
Chemistry of Heterocyclic Compounds, Vol. 43, No. 11, 2007 

 

4-HYDROXY-2-QUINOLONES 

131*. BROMINATION OF 3-ALLYL- 

4-HYDROXY-2-OXO-1,2-DIHYDRO- 

QUINOLINE 

 
I. V. Ukrainets1, N. L. Bereznyakova1, O. V. Gorokhova1, and A. V. Turov2 

 
The bromination of 3-allyl-4-hydroxy-2-oxo-1,2-dihydroquinoline by molecular bromine is accompanied 
by the closure of a five membered furan ring and gives the corresponding 2-bromomethyl-3,9-dihydro-
2H-furo[2,3-b]quinolin-4-one. 
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 Addition of molecular bromine to the unsaturated bond of the allyl fragments in 1-allyl substituted 
4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids and their ethyl esters occurs almost instantly in the 
absence of any kind of catalyst and is accompanied by the closure of an oxazole ring [2]. 1-Allyl-4-methyl-
2-oxo-1,2-dihydroquinoline-3-carboxylic acid reacts similarly with bromine with the difference that the final 
reaction product is 2-bromomethyl-4-carboxy-5-methyl-1,2-dihydrooxazolo[3,2-a]quinolinium bromide [3] 
because the tautomeric 1,4-dihydro form cannot occur. Hydrogenation of the benzene part of the 
N-allylquinolone molecule in no way affects the path of this interesting reaction [4]. But in the case of the 
1-allyl-4-hydroxy-2-oxo-1,2-dihydroquinolines and pyridines unsubstituted in position 3 only the 4-bromo-
2-bromomethyl-1,2-dihydrooxazolo[3,2-a]quinolin- and pyridin-5-ones can be separated because the initially 
formed 4H-2-bromomethyloxazoles are again brominated by the bromine not taking part in the reaction much 
more readily than the starting N-allyl derivatives [5]. 
 On the basis of the experiments carried out by us previously we can conclude that a necessary condition 
for formation of the 2-bromomethyloxazole ring annelated to the azaheterocycle is the presence in the molecule 
undergoing bromination of an N-allyl-1,2-dihydropyridin-2-one fragment. This does not exclude other nitrogen 
containing heterocycles containing a carbonyl or, possibly a hydroxyl group in the ortho position to the cyclic 
allyl substituted nitrogen atom undergoing a similar reaction but for now such a proposal has not been confirmed 
experimentally. 
 In this investigation we have studied the bromination of 3-allyl-4-hydroxy-2-oxo-1,2-dihydroquinoline (1). 
 
_______ 
* For Communication 130 see [1]. 
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 The main difference for this compound from those studied earlier is that the allyl residue is attached to a 
carbon rather than a nitrogen atom. Hence the reaction is not necessarily accompanied by heterocyclization and 
can present itself as a normal addition of bromine to the unsaturated allyl bond giving the 2,3-dibromopropyl 
derivative 2. We also do not exclude a bromination of the quinolone ring at position 3 [6] characteristic of 
3-alkyl-4-hydroxy-2-oxo-1,2-dihydroquinolines to give the 3-allyl-3-bromo-2,4-dioxo-1,2,3,4-tetrahydro-
quinoline (3). However, if cyclization none the less occurs it leads to a furo- rather than oxazoloquinolone. 
However, since the allyl substituent is next to two potentially reactive centers (the 2-carbonyl and 4-hydroxy 
groups) it is possible for two isomeric forms (linear and angular) of the furoquinolin-4-ones to be formed. The 
actual direction in the case of cyclization will undoubtedly depend on which of the tautomeric forms of the 
starting allyl derivative 1 or 1a (or more accurately their high nucleophilicity bipolar mesomeric forms 1b or 1c) 
proves to predominate. Such useful information is sometimes obtained by X-ray structural analysis [7, 8]. 
 With this in mind we have carried out a detailed study of the structure of the starting 3-allylquinolone 1. 
The data obtained in this way shows that the bicyclic fragment (plus atoms O(1), O(2), C(10)) are planar to within 
0.02 Å (Figure 1). The –CH=CH(2) fragment of the allyl substituent is placed perpendicularly to the bicycle plane 
(torsional angle C(9)–C(8)–C(10)–C(11) 90.0(2)º) and virtually planar with the C(8)–C(10) bond (torsional angle C(8)–
C(10)–C(11)–C(12) -2.9(3)º) despite the repulsion between a terminal CH2 group hydrogen atom and the C(8) atom 
(intramolecular shortened contact H(12a···C(8 2.68 Å (sum of van der Waal radii 2.87 Å [9])). The hydroxyl group 
hydrogen is twisted towards the allyl substituent which leads to shortened intramolecular contacts H(10a)···H(2O) 
2.08 (2.34) and H(5)···O(2) 2.42 Å (2.46 Å). The repulsion between the sterically close substituents causes an 
increase in the valence angles O(2)–C(7)–C(8) to 125.1(1) and C(7)–C(8)–C(10) to 123.3(1)º when compared with the 
angles O(2)–C(7)–C6 113.5(1) and C(9)–C(8)–C(10) 117.6(1)º. 
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Fig. 1. Structure of the 3-allyl-substituted quinolone 1 with atomic numbering. 

 
 
 Lengthening of the N(1)–C(1) 1.380(2) and N(1)–C(9) 1.364(2) Å bonds are noted in the allylquinolone 1 
when compared with their mean values [10] of 1.353 and 1.339 Å respectively. The C(8)–C(7) 1.369(2) and O(1)–C(9) 
1.265(1) Å bonds are also lengthened when compared with their mean values of 1.326 and 1.210 Å respectively 
but the C(8)–C(9) bond 1.441(2) Å is shortened (mean value 1.455 Å) and this points to a marked delocalization of 
electron density into the pyridine ring. This also encourages the formation of an intermolecular hydrogen bond 
O(2)–H(2O)···O(1) (-0.5+x, 0.5-y, 0.25 –z) H···O 1.84 Å, O–H···O 156º. However the length of the O(2)–C(7) bond 
1.345(2) Å proves comparable with its mean value of 1.333 Å. In contrast to the 4-hydroxy-2-oxo-1,2-
dihydroquinoline-3-carboxylic acid derivatives [7, 8] the indicated features are in fact characteristic of 3-alkyl 
substituted derivatives and are repeatedly seen in compounds studied before [11, 12]. 
 Hence, despite some structural grounds, it is not correct to propose a marked contribution of the bipolar 
1,4-dihydro form 1b to a resonance hybrid of the 3-allylquinolone 1. Thus prediction of the route for the 
heterocyclization did not prove possible on the basis of the X-ray structural analysis of the starting compound 
 Similarly to the N-allyl substituted 1,2-dihydroquinolin-2-one, the C(3)-allyl derivative 1 in glacial acetic 
acid gave an immediate decolorization of an added equimolar amount of bromine. The result was a technical 
product which chromato mass spectrometry showed to contain two substances A and B with molecular weight 
280 amu each in the ratio 2: 1 and giving molecular ion peaks as doublets of approximately equal intensity and 
characteristic of monobromo compounds. This feature, on the one hand, allows us to exclude the 2,3-dibromo 
derivative 2 from the number of possible products from the reaction studied, even more unlikely because of the 
observation in the 1H NMR spectrum of a diastereotopic CH2Br group having the form of two double doublets 
and, on the other hand, serving as evidence for the change upon brominative heterocyclization since the NMR 
spectra of both compounds obtained clearly do not correspond to the C3 allyl structure 3. 
 Hence the analytical problem is significantly simplified and results only in the determination of which of 
the furoquinolines obtained is linear and which has an angular structure. The reaction mixture was separated by 
crystallization from ethanol. When the 1H NMR spectra of the separated individual furoquinoline (the main A 
and minor B) isomers were studied it was found that they had common spin systems with some differences in the 
proton chemical shift values. Immediately after solution of sample B a series of spectral signals were broadened 
but, after heating for a short time and then cooling, gave sharp signals for all of the protons. Only the water 
signal remained broadened and this was likely associated with proton exchange. In the proton spectrum of 
substance A all of the signals were quite sharp. The signals for the NH group protons in both samples were 
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absent, evidently due to rapid deuterium exchange. By contrast, when measuring the carbon spectrum of product 
B a series of signals remained broadened to the extent that they almost failed to appear in the spectrum. No such 
anomaly was seen in the carbon spectrum of furoquinoline A. 
 For elucidation of the structure of the products obtained we have measured their heteronuclear 2D 
HMQC and HMBC spectra correlations. Use of the first method allows assignment of the signals of the proton 
bearing carbon atoms and the second gave the possibility of assigning the quaternary carbon atom signals via 
1H–13C correlation through 2-3  chemical bonds. The Scheme below shows the assignment of signals for the 
furoquinoline A and the arrows show the HMBC correlations which served as the basis for assigning the 
quaternary carbon atom signals. All of the correlations found for this compound are presented in Table 1. 
 Key in establishing the structure of this compound is the correlation of the methine signal of the 
dihydrofuran ring which absorbs at 5.49 ppm with the low field carbon signals absorbing at 164.6 and 165.3 
ppm. As follows from its correlation with the aromatic proton signals the first of these corresponds to the 
pyridine C(4) atom and the second to the C(9a) atom in the same ring. The signal with a chemical shift of 165.3 
ppm has multi correlations with the signals for the aliphatic protons of the dihydrofuran ring. Looking at the 
formulae for the angular and linear structural isomers it can be seen that the signal for the furan CH proton in the 
angular isomer would be correlated with the same low field carbon signal (164.6 ppm) as the signals of the 
aromatic protons since, in this case, the given protons are removed by three chemical bonds from the relevant 
carbon atom. In fact, this correlation is not observed. On the other hand, in the alternative linear isomer the 
signal at 5.49 ppm must correlate with the C(9a) signal of the pyridine ring with which the aromatic signals do not 
correlate. Such a situation is actually seen in the main furoquinoline A. Hence we can deduce that it has the 
linear structure. 
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TABLE 1. Heteronuclear 1H-13C Correlations found for the Main Product A 
(Furoquinolone Hydrobromide 5) 
 

δ, ppm НМQC HMBC 
 

8.11 
 

124.0 
 
164.6; 139.2; 132.6; 120.5 

7.73 132.6 139.2; 124.0; 120.5 
7.67 120.7 164.6; 125.4; 120.5 
7.47 125.4 139.2; 132.6; 124.0; 120.5 
5.49 85.1 165.3; 36.7 
4.01 36.7 31.1; 85.1 
3.93 36.7 31.1; 85.1 
3.48 31.1 165.3; 164.6; 36.7; 120.5; 102.4; 85.1 
3.07 31.1 165.3; 164.6; 36.7; 120.5; 102.4; 85.1 
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 As noted above, in the carbon spectrum of the minor furoquinoline B many signals are broadened and it 
would be expected that a number of heteronuclear correlations would be lost in it. The scheme shows the 
assignment of signals in the proton and carbon spectra of this product and the correlations found in the HMBC 
spectrum are given. As in the previous example, the assignment of the signals for the protonated carbon atoms 
were made using the HMQC spectrum. A full list of the correlations found is given in Table 2. 
 
 

N

H

H

H

H

H

O

O H H

H

H

Br

H

8.02

7.28

7.54

7.49

3.83 3.91

3.32 2.94

5.20123.9

123.4

130.7

120.6 142.5

122.6

165.1

165.1

100.1

81.5 37.4

31.1

 
 
 
 Overall, the set of correlations obtained from the HMBC spectrum is similar to that for the preceding 
compound but a number of very important correlations are absent. Hence, in particular, a correlation of the low 
field carbon signal at 165.1 ppm (assigned to the two atoms C(4) and C(9a) together) with the CH proton signal of 
the dihydrofuran ring at 5.20 ppm is not observed. Hence an angular (or indeed linear) structure for compound B 
cannot be confirmed or contradicted in this case. 
 Since the furoquinolone A unambiguously has a linear structure it would be logical to characterize the 
minor isomer B as the angular 2-bromomethyl-3,5-dihydro-2H-furo[3,2-c]quinolin-4-one (4) by exclusion. 
However, as this conclusion is largely hypothetical we have used UV spectrophotometry to reach a more rigid 
proof as this provides a reliable distinction between linear and angular structures. It was unexpectedly found that 
the UV spectra of both compounds were virtually identical (Fig. 2) and this points to an essentially identical 
system of conjugated bonds, i.e. a linear 2-bromomethyl-3,9-dihydro-2H-furo[3,2-b]quinolin-4-one ring. 
 
 

TABLE 2. Heteronuclear 1H-13C Correlations found for the Minor Product B 
(Furoquinolone Base 6) 
 

δ, ppm НМQC HMBC 
 

8.02 
 

123.9 
 
142.5; 130.7 

7.54 130.7 142.5; 123.9 
7.49 120.6 123.4 
7.28 123.4 130.7; 122.6 
5.20 81.5 37.4 
3.91 37.4 31.1; 81.5 
3.83 37.4 31.1; 81.5 
3.32 31.1 37.4; 165.1; 100.1; 81.5 
2.94 31.1 37.4; 165.1; 100.1; 81.5 
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Fig. 2. The UV spectra in ethanol: 1 – furoquinolone 6; 2 – its hydrobromide 5. 
 
 From a correlation of the analytical results of all of the investigations above the limited differences in the 
properties of the furoquinolines A and B can only be explained through salt formation. In fact, an aqueous 
alcohol solution of the main material A gives a characteristic identification of bromide ions when treated with 
silver nitrate and this gives conclusive evidence that it is the 2-bromomethyl-3,9-dihydro-2H-furo-
[3,2-b]quinolin-4-one hydrobromide (5). On the other hand, the minor isomer of this reaction B does not give 
such a reaction since it is the furoquinolone base 6 formed via the partial hydrolysis of hydrobromide 5 and a 
reverse reaction can be readily carried out by treatment with hydrobromic acid. It should be noted that such 
 

TABLE 3. Bond Lengths (l) in the 3-Allyl Substituted Quinolone Structure 1 
 

Bond l, Å Bond l, Å 
 
N(1)–C(9) 

 
1.364(2) 

 
N(1)–C(1) 

 
1.380(2) 

O(1)–C(9) 1.265(2) O(2)–C(7) 1.345(2) 
C(1)–C(6) 1.398(2) C(1)–C(2) 1.402(2) 
C(2)–C(3) 1.376(2) C(3)–C(4) 1.392(3) 
C(4)–C(5) 1.371(3) C(5)–C(6) 1.414(2) 
C(6)–C(7) 1.451(2) C(7)–C(8) 1.369(2) 
C(8)–C(9) 1.441(2) C(8)–C(10) 1.517(2) 
C(10)–C(11) 1.484(3) C(11)–C(12) 1.279(4) 

  
 

TABLE 4. Valence Angles (ω) in the 3-Allyl Substituted Quinolone Structure 1 
 

Angle ω, deg Angle ω, deg 
 
C(9)–N(1)–C(1) 

 
124.3(1) 

 
N(1)–C(1)–C(6) 

 
119.0(1) 

N(1)–C(1)–C(2) 120.2(1) C(6)–C(1)–C(2) 120.8(1) 
C(3)–C(2)–C(1) 119.3(2) C(2)–C(3)–C(4) 120.4(2) 
C(5)–C(4)–C(3) 121.2(2) C(4)–C(5)–C(6) 119.6(2) 
C(1)–C(6)–C(5) 118.7(1) C(1)–C(6)–C(7) 118.0(1) 
C(5)–C(6)–C(7) 123.3(1) O(2)–C(7)–C(8) 125.1(1) 
O(2)–C(7)–C(6) 113.5(1) C(8)–C(7)–C(6) 121.5(1) 
C(7)–C(8)–C(9) 119.1(1) C(7)–C(8)–C(10) 123.3(1) 
C(9)–C(8)–C(10) 117.6(1) O(1)–C(9)–N(1) 117.7(1) 
O(1)–C(9)–C(8) 124.2(1) N(1)–C(9)–C(8) 118.1(1) 
C(11)–C(10)–C(8) 114.8(2) C(12)–C(11)–C(10) 127.0(2) 
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structures are also not inconsistent with the mass spectrometric data which give very similar experimental 
spectra for the furoquinolones 5 and 6 only further confirming the fact (initially overlooked by us) that the mass 
spectra of amines with inorganic acids are usually identical to the spectra of the starting amines [13]. 
 Hence bromination of 3-allyl-4-hydroxy-2-oxo-1,2-dihydroquinoline by molecular bromine is 
accompanied by heterocyclization to give tricyclic 2-bromomethyl-3,9-dihydro-2H-furo[2,3-b]quinolin-4-one 
molecular systems. 
 
 
EXPERIMENTAL 
 
 1H and 13C NMR spectra for the furoquinolones 5 and 6, 2D COSY 1H NMR spectroscopy, and the 
heteronuclear HMQC and HMBC correlation spectra were measured on a Varian Mercury-400 instrument (400 
and 100 MHz respectively). All of the 2D experiments were carried out with gradient selection of useful signals. 
The mixing times in the pulse sequences were 1HCH = 140 and 2-3JCH = 8 Hz. The number of increments in the 
COSY and HMQC spectra was 128 and in the HMBC 400. In all cases DMSO-d6 was used as solvent and TMS 
as internal standard. Chromato mass spectra were recorded on an Agilent 1100 LC/MSD spectrometer capable of 
APCI (positive chemical ionization at atmospheric pressure). The chromato-mass spectrometric column 
parameters were: length 50 mm, diameter 4.6 mm, stationary phase ZORBAX Eclipse XDB-C18, solvent 
aqueous acetonitrile, gradient elution, rate of solvent elution 2.4 ml/min. UV Spectra were taken on a Specord 
M-40 instrument using ethanol as solvent. 
 3-Allyl-4-hydroxy-2-oxo-1,2-dihydroquinoline (1) was prepared by the method reported before [14] 
 2-Bromomethyl-3,9-dihydro-2H-furo[3,2-b]quinolin-4-one hydrobromide (5). A. Bromine (0.52 ml, 
0.01 mol) was added with stirring to a solution of compound 1 (2.01 g, 0.01 mol) in acetic acid (15 ml) and was 
immediately decolorized. After several minutes a white precipitate began to appear. After 1 h the reaction 
mixture was diluted with cold water. The precipitated solid was filtered off, washed with cold water, dried, and 
crystallized from ethanol. The colorless crystals produced were separated and repeatedly crystallized from 
aqueous acetone to give the furoquinolone hydrobromide 5 (1.94 g, 53%) (precipitation of salt 5 from the 
mixture using anhydrous ether gave a yield of 96%); mp 228-230ºC. 1H NMR spectrum, δ, ppm (J, Hz): 8.11 
(1H, d, J = 7.9, H-5); 7.73 (1H, t, J = 7.4, H-7); 7.67 (1H, d, J = 8.1, H-8); 7.47 (1H, t, J = 7.4, H-6); 5.49 (1H, 
m, CHO); 4.01 (1H, dd, J = 11.2, 3.9, CHBr); 3.93 (1H, dd, J = 11.2, 5.4, CHBr); 3.48 (1H, dd, J = 15.7, 10.3, 
H-3); 3.07 (1H, dd, J = 15.7, 6.1, H-3). 13C NMR spectrum, δ, ppm: 165.3 (C(9a), 164.6 (C=O), 139.2 (C(8a)), 
132.6 (C(7)), 125.4 (C(6)), 124.0 (C(5)), 120.7 (C(80), 120.5 (C(4a)), 102.4 (C(3a)), 85.1 (CHO), 36.7 (CH2Br), 31.3 
(C(3). Mass spectrum, m/z* (Irel, %): 280 [M-HBr+H]+ (100), 200 [M-HBr-Br+H]+ (5). Found, %: C 40.03; 
H 3.15; N 3.76. C12H10BrNO2.HBr. Calculated, %: C 39.92; H 3.07; N 3.88. 
 B. A mixture of conc. HBr and ethanol (1: 10) was added to a solution of the furoquinolone 6 (2.8 g, 
0.01 mol) to pH ~ 5 after which it was cooled in ice. The precipitated hydrobromide 5 was filtered off, washed 
with acetone, and dried. Yield 3.28 g (91%). A mixed sample with the hydrobromide 5 obtained by method A 
did not give a melting point depression. The 1H NMR spectra of these compounds were identical. 
 2-Bromomethyl-3,9-dihydro-2H-furo[3,2-b]quinolin-4-one (6). The alcoholic filtrate obtained after 
removal of the salt 5 (see method A in the preceding example) was diluted with a five fold excess of cold water 
and left for several hours. The precipitate formed was filtered off and repeatedly crystallized from aqueous 
acetone to give the furoquinolone 6 (0.62 g, 22%); mp 191-193ºC. 1H NMR spectrum, δ, ppm (J, Hz): 8.02 (1H, 
d, J = 7.9, H-5); 7.54 (1H, t, J = 7.4, H-7); 7.49 (1H, d, J = 8.1, H-8); 7.28 (1H, t, J = 7.4, H-6); 5.20 (1H, m, 
CHO); 3.91 (1H, dd, J = 11.2, 4.3, CHBr); 3.83 (1H, dd, J = 11.2, 5.2, CHBr); 3.32 (1H, dd, J = 15.7, 9.5, H-3); 
2.94 (1H, dd, J = 15.7, 6.2, H-3). 13C NMR spectrum, δ, ppm: 165.1 (C(9a) + C=O), 142.5 (C(8a)), 130.7 (C(7)), 
_______ 
* For compounds 5 and 6 the m/z values are quoted for the 79Br isotope. 
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123.9 (C(5)), 123.4 (C6)), 122.6 (C(4a)), 120.6 (C(8)), 100.1 (C(3a)), 81.5 (CHO), 37.4 (CH2Br), 31.1 (C(3)). Mass 
spectrum, m/z (Irel, %): 280 [M+H]+ (100), 200 [M-Br+H]+ (5). Found, %: C 51.53; H 3.69; N 5.06. 
C12H10BrNO2. Calculated, %: C 51.45; H 3.60; N 5.00. 
 X-ray structural investigation. Crystals of the 3-allyl substituted quinolone 1 are tetragonal (ethanol), 
at 20ºC: a = 10.551(1), c = 18.505(3) Å, V = 2059.9(4) Å3, Mr = 201.22, Z = 8, space group P43212, dcalc = 1.298 
g/cm3, µ(MoKα) = 0.089 mm-1, F(000) = 848. The unit cell parameters and intensities of 18,451 reflections 
(3000 independent, Rint = 0.044) were measured on an Xcalibur-3 automatic four circle diffractometer (MoKα 
radiation, CCD detector, graphite monochromator, ω-scanning, 2θmax = 60º). The structure was solved by a direct 
method using the SHELXTL program package [15]. The positions of the hydrogen atoms were revealed from 
electron density difference synthesis and refined isotropically. The structure was refined via an F2 full matrix 
least squares analysis in the anisotropic approximation for non-hydrogen atoms to wR2 = 0.088 for 2978 
reflections (R1 = 0.039 for 1750 reflections with F > 4σ(F), S = 0.859). The full crystallographic information has 
been placed in the Cambridge structural data bank (deposit reference CCDC 619708). The interatomic distances 
and valence angles are given in Tables 3 and 4. 
 
 
REFERENCES 
 
  1. I. V. Ukrainets, L. V. Sidorenko, E. N. Svechnikova, and O. V. Shishkin, Khim. Geterotsikl. Soedin., 

1503 (2007). [Chem. Heterocycl. Comp., 43, 1275 (2007)]. 
  2. I. V. Ukrainets, L. V. Sidorenko, O. V. Gorokhova, S. V. Shishkina, and A. V. Turov, Khim. Geterotsikl. 

Soedin., 736 (2007). [Chem. Heterocycl. Comp., 43, 617 (2007)]. 
  3. I. V. Ukrainets, N. L. Bereznyakova, V. A. Parshikov, and A. V. Turov, Khim. Geterotsikl. Soedin., 

1496 (2007). [Chem. Heterocycl. Comp., 43, 1269 (2007)]. 
  4. I. V. Ukrainets, N. L. Bereznyakova, O. V. Gorokhova, A. V. Turov, and S. V. Shishkina, Khim. 

Geterotsikl. Soedin., 1180 (2007). [Chem. Heterocycl. Comp., 43, 1001 (2007)]. 
  5. I. V. Ukrainets, N. L. Bereznyakova, A. V. Turov, and S. V. Slobodzyan, Khim. Geterotsikl. Soedin., 

1365 (2007). [Chem. Heterocycl. Comp., 43, 1159 (2007)]. 
  6. I. V. Ukrainets, S. G. Taran, O. A. Evtifeeva, O. V. Gorokhova, N. I. Filimonova, and A. V. Turov, 

Khim. Geterotsikl. Soedin., 204 (1995). [Chem. Heterocycl. Comp., 31, 176 (1995)]. 
  7. I. V. Ukrainets, L. V. Sidorenko, O. V. Gorokhova, E. V. Mospanova, and O. V. Shishkin, Khim. 

Geterotsikl. Soedin., 718 (2006). [Chem. Heterocycl. Comp., 42, 631 (2006)]. 
  8. I. V. Ukrainets, A. A. Tkach, L. V. Sidorenko, and O. V. Gorokhova, Khim. Geterotsikl. Soedin., 1508 

(2006). [Chem. Heterocycl. Comp., 42, 1301 (2006)]. 
  9 Yu. V. Zefirov, Kristallografiya, 42, 936 (1997). 
10. H. -B. Burgi and J. D. Dunitz, Structure Correlation, Vol. 2, VCH, Weinheim (1994), p. 741. 
11. L. Jurd, M. Benson, and R. Y. Wong, Aust. J. Chem., 36, 759 (1983). 
12. I. V. Ukrainets, S. G. Taran, O. L. Kamenetskaya, O. V. Gorokhova, L. V. Sidorenko, and A. V. Turov, 

Khim. Geterotsikl. Soedin., 1532 (2000). [Chem. Heterocycl. Comp., 36, 1319 (2000)]. 
13. P. B. Terentiev and A. P. Stankevicius, Mass-spectrometric Analysis of Biologically Active Compounds 

[in Russian], Mosklas, Vilnius (1987), p. 255. 
14. I. V. Ukrainets, S. G. Taran, O. A. Evtifeeva, O. V. Gorokhova, P. A. Bezugly, A. V. Turov, L. N. 

Voronina, and N. I. Filimonova, Khim. Geterotsikl. Soedin., 673 (1994). [Chem. Heterocycl. Comp., 30, 
591 (1994)]. 

15. 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). 

 
 

1433 


	Chemistry of Heterocyclic Compounds, Vol. 43, No. 11, 2007


<<
  /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


