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Abstract—Novel polymethylene derivatives of nucleic bases containing a phenylketo functional group at
the w-position were synthesized by the alkylation of uracil, thymine, cytosine, hypoxanthine, adenine,
and N-isobutyrylguanine with ®-chloro-1-phenylalkan-1-ones and their physicochemical properties were

studied.

Key words: alkylation, nucleosides, polymethylene analogues

DOI: 10.1134/51068162010040060

INTRODUCTION

Among highly active neuroleptic drugs, there is a
group of antipsychotic agents that effectively inhibit
dopamine receptors, lack hypnosedative activity, and
stimulate the central nervous system.® This group
includes haloperidol, trifluperidol, droperidol, and
others [2]. These compounds bear a piperidine hetero-
cycle, which is linked at the nitrogen atom to a p-fluo-
robutyrophenone. These drugs received the group
name of “butyrophenones.”

A large number of medicines displaying a wide
spectrum of physiological activity contain an arylketo
fragment similar to a butyrophenone one. Antiar-
rhythmic (propafenone and amiodarone), ganglion
blocking (lobeline), nonsteroidal anti-inflammatory
(ketoprofen) drugs, etc., can be given as examples [2].
A recently described nucleoside analogue, 1-(3-cyclo-
penten-1-yl)-6-(3,5-dimethylbenzoyl)-5-ethyl-2,4-
pyrimidinedione [3], bearing an arylketo fragment
manifested high antiviral activity towards both HIV-2
and HIV-1.

Smith et al. have found a compound with an
arylketo fragment that can inhibit phospholipase A,
(IC5y 54 nM) [4]. It is known that the products of oxi-
dized low-density lipoproteins formed upon the

! For communication VII, see [1].
2Corresponding author; fax: + 7 (499) 135-1405; e-mail:
amk@eimb.ru.

3 Abbreviations: DBU, 1,8-diazabicycle[5.4.0.]Jundec-7-ene.

hydrolysis with lipoprotein-associated phospholipase
A, provoke inflammatory processes and are involved in
atherosclerosis pathology. Thus, this enzyme is an
attractive target in the search for agents for atheroscle-
rosis treatment.

Polymethylene derivatives of nucleic bases with ®-
functional groups proved to be convenient tools for the
regulation of various biochemical processes. For
example, compounds bearing carboxy, alkoxycarbo-
nyl, or hydroxyl groups at the w-position can inhibit
DNA topoisomerase I [5]. Among polymethylene
-diketo derivatives of the pyrimidine series, com-
pounds were found that inhibited the activity of E. coli
thymidine- and uridine phosphorylase with an effi-
cacy close to that for known inhibitors [6]. Similar
adenine and hypoxanthine derivatives display antipro-
liferative properties and can be regarded as potential
antitumor agents [1].

Earlier, we reported the preparation and properties
of purine and pyrimidine y-butyrophenones, new
polymethylene nucleoside analogues bearing an
arylketo function at the y-position of the hydrocarbon
backbone [7]. These derivatives are structurally similar
to drugs of the butyrophenone group and, therefore,
can be expected to possess neuroleptic activity.
Indeed, when studying the behavior reactions in rats
and mice s following the administration of 1-(4-oxo-
4-phenylbutyl)thymine, N.A. Bondarenko (Zakusov
Research Institute of Pharmacology, Russian Acad-
emy of Medical Sciences) demonstrated that this
compound reduced the intensity of stereotypical reac-
tions in rats administered with L-DOPA (L-3,4-dihy-
droxyphenylalanine), which supports its neuroleptic
potential [8]. The administration of this compound in
mice did not cause catalepsy but, on the contrary,
stimulated the motor activity of the animals. This
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allowed for the assumption that this compound was a
neuroleptic agent with D, blocker properties.

Based on the above observations, it seems rational
to obtain similar compounds with longer polymethyl-
ene chains bearing a phenylcarbonyl residue at the ®-
position of the hydrophobic hydrocarbon backbone.

RESULTS AND DISCUSSION

Target compounds were synthesized by the alkyla-
tion of pyrimidine (uracil, thymine, and cytosine) and
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purine (adenine, hypoxanthine, and guanine) nucleic
bases with the corresponding m-chloropolymethyle-
nephenones.

Alkylating agents (IIa)—(IIc) were prepared in high
yields under Friedel—Crafts reaction conditions by the
acylation of benzene with w-chloroacyl chlorides
(Scheme 1). The reactions were carried out at reduced
temperature with aluminum trichloride being added
to the reaction mixture in small portions to avoid the
formation of alkylation products.

g 0 a:n=2,yield 82%
b: n =4, yield 95%
c:n=06,yield 82%
1D
(0]
‘ (ITla): n =2, R =H, yield 33%
N (IVa): n = 2, R = CH, vield 39%
(IIIb): n =4, R = H, yield 59%
(IVb): n =4, R = CH, yield 46%
(Illc): n = 6, R = H, yield 29%
(IVc): n=6,R = CHj,, yield 27%
NH,
N z
N (Va): n=2, yield 33%

S

(Vb): n =4, yield 38%
(Ve): n =6, yield 56%

i — AlICl;/C¢Hg, ii — DBU/DME, 90°C (method A); iii — NaH/DME 90°C (method B).
Scheme 1.

Compounds (IIa)—(IIc) became accessible after
Nesmeyanov et al. had published classical works on
the synthesis and study of the properties of telomeres,
the products of ethylene radical telomerization with
carbon tetrachloride [9]. In our experiments, we used
telomeres of Cs (1,1,1,5-tetrachloropentane), C,
(1,1,1,7-tetrachloroheptane), and C, (1,1,1,9-tetra-
chlorononane). They were hydrolyzed to w-chloro-
carboxylic acids [10], which were transformed into the
corresponding acyl chlorides (Ia)—(Ic).

The alkylation of the nucleic bases of the pyrimi-
dine series (IIa)—(IIc) was carried out in DMF in the
presence of DBU similar to [5] (method A)
(Scheme 1). It was found in the preliminary experi-
ments that the carbonyl groups of compounds (IIa)—
(ITIe) do not need to be protected, in contrast to the
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earlier described synthesis of polymethylene deriva-
tives with terminal phenylketo groups separated from
the nucleic base residues by a three-unit methylene
chain, where such protection was absolutely necessary
[7]. The reaction was completed at 80—100°C in 20 h
to give the target monoalkyl uracil and thymine deriv-
atives (IITa)—(I1Ic) and (IVa)—(IVc) in good yields. In
addition, the reaction yielded significant amounts of
bisalkylated products, which were also isolated and
characterized. Derivatives (Va)—(Vc) were obtained by
the alkylation of cytosine sodium salt, because the
alkylation of cytosine in the presence of DBU led to a
complex mixture of side reaction products with only
traces of the target compound [11] (Scheme 1).

The corresponding polymethylene derivatives of
purine nucleic bases were prepared, for the most part,
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by alkylation in the presence of DBU (Scheme 2)
except compounds (VIIb) and (VIIIb), which were
obtained by the alkylation of adenine sodium salt with
reagent (IIb). The only products of hypoxanthine
alkylation with reagents (Ila)—(Ilc) were its 9-substi-
tuted derivatives (VIa)—(VIc). The alkylation of ade-
nine using either method resulted in a major product
alkylated at position 9 of the purine heterocycle and
minor 3-substituted isomer. Isomeric pairs (VIIa)—
(VIIIa), (VIIb)—(VIIIb), and (VIIc)—(VIIIc) were
characterized by significant differences in the '3C
NMR spectra, which A. Holy called “characteristic
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alkylation effects” [12] and provided an unambiguous
assignment of the side chain position at the purine
nucleus (Tables 1, 2; see Experimental section). For 3-
substituted isomers (VIIIa)—(VIIIb), the C2 signal was
shifted upfield by 9 ppm and the C2 signal, by about
11.6 ppm downfield if compared with 9-substituted
isomers (VIIa)—(VIIb). In addition, the C1' signales of
the side chain also considerably differed: the signal of
the 3-substituted derivatives was shifted by about 6-
ppm upfield relative to the corresponding signales of
the 9-substituted derivatives.
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(XIa): n=2, yield 92%
(XIb): n =4, yield 94%
(XIc): n =16, yield 82%

(XIla): n =2, yield 52%
(XIIb): n =4, yield 56%
(XIIc): n =6, yield 50%

i—DBU/DMF (method A), 90°C; ii—NaH/DMF (method B), 90°C, iii—NEt,/EtOH/H,0, A (method C).

Scheme 2.
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Table 1. 'H NMR spectral data of synthesized compounds (ITIa)—(VIIa), (XIa), and (XIIa)

8 B:

’ (IIIa): uracil-1-yl; (IVa): thymine-1-yl;

10'(Va): cytosine-1-yl; (VIa): hypoxantine-9-yl;
(VIIa): adenine-9-yl; (VIIIa): adenine-3-yl;
(XIa): guanine-7-yl; (XIIa): guanine-7-yl.

Compound, 8, ppm
Protons
(IIa) (ITVa)* Va) (Vla) (VIIa) (VIIIa) (XIa) (XIIa)
1 H, Hl or H3 11.24,s | 11.22,s — 12.21,s - - 10.52, s 10.67, s
1 H, H2 or H5 5.55,d** — 5.64, d***| 7.85,s 8.13,s 7.76, s — —
1 H, H6 or HS 7.66,d**  7.52,s 7.58, d**¥*| 8.18,s 8.16, s 8.35,s 7.65,s 7.87,s
2 H,2-NH, or — — 7.00, s — 7.2,s 7.84,s 6.71,s 6.34,s
4-NH,, or 6-NH,
2H,J7.16, HI' 3.09,t 3.66, t 3.65,t 4.18,t 4.19, 1 4.35,t 3.96,t 4.20,t
4 H, H2 and H3' 1.59, m 1.61,m | 1.59, m 1.6—19,m| 1.5-19,m 1.5-19,m| 1.5-1.8,m| 1.4—1.9,m
2H,J6.88, H4' 3.06,t 3.05,t 3.05,t 3.05,t 3.07,t 3.09,t 3.05,t 3.04,t
2H,J7.48 H7 and H11| 7.95,d 794,d | 7.95,d 791,d 7.92,d 7.95,d 7.93,d 7.92,d
2 H, H8 and H10' 751, m | 749,m | 7.51,m 7.48, m 7.50, m 7.50, m 7.50, m 7.49, m
1H,J7.16, HY 7.62,1 7.61,1t 7.62,1 7.59,t 7.61,1 7.62,1 7.61,1 7.61,1
Notes: * For compound (IVa), the 5-CHj signal was observed at 1.73 ppm (s, 3H);
ok .
116,

Since the alkylation of guanine in the presence of
DBU did not result in satisfactory yields because of the
low solubility, we used 2-isobutyrylguanine. The reac-
tion yielded a mixture of 9-substituted (IXa)—(IXc)
and 7-substituted (Xa)—(Xc) derivatives with close R,
values. The isolation of homogeneous isomers
required multifold column chromatography. Target
guanine derivatives (XIa)—(XIc) and (XIIa)—(XIIc)
were obtained by the hydrolysis of 2-isobutyrylguanine
derivatives (IXa)—(IXc) and (Xa)—(Xc) under mild
basic conditions (Scheme 2).

The differences in the '*C NMR spectra of 9-sub-
stituted (XIa)—(XIc) and 7-substituted (XIIa)—(XIlc)
isomers were also essential: for 7-substituted isomers
in comparison with 9-substituted an upfield shift
(about 8.5 ppm) of the C5 signal, a downfield shift
(about 6 ppm) of the C8 signal, and a downfield shift
of the side chain C1' signal (about 3 ppm) were
observed [13]. These results allow for the NMR iden-
tification of isomeric products. The UV spectroscopy
generally used for this purpose is inapplicable in
this case because the absorption band resulting
from the electron transfer from the carbonyl group
to the phenyl radical is located at around 245 nm
(¢ 13000 M~! cm™') and overlaps with that of the
nucleic base. Thus, the UV spectra give little informa-
tion. The structures of the synthesized compounds are
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confirmed by 'H and '3C NMR spectra (Tables 1, 2;
see the Experimental section).

The carbonyl group of the synthesized compounds
can easily be reduced to a hydroxyl group in the pres-
ence of sodium borohydride, which was exemplified

by the reduction of pyrimidine and purine derivatives
(IIIb)—(VIIb) (Scheme 3, Table 3).

HO
4 i 4

e

(I1Ib)—(VIIb)

o)
(IT1d)—(VIId)

i — NaBH,/EtOH/H,0 (method D).
Scheme 3.

EXPERIMENTAL

Uracil, thymine, cytosine, adenine, hypoxanthine,
and guanosine were purchased from Sigma (United
States); sodium hydride as an 80% suspension in min-
eral oil, and aluminum trichloride were from Fluka
(Switzerland);  1,8-diazabicycle[5.4.0]Jundec-7-ene
(DBU) was from Aldrich (United States); and sodium
borohydride was from Acros (Belgium). Solvents were
purified using routine procedures [14]. Mass spectra
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Table 2. '3C NMR spectral data of synthesized compounds (ITIa)—(VIIa), (XIa), and (XIIa)

B=

’ (IIIa): uracil-1-yl; (IVa): thymine-1-yl;

10'(Va): cytosine-1-yl; (VIa): hypoxantine-9-yl;
(VIIa): adenine-9-yl; (VIIIa): adenine-3-yl;
(XIa): guanine-9-yl; (XIIa): guanine-7-yl.

Carbon Compound, 8, ppm

atoms (I1a) (IVa)* (Va) (VIa) (VIIa) (VIIIa) (XIa) (XIIa)
C2 150.9 150.9 155.8 147.2 152.3 143.3 154.8 156.3
c4 163.7 164.2 165.9 148.0 149.6 149.8 151.4 152.7
cs 100.8 108.4 93.1 114.3 118.8 120.5 116.7 108.2
C6 145.6 141.3 146.0 153.6 155.9 154.9 156.8 159.5
cs - - - 140.7 140.8 152.4 137.1 142.5
cr 47.2 46.9 48.2 46.1 42.7 49.1 42.4 45.6
c2' 28.0 28.0 28.2 28.7 28.9 28.2 29.0 30.0
c3' 20.4 21.1 20.6 20.5 20.7 20.5 20.7 20.3
c4' 37.3 37.4 37.4 373 37.1 37.2 37.2 37.2
cs' 199.7 199.7 199.8 199.6 199.7 199.7 199.8 199.8
C6' 136.7 136.7 136.7 136.6 136.7 136.7 136.6 136.7
C7'and CII'| 128.7 128.6 128.7 128.6 128.6 128.6 128.7 128.6
C8'and C10| 127.8 127.8 127.8 127.8 127.8 127.8 127.9 127.8
Co' 133.0 133.0 133.0 133.0 133.0 133.0 133.1 133.0

* For compound (IVa), the 5-CHj signal was observed at 11.2 ppm.

were registered on an MS-30 mass spectrometer (Kra-
tos, Japan); electron impact was used as an ionization
method. NMR spectra (0, ppm, J, Hz) were registered
on a Bruker AMXIII-400 (Germany) with a working
frequency of 400 MHz for 'H and 100 MHz for 3C
NMR at 300 K in CDCl; and DMSO-d,. TLC was
carried out on Kieselgel 60 F254 plates (Merck, Ger-
many) in chloroform—ethanol systems: 19 : 1 (A);
19.7:0.3(B); 19.5: 0.5 (C); 18 : 2 (D); 18.5: 1.5 (E);
17:3(F); 17.5:2.5(G); 16 : 4 (H); and 15: 5 (I). Col-
umn chromatography was performed on Kieselgel 60
(0.040—0.063 mm, Merck, Germany).

5-Chloro-1-phenylpentanone-1 (IIa). Anhydrous
aluminum trichloride (17.3 g, 0.13 mol) was added by
small portions under stirring for 25 min to a cooled to
0°C solution of 5-chloropentanoate chloride (18.6 g,
0.12 mol) (Ia) in absolute benzene (30 ml). The result-
ing solution was stirred for 1 h at 0°C and then for 1 h
at 20°C and then poured out onto ice (200 g). The
organic layer was separated, and the aqueous layer was
extracted with benzene (2 x30 ml). The extracts were
combined, dried with anhydrous sodium sulfate, and
the solvent was evaporated and distilled in a vacuum to
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give 19.45 g (82.4%); mp 50—51°C; Mass: m/z 196.7
[M*]. Calc. M 196.7 (C,;H,;ClO). '"H NMR (CDCl,):
1.75-1.9 (4 H, m,CH,CH,CH,CI); 2.95 (2 H, t, J 6.8,
COCH,);3.52(2H,t,J6.2,CH,Cl); 7.41 2 H, m, m-
H, Ph); 7.51 (1 H, t, J 7.5, p-H, Ph); 7.91 (2 H, d,
J7.5, o-H, Ph). BC NMR (CDCl): 2131
(CH,CH,CO); 31.86 (CH,CH,Cl); 37.32 (COCH,);
44.51 (CH,Cl); [127.78 (2 C); 128.41 (2 C); 132.83;
136.71] (CsHs); 199.29 (CO). Published data [15]: mp
48—50°C, bp 128—130°C/1 mmHg.

Table 3. Reaction yields of the reduction of compounds
(ITIb)—(VIIb)

Starting compound/reaction Nucleic base, B | Yield, %
product
(I1Ib)/(I11d) Ura 89
(IVb)/(IVd) Thy 95
(Vb)/(Vd) Cyt 97
(VIb)/(VId) Hyp 80
(VIIb)/(VIId) Ade 81
No. 4 2010
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7-Chloro-1-phenylheptanone-1 (IIb) was synthe-
sized similar to (Ila) from 7-chloroheptanoate chlo-
ride (Ib) (33.7 g, 0.18 mol). Yield 38.5 g (95%); bp
152—154°C/4 mmHg. Mass: m/z 224.7 [M*]. Calc. M
224.7 (C;3H;;,Cl0). 'H NMR (CDCly): 1.25-1.61
(8 H, m, CH,CH,CH,CH,CH,Cl); 292 (2 H, t,J7.16,
COCH,); 3.488 (2 H, t, J6.52, CH,Cl); 7.40 (2 H, m,
m-H, Ph); 7.50 (1 H, t,J7.5, p-H, Ph); 7.91 2 H, d,

J 72, o-H, Ph). C NMR (CDClL): 23.89
(CH,CH,CO); 2653 (CH,CH,CH,CI); 28.36
(CH,CH,Cl); 3224 (CH,CH,CH,CH,Cl); 38.15

(COCH,); 44.78 (CH,Cl); [127.83 (2 C); 128.38 (2 C);
132.71; 136.91] (C4Hs), 199.98 (CO). Published data
[9]: bp 147—148°C/1.5 mmHg.

9-Chloro-1-phenylnonanone-1 (IIc) was synthe-
sized similar to (IIa) from 9-chlorononanoate chlo-
ride (Ic) (28.55 g, 0.135 mol). Yield 28 g (82%). Mass:
m/z 252.78 [M*]. Calc. M 252.78 (C,sH,,ClO).
'HNMR (CDCl): 1.24-19 (12 H, m,
CH,CH,CH,CH,CH,CH,CH,Cl); 2.92 2 H, t, J 7.16,
COCH,);3.47 (2 H,1,J6.85, CH,Cl); 7.41 2 H, m, m-
H, Ph); 7.50 (1 H, t, J 7.5, p-H, Ph); 7.93 (2 H, d,
J7.2, o-H, Ph). BC NMR (CDCl): 23.80
(CH,CH,CO); 26.39 (CH,CH,CH,CH,CI); 28.29
(CH,CH,CH,Cl); 28.78 (COCH,CH,CH,); 28.87
(CH,Cl); 32.19 (CH,CH,CH,CH,CH,Cl); 38.00
(COCH,); 44.56 (CH,Cl); [127.56 (2 C); 128.08 (2 C);
132.34; 136.70] (C¢Hs); 199.55 (CO).

Alkylation of nucleic bases in the presence of DBU
(method A). The corresponding alkylating agent
(15 mmol) and DBU (2.2 ml, 15 mmol) were added to
a suspension of a nucleic base or its protected deriva-
tive (10 mmol) in absolute DMF (25 ml), and the mix-
ture was heated for 20 h at 80—100°C (TLC control),
cooled, and evaporated in a vacuum. The residue was
suspended in a minimal volume of chloroform and
chromatographed on a silica gel (200 g) column (5 x
28 cm) eluting in a gradient of ethanol in chloroform
(0 > 20%). The target fractions were evaporated and
the residue was recrystallized.

Alkylation of adenine and cytosine sodium salts
(method B). Sodium hydride (80% suspension in min-
eral oil, 0.33 g, 11 mmol) was added to a suspension of
adenine or cytosine (10 mmol) in absolute DMF
(25 ml). The mixture was stirred for 30 min at 20°C
and the corresponding alkylating agent (12 mmol) was
added. The reaction mixture was heated at 80—100°C
for 20 h (TLC control). The solvent was evaporated in
a vacuum and the residue was dissolved in chloroform
(50 ml). Water (20 ml) was added and the mixture was
poured into a funnel. The organic layer was separated
and the aqueous phase was extracted with chloroform
(5 x 30 ml). The extracts were combined, dried with
sodium sulfate, the solvent was evaporated, and the
residue was purified by column chromatography (for
conditions, see method A). The target fractions were
evaporated, and the residue was recrystallized from the
proper solvent.
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Removal of an isobutyryl group from isobutyrylgua-
nine derivatives (IXa)—(IXc) and (Xa)—(Xc), the prep-
aration of guanine derivatives (XIa)—(XIc) and
(XIIa)—(XIIc) (method C). Triethylamine (0.28 ml,
2 mmol) was added to a solution of the corresponding
isobutyrylguanine derivative (1 mmol) in ethanol
(10 ml) and water (2 ml). The solution was refluxed
and the reaction course was monitored by TLC in the
proper eluting system. After 16 h, the solvents and tri-
ethylamine were evaporated in a vacuum and the resi-
due was chromatographed on a silica gel column (30 g,
5 x 10 cm) eluting in a gradient of ethanol in chloro-
form (0 — 30%). Target fractions were evaporated and
the residue was recrystallized from a 1 : 1 water—etha-
nol mixture.

1-(5-Oxo-5-phenylpentyl)uracil (II1a) was
obtained by method A in a yield of 33%, R;0.49 (A),
mp 146—147°C (propanol-2). Mass: m/z 272.3 [M*],
273.3 [M + H*]. Calc. M 272.3 (C;sH(N,O;). NMR
spectra: see Tables 1 and 2.

1,3-Bis(5-0x0-5-phenylpentyl)uracil was obtained
as a side product in the synthesis of (IIIa), method A,
inayield of 31%; R0.41 (B), oil. Mass: m/z432.5 [M*]
433.5 [M + H']. Calc. M 432.5 (C,xHxN,0,). 'H
NMR (CDCl): 1.74 (8 H, m, H2', H2", and H3',
H3"), 2.95-3.05 (4 H, m, H4' and H4"); 3.75 (2 H, t,
J6.2, H1");3.95(2H,t,J7.5, H1");5.68 (1H,d,J7.8,
H5);7.13(1 H,d, J7.8, H6); 7.40 (4 H, m, m-H, Ph);
7.50 2H,t,J7.8, p-H, Ph); 7.90 (4 H, d, /8.1, 0-H,
Ph). ¥C NMR (CDCl,): 20.67 (C3'); 21.27 (3"); 26.98
(C2"; 28.40 (C2"); 37.51 (C4"); 37.90 (C4"); 40.59
(C1");49.45 (C1"); 101.51 (C5); [127.85 (2 C); 127.92
(2 O); 128.41 (2 C); 128.52 (2 C); 132.79; 133.05;
136.60; 136.81] (Ph); 142.12 (C6); 151.31 (C2);
162.92 (C4); 199.36 (C5'); 199.35 (C5™).

1-(5-Oxo-5-phenylpentyl)thymine  (IVa)  was
obtained by method A in a yield of 39%; R;0.28 (C),
mp 156—157°C (propanol-2). Mass: m/z 286.3 [M*],
287.3 [M + H*]. Calc. M 286.3 (C,4HsN,0;). NMR
spectra: see Tables 1 and 2.

1,3-Bis(5-0x0-5-phenylpentyl)thymine was obtai-
ned as a side product in the synthesis of (IVa), method
A, in ayield of 36%; R;0.72 (C), oil. Mass: m/z 446.5
[M*]. 'H. Calc. M 446.5 (C,,H4N,0,). 'H NMR
(CDCl5): 1.69 (8 H, m, H2', H2" and H3', H3"); 1.83
(3H,s,5-CH>);2.94 (4 H, m, H4' and H4"); 3.68 (2 H,
t, /6.2, HI"); 3.92 (2 H, t, J 6.5, HI'), 6.96 (1 H, s,
H6); 7.36 (4 H, m, m-H, Ph); 7.44 (2 H,t,J7.8, p-H,
Ph); 7.86 (4 H, d, J7.8, 0-H, Ph). *C NMR (CDCl,):
12.75 (5-CHs5); 20.58 (C3'); 21.18 (C3"); 26.90 (C2');
28.28 (C2"); 37.41 (C4'); 37.78 (C4"); 40.62 (C1');
48.90 (C1"); 109.40 (C5); [127.70 (2 C); 127.76 (2 C);
128.26 (2 C); 128.36 (2 C); 132,64; 132.87; 136.48;
136.65] (Ph); 138.26 (C6); 151.12 (C2); 163.48 (C4);
199.29 (C5'); 199.73 (C5").

1-(5-0Oxo0-5-phenylpentyl)cytosine (Va) was obtai-
ned by method B in a yield of 33%; R;0.22 (D),
mp 199—200°C dec. (propanol-2—water). Mass: m/z
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271.3 [M*], 2723 [M + Hf]. Calc. M 271.3
(C,5H,7N;0,). NMR spectra: see Tables 1 and 2.

9-(5-Oxo0-5-phenylpentyl)hypoxantine (VIa) was
obtained by method A in a yield of 48%; R;0.79 (D),
mp 114—115°C dec. (EtOAc—heptane). Mass: m/z
296.3 [M*], 297.3 [M + H']. Calc. M 296.3
(CsH4N,4O,). NMR spectra: see Tables 1 and 2.

9-(5-Oxo-5-phenylpentyl)adenine  (VIIa) was
obtained by method A in a yield of 38%, R;0.51 (D),
mp 207—208°C dec. (EtOAc—heptane). Mass: m/z
295.3 [M*], 2963 [M + HT]. Calc. M 295.3
(CsH7N50). NMR spectra: see Tables 1 and 2.

3-(5-Oxo-5-phenylpentyl)adenine  (VIIIa) was
obtained by method A as a side product in a yield of
10%; R;0.26 (D), mp 216—217°C dec. (propanol-2).
Mass: m/z 295.3 [M*], 296.3 [M + H*]. Calc. M 295.3
(C,sH7N50). NMR spectra: see Tables 1 and 2.

N?-(2-Methylpropionyl)-9-(5-oxo0-5-phenylpen-
tyDguanine (IXa) was obtained by method A in a yield
of 24%, R, 0.375 (E), mp 141-142°C (EtOAc—
octane). Mass: m/z 381.4 [M*], 382.4 [M + H*]. Calc.
M 381.4 (C,)H;;N;0;). 'H NMR (DMSO-d;): 1.08
(6 H,d, J6.9, COCH(CH;),); 1.56 (2 H, m, H3"); 1.82
(2H, m, H2');2.78 (1 H, m, COCH(CH,;),); 3.04 2 H,
t,/7.2,H4");4.08 2H,t,J6.9,HI"); 7.47 2 H, m, m-
H, Ph); 7.59 (1 H, t, J 7.5, p-H, Ph); 7.91 (2 H, d,
J7.5,0-H, Ph); 8.00 (1 H, s, H8); 11.91 (2 H, brs, H1
and 2-NH). BC NMR (DMSO-dy): 18.83 (2 C,
COCH(CH;),); 20.57 (C3'); 28.92 (C2); 34.70
(COCH(CH,;),); 37.07 (C4'); 42.95 (C1'); 119.99 (C5);
[127.72 (2 C); 128.53 (2 C); 132.94; 136.55] (Ph);
139.55 (C8); 148.14 (C4); 148.70 (C2); 155.21 (C6);
180.11 (COCH(CHys),); 199.53 (C5").

N?-(2-Methylpropionyl)-7-(5-0x0-5-phenylpen-
tyl)guanine (Xa) was obtained by method A in a yield
of 28%, R, 0.575 (E), mp 181-182°C (EtOAc—
octane). Mass: m/z 381.4 [M*], 382.4 [M + H*]. Calc.
M 381.4 (C,yH,;N;O;). 'H NMR (DMSO-dy): 1.09
(6 H,d, J6.8, COCH(CH;),); 1.52 (2 H, m, H3"); 1.86
(2H, m, H2');2.72 (1 H, m, COCH(CH,;),); 3.02(2 H,
t,J7.2,H4");4.30 2H,t,J6.9,H1"); 7.45 (2H, m, m-
H, Ph); 7.57 (1 H, t, J 7.5, p-H, Ph); 7.89 (2 H, d,
J7.5,0-H, Ph); 8.19 (1 H, s, H8); 11.53 (1 H, brs, 2-
NH); 12.09 (1 H, br s, H1). 3C NMR (DMSO-d):
18.79 (2 C, COCH(CH,),); 20.18 (C3'); 29.91 (C2');
34.66 (COCH(CHy,),); 37.07 (C4'); 46.05 (C1'); 111.27
(C5); [127.70 (2 C); 128.52 (2 C); 132.88; 136.59]
(Ph); 144.19 (C8); 146.97 (C4); 152.50 (C2); 157.24
(C6); 179.87 (COCH(CHys),); 199.49 (C5').

9-(5-Oxo-5-phenylpentyl)guanine  (XIa) was
obtained by method C from compound (IXa) in a yield
of 92%, R;0.265 (F), mp >250°C (1 : 1 water—etha-
nol). Mass: m/z 311.3 [M*], 312.3 [M + H*]. Calc. M
311.3 (C,4,H;7;N;50,). NMR spectra: see Tables 1 and 2.

7-(5-Oxo0-5-phenylpentyl)guanine  (XIIa) was

obtained by method C from compound (Xa) in a yield
of 52%, R;0.265 (F), mp >250°C (1 :1 water—ethanol).
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Mass: m/z 311.3 [M*], 312.3 [M + H*]. Calc. M 311.3
(CicH7N50,). NMR spectra: see Tables 1 and 2.
1-(7-Oxo-7-phenylheptyl)uracil (I11b) was
obtained by method A in ayield of 59%, R;0.2 (B), mp
153—154°C (ethanol). Mass: m/z 300.3 [M*], 301.3
[M+ H]. Calc. M 300.3 (C,;H,,N,O;). 'H NMR
(CDCl5): 1.30—1.80 (8 H, m, H2'—H5"); 2.95 (2 H, t,
J7.2,H6;3.70 2H,t,J7.2,H1");5.67 (1 H,d, J7.8,
H5);7.14(1 H,d, J7.8, H6); 7.44 (2 H, m, m-H, Ph);
7.53 (1 H,t,J7.2,p-H, Ph); 793 (2H,d, J7.5,0-H,
Ph); 9.40 (1 H, s, H3). 3C NMR (CDCl,): 23.85
(C5"); 26.18 (C3'); 28.68 (C2'); 28.77 (C4); 38.21
(C6'); 48.67 (C1'); 102.07 (C5); [127.96 (2 C); 128.54
(2C); 132.93; 136.94] (Ph); 144.35 (C6); 150.40 (C2);
163.74 (C4); 200.12 (CT7").
1,3-Bis(7-0x0-7-phenylheptyl)uracil was obtained
by method A as a side product in the synthesis of (I1Ib)
in a yield of 34%, R;0.5 (B), oil. Mass: m/z488.6 [M*],
489.6 [M + HT]. Calc. M 488.6 (C;H;N,O,).
'HNMR (CDCly): 1.30—1.85 (16 H, m, H2'—H5',
H2"—H5"); 2.95 (4 H, m, H6' and H6") 3 72 (2 H, t
77.2, H1"); 3.93 (2 H, t,77.2,H");5.69 (1 H, d, J7.8,
H5);7.09 (1 H,d, /7.8, H6); 7.45 (4 H, m, m-H, Ph);
7.53 (2 H, m, p-H, Ph); 7.94 (4 H, d, /7.2, 0-H, Ph).
BC NMR (CDCI,): 23.90 (C5"); 24.18 (C5"); 26.27
(C3"); 26.71 (C3"); 27.39 (C2"); 28.72 (C2"); 28.78
(C4'); 28.96 (C4"); 38.22 (C6"); 38.45 (C6"); 41.08
(C1);49.62 (C1"); 101.55 (C5); [127.95 (2 C); 127.98
(2 C); 128.48 (2 C); 128.53 (2 C); 132.74; 132.89;
137.04; 137.15] (Ph); 141.97 (C6); 151.38 (C2);
162.97 (C4); 200.02 (C7'); 200.28 (C7").
1-(7-Oxo-7-phenylheptyl)thymine = (IVb) was
obtained by method A in a yield of 46%, R,0.30 (C),
mp 113—114°C (EtOAc—octane). Mass: m/z 314.4
[M*], 315.4 [M + H*]. Calc. M 314.4 (C;sH»,N,05).
'HNMR (CDCI,): 1.30—1.80 (8 H, m, H2'—H5");
1.89 3H,s, 5-CH,);2.95(2H,t,J7.2, H6";3.67 (2 H,
t, /7.2, H1'); 6.97 (1 H, s, H6); 7.44 (2 H, m, m-H,
Ph); 7.53 (1 H, t,J 7.2, p-H, Ph); 7.93 (2 H, d, J 7.5,
o-H, Ph); 9.30 (1 H, s, H3). 3C NMR (CDCl,): 12.22
(5-CH,); 23.88 (C5'); 26.20 (C3'); 28.72 (C2'); 28.81
(C4'); 38.23 (C6'); 48.33 (C1"); 110.54 (C5); [127.96

(2 C); 128.54 (2 C); 132.91; 137.05] (Ph); 140.34
(C6); 150.88 (C2); 164.26 (C4); 200.14 (C7").
1,3-Bis(7-0x0-7-phenylheptyl)thymine was

obtained by method A as a side product in the synthe-
sis of (IVb) in a yield of 43% in the synthesis of (IVb),
R;0.71 (C), oil. Mass: m/z502.6 [M*], 503.6 [M + H*].
Calc M 502.6 (C;;HxN,O,). 'H NMR (CDCI,):
1.31-1.85 (16 H, m, H2'-H5 and H2"—H5"); 1.92
(3H,s,5-CH;);2.97 (4H, m, H6'and H6"); 3.71 2 H,
t, /7.2, HI"); 395 (2 H, t,J7.2, H1'); 6.99 (1 H, s,
H6);7.46 (4 H, m, m -H, Ph); 7.54 2 H,t,J7.8, p-H,
Ph);7.95 (4 H,d, J7.8,0-H, Ph). *C NMR (CDCl,):
12.86 (5-CH,); 23.83 (C5'); 24.08 (C5"); 26.19 (C3');
26.65 (C3™"); 27.33 (C2"); 28.65 (C2"); 28.75 (C4");
28.87 (C4"); 38.15 (C6'); 38.37 (C6"); 41.18 (C1');
49.17 (C1"); 109.51 (C5); [127.85 (2 C); 127.89 (2 C);
128.38 (2 C); 128.44 (2 C); 132.66; 132.80; 136.92;
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137.01] (Ph); 138.21 (C6); 151.25 (C2); 163.61 (C4);
199.97 (C7'); 200.21 (C7").
1-(7-Oxo-7-phenylheptyl)cytosine (Vb)  was
obtained by method B in a yield of 38%, R;0.33 (G),
mp 191—192°C (ethanol). Mass: m/z299.3 [M*], 300.3
[M + H*]. Calc. M 299.3 (C,;H,N;0,). '"H NMR
(DMSO-dg): 1.22—1.60 (8 H, m, H2'—H5"); 2.98 (2 H,
t, /7.2, H6"); 3.60 2 H, t, J 7.2, H1"); 5.62 (1 H, d,
J7.2,H5);6.89 (2H,4-NH,); 7.53 (1 H, d, /7.2, H6);
7.49 2 H, m, m-H, Ph); 7.61 (1 H,t,J7.2, p-H, Ph);
7.94 (2 H, d, J7.5, 0-H, Ph). 3C NMR (DMSO-d,):
23.60 (C5"); 25.72 (C3"); 28.16 (C2"); 28.46 (C4');
37.70 (C6'); 48.44 (C1); 92.86 (C5); [127.72 (2 C);
128.56 (2 C); 132.84; 136.69] (Ph); 145.81 (C6);
155.67 (C2); 165.78 (C4); 199.95 (C7").
9-(7-0Oxo-7-phenylheptyl)hypoxantine (VIb) was
obtained by method A in a yield of 35%, R;0.28 (D),
mp 181—182°C dec. (ethanol). Mass: m/z 324.3 [M*],
3253 [M + H*]. Calc. M 324.3 (C,sH,\N,0,). 'H
NMR (DMSO-dy): 1.21-1.80 (8 H, m, H2'—HY5');
296 2H,t,J7.2, H6');4.10 2H,t,J7.2, H1"); 7.49
(2 H, m, m-H, Ph); 7.60 (1 H, t, J 7.2, p-H, Ph); 7.91
(2H,d,J7.5 0-H, Ph), 8.01 (1 H, H8); 8.08 (1 H, s,
H2); 12.27 (2 H, s, 6-OH). 3C NMR (DMSO-dj):
23.30 (C5'); 25.71 (C3"; 27.90 (C2"; 29.38 (C4');
37.59 (C6'); 43.22 (C1"); [127.36 (2 C); 128.08 (2 C);
132.40; 136.37] (Ph); 123.87 (C5); 139.22 (C8);
145.24 (C2); 154.25 (C4); 156.63 (C6); 199.30 (C7").
9-(7-0Oxo-7-phenylheptyl)hypoxantine (VIIb) was
obtained by method B in a yield of 61%, R, 0.44 (D),
mp 161-162°C dec. (ethanol). Mass: m/z 323.4 [M"],
324.4 M+ H*]. Calc. M323.4 (C;3sH,,N;0). '"H NMR
(DMSO-dg): 1.2—1.8 (§ H, m, H2'—HY5"); 2.95 (2 H, t,
J 7.2, H6Y; 4.12 2 H, t, J 7.2, H1"); 7.14 2 H, C,
6-NH,); 7.49 2 H, m, m-H, Ph); 7.59 (1 H, t, J 7.2,
p-H,Ph); 791 (2H,d,J7.5,0-H, Ph); 8.12 (1 H, H2);
8.13 (1 H, s, H8). 3C NMR (DMSO-dy): 23.54 (C5');
25.78 (C3"); 27.93 (C2"); 29.17 (C4'); 37.67 (C6');
42.77 (C1"); 118.72 (C5); [127.74 (2 C); 128.59 (2 C);
132.88; 136.67] (Ph); 140.76 (C8); 149.52 (C4);
152.27 (C2); 155.89 (C6); 199.94 (C7").
3-(7-Oxo-7-phenylheptyl)adenine (VIIIb) was
obtained by method B as a side product in the synthe-
sis of (VIIb) in a yield of 84%; R;0.20 (D), mp 195—
196°C dec. (propanol-2). Mass: m/z 323.4 [M"], 324.4
[M + H*]. Calc. M 323.4 (C;sH,N;O). '"H NMR
(DMSO-d;): 1.21-1.92 (8 H, m, H2'—HJ5"); 2.96 (2 H,
t,J7.2,H6";4.28 2H,t,J7.2,H1");7.49 2 H, m, m-
H, Ph); 7.60 (1 H, t, J 7.2, p-H, Ph); 7.76 (1 H, H2);
7.92(2H,d,J7.5,0-H, Ph); 7.95 (2H,s, 6-NH,); 8.34
(1H,s, H8). B*C NMR (DMSO-dj): 23.59 (C5'); 25.71
(C3"); 27.96 (C2); 28.51 (C4'); 37.70 (C6'); 49.32
(C1); 120.52 (C5); [127.21 (2 C); 128.59 (2 C);
132.73; 136.67] (Ph); 143.21 (C2); 149.83 (C4);
152.51 (C8); 154.89 (C6); 200.03 (C7").
N?-(2-Methylpropionyl)-9-(7-oxo-7-phenylhep-
tylguanine (IXb) was obtained by method A in a yield
of 18.5%, R;0.63(D), mp 140—141°C (EtOAc—
octane). Mass: m/z409.5 [M*], 410.5 [M + H*]. Calc.
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M 409.5 (C,H,,N50;). '"H NMR (CDCl,): 1.18 (6 H,
d, J 6.86, COCH(CH,),); 1.20—1.80 (8 H, m,
H2'-H5'"); 2.81 (1 H, m, COCH(CH,),); 2.96 (2 H, t,
J7.16,H6");3.98 (2H,t,J7.16, H1"); 7.43 (2 H, m, m-
H, Ph); 7.54 (1 H,t,J7.5, p-H, Ph); 7.63 (1 H, s, HS);
7.90(2H,d,J7.16,0-H, Ph); 10.19 (1 H, brs, 2-NH);
12.13 (1 H, br's, H1). 3C NMR (CDCI,): 18.94 (2 C,
COCH(CH,;),); 23.69 (C5'); 25.83 (C3'); 28.09 (C2';
29.68 (C4'); 36.10 (COCH(CH;),); 38.21 (C6"); 43.18
(C1"); 120.69 (C5); [127.95 (2 C); 128.61 (2 C);
133.19; 136.94] (Ph); 138.80 (C8); 147.74 (C4);
148.78 (C2); 155.78 (C6); 179.30 (COCH(CHys;),);
201.11 (C7").

N?-(2-Methylpropionyl)-7-(7-oxo-7-phenylhep-
tyl)guanine (Xb) was obtained by method A in a yield of
15.5%, R;0.76 (D), oil. Mass: m/z 409.5 [M*], 410.5
[M+ Hf]. Calc. M 409.5 (C,,H;,N;O5). 'H NMR
(CDCl,): 1.18 (6 H, d, J 6.85, COCH(CH,),); 1.25—
1.95(8 H,m, H2'-H5'); 2.90 (2 H, t, J7.16, H6'); 2.95
(1 H, m, COCH(CH,),);4.30 (2 H,t,J7.16, H1'); 7.40
(2 H, m, m-H, Ph); 7.49 (1 H, t, J7.5, p-H, Ph); 7.77
(1H,s, H8);7.88(2H,d, J7.16,0-H, Ph); 10.75 (1 H,
brs, 2-NH); 12.35 (1 H, brs, H1). 3*C NMR (CDCI,):
18.94 (2 C, COCH(CHy,),); 23.88 (C5'"); 26.04 (C3");
28.53 (C2'); 30.82 (C4"); 35.80 (COCH(CH,),); 38.17
(C6');47.23 (C1'); 112.01 (C5); [127.89 (2 C); 128.45
(2 C); 132.80; 136.93] (Ph); 142.88 (C8); 147.74 (C4);
153.25 (C2); 156.93 (C6); 179.79 (COCH(CH,;),);
200.09 (CT").

9-(7-Oxo-7-phenylheptyl)guanine  (XIb) was
obtained from compound (IXb) by method C in a yield
of 94%, R,0.5 (H), mp 192—193°C (1 : 1 water—etha-
nol). Mass: m/z 339.4 [M*], 340.4 [M + H*]. Calc. M
339.4 (C,4H,N50O,). '"H NMR (DMSO-d,): 1.20—1.71
(8 H, m, H2'—H5"); 2.97 (2 H, t, J 7.16, H6'); 3.90
(2H,t,J7.16, H1");6.45 (2 H, brs, 2-NH,); 749 2 H,
m, m-H, Ph); 7.60 (1 H, t, J7.5, p-H, Ph); 7.67 (1 H,
s, H8); 7.92 (2H, d, J7.16,0-H, Ph); 10.58 (1 H, brs,
H1). 3C NMR (DMSO-d;): 23.60 (C5"); 25.80 (CC");
28.01 (C2'); 29.26 (C4'); 37.69 (C6'); 42.52 (Cl');
116.64 (C5); [127.77 2 C); 128.62 (2 C); 132.93;
136.68] (Ph); 137.37 (C8); 151.11 (C4); 153.41 (C2);
156.79 (C6); 199.99 (C7").

7-(7-Oxo-7-phenylheptyl)guanine  (XIIb) was
obtained from compound (Xb) by method C in a yield
of 56%, R;0.5 (H), mp >250°C (1 : 1 water—ethanol).
Mass: m/z 339.4 [M*], 340.4 [M + H*]. Calc. M 339.4
(C,sH,N50,). 'H NMR (DMSO-dj): 1.30—1.80 (8 H,
m, H2'-H5"); 298 (2 H, t, J7.16, H6"); 4.15 (2 H, t,
J7.16, H1"); 6.09 (2 H, brs, 2-NH,); 7.51 (2 H, m, m-
H, Ph); 7.62 (1 H,t,J7.5, p-H, Ph); 7.89 (1 H, s, HS);
7.94 2 H, d, J7.16, 0-H, Ph); 10.73 (1 H, brs, H1).
3C NMR (DMSO-d,): 23.60 (C5'), 25.49 (C3'); 27.97
(C2Y; 29.50 (C4); 37.70 (C6"); 45.93 (C1'); 107.99
(C5); [127.77 (2 C); 128.63 (2 C); 132.92; 137.44]
(Ph); 142.96 (C8); 152.62 (C4); 154.48 (C2); 159.96
(C6); 200.00 (C7").

1-(9-0xo0-9-phenylnonyl)uracil (IIlc) was obtained
by method A in a yield of 29%, R,0.63 (C), mp 102—
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103°C (EtOAc—heptane). Mass: m/z 328.4 [M*], 329.4
[M + H*]. Calc. M 328.4 (C,yH;4N,0;). 'H NMR
(CDsCN): 1.23—1.72 (12 H, m, H2'-H7); 2.97 (2 H,
t, /7.3, H8'); 3.70 2 H, t, J 7.2, H1"); 5.56 (1 H, d,
J79, H5); 7.35(1 H,d, J7.8, H6); 7.48 (2 H, m, m-
H, Ph); 7.58 (1 H, t, J 7.2, p-H, Ph); 7.93 (2 H, d,
J7.5, o-H, Ph); 9.65 (1 H, s, H3). BC NMR
(CD;CN): 24.82 (C7'); 26.75 (C3'); 29.33 (C2'); 29.52
(C6"); 29.62 (C4'); 29.76 (C5'); 39.00 (C8'); 48.93
(C1'); 101.68 (C5); [128.70 (2 C); 129.42 (2 C);
133.69; 138.03] (Ph); 146.42 (C6); 15191 (C2);
164.93 (C4); 201.49 (C9").

1,3-Bis-(9-0x0-9-phenylnonyl)uracil was obtained by
method A as a side product in the synthesis of (IIlc) in
ayield of 29%; R;0.90 (C), oil. Mass: m/z 544.7 [M*],
5457 [M + HT']. Calc. M 544.7 (C;HuN,O,).
'HNMR (CD;CN): 1.17—-1.70 (24 H, m, H2'—H,
H2"—H7"); 2.93 (4 H, t, J 7.32, H8 and H8"); 3.65
(2H,t,J7.2, H1");3.80 (2 H,t,J7.5, H'); 5.59 (1 H,
d,J7.8, H5); 7.30 (1 H, d, J 7.8, H6); 7.45 (4 H, m,
m-H, Ph);7.55 (2H, m, p-H, Ph); 7.92 (4 H,d, J7.3,
o-H, Ph). BC NMR (CD;CN): 24.86 (2 C, C7' and
C7"); 26.88 (C3"); 27.47 (C3"); 28.14 (C2'); 29.43
(C2"); 29.62 (C4"); 29.73 (C4"); 29.77 (2 C, C6' and
C6™"); 29.95 (C5'); 29.91 (C5™); 39.06 (2 C, C8 and
C8"); 41.47 (C1'); 49.96 (C1"), 101.25 (C5); [128.74
(4 C); 129.45 (4 C); 133.70 (2 C); 138.02 (2 O)] (Ph);
144.21 (C6); 152.25 (C2); 163.95 (C4); 201.21 (2 C,
C9'and C9").

1-(9-0x0-9-phenylnonyl)thymine (IVe) was
obtained by method A in a yield of 27%, R, 0.62 (C),
mp 127°C (EtOAc—heptane). Mass: m/z 342.4 [M™],
3454 [M + H*]. Calc. M 342.4 (C,y)HxN,O;). 'H
NMR (CD;CN): 1.21-1.70 (12 H, m, H2'—H7); 1.81
(3H,s,5-CH;);2.97 (2H,t,J7.3,H8"); 3.63 (2 H, t,J
7.2, H1"); 7.19 (1 H, s, H6); 7.48 (2 H, m, m-H, Ph);
7.58 (1 H,t,J7.2, p-H, Ph); 794 2 H, d, J7.5, 0-H,
Ph); 9.33 (1 H, s, H3). 3C NMR (CD;CN): 12.16 (5-
CH;); 25.06 (C7); 26.95 (C7); 29.53 (C2'); 29.68
(C6'); 29.81 (C4"); 29.90 (C5); 39.22 (C8'"); 48.80
(C1"; 110.37 (C5); [128.87 (2 C); 129.58 (2 C);
133.79; 138.37] (Ph); 142.31 (C6); 152.06 (C2);
165.45 (C4); 201.65 (C9").

1,3-Bis-(9-0x0-9-phenylnonyl)thymine was obtai-
ned by method A as a side product in the synthesis of
(IVe) in a yield of 25%, R, 0.91 (C), oil. Mass: m/z
558.7 [M*], 559.7 |[M + HT*]. Calec. M 558.7
(C3sHyN,O,). 'TH NMR (CD;CN): 1.22—1.70 (24 H,
m, H2'-H7, H2"-H7"); 1.80 (3 H, s, 5-CH>); 2.93
(4H,t,J7.32, H8 and H8"); 3.63 (2 H, t,J7.2, H1");
3.822H,t,J7.16, H1"); 7.17 (1 H, s, H6); 7.45 (4 H,
m, m-H, Ph); 7.55(2H,t,J7.2, p-H, Ph); 7.92 (4 H,
d, J 7.6, o-H, Ph). 3C NMR (CD,CN): 12.97 (5-
CH,;); 24.83 (2 C, C7' and C7"); 26.84 (C3'); 27.43
(C3"); 28.15 (C2'); 29.44 (C2"); 29.60 (C4"); 29.69
(C4"); 29.73 (2 C, C6' and C6"); 29.87 (C5"); 29.90
(C5"); 39.03 (2 C, C8 and C8"); 41.64 (C1'); 49.59
(C1"); 109.33 (C5); [128.71 (4 C); 129.42 (4 C);
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133.69 (2 C); 137.99 (2 C)] (Ph); 140.19 (C6); 152.12
(C2); 164.52 (C4); 201.23 (2 C, C9' and C9").

1-(9-Oxo0-9-phenylnonyl)cytosine (Vo) was
obtained by method B in a yield of 56%, R, 0.66 (F),
mp 172—173°C (1 : 1 water—ethanol). Mass: m/z 327 .4
[M*], 328.4 [M + H*]. Calc. M 327.4 (C,,H,sN;0,). 'H
NMR (DMSO-dy): 1.14—1.62 (12 H, m, H2'-H7");
297 (2H,t,J7.3, H8");3.58 2 H,t,J7.2, H1"); 5.62
(1H,d,J7.16, H5); 7.00 (2 H, brs, 4-NH,); 7.54 (1H,
d, J 7.2, H6); 7.49 (2H, m, m-H, Ph); 7.60 (1H, t, J
7.2, p-H, Ph); 7.93 (2H, d, J 7.5, 0o-H, Ph). 3C NMR
(DMSO-d;): 23.87 (CT7'); 25.99 (C3); 28.64 (C2),
28.68 (C6'); 28.75 (C4'); 28.89 (C5'); 37.94 (C8');
48.67 (C1'); 93.12 (C5); [127.93 (2 C); 128.77 (2 C);
133.10; 136.77] (Ph); 146.09 (C6); 155.94 (C2);
165.95 (C4); 200.26 (C9").

9-(9-Oxo0-9-phenylnonyl)hypoxantine (VIc) was
obtained by method A in a yield of 31%, R, 0.48 (D),
mp 159—160°C (EtOAc—heptane). Mass: m/z 352.4
[M*],353.4[ M+ H*]. Calc. M352.4 (C,H,,N,O,). 'H
NMR (DMSO-dy): 1.1-1.8 (8 H, m, H2'-H7'); 2.94
(2H,t,J7.3,H8");4.27(2H,t,J6.8, H1");7.47 2 H,
m, m-H, Ph); 7.58 (1 H,t,J7.2, p-H, Ph); 7.91 (2 H,
d,J7.5,0-H, Ph), 7.95 (1 H, H8); 8.22 (1 H, s, H2);
12.27 (2 H, s, 6-OH). 3C NMR (DMSO-dy): 23.74
(CT7); 25.60 (C3'); 28.31 (C2'); 28.50 (C6"); 28.69
(C4'); 30.62 (C5'); 37.82 (C8'"); 46.33 (C1"); [127.79 (2
C); 128.61 (2 C); 132.92; 136.70] (Ph); 123.87 (C5);
140.23 (C8); 143.78 (C2); 144.39 (C4); 154.28 (C6);
200.00 (C9").

9-(9-Oxo0-9-phenylnonyl)adenine  (VIIc) was
obtained by method A in a yield of 56%, R, 0.57 (D),
mp 165—166°C (ethanol). Mass: m/z351.4 [ M*], 352.4
[M + H*]. Calc. M 351.4 (C,HysN;0). '"H NMR
(DMSO-d;): 1.22—1.83 (12 H, m, H2'—H7'); 2.94 (2
H,t,J7.3,H8");4.11 (2H,t,J7.2, H1');7.09 (2 H, s,
6-NH,); 7.48 2 H, m, m-H, Ph); 7.59 (1 H, t, J 7.2,
p-H, Ph); 7.92 (2 H, d, J 7.5, 0o-H, Ph); 8.10 (1 H,
H2); 8.12 (1 H, s, H8). BC NMR (DMSO-dj):
23.67(C7'); 25.81 (C3"); 28.17 (C2'); 28.38 (C6');
28.55 (C4"); 29.19 (C5'); 37.74 (C8'); 42.76 (C1');
118.71 (C5); [127.69 (2 C); 128.52 (2 C); 132.78;
136.71] (Ph); 140.69 (C8); 149.50 (C4); 152.22 (C2);
155.84 (C6); 199.97 (C9").

3-(9-Oxo0-9-phenylnonyl)adenine  (VIIIc) was
obtained by method C in a yield of 3.7%, R, 0.29 (D),
mp 151—152°C (ethanol). Mass: m/z351.4 [ M*], 352.4
[M + H*]. Calc. M 351.4(C,)H,sN;0). 'H NMR
(DMSO-dj): 1.22—1.91 (12 H, m, H2'—H7"); 2.96 (2
H,t,J7.2,H8");427 (2H,t,J7.2,Hl'); 7.48 2 H,
m, m-H, Ph); 7.59 (1 H,t,J 7.2, p-H, Ph); 7.76 (1 H,
H2); 793 2 H, d, J 7.5, o-H, Ph); 7.93 2 H, s, 6-
NH,); 8.34 (1 H, s, H8). 3C NMR (DMSO-d;): 23.74
(CT7); 25.77 (C3"); 28.33 (C2'); 28.48 (C6'"); 28.58
(C4'); 28.66 (C5"); 37.81 (C8"); 49.31 (C1"); 120.47
(C5); [127.80 (2 C); 128.63 (2 C); 132.93; 136.72]
(Ph); 143.26 (C2); 149.68 (C4); 152.45 (C8); 154.92
(C6); 200.08 (C9").
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N %-(2-Methylpropionyl)-9-(9-0x0-9-phenyl-
nonyl)guanine (IXc) was obtained by method A in a
yield of 26%, R, 0.25 (B), mp 114—-115°C (EtOAc—
octane). Mass: m/z 437.5 [M*], 438.5 [M + H*]. Calc.
M 437.5 (C,yH;N5sO;). 'TH NMR (DMSO-dj): 1.09
(6 H, d, J 6.9, COCH(CH5),); 1.20—1.80 (12 H, m,
H2'—H7'); 2.76 (1 H, m, COCH(CH,),); 2.95 (2 H, t,
J7.2,H8);4.02(2H,t,J7.16, H1"); 7.48 2 H, m, m-
H, Ph); 7.59 (1 H, t, J 7.5, p-H, Ph); 7.91 (2 H, d,
J7.5, 0-H, Ph); 7.98 (1 H, s, H8); 11.63 (1 H, s, 2-
NH); 12.05 (1 H, s, H1). 3C NMR (DMSO-d): 18.79
(2C, COCH(CHy,),); 23.71 (CT7'"); 25.87 (C3"); 28.31
(C2); 28.45 (C6'); 28.68 (C4'); 29.38 (C5"); 34.62
(COCH(CHy),); 37.78 (C8'); 43.17 (C1'); 120.05 (C5);
[127.75 (2 C); 128.59 (2 C); 132.90; 136.69] (Ph);
139.70 (C8); 147.71 (C4); 148.55 (C2); 154.87 (C6);
180.08 (COCH(CHys;),); 199.99 (C9").

N 2-(2-Methylpropionyl)-7-(9-0x0-9-phenyl-
nonyl)guanine (Xc) was obtained by method A in a
yield of 37%, R, 0.44 (B), oil. Mass: m/z 437.5 [M*],
438.5 [M + H']. Calc. M 437.5 (C,,H;;N;O;). 'H
NMR (DMSO-d): 1.10 (6 H, d, J 6.86,
COCH(CHs5),); 1.22—1.84 (12 H, m, H2'—H7"); 2.73
(1 H,m, COCH(CH,),);2.98 (2H, t,J7.16, H8'); 4.24
(2H,t,J7.16, H1"); 7.49 2H, m, m-H,Ph); 7.60 (1 H,
t,J7.16, p-H, Ph); 7.93 (2H, d, J 7.16, 0-H, Ph); 7.92
(1 H,s,H8); 11.55(1 H,s,2-NH); 12.08 (1 H, s, H1).
BC NMR (DMSO-dy): 18.80 (2 C, COCH(CH,),);
23.71 (C7'); 25.51 (C3"); 28.24 (C2'); 28.44 (C6');
28.62 (C4'); 30.38 (C5'); 34.65 (COCH(CH,),); 37.78
(C8);46.23 (C1'); 111.25 (C5); [127.77 (2 C); 128.60
(2C); 132.89; 136.71] (Ph); 144.15 (C8); 147.71 (C4);
146.94 (C2); 152.50 (C6); 179.87 (COCH(CHsy),);
200.01 (C9").

9-(9-0xo0-9-phenylnonyl)guanine (XIc) was
obtained from compound (IXc) by method C in a yield
of 82%, R, 0.3 (D), mp 202—203°C (ethanol). Mass:
m/z 367.4 [M*], 368.4 [M + H*]. Calc. M 367.4
(C,y)H,sNsO,). 'H NMR (DMSO-dy): 1.20—1.81
(12H, m, H2'-H7'); 297 2 H, t, J 7.16, H8'); 3.89
(2H,t,J7.16, H1");6.44 (2 H, brs,2-NH,); 749 (2 H,
m, m-H, Ph); 7.60 (1 H, t, /7.5, p-H, Ph); 7.67 (1 H,
s, H8); 7.93(2H,d, J7.16, 0-H, Ph); 10.52 (1 H, brs,
H1). BC NMR (DMSO-d;): 23.74 (CT7'); 25.90 (C3");
28.34 (C2'); 28.48 (C6"); 28.70 (C4'); 29.34 (C5');
37.81 (C8'); 42.58 (C1"); 116.56 (C5); [127.79 (2 C);
128.63 (2 C); 132.93; 136.71] (Ph); 137.40 (C8);
151.11 (C4); 153.41 (C2); 156.81 (C6); 200.08 (C7").

7-(9-0x0-9-phenylnonyl)guanine  (XIIc) was
obtained from compound (Xc) by method C in a yield
of 50%, R;0.35 (D), mp >250°C (ethanol). Mass: m/z
367.4 |[M*], 368.4 [M + H*'|. Calc. M 367.4
(CyHy;N;O,). 'H NMR (DMSO-d;): 1.23—1.81
(12H, m, H2'-H7"); 2.98 (2 H, t, J 7.16, H8'); 4.13
(2H,t,J7.16,H1");6.11 (2H, brs, 2-NH,); 7.50 (2 H,
m, m-H, Ph); 7.61 (1 H,t,J7.5, p-H, Ph); 7.88 (1 H,
s, H8); 7.94 (2 H, d, J7.16, 0-H, Ph); 10.73 (1 H, brs,
H1). BC NMR (DMSO-dy): 23.74 (CT7'); 25.62 (C3");
28.41 (C2'); 28.52 (C6'); 28.84(C4"); 30.37 (C5');
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37.89 (C8"); 46.04 (C1'); 108.46 (C5); [127.91 (2 C);
128.72 (2 C); 132.93; 136.71] (Ph); 143.11 (C8);
152.72 (C4); 153.51 (C2); 159.41 (C6); 200.21 (C7').

Reduction of (IIIb)—(VIIb) carbonyl groups
(method D). Sodium borohydride (0.12 g) was added
to a solution of the starting phenone (2 mmol) in a
mixture of ethanol (25 ml) and water (5 ml). The reac-
tion mixture was heated to reflux under stirring and
then cooled to room temperature under stirring. The
procedure was repeated. After the reaction was com-
pleted (TLC control), the solvents were evaporated
and the residue was reevaporated with ethanol (3 x
20 ml). Ethanol (30 ml) was added to the residue, the
mixture was heated to reflux, and silica gel (10 g) was
added. Ethanol was evaporated and the silica gel with
absorbed compound (V) was transferred onto a silica
gel column (50 g, 5 x 8 cm), chromatographed, and
eluted in a gradient of ethanol in chloroform (0 —
30%). The target fractions were combined and evapo-
rated.

1-(7-Hydroxy-7-phenylheptyl)uracil (IIId) was
obtained by method D in a yield of 89%, R, 0.58 (E),
oil. Mass: m/z 302.4 [M*], 303.4 [M + H*]. Calc. M
302.4 (C;H,N,05). 'H NMR (DMSO-d;): 1.14-1.62
(10 H, m, H2'—Hé6"); 3.60 (2 H, t, J 7.2, HI'); 4.47
(1H, m, H7"); 5.09 (1 H, d, J4.4, 7-OH); 5.51 (1 H,
d, J7.8, H5); 7.18 (1 H, m, m-H, Ph); 7.28 (4 H, m,
o-H, Phand m-H, Ph); 7.60 (1 H,d, /7.8, H6); 11.19
(1H,s, H3). 3CNMR (DMSO-d;): 25.15 (C5'"); 25.75
(C3"); 28.34 (C2'); 28.52 (C4"); 39.16 (C6'); 47.39
(C1");72.22 (C7"), 100.69 (C5); [125.74 (2 C); 126.47,
127.85 (2 C); 146.39] (Ph); 145.63 (C6); 150.87 (C2);
163.69 (C4).

1-(7-Hydroxy-7-phenylheptyl)thymine (IVd) was
obtained by method D in a yield of 95%, R, 0.67 (A),
oil. Mass: m/z 316.4 [M*], 317.4 [M + H*]. Calec. M
316.4 (C,gH,N,05). '"H NMR (DMSO-d;): 1.15—1.60
(10 H, m, H2'—H®6'); 1.74 (3H, s, 5-CH;); 3.58 (2 H, t,
J7.2,H1");4.03(1 H,m, H7"); 7.18(1 H, m, p-H, Ph);
7.29 (4 H, m, o-H, Ph and m-H, Ph); 7.51 (1 H, d, J
7.8, H6); 11.13 (1 H, s, H3). 3C NMR (DMSO-dj):
11.75 (5-CH5); 25.06 (C5'); 25.69 (C3'); 28.30 (C2');
28.45 (C4'); 39.66 (C6'); 47.01 (C1'); 72.10 (CT7');
108.24 (C5); [125.68 (2 C); 126.38; 127.77 (2 C);
146.36] (Ph); 141.35 (C6); 150.76 (C2); 164.16 (C4).

1-(7-Hydroxy-7-phenylheptyl)cytosine (Vd) was
obtained by method D in a yield of 97%, R, 0.36 (1),
oil. Mass: m/z 301.4 [M*], 302.4 [M + H*]. Calc. M
301.4 (C;H»;N;0,). 'H NMR (DMSO-dj): 1.14—1.60
(10 H, m, H2'—Hé6"); 3.70 2 H, t, J 6.6, H1"); 4.46
(1H,m, H7");5.09(1H,d,J4.4,7-OH);5.51 (1 H, d,
J 7.8, H5); 5.64 (1 H,d, J7.2, H5); 6.93 (2 H, s, 4-
NH,); 7.17 (1 H, m, p-H, Ph); 7.28 (4 H, m, o-H, Ph
and m-H, Ph); 7.54 (1 H, d, J 7.2, H6). C NMR
(DMSO-dy): 25.08 (C5'); 25.60 (C3); 27.96 (C2;
28.48 (C4'); 39.12 (C6'); 48.78 (C1); 72.12 (CT7");
93.04 (C5); [125.72 (2 C); 126.43; 127.81 (2 C);
146.36] (Ph); 147.26 (C6); 149.63 (C2); 159.93 (C4).
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9-(7-Hydroxy-7-phenylheptyl)hypoxanthine (VId)
was obtained by method D in a yield of 80%, R, 0.57
(D), oil. Mass: m/z326.4 [M*], 327.4 [M + H*]. Calc.
M 326.4 (C;3sH,,N,O,). '"H NMR (DMSO-dj): 1.16—
1.77 (10 H, m, H2'-H6"); 4.10 2 H, t, J 7.2, H1');
4.44 (1 H, m, H7"); 5.08 (1 H, d, J 3.7, 7'-OH); 7.18
(1 H, m, p-H, Ph); 7.26 (4 H, m, o-H, Ph and m-H,
Ph); 8.00 (1 H, H8); 8.06 (1 H, s, H2); 12.22 (2 H, s,
6-OH). 3C NMR (DMSO-d;): 25.03 (C5"); 25.81
(C3"); 28.23 (C2'); 29.38 (C4"); 39.05 (C6'); 43.19
(C1');72.15(CT7'); 123.88 (C5); [125.68 (2 C); 126.43;
127.80 (2 C); 146.33] (Ph); 140.18 (C8); 145.25 (C2);
154.20 (C4); 156.58 (C6).

9-(7-Hydroxy-7-phenylheptyl)adenine (VIId) was
obtained by method D in a yield of 81%, R, 0.46 (F),
oil. Mass: m/z 325.4 [M*], 326.4 [M + H*]. Calc. M
3254 C,H,;N;O. '"H NMR (CDCly): 1.19—1.82
(100 H, m, H2'-H6"); 3.80 (1 H, br s, 7-OH);
4.07 2H,t,J7.2,H1");4.61 (1H, m, H7");6.39 (2 H,
s, 6-NH,); 7.20 (1 H, m, p-H, Ph); 7.28 (4 H, m, 0-H,
Ph and m-H, Ph); 7.63 (1 H, H2); 8.22 (1 H, s, HS).
BC NMR (CDCl): 25.46 (C5"); 26.38 (C3'); 28.77
(C2'); 29.79 (C4'); 38.87 (C6"); 43.76 (C1"); 74.03
(C7; 119.35 (C5); [125.84 (2 C); 127.25; 128.27 (2
C); 145.13] (Ph); 140.14 (C8); 149.84 (C4); 152.72
(C2); 155.58 (Co).

ACKNOWLEDGMENTS

This work was supported by the Russian Founda-
tion for Basic Research, project no. 09-04-00364-a,
and the Federal Program “Studies in Priority Direc-
tions of the Development of the Research and Techni-
cal Complex of Russia for 2007—2012, contract
no. 02.512.11.2237.”

REFERENCES

1. Komissarov, V.V., Volgareva, G.M., Olshanskaya, J.S.,
Chernishova, M.E., Zavalishina, L.E., Frank, G.A.,
Shtil, A.A., and Kritzyn, A.M., Bioorg. Khim., 2009,
vol. 35, pp. 84—94 Russ. J. Bioorg. Chem. (Eng. Transl.),
2009, vol. 35, pp. 75-85].

2. Mashkovskii, M.D., Lekarstvennye sredstva (Drugs),
Moscow: Novaya volna, 2008.

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 36

3.

10.

11.

12.

13.

14.

15.

. Makinsky,

. Komissarov,

487

Buckheit, R.W., Watson, K., Fliakas-Boltz, V.,
Russel, J., Loftus, T.L., Osterling, M.C., Turpin, J.A.,
Pallansch, L.A., White, E.L., Lee, J.-W,, Lee, S.-H.,
Oh, J.-W,, Kwon, H.-S., Chung, S.-G., and
Cho, E. H., Antimicrob. Agents Chemther., 2001,
vol. 45, pp. 393—400.

Boyd, H.FE, Fell, S.C.M., Flynn, S.T., Hickey, D.M.B.,
Ife, R.J., Leach, C.A., Macphee, C.H., Milliner, K.J.,
Moores, K.E., Pinto, I.L., Porter, R.A., Rawlings, D.A.,
Smith, S.A., Stansfield, I1.G., Tew, D.G., Theobald, C.J.,
and Whittaker, C.M., Bioorg. Med. Chem. Lett., 2000,
vol. 10, pp. 2557-2561.

A.A., Kritzyn, A.M., Uljanova, E.A.,
Zakharova, O.D., and Nevinsky, G.A., Bioorg. Khim.
2000, vol. 26, pp. 735—742 [Russ. J. Bioorg. Chem. (Eng.
Transl.), 2000, vol. 26, pp. 662—668].

. Komissarov, V.V,, Panova, N.G., and Kritzyn, A.M.,

Bioorg. Khim. 2008, vol. 34, pp. 75—82[Russ. J. Bioorg.
Chem. (Eng. Transl.), 2008, vol. 34, pp. 67—73].

. Kritzyn, A.M. and Komissarov, V.V., Bioorg. Khim.

2005, vol. 31, pp. 609—615 [Russ. J. Bioorg. Chem. (Eng.
Transl.), 2005, vol. 31, pp. 549-555].

V.V.,, Polymethylene Derivatives of
Nucleic Bases Bearing o-Functional Groups: Synthe-
sis and Properties, Cand. Sci. (Chem.) Dissertation,
Moscow: Inst. Mol. Biol. Ros. Akad. Nauk, 2005.

. Nesmeyanov, A.N. and Zakharkin, L.I., Izv. Akad.

Nauk SSSR, Otd. Khim. Nauk, 1955, pp. 224-238.

Joyce, R.M., Hanford, W.E., and Harmon, J., J. Am.
Chem. Soc., 1948, vol. 70, pp. 2529—-2532.

Kritzyn, A.M. and Komissarov, V.V., Bioorg. Khim.
2004, vol. 30, pp. 487—492 [ Russ. J. Bioorg. Chem. (Eng.
Transl.), 2004, vol. 30, pp. 436—440].

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

Kritzun, A.M., Vepsalainen, J., and Komissarov, V.V.,
Bioorg. Khim. 2005, vol. 31, pp. 288—294 [Russ. J.
Bioorg. Chem. (Eng. Transl.), 2005. V. 31. R. 256-262].
Tietze, L.E and Eicher, T., Reaktionen und Synthesen
im  organische-chemischen Praktikum und Fors-
chungslaboratorium, New York: Georg Thieme Verlag
Stuttgart, 1991. Translated under the title Prepara-
tivnaya organicheskaya khimiya, Moscow: Mir, 1999.
Bordwell, EG. and Brannen, W.T., Jr., J. Am. Chem.
Soc., 1964, vol. 86, pp. 4645—4650.

No. 4 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


