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4-HYDROXY-2-QUINOLONES. 179*. SYNTHESIS, STRUCTURE, 

AND ANTI-INFLAMMATORY ACTIVITY OF 4-HYDROXY- 

1-METHYL-2-OXO-1,2-DIHYDROQUINOLIN-3-YLACETIC ACID 

AND ITS DERIVATIVES 

 
 I. V. Ukrainets1**, E. V. Mospanova2, A. A. Davidenko3, 

 A. A. Tkach1, and O. V. Gorokhova1 

 
The synthesis of 4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-ylacetic acid has been carried out 
and the structure and acid properties studied. Preparative methods for its esterification and amidation 
are proposed. The anti-inflammatory properties of the synthesized compounds have been evaluated. 
 
Keywords: 4-hydroxy-2-oxo-1,2-dihydroquinolin-3-ylacetic acids, amidation, anti-inflammatory activity, 
X-ray analysis, esterification. 
 

 Pain and inflammation are the most widely distributed symptoms accompanying numerous pathological 
conditions. Nonsteroidal anti-inflammatory agents [2, 3] are currently widely used to remove these symptoms. 
For all their positive properties the majority of this group drugs is not without marked drawbacks which limit 
their practical use and reduce the efficiency of the pharmacotherapy of the inflammatory illness overall. Firstly 
high toxicity, sometimes limiting activity, can occur together with a series of additional effects including 
ulcerogenic activity, increased arterial pressure, blood disorders etc. Hence the problem of a search for novel 
anti-inflammatory agents meeting the ever growing demands of increased efficiency and safety remains current. 
 The rationale for carrying out this investigation was our previous discovery of the anti-inflammatory 
properties of 1H-4-hydroxy-2-oxo-1,2-dihydroquinolin-3-ylacetic acids where, though its esters are not 
characterized by high activity [4], the 6-methylpyridin-2-ylamide has demonstrated an antiexudative effect 
greater than that of Voltaren with a markedly lower toxicity [5]. With the aim of developing a structure – 
biological activity relationship in this series we have prepared the N-methyl analogs of the previously reported 
compounds. For this purpose, methyl N-methylanthranilate (1) was acylated with -methoxycarbonylpropionyl 
chloride and the anilide 2 formed was treated with sodium methylate in methanol. As is known [6] such a 
_______ 
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reaction normally occurs to give a mixture of two heterocycles viz. a quinoline 3 and a benzazepine 4 even 
though carrying out an ester condensation in the higher boiling toluene does not exclude formation of a further 
small amount of a biquinoline [7]. None the less, if the synthesis is carried out with the aim of preparing 
quinoline derivatives a separation of the reaction mixture is not needed, or even logical, since the base 
hydrolysis of the esters of quinoline and benzazepine carboxylic acids 3a and 4 in fact gives the same final 
product [6, 8], in this case the 4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-ylacetic acid (5). 
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3 a R = Me, b R = Et, c R = CH2CH=CH2, d R = Pr, e R = i-Pr, f R =Bu, 
g R = i-Bu, h R = C5H11, i R = i-C5H11 

 
 When comparing the acidic properties of 1H-4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acid 
and its nearest homolog (the corresponding quinolin-3-ylacetic acid) it was noticed that separation of the 
carboxyl group and quinolone ring by a methylene bridge did not, as against all expectations, lower but rather 
increased it by more than an order for the COOH acidity and by almost two orders for the 4-OH group. It was 
proposed that the reason for this unusual effect lies in the impossibility of the reaction centers of the 
quinolineacetic acid forming strong intramolecular hydrogen bonds, thanks to which its acidic properties are 
markedly increased [9]. A similar relationship is seen in the N-methyl-substituted derivative pair 5 and 6. 
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 X-ray crystallographic studies carried out by us have shown that 4-hydroxy-1-methyl-2-oxo-1,2-dihydro-
quinolin-3-ylacetic acid (5, see Fig. 1 and Tables 1 and 2) and its ethyl ester 3b [10] in fact form completely 
different systems of hydrogen bonds (basically intermolecular) to those of the carboxy- [11] and alkoxycarbonyl-
quinolines [12]. 
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   pKaCOOH = 6.13 ± 0.04    pKaCOOH = 7.49 ± 0.01 

   pKa4-OH = 11.70 ± 0.10    pKa4-OH = 13.35 ± 0.08 
 
 Hence, in particular, it was found that two molecules (A and B) occur in the symmetrically independent 
part of the unit cell of acid 5 and they are differentiated by several geometric parameters. In both molecules the 
bicyclic fragment is planar to within 0.02 Å. The planar carboxyl group on atom C(10) is placed virtually 
perpendicularly to the bicycle plane (torsional angle C(9)–C(8)–C(10)–C(11) 77.3(1)º in molecule A and 
-92.1(1)º in B) and is slightly noncoplanar to C(8)–C(10) bond (torsional angle C(8)–C(10)–C(11)–O(3) 8.5(2)º 
in A and 10.8(2)º in B). 

 
 

Fig. 1. Structure of the molecules A and B of the quinolineacetic acid 5 with atomic numbering. 
 
 The hydrogen atom of the hydroxyl group in molecule A is turned towards the substituent at atom C(8) 
and this leads to formation of overall shortened intramolecular contacts H(10B)···H(20A) 2.13 Å (sum of van der 
Waal radii 2.34 Å [13]) and H(5A)···O(2A) 2.39 Å (2.46 Å). The marked repulsion between the sterically close 
substituents causes an increase in the valence angles C(7)–C(8)–C(10) and O(2)–C(7)–C(8) to 124.4(1)º and 
125.3(1)º and also a decrease in the angles C(9)–C(8)–C(10) and O(2)–C(7)–C(6) to 115.8(1)º and 113.6(1)º 
respectively. 
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 In the B molecule the hydrogen atom of the 4-OH group is orientated towards the benzene ring and this 
results in the appearance of the shortened intramolecular contacts H(5B)···H(20B) 2.06 (2.34) and H(10D)···O(2B) 
2.41 (2.46 Å). Moreover, the change in exocyclic valence angles at atom C(7) when compared with molecule A 
occurs in the opposite direction. The O(2)–C(7)–C(8) angle is decreased to 116.0(1)º and O(2)–C(7)–C(6) is 
increased to 123.1(1)° even though the angles at atom C(8) remain close to 120º. 
 

TABLE 1. Bond Lengths (l) in the Structure of the Quinolineacetic Acid 5 
 

Bond l, Å Bond l, Å 
 
N(1A)–C(9A) 

 
1.384(2) 

 
N(1A)–C(1A) 

 
1.400(2) 

N(1A)–C(12A) 1.466(2) O(1A)–C(9A) 1.254(1) 
O(2A)–C(7A) 1.347(1) O(3A)–C(11A) 1.222(2) 
O(4A)–C(11A) 1.316(2) C(1A)–C(6A) 1.408(2) 
C(1A)–C(2A) 1.412(2) C(2A)–C(3A) 1.380(2) 
C(3A)–C(4A) 1.384(2) C(4A)–C(5A) 1.375(2) 
C(5A)–C(6A) 1.409(2) C(6A)–C(7A) 1.445(2) 
C(7A)–C(8A) 1.360(2) C(8A)–C(9A) 1.445(2) 
C(8A)–C(10A) 1.503(2) C(10A)–C(11A) 1.497(2) 
N(1B)–C(9B) 1.377(2) N(1B)–C(1B) 1.395(2) 
N(1B)–C(12B) 1.473(2) O(1B)–C(9B) 1.252(1) 
O(2B)–C(7B) 1.343(1) O(3B)–C(11B) 1.223(2) 
O(4B)–C(11B) 1.318(2) C(1B)–C(2B) 1.409(2) 
C(1B)–C(6B) 1.415(2) C(2B)–C(3B) 1.377(2) 
C(3B)–C(4B) 1.387(2) C(4B)–C(5B) 1.382(2) 
C(5B)–C(6B) 1.404(2) C(6B)–C(7B) 1.445(2) 
C(7B)–C(8B) 1.360(2) C(8B)–C(9B) 1.437(2) 
C(8B)–C(10B) 1.503(2) C(10B)–C(11B) 1.505(2) 

  
 

TABLE 2. Valence Angles () in the Structure of the Quinolineacetic Acid 5 
 

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

 
122.35(9) 

 
C(9B)–N(1B)–C(1B) 

 
122.29(10) 

C(9A)–N(1A)–C(12A) 118.06(11) C(9B)–N(1B)–C(12B) 118.08(11) 
C(1A)–N(1A)–C(12A) 119.60(11) C(1B)–N(1B)–C(12B) 119.62(11) 
N(1A)–C(1A)–C(6A) 118.99(10) N(1B)–C(1B)–C(2B) 120.89(11) 
N(1A)–C(1A)–C(2A) 122.41(11) N(1B)–C(1B)–C(6B) 119.85(10) 
C(6A)–C(1A)–C(2A) 118.59(12) C(2B)–C(1B)–C(6B) 119.27(11) 
C(3A)–C(2A)–C(1A) 120.50(13) C(3B)–C(2B)–C(1B) 119.91(13) 
C(2A)–C(3A)–C(4A) 121.06(13) C(2B)–C(3B)–C(4B) 121.19(14) 
C(5A)–C(4A)–C(3A) 119.30(14) C(5B)–C(4B)–C(3B) 119.85(13) 
C(4A)–C(5A)–C(6A) 121.41(14) C(4B)–C(5B)–C(6B) 120.60(13) 
C(1A)–C(6A)–C(5A) 119.12(12) C(5B)–C(6B)–C(1B) 119.15(12) 
C(1A)–C(6A)–C(7A) 118.92(10) C(5B)–C(6B)–C(7B) 123.05(11) 
C(5A)–C(6A)–C(7A) 121.96(11) C(1B)–C(6B)–C(7B) 117.80(10) 
O(2A)–C(7A)–C(8A) 125.34(11) O(2B)–C(7B)–C(8B) 116.02(11) 
O(2A)–C(7A)–C(6A) 113.60(10) O(2B)–C(7B)–C(6B) 123.06(10) 
C(8A)–C(7A)–C(6A) 121.05(10) C(8B)–C(7B)–C(6B) 120.92(10) 
C(7A)–C(8A)–C(9A) 119.83(11) C(7B)–C(8B)–C(9B) 120.73(11) 
C(7A)–C(8A)–C(10A) 124.37(10) C(7B)–C(8B)–C(10B) 120.21(11) 
C(9A)–C(8A)–C(10A) 115.76(10) C(9B)–C(8B)–C(10B) 119.05(10) 
O(1A)–C(9A)–N(1A) 121.18(10) O(1B)–C(9B)–N(1B) 119.05(10) 
O(1A)–C(9A)–C(8A) 120.22(11) O(1B)–C(9B)–C(8B) 122.67(11) 
N(1A)–C(9A)–C(8A) 118.59(10) N(1B)–C(9B)–C(8B) 118.27(10) 
C(11A)–C(10A)–C(8A) 113.11(10) C(8B)–C(10B)–C(11B) 113.69(11) 
O(3A)–C(11A)–O(4A) 122.76(12) O(3B)–C(11B)–O(4B) 122.84(12) 
O(3A)–C(11A)–C(10A) 123.69(11) O(3B)–C(11B)–C(10B) 123.51(11) 
O(4A)–C(11A)–C(10A) 113.55(11) O(4B)–C(11B)–C(10B) 113.64(12) 
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 The C(8)–C(7) 1.360(2) in A and B and the O(1)–C(9) bonds (1.254(1) in A and 1.252(1) Å in B) are 
lengthened when compared with their mean values [14] of 1.326 and 1.210 Å respectively and the C(8)–C(9) 
bond 1.445(2) in A and 1.437(2) Å in B is shortened (mean value 1.455 Å) and this enables the formation of 
the intermolecular hydrogen bonds O(2A)–H(2OA)···O(1B)' (x-1, y, z-1) H···O 1.75 Å, O–H···O 162º and 
O(2B)–H(2OB)···O(1A)' H···O 1.80 Å, O–H···O 156º. It should be noted that the length of the bonds O(2)–C(7) 
1.347(1) Å in A and 1.343(1) Å in B are comparable with their mean value of 1.333 Å. A similar effect is 
observed in previously studied, closely structured compounds [10, 15]. 
 A rather strong repulsion is seen between the atoms of the N-methyl substituent and the neighboring 
carbonyl group and hydrogen atom in the peri position of the benzene ring [shortened intramolecular contacts 
H(2)···C(12) 2.56 in A and 2.50 in B (2.87); H(2)···H(12C) 2.11 in A and 2.31 in B (2.34); H(12C)···C(2) 2.59 in 
A and 2.78 in B (2.87); H(12B)···O(1) 2.29 in A and 2.19 Å in B (2.46 Å)]. 
 The crystal of the acid molecule 5 forms dimers via the intermolecular hydrogen bonds O(4A)–
H(4OA)···O(3A)' (1-x, 1-y, 1-z) H···O 1.75 Å, O–H···O 177º and O(4B)–H(4OB)···O(3B)' (2-x, -y, 2-z) H···O 1.77Å, 
O–H···O 175ºC. The formation of the dimers evidently results in some lengthening of the O(3)–C(11) bond to 
1.222(2) in A and to 1.223(2) Å in B when compared with their mean value of 1.210 Å. In turn, the dimers form 
infinite chains along the crystallographic [1 0 1] axis via the intermolecular hydrogen bonds mentioned above 
O(2A)–H(2OA)···O(1B)' and O(2B)–H(2OB)···O(1A)'. The crystal shows the intermolecular hydrogen bond 
C(10A)–H(10B)···O(1B)' (x-1, y, z-1) H···O 2.33 Å, C–H···O 153º as well as the shortened intermolecular contacts 
H(12D)···C(5B)' (2-x, 1-y, 2-z) 2.83 (2.87) and H(12D)···C(6B)' (2-x, 1-y, 2-z) 2.74 Å (2.87 Å). 
 The esters of 4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-ylacetic acids 3a-i (Tables 3 and 4) 
offered interest for pharmacological study and were prepared in high yields from quinolineacetic acids 5 by the 
conventional acid catalyzed esterification developed for the 1H-derivatives [4]. 
 It was assumed that the well recommended method of preparation of 1H-4-hydroxy-2-oxo-1,2-di-
hydroquinolin-3-ylacetic acid N-R-amides would also prove useful for the synthesis of the N-alkyl-substituted 
analogs. Since neither 1H-quinolineacetic acid nor its esters are amidated directly, for increasing acylating ability 
 

TABLE 3. Characteristics of the 4-Hydroxy-1-methyl-2-oxo-1,2-di-
hydroquinolin-3-ylacetic Acids 3a-i* 
 

Found, % —————— 
Calculated, % 

Com- 
pound 

Empirical 
formula 

C H N 

mp, °С Yield, %
Anti-inflammatory 

activity, 
reduction of edema, % 

 
3a 

 
C13H13NO4 

 
63.23 
63.15 

 
5.41 
5.30 

 
5.57 
5.66 

 
179-181 

 
96 

 
12.7 

3b C14H15NO4 64.47 
64.36 

5.88 
5.79 

5.43 
5.36 

184-186 93 45.5 

3c C15H15NO4 66.05 
65.93 

5.64 
5.53 

5.21 
5.13 

131-133 94 52.5 

3d C15H17NO4 65.36 
65.44 

6.13 
6.22 

4.97 
5.09 

138-140 91 20.4 

3e C15H17NO4 65.56 
65.44 

6.17 
6.22 

5.00 
5.09 

177-179 80   3.1 

3f C16H19NO4 66.32 
66.42 

6.71 
6.62 

4.95 
4.84 

164-166 89 46.2 

3g C16H19NO4 66.30 
66.42 

6.54 
6.62 

4.77 
4.84 

109-111 90 27.3 

3h C17H21NO4 67.44 
67.31 

7.10 
6.98 

4.54 
4.62 

95-97 88 44.5 

3i C17H21NO4 67.42 
67.31 

7.09 
6.98 

4.51 
4.62 

106-108 85   9.6 
  
_______ 
* Anti-inflammatory activity (reduction of edema, %) of the comparison 
preparation Voltaren was (49.8). 
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there was proposed a preliminary conversion by different methods to the highly electrophilic 1H-3,5-dihydro-
furo[3,2-c]quinoline- 2,4-dione [16]. However, attempts to apply these known methods to quinolineacetic acid 5
were not successful. In the workup with condensation agents (thionyl chloride, N,N'-dicyclohexylcarbodiimide, or 
N,N'-carbonyl- diimidazole) it was found that the anhydride 7 was formed together with a wider chemical 
transformation. The result was an intensely red colored (probably through formation of cyanine dyes) and hard
to identify mixture of different products. 

 

 

 
 

 

 

 The preparative importance of thermolysis of lower alkyl esters in the synthesis of 1H-derivatives has
not proved of value. The N-methyl-substituted anhydride 7 could not be obtained by this method in a
satisfactory degree of purity. In this case a derivatographic study was made to help understand the reason. 
 As is evident from the derivatogram presented, dry heating of ethyl 1H-4-hydroxy-2-oxo-1,2-di-
hydroquinolin-3-yl acetate shows two successive processes clearly separated by a temperature interval of about 
40ºC (Fig. 2, a). The first of these occurs between 195 and 227ºC and is accompanied by the loss of about 19% 
of the mass corresponding to elimination of ethanol, i.e. the closure of the hydrofuran ring. The second begins at 
a much higher temperature (270ºC) and, judged by the loss of around 12% of the mass, results from
decarbonylation of the initially formed 1H-3,4-dihydrofuro[3,2-c]quinoline-2,4-dione. 
 The thermal behavior of ethyl 4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-yl acetate (3b) proved
quite different. Here no kind of difference between heterocyclization and decarbonylation is seen and a single 
process occurs (Fig. 2, b). As a result, in place of the anhydride 7, a mixture of colored side products is formed. 

 

 None the less, a small modification of a known method led to a synthesis of 4-hydroxy-1-methyl-2-oxo-
1,2-dihydroquinolin-3-ylacetic acid 6-methylpyridin-2-ylamide (8) in high yield and purity. The two separate 
reactions of conversion of ether to anhydride and the amidation were combined in a single stage, i.e. by a simple 
thermolysis of a mixture of equimolar amounts of the ester 3b and the 2-amino-6-methylpyridine at 190-200ºC 
for 20 min. Of course, the intermediate formation of the anhydride 7 under these conditions is not in doubt. 
However, the hetarylamine in the reaction mixture reacts immediately with it giving the chemically rather inert
final amide 8 hence avoiding the unwanted side processes. 

 

 

Fig. 2. Derivatograms of ethyl 1H-4-hydroxy-2-oxo-1,2-dihydroquinolin-3-ylacetic acid (a) and 
its N-methyl-substituted analog 3b (b): T – thermal analysis curve, DTA – differential thermal 
analysis curve, TG – thermogravimetric curve, DTG – differential thermogravimetric curve, 
Weighted portions = 100 mg. 
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 In a search for anti-inflammatory agents one of the defining criteria of effectiveness is antiexudative 
activity. In this connection, we began testing of biological activity with a study of their effect on the exudative 
aspect of acute aseptic inflammation. This was carried out on the carrageenan edema model in mice [17]. The 
preparation chosen for comparison was the classical nonsteroidal anti-inflammatory Voltaren (Diclofenac 
sodium) [2] at a dose of 8 mg/kg (ED50). The results obtained as a whole show a positive effect for introduction 
of an N-methyl group. Hence the starting quinolineacetic acid 5 in a dose equimolar to Voltaren can lower the 
edema by 23.1%, markedly exceeding this indicator in the non-alkylated analog [4]. Even more successful is the 
effect of this modification on the anti-exudate properties of the esters (Table 3), amongst which were found 
substances in virtually no way inferior to Voltaren (esters 3b,f,h) and even exceeding it somewhat (allyl ester 
3c). An interesting dependence is seen in this same series where the transition from a normal alkyl chain to an 
isostructure is accompanied by an almost total loss of anti-inflammatory activity. 
 It should be noted, however, that N-methylation of the quinolone ring is far from always reflected in a 
positive change in the biological activities. In particular the 6-methylpyridin-2-ylamide 8 inhibits the 
carrageenan edema by only 40.3%. This can be regarded as a marked fall in activity since the indicator in the 
1-H derivative is 53.0% [5]. 
 
 
EXPERIMENTAL 
 
 1H NMR spectra for the compounds synthesized were obtained on a Varian Mercury-VX-200 instrument 
(200 MHz) in DMSO-d6 using TMS as internal standard. Investigations of acid-base equilibria were made by 
method [18] using 80% aqueous dioxane as solvent. For preparation of mixed solvent freshly prepared 
bidistillates freed from CO2 were used and also dioxane for UV spectroscopy from the Labscan company. The 
titrant was a 0.01 M aqueous solution of KOH freed from CO2. The concentration of the titrant solutions was 
0.0005 mol·l-1 at the half neutralization point. Potentiometric titration was carried out on a stationary SevenEasy 
S-20-K Mettler Toledo pH meter and using an InLab 413 combination electrode at 25ºC. The titration for each 
compound was carried out three times. The accuracy of the results obtained was evaluated by a mathematical 
statistics method [19]. The derivatographic studies of the ethyl 1H-4-hydroxy-2-oxo-1,2-di-hydroquinolin-3-yl 
acetate and its N-methyl-substituted analog 3b were carried out on a thermochemical Derivatograf Q-1500 D 
equipment package in a platinum crucible with a lid and at a heating rate of 5ºC/min. Commercial methyl 
N-methylanthranilate (1) from the Fluka company was used in this work. 
 4-Hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-ylacetic Acid (5). -Methoxycarbonylpropionyl 
chloride (16.56 g, 0.11 mol) was added dropwise with cooling and stirring to a mixture of methyl N-methyl-
anthranilate (1) (16.52 g, 0.1 mol), and triethylamine (14 ml, 0.1 mol) in dichloromethane (150 ml) and allowed 
to stand at room temperature for 7-8 h. The reaction mixture was treated with cold water (2×200 ml). An organic 
layer separated following thorough stirring. The solvent was distilled off (at the end under reduced pressure) 
simultaneously removing water as an azeotrope. The residue (anilide 2) was treated with a solution of sodium 
methylate prepared from metallic sodium (4.6 g, 0.2 mol) and absolute methanol (100 ml) and refluxed for 4 h. 
The product was cooled. A solution of KOH (11.22 g, 0.2 mol) in water (200 ml) was added to the mixture of 
the methyl esters of the quinoline and benzazepine carboxylic acids 3a and 4 after which it was refluxed for 5 h 
with simultaneous distillation of the main part of the methanol. The reaction mixture was cooled and acidified to 
about pH 4 using dilute (1:1) HCl. The precipitated acid 5 was filtered off, washed with cold water, and dried. 
Yield 14.22 g (61%). Recrystallization from ethanol gave mp 248-250ºC (decomp.). 1H NMR spectrum, , ppm 
(J, Hz): the protons of the COOH group were not seen due to rapid deuterium exchange; 10.67 (1H, br. s, 
4-OH); 8.00 (1H, dd, J = 8.0 and J = 1.5, H-5); 7.58 (1H, td, J = 7.7 and J = 1.5, H-7); 7.44 (1H, d, J = 8.6, 
H-8); 7.23 (1H, td, J = 7.6 and J = 1.3, H-6); 3.59 (2H, s, CH2COOH); 3.57 (3H, s, NCH3). Found, %: C 61.93; 
H 4.84; N 6.11. C12H11NO4. C12H11NO4. Calculated, %: C 61.80; H 4.75; N 6.01. 
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 X-ray Structural Investigation. Crystals of the quinolineacetic acid 5 are triclinic (ethanol), at 20ºC: 
a = 7.493(2), b = 12.196(3), c = 12.356(2) Å,  = 96.49(2)º,  = 103.58(2)º,  = 92.60(2)º, V = 1087.5(4) Å3, 
Mr = 233.22, Z = 4, space group P1

– , dcalc = 1.424 g/cm3, (MoK) = 0.108 mm-1, F(000) = 488. The unit cell 
parameters and intensities of 23,952 reflections (4981 independent, Rint = 0.026) were measured on an Xcalibur-3 
diffractometer (MoK radiation, CCD detector, graphite monochromator, -scanning, 2max = 55º). 
 The structure was solved by the direct method using the SHELXTL program package [20]. The positions 
of the hydrogen atoms were revealed in difference electron density synthesis and refined isotropically. The 
structure was refined in a F2

 full-matrix least-squares analysis in the anisotropic approximation for 
non-hydrogen atoms to wR2 = 0.099 for 4949 reflections (R1 = 0.035 for 3327 reflections with F > 4(F), 
S = 0.974). The full crystallographic information has been placed in the Cambridge Structural Database as 
deposit CCDC 756716. Interatomic distances and valence angles are presented in Tables 1 and 2 respectively. 
 Esters of 4-Hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-ylacetic Acids 3a-i (General Method). 
Conc. H2SO4 (2-3 drops) was added to a solution of the quinolineacetic acid 5 (2.33 g, 0.01 mol) in the 
corresponding alcohol (20 ml) and refluxed for 5 h. The product was cooled and poured into cold water (in the 
preparation of esters 3f-i the excess of alcohol unmixed with water was initially removed under reduced 
pressure). The precipitated ester 3 (Tables 3 and 4) was filtered off, washed with cold water, and dried. 
 4-Hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-ylacetic Acid 6-Methylpyridin-2-ylamide (8). A 
mixture prepared from the ethyl ester 3b (2.61 g, 0.01 mol) and 2-amino-6-methylpyridine (1.08 g, 0.01 mol) 
was held in a Woods metal bath at 200ºC for 20 min. After some time the final product began to crystallize from 
the reaction mixture. At the end of the amidation it was cooled and thoroughly triturated with ethanol (20 ml) to 
give the amide 8 precipitate which was filtered off, washed with cold ethanol, and dried. Yield 2.81 g (87%); mp 
272-274ºC (DMF). 1H NMR spectrum, , ppm (J, Hz): 10.59 (1H, br. s, 4-OH); 10.43 (1H, s, NH), 8.00 (1H, d, 
J = 8.1, H-5); 7.81 (1H, d, J = 8.2, H-3'); 7.60 (2H, m, H-7 and H-4'); 7.48 (1H, d, J = 8.5, H-8); 7.26 (1H, t, 
J = 7.3, H-6); 6.92 (1H, d, J = 7.3, H-5'); 3.76 (2H, s, CH2CO); 3.57 (3H, s, NCH3); 2.39 (3H, s, 6'-CH3). Found, 
%: C 66.72; H 5.21; N 12.87. C18H17N3O3. Calculated, %: C 66.86; H 5.30; N 13.00. 
 Study of the Anti-inflammatory Activity on the Carrageenan Edema Model in Mice. Experiments 
were carried out on white, nonpedigree mice of weight 18-22 g. The studied compounds were introduced orally 
as fine aqueous suspensions stabilized by Tween-80 in doses equimolar to voltaren and in volumes not more 
than 0.3 ml per 10 g animal weight. Each compound was studied on 6 animals having the same body weight 
(within ± 0.5 g limits). The same volume of water was introduced into the control group. One hour after 
introduction of the test compounds into the aseptic inflammation was modeled in animals by a subcutaneous 
injection of a freshly prepared 1% solution of carrageenan (0.05 ml) into the right hind paw. After 3 h the animal 
was killed by dislocation of the cervical vertebrae and the hind legs were amputated at the level of the hip joint. 
The absolute value of the edema in each experiment was calculated by the difference in mass between the 
edematous and the healthy paws. The specific activity for the test compound was calculated from their ability to 
decrease the spread of the edema when compared with the control and expressed as a percentage. Statistical 
treatment of the experimental data was evaluated using the method of variational statistics [21]. The accuracy of 
the results obtained was determine using Student t-test criteria [22]. 
 
 
REFERENCES 
 
1. I. V. Ukrainets, A. A. Tkach, V. V. Kravtsova, V. I. Mamchur, and E. Yu. Kovalenko, Khim. 

Geterotsikl. Soedin., 1050 (2010). [Chem. Heterocycl. Comp., 46, 850 (2010)]. 
2. M. D. Mashkovskii, Drugs [in Russian], RIA Novaya Volna: Umerenkov Publishing House, Moscow 

(2009), p. 163. 
 

955 



  3. A. Kleemann and J. Engel, Pharmaceutical Substances, Synthesis, Patents, Applications, Multimedia 
Viewer, Version 2.00, Georg Thieme Verlag, Stuttgart (2001). 

  4. I. V. Ukrainets, O. L. Kamenetskaya, S. G. Taran, I. Yu. Petukhova, and L. N. Voronina, Khim. 
Geterotsikl. Soedin., 104 (2001). [Chem. Heterocycl. Comp., 37, 100 (2001)]. 

  5. O. L. Kamenetskaya, Diss. Cand. Pharmaceutical Sci. [in Russian], Kharkiv (2001). 
  6. T. A. Geissman and A. K. Cho, J. Org. Chem., 24, 41 (1959). 
  7. I. V. Ukrainets, A. A. Tkach, and S. V. Shishkina, Khim. Geterotsikl. Soedin., 1033 (2008). [Chem. 

Heterocycl. Comp., 44, 828 (2008)]. 
  8. M. Ramesh and P. Shanmugam, Indian J. Chem., 24B, 602 (1985). 
  9. I. V. Ukrainets, A. A. Davidenko, E. V. Mospanova, L. V. Sidorenko, and E. N. Svechnikova, Khim. 

Geterotsikl. Soedin., 706 (2010). [Chem. Heterocycl. Comp., 46, 559 (2010)]. 
10. I. V. Ukrainets, S. V. Shishkina, O. V. Shishkin, A. A. Davidenko, and A. A. Tkach, Acta Crystallogr., 

E65, o968 (2009). 
11. S. V. Shishkina, O. V. Shishkin, I. V. Ukrainets, Abdel Naser Dakkah, and L. V. Sidorenko, Acta 

Crystallogr., E58, o254 (2002). 
12. I. V. Ukrainets, N. L. Bereznyakova, and S. V. Shishkina, Khim. Geterotsikl. Soedin., 1359 (2007). 

[Chem. Heterocycl. Comp., 43, 1154 (2007)]. 
13. Yu. V. Zefirov, Kristallografiya, 42, 936 (1997). 
14. H.-B. Burgi and J. D. Dunitz, Structure Correlation, Vol. 2, VCH, Weinheim (1994), p. 741. 
15. L. Jurd, M. Benson, and R. Y. Wong, Aust. J. Chem., 36, 759 (1983). 
16. 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)]. 
17. S. M. Drogovoz, I. A. Zupanets, M. A. Mochort, L. V. Yakovleva, and B. M. Klebanov, in: 

O. V. Stefanov (editor), Preklinical Investigation of Medicinal Remedies: Methodical Recomendations  
[in Ukrainian], Avicenna, Kiev (2001), p. 292. 

18. A. Albert and E. Sergeant, Ionization Constants of Acids and Bases [Russian translation], Khimiya, 
Moscow (1964). 

19. E. N. L'vovskii, Statistical Methods for Deriving Empirical Formulae [in Russian], Moscow University 
(1988), p. 41. 

20. 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). 

21 S. N. Lapach, A. V. Chubenko, and P. N. Babich, Statistical Methods in Medicobiological Research 
with the use of Excel [in Russian], Morion, Kiev (2000). 

22. G. F. Lakin, Biometry [in Russian], Vysshaya Shkola, Moscow (1990). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
956 


	Keywords: 4-hydroxy-2-oxo-1,2-dihydroquinolin-3-ylacetic acids, amidation, anti-inflammatory activity, X-ray analysis, esterification.
	EXPERIMENTAL
	REFERENCES


<<
  /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 /Error
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


