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Analysis of scientific and patent literature shows the promising results of searching biologically active 
compounds among derivatives of aromatic aminoacids. For many years at the Medical Chemistry 
department of the National University of Pharmacy the research has been conducted in the field of 
development of synthetic methods and study of physico-chemical and pharmacological properties of 
aromatic acids, in particular, N-phenylanthranilic acids and products of their transformation in order to 
search active and harmless medicines. The synthesis of methyl esters of 6-nitro-N-phenylanthranilic 
acids has been carried out by Fisher esterification in the absolute methanol medium in the presence 
of concentrated sulfuric acid. Substituted 6-nitro-N-phenylanthranilic acids have been obtained by 
Ullmann reaction by the interaction of 6-nitro-2-chlorobenzoic acids with arylamines and by arylation 
of 6-nitro-N-phenylanthranilic acids by halogenobenzenes derivatives in the medium of n-amylalcohol, 
in the medium of dimethylformamide, without a solvent in the presence of copper or CuO. The structure 
of the compounds has been confirmed by elemental analysis, IR- and NMR-spectroscopy. The purity 
has been controlled by the method of thin-layer chromatography in methanol-hexane (1:1.5) and  
ethylacetate-methanol-ammonia (8.5:1:0.5). The computer prognosis of possible types of the biological 
activity of 9 methyl esters of 6-nitro-N-phenylanthranilic acids synthesized for the first time has been 
conducted with the help of PASS programme. It has been found experimentally that the substances 
synthesized possess the anti-inflammatory, analgesic, diuretic, bacteriostatic, fungistatic and antidiuretic 
activities. According to the classification by K.K.Sydorov the compounds synthesized when introduced 
intragastrically belong to low toxic compounds (DL50=1200-2500 mg/kg). Some regularities of the 
“structure – biological activity – toxicity” relationship have been determined.

Derivatives of N-phenylanthranilic acids (N-PAA) 
are used in medicine as nonsteroidal anti-inflammatory 
drugs. Some of them have proven to be the most effec-
tive by the nonspecific action, and do not cause degra- 
dation of glycosaminoglycans and collagen in joints [7, 
14, 15]. Long-term studies in the field of the series of  
N-arylanthranilic acids and their derivatives by re-
searchers have led to the creation of effective medicines 
(mefenamic acid and its alkali salt, antral, diphtorant), 
which are widely applied in medical practice as anti-
inflammatory, hepatoprotective and antipsoriatic medi-
cines [7, 8]. Data of the research of domestic and foreign 
scientists indicate that derivatives of N-phenylanthranilic 
acids have a wide synthetic and pharmacological poten-
tal [2-4, 6, 8, 10-15]. These circumstances determined 
to synthesize methyl esters 6-nitro-N-phenylanthranilic 
acids and study their biological activity. 

Substituted 6-nitro-N-PAA (3) have been obtained 
by Ullmann reaction by the interaction of 6-nitro-2- 
chlorobenzoic acid (1) with arylamines (Method 1) and 
by arylation of 6-nitro-N-phenylanthranilic acids (2) by 
halogenobenzenes derivatives (Method 2) in the me-
dium of n-amylalcohol, in the medium of dimethylfor-
mamide, without a solvent in the presence of copper or 
copper (II) oxide [6, 8] (Scheme).

The synthesis of methyl esters of 6-nitro-N-PAA 
(4a-i) has been carried out by Fisher esterification in the 

medium of the absolute methanol in the presence of the 
concentrated sulfuric acid (Scheme).

The structure and identity of methyl esters of 6-nit- 
ro-N-PAA (4a-i) have been confirmed by elemental, IR- 
and NMR-spectroscopy, chromatographic analysis and 
qualitative reactions (Tab. 1, 2).

In the NMR-spectra of esters the signals of aro-
matic protons in the range of 6.59-7.55 ppm have been 
identified. The proton signal of the secondary amino-
group appears as a broad singlet in the region of 7.44-
7.64 ppm. The characteristic signal of methyl esters is 
the signal of COOCH3-group, which is registered in the 
range of 3.95-4.15 ppm (Tab. 2).

IR-spectra of methyl esters of 6-nitro-N-PAA are 
characterized by a number of intense bands, which cor-
respond to the main structural fragments of molecules 
of the substances synthesized. In the region of 1728-
1698 cm-1 an intense band corresponding to stretching 
vibrations of the ester group carbonyl has been interpreted  
(vC=O). In the regions of 1282-1270 cm-1 and 1155-1145 cm-1  
there are stretching vibration bands of C-O-C- ( ,  

), respectively. The first band refers to the stretching 
vibration of C-O-C – group, to which the main contri-
bution is made by fluctuations of the acidic fragment of 
the molecule, the main contribution to the second band  
vibrations is made by the alcoholic fragment of the mo- 
lecule. Symmetric and asymmetric vibrations of the nit- 
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Scheme

Table 1
Physical and chemical properties of methyl esters of 6-nitro-N-phenylanthranilic acids

Com- 
pound R Yield, 

% M.p.оС1 Found, % Empirical 
formula

Calculated, % Rf2

С N Н С N Н 1 2
4a Н 81 158-161 61.74 10.32 4.38 C14H12N2O4 61.76 10.29 4.44 0.62 0.68
4b 2’-СН3 88 152-155 62.91 9.83 5.01 C15H14N2O4 62.93 9.79 4.93 0.51 0.60
4c 4’-СН3 89 167-169 62.87 9.75 4.88 C15H14N2O4 62.93 9.79 4.93 0.48 0.59
4d 3’,4’-(СН3)2 85 182-184 63.92 9.37 5.33 C16H16N2O4 62.99 9.33 5.37 0.44 0.50
4e 4’-ОСН3 84 105-107 59.63 9.34 4.61 C15H14N2O5 59.60 9.27 4.67 0.45 0.49
4f 4’-ОС2Н5 85 152-154 60.76 8.91 5.05 C16H16N2O5 60.75 8.86 5.10 0.42 -
4g 4’-ОС3Н7 77 157-159 61.78 8.54 5.47 C17H18N2O5 61.81 8.48 5.49 0.40 -
4h 4’-Сl 79 162-164 54.88 9.15 3.61 C14H11СlN2O4 54.83 9.13 3.65 0.38 0.43
4i 4’-Br 80 170-173 47.85 8.02 3.12 C14H11BrN2O4 47.28 7.98 3.16 0.33 0.39

Notes: 1 Compounds 4a-i were recrystallized from methanol. 2 Rf values are given in the solvent systems: 1 – methanol-hexane (1:1,5);  
2 – ethylacetate-methanol-ammonia (8,5:1:0,5).

Table 2
Data of IR- and NMR-spectra of methyl esters of 6-nitro-N-phenylanthranilic acids

Com- 
pound

IR-spectra, absorption maxima, ν (cm-1) NMR-spectra, chemical shifts, δ (ppm)

vNH vC=O vC – Ph δNH
NН 

(1H, s)
СН3 

(3H, s)
CH2 

(2H, k)
COOCH3

(3H, s) Ar H

4a 3340 1685 1705 1280 1152 1536
1350 1598 1572 7.62 – – 4.01 6.88-7.46 (8H, m)

4b 3328 1670 1698 1275 1145 1533
1340 1600 1576 7.44 2.08 – 4.05 6.86-7.38 (7H, m)

4c 3338 1675 1720 1272 1148 1537
1352 1602 1578 7.55 2.30 – 3.98 6.92-7.45 (7H, m)

4d 3334 1668 1712 1270 1145 1535
1348 1596 1570 7.64 2.15

2.25 – 4.15 6.59-7.55 (6H, m)

4e 3344 1682 1722 1278 1156 1540
1357 1602 1578 7.56 3.65 – 4.03 6.80-7.40 (7H, m)

4f 3346 1684 1725 1282 1164 1528
1352 1604 1582 7.57 1.38 3.44 4.02 6.88-7.44 (7H, m)

4g 3345 1686 1728 1280 1166 1530
1354 1605 1584 – – – – –

4h 3322 1678 1714 1278 1158 1538
1332 1600 1575 – – – – –

4i 3326 1676 1716 1274 1160 1534
1328 1598 1576 7.62 – – 3.95 6.75-7.41 (7H, m)
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rogroup in the spectrograms appear in the regions of  
1540-1528 cm-1 ( ) and 1357-1328 cm-1 ( ). Defor-
mation vibrations of NH-group (δNH) are presented in the 
spectrograms by peak in the region of 1584-1570 cm-1  
(Tab. 2).

Using the PASS programme the analysis of the com-
puter prognosis results shows that 6-nitro-N-PAA (4a-i)  
methyl esters synthesized for the first time are most like-
ly to reveal the anti-inflammatory, antitumor, diuretic, 
bacteriostatic, fungistatic activity.

According to Sydorov K.K. classification, methyl 
esters belong to the class of low toxic substances, their 
DL50 with the internal administration in mice is within 
the range of 1200-2500 mg/kg (Tab. 3). As expected, 
methyl esters are more toxic than initial acids [6]. 

Among the esters of 6-nitro-N-PAA (Tab. 3) the stron-
gest diuretic activity is revealed by compound (4g), but 
it is inferior to hypothiazide. It has been found that the  
carboxyl group esterification in 6-nitro-N-PAA (4a-i) leads  
to decrease of the diuretic, analgesic, anti-inflammato- 
ry effect and increase of acute toxicity. Compounds (4b,  
4e) possess the antidiuretic activity, but they are inferior 
to adiurecrine (65%). The pharmacological screening on  
the anti-inflammatory and analgesic activity (Tab. 3) in  
the dose of 20 mg/kg has revealed the substances (4h, 

4i) with the anti-exudative effect at the level of mefe-
namic acid (30%). It should be noted that methyl esters 
of 6-nitro-N-PAA (4a-i) are less active than initial acids  
(3). The anti-inflammatory activity of N-PAA esters and 
their derivatives (4a-i) is shown to be in close connec- 
tion with their structure; by the anti-exudative action they  
can be ranged in the following way: D-glucosylammo-
nium salts o0f N-PAA > acids > methyl esters. The mi-
crobiological research shows that the substances synthe- 
sized inhibit the growth of Staphylococcus aureus, Ba-
cillus subtilis, Escherichia coli, Pseudomonas aeurugi-
nosa in the concentrations of 31.2-500 µg/ml (Tab. 3).  
Esters (4h, 4i), which contain covalently bound chlo-
rine and bromine in their structure in the neoanthranilic 
fragment of the molecule, reveal the most expressed 
bacteriostatic activity. These substances inhibit Staphy-
lococcus aureus and Escherichia coli more selectively 
(MIC=31.2 µg/ml). The fungistatic activity of methyl 
esters of 6-nitro-N-PAA (4a-i) is 31.2-500 µg/ml in re- 
lation to Candida albicans and Candida tropicalis. Com- 
pounds (4h, 4i) exceed twice the effect of nitrofural by 
their fungistatic activity (Tab. 3) and are less toxic.

Experimental Part
IR-spectra of the substances synthesized were measu- 

red on a “Specord M-80” spectrophotometer in КВr tab- 

Table 3
Pharmacological activities of methyl esters of 6-nitro-N-phenylanthranilic acids
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4a 9.8 15.3 108 125 125 125 250 125 500 –
4b 9.2 9.3 82 125 250 125 250 250 125 1200
4c 0 29.4 112 125 250 250 125 125 125 1500
4d 19.5 29.2 140 62.5 125 62.5 250 250 125 1800
4e 14.3 0 72 125 250 125 125 125 125 –
4f 0 15.2 152 125 500 125 125 125 500 –
4g 0 0 201 125 250 125 250 250 250 2000
4h 31.4 33.8 184 31.2 250 31.2 125 125 125 2500
4i 32.3 34.3 162 31.2 250 31.2 125 125 125 2500

Diclofenac 
(DE50=8 mg/kg) 37.5 – – – – – – – – 360

Mefenamic acid in the 
dose of 100 mg/kg 30 – – – – – – – – 628

Metamizole sodium 
(DE50=55 mg/kg) – 52.0 – – – – – – – 1197

Hydrochlorothiazide in 
the dose of 50 mg/kg – – 212 – – – – – – 320

Ethacridine – – – 31.2 15.6 31.2 62.5 – – –
Phthalylsulfathiazole – – – 7.8 7.8 250 – – – –
Nitrofural – – – – – – – 64 64 –
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lets (with the concentration of 1%). The chromatographic  
analysis was performed by the method of thin-layer 
chromatography on “Silufol UV-254” plates produced by 
“Avalier” firm (Czech Republic); chromatograms were  
developed by iodine vapours or using UV-radiation. The 
NMR-spectra were registered on a “Varian M-200” spect- 
rophotometer with the operation frequency of 200 MHz,  
DMSO-d6 as a solvent and TMS as an internal standard 
were used.

Methyl ester of 6-nitro-N-phenylanthranilic acid 
(4a). Heat the mixture of 2.58 g (0.01 mol) of 6-nitro-
N-phenylanthranilic acid, 0.75 ml of the concentrated 
sulfuric acid in 30 ml of absolute methanol with a reflux 
condencer for 5 hours. After cooling pour the reaction 
mixture into water and neutralize by sodium hydro-
carbonate. Filter the precipitate and dry. The product’s 
yield was 2.20 g (81%). Compounds 4b-i were obtained 
similarly.

To reveal the anti-inflammatory activity of new com-
pounds their ability to inhibit edema development in 
acute inflammation caused by carrageenin subplantary 
injection in the mouse paw was researched [5]. The com-
pounds examined were taken orally as a suspension sta-
bilized by emulsifier Tween-80 in the dose of 20 mg/kg  
of the animal’s body mass. The analgesic action of sub- 
stances (4a-i) was studied in white rats (weighing 160- 
200 g) using the acetic acid-induced writhing test in the  

dose of 20 mg/kg [5]. The diuretic effect of N-PAA esters  
(4a-i) was studied by Berkhin Ye.B. method [1]. The sub- 
stances under research and the reference medicine (hyd- 
rochlorothiazide) were injected intraperitoneally 30 min  
before the water load in the dose of 50 mg/kg (Tab. 3). 
The study of the bacteriostatic and fungistatic activity 
of substances (4a-i) in vitro was performed by the two-
fold serial dilution method in the liquid nutrient medium. 

Acute toxicity of the substances synthesized was stu- 
died in white mice when introduced intragastrically [5].

The PASS programme was used for computer prog-
nosis of the biochemical activity of 6-nitro-N-PAA me-
thyl esters [10].

CONCLUSIONS
1. To search biologically active substances the syn-

thesis of 6-nitro-N-phenylanthranilic acids methyl esters 
has been done, and their structure and purity has been 
studied.

2. Using the PASS programme computer prognosis 
of possible types of the biological activity has been con-
ducted. It has been found experimentally that the sub-
stances synthesized possess a moderate anti-inflamma-
tory, analgesic, diuretic, antidiuretic, bacteriostatic and 
fungistatic antidiuretic activities. Some regularities of 
the “structure – biological activity – toxicity” relation-
ship among the N-phenylanthranilic acid derivatives have 
been determined.

REFERENCES

1. Берхин Е.Б. // Хим.-фармац. журн. – 1977. – Т. 11, №5. – С. 3-11.
2. Девяткина А.А., Исаев С.Г., Бризицкий А.А., Яременко В.Д. // Матер. 5-й Междунар. науч. конф. «Фарм. 

образование 2013». – Воронеж, 2013. – С. 279-284.
3. Девяткіна А.О., Ісаєв С.Г., Жегунова Г.П., Яременко В.Д. // Укр. журн. клін. лаб. мед. – 2013. – Т. 8, 

№1. – С. 238-243.
4. Доклінічні дослідження лікарських засобів: метод. рекоменд. / За ред. О.В.Стефанова. – К.: Авіценна, 

2001. – 528 с.
5. Ісаєв С.Г. Синтез, реакційна здатність і біологічна активність похідних орто-галогенoбензойних, аро-

матичних амінокислот та акридину: дис. … д-ра фармац. наук: 15.00.02. – Х., 2008. – 357 с.
6. Машковский В.Д. Лекарственные средства. – 16-е изд., испр. и доп. – М.: Новая волна, 2012. – 1216 с.
7. Пат. 91422 Україна, МПК С 07 С 229/58, А 61 К 31/196, А 61 Р 29/00, А 61 Р 31/10. 3-Нітро-N-(3’-ніт- 

рофеніл)антранілова кислота, що проявляє протизапальну, аналгетичну, діуретичну та протигрибкову 
активність / С.Г.Ісаєв, І.А.Зупанець, О.А.Бризицький та ін. – Заявка №200813252. – Заявл.: 17.11.2008. 
Опубл.: 26.10.2010. – Бюл. №14.

8. Alferova D.O., Gritsenko I.S., Isaev S.G. // Харбашиси (Kazakhstan). – 2013. – №1 (62). – Р. 214-219. 
9. Anzali S., Barnickel G., Cezanne B. et al. // J. Med. Chem. – 2001. – №4 (15). – Р. 2432-2437.
10. Chikina E.L., Isaev S.G., Svechnikova E.N. / Proceedings of the IVTN – 2004 Computer application in scientific 

researches IVTN – 2004. – P. 31.
11. Isaev S.G., Svechnikova O.M., Devyatkina A.O., Zhukova T.V. // News of Pharmacy. – 2013. – №4 (76). –  

P. 15-18.
12. Isaev S.G., Svechnikova O.M., Devyatkina A.O. et al. // News of Pharmacy. – 2013. – №2 (74). – P. 45-48.
13. Gwanyanya A., Macianskiene R., Bito V. et al. // Biochem. and Biophys. Res. Communications. – 2010. –  

Vol. 402, issue 3. – P. 531-536.
14. Simons L., Caprathe B., Callahan M. et al. // Bioorg. Med. Chemistry Lett. – 2009. – Vol. 19, issue 3. – P. 654-657.



NEWS OF PHARMACY 2(78)2014 33ISSN 1562-7241

СИНТЕЗ, БУДОВА ТА ДОСЛІДЖЕННЯ ФАРМАКОЛОГІЧНОЇ АКТИВНОСТІ МЕТИЛОВИХ 
ЕСТЕРІВ 6-НІТРО-N-ФЕНІЛАНТРАНІЛОВИХ КИСЛОТ
С.Г.Ісаєв, Г.О.Єрьоміна, Т.В.Жукова, Т.М.Крючкова, Г.П.Жегунова
Ключові слова: синтез; метилові естери 6-нітро-N-фенілантранілових кислот; 
фармакологічна активність
Похідні N-фенілантранілових кислот широко використовуються в медичній практиці. Продовжуючи 
пошук нових біологічно активних сполук серед похідних антранілової кислоти, ми провели 
роботу щодо розробки методів синтезу та експериментальних досліджень метилових ес-
терів 6-нітро-N-фенілантранілових кислот для вивчення їх біологічної активності. Синтез 
метилових естерів 6-нітро-N-фенілантранілових кислот був здійснений на кафедрі медичної 
хімії НФаУ. Будову 9 синтезованих сполук підтверджено даними елементного аналізу, ІЧ-, 
ПМР-спектрів. Чистоту контролювали методом тонкошарової хроматографії. Біологічний 
скринінг нових сполук проведений на кафедрі мікробіології, вірусології та імунології НФаУ. 
Встановлено, що синтезовані речовини проявляють протизапальну, аналгетичну, діуре-
тичну, антидіуретичну, бактеріостатичну, фунгістатичну активність. За класифікацією 
К.К.Сидорова синтезовані естери при внутрішньошлунковому введенні відносяться до кла-
су малотоксичних сполук (DL50=1200-2500 мг/кг). Встановлені деякі закономірності зв’язку 
«структура – біологічна активність – токсичність». 

СИНТЕЗ, СТРОЕНИЕ И ИССЛЕДОВАНИЕ ФАРМАКОЛОГИЧЕСКОЙ АКТИВНОСТИ 
МЕТИЛОВЫХ ЭСТЕРОВ 6-НИТРО-N-ФЕНИЛАНТРАНИЛОВЫХ КИСЛОТ
С.Г.Исаев, А.А.Еремина, Т.В.Жукова, Т.Н.Крючкова, Г.П.Жегунова
Ключевые слова: синтез; метиловые эстеры 6-нитро-N-фенилантраниловых кислот; 
фармакологическая активность
Производные N-фенилантраниловых кислот широко используются в медицинской практике. 
Продолжая поиск новых биологически активных веществ среди производных антраниловой 
кислоты, мы провели работу по разработке методов синтеза и экспериментального ис-
следования метиловых эфиров 6-нитро-N-фенилантраниловых кислот. Синтез метиловых 
эфиров 6-нитро-N-фенилантраниловых кислот был осуществлен на кафедре медицинской 
химии НФаУ. Строение 9 синтезированных веществ подтверждено данными элементного 
анализа, ИК-, ПМР-спектров. Чистоту контролировали методом тонкослойной хромато-
графии. Биологический скрининг новых соединений проведен на кафедре микробиологии, ви-
русологии и иммунологии НФаУ. Установлено, что синтезированные вещества проявляют 
противовоспалительную, анальгетическую, диуретическую, антидиуретическую, бактерио- 
статическую и фунгистатическую активность. По классификации К.К.Сидорова синтези-
рованные эстеры при внутрижелудочном введении относятся к классу малотоксичных со-
единений (DL50=1200-2500 мг/кг). Выявлены некоторые закономерности связи «структура –  
биологическая активность – токсичность».


