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Abstract—2-Methyl-3-{[(Z)-3-methyl-5-oxo-1-phenylpyrazol-4-ylidene)methyl]amino}quinazolin-4-one was 
synthesized by condensation of 5-hydroxy-4-formyl-3-methyl-1-phenylpyrazole with N-amino-2-
methylquinazolin-4-one and its structure and properties were studied by IR, 1Н, 13С NMR, 2D 1Н NMR 
(COSY) and electronic spectroscopy and mass-spectrometry. By the reaction of compound (III) with Cd(II),   
Zn(II), and Pb(II) acetates the intracomplex compounds of 1 : 2 composition (metal : ligand) were obtained.  
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The products of condensation of N-aminoquina-
zolinones with carbonyl compounds, azomethines and 
enamines, attract the interest first of all due to their 
diverse and pronounced biological activity [1]. Among 
them, there are compounds with antibacterial [2], 
antimicrobial, antifungal activity [3], etc. On the other 
hand, the pyrazolone derivatives also belong to 
biologically active compounds [4]. In particular, they 
possess antifungal [5], tuberculocidal [6], antidiabetic 
[7], and other types of activity. Besides, the derivatives 
of N-aminoquinazolinones are known to possess high 
complexing ability [8–11]. 

In continuation of our studies on tautomerism and 
complexing ability of azomethines based on hydroxy-
pyrazole [12, 13], in this work we have synthesized 
compound III (Scheme 1). 

The product of condensation of 5-hydroxy-4-
formyl-3-methyl-1-phenylpyrazole with N-amino-2-
methylquinazolin-4-one can exist in various tautomeric 
forms, the most preferable being those where an 
intramolecular hydrogen bond can be realized.  

In order to elucidate the pattern of coordination of 
the hydrogen atom forming the hydrogen bonds we 
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have performed quantum-chemical calculations at the 
B3LYP/6-31G** level [14–16] using Gaussian-03 
software [17]. The calculated energy and geometric 
characteristics of the ОН- (А) and NН-forms (B) 
corresponding to the minima on the potential energy 
surface (PES) are presented in Table 1 and Fig. 1. As 
follows from calculations, in all studied media the NH-
form (B) is more stable. All conformers in all media 
are nonplanar. Thus, structures А1 and B1 in gas phase 
are characterized by the angle between the phenyl and 
pyrazolone fragments of ca. 25º, and between the 
enamine and quinazolinone fragments, of 45º. 

The difference of the total energies of conformers 
А and B with and without the intramolecular hydrogen 

bond determines the strength of this bond, which, for 
example, in DMSO is equal to 7.0 and 4.5 kcal/mol 
respectively (Table 1). 

Isomers А and B form dimers of С2 symmetry with 
two intermolecular hydrogen bonds. A similar effect 
was found earlier for 3-[4-(dimethylamino)benzyl-
ideneamino]-2-methylquinazolin-4(3H)-one [18]. For 
example, for system А the energy of stabilization of 
the dimer relative to the most stable monomeric form 
B1 is 3.1 kcal/mol (Fig. 2). 

Results of calculations are in agreement with the 
data of 1Н NMR and IR spectroscopy. The 1Н NMR 
spectrum of quinazolinone III in DMSO-d6 contains 

Gas  DMSO Methanol Chloroform 

E ∆E E ∆E E ∆E E ∆E 

А1 –1196.59582   1.9 –1196.60783   4.3 –1196.60761   4.3 –1196.60404   3.6 
А2 –1196.58244 10.3 –1196.59673 11.3 –1196.59668 11.2 –1196.59214 11.0 
B1 –1196.59880   0.0 –1196.61476   0.0 –1196.61446   0.0 –1196.60970   0.0 
B2 –1196.58863   6.4 –1196.60755   4.5 –1196.60719   4.6 –1196.60137   5.2 

System 

B1 B2 

Table 1. Total (Е, a.u.) and relative (∆E, kcal/mol) energies of conformers А and B in gas phase and solutions. Most stable 
conformers with (А1, B1) and without intramolecular hydrogen bond (А2, B2) are given 

Fig. 1. Principal geometric characteristics (Å, deg.) of conformers А and B. А1, B1 are conformers with intramolecular hydrogen 
bond, А2, B2 are conformers without intramolecular hydrogen bond. 

А1 А2 
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two signals of methyl groups at 2.2 and 2.5 ppm, 
signals of aromatic protons in the range 7.1–8.1 ppm, a 
singlet of azomethine proton CH=N at 8.2 ppm of the 
corresponding integral intensity, and a very wide signal 
of one proton in the range 5.0–6.0 ppm. The latter signal 
disappears upon deuteration, which allows assigning it 
to an exchangeable proton of ОН or NH group.  

The shift of the aromatic and methyl protons in the 
1Н NMR spectrum of compound III in CDCl3 is 
negligible, while the signal of the azomethine proton is 
shifted upfield by 0.6 ppm and the signal of ОН(NH) 
proton, downfield to 7.3 ppm, which proves its 
participation in the formation of the hydrogen bond. In 
the spectrum in acetone-d6 the signal of ОН(NH) 
proton appears as a broadened singlet at 5.25 ppm, 
which disappears after addition of D2O. To determine 
the location of the exchangeable proton we have taken 
proton-coupled 13С NMR spectra before and after 
deuteration. They turned to be identical, which allows 
assigning the signals at 160 and 164 ppm to the 
carbonyl carbons and points to the existence of the 
compound in the NH form. This is also proved by the 
correlation of this proton with those of one of СН3 
groups in the COSY-spectrum, which is possible only 
for the NH proton. 

Note, that after heating of solution of quinazolinone 
III in aqueous DMSO at 80ºС for 24 h new signals of 

aromatic and methyl protons appear in the 1Н NMR 
spectrum, apparently, due to the formation of a second 
tautomer. The ratio of intensities of the methyl protons 
suggests the ratio of the tautomers of 1 : 4 (new : starting). 

In the IR spectrum of compound III in mineral oil 
the intense absorption bands of the С=О, С=С, CH=N 
groups are observed in the range 1607–1688 cm–1, as 
well as a very wide intense absorption band in the 
range 2600–3100 cm–1 corresponding to the stretching 
vibrations of NH or ОН group participating in the 
formation of hydrogen bonds. 

To examine the acid–base properties of compound 
III we have registered the electron absorption spectra 
in water–ethanol solutions at different рН values (Fig. 3).  

In neutral and acidic media the spectra practically 
coincide, at рН = 2 only a small decrease in the 
intensity of absorption bands at 298 nm and 206 nm is 
observed, which may be indicative of the presence of 
quinazolinone in the nonprotonated form even in a 
strongly acidic medium. In alkaline medium (рН = 
12), the longwave band suffers a blue shift by 23 nm, 
and a shoulder appears at 330 nm, which is due to the 
formation of the deprotonated form of compound III. 

The decrease of in the polarity of the solvent causes 
a hypochromic effect on the longwave absorption band 
with small shift to short waves (Table 2). Besides, in 

Fig. 2. Structure of dimer А (distances in Å, С2 symmetry). 
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dipolar aprotic solvents, DMSO and acetonitrile, a 
shoulder is registered on the longwave slope of the 
absorption band at 315 and 310 nm, respectively, 
pointing to the partial dissociation of quinazolinone in 
these solvents. The shoulder is absent in chloroform or 
toluene solutions. 

In electron absorption spectra in ethanol solutions 
of compound III a wide absorption band is observed 
with a maximum at 294 nm, a shoulder at 277 nm, a 
notable maximum at 253 nm, and two main maxima at 
223 and 206 nm. The assignment of these maxima to 
specific electron transitions between MOs of 
quinazolinone was done on the basis of calculations 
using the nonstationary density functional theory 
method TD DFT (B3LYP/6-31G**) taking into 
account the solvent effect by the PCM method. In   
Fig. 4 the experimental and theoretical spectra are 
shown, which demonstrate that the difference in the 
positions of the theoretical and experimental maxima 
is as small as several nm. In Table 3, the values of 
parameters of the absorption bands of the theoretical 
spectrum and their assignment are given. 

Electron transition with maximum wavelength is 
determined by electron transitions from the π-bonding 
orbital (HOMO) to the π*-antibonding orbital (LUMO) 

of the ligand and has a small oscillation strength (f). In 
the experimental spectrum, this electron transition may 
correspond to the absorption maximum at 365 nm, 
which can be isolated from the total spectrum by its 
separation to dispersion components. As seen from 
Fig. 5, which shows the shape of the HOMO and 
LUMO of molecule III, the HOMO has the maximum 
contribution from the π МО of the phenylpyrazol part 
of the molecule, whereas the π* LUMO is mainly 
localized on the aminoquinazolinone fragment.  

The main longwave maximum at 294 nm is 
determined by a series of electron transitions, the 
largest contribution being due to transitions HOMO-1 → 
LUMO, HOMO-2 → LUMO, HOMO-1 → LUMO+1. 
These transitions correspond to electron transfer from 
the phenylpyrazol to the aminoquinazolinone fragment 
of the molecule. Other maxima in the spectrum are 
caused mainly by electron transitions from lower-lying 
orbitals HOMO-1, HOMO-2 to higher-lying LUMO+2 
and LUMO+3. 

Solvent λmax, nm ε × 10–4,  
L mol–1 cm–1 log ε 

Acetonitrile 286 3.233 4.51 

DMSO 290 2.507 4.39 

Ethanol 294 2.509 4.4 

Chloroform 296 2.95 4.46 

Toluene 298 3.474 4.54 

D 

λ, nm 

λ, nm 

f 

Table 2. Electron absorption spectra of compound III  

Fig. 3. Electron absorption spectra of 10–4 М solution of 
compound III in water–ethanol solution in (1) neutral,            
(2) acidic (рН = 2), and (3) alkaline medium (рН = 12). 

Fig. 4. Electron absorption spectrum of compound III in 
ethanol solution: (1) theory and (2) experiment. 

1 

2 
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The studied ligand system is a good complexing 
agent. By the reaction with Cd(II), Pb(II), Zn(II) 
acetates metal complexes of 1 : 2 composition (metal : 
ligand) were isolated. Comparing the IR spectra of 
complexes of Pb(II) and Cd(II) with quinazolinone III 
showed the disappearance of the absorption band of 
the NН(ОН) group and the shift of the С=О and 
CH=N absorption bands by 30–40 cm–1 to low-
frequency region, which confirmed the coordination of 
these groups to the metal ion. Thus, it can be assumed 
that these complexes have chelate structure with 
octahedral surrounding of the central ion. 

In the zinc complex, unlike the two above, the C=O 
group absorption band is shifted by 5–10 cm–1 to high 
frequencies. Since the complex-forming central atoms 
are isoelectronic, the differently directed shift of the 
absorption bands is apparently caused by different 
structure of the complexes. For unambiguous determina-
tion of the structure, X-ray diffraction measurements 
are required.  

EXPERIMENTAL 

IR spectra were taken on a Varian Scimitar 1000 
FT-IR instrument in mineral oil in the range 400–         
4000 cm–1. Electronic spectra were registered on a 
Varian Cary 5000 instrument in the range 200–800 nm. 
Elemental analysis was performed on a Perkin–Elmer 
240C instrument in the Laboratory of microanalysis of 
the Southern Federal University. 13С, 1Н, and 2D 
(COSY) NMR spectra were recorded on a Varian 
Unity spectrometer (300 MHz) at 200ºС. Mass 
spectrum was taken on a Shimadzu (GCMS-
QP2010SE) spectrometer with direct admission of the 
sample into the ion source (70 eV, temperature of 
ionization chamber 2000ºС).  

2-Methyl-3-{[(Z)-3-methyl-5-oxo-1-phenylpyrazol-
4-ylidene)methyl]amino}quinazolin-4-one. To a hot 
solution of 2 mmol of aldehyde I [19] in 15 mL of 
isopropanol the solution of 2 mmol of amine II in             
10 mL of isopropanol and 2 drops of acetic acid was 

λmax, nm E, eV Electron transition  Contributionа, % f 

369 (365)b 3.3625 HOMO→LUMO 90 0.006 
307 4.0407 HOMO-4→LUMO 

HOMO-2→LUMO 
HOMO-1→LUMO 

28 
13 
54 

0.066 

283 (294) 4.3887 HOMO-2→LUMO 
HOMO-1→LUMO 
HOMO-1→LUMO+1 

42 
12 
27 

0.459 

277 (294) 4.4724 HOMO-3→LUMO 
HOMO-2→LUMO+1 
HOMO-1→LUMO+1 

20 
17 
35 

0.149 

276 (277) 4.4926 HOMO-3→LUMO 
HOMO-2→LUMO+1 

73 
12 

0.081 

271 (277) 4.5817 HOMO-2→LUMO+1 
HOMO-1→LUMO+1 

55 
20 

0.283 

255 (253) 4.8673 HOMO-2→LUMO+2 71 0.134 
252 (253) 4.9210 HOMO→LUMO+3 

HOMO→LUMO+4 
63 
14 

0.377 

249 4.9885 HOMO-3→LUMO+3 
HOMO→LUMO+3 
HOMO→LUMO+4 

13 
16 
61 

0.176 

224 (224) 5.5460 HOMO-5→LUMO+2 55 0.082 
222 5.5858 HOMO-8→LUMO 

HOMO-2→LUMO+3 
HOMO-1→LUMO+3 

13 
19 
44 

0.097 

Table 3. Calculated wavelengths λ, electron transition energies E between the corresponding МОs, contribution of separate 
electron transitions. and oscillator strengths f for molecule III (B1) 

a Contributions of ≥10%. b Experimental values. 
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added. The obtained solution was refluxed for 5 h and 
evaporated to half of the volume. The formed 
precipitate was filtered, washed with ethanol, and 
crystallized from the mixture ethanol–DMF. Yellow 
amorphous powder. Yield 68%, mp 223–224ºC. IR 
spectrum (ν, cm–1): 505, 599, 688, 775, 1200, 1253, 
1274, 1502, 1550, 1607, 1638, 1658, 1687, 3077, 
3124. 1Н NMR spectrum (DMSO-d6), δ, ppm: 2.16 s 
(3Н, СН3), 2.50 s (3Н, СН3), 5.6 br.s (1Н, NH), 7.14 
d.d (1Н, J 7.5, 7.5 Hz), 7.41 d.d (2Н, J 7.5, 7.5 Hz), 
7.56 d.d (1Н, J 7.5, 7.5 Hz), 7.68 d (1Н, J 7.5), 7.88 
d.d.d (1Н, J 7.5, 7.5, 1.5 Hz), 7.97 d (2Н, J 7.5 Hz), 
8.14 d.d.d (1Н, J 7.5, 7.5, 0.9 Hz), 8.20 s (1Н, =CH–
N). 1Н NMR spectrum (CDCl3), δ, ppm: 2.25 s (3Н, 
СН3), 2.63 s (3Н, СН3), 7.11 d.d (1Н, J 7.5, 7.5 Hz), 
7.33 br d.d (3Н, 2СНarom + NH, J 7.5, 7.5 Hz), 7.49 
d.d.d (1Н, J 7.5, 7.5, 0.9 Hz), 7.50 s (1Н, =CH–N), 
7.63 d (1Н, J 7.5), 7.49 d.d.d (1Н, J 7.5, 7.5, 1.5 Hz), 
7.86 d (2Н, J 7.5 Hz), 8.21 d.d (1Н, J 7.5, 1.2 Hz). 1Н 
NMR spectrum (acetone-d6), δ, ppm: 2.24 s (3Н, СН3), 
2.66 s (3Н, СН3), 5.25 br.s (1Н, NH), 7.14 d.d.d (1Н, J 
7.5, 7.5, 1.2 Hz), 7.40 d.d.d (2Н, J 7.5, 7.5, 2.0 Hz), 
7.56 d.d.d (1Н, J 7.5, 7.5, 1.2 Hz), 7.66 d.d (1Н, J 7.5, 
0.9 Hz), 7.87 d.d.d (1Н, J 7.5, 7.5, 1.5 Hz), 8.08 d.d 
(2Н, J 7.5, 1.2 Hz), 8.16 s (1Н, =CH–N), 8.19 d.d (1Н, 
J 7.5, 1.2 Hz). Mass spectrum, m/z (Irel): 359 (24.9) 
[M]+, 201 (4.0), 199 (16.9), 186 (9.2), 170 (7.6), 160 
(100), 144 (6.4), 135 (13.8), 127 (8.2), 125 (23.6), 118 
(15.0), 104 (8.5), 91 (31.9), 77 (48.9), 67 (15.6), 63 

(11.6), 51 (14.1). Found, %: C 67.31; H 4.15; N 19.94. 
С20Н17O2N5. Calculated, %: C 66.84; H 4.77; N 19.49. 

Synthesis of metal complexes IV (general 
procedure). To the suspension of 1 mmol of ligand III 
in 5 mL of methanol hot solution of 0.5 mmol of the 
corresponding metal acetate in 5 mL of methanol was 
added and refluxed for 4 h, then to the obtained 
solution 0.01 mol of triethylamine was added and 
refluxed for 1 h. The precipitate formed upon cooling 
was filtered, twice washed with hot methanol, and 
dried in a vacuum. 

Complex of Сd(II). Yield 35%, white amorphous 
powder, mp 245ºС. IR spectrum, ν, cm–1: 511, 609, 
697, 768, 943, 1059, 1177, 1240, 1320, 1536, 1594, 
1612, 1658. 1Н NMR spectrum (DMSO-d6), δ, ppm: 
2.10 s (3Н, СН3), 2.57 s (3Н, СН3), 7.07 d,d (1Н, J 
6.6, 6.6 Hz), 7.23 d.d (2Н, J 7.5, 7.5 Hz), 7.45 d.d (1Н, 
J 7.5, 7.5 Hz), 7.59 d (1Н, J 8.5 Hz), 7.76 m (3Н), 8.07 
d (1Н, J 8.5 Hz), 8.29 t (1Н, =CH–N, J 15.5 Hz). 
Found, %: C 57.59; H 3.37; N 17.21; Cd 13.83. 
С40Н32O4N10Cd. Calculated, %: C 57.94; H 3.89; N 
16.89; Cd 13.56. 

Complex of Zn(II). Yield 80%, white crystals, mp 
233ºС. IR spectrum, ν, cm–1: 490, 514, 607, 691, 758, 
1186, 1245, 1322, 1554, 1597, 1618, 1678, 1691. 1Н 
NMR spectrum (DMSO-d6), δ, ppm: 2.11 s (3Н, СН3), 
2.54 s (3Н, СН3), 6.38 m (3Н), 7.26 d.d (2Н, J 7.5,              
1.5 Hz), 7.39 d (1Н, J 7.5 Hz), 7.45 d.d (1Н, J 7.5,          

LUMO LUMO+1 

HOMO-1 HOMO 
Fig. 5. Shape of frontier MOs of molecule III. 
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7.5 Hz), 7.67 d.d.d (1Н, J 7.5, 7.5, 1.2 Hz), 8.10 d (1Н, 
J 7.5 Hz), 8.48 s (1Н, =CH–N). Found, %: C 62.34; H 
4.41; N 17.76; Zn 7.84. С40Н32O4N10Zn. Calculated, 
%: C 61.96; H 4.16; N 18.06; Zn 7.57. 

Complex of Pb(II). Yield 32%, white crystals, mp 
252ºС. 1Н NMR spectrum (DMSO-d6), δ, ppm: 2.19 s 
(3Н, СН3), 2.60 s (3Н, СН3), 7.00 d.d (1Н, J 7.2,               
7.2 Hz), 7.27 m (3Н), 7.45 d.d (1Н, J 7.5, 7.5 Hz), 7.60 
d (1Н, J 8.5 Hz), 7.77 d.d (1Н, J 7.2, 7.2 Hz), 7.98 m 
(2Н, СНarom+ =CH–N), 8.07 d (1Н, J 7.2 Hz). 

ACKNOWLEDGMENTS 

This work was performed as a project part of the 
government task in the field of scientific work, project 
4.742.2014, on the equipment of CCU SFU 
“Molecular spectroscopy.” 

REFERENCES 

 1.  Kumar, S., Mishra, G., Singh, P., Jha, K.K., Khosa, R.L., 
 and Gupta, S.K., Der Chemica Sinica, 2011, vol. 2,     
 no. 4, p. 36. 
 2.  Nanda, A.K., Ganduli, S., and Chakraborty, R., 
 Molecules, 2007, vol. 12, no. 10, p. 2413, DOI: 
 10.3390/12102413. 
 3.  Panneerselvam, P., Ahmad, B.R., Sankar, R.D., and 
 Kumar, R.N., Eur. J. Med. Chem ., 2009, vol. 44, no. 5, 
 p. 2328. DOI: 10.1016/j.ejmech.2008.04.010. 
 4.  Mashkovskii, M.D., Lekarstvennye sredstva (Drugs), 
 Мoscow: Novaya Volna, 2012. 
 5.  Omotowa, B.A. and Mesubi, M.A., Appl. Organomet. 
 Chem ., 1997, vol. 11, no. 1, p. 1. DOI: 10.1002/(SICI)
 1099-0739(199701). 
 6.  Cushman, M., Jayaraman, M., Vroman, J.A., Fukunaga, A.K., 
 Fox, B.M., Kohlhagen, G., Strumberg, D., and 
 Pommier, Y., J. Med. Chem., 2000, vol. 43, p. 3665. 
 DOI: 10.1021/jm000029d 
 7.  Yu, Z.-G., Ding, W.-M., Ji, H.-R., Zhu, X.-Y., Chin. J. 
 Org. Chem., 2010, vol. 30, no. 9, p. 1358. 
 8.  Prasad, K.S., Kumar, L.S., Chandan, S., Jayalakshmi, B., 
 and Revanasiddappa, H.D., Spectrochim. Acta Part A, 
 2011, vol. 81, p. 276. DOI: 10.1016/j.saa.2011.06.010. 
 9.  Gudasi, K.B., Vadavi, R.S., Shenov, R.V., Patil, S.A., 
 and  Nathaji, M., Transit. Metal. Chem., 2006, vol. 31, 
 no. 1, p. 135. DOI: 10.1007/s11243-005-6363-6. 

10.  Gudasi, K.B., Vadavi, R.S., Shenov, R.V., Patil, S.A., 
 and Nathaji, M., Transit. Metal. Chem., 2005, vol. 30, 
 no. 6, p. 661. DOI: 10.1007/s11243-005-4829-1. 
11.  Shiva, P.K., Shiva, K.L., Melvin, P., Jayalakshmi, B., 
 and Hosakere, D.R., Biointerface Res. Appl. Chem. 
 Open Access J., 2011, vol. 1, no. 4, p. 127 
12.  Popov, L.D., Borodkin, S.A., Shcherbakov, I.N., Tka-
 chenko, Y.N., Aleksandrov, G.G., Beloborodov, S.S., 
 Zubenko, A.A., Kogan, V.A., and Maevskii, O.V., Russ. 
 J. Gen. Chem., 2013, vol. 83, no. 7, p. 1376. DOI: 
 10.1134/S107036321307013X. 
13.  Levchenkov, S.I., Shcherbakov, I.N., Popov, L.D., 
 Uraev, A.I., Suponitskii, K.Yu., Zubenko, А.А.,     
 Ionov, A.M., and Kogan, V.А., J. Struct. Chem., 2015, 
 vol. 56, no. 1, p. 113. 
14.  Lee, C., Yang, W., and Parr, R.G., Phys. Rev. B, 1988, 
 vol. 37, no. 2, p. 785. DOI: 10.1103/PhysRevB.37.785. 
15.  Becke, A.D., J. Chem. Phys., 1993, vol. 98, no. 7,          
 p. 5648. DOI: 10.1063/1.464913. 
16.  Ditchfield, R., Hehre, W.J., and Pople, J.A., J. Chem. 
 Phys., 1971, vol. 54, no. 2, p. 724. DOI: 10.1063/1.1674902. 
17. Frisch, M.J., Trucks, G.W., Schlegel, H.B., Scuseria, G.E., 
 Robb, M.A., Cheeseman, J.R., Montgomery, J.A., 
 Vreven, Jr.T., Kudin, K.N., Burant, J.C., Millam, J.M., 
 Iyengar, S.S., Tomasi, J., Barone, V., Mennucci, B., 
 Cossi, M., Scalmani, G., Rega, N., Petersson, G.A., 
 Nakatsuji, H., Hada, M., Ehara, M., Toyota, K., Fukuda, R., 
 Hasegawa, J., Ishida, M., Nakajima, T., Honda, Y., 
 Kitao, O., Nakai, H., Klene, M., Li, X., Knox, J.E., 
 Hratchian, H.P., Cross, J.B., Adamo, C., Jaramillo, J., 
 Gomperts, R., Stratmann, R.E., Yazyev, O., Austin, A.J., 
 Cammi, R., Pomelli, C., Ochterski, J.W., Ayala, P.Y., 
 Morokuma, K., Voth, G.A., Salvador, P., Dannenberg, J.J., 
 Zakrzewski, V.G., Dapprich, S., Daniels, A.D., Strain, M.C., 
 Farkas, O., Malick, D.K., Rabuck, A.D., Raghavachari, K., 
 Foresman, J.B., Ortiz, J.V., Cui, Q., Baboul, A.G., 
 Clifford, S., Cioslowski, J., Stefanov, B.B., Liu, G., 
 Liashenko, A., Piskorz, P., Komaromi, I., Martin, R.L., 
 Fox, D.J., Keith, T., Al-Laham, M.A., Peng, C.Y., 
 Nanayakkara, A., Challacombe, M., Gill, P.M.W., 
 Johnson, B., Chen, W., Wong, M.W., Gonzalez, C., and 
 Pople, J.A., Gaussian 03, Revision A.1, Gaussian, Inc., 
 Pittsburgh PA, USA (2003). 
18.  Kumaradhas, P., Lakshmi, G.S., Sridhar, B., Selvam, P.P., 
 and Saravanan, G., Acta Cryst. E, 2007, vol. 63,            
 p. o4293. DOI: 10.1107/S1600536807047393. 
19.  Porai-Koshits, B.A. and Kvitko, I.Ya., Zh. Obshch. 
 Khim., 1962, vol. 32, no. 12, p. 4050. 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  85   No.  7   2015 

POPOV et al. 1712 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


