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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 (DL,,=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 COOCH,-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 an intense band corresponding to stretching
vibrations of the ester group carbonyl has been interpreted
(Ve—o)- Inthe regions of 1282-1270 cm™ and 1155-1145 cm'!
there are stretching vibration bands of C-O-C- (v,
v, 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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Table 1
Physical and chemical properties of methyl esters of 6-nitro-N-phenylanthranilic acids
Com- R Yield, MpoC' Found, % Empirical Calculated, % Rf?
pound % - C N H formula C N H 1 2
4a H 81 | 158161 | 61.74 | 1032 | 438 | C,H,N,0, | 61.76 | 1029 | 444 | 062 | 068
4b | 2-cH, | 88 | 152-155 [ 62.91 | 9.83 | 501 | C.H,N,0, | 6293 | 979 | 493 | 051 | 0.60
4c | a-CH, | 89 | 167-169 | 62.87 | 975 | 488 | C.H,.N,0, | 6293 | 979 | 493 | 048 | 059
4d | 34-(CH,),| 85 | 182-184 | 6392| 937 | 533 | C HN,0, | 6299 | 933 | 537 | 044 | 050
4e | 4-O0CH, | 84 | 105-107 [ 59.63 | 934 | 461 | C.H,N,0, | 59.60 | 927 | 467 | 045 | 049
4f | 4-0CH, | 85 | 152-154 | 60.76 | 891 | 5.05 | C,;H,N,O. | 60.75 | 886 | 5.10 | 0.42 -
49 | 4-OCH, | 77 | 157-159 | 61.78 | 854 | 547 | C,H,.N,0. | 61.81 | 848 | 549 | 040 -
4h 4-Cl 79 | 162-164 | 54.88 | 915 | 361 |C,H,CIN,O,| 5483 | 913 | 365 | 038 | 043
4 4-Br 80 | 170-173 | 47.85 | 8.02 | 3.12 |C,H,BrN,O,| 4728 | 798 | 3.16 | 033 | 0.39

Notes: ' 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- IR-spectra, absorption maxima, v (cm™) NMR-spectra, chemical shifts, & (ppm)
acid acid alcohol o NH CH CH COOCH
d . . A% 3 2 3
poun VNH VC:O VC:O VL*O VL*U NO, vC—Ph 5NH (1 H, S) (3H, S) (2H, k) (3H, S) Ar H
4a 3340|1685 | 1705 | 1280 | 1152 % 1598 | 1572 | 7.62 - - 4.01 6.88-7.46 (8H, m)
4b 3328 | 1670 | 1698 | 1275 | 1145 % 1600 | 1576 | 7.44 2.08 - 4.05 6.86-7.38 (7H, m)
4c 3338 | 1675|1720 | 1272 | 1148 % 1602 | 1578 | 7.55 2.30 - 3.98 6.92-7.45 (7H, m)
1535 2.15
4d 3334|1668 | 1712 | 1270 | 1145 | .=~ | 1596 | 1570 | 7.64 - 415 6.59-7.55 (6H, m)
1348 2.25
4e | 3344|1682 | 1722 | 1278 | 1156 %7) 1602 | 1578 | 7.56 | 365 | - 403 | 6.80-7.40 (7H, m)
4f 3346 | 1684 | 1725|1282 | 1164 % 1604 | 1582 | 7.57 1.38 3.44 4.02 6.88-7.44 (7H, m)
1530
49 3345|1686 | 1728 | 1280 | 1166 1354 1605 | 1584 - - - - -
1538
4h 3322|1678 | 1714 | 1278 | 1158 133 1600 | 1575 - - - - -
4i |3326|1676 | 1716 | 1274 | 1160 % 1508 | 1576 | 7.62 | - - 395 | 6.75-7.41 (7H, m)
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Table 3
Pharmacological activities of methyl esters of 6-nitro-N-phenylanthranilic acids
° 2 e v Bacteriostatic, Fungistatic,
25| S é g MIC, ug/ml MIC, ug/ml
§E| Lolewo > @
< —| « - W 2
5 8 i —\‘C 5 —{ al S U 9 = “vooo S un S
ES | €2 |c25|8Y | S| S |2Sx| S| 8 DLy, mg/kg
Compound £ 8 E|SEC SEm €3 | s | S®| S5 Qo intragastri-
c ¥ LO |0 DU AN| 7o =R | E=R| T =5 Iy (i .
<= 3 IS 1505189 au S S NS l cally (in mice)
£0 06 |[EoS|2aN| 20 SO |S2Y| 8u | =
s | o I < Sk | SE |23k SU | S
c < © 3 9|S5S S 3<T | o< S e S
< < é [a)] gl @ i ()} O
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 0 294 112 125 250 250 125 125 125 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 -
49 0 0 201 125 250 125 250 250 250 2000
4h 314 338 184 31.2 250 31.2 125 125 125 2500
4 32.3 34.3 162 31.2 250 31.2 125 125 125 2500
Diclofenac
(DE..~8 ma/ka) 375 - - - - - - - - 360
Mefenamic acid in the
dose of 100 mg/kg 30 B B B B B B B B 628
Metamizole sodium
(DE..=55 ma/kg) - 52.0 - - - - - - - 1197
Hydrochlorothiazide in
the dose of 50 mg/kg - B 212 - - B B B - 320
Ethacridine - - - 31.2 15.6 31.2 62.5 - - -
Phthalylsulfathiazole - - - 7.8 7.8 250 - - - -
Nitrofural - - - - - - - 64 64 -

rogroup in the spectrograms appear in the regions of
1540-1528 cm™ (Vy,,) and 1357-1328 cm! (V,,,). Defor-
mation vibrations of NH-group (J,,,) are presented in the
spectrograms by peak in the region of 1584-1570 cm!
(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
DL,, 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,

41) 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 00f 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 pg/ml (Tab. 3).
Esters (4h, 41), 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 pg/ml). The fungistatic activity of methyl
esters of 6-nitro-N-PAA (4a-i) is 31.2-500 pg/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 KBr tab-
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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-d, 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-1) 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-1) 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-1) 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.

0-pa ¢papmay. nayk: 15.00.02. — X., 2008. — 357 c.
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CUHTE3, BYAOBA TA OOCNIMKEHHA ®APMAKOJOINYHOI AKTUBHOCTI METUNOBUX
ECTEPIB 6-HITPO-N-®EHIJTAHTPAHIITOBUX KUCIOT

C.lIcaes, .O.€EpbomiHa, T.B.XKykoea, T.M.Kproukoea, I".I1.>KecyHoea

Knrouoei cnoea: cuHmes; memuriosi ecmepu 6-Himpo-N-gbeHinaHmpaHinosux Kucrnom;
ghapmakornoziyHa akmugHicme

[oxidHi N-gbeHinaHmpaHinosux KUCIOm WUPOKO 8UKOPUCMOBYoMbCS 8 MEOUYHIU rpakmuuj. [1podoexyrodu
rnowyk Hosux 6iofi02iYHO akmuBHUX CroslyK cepeld rnoxiOHUX aHMpPaHifIoeoi Kuciomu, Mu npoeenu
pobomy w000 po3pobku memodie cuHmMesy ma ekcriepumMeHmarsbHUX A0CiOXXeHb Memusioeux ec-
mepig 6-Himpo-N-gbeHinaHmpaHinosux Kucriom Orsi 8UBYEHHS ix 6ionoeiyHoi akmugHocmi. CuHme3s

memurosux ecmepig 6-Himpo-N-gberinaHmpaninosux kucrom 6ys 30iticHeHul Ha kagheOpi MeOUYHOI

ximiit H®ay. bydosgy 9 cuHmesosaHux criosnyk rnidmeepoxeHo 0aHUMU efleMeHmMHo20 aHanisy, 14-,
FMP-cnekmpis. Yucmomy koHmposoganu MemodoM MOHKOWapoeoi xpomamoepadii. bionoaiyHul
CKPUHiH2 HosuX criofnyk rnpoeedeHuli Ha kaghedpi mikpobionoeii, sipyconoeii ma imyHomnozii H®ay.
BcmaHosneHo, wo cuHmeso8aHi peqyosuHU nposiensome rpomu3ananbHy, aHaneemuydHy, diype-
muyHy, aHmudiypemuyHy, 6akmepiocmamuyHy, hyHaicmamuyHy akmueHicmb. 3a Knacugikayieto
K.K.Cudoposa cuHme3osaHi ecmepu npu 8HymMpiWHbOWITyHKOBOMY 88€0€eHHI 8i0HOCAMbCST 00 Kia-
cy manomokcuydHux cronyk (DL;,=1200-2500 me/ke). BcmaHosneHi desiki 3aKOHOMIPHOCMI 38 513Ky
«cmpykmypa — 6iorio2idyHa akmueHICMb — MOKCUYHICMb».

CUHTE3, CTPOEHUE U UCCNEOOBAHUE ®APMAKONOMMYECKOM AKTUBHOCTHU
METUNOBbIX 3CTEPOB 6-HUTPO-N-®EHUNAHTPAHUIOBbLIX KUCINOT

C.lUcaes, A.A.EpemuHa, T.B.XKykoea, T.H.Kproukoea, I'.[1.X)KecyHoea

Knroveenle crnioea: cuHmes; Memursiosbie acmepbi 6-HUMpo-N-gbeHunaHmpaHuI08bIX KUC/I0M;
ghapmakonoauyeckasi akmueHOCMb

[pou3sodHbie N-gbeHunaHmMpaHuIo8bIX KUC/IOM WUPOKO UCMOMb3Yomcst 8 MeOUUUHCKOU MpaKmuke.
lNpodormkast Mouck Ho8bix bUOI02UYECKU aKMUBHbIX 8elecms cpedu nMpou38o0HbIX aHMpPaHuUI08ol
Kucromsl, Mbl fiposesniu pabomy rno paspabomke Memodo8 cuHmesa u 3KcriepuMeHmarbHO20 UcC-
crnedogaHuUsi Memuriosbix 3¢hupos 6-Humpo-N-geHunaHmpaHunoesix kucaom. CuHme3 Memusiogbix
aghupos 6-Humpo-N-gbeHunaHmpaHusioebix Kucraom bbin ocyuecmerneH Ha kagpedpe mMeduyuHcKol
xumuu H®ay. CmpoeHue 9 cuHme3uposaHHbIX 8ewecms nodmeepK0eHo 0aHHbIMU 311IEMEHMHO20
aHanusa, VK-, IMP-cnekmpos. Yucmomy KoHmpornuposasu MemoOOM MOHKOCIOUHOU XpomMamo-
epaghuu. buonoauyeckuli CKpUHUH2 HOBbIX coeduHeHULl nposedeH Ha Kaghedpe Mukpobuoroauu, 8u-
pyconoauu u uMmMmyHonoauu H®ay. YecmaHoeneHo, ymo cuHme3uposaHHble eeuiecmea rnposiensiom
rpomueosocnanumesibHyt0, aHarbeemuyeckyto, OUypemu4ecKyro, aHmuouypemudyeckyto, bakmepuo-
cmamud4eckyro U gbyHaucmamudeckyto akmusHocms. 1o knaccugpukayuu K.K.Cudoposa cuHmesu-
po8aHHbIe acmepbi rpPU 8HYMpPUXXer1yO04YHOM 88e0eHUU OMHOCSIMCS K Ki1acCy MaslomoOKCUYHbIX CO-
eduHeHul (DL,,=1200-2500 me/ke). BbisierieHbl HEKOMOpPbIe 3aKOHOMEePHOCMU C853U «CmpyKmypa —
buornoeuveckast akmueHOCMb — MOKCUYHOCMb».



