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Abstract—N’-Polymethylene derivatives of adenine and hypoxanthine with various functional groups in the
w-position of the alkyl substituent were synthesized. Their physicochemical properties and effect on the HIV
reverse transcriptase and DNA topoisomerase | were studied.
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INTRODUCTION

In the previous communication [1] we described
synthesis, some physicochemical characteristics, and
the effect on the human HIV reverse transcriptase and
the human DNA topoisomerase | of polymethylene
derivatives of uracil, thymine, and cytosine containing
a substituent in the N'-position of the nucleic base,
which is a hydrophobic chain with 5, 7, or 9 carbon
atoms bearing various functional groups in the w-posi-
tion.? It was for the first timefound that some of these
thymine and uracil derivatives can effectively interact
with the site of the HIV reverse transcriptase responsi-
ble for recognition of the tRNAY™s anticodon (UUC)
and activate this enzyme to promote the polymerization
reaction. In thisconnection, it was appropriateto obtain
the anal ogous derivatives of adenine and hypoxanthine.

RESULTS AND DISCUSSION

Adenine and hypoxanthine derivatives with a poly-
methylene hydrophobic chain in the N°-position were
obtained by alkylation of the nucleic baseswith alkyl &-
chlorovalerate, w-chloroenanthoate, and w-chloropel-
argonate [2]. Potassium or cesium carbonate is usually
used as a dehydrohalogenizing agent. In the last few
years, DBU iswidely used for this purpose[3, 4]. Inthe
previous communication [1] we showed that using
DBU asadehydrohal ogenizing agent offers advantages
over other nitrogen-containing organic bases, such as
1,5-diazabicyclo[4.3.0]non-5-ene and 1,5, 7-triazabicy-
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2 Abbreviations: DBU, 1,8-diazabicyclo[5.4.0]undec-7-ene; SDS,
sodium dodecy! sulfate; Tris, tris(hydroxymethyl)aminomethane.

clo[4.4.0]dec-5-ene, as well as over potassium carbon-
ate. The reaction mixture (adenine or hypoxanthine,
ethyl w-chlorocarboxylate, and DBU in DMF) was kept
for 15-20 h at 80-100°C (method A). The N°-ethoxy-
carbonyl derivatives of adenine (1a), (1d), and (1g) and
hypoxanthine (11a), (11d), and (I1g) wereisolated from
the reaction mixture by column chromatography of Sil-
icagel (Tables1and 2). The use of potassium carbonate
as a dehydrohal ogenizing agent hinders the isolation of

target products.
NH, OH
N N
N N
k;j[ ) l\)j[ >
(CH,CH)X

(CH,CH)X
(Ia-Ti) (ITa-IIi)
ab,c:n=2; d,e,fin=3; g h,i:n=4

a,d, g: X=COOEt; b,e, h: X=COOH;
¢, f, i: X =CH,OH

The corresponding carboxylic acids (Ib), (1), and
(th) and (I1b), (I1€), and (11h) were obtained from
ethoxycarbonyl derivatives by reflux in 3 M hydrochlo-
ric acid (method B).

The ester group was reduced to the hydroxymethyl
using lithium auminum hydride in THF (method C).
The hydroxy derivatives were also synthesized by alky-
lation of adenine and hypoxanthine with either the cor-
responding a,w-polymethylene chlorohydrins (method
D) or their O-acyl derivatives (method E). Derivatives
(Ie), (If), and (li) and (I1c), (11f), and (11i) obtained by

1068-1620/01/2703-0167$25.00 © 2001 MAIK “Nauka/Interperiodica’



168

MAKINSKY et al.

Table 1. Synthetic methods, yields, melting temperatures, and UV spectral data for N°-derivatives of adenine (1a)—(1i)

Compound ?n/enttr?(itjl*c Yield, % T, °C UV: A, T (2)
pH1 pH 7 pH 14
(la) A 31 125-126 261(14600) 262(14700) 262(15000)
(Ib) B 93 >300 260(9500) 262(9800) 262(10000)
(Io) C 60 185-187 261(13800) 262(13200) 262(12900)
D 36
(1d) A 67 9091 261(13000) 262(13500) 262(13500)
(le) B 92 198-199 260(11400) 260(12000) 262(13500)
(1) C 76 183-185 261(15500) 262(14300) 262(13700)
D 51
(lg) A 63 9495 261(13000) 262(12500) 262(13000)
(Ih) B 90 214-216 260(10900) 262(11100) 262(10500)
(1) C 70 160-163 261(13000) 262(13100) 263(12500)
D 58

* See the Experimental section.

Table2. Synthetic methods, yields, melting temperatures, and UV spectral datafor N°-derivatives of hypoxanthine (11a)—(11i)

UV, Apax, NM (€)
Compound | Synthetic method* | Yield, % Tms °C
pH1 pH 7 pH 14

(Ia) A 42 120-122 249(10400) 250(10900) 254(11200)
(11b) B 92 204-206 250(10200) 251(10800) 255(10200)
(Ic) D 15 220-221 249(10000) 250(10100) 253(11400)
(1d) A 64 159-160 250(11600) 251(12200) 253(12400)
(Ite) B 97 104-106 251(9600) 252(10000) 254(10500)
(1f) E 40 170-172 250(9700) 251(9400) 255(9800)
(Ig) A 43 98-99 251(10500) 252(10400) 255(10500)
(I1h) B 87 139-141 250(9900) 251(9900) 254(10300)
(i) C 65 155-156 250(10000) 251(9800) 255(10100)

D 12

E 57

* See the Experimental section.

various methods (C, D, or E) had the same characteris-
tics.

The structure of compounds synthesized was con-
firmed by UV and 'H NMR spectroscopy and mass
spectrometry data (see Tables 1 and 2 and the Experi-
mental section). These compounds were studied in the
reactions catalyzed by the HIV reverse transcriptase
and human DNA topoisomerase |, which are the targets
of the majority of well-known antiviral [5] and antitu-
mor [6-8] drugs, respectively. The data for these
enzymes are given in Table 3.
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Most of the compounds under study except (1h) and
(I'Th) evenin arather high concentration (1 mM) do not
affect or only dightly inhibit the reaction of polymer-
ization, whereas some compounds in this concentration
not only lack an inhibitory effect on the reverse tran-
scriptase, but promote polymerization. The particularly
noticeable enzyme activation (21-30%) is observed in
the case of (1g), (1), (11f), and (11i). All these com-
pounds contain 8 methylene groups in the alkyl chain
and uncharged ethoxycarbonyl or hydroxyl functions.
The strongest enzyme inhibitors, (Ih) and (I1h), aso
Vol. 27
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Table 3. Relative activity of the HIV reverse transcriptase (RT) and the human DNA topoisomerase | (TOPO) (the enzyme
activity in the absence of (1)—(I1) is taken as 100%; the concentration of compounds is 103 M)

Relative activity, % Relative activity, %
Compound Compound
RT TOPO RT TOPO

(la) 94 100 (Ia) 97 93
(Ib) 89 79 (I1b) 92 92
(Ic) 79 97 (Ic) 100 83
(1d) 102 97 (1d) 97 32
(le) 89 74 (1£) 121 30
(1) 95 42 (Ig) 100 63
(lg) 130 57 (Ih) 45 71
(Ih) 56 56 (1) 124 74
(17) 121 60

contain eight methylene groups, but they include aneg-
atively charged carboxy! group. Apparently, the spacer
between the base and the functional group of precisely
the same length ensures interaction of the base ana-
logues under study with some functional sites of this
enzyme.

tRNALD® is the natural primer of the HIV reverse
transcriptase. In the model polymerization reactions,
the poly(A) - oligo(dT) complex usually serves as a
primer. Previously we showed [9, 10] that the primer
interacts with the regulatory p51 subunit of the func-
tiona p51/p66 dimer of the enzymeto causeits confor-
mational changes and thus activates polymerization.
Later, the primer molecule was found to contain two
regions responsible for the activation of the HIV
reverse transcriptase. The removal of the 3-terminal
CCA sequence from the tRNALs molecule markedly
decreases the activating ability of the primer. On the
other hand, 7-10-membered fragments of the tRNA
anticodon loop activate the enzyme [11, 12]. Nucleo-
sides, their monophosphates, or short oligonucleotides
areknown to beincapabl e of activating the HIV reverse
transcriptase. Exceptions are the N'-acyclic derivatives
of uracil and thymine with hydrophobic polymethylene
chains bearing various functional groupsin the w-posi-
tion of the chain reported by usin [1]. In the present
study we found adenine and hypoxanthine derivatives
capable of effectiveinteraction with the recognition site
of reverse transcriptase for the tRNAMs (UUC) anti-
codon and of activation of the enzyme. The activation
level in the case of some pyrimidine derivatives (30—
50%) [1] correlates with that for the aforementioned
adenine and hypoxanthine derivatives (20-30%). Note
that activation of reverse transcriptase by (1g) (30%) is
approximately 10- and 3-fold lower than by tRNALs
and its oligonucleotide anal ogues, respectively.

The inhibitors of DNA topoisomerase | are widely
used as antitumor drugs [6-8]. We studied the inhibi-
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tory properties of the synthesized compounds by previ-
ously described procedures [13-15]. Most of them
inhibited the enzyme, but the inhibitory effect was
incomplete even at ahigh (1 mM) concentration of the
compounds. The highest inhibitory activities were dis-
played by two hypoxanthine derivatives, (11d) and (11f)
(68-70%), and by an adenine derivative, (If) (58%),
with six methylene units and uncharged functional
groups. A close inhibitory effect (4044%) was dis-
played by three adenine derivatives, (1g), (Ih), and (1),
containing eight methylene units and any one of three
w-functional groups. Hypoxanthine derivatives (119g),
(ITh), and (111) with a similar structure of the w-func-
tiona groups demonstrated a somewhat lower but com-
parable inhibitory effect (26-37%). The derivatives
containing four methylene groups had practicaly no
inhibitory effect on both enzymes even in a concentra-
tion of 1 mM. Thus, the series of the purine derivatives
studied exhibits a specific dependence of inhibitory
properties on the polymethylene chain length, the
nature of w-functional groups, and the base structure.

EXPERIMENTAL

Solvents were purified and dried by the standard
procedures. UV spectra were recorded on a Specord
UV VIS spectrophotometer (Germany). Mass spectra
were taken on a MS 902 AElI Manchester instrument
(United States). 'H NMR spectra were registered on a
Bruker AMX 400 spectrometer (Germany) at 300 K.
The chemical shifts (ppm) and coupling constants (Hz)
are given. TLC was performed on precoated Silica gel
60 F,s, plates (Merck, Germany) in (1) 19 : 1 chloro-
form—ethanol, (2) 18 : 2 chloroform—ethanal, (3) 17 : 3
chloroform—ethanol, and (4) 14 : 6 chloroform—ethanol
systems. Column chromatography was carried out on
Silica gel L 40/100 (Chemapol, Czech Republic).
Radioactivity was measured on FN-16 Filtrac paper fil-
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ters (Germany) using LKB-Vallac MINI-Beta counter
(Sweden).

Adenine, hypoxanthine, Tris, and SDS were from
Sigma (United States); EDTA was from Serva (Ger-
many); and agarose was purchased from Lachema
(Czech Republic). Electrophoresis was performed in
0.8% agarose gel in Tris—acetate buffer (pH 7.5). Gel
was stained with a 0.5 pg/ml solution of ethidium bro-
mide.

Activity of theHIV reversetranscriptase and the
human DNA topoisomerase | was determined by the
procedures described in [1].

Alkylation of adenine and hypoxanthine with
ethyl w-chlorocarboxylatesin the presence of DBU
(method A). An ethyl w-chlorocarboxylate (30 mmol)
and DBU (30 mmol) were added to a suspension of
adenine or hypoxanthine (20 mmol) in anhydrous DMF
(30 ml), and the reaction mixture was kept for 15-20 h
at 80-100°C while being monitored by TLC. After
evaporation in vacuum, the residue was dissolved in
chloroform (25-30 ml), washed with water, dried with
anhydrous sodium sulfate, evaporated, and chromato-
graphed on a column (200 g of Silica gel, elution with
a0-10% ethanol gradient in chloroform).

Acid hydrolysis of ethoxycarbonyl derivatives
(method B). An ethoxycarbonyl derivative (3 mmol)
was added to 3 M hydrochloric acid (20 ml), and the
mixture was refluxed for 3—4 h with TLC monitoring.
The reaction mixture was evaporated and several times
coevaporated with water. The products were crystal-
lized from water—ethanol mixtures containing 5-50%
of ethanol.

Reduction of ethoxycarbonyl derivatives with
lithium aluminum hydride in THF (method C). A
solution of an ethoxycarbony! derivative (5 mmol) in
anhydrous THF (15 ml) was added with stirring to a
suspension of lithium aluminum hydride (500 mg) in
anhydrous THF (50 ml). The reaction mixture was
refluxed and TLC monitored. After cooling, ethyl ace-
tate (60 ml) and then water (15 ml) were added. The
resulting mixture was refluxed for 30 min, cooled, and
evaporated. The target product was extracted with hot
ethyl acetate. After evaporation, the residue was chro-
matographed on a column (70 g of Silica gel, elution
with an 0-20% ethanol gradient in chloroform).

Alkylation of adenine and hypoxanthine with
o,®-chlorohydrins (method D). An a,w-chlorohydrin
(30 mmol) and powdered potassium carbonate or DBU
(30 mmol) were added to a suspension of the nucleic
base (20 mmoal) in anhydrous DMF (30 ml). The further
treatment and isolation were carried out as described
for method A.

Alkylation of hypoxanthine with a,w-chlorohy-
drin O-acetyl derivatives (method E). 1,8-Diazabicy-
clo[5.4.0]undec-7-ene (30 mmol) and then an O-acetyl-
o,w-chlorohydrin (30 mmol) were added to a suspen-
sion of hypoxanthine (20 mmol) in anhydrous DMF
(30 ml), and the reaction mixture was heated for 15—
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20 h at 80-100°C. The further treatment and isolation
were performed as described for method A. The acetyl
group was removed by treatment with 5 M ammoniain
methanol.

N°-(8-Ethoxycar bonyl-n-butyl)adenine (la), R
0.29 (1); 'H NMR (CDCl,): 1.23 (3 H, t, J;» »» 7.10,
H2"), 1.68 (2H, m, H3"), 1.95 (2 H, m, H2'), 2.36 (2 H,
t, Jy 4 7.1, H4), 412 (2 H, g, H1"), 423 (2 H, t, J; »
7.1,H1",6.45(2H, s,NH,), 7.82 (1 H, s,H2),and 8.36
(A H, s, HB); MS nyz 264 [M*], calc. 263
(C12H17N502)-

N°-(m-Ethoxycarbonyl-n-hexyl)adenine (1d), R
0.33 (1); 'H NMR (CDCly): 1.25 (3 H, t, J;-»» 7.10,
H2"), 1.37 (4 H, m, H3-H4"), 1.62 (2 H, m, H5'), 1.90
(2H, m, H2),2.27 (2H,1,J5 ¢ 7.10, HE), 412 (2 H, q,
H1"), 420 (2 H, 1, J,. » 7.3, H1), 6.50 (2 H, s, NH,),
7.82 (LH, s, H2), and 8.37 (1 H, s, H8); MS. my/z 292
[M*], calc. 291 (C,,H,,N5O,).

N°-(m-Ethoxycarbonyl-n-octyl)adenine (1g), R
0.37 (1); 'H NMR (CDCl): 1.22 (3 H, t, J;. 5 7.10,
H2"), 1.37 (8 H, m, H3-H®'), 1.65 (2 H, m, H7"), 1.95
(2H,m,H2),2.30(2H,t,J; ¢ 7.10,H8),4.10(2H, q,
H1"), 4.20 (2H,t, J; , 7.10, H1'), 6.50 (2 H, s, NH,),
7.82 (L H, s, H2), and 8.35 (1 H, s, H8); MS: myz 320
[M*], calc. 319 (C,sH,5N50,).

N?-(8-Ethoxycar bonyl-n-butyl)hypoxanthine (11a),
R 0.22 (1); 'H NMR (CDCl,): 1.25 (3 H, t, J;» »» 7.30,
H2"), 1.67 (2H, m, H3"), 1.97 (2H, m, H2'), 2.38 (2 H,
t, J; 4 7.10, H4), 413 (2 H, q, H1"),423 (2 H, t, J; »
7.10, H1'), 7.87 (1 H, s, H2), 8.28 (1 H, s, H8), and
13.20 (1 H, s, OH); MS: myz 265 [M*], calc. 264
(C12H16N403)'

N’-(m-Ethoxycar bonyl-n-hexyl)hypoxanthine (11d),
R 0.27 (1); 'H NMR (CDCl,): 1.25 (3 H, t, J;» »» 7.10,
H2"), 1.37 (4 H, m, H3—H4"), 1.63 (2 H, m, H5'), 1.92
(2H, m, H2),2.28 (2 H,1, J5 ¢ 7.30, H6), 4.12 (2 H, q,
H1"), 420 (2 H, t, J;. » 7.10, H1), 7.83 (1 H, s, H2),
8.27 (1 H, s, H8), and 13.20 (1 H, s, OH); MS: nyz293
[M*], calc. 292 (C,;H,N,O5).

N°-(w-Ethoxycar bonyl-n-octyl)hypoxanthine (11g),
R 0.29 (1); 'H NMR (CDCly): 1.22 (3 H, t, J;. »» 7.30,
H2"), 1.35 (8 H, m, H3-H6), 1.62 (2 H, m, H7"), 1.95
(2H, m, H2),2.25(2H,t,J, ¢ 7.10, H8), 410 (2 H, q,
H1"), 422 (2 H, t, J;. » 7.10, H1'), 7.83 (1 H, s, H2),
8.20 (1 H, s, H8), and 13.15 (1 H, s, OH); MS: nyz321
[M*], calc. 320 (C,¢H,,N,05).

N?-(8-Hydroxycar bonyl-n-butyl)adenine (I1b), R
0.31(3); 'H NMR (DMSO-d,): 1.50 (2H, m, H3), 1.85
(2H, m, H2),2.20 (2 H, 1, Jy , 7.30, H4'), 420 (2 H, t,
Jy 2 7.30, H1'), 6.85 (2 H, s, NH,), 8.05 (1 H, s, H2 or
H8), and 8.15 (1 H, s, H8 or H2); MS: myz 236 [M*],
calc. 235 (C,(H3N;50,).
vol. 27
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N°-(w-Hydroxycar bonyl-n-hexyl)adenine (l€), R
0.39 (3); 'H NMR (DMSO-dj): 1.30 (4 H, m, H3—H4"),
1.52 (2H, m, H5'), 1.90 (2H, m, H2),2.15(2H, t, J5 ¢
7.30, H6'), 420 (2 H, t, J; » 7.30, H1'), 6.85 (2 H, s,
NH,), 8.08 (1 H, s, H2 or H8), and 8.15 (1 H, s, H8 or
H2): MS: myz 264 [M*], calc. 263 (C,,H,,N5O,).

N°-(m-Hydroxycar bonyl-n-octyl)adenine (Ih), R
0.54 (3); 'H NMR (DMSO-d,, 50°C): 1.22 (8 H, m,
H3-H6"), 1.45 (2 H, m, H7), 1.80 (2 H, m, H2), 2.18
(2H,t J; g 720, H8), 412 (2 H, t, J; » 7.30, H1)),
6.80 (2 H, s, NH,), 8.08 (1 H, s, H8 or H2), and 8.12
(AH, s, H2 or H8); MS: my/z 292 [M*], calc. 291
(C14HN50).

N°-(8-Hydroxycar bonyl-n-butyl)hypoxanthine
(11b), R 0.22 (4); 'H NMR (DMSO-dy): 1.65 (2 H, m,
H3), 1.95 (2 H, m, H2), 2.15 (2 H, t, J; , 7.20, H4),
415(2H,t,J3; 5, 7.20,H1),8.05(1H, s, H2), and 8.45
(L H, s, H8); MS: m/z 237 [M*], calc. 236
(CioH12N,O5).

N°-(w-Hydroxycar bonyl-n-hexyl)hypoxanthine
(Ie), R; 0.56 (3); 'H NMR (DMSO-dy): 1.25 (4 H, m,
H3—H4'), 1.50 (2 H, m, H5'), 1.88 (2 H, m, H2), 2.18
(2H,t, J5 ¢ 7.15, HEY), 420 (2 H, t, J; » 7.15, HL),
8.05 (1 H, s, H2), and 8.60 (1 H, s, H8); MS: myz 265
[M*], calc. 264 (C,H (N,O3).

N°-(w-Hydroxycar bonyl-n-octyl)hypoxanthine (11h),
R 0.58 (3); 'H NMR (DMSO-d,): 1.25 (8 H, m, H3'-
H6'", 1.45(2H, m, H7"), 1.85 (2 H, m, H2), 2.15 (2 H,
t, J; g 7.15, H8), 420 (2 H, t, J; » 7.15, H1'), 8.05 (1
H, s, H2), and 8.60 (1 H, s, H8); MS: nyz 293 [M*],
calc. 292 (C,H,)N,03).

N°-(w-Hydroxy-n-amyl)adenine (Ic), R; 0.18 (2);
'H NMR (DMSO-dy): 1.25 (2H, m, H3), 1.45 (2 H, m,
H4'), 1.80 (2 H, m, H2), 3.40 (2 H, t, J; 5 6.55, HY),
4.00 (1 H,s OH), 413 (2H,t, J; » 7.15, H1'), 6.80
(2H,s,NH,),810(1H, s, H2or H8),and 8.15 (1 H, s,
H8 or H2); MS: nyz222 [M*], calc. 221 (C,,H,5N50).

N°-(m-Hydroxy-n-heptyl)adenine (If), R 0.38 (2);
'H NMR (DMSO-d,, 50°C): 1.28 (6 H, m, H3-H5"),
1.38(2H, m, H6"), 1.62 (2H, m, H2), 3.37 (2H, t, Js 7
6.55, H7), 400 (1 H, s, OH), 412 (2 H, t, J; » 7.15,
H1), 6.77 (2 H, s, NH,), 8.08 (1 H, s, H2 or H8), and
8.15 (1 H, s, H8 or H2); MS: nyz 250 [M*], calc. 249
(C1,HoN50).

N°-(@-Hydroxy-n-nonyl)adenine (Ii), R; 0.40 (2);
'H NMR (DMSO-dy): 1.25 (10 H, m, H3-H7), 1.48
(2 H,m, H8), 1.80 (2H, m, H2),3.37 (2H,1, Jy 4 6.55,
H9), 3.98 (1 H, s, OH), 413 (2 H, t, J,. , 7.15, H1),
6.80 (2 H, s, NH,), 8.08 (1 H, s, H2 or H8), and 8.15
(AH, s, H8 or H2); MS: myz 278 [M*], calc. 277
(C14H3N50).
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N°-(w-Hydroxy-n-amyl)hypoxanthine (llc), R
0.40 (3); 'H NMR (DMSO-d;, 50°C): 1.22 (2 H, m,
H3), 1.40 (2H, m, H4'), 1.75 (2 H, m, H2'), 3.40 (2 H,
t, Jy 5 6.55, H5), 400 (1 H, s, OH), 420 (2 H, t, J;
7.15, H1'), 7.85 (1 H, s, H2), 8.05 (1 H, s, H8), and
12.00 (1 H, s, NH); MS: nmyz 223 [M*], calc. 222
(C1oH1aN4Oy).

N°-(w-Hydroxy-n-heptyl)hypoxanthine (I1f), R
0.25 (2); 'H NMR (DMSO-dq, 50°C): 1.26 (6 H, m,
H3-H5), 1.38 (2 H, m, HE'), 1.78 (2 H, m, H2), 3.40
(2H,t, Jg.76.55,H7"), 400 (L H, s, OH), 4.17 (2 H, t,
Jp27.15,H1Y),7.85(1H, s, H2),8.05(1H,s, H8), and
12.00 (1 H, s, NH); MS: nyz 251 [M*], calc. 250
(C12H18N402)-

N°-(w-Hydroxy-n-nonyl)hypoxanthine (I1i), R
0.32 (2); '"H NMR (DMSO-d,, 50°C): 1.20 (10 H, m,
H3—H7"), 1.40 (2 H, m, H8"), 1.80 (2 H, m, H2'), 3.40
(2H,t, Jg 9 6.55,H9),3.95(1H, s, OH), 420 (2 H, t,
Jy»7.15,H1),7.85(1H,s H2),800(1H,s, H8),and
12.05 (1 H, s, NH); MS: myz 279 [M*], calc. 278
(Ci4HpuNLO,).

ACKNOWLEDGMENTS

This work was partialy supported by the Russian
Foundation for Basic Research (project no. 97-04-
49915), INTAS-RFBR (project no. 95-IN-RU-1214),
and PICS-RFBR (project no. 571).

REFERENCES

1. Makinskii, A.A., Kritsyn, A.M., Ul'yanova, EA.,
Zakharova, O.D., and Nevinskii, G.A., Bioorg. Khim,,
2000, vol. 26, pp. 735-742.

2. Nesmeyanov, A.N. and Zakharkin, L.1., zv. Akad. Nauk
SSSR, 1955, vol. 224, pp. 276-286.

3. Perbost, M., Lucas, M., Chavis, C., and Imbach, J.-L.,
Nucleosides Nucleotides, 1992, vol. 11, pp. 1489-1505.

4. Meszarosova, K., Holy, A., and Masojidkova, M., Col-
lect. Czech. Chem. Commun., 2000, vol. 65, pp. 1109—
1125.

5. Tarrago-Litvak, L., Andreola, M.L., Nevinsky, G.A.,
Sarish-Cottin, L., and Litvak, S., FASEB J., 1994, vol. 8,
pp. 497-503.

6. Pommier, Y., Biochimie, 1998, vol. 80, pp. 255-270.

7. Potmesil, M. and Kohn, K.W., DNA, Topoisomerasesin
Cancer, New York: Oxford Univ. Press, 1991.

8. Andoh, T., Ishii, K., Suzuki, Y., Takemoto, H., and
Okada, K., Proc. Natl. Acad. Sci. USA, 1987, vol. 84,
pp. 5565-5569.

9. Andreola, M.-L., Nevinsky, G.A., Barr, Ph.J., Sarish-Cot-
tin, L., Bordier, B., Fournier, M., Litvak, S., and Tarrago-
Litvak, L., J. Biol. Chem., 1992, vol. 267, pp. 19356—
19362.

No. 3 2001



172

10.

11

12.

MAKINSKY et al.

El Dirany, R., Andreola, M.-L., Nevinsky, G.A.
Tharaud, D., Barr, Ph.J, Litvak, S., and Tarrago-Lit-
vak, L., FEBSLett., 1992, vol. 301, pp. 23-28.
Zakharova, O.D., Tarrago-Litvak, L., Fournier, M.,
Andreola, M.-L., Repkova, M.N., Veniaminova, A.G.,
Litvak, S., and Nevinsky, G., FEBSLett., 1995, vol. 361,
pp. 287-290.

Zakharova, O.D., Tarrago-Litvak, L., Fournier, M., Lit-
vak, S., and Nevinsky, G.A., FEBS Lett., 1995, vol. 373,
pp. 255-258.

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY

13.

14.

15.

Nevinsky, G.A., Bugreev, D.V., Buneva, V.N., Yasui, Y.,
Nishizawa, M., and Andoh, T., FEBS Lett., 1995,
vol. 368, pp. 97-100.

Bugreev, D.V. Vasyutina, E.L., Kolocheva, T..,
Buneva, V.N., Andoh, T., and Nevinsky, G.A., Bio-
chimie, 1998, vol. 80, pp. 303-308.

Nevinsky, G.A., Andreola, M.-L., Yamkovoy, V.I., Levi-
na, A.S., Barr, Ph.J,, Tarrago-Litvak, L., and Litvak, S,
Eur. J. Biochem., 1992, vol. 207, pp. 351-358.

Vol. 27 No. 3 2001



