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The Synthesis of 6�Substituted Purines

It seemed us interesting to synthesize compounds
with a 6�substituted purine residue separated from the
phenyl radical and the dioxolane (or analogous) frag�
ment by a polymethylene linker and study their capac�
ity to inhibit HIV RT. The synthesis of target com�
pounds based on of alkylation reactions seemed to be
the most rational approach. Thus, the first step was the
preparation of alkylating agents by acylation of ben�
zene or its substituted derivatives with ω�chloroacyl
chlorides using the Friedel–Crafts reaction [6, 7]. The
acyl chlorides of 3�chloropropanoic, 5�chloropen�
tanoic, and 6�chlorohexanoic acid were used. As aryl
components, benzene, toluene, m�xylene, fluoro�,
chloro�, bromo�, ethyl�, isopropyl�, and methoxy�
benzene were taken. The long time refluxing of the
phenones obtained with the corresponding diols in the
presence of TSA with a Dean–Stark trap resulted in

the target dioxolanes (IIa)–(IIm) in good yields
(Scheme 1). Dioxolane (IIn) was prepared by acyla�
tion of derivative (IIm) in a good yield.

Alkylation of 6�substituted purines was performed
in dimethylformamide in the presence of DBU. For
the isolation and purification of the target compounds,
column chromatography on silica gel was used. Deriv�
ative (IIIm) was obtained by alkaline hydrolysis of
compound (IIIn) under mild conditions (Scheme 2).
Compounds with 6�methylamino� (IIIp) and 6�dime�
thylamino�(IIIq) groups were obtained by aminolysis
of 6�chloropurine derivative (IIIo). Hypoxantine
derivative (IIIr) was described earlier [5].

1H and 13C NMR spectra of the synthesized com�
pounds fully confirmed their structures and purity (see
the Experimental section).
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Scheme 1. The synthetic scheme for alkylating agents (IIa)–(IIn). (i) AlCl3, the varied solvent
(see the Experimental section), 0–20°C; (ii) diol, p�TSA, benzene, Δ; (iii) AcCl, NEt3, CH2Cl2, 0°C.
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The Activity of the Synthesized 
Compounds toward HIV RT

The synthesized compounds were tested as HIV RT
inhibitors as described in [8]. The measure of inhibi�
tory activity was the enzyme inhibition constant (KI)
(the table).

The comparison of activities of compounds (I) and
(IIIa)–(IIIc) demonstrated that the optimal length of
the linker joining a purine cycle and a dioxolane frag�
ment is three methylene units. It is also noteworthy
that the dioxolane fragment can affect the activity. The
replacement of the five�membered cycle by a six�
membered one resulted in a decreased activity [cf. (I)
and (IIIl)].

It is likely that both an increased length of the
linker between the dioxolane and purine fragments of
(IIIb) and (IIIc) and a more bulky dioxolane ring (IIIl)
hindered the placement of the inhibitor in the HIV RT
hydrophobic pocket.

Compounds (IIIm) and (IIIn) exemplify the fact
that the introduction of substituents into the dioxolane
cycle position 3 resulted in a complete loss of activity.

The study of the influence of the benzene ring sub�
stituent on the anti�HIV RT activity demonstrated
some common relationships. It was found for p�halo�
substituted derivatives (IIId)–(IIIf) that only chloro�
substituted (IIIe) was active. Halogens can impact the
inhibitor interaction with the “pocket” amino acids
both directly, due to hydrophobic and dispersion inter�
actions as well as hydrogen bonds, and indirectly, by
effecting the distribution of the electron density in the
benzene ring. It is most likely that a low activity of bro�

mosubstituted (IIIf) is related with the steric factor
reason, whereas the fluorine atom in the p�position of
the (IIId) benzene ring negatively affected the redistri�
bution of the electron density thus hindering stacking
interactions of the benzene ring with the side groups of
the hydrophobic pocket amino acids.

Compound (IIIg) containing a methylene group in
the p�position of the benzene ring proved to be most
active. Similarly to compound (IIIe), an increased
activity can be probably explained by dispersion inter�
actions of the substituent in the p�position of the ben�
zene ring with amino acids of the hydrophobic pocket.
However, the introduction of more bulky hydrophobic
substituents [(IIIi) and (IIIj)] caused the loss of activ�
ity, which is most probably the result of steric hin�
drances for the inhibitor placing in the binding site.
Probably, compound (IIIk) was inactive for the same
reason. The introduction of an additional methyl sub�
stituent to the o�position of the benzene fragment
(IIIh) also resulted in a decrease in the inhibitory
activity. Thus, the introduction of small hydrophobic
groups to the p�position of the benzene fragment only
allowed an insignificant increase in the activity [cf.
(IIIe), (IIIg), and (I)].

With the goal of corroborating that the synthesized
compounds noncompetitively inhibited HIV RT by
interacting with the binding site of nonnucleoside
inhibitors, we tested the most effective compound (IIIg)
containing two amino acid replacements (Lys103Asn
and Tyr181Cys) as an HIV RT inhibitor. These muta�
tions are located in the enzyme binding site of nonnu�
cleoside inhibitors and are characteristic for viral
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Scheme 2. The synthetic scheme for ω�(2�aryl�1,3�dioxolan�2yl)alkyl derivatives of adenine

 MeOH, 20°C; (iv) NHMe2 ⋅ HCl, DBU, MeOH, 20°C.
* Compound (IIIr) is in the keto form. 

and relative compounds. (i) DBU, DMF, 80°C; (ii) NEt3, EtOH/H2O, Δ; (iii) NH2Me ⋅ HCl, DBU,

(III)
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strains resistant to HIV RT nonnucleoside inhibitors
[9]. We demonstrated in this experiment that the
inhibitory activity of derivative (IIIg) toward the
mutant enzyme was 80 times lower than that toward
the wild�type enzyme (the table). This fact supported
our assumption.

The comparison of analogues of compound (I)
bearing various substituents in position 6 of the purine
cycle (IIIo)–(IIIr) showed that the introduction of
methyl residues into amino groups caused a decrease
in the inhibitory activity and the replacement of amino
groups by a chlorine atom (IIIo) or oxygen (IIIr) led
to a complete loss of the activity. It is likely that the
purine amino group formed hydrogen bonds with oxy�
gen atoms of the main protein chain and, therefore,
the introduction of amino group substituents or its
replacement resulted in the loss of activity.

EXPERIMENTAL

In this work we used adenine, hypoxantine, 6�chlo�
ropurine, 3�chloropropionyl chloride, and 6�chlro�
hexanoyl chloride (Sigma, United States); 1,8�diaza�
bicyclo[5.4.0]undec�7�ene, p�toluene sulfonic acid
monohydrate, CDCl3, DMSO�d6, benzene, toluene,
ethylbenzene, cumene, xylene, anisole, fluoroben�
zene, chlorobenzene, bromobenzene, aluminum
chloride, methylamine hydrochloride, dimethylamine
hydrochloride, ethylene glycol, glycerol, acetyl chlo�
ride, and triethylamine (Acros Organics, Belgium).
4�Chlorobutanoyl chloride and 5�chloropentanoyl
chloride were prepared as described in [6, 7]. The sol�
vents were purified and dried according to standard
protocols [7]. TLC was carried out on Kieselgel 60 F254
plates (Merck, Germany) in the following systems: 1 : 1
methylene chloride–heptane (A), 18 : 2 chloroform–
ethanol (B); and 18.5 : 1.5 chloroform–ethanol (C).

Inhibitory activity of the synthesized compounds toward HIV RT

Compound R1 R2 R3 R4 n/m KI, μM

(I) H H H NH2 1/1 16

(IIIa) H H H NH2 0/1 >100

(IIIb) H H H NH2 2/1 >100

(IIIc) H H H NH2 3/1 >100

(IIId) F H H NH2 1/1 >100

(IIIe) Cl H H NH2 1/1 14.7

(IIIf) Br H H NH2 1/1 >100

(IIIg) Me H H NH2 1/1 13.4*

(IIIh) Me Me H NH2 1/1 18.4

(IIIi) CH2CH3 H H NH2 1/1 >100

(IIIj) i�Pr H H NH2 1/1 35.6

(IIIk) O�CH3 H H NH2 1/1 >100

(IIIl) H H H NH2 1/2 26

(IIIm) H H CH2�OAc NH2 1/1 >100

(IIIn) H H CH2�OH NH2 1/1 >100

(IIIo) H H H Cl 1/1 >100

(IIIp) H H H NHMe 1/1 19.7

(IIIq) H H H NMe2 1/1 >100

(IIIr) H H H OH 1/1 >100

Nevirapin – – – – – 4.2

* For the mutant HIV RT (K103N + Y181C) KI = 1.1 mM.
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The compounds were detected by UV absorption at
254 nm. Column chromatography was performed on
silica gel 60 (0.040–0.063 mm) (Merck, Germany).

Mass spectra were registered on a MS�30 mass
spectrometer (Kratos, Japan) using the electron
impact as an ionization method. NMR spectra were
registered on a Bruker AMXIII�400 spectrometer in
CDCl3 if not stated otherwise with the working fre�
quency 400 MHz for 1H and 100 MHz for 13C spectra
at 300 K (δ, ppm, Hz).

The following reagents were used in biological
experiments: [α�32P]dATP (5000 Ci/mol, Isotop,
Russia), 2'�deoxyribonucleoside 5'�triphosphates
(Promega, United States), cellulose Whatman 3MM
filters (Whatman, Great Britain). Other reagents of
the highest purity were purchased from Sigma�Aldrich
or Fluka. Activated DNA was obtained from salmon
sperm (Pharmacia Biotech, United States) by treat�
ment with calf pancreas DNase (Fermentas, Lithua�
nia) as described in [10]. The plasmid encoding the
wild type HIV�1 RT was a kind gift of Prof. S. Le Grice
(National Cancer Institute, Frederick, Maryland,
United States). The plasmid encoding RT with two
amino acid replacements (Lys103Asn and Tyr181Cys)
was described in [11]. The wild type HIV�1 RT and the
mutant form (K103N+Y181C) were isolated and
purified using Ni�NTA agarose according to the stan�
dard protocol [12].

Preparation of alkylating agents (IIa)–(IIm).
Anhydrous aluminum trichloride (3 g, 22 mmol) was
added in portions under stirring to a solution of
ω�chlorocarboxylic acid chloride (20 mmol) and aro�
matic hydrocarbon (25 mmol) in a solvent (an excess
of the same aromatic hydrocarbon or methylene chlo�
ride, 10 mL) cooled to 0°C for 5 min, and the resulting
solution was stirred for 1 h at 0°C and then 1 h at 20°C.
The mixture was poured onto ice (20 g), the organic
layer was separated, and the aqueous layer was
extracted with methylene chloride (3 × 30 mL). The
extracts were united, dried with anhydrous sodium
sulfate, and the solvent was evaporated. The residue
was purified by column chromatography (l = 5 cm,
d = 5 cm) on silica gel eluting with methylene chlo�
ride. The chromatographically homogeneous product
was used without further purification for the synthesis
of alkylating agents (IIa)–(IIm) as described below.

A solution of the phenone prepared at the previous
step (10 mmol), the corresponding diol (100 mmol),
and TSA (0.5 g, 2.6 mmol) were mixed in dry benzene
(70 mL). The resulting solution was refluxed for 10 h
using a Dean–Stark trap. The reaction mixture was
cooled and a solution semisaturated sodium hydrocar�
bonate (50 mL) was added. The organic layer was sep�
arated, and the aqueous phase was extracted with ben�
zene (3 × 30 mL). The united organic extracts were
dried with anhydrous sodium sulfate and the solvent
was evaporated. The residue was purified by column

chromatography (l = 5 cm, d = 5 cm) on silica gel elut�
ing with methylene chloride.

2�(2�Chloroethyl)�2�phenyl�1,3�dioxolane (IIa)
was obtained in a yield of 35%, Rf 0.46 (A). Mass: m/z
212.1 [M+]. Calc. M 212.7 (C11H13ClO2). 1H NMR:
2.84 (2 H, m, CH2CH2Cl); 3.68 (2 H, t, J 6.5, CH2Cl);
[3.76; 3.99] (2 H × 2, m × 2, OCH2CH2O); 7.27–7.46
(5 H, m, Ph). 13C NMR: 39.13 (CH2CH2Cl); 43.47
(CH2Cl); 64.57 (2 C, OCH2CH2O); 108.95 (OCO);
[125.47 (2 C, C3 and C5); 128.02 (C4); 128.28 (2 C,
C2 and C6); 141.58 (C1)] (Ph).

2�(4�Chlorobutyl)�2�phenyl�1,3�dioxolane (IIb)
was obtained in a yield of 61%, Rf 0.49 (A). Mass: m/z
240.1 [M+]. Calc. M 240.7 (C13H17ClO2). 1H NMR:
1.49 (2 H, m, CH2CH2Cl); 1.73 (2 H, m,
CH2CH2CH2Cl); 1.91 (2 H, m, CH2CH2CH2CH2Cl);
3.47 (2 H, t, J 6.7, CH2Cl); [3.75; 4.00] (2 H × 2, m × 2,
OCH2CH2O); 7.29–7.47 (5 H, m, Ph). 13C NMR:
21.18 (CH2CH2CH2Cl); 32.70 (CH2CH2Cl); 39.75
(CH2CH2CH2CH2Cl); 44.89 (CH2Cl); 64.57 (2 C,
OCH2CH2O); 110.26 (OCO); [125.73 (2 C, C3 and
C5); 128.06 (C4); 128.14 (2 C, C2 and C6); 142.56
(C1)] (Ph).

2�(5�Chloropentyl)�2�phenyl�1,3�dioxolane (IIc)
was obtained in a yield of 62%, Rf 0.51 (A). Mass: m/z
254.1 [M+]. Calc. M 254.7 (C14H19ClO2). 1H NMR:
1.38 (4 H, m, CH2CH2CH2 CH2Cl); 1.72 (2 H, m,
CH2CH2Cl); 1.89 (2 H, m, CH2CH2CH2CH2CH2Cl);
3.47 (2 H, t, J 6.7, CH2Cl); [3.75; 4.00] (2 H × 2, m × 2,
OCH2CH2O); 7.25–7.44 (5 H, m, Ph). 13C NMR:
22.98 (CH2CH2CH2CH2Cl); 26.98 (CH2CH2CH2Cl);
32.62 (CH2CH2Cl); 40.40 (CH2CH2CH2CH2CH2Cl);
45.01 (CH2Cl); 64.56 (2 C, OCH2CH2O); 110.43
(OCO); [125.78 (2 C, C3 and C5); 127.85 (C4); 128.14
(2 C, C2 and C6); 142.66 (C1)] (Ph).

2�(3�Chloropropyl)�2�(4�fluorophenyl)�1,3�dioxo�
lane (IId) was obtained in a yield of 55%, Rf 0.49 (A).
Mass: m/z 244.1 [M+]. Calc. M 244.7 (C12H14ClFO2).
1H NMR: 1.84 (2 H, m, CH2CH2Cl); 2.01 (2 H, m,
CH2CH2CH2Cl); 3.52 (2 H, t, J 6.7, CH2Cl); [3.75;
4.00] (2 H × 2, m × 2, OCH2CH2O); [7.01 (2 H, m, [H3
and H5]; 7.41 (2 H, m, (H2 and H6)] (Ph). 13C NMR:
27.19 (CH2CH2Cl); 38.00 (CH2CH2CH2Cl); 45.18
(CH2Cl); 64.75 (2 C, OCH2CH2O); 109.87 (OCO);
[115.10 (2 C, d, J 21.5, C3 and C5); 127.65 (2 C, d,
J 8.1, C2 and C6); 130.82 (d, J 9.4, C1); 161.61 (d,
J 245.9, C4)] (Ph).

2�(3�Chloropropyl)�2�(4�chlorophenyl)�1,3�dioxo�
lane (IIe) was obtained in a yield of 12%, Rf 0.50 (A).
Mass: m/z 260.0 [M+]. Calc. M 261.1 (C12H14Cl2O2).
1H NMR: 1.84 (2 H, m, CH2CH2Cl); 2.00 (2 H, m,
CH2CH2CH2Cl); 3.52 (2 H, t, J 6.7, CH2Cl); [3.74;
4.00] (2 H × 2, m × 2, OCH2CH2O); 7.23–7.39 (4 H,
m, Ph). 13C NMR: 27.05 (CH2CH2Cl); 37.76
(CH2CH2CH2Cl); 45.05 (CH2Cl); 64.69 (2 C,
OCH2CH2O); 109.70 (OCO); [127.27 (2 C, C3 and
C5); 128.46 (2 C, C2 and C6); 133.98 (C1); 141.07
(C4)] (Ph).



42

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 41  No. 1  2015

KOMISSAROV et al.

2�(3�Chloropropyl)�2�(4�bromophenyl)�1,3�diox�
olane (IIf) was obtained in a yield of 10%, Rf 0.50 (A).
Mass: m/z 304.0 [M+]. Calc. M 305.6 (C12H14BrClO2).
1H NMR (DMSO�d6): 1.83 (2 H, m, CH2CH2Cl); 1.98
(2 H, m, CH2CH2CH2Cl); 3.51 (2 H, t, J 6.7, CH2Cl);
[3.95; 4.12] (2 H × 2, m × 2, OCH2CH2O); [7.29 (2 H,
m, H2 and H6); 7.52 (2 H, m, H3 and H5)] (Ph). 13C
NMR (DMSO�d6): 27.13 (CH2CH2Cl); 37.75
(CH2CH2CH2Cl); 45.03 (CH2Cl); 64.27 (2 C,
OCH2CH2O); 108.89 (OCO); [121.14 (C4); 127.67 (2
C, C2 and C6); 131.04 (2 C, C3 and C5); 140.79 (C1)]
(Ph).

2�(3�Chloropropyl)�2�(4�methylphenyl)�1,3�diox�
olane (IIg) was obtained in a yield of 71%, Rf 0.52 (A).
Mass: m/z 240.1 [M+]. Calc. M 240.7 (C13H17ClO2).
1H NMR: 1.86 (2 H, m, CH2CH2Cl); 2.03 (2 H, m,
CH2CH2CH2Cl); 2.35 (3 H, s, CCH3Ph); 3.58 (2 H, t,
J 6.7, CH2Cl); [3.77; 4.00] (2 H × 2, m × 2,
OCH2CH2O); [7.15 (2 H, m, H�3 and H�5); 7.83 (2
H, m, H�2 and H�6)] (Ph). 13C NMR: 21.02 (CH3Ph);
27.09 (CH2CH2Cl); 37.49 (CH2CH2CH2Cl); 45.07
(CH2Cl); 64.44 (2 C, OCH2CH2O); 109.99 (OCO);
[125.54 (2 C, C, and C6); 128.81 (2 C, C3 and C5);
137.56 (C4); 139.27 (C1)] (Ph).

2�(3�Chloropropyl)�2�(2,4�dimethylphenyl)�1,3�
dioxolane (IIh) was obtained in a yield of 40%, Rf 0.55
(A). Mass: m/z 254.1 [M+]. Calc. M 254.7
(C14H19ClO2). 1H NMR: 1.88 (2 H, m, CH2CH2Cl);
2.06 (2 H, m, CH2CH2CH2Cl); [2.29; 2.44] ((3 H × 2,
s × 2, (CH3)2Ph); 3.53 (2 H, t, J 6.7, CH2Cl); [3.73;
3.98] (2 H × 2, m × 2, OCH2CH2O); 6.96–7.40 (3 H, m,
Ph). 13C NMR: [20.66; 20.92] ((CH3)2Ph); 27.13
(CH2CH2Cl); 36.31 (CH2CH2CH2Cl); 45.36 (CH2Cl);
64.21 (2 C, OCH2CH2O); 110.82 (OCO); [126.22;
126.84; 129.15; 132.91; 135.66; 137.74] (Ph).

2�(3�Chloropropyl)�2�(4�ethylphenyl)�1,3�dioxolane
(IIi) was obtained in a yield of 76%, Rf 0.52 (A). Mass:
m/z 254.1 [M+]. Calc. M 254.7 (C14H19ClO2). 

1H NMR:
1.24 (3 H, t, J 7.6, CH3CH2Ph); 1.86 (2 H, m,
CH2CH2Cl); 2.02 (2 H, m, CH2CH2CH2Cl); 2.64 (2 H,
q, J 7.6, CH3CH2Ph); 3.52 (2 H, t, J 6.7, CH2Cl); [3.77;
4.00] (2 H × 2, m× 2, OCH2CH2O); [7.16 (2 H, m, H3
and H5); 7.35 (2 H, m, H2 and H6)] (Ph). 13C NMR:
15.47 (CH3CH2Ph); 27.21 (CH2CH2Cl); 28.57
(CH3CH2Ph); 37.89 (CH2CH2CH2Cl); 45.23 (CH2Cl);
64.59 (2 C, OCH2CH2O); 110.15 (OCO); [125.69 (2 C,
C2 and C6); 127.71 (2 C, C3 and C5); 139.63 (C1);
144.02 (C4)] (Ph).

2�(3�Chloropropyl)�2�(4�isopropylphenyl)�1,3�dioxo�
lane (IIj) was obtained in a yield of 45%, Rf 0.53 (A).
Mass: m/z 268.1 [M+]. Calc. M 268.8 (C15H21ClO2).
1H NMR: 1.24 (6 H, d, J 6.8, (CH3)2CHPh); 1.87 (2 H,
m, CH2CH2Cl); 2.01 (2 H, m, CH2CH2CH2Cl); 2,90
(1 H, hept, J 6.8, (CH3)2CHPh); 3.52 (2 H, t, J 6.7,
CH2Cl); [3.78; 4.00] (2 H × 2, m × 2, OCH2CH2O);
[7.19 (2 H, m, H3 and H5); 7.35 (2 H, m, H2 and H6)]
(Ph). 13C NMR: 24.02 (2 C, (CH3)2CHPh); 27.21
(CH2CH2Cl); 33.85 ((CH3)2CHPh); 37.90

(CH2CH2CH2Cl); 45.24 (CH2Cl); 64.62 (2 C,
OCH2CH2O); 110.15 (OCO); [125.64 (2 C, C2 and
C6); 126.28 (2 C, C3 and C5); 139.75 (C1); 148.63
(C4)] (Ph).

2�(3�Chloropropyl)�2�(4�methoxyphenyl)�1,3�diox�
olane (IIk) was obtained in a yield of 51%, Rf 0.48 (A).
Mass: m/z 256.1 [M+]. Calc. M 256.7 (C13H17ClO3).
1H NMR: 1.83 (2 H, m, CH2CH2Cl); 2.00 (2 H, m,
CH2CH2CH2Cl); 3.50 (2 H, t, J 6.7, CH2Cl); [3.76;
3.98] (2 H × 2, m × 2, OCH2CH2O); 3.79 (3 H, s,
PhOCH3) [6.85 (2 H, m, H3 and H5); 7.34 (2 H, m,
H2 and H6)] (Ph). 13C NMR: 27.13 (CH2CH2Cl);
37.81 (CH2CH2CH2Cl); 45.11 (CH2Cl); 55.21
(PhOCH3); 64.44 (2 C, OCH2CH2O); 109.92 (OCO);
[113.47 (2 C, C3 and C5); 126.87 (2 C, C2 and C6);
130.25 (C1); 159.33 (C4)] (Ph).

2�(3�Chloropropyl)�2�phenyl�1,3�dioxolane (IIl)
was obtained in a yield of 70%, Rf 0.49 (A). Mass: m/z
240.09 [M+]. Calc. M 240.7 (C13H17ClO2). 1H NMR:
1.79–1.90 (4 H, m, CH2CH2CH2Cl); 1.99 (2 H, m,
OCH2CH2CH2O); 3.47 (2 H, t, J 6.5, CH2Cl); 3.76–
3.87 (4 H, m, OCH2CH2CH2O); 7.27–7.41 (5 H, m,
Ph); 13C NMR: 25.59 (OCH2CH2CH2O); 26.61
(CH2CH2Cl); 38.51 (CH2CH2CH2Cl); 45.32 (CH2Cl);
61.11 (2 C, OCH2CH2O); 101.52 (OCO); [127.36 (2 C,
C3 and C5); 128.06 (C4); 128.61 (2 C, C2 and C6);
139.96 (C1)] (Ph).

2�(3�Chloropropyl)�2�phenyl�4�hydroxymethyl�1,3�
dioxolane (IIm) was obtained in a yield of 79%, Rf 0.31
(A). Mass: m/z 256.1 [M+]. Calc. M 256.7 (C13H17ClO3).
1H NMR: 1.86 (2 H, m, CH2CH2Cl); 1.89 (1 H, m,
OH); 2.04 (2 H, m, CH2CH2CH2Cl); 3.52 (2 H, t, J 6.7,
CH2Cl); 3.63 (2 H, m, CH2OH); 3.80 (2 H, m × 2,
OCH2CH); 4.04–4.18 (1 H, m × 2, OCH); 7.25–7.48
(5 H, m, Ph). 13C NMR: 26.90 (CH2CH2Cl); 37.85
(CH2CH2CH2Cl); 44.98 (CH2Cl); 63.32 (CH2OH); 65.69
(CH2O); 77.82 (CHO); 110.72 (OCO); [125.64 (2 C, C3
and C5); 128.10 (C4); 128.25 (2 C, C2 and C6);
141.86 (C1)] (Ph).

2�(3�Chloropropyl)�2�phenyl�4�acetoxymethyl�1,3�
dioxolane (IIn). Triethylamine (3 mL, 21 mmol) and
was added to a solution of 4�hydroxymethyl derivative
(IIm) in dry CH2Cl2 (25 mL) (4.3 g, 17 mmol). The
solution was cooled on an ice bath and a solution of AcCl
(1.5 mL, 21 mmol) in methylene chloride (5 mL) was
added dropwise under stirring for 5 min. The reaction
mixture was stirred for 1 h at 0°C, kept for 14 h at room
temperature, and poured onto ice (30 g). The organic
layer was separated and the aqueous layer was
extracted with methylene chloride (3 × 30 mL). The
extracts were combined, dried with anhydrous sodium
sulfate, and the solvent was evaporated. The residue
was purified by column chromatography (l = 5 cm,
d = 5 cm) on silica gel eluting with methylene chloride
to give 41% of derivative (IIn), Rf 0.62 (A). Mass: m/z
298.1 [M+]. Calc. M 298.8 (C15H19ClO4). 1H NMR:
1.87 (2 H, m, CH2CH2Cl); 2.02 (2 H, m,
CH2CH2CH2Cl); 2.10 (3 H, s, COCH3), 3.52 (2 H, t,
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J 6.7, CH2Cl); 3.67 (2 H, m, CH2OAc); 3.80 (2 H,
m × 2, OCH2CH); 4.18 (1 H, m, OCH); 7.27–7.48
(5 H, m, Ph). 13C NMR: 20.76 (CH3CO); 26.84
(CH2CH2Cl); 37.82 (CH2CH2CH2Cl); 44.98 (CH2Cl);
64.47 (CH2OAc); 66.29 (CH2O); 73.25 (CHO); 111.01
(OCO); [125.56 (2 C, C3 and C5); 128.10 (C4); 128.24
(2 C, C2 and C6); 141.98 (C1)] (Ph); 170.72 (CH3CO).

Alkylation of adenine and other 6�substituted
purines with (IIa)–(IIl) and (IIn) in the presence of
DBU. The corresponding alkylating agent (6 mmol)
and DBU (6 mmol, 0.86 mL) were added to a suspen�
sion of a nucleic base or its protected derivative
(5 mmol) in absolute DMF (10 mL) and the mixture
was heated at 80–100°C for 20 h. The reaction course
was monitored by TLC. The mixture was cooled and
evaporated, and the residue was suspended in a mini�
mal volume of CH2Cl2 and chromatographed on a sil�
ica gel column (5 × 10 cm, ~70 g) eluting in a gradient
of ethanol in chloroform (0 → 20%). The target frac�
tions were evaporated and the residue was recrystal�
lized from EtOAc or a 2 : 1 EtOAc–heptane mixture.

9�[2�(2�Phenyl�1,3�dioxolan�2�yl)ethyl]adenine (IIIa)
was obtained in a yield of 30%, Rf 0.44 (B); mp 172–
173°C (EtOAc). Mass: m/z 312.1 [M + H+]. Calc. M
311.3 (C16H17N5O2). 1H NMR: 2.50 (2 H, t, J 7.2,
H2'); [3.77; 4.01] (2 H × 2, m × 2, OCH2CH2O); 4.34
(2 H, t, J 7.2, H1'); 5.74 (2 H, br s, 6�NH2); 7.25–7.45
(5 H, m, Ph); 7.74 (s, 1 H, H8); 8.34 (s, 1 H, H2).
13C NMR: 39.20 (C2'); 39.73 (C1'); 64.64 (2 C,
OCH2CH2O); 108.95 (OCO); 119.73 (C5); [125.55
(2 C, C3 and C5); 128.39 (C4); 128.43 (2 C, C2 and
C6); 141.30 (C1)] (Ph); 140.75 (C8); 150.23 (C4);
152.90 (C2); 155.56 (C6).

9�[2�(2�Phenyl�1,3�dioxolan�2�yl)butyl]adenine (IIIb)
was obtained in a yield of 42%, Rf 0.48 (B); mp 146–
147°C (EtOАс). Mass: m/z 340.2 [M + H+]. Calc. M
339.4 (C18H21N5O2). 1H NMR (DMSO�d6): 1.20
(2 H, m, H2'); 1.77 (2 H, m, H3'); 1.83 (2 H, m, H4');
[3.63; 3.92] (2 H × 2, m × 2, OCH2CH2O); 4.07 (2 H,
t, J 7.0, H1'); 7.12 (2 H, br s, 6�NH2); 7.24–7.34 (5 H,
m, Ph); 8.05 (s, 1 H, H8); 8.12 (s, 1 H, H2). 13C NMR
(DMSO�d6): 20.25 (C3'); 29.21 (C2'); 38.99 (C4');
42.59 (C1'); 64.03 (2 C, OCH2CH2O); 109.50 (OCO);
118.68 (C5); [125.26 (2 11 C, C3 and C5); 127.61
(C4); 127.92 (2 C, C2 and C6); 142.25 (C1)] (Ph);
140.67 (C8); 149.46 (C4); 152.23 (C2); 155.86 (C6).

9�[5�(2�Phenyl�1,3�dioxolan�2�yl)pentyl]adenine (IIIc)
was obtained in a yield of 43%, Rf 0.43 (B); mp 115–
116°C (EtOAc). Mass: m/z 354.2 [M + H+]. Calc.
M 353.4 (C19H23N5O2). 1H NMR (DMSO�d6): 1.22
(4 H, m, H2' and H4'); 1.75 (4 H, m, H5' and H6');
[3.63; 3.92] (2 H × 2, m × 2, OCH2CH2O); 4.06 (2 H,
t, J 7.2, H1'); 7.14 (2 H, br s, 6�NH2); 7.28–7.35 (5 H,
m, Ph); 8.08 (s, 1 H, H8); 8.12 (s, 1 H, H2). 13C NMR
(DMSO�d6): 22.72 (C4'); 25.98 (C2'); 29.18 (C3');
39.55 (C4'); 42.78 (C1'); 64.02 (2 C, OCH2CH2O);
109.57 (OCO); 118.70 (C5); [125.29 (2 C, C3 and
C5); 127.57 (C4); 127.93 (2 C, C2 and C6); 142.39

(C1)] (Ph); 140.69 (C8); 149.48 (C4); 152.25 (C2);
155.87 (C6).

9�{3�[2�(4�Fluorophenyl)�1,3�dioxolan�2�yl]pro�
pyl}adenine (IIId) was obtained in a yield of 36%, Rf
0.42 (B); mp 168–169°C (EtOAc). Mass: m/z 344.1
[M + H+]. Calc. M 343.4 (C17H18FN5O2). 

1H NMR
(DMSO�d6): 1.80 (4 H, m, H2', H3'); [3.65; 3.95]
(2 H × 2, m × 2, OCH2CH2O); 4.12 (2 H, t, J 7.2, H1');
7.15 (4 H, m, 6�NH2, (H�3 and H�5) Ph); 7.37 (2 H,
m, (H�2 and H�6) Ph); 8.08 (s, 1 H, H8); 8.12 (s, 1 H,
H2). 13C NMR (DMSO�d6): 24.09 (C2'); 36.83 (C3');
42.71 (C1'); 64.17 (2 C, OCH2CH2O); 108.91 (OCO);
118.69 (C5); [115.10 (2 C, d, J 21.1, C�3 and C�5);
127.43 (2 C, d, J 8.1, C2 and C6); 138.44 (d, J 2, C1);
161.68 (d, J 243.7, C4)] (Ph); 140.74 (C8); 149.42
(C4); 152.27 (C2); 155.86 (C6).

9�{3�[2�(4�Chlorophenyl)�1,3�dioxolan�2�yl]pro�
pyl}adenine (IIIe) was obtained in a yield of 50%, Rf
0.64 (B); mp 130–131°C (EtOAc). Mass: m/z 360.1
[M + H+]. Calc. M 359.8 (C17H18ClN5O2). 1H NMR
(DMSO�d6): 1.79 (4 H, m, H2', H3'); [3.64; 3.95]
(2 H × 2, m × 2, OCH2CH2O); 4.12 (2 H, t, J 7.2, H1');
7.14 (2 H, br s, 6�NH2); 7.37 (4 H, m, Ph); 8.08 (s,
1 H, H8); 8.12 (s, 1 H, H2). 13C NMR (DMSO�d6):
24.07 (C2'); 36.69 (C3'); 42.71 (C1'); 64.25 (2 C,
OCH2CH2O); 108.85 (OCO); 118.70 (C5); [127.30
(2 C, C3 and C5); 128.10 (2 C, C2 and C6); 132.56
(C�1); 141.20 (C4)] (Ph); 140.76 (C8); 149.43 (C4);
152.30 (C2); 155.88 (C6).

9�{3�[2�(4�Bromophenyl)�1,3�dioxolan�2�yl]pro�
pyl}adenine (IIIf) was obtained in a yield of 34%, Rf
0.46 (B); oil. Mass: m/z 404.1 [M + H+]. Calc. M 405.3
(C17H18BrN5O2). 

1H NMR (DMSO�d6): 1.79 (4 H, m,
H2', H3'); [3.65; 3.95] (2 H × 2, m × 2, OCH2CH2O);
4.12 (2 H, t, J 7.2, H1'); 7.12 (2 H, br s, 6�NH2); [7.29
(2 H, m, H�2 and H�6); 7.52 (2 H, m, H�3 and H�5)]
(Ph); 8.08 (s, 1 H, H8); 8.11 (s, 1 H, H2). 13C NMR
(DMSO�d6): 24.06 (C2'); 36.65 (C3'); 42.71 (C1');
64.26 (2 C, OCH2CH2O); 108.88 (OCO); 118.69 (C5);
[121.13 (C4); 127.67 (2 C, C2 and C6); 131.04 (2 C,
C3 and C5); 140.78 (C1);] (Ph); 141.63 (C8); 149.43
(C4); 152.30 (C2); 155.88 (C6).

9�{3�[2�(4�Methylphenylphenyl)�1,3�dioxolan�2�
yl]propyl}adenine (IIIg) was obtained in a yield of
47%, Rf 0.44 (B); mp 174–175°C (EtOAc). Mass: m/z
340.2 [M + H+]. Calc. M 339.4 (C18H21N5O2).
1H NMR (DMSO�d6): 1.78 (4 H, m, H2', H3'); 2.27
(3 H, s, CH3Ph); [3.63; 3.93] (2 H × 2, m × 2,
OCH2CH2O); 4.11 (2 H, t, J 7.2, H1'); 7.11–7.23 (6 H,
m, 6�NH2, [H�2, H�6, H�3, H�5](Ph)); 8.07 (s, 1 H,
H8); 8.11 (s, 1 H, H2). 13C NMR (DMSO�d6): 20.56
(CH3Ph); 24.20 (C2'); 36.88 (C3'); 42.75 (C1'); 64.05
(2 C, OCH2CH2O); 109.25 (OCO); 118.69 (C5); [125.20
(2 C, C�2 and C�6); 128.61 (2 C, C�3 and C�5);
136.91 (C�4); 139.18 (C�1);] (Ph); 140.75 (C8);
149.42 (C4); 152.28 (C2); 155.87 (C6).

9�{3�[2�(4�Dimethylphenylphenyl)�1,3�dioxolan�2�
yl]propyl}adenine (IIIh) was obtained in a yield of
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37%, Rf 0.47 (B), mp 135–136°C (EtOAc). Mass: m/z
354.2 [M + H+]. Calc. M 353.4 (C19H23N5O2). 

1H NMR
(DMSO�d6): 1.82 (4 H, m, H2', H3'); [2.21; 2.28]
(3 H × 2, s × 2, (CH3)2Ph); [3.59; 3.92] (2 H × 2, m × 2,
OCH2CH2O); 4.12 (2 H, t, J 7.2, H1'); 6.92 (2 H, br s,
6�NH2), 7.12–7.25 (3 H, m, [H�3, H�5, H�6](Ph));
8.07 (s, 1 H, H8); 8.11 (s, 1 H, H2). 13C NMR
(DMSO�d6): [20.08; 20.33] ((CH3)2Ph); 24.11 (C2');
35.36 (C3'); 42.77 (C1'); 63.72 (2 C, OCH2CH2O);
109.89 (OCO); 118.71 (C5); [125.93; 126.20; 132.41;
134.72; 136.51; 136.87] (Ph); 140.73 (C8); 149.44
(C4); 152.28 (C2); 155.87 (C6).

9�{3�[2�(4�Ethylphenylphenyl)�1,3�dioxolan�2�
yl]propyl}adenine (IIIi) was obtained in a yield of
47%, Rf 0.39 (B); mp 161–162°C (EtOAc). Mass: m/z
354.2 [M + H+]. Calc. M 353.4 (C19H23N5O2).
1H NMR (DMSO�d6): 1.15 (2 H, t, J 7.5, CH3CH2Ph);
1.79 (4 H, m, H2', H3'); 2.57 (2 H, q, J 7.5,
CH3CH2Ph); [3.64; 3.93] (2 H × 2, m × 2,
OCH2CH2O); 4.12 (2 H, t, J 7.2, H1'); 7.12–7.25
(6 H, m, 6�NH2, [H�2, H�6, H�3, H�5](Ph)); 8.08 (s,
1 H, H8); 8.12 (s, 1 H, H2). 13C NMR (DMSO�d6):
15.28 (CH3CH2Ph); 24.15 (C2'); 27.68 (CH3CH2Ph);
36.89 (C3'); 42.75 (C1'); 64.07 (2 C, OCH2CH2O);
109.23 (OCO); 118.70 (C5); [125.22 (2 C, C�2 and C�6);
127.39 (2 C, C�3 and C�5); 139.48 (C�1); 143.16
(C�4)] (Ph); 140.73 (C8); 149.42 (C4); 152.26
(C2); 155.86 (C6).

9�{3�[2�(4�Isopropylphenyl)�1,3�dioxolan�2�yl]pro�
pyl}adenine (IIIj) was obtained in a yield of 44%, Rf
0.62 (B); mp 119–120°C (EtOAc). Mass: m/z 368.2
[M + H+]. Calc. M 367.4 (C20H25N5O2). 

1H NMR
(DMSO�d6): 1.17 (6 H, d, J 6.8, (CH3)2CHPh); 1.79
(4 H, m, H2', H3'); 2.84 (1 H, hept, J 6.8,
(CH3)2CHPh); [3.64; 3.92] (2 H × 2, m × 2,
OCH2CH2O); 4.12(2 H, t, J 7.2, H1'); 7.14–7.27 (6 H,
m, 6�NH2, [H�2, H�6, H�3, H�5](Ph)); 8.09 (s, 1 H,
H8); 8.12 (s, 1 H, H2). 13C NMR (DMSO�d6): 23.75
(2 C, (CH3)2CHPh); 24.16 (C2'); 33.01 ((CH3)2CHPh);
36.94 (C3'); 42.78 (C1'); 64.13 (2 C, OCH2CH2O);
109.24 (OCO); 118.72 (C5); [125.23 (2 C, C2 and
C6); 125.97 (2 C, C3 and C5); 139.71 (C1); 147.79
(C4)] (Ph); 140.78 (C8); 149.44 (C4); 152.30 (C2);
155.90 (C6).

9�{3�[2�(4�Methoxyphenyl)�1,3�dioxolan�2�yl]pro�
pyl}adenine (IIIk) was obtained in a yield of 35%, Rf
0.42 (B); mp 166–167°C (EtOAc). Mass: m/z 355.2
[M + H+]. Calc. M 355.4 (C18H21N5O3). 1H NMR
(DMSO�d6): 1.78 (4 H, m, H2', H3'); [3.63; 3.92]
(2 H × 2, m × 2, OCH2CH2O); 3.73 (3 H, s, CH3OPh);
4.11(2 H, t, J 7.2, H1'); 6.87 (2 H, m, H�3 and H�5);
7.15 (2 H, br s, 6�NH2), 7.25 (2 H, m, H�2 and H�6)];
8.08 (s, 1 H, H8); 8.11 (s, 1 H, H2). 13C NMR
(DMSO�d6): 24.26 (C2'); 36.98 (C3'); 42.76 (C1');
54.97 (CH3OPh); 64.04 (2 C, OCH2CH2O); 109.20
(OCO); 118.70 (C5); [113.40 (2 C, C3 and C5); 126.55
(2 C, C2 and C6); 134.13 (C1); 158.80 (C4)] (Ph);
140.76 (C8); 149.43 (C4); 152.30 (C2); 155.89 (C6).

9�[3�(2�Phenyl�1,3�dioxolan�2�yl)propyl]adenine (IIIl)
was obtained in a yield of 39%, Rf 0.45 (B); mp 153–
154°C (EtOAc). Mass: m/z 340.2 [M + H+]. Calc. M
339.4 (C18H21N5O2). 

1H NMR: 1.71 (2 H, m, H3'); 1.84
(2 H, m, H2'); 2.05 (2 H, m, OCH2CH2CH2O); 3.69–
3.85 (4 H, m, OCH2CH2 CH2O); 4.15 (2 H, t, J 7.3,
H1'); 5.89 (2 H, br s, 6�NH2); 7.25–7.44 (5 H, m, Ph);
7.74 (s, 1 H, H8); 8.30 (s, 1 H, H2). 13C NMR
(CDCl3): 23.80 (OCH2CH2CH2O); 25.55 (C2'); 41.33
(C3'); 43.76 (C1'); 64.17 (2 C, OCH2CH2O); 101.48
(OCO); 119.62 (C5); [127.28 (2 C, C3 and C5);
127.85 (C4); 128.67 (2 C, C2 and C6); 139.69 (C�1)]
(Ph); 140.57 (C8); 150.07 (C4); 152.78 (C2); 155.44
(C6).

9�[3�(2�Phenyl�1,3�dioxolan�2�yl)propyl]adenine (IIIm)
was obtained in a yield of 26%, Rf 0.61 (C), oil. Mass:
m/z 398.2 [M + H+]. Calc. M 397.4 (C20H23N5O4).
1H NMR (CDCl3): 1.88–2.01 (4 H, m, H2', H3'); 2.04
(3 H, s, OCOCH3); 3.77 (2 H, m, CH2OAc); 4.12–4.22
(5 H, m, OCH2CH, OCH, H1'); 6.11 (2 H, br s, 6�NH2);
7.25–7.40 (5 H, m, Ph); 7.77 (s, 1 H, H8); 8.30 (s,
1 H, H2). 13C NMR (CDCl3): 20.83 (CH3CO); 24.20
(C2'); 37.05 (C3'); 43.67 (C1'); 64.57 (CH2OAc);
66.31 (CH2O); 73.34 (CHO); 111.01 (OCO); 119.55
(C5); [125.60 (2 C, C3 and C5); 128.31 (C�4); 128.40
(2 C, C2 and C6); 141.67 (C1)] (Ph); 140.54 (C8);
150.05 (C4); 152.84 (C2); 155.59 (C6), 170.79
(CH3CO).

9�[3�(2�Phenyl�4�hydroxymethyl�1,3�dioxolan�2�
yl)propyl]adenine (IIIn) was obtained by refluxing of
the solution of 4�acetoxymethyl derivative (IIIn) in a
1 : 1mixture of ethanol–water in the presence of NEt3
(0.6 mL, 8.1 mmol) for 15 h. The solvents were evap�
orated and the residue was suspended in a minimal
volume of methylene chloride and chromatographed
on a silica gel column (5 × 2 cm, ~10 g) eluting in a
gradient of ethanol in chloroform 0 → 40% to give
50% of the target compound; Rf 0.19 (C); mp 131–
132°C (EtOAc). Mass: m/z 356.2 [M + H+]. Calc.
355.4 (C18H21N5O3). 1H NMR (DMSO�d6): 1.76–1.91
(4 H, m, H2', H3'); 3.47 (2 H, m, CH2OH); 3.72 (2 H,
m × 2, OCH2CH); 3.87 (1 H, m, OCH); 4.14 (2 H, t,
J 6.5, H1'); 4.86 (1 H, t, J 5.7, OH); 7.13 (2 H, br s,
6�NH2); 7.26–7.36 (5 H, m, Ph); 8.08 (s, 1 H, H8);
8.11 (s, 1 H, H2). 13C NMR (DMSO�d6): 23.99 (C2');
37.03 (C3'); 42.80 (C1'); 61.84 (CH2OH); 61.84
(CH2OH); 66.09 (CH2O); 76.11 (CHO); 109.73
(OCO); 118.69 (C5); [125.24 (2 C, C�3 and C�5);
127.79 (C4); 128.11 (2 C, C2 and C6); 142.44 (C1)]
(Ph); 140.80 (C8); 149.43 (C4); 152.29 (C2); 155.88
(C6).

6�Chloro�9�[3�(2�phenyl�1,3�dioxolan�2�yl)pro�
pyl]purine (IIIo) was obtained in a yield of 56%, Rf
0.84 (B). Mass: m/z 345.1 [M + H+]. Calc. 344.8
(C17H17ClN4O2). 1H NMR (DMSO�d6): 1.90 (2 H,
m, H3'); 2.01 (2 H, m, H2'); [3.74; 3.99] (2 H × 2, m ×

2, OCH2CH2O); 4.30 (2 H, t, J 7.2, H1'); 7.25–7.40
(5 H, m, Ph); 8.09 (s, 1 H, H8); 8.70 (s, 1 H, H2).
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13C NMR (DMSO�d6): 24.20 (C2'); 36.93 (C3'); 44.33
(C1'); 64.59 (2 C, OCH2CH2O); 109.87 (OCO);
[125.61 (2 C, C3 and C5); 128.23 (C4); 128.37 (2 C,
C2 and C6); 141.91 (C1)] (Ph); 131.73 (C5); 145.35
(C8); 151.04 (C6); 151.94 (C2, C4); 155.95 (C6).

6�Methylamino�9�[3�(2�phenyl�1,3�dioxolan�2�
yl)propyl]purine (IIIp) was obtained by keeping a mix�
ture of 6�chloro derivative (IIIo) (30 mg, 0.09 mmol),
NH3CH3 ⋅ HCl (90 mg, 1.33 mmol), and DBU (0.2 mL,
1.33 mmol) in methanol (1.5 mL) for 14 h. The solvent
was evaporated and the residue was suspended in a
minimal volume of methylene chloride and chro�
matographed on a silica gel column (5 × 2 cm, ~10 g)
eluting in a gradient of ethanol in chloroform 0 →
20%. The target fractions were evaporated and the res�
idue was recrystallized from an ethyl acetate–octane
mixture to give 96% of the target compound; Rf 0.65
(B); oil. Mass: m/z 340.2 [M + H+]. Calc. 339.4
(C18H21N5O2). 1H NMR:1.90 (4 H, m, H2', H3'); 3.18
(3 H, br s, 6�NHCH3); [3.73; 3.98] (2 H × 2, m × 2,
OCH2CH2O); 4.17 (2 H, t, J 6.7, H1'); 6.53 (1 H, br s,
6�NHCH3); 7.25–7.40 (5 H, m, Ph); 7.70 (s, 1 H,
H8); 8.36 (s, 1 H, H2). 13C NMR (CDCl3): 24.31
(C2'); 29.84 (6�NHCH3); 36.95 (C3'); 43.60 (C1');
64.47 (2 C, OCH2CH2O); 109.86(OCO); 119.45 (C5);
[125.54 (2 C, C3 and C5); 128.01 (C4); 128.19 (2 C,
C2 and C6); 142.01 (C1)] (Ph); 139.45 (C8); 151.02
(C4); 153.13 (C2); 155.35 (C6).

6�Dimethylamino�9�[3�(2�phenyl�1,3�dioxolan�2�
yl)propyl]purine (IIIq) was obtained by keeping a mix�
ture of 6�chloro derivative (IIIo) (30 mg, 0.09 mmol),
NH2(CH3)2 ⋅ HCl (110 mg, 1.35 mmol), and DBU
(0.2 mL, 1.33 mmol) in methanol (1.5 mL) for 14 h.
The solvent was evaporated and the residue was sus�
pended in a minimal volume of methylene chloride and
chromatographed on a silica gel column (5 × 2 cm, ~10 g)
eluting in a gradient of ethanol in chloroform
0 → 20%. The target fractions were evaporated and
the residue was recrystallized from an ethyl acetate–
octane mixture to give 83%, Rf 0.81 (B), oil. Mass: m/z
353.2 [M + H+]. Calc. 339.4 (C19H23N5O2). 1H NMR:
1.91 (4 H, m, H2', H3'); 3.50 (6 H, br s, 6�N(CH3)2);
[3.73; 3.97] (2 H × 2, m × 2, OCH2CH2O); 4.15 (2 H,
t, J 6.8, H1'); 7.23–7.41 (5 H, m, Ph); 7.67 (s, 1 H,
H8); 8.30 (s, 1 H, H2). 13C NMR (CDCl3): 24.28
(C2'); 37.02 (C3'); 38.45 (N(CH3)2); 43.36 (C1');
64.47 (2 C, OCH2CH2O); 109.91(OCO); 120.15 (C5);
[125.56 (2 C, C�3 and C�5); 127.97 (C�4); 128.16
(2 C, C�2 and C�6); 142.08 (C�1)] (Ph); 138.25 (C8);
150.51 (C4); 152.28 (C2); 154.95 (C6).

Evaluation of HIV�1 RT activity in the system of
activated DNA. A standard reaction mixture (20 μL)
contained 150 μg/mL activated DNA, HIV�1 RT
(0.05 μg), 1.5 μM ATP, other nucleoside 5'�triphos�
phates (30 μM of each), 0.02 MBq [α�32P]dATP, and

the buffer for assaying HIV�1 RT activity (50 mM Tris�
HCl, pH 8.0, 10 mM MgCl2, and 200 mM KCl). For
testing inhibitory properties the compounds were
added into the reaction mixture as solutions in DMSO
up to a final concentration of 10%; the control reac�
tions were performed with the addition of the same
volume of DMSO. The reaction was initiated by the
addition of HIV RT and incubated for 20 min at 37°C.
The aliquots were loaded onto Whatman 3MM filters
(1 × 1 cm) impregnated with 0.5 M EDTA (1 μL). The
filters were washed from the labeled nucleotide not
incorporated into the DNA with 10% trichloroacetic
acid (5 × 25 mL) for 5 min each, then ethanol (25 mL),
and dried in air. The radioactivity absorbed on the fil�
ters was measured using the Cherenkov method on an
Intertechnique Liquid Scintillation Counter SL�4000.
Inhibition constants were calculated by the Dixon
procedure [13].
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