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4-HYDROXY-2-QUINOLONES

139*. SYNTHESIS, STRUCTURE,

AND ANTIVIRAL ACTIVITY

OF N-R-AMIDES OF 2-HYDROXY-
4-0OX0-4H-PYRIDO[1,2-a]PYRIMIDINE-
3-CARBOXYLIC ACIDS

LV. Ukrainetsl, N. L. Bereznyakoval, and L. A. Turaibei’

Dialkylaminoalkylamides of 2-hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carboxylic acids have been
obtained as potential antiviral agents. The special features of the spatial structure of one example of the
synthesized compounds have been studied. Results are given of the investigation of cytotoxicity and
antiviral activity in relation to type 1 herpes virus and coronavirus.

Keywords: amides, 2-hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidines, herpes, coronavirus, antiviral
activity, X-ray structural analysis.

Virology occupies an important place in the medicine of the third millennium in the conviction of many
scientists. The basis for this is the fact that the stimulus of ~80% of human infectious diseases is of a viral nature.
In the future the role of viruses will grow even more and they will predominate over bacterial infections. With
each day more proof accumulates of the participation of viruses in the development of a series of serious
illnesses, which previously were neither etiologically nor pathogenetically linked with them, viz. myocardial
infarction, atherosclerosis, pyelonephritis, cancer, diabetes, and many others [2]. But there is a virus which
causes the greatest worry to doctors, depending on the lack of knowledge frequently applied to the usual simple
cold and, at the same time, yields only to influenza by the level of mortality. This is herpes, a very widely
distributed virus in the human population, it is considered that its carriers are 99% of the population of the earth.
Herpes viruses are able to strike practically all organs and systems of the human organism, and display various
symptoms and illnesses. At the present time 8 antigenic serotypes of the herpes virus are known. The most
widespread, and consequently also most dangerous, are herpes viruses of types 1 and 2, causing diseases of the
skin, mucous membrane, genitals, eyes, and also aseptic meningitis, and pneumonia [3-6]. The remaining types
of herpes are not encountered so frequently, but are no less dangerous. For example, herpes type 3 is an inducer

* For Communication 138 see [1].

'National University of Pharmacy, Kharkiv 61002, Ukraine; e-mail:uiv@kharkov.ua. *Kharkiv Medical
Academy of Postgraduate Education, Kharkiv 61176, Ukraine; e-mail: igor doctor@rambler.ru. Translated from
Khimiya Geterotsiklicheskikh Soedinenii, No. 1, pp. 61-77, January, 2008. Original article submitted March 22,
2007.

50 0009-3122/08/4401-0050©2008 Springer Science+Business Media, Inc.



of all known eruptions (chicken-pox) [7]. In adults it also causes shingles, manifested by discharges on the
stomach and chest and accompanied by pains comparable with oncologies. The Epstein-Barr virus (type 4) is the
cause of infectious mononucleosis [8]. Cytomegalovirus, little studied at present, herpes type 5, affects the
nervous system and human internal organs [9, 10]. An etiological link, not without basis, is proposed for herpes
type 6 and encephalitis [7, 11], and for type 7 with chronic fatigue syndrome [7, 9, 10], called in mass
information media "the plague of the 21* century". Kaposi sarcoma, associated with HIV infection and AIDS, is
also caused by herpes virus, but of type 8 [6, 12].

Proceeding from this, control of the widespread and numerous herpes-viral illnesses is one of the most
important problems of contemporary medical science. And although the list of chemical preparations effecting
suppression of various stages of reproduction of herpes virus is fairly broad [13], their medicinal and
prophylactic effectiveness does not satisfy practical public health at all. For this reason the epidemic spread of
herpes virus infections in the world is steadily continuing, and the search for antiherpetic agents with a different
mechanism of action has not lost its urgency.
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2-6 a R = 2-dimethylaminoethyl, b R = 2-ethylaminoethyl, ¢ R = 2-(2-hydroxyethylamino)ethyl,
d R = 2-diethylaminoethyl, e R = 3-dimethylaminopropyl, f R = 3-diethylaminopropy],
g R = 1-ethylpyrrolidin-2-ylmethyl, h R = 2-piperazin-1-ylethyl, i R = 2-morpholin-4-yl-ethyl,
j R = 3-morpholin-4-yl-propyl, k R = 3-piperidin-1-yl-propyl
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TABLE

1.

Characteristics

of N-R-amides
4H-pyrido[1,2-a]pyrimidine-3-carboxylic Acids 2-6

of

2-Hydroxy-4-oxo-

0,
Com- Empirical % o Yield,
pound formula Calculated, % mp, %
C H
1 2 3 4 5 6 7
2a Ci3Hi6N4O;3 56.63 5.95 20.38 161-163 84
56.51 5.84 20.28
2b Ci3Hi6N4O;3 56.65 597 20.19 196-198 80
56.51 5.84 20.28
2¢ Ci3H6N4O,4 53.34 5.60 19.11 187-189 78
53.42 5.52 19.17
2d Ci5H20N40;3 59.32 6.53 18.54 99-101 83
59.20 6.62 18.41
2e C14HisN4O; 57.80 6.36 19.44 125-127 81
57.92 6.25 19.30
2f C1sH2N4O;3 60.49 7.08 17.72 114-116 77
60.36 6.97 17.60
2g Ci6H20N40;3 60.67 6.30 17.62 110-112 79
60.75 6.37 17.71
2h Ci5H9NsO;3 56.65 6.13 22.16 228-230 86
56.77 6.03 22.07
2i CisH1sN4Oy4 56.51 5.64 17.52 107-109 82
56.60 5.70 17.60
2j Ci6H20N40,4 57.93 6.16 16.99 104-106 78
57.82 6.07 16.86
2k Ci7HN40;3 61.88 6.64 17.07 120-122 75
61.80 6.71 16.96
3a Ci4HisN4O; 57.98 6.34 19.21 150-152 82
57.92 6.25 19.30
3b C14HisN4O; 57.81 6.17 19.22 173-175 80
57.92 6.25 19.30
3c C14HsN4O,4 54.78 5.83 8.38 180-182 76
54.89 5.92 18.29
3d Ci6H2N40;3 60.44 711 17.53 119-121 82
60.36 6.97 17.60
3e Ci5H20N40;3 59.13 6.70 18.49 124-126 78
59.20 6.62 18.41
3f C17H24N,40; 61.34 7.19 16.77 117-119 73
61.43 7.28 16.85
3g Ci7H2N,40;3 61.87 6.65 16.86 101-103 76
61.80 6.71 16.96
3h Ci6H21N;50;3 58.10 6.48 21.22 232-234 85
57.99 6.39 21.13
3i Ci6H20N40,4 57.93 6.15 16.94 144-146 80
57.82 6.07 16.86
3j Ci7H2N40,4 58.88 6.31 16.05 135-137 77
58.95 6.40 16.17
3k CisH24N,40;3 62.85 7.10 16.36 108-110 72
62.77 7.02 16.27
4a C14HsN4O;3 57.81 6.16 19.22 191-193 83
57.92 6.25 19.30
4b C14HsN,O; 57.80 6.35 19.26 140-142 81
57.92 6.25 19.30
4c C14HsN4O,4 54.717 5.84 18.38 182-184 75
54.89 5.92 18.29
4d Ci6H2N40;3 60.43 6.90 17.51 137-139 80
60.36 6.97 17.60
4e Ci5H20N,40;3 59.11 6.54 18.34 125-127 77
59.20 6.62 18.41
4f C17H24N40; 61.52 7.22 16.77 111-113 72
61.43 7.28 16.85
4g Ci7H»N40;3 61.71 6.63 16.85 135-137 82
61.80 6.71 16.96
4h Ci6H21N50;3 58.08 6.48 21.20 222-224 87
57.99 6.39 21.13



TABLE 1. (continued)

1 2 3 4 5 6 7

4i Ci6H20N4O4 57.87 6.15 16.94 163-165 83
57.82 6.07 16.86

4j Ci7H2:N404 58.83 6.33 16.08 158-160 80
58.95 6.40 16.1

4k CisH24N403 62.86 7.10 16.3 124-126 78
62.77 7.02 16.27

Sa Ci4HisN4O; 57.82 6.17 19.24 113-115 85
57.92 6.25 19.30

5b C14sHisN4O;5 57.97 6.30 19.36 177-179 86
57.92 6.25 9.30

5c¢ C14H1sN4O4 54.95 5.98 18.38 190-192 79
54.89 5.92 18.29

5d C16H2N4O;5 60.44 6.90 17.51 84-86 82
60.36 6.97 17.60

Se Ci5H20N403 59.12 6.55 18.54 87-89 76
59.20 6.62 18.41

5f C17H24N403 61.53 7.37 16.93 103-105 74
61.43 7.28 16.85

5¢g Ci7H22N403 61.92 6.64 16.87 91-93 83
61.80 6.71 16.96

5h Ci6H21N503 57.90 6.27 21.19 245-247 88
57.99 6.39 21.13

5i C16H20N4O4 57.74 6.15 16.77 152-154 81
57.82 6.07 16.86

5j Ci7H2:N404 59.07 6.48 16.28 121-123 75
58.95 6.40 16.17

Sk CisH24N403 62.70 7.05 16.23 115-117 73
62.77 7.02 16.27

6a C13H15CIN4O3 50.17 4.78 17.94 133-135 92
50.25 4.87 18.03

6b C13H15CIN4O3 50.15 4.98 18.12 182-184 85
50.25 4.87 18.03

6¢ C13H,5CIN4O4 47.87 4.72 17.21 196-198 82
47.79 4.63 17.15

6d C15sH9CIN4O3 53.10 5.56 16.47 130-132 86
53.18 5.65 16.54

6e Ci4H7CIN4O; 51.86 5.35 17.33 125-127 80
51.78 5.28 17.25

6f C16H21CIN4O3 54.38 5.92 15.98 114-116 76
54.47 6.00 15.88

6g C16H19CIN4O3 54.67 5.37 15.86 136-138 84
54.78 5.46 15.97

6h C1sH5CINsO3 51.32 5.25 19.84 251-253 90
51.21 5.16

6i Ci5H7CIN4O4 51.17 4.95 . 157-159 84
51.07 4.86 15.88

6j C16H19CIN4O4 52.47 5.14 15.18 140-142 80
52.39 522 15.27

6k C17H21CIN4O3 55.88 5.73 15.42 121-123 71
55.97 5.80 15.36

In a continuation of investigations on the search for new biologically active substances among the
derivatives of 4-hydroxyquinolin-2-ones and heterocyclic systems related to them, the present communication is
devoted to N-R-amides of 2-hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carboxylic acids 2-6. These
compounds were chosen by us as subjects of investigation, on the basis of a preliminary prognosis carried out
with the PASS [14] program, showing a fairly high, not less than 60%, probability of them displaying antiherpes
properties. Solubility in water is an important characteristic of a potential antiviral agent, substantially
facilitating its study. In view of that, we limited the circle of substances being investigated to
dialkylaminoalkylamides, since if necessary they may always be readily converted into water-soluble quaternary
ammonium salts with mineral acids.
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The desired compounds 2-6 (Table 1) were obtained by amidation of the ethyl esters of the
corresponding 2-hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carboxylic acids la-e with an excess of
dialkylaminoalkylamine in boiling ethanol. They were all colorless crystalline substances, readily soluble in
alcohols and practically insoluble in ether. The moderate solubility of dialkylaminoalkylamides 2-6 in water
enabled a study of their antiviral properties to be carried out without conversion into salts.

The structures of all the synthesized substances were confirmed by 'H NMR spectra (Table 2). The
structure of one of the compounds, amide 4d, was investigated in a more detailed manner by X-ray structural
analysis (Fig. 1, Tables 3 and 4). It was established that all the non-hydrogen atoms of its pyridinopyrimidine
bicycle and also the O, Ci9), O3y, Ni3j, Ciio), Oy, @and Cyj6) atoms lie in one plane with a precision of 0.02 A,
which is probably caused by the presence of two strong intramolecular hydrogen bonds: O —Hy*O) (H:-O
1.56 A, O-H--O 158°) and Ng-Hgny Oy (H+O 1.95 A, N-H-+O 136°). The formation of the indicated
hydrogen bonds leads to a significant redistribution of electron density in the pyrimidone fragment. The C—C )
1.412(2), Cg-Oq1y 1.324(2), and C(~Ni3) 1.328(2) A bonds are shortened compared with average values [15] of
1.455, 1.333, and 1.339 A, respectively, but the O~C) 1.237(2), (1.210 A), C7-C, 1.410(2) (1.326 A), and
Oi-Cy 1.260(2) (1.210 A) are lengthened. Such a redistribution of electron density permits the structure of
amide 4d in the crystal to be represented as a superposition of the resonance structures 4d < 7 with a
predominant contribution by the 2-hydroxy-4-oxo form 4d, while the initial ethyl esters of 2-hydroxy-4-oxo-
4H-pyrido[ 1,2-a]pyrimidine-3-carboxylic acids 1a-e were established previously by us in the bipolar 2,4-dioxo
form with the proton on the nitrogen atom in position 1 [16].
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In the pyridine fragment of amide 4d a tendency was observed towards the localization of bonds. The
bond lengths of Cu—Cs) 1.349(2) and C(2~C3) 1,365(2) A were significantly shortened and the bonds C3-C,
1.418(2) and CpoyCqy 1.417(2) A were lengthened. An analogous effect has also been noted in other
pyridopyrimidines [17, 18]. The C;) atom is found in the ap-conformation relative to the C9)~N(3, bond (torsion
angle CoyN3)~C10~Ci1y 173.8(1)°). The Ny atom has a pyramidal configuration (sum of valence angles
centred on the nitrogen atom is 332.1°) and is found in the +sc-conformation relative to the N(3—Co, bond
(torsion angle N(3—C10~C1~Nu) 62.9(2)°). The C(12—-C3) ethyl substituent occupies a position intermediate
between -ac- and apr-conformations, but the C4~Cs) ethyl substituent is found in the +sc-conformation
relative to the C(ll)_C(IO) bond (tOI‘SiOl’l angles C(lz)—N(4)—C(11)—C(10) 1559(1), C(14)—N(4)—C(11)—C(10) 807(2)0) The
C3) atom has an orientation close to +sc, but the C(s) has an orientation close to ap relative to the C(1y~N,
bond (tOTSiOH angles C(ll)*N(4)*C(12)*C(13) 759(2), C(ll)*N(4)*C(14)*C(15) —1600(2)0) Such a pOSitiOl’l of the ethyl
groups leads to shortened intramolecular contacts — Hjop)*C(14) 2.84 (sum of van der Waals radii 2.87 [19]),
H(lOb)'"H(Ma) 218 (234), H(llb)"'C(B) 263 (287), H(llb)"'H(Bc) 215 (234), H(le)"'C(ls) 265 (287), H(lzb)"'C(ISC)
2.16 (234), and H(14a)"'C(10) 2.71 A (287 A)

The creation of effective and safe antiviral preparations is one of the most complex problems in
contemporary pharmaceutical chemistry and medicine. The complexicity of this consists of the need to develop
substances capable of selectively repressing reproduction of the virus without affecting the active life of the cells
of the host organism. Because of this the first step of the biological testing of amides 2-6 was the determination
of their cytotoxicity. Cultures of transplanted calf embryo kidney cells (CK) and calf coronary vessels (CCV)
were used for this.
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Fig. 1. Structure of the amide 4d molecule with numbering of atoms.

As it turned out, at a concentration of 0.5% a toxic effect was recorded for the majority of amides 2-6
even on the second day by the appearance of individual degenerated cells on a background of incipient
destruction of the cell monolayer. On the fifth day signs of cytotoxic action were intensified even more.
Significant destruction of the monolayer of cells was observed by the appearance of conglomerates of
degenerated cells (rounded forms with granular cytoplasm) and tearing of them away from the glass surface. In
the majority of these cases cytotoxicity was assessed as destruction of the cell monolayer by 50%. And finally,
complete degeneration of almost all cells set in after 7-8 days of cultivation. Control cell cultures (CK and CCV)
still displayed viability at this time, although the appearance was also observed of individual degenerative cells
on a background of incipient destruction of the cell monolayer. It follows from the experiments carried out that
at a concentration of 0.5% amides 2-6 show a negative effect on the morphology of cultured CK and CCV cells
and due to the expressed toxicity cannot be used for carrying out further investigations.

TABLE 3. Bond Lengths (/) in the Structure of Amide 4d

Bond LA Bond 1A
NiyCes 13272) Noy-Con 13352)
Nor-Co 1379(2) Nor-Co) 1383(2)
No—Ce 1.450(2) Ni-Co 1.328(2)
Noy-Cao 1.454(2) Ne-Cany 1.465(2)
Ney-Coa 1.466(2) Ney-Caa 1.468(2)
Ouy~Ceg 1.324(2) Op~Cee 1.237(2)
Op~Coo 1.260(2) Ca—Co 1.417(2)
CorCoy 1365(2) Cor-Cs 1.418(2)
CorCas) 1.496(2) CurCes 1349(2)
Ce-Co) 1.412(2) Cor-Ces 1.410(2)
Coy-Coo, 1.474(2) Caor-Can 15132)
Car-Cas) 15173) Cas-Cas) 1.508(3)
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Nonetheless, a concentration of 0.25% of amides 2-6 proved to be less toxic and some of them (for
example, 2b,e,f,h, 4d, and Sh) in the first days of observation displayed only insignificant signs of cytotoxic
action. More substantial injury of cells and the cell monolayer was noted towards the end of five days. Of all the
studied derivatives of 2-hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carboxylic acids 2-6 only two substances,
amides 5d and 5i, at a concentration of 0.25% did not in general show a cytotoxic action over a stretch of several
days. Only towards the fifth day of observation were the first signs of toxic injury displayed. However towards
this time analogous changes were also noted in control cell cultures. On the basis of the investigations carried
out it may therefore be stated that one of the main criteria taken into consideration on selecting substances with
potential antiviral activity, viz. the absence of an effect on the cell of a macroorganism, is fulfilled by 0.25%
aqueous solutions of amides 5d and 5i, which were passed on to the following stage of screening.

The type 1 herpes simplex virus containing DNA (HSV-1) is one of the most widespread in the
Herpesviridae family, which led to its selection as the test-virus. The "US” strain used by us was isolated from a
patient with clinically expressed form of acute herpes viral infection and was obtained from the virus collection
of the D. I. Ivanovskii Institute of Virology of the Russian Academy of Medical Sciences (Moscow, Russia). To
restore the infectious activity the strain underwent three passages in cell cultures. The antiherpes activity of
amides 5d and 5i were studied by the neutralization reaction in cultures of transplanted CK and CCV cells
allowing for the cytopathic action displayed by HSV-1.

On the basis of the investigations carried out by us it must be said that the data of computer prognosis on
the expediency of testing amide derivatives of 2-hydroxy-4-oxo-4H-pyrido[ 1,2-a]pyrimidine-3-carboxylic acids
for the presence of antiviral activity in them was in fact confirmed. Both of the investigated substances proved to
be capable of significantly inhibiting the reproduction of HSV-1, amide 5i by 1.5 log and amide 5d by 2.2 log.
This circumstance enabled the more active compound, the 2-dimethylaminoethylamide of 2-hydroxy-9-methyl-
4-ox0-4H-pyrido[1,2-a]pyrimidine-3-carboxylic acid (5d), to be recommended for further in depth study,
including experiments in vivo, as a potential antiherpes agent.

Several years ago the whole world was alarmed by the outbreak of a serious respiratory illness,
accompanied by high mortality, and called atypical pneumonia or SARS (severe acute respiratory syndrome).

TABLE 4. Valence Angles (®) in the Structure of Amide 4d

Angle o, deg. Angle o,deg.
Cer-Nay-Coy 117.7(1) Cay-Ney-Cos) 120.6(1)
CayNe—Ce 121.5(1) CsrNeo—Ceo 117.9(1)
CorNe-Cao 121.5(1) CanNa—Cas 109.8(1)
Can-Nay-Can 111.2(1) Casr-Ney-Can) 111.1(1)
Nuy-Car-Ne) 122.6(1) Nuy-Ciy-Coy 119.6(1)
No—Cu—Ce 117.8(1) CorCoCu 121.9(2)
CorCorCu 118.2(2) CoCerCae 121.6(2)
Cuay-Ci-Cae) 120.2(2) CesCuCo 120.3(2)
CarCsNe 121.2(2) OeCe—Co) 128.1(1)
Our-Cor-Noy 117.5(1) Cor-Cio-Noy 114.4(1)
Cer-Cor-Ceo 119.0(1) Cer-Cor-Co 119.5(1)
C-CorCoo) 121.5(1) Our-Cer-Nay 115.1(1)
Ou—Cs—Ca 120.0(1) Nu—Cs—Co 124.9(1)
Ouy-Coy-Noy 120.6(2) 0uy-Cor-Co 120.3(1)
Noy-Cor-Cony 119.1(1) Noy-Coor-Cany 109.3(1)
Nuay—Ca—Cao 112.6(1) Nay-Ca2-Cas 112.2(2)
Nu—Cas—Cas) 113.1(2)
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The origin of it was coronavirus, one of the most important representatives of the RNA-containing viruses. In
spite of the whole intensity of the investigations undertaken, the search for effective anticoronavirus drugs,
regrettably, has not yet been crowned with success and is still urgent. Considering that amides Sd and Si
displayed antiviral activity in relation to HSV-1, they were tested by us as possible inhibitors of the
hemagglutinating activity of coronaviruses.

It was established that amides 5d and Si did not show a significant effect on the viability of coronavirus.
Consequently their further investigation in this direction is unpromising.

EXPERIMENTAL

The 'H NMR spectra of the synthesized compounds were recorded on a Varian Mercury VX-200
instrument (200 MHz), solvent was DMSO-d, and internal standard TMS. The ethyl esters of 2-hydroxy-4-oxo-
4H-pyrido[1,2-a]pyrimidine-3-carboxylic acids 1a-e were obtained by the known procedure of [16].

N-R-Amides of 2-Hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carboxylic Acids 2-6 (General
Method). The appropriate amine (0.015 mol) was added to a solution of the corresponding 2-hydroxy-4-oxo-
4H-pyrido[1,2-a]pyrimidine-3-carboxylic acid ethyl ester 1 (0.01 mol) in ethyl alcohol (10 ml) and the mixture
boiled for 10 h. The reaction mixture was cooled, diluted with ether, and maintained in an ice bath for several
hours. The solid amide 2-6 which separated was filtered off, thoroughly washed with ether, and dried.

X-ray Structural Investigation. The crystals of amide 4d were triclinic (acetone), at 20°C:
a=5.738(1), b = 7.065(1), ¢ = 21.300(3) A, o = 83.31(1)°, B = 84.85(1)°, y = 69.61(2)°, V = 802.7(2) A’
M,=318.38, Z =2, space group P1, d.q. = 1.317 g/lem’, p(MoKa) = 0.093 mm™', F(000) = 340. Parameters of
the unit cell and the intensities of 8254 reflections (3685 independent, R;,; = 0.026) were measured on a
Xcalibur-3 diffractometer (MoKo radiation, CCD detector, graphite monochromator, @ scanning, 20, = 55°).

The structure was solved by the direct method with the SHELXTL set of programs [20]. The positions of
hydrogen atoms were made apparent from an electron density difference synthesis and were refined
isotropically. The structure was refined on F* with the full matrix least squares method in an anisotropic
approach for non-hydrogen atoms to wR, = 0.127 for 3576 reflections (R; = 0.051 at 2688 reflections with
F>4c6(F), S = 1.094). Full crystallographic information is deposited in the Cambridge Crystal Database,
No. CCDC 650595. Interatomic distances and valence angles are given in Tables 3 and 4.

Cytotoxicity Determination. Transplanted cells of calf embryo kidney were incubated in medium 199
with added 10% bovine serum, cells of calf coronary vessels in a medium consisting of equal volumes of Eagle’s
medium and medium 199 with a 10% content of bovine serum. To prevent possible bacterial contamination of
the nutrient media, the antibiotics penicillin and streptomycin were added when carrying out experimental
investigations. Both types of cells were cultured in a thermostat at 37°C and a medium pH of 7.2-7.4 for 2 days.
After this, growth medium was removed from the test tubes and aqueous solutions (about 0.2 ml) of the amides
2-6 being tested at concentrations of 0.25 and 0.5% and supporting nutrient medium (about 0.8 ml) were
introduced to the formed monolayer of cultured cells. The test tubes, about 10 for each specimen at both
concentrations, were incubated at 37°C, and observed for 7-8 days. Test tubes with cell cultures without addition of
substances being studied served as controls. Cytotoxicity was determined by examining under a microscope at low
(x10) magnification for disturbance of the monolayer and changes in the morphology of cells as to their roundness,
shriveling, or tearing away of degenerated cells from the glass surface.

Determination of Antiherpes Activity. To a suspension (0.2 ml) containing HSV-1 at a working dose
of 100 CPDsg2 m1 (cytopathic dose of virus causing disease in 50% of the cell monolayer) was added a 0.25%
aqueous solution (0.2 ml) of the compound being studied, and the resulting mixture was incubated at room
temperature for 10 min. The obtained mixture (0.2 ml) was introduced into a test tube with a 2-day culture of
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cells and then supporting nutrient medium 199 (0.8 ml) containg no serum (antiviral inhibitors possibly present
in it) was added. In this way the actual concentration of amides Sd and 5i in the tests was 250 pg/ml. Cell
cultures, without addition of test virus and cells infected with HSV-1 at the operating dose without the chemical
substance being tested, were used as controls. After incubation at 37° C for 7 days the morphological changes of
the cell monolayer (cytopathic effect of the virus) were recorded. The virus titer in the presence of test
compounds and in the controls was calculated in log CPDs,. The criterion of antiviral action was calculated from
the presence of differences of virus titer in comparison with control values.

Determination of the Effect on Coronavirus. Strain Kharkov /343/86 was used in the experiments and
was obtained from the Institute of Experimental and Clinical Veterinary Medicine (Kharkov, Ukraine) and was
checked for viability before carrying out experiments. Study of the antiviral activity of amides 5d and 5i in
relation to coronavirus was carried out with the hemagglutination inhibition reaction. Equal volumes of a
coronavirus suspension in the operating dose (4 hemagglutinating units) and the chemical substance as a 0.25%
aqueous solution showing no cytotoxic action were mixed, and after incubation for 30 min at room temperature
the degree of inhibition of the hemagglutinating activity of coronavirus was determined. Coronavirus at the
indicated operating dose and mouse erythrocytes prepared in physiological solution (pH 7.2) and concentration
1% were used as control.

REFERENCES

1. I. V. Ukrainets, E. V. Mospanova, N. L. Bereznyakova, and O. 1. Naboka, Khim. Geterotsikl. Soedin.,
1808 (2007). [Chem. Heterocycl. Comp., 43, 1532 (2007)].
2. A. Simmons, Herpes, 8, 60 (2001).
3. M. M. Saksena, H. Wakisaka, B. Tijono, R. A. Boadle, F. Rixon, H. Takahashi, and A. L. Cunninghman,
J. Virol., 80, 3592 (2006).
4. K. Kardos and M. McErlean, Am. J. Emerg. Med., 24, 885 (2006).
5. D. T. Fleming, P. Leone, D. Esposito, C. K. Heitman, S. Justus, S. Chin, and K. H. Fife, Sex. Transm.
Dis., 33,416 (20006).
6. E. Alemparte-Pardavila, N. Pineiro-Sande, E. Merayo Macias, J. L. Martinez-Melgar, Med. Clin. (Barc.),
127, 400 (2006).
7. A. 1. Ibrahim, M. T. Obeid, M. J. Jouma, K. Roemer, N. Mueller-Lantzsch, and B. C. Gartner, J. Clin.
Microbiol., 43, 4172 (2005).
8. D. M. Parkin, /nt. J. Cancer, 118, 3030 (2006).
9. F. Ginanneschi, D. Donati, D. Moschettini, F. Dominici, C. Cermelli, and A. Rossi, Clin. Neurol.
Neurosurg., 109, 272 (2007).
10. S. S. Chow, M. E. Craig, C. F. Jacques, B. Hall, J. Catteau, S. C. Munro, G. M. Scott, C. Camaris,
C.J. Mclver, and W. D. Rawlinson, J. Med. Virol., 78, 747, (2006).
11. S. Yoshinari, S. Hamano, M. Minamitani, M. Tanaka, and Y. Eto, Pediatr. Neurol., 36, 13 (2007).
12. A. B. Farris and R. L. Kradin, Virchows Arch., 449, 726 (2006).
13. A. Kleemann and J. Engel, Pharmaceutical Substances: Syntheses, Patents, Applications, Thieme Medical,
Stuttgart (2001).
14. http://www.ibmc.msk.ru/PASS/ or http://ibmc.p450.ru/PASS/
15. H.-B. Burgi and J. D. Dunitz, Structure Correlation, Vol. 2, VCH, Weinheim (1994), p. 741.
16. I. V. Ukrainets, N. L. Bereznyakova, G. P. Petyunin, I. A. Tugaibei, V. B. Rybakov, V. V. Chernyshev, and
A. V. Turov, Khim. Geterotsikl. Soedin., 864 (2007). [Chem. Heterocycl. Comp., 43, 864 (2007)].
17. N. Thorup and O. Simonsen, Acta Crystallogr. C41, 472 (1985).

62



18.

19.
20.

C. Plug, B. Wallfisch, H. G. Andersen, P. V. Bernhardt, L.-J. Baker, G. R. Clark, Ming Wah Wong, and
C. Wentrup, J. Chem. Soc., Perkin Trans. 2, 2096 (2000).

Yu. V. Zefirov, Kristallografiya, 42, 936 (1997).
G. M. Sheldrick, SHELXTL PLUS, PC Version. A System of Computer Programs for the Determination of

Crystal Structure from X-ray Diffraction Data. Rev. 5.1 (1998).

63



	Chemistry of Heterocyclic Compounds, Vol. 44, No. 1, 2008
	4-HYDROXY-2-QUINOLONES
	139*. SYNTHESIS, STRUCTURE,
	AND ANTIVIRAL ACTIVITY
	OF N-R-AMIDES OF 2-HYDROXY-
	4-OXO-4H-PYRIDO[1,2-a]PYRIMIDINE-
	3-CARBOXYLIC ACIDS
	I. V. Ukrainets1, N. L. Bereznyakova1, and I. A. Turaibei2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


