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REACTIVITY OF PHENYLANTHRANILIC ACIDS DERIVATIVES.
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The alternative ways of synthesis of new 4,5-dymethoxy-N-(2 -carboxyphenyl)anthranilic acids have been con-
sidered nad new ways for their obtaining have been suggested. The structure of the compounds synthesized
has been proven by the elemental analysis, IR- and NMR-spectroscopy. The purity has been controlled by the
method of thin-layer chromatography. The reactivity of 4,5-dymethoxy-N-(2 -carboxyphenyl)anthranilic acids has
been researched by studying the acid-base properties in the binary solvent of dioxane-water (60 vol% of dioxa-
ne). It has been found that the substances synthesized are dibasic subacids, which strength depends upon the
nature and position of substituents. The quantitative assessment of the influence of substituents on two reactive
centres of the acids synthesized has been carried out by the method of correlative analysis according to the
Gamete equation. It has been proven that the reactive centres sensitivity is substantially different and dependent
on the substituent distance. In addition, appearance of another reactive centre does not practically influence on
sensitivity of the first one. It has been determined that the substances synthesized reveal the anti-inflammatory,
analgesic, diuretic, bacteriostatic, and fungistatic effects. According to the classification by K.K. Sydorov the
substances synthesized when introducing intragastrically belong to low-toxic compounds (DL;,>3000 mg/kg).

PEAKLJIMHA 30ATHICTb MTOXIQHUX N-®EHITAHTPAHIIOBUX KUCJIOT. XXiil. CAHTE3 TA KNCJIOTHO-OCHOB-
HI BIACTUBOCTI 4,5-QUMETOKCU-N-(2"-KAPEOKCU®EHIJAHTPAHIJIOBUX KNCJ1IOT

C.lIcaee, O.M.CseyHikoea, A.O.[JeessmkiHa, T.A.KocmiHa, T.H.Cessmcbka

Knrouoei cnoea: cuHmes; peakmugHicms; N-gbeHinaHmpaHinosa Kucrioma

Po3sanisiHymi anbmepHamueHi eapiaHmu cuHme3sy Hosux 4,5-0umemokcu-N-(2 -kapbokcugbeHin)aHmpaHinosux
Kucrom ma 3arporoHo8aHi Hosi criocobu ix odepxaHHs. bydosy cuHmesosaHux pe4yoguH 0oeedeHo daHuMuU
enemeHmHoeo aHanisy, I14- ma NMP-cnekmpockonii. Yucmomy koHmporsntosanu MemodoM MOHKOWapOosoi Xpo-
Mamoepadbii. [ocnioxeHo peakuitiHy 30amHicmb 3amiweHux N-(2°-kapbokcugbeHin)aHmpaHinogux Kucom wiisi-
XOM 8UBYEHHST KUCITIOMHO-OCHOBHUX griacmusocmel y 6iHapHoMy po34UHHUKY OiokcaH-800a (60 06% OiokcaHy).
BcmaHoeneHo, ujo cuHme308aHi pe4o8uHU € criabkumMu O800CHOBHUMU KUC/IOMaMu, cusia sIKux 3anexums eio
npupodu ma rosIoKeHHs1 3amicHUKie. Memodom KopernsyiliHo2o aHaridy rnpoeedeHo KinbKICHY OUiHKY ernniugy
3aMiCHUKi8 Ha 08a peaKkUiliHUX UeHmpu cUHmMe308aHux Kucrom 3a pieHsaHHAM [ammema. [JosedeHo, wjo yyminu-
sicmb peakuiliHUX yeHmpie cymmeso 8i0pi3HAembCsl ma 3anexums ei0 siddaneHocmi 3amicHukig. Mpu ybomy
rosisa Opye0e0 peakuiliHoeo UueHmpy nMpakmu4yHo He ernnusae Ha Yymueicmb nepwoeo. byno ecmaHoeneHo,
W0 CUHMe308aHi PEYO8UHU MPOSIBAIOMb Npomu3aanarsnbsHy, aHaneemuyHy, OiypemuyHy, bakmepiocmamuyHy
ma ¢pyHeicmamu4Hy akmusHicmb. 3a knacucpikauiero K.K.Cudoposa cuHmesogaHi pe4o8uHU rpu 8HymMpiluHbO-
wiIryHKo8oMYy 88e0eHHI Hanexame 00 Kriacy MarnomokcuyHux cronyk (d/1,,>3000 me/ke).

PEAKLINOHHAS CITOCOBHOCTb INMPOU3BOAHbIX N-®EHUITAHTPAHUJTIOBbLIX KUCJIOT. XXIll. CUHTE3
U KNCJIOTHO-OCHOBHBIE CBOACTBA 4,5-JUMETOKCU-N-(2-KAPEOKCU®EHWUIT AHTPAHUITIOBbIX KUCIIOT
C.lUcaes, E.H.Cee4yHukoea, A.A. [leesmkuHa, T.A.KocmuHa, T.M.Cessmckasi

Knroyeenle crioga: cuHme3s; peakmusHocme; N-ghbeHunaHmpaHunosas Kucroma

PaccmompeHsl anbmepHamueHble 8apuaHmbl CUHMe3a Hosbix 4,5-0umemokcu-N-(2°-kapbokcughbeHurn)aHmpaHu-
J108bIX KUCIIom U rnpedrioxeHbl Hogble criocobbl ux nomnydeHusi. CmpoeHuUe cuHmMe3uposaHHbIX seuwecms dokasa-
HO OaHHbIMU 351ieMeHmHoe0 aHanusa, UK- u NMMP-cnekmpockonuu. Yucmomy KoHmponuposanu mMemodoM IMOH-
KocroliHoU xpomamoepachbuu. MccriedoeaHa peakyUoHHasi criocobHocmb 3ameuleHHbIx N-(2 -kapbokcughbeHurn)-
aHmpaHu1080U KUCIomsl rymem U3y4yeHusi KUCITOMHO-OCHO8HbIX ceolicme 8 buHapHoM pacmeopumerie Ou-
okcaH-800a (60 06% OuokcaHa). YcmaHo8/eHo, 4mo CUHMe3uposaHHbIe sewecmasa s18somes crnabbimu 08yx-
OCHOBHbIMU KUC/I0mamu, cusia Komophbix 3asucum om npupodsl U rnonoxeHusi 3amecmumenel. Memodom kop-
PEeNAYUOHHO0 aHarnu3a rnpoesedeHo KOTUYECMBEHHY OUEHKY 8rusiHUsI 3amecmumereli Ha 08a peakUUOHHbIX
ueHmpa CUHMe3UpoB8aHHbIX KUC/I0M COoanacHo ypasHeHuto amMmema. [JokazaHo, Ymo 4ysecmeumernnsHOCMb
PeaKUUOHHbIX UeHMpOo8 CyWecmeeHHO omiu4daemcs u 3agucum om ydaneHHocmu 3amecmumened. [pu amom
rosigreHue 8mopo20 PeakuyUoOHHO20 UeHmpa rnpakmu4yecKku He eriusiem Ha 4ye8cmaeumesibHocmb nepgoeo. buiio
yCmaHo8/1eHO, YmMO CUHME3UpOo8aHHbIE 8eujecmea rposiensom MpomueosocnanumernbHyro, aHanbeemuye-
CKyto, Ouypemuyeckyto, bakmepuocmamuyeckyto u ghyHaucmamudeckyto akmusHocms. [1o knaccugbukayuu
K.K.Cudoposa cuHme3suposaHHbie geujecmea npu eHympuxenydodHoM egedeHuuU criedyem OmHOCUMb K Krac-
CYy MasomoKcu4HbIx coeduHeHul (H/15;,>3000 me/ka).

* Post XXII see [15]
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Analysis of the research data [1-11] indicates the
widespread use of derivatives of N-phenylanthranil-
ic acids in medicine, pharmacy, industry and various
fields of science. N-phenylanthranilic acids deriva-
tives have a wide synthetic and pharmacological po-
tential [1-3, 8-11]. The circumstances above caused
the necessity to carry out the synthesis of new 4,5-
dymethoxy-N-(2'-carboxyphenyl)anthranilic acids,
study of their reactivity and biological activity. It will
allow to optimize the search for new biologically ac-
tive compounds of this series and forecast their bio-
logical effect.

Substituted 4,5-dymethoxy-N-(2"-carboxyphenyl)
anthranilic acids have been obtained by the Ullmann
reaction by the interaction of 4,5-dymethoxy-chloro-
benzoic acids (1) with o-halogenbenzoic acid (me-
thod 1) and by arylation of 4,5-dymethoxyanthranilic
acid by o-halogenbenzoic acid (method 2) in the me-
dium of N-amylalcohol (method 1A, 2A), DMF (me-
thod 1B, 2B), without a solvent (method 1C, 2C) in
the presence of copper or copper (II) oxide [1-3].
The same as a counter synthesis of 4,5-dymethoxy-
N-(2’-carboxyphenyl)anthranilic acids (5) conden-
sation of N-acetyl-4,5-dymethoxyanthranilic acids (3)
with substituted o-halogenbenzene acid follow by
hydrolysis of N-acyd derivatives has been used (Me-
thod 3). In order to increase solubility of copper ions
in the aprotic low-polar phase to accelerate the ary-
lation reaction various solvent (Tween-80, sodium
salt of oleic acids, stearic acid) added to the reaction
mixture in the amount of 3-5 weight percent have
been used. The use of sodium oleate as a phase trans-

H;CO COOH HN
::1::::::1:: KzCC&}CU()
HsCO Cl

method 1

fer catalyst allows to accelerate 1,4 times the aryla-
tion reaction (Scheme 1).

The structure and identity of 4,5-dymethoxy-N-
(2’-carboxyphenyl) anthranilic acids have been con-
firmed by elemental analysis, IR-, NMR-spectrosco-
py, chromatographic analysis and qualitative reac-
tions (Table 1, 2, 3).

IR-spectra of 4,5-dymethoxy-N-(2"-carboxyphenyl)
anthranilic acids (5a-f) are characterized by a num-
ber of intense bands, which correspond to the main
structural fragments of molecules of the substances
synthesized, v, cm™: 3362-3258 (vy), 1709-1659 (v._,),
1591-1570 (8yy), 1235-1206 (v ). The strong bands of
nitrogroup v % no, 1523 cm™ and v ,, 1351-1350 cm™
are also characteristic for the spectra of compounds (5a-f).

In the NMR-spectra of acids (5a-f) signals of aro-
matic protons in the range of 6.50-7.90 ppm have been
identified. The proton signals of the secondary amino
group appear as a broad singlet in the region of 8.05-
11.18 ppm. The proton signals of the methoxy group
are one or two singlets at 3.60-3.80 ppm (Table 3).

As a continuation of a number of papers [4, 12-
19] related to the study of reactivity of biologically
active substituted N-phenylanthranilic acids, disso-
ciation of 4,5-dimetoxy-N-(2"-carboxyphenyl)anthra-
nilic acids (5a-f) has been examined according to the
equation.

Ionization constants of 4,5-dymethoxy-N-(2"-carb-
oxyphenyl)anthranilic acids have been determined
by potentiometric titration in the binary solvent of
dioxane-water (60 vol% of dioxane) at 25°C (Scheme 2)
[18, 19]. The given method allows to obtain concen-

=
Hal” Y H;CO COOH
COOH
KQ(:Ck’CU()
H;CO NH,
method 2 2
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N method 3
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Table 3
The proton chemical shift value of 4,5-dymethoxy-N-(2"-carboxyphenyl)anthranilic acids
H3;CO COOH
g R
H5CO NH
COOH
The chemical shifts (pph)
Compound R
COOH (TH, s) NH (TH,w.s) (OCH,), ArH
5a H 12.95 10.65 3.71 (6H,s) 6.80-7.85(6H,m)
5b 4"-Br 12.93 10.72 3.75 (6H,¢) 6.69-7.80(5H,m)
5c 5-Cl 12.90 10.80 3.80 (6H,s) 6.72-7.55(4H,m)
5d 6’-NO, 13.01 10.70 3.65 (6H,s) 6.88-7.90(5H,m)
s 3.72(3H,s)

5e 4°,6"-Br 12.98 8.05 3.60(3H.5) 6.50-7.30(5H,m)
5f 4°,6"-NO, 13.20 11.18 3.80 (6H,s) 7.10-8.70(5H,m)

tration of pKa only. However, 0.M.Svechnikova has
proven that these data do not differ practically from
thermodynamic pKa [20]. The results obtained are
presented in Table 2.

It has been found while pre-studying the titration
curves of compounds (1 a-f) obtained by the electro-
metric method that N-phenylantranilic acids under
research are dibasic subacids, ApKa (pKa(II) - pKa(I))
less than 4. It allowed to use the Noies’s method [21]
to calculate pKa.

Analysis of the structure of compounds of the iso-
structural series has demonstrated that dissociation
of 2’-carboxyphenylic radical is stronger comparing
with the ionogenic carboxyl group of the anthranilic
fragment of the molecule (A) due to the presence of
strong acceptor substitutes (NO,, Cl, Br) in the ring
(B), and two donor methoxygroups in the ring (A).

The data presented in Table 2 testify that the na-
ture and position of substitutes have influence upon
the acid-base balance of both 4,5-dymethoxy-N-(2"-

carboxyphenyl)anthranilic acids. Introduction of elec-
tron-acceptor substitutes strengthens dissociation of
acids due to the greater anion stabilization. Electron
donor substitutes cause an opposite effect. However,
the reactive centres sensitivity to the influence of sub-
stitutes differs greatly. For balance (I) -pKa(6) = 1.23,
and for balance (II) - pKa(1) - pKa(6) = 0.40, i.e. the
carboxyl group sensitivity in the ring (B) of 4,5-dy-
methoxy-N-(2’-carboxyphenyl) anthranilic acids mo-
lecules to the influence of substitutes is much greater
than sensitivity of the same ionogenic group in the
anthranilic fragment (A).

The quantitative assessment of the influence of
substitutes in the nonanthranilic fragment of 4,5-dy-
methoxy-N-(2"-carboxyphenyl)anthranilic acids (5a-f)
molecule has been carried out in the range of the
principle of linear free energy (LFE) by the Gamete
equation (Fig.).

The pKa indices of all compounds studied were
used for correlation because schemes of pKa(lI) - f(o),

H,CO COOH
o oKa(l) HeCO COOH
AR 7
R— SR =~——
H3CO NN Equilibrium | H;CO N |
COOH oo
pKa(ll) H,CO COoO
—_—
- /
Equilibrium I B 4R
quilibrium HsCO N—Ls

Scheme 2
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Fig. Dependence of pKa(I) — f(o), pKa(Il) - f(o) for 4,5-dymethoxy-N-(2 "-carboxyphenyl)anthranilic acids in the binary solvent

of dioxane-water (60% vol. dioxane) at 25°C.

pKa(Il) - f(o) dependence testify their closeness to
linearity.

The equations I and Il obtained have statistically
significant parameters:

Balance |
pKa(I) = (6.43 £ 0.06) - (1.78 £ 0.06)c (1)
n=6 s=0.182 r=0.997
Balance II
pKa(Il) = (6.98 - 0.05) - (0.78 - 0.05)c (2)
n=6 s=0.154 r=0.991

Comparison of the reaction constants p,=1.78 and
p,=0.78 shows that sensitivity of the reactive centre |
(carboxyl group in the ring B) is 2.3 times higher than
sensitivity of the reactive centre II (carboxyl group
in the ring A). Probably, it is connected with the dif-
ferent distance between carboxyl groups and substi-
tutes in the ring B. It should be noted that appear-
ance of another reactive centre does not practically
influence upon sensitivity (within the limits of expe-
rimental error p, corresponds to p from the other iso-
structural series of N-phenylanthranilic acids) [12,
13, 18-20]. For balance I sensitivity of the reactive
centre is sufficiently high because of closeness of
substitutes.

It has been found that the substances synthesized
have the anti-inflammatory, analgesic, diuretic, bac-
teriostatic and fungistatic activity. According to the
classification by K.K. Sydorov the substances synthe-
sized when introducing intragastrically belong to low-
toxic compounds (DL, > 3000 mg/kg).

Experimental Part

Melting points (°C) were measured with the Koeff-
ler’s point apparatus and were not corrected. IR-spect-
ra were recorded by the FT-IR Bruker Tensor 27 spec-
trometer in KBr. 'H NMR-spectra were recorded by
the Varion Mercury 200 (200 Mhz) spectrometer in

30

DMSO-d, using TMS as an internal standard (chemi-
cal shifts are reported in ppm).

The derivatives of 4,5-dymethoxy-N-(2’-carboxy-
phenyl)anthranilic acid were synthesized by a modi-
fied Ullmann reaction [1, 3]. The compounds obtained
were recrystallized three times from ethanol and
dried to 105°C up to the constant weight. The purity
of the compounds was checked by thin-layer chro-
matography.

Reagents. Dioxane used («oscillating») was not
purified additionally.

For preparing mixed solutions a fresh boiled bi-
distillate liberated from CO, was used [21].

The methods of measurements were similar to
those described in [21]. 0.05 M aqueous solution of
KOH purified from CO, served as a titration agent. The
concentration of titration solutions was 0.005 mol/1.
Potentiometric titration was conducted at 25°C on
an EV-74 ionometer using a glass electrode ESP-43-
074 and a silver chloride electrode EVL-1 M. The pKa
of acetic acid in the binary solvent of dioxane-water
solution (60 vol% of dioxane) was determined as a
standard (pKa exp. = 7.50; 5.52; 7.49).

The pKa measurements were conducted for each
compound independently. The accuracy of the results
obtained was estimated by the methods of mathemati-
cal statistics (with the reliability level of 0.95) [22].

Conclusions

1. The preparative methods for synthesis of 4,5-
dymethoxy-N-(2"-carboxyphenyl)anthranilic acids in
the solid phase and in the aqueous medium with the
use of a phase transfer catalyst - sodium oleate have
been developed.

2. Reactivity of 4,5-dymethoxy-N-(2"-carboxyphe-
nyl) anthranilic acids (6 compounds) has been in-
vestigated by studying the acid-base balance of these
compounds in the binary solvent of dioxane-water.

3. It has been found that 4,5-dymethoxy-N-(2"-
carboxyphenyl) anthranilic acids are dibasic subacids,
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which strength depends upon the nature and posi-
tion of substitutes.

4. The quantitative assessment of the influence
of substitutes on two reactive centres of the acids syn-
thesized has been carried out by the method of cor-
relation analysis according to the Gamete equation.

5. It has been proven that sensitivity of the reac-
tive centres substantially differs and depends on the
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