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The reactivity of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl] amino acids has been investigated in the
reversible conditions by studying their acid-base properties in the binary solvent of dioxane — water
(60 volume % of dioxane) at 25°C. The experimental compounds have been proven to be weak
dibasic acids. Their pKa values have been determined by Noyes method. The correlation of these
values to both of the reactive sites (COOH- and OH-groups) has been performed. It has been shown
that each CH,- prolongation step of the polymethylene chain reduces acidity of compounds at both
reactive sites of ionization. Hammett correlation equations (pKa, , — f(0)) have been calculated for
N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl] amino acids, and it allows to predict the acid-base proper-
ties of compounds of the given homological series. The low sensitivity of the reactive sites towards
polymethylene chain prolongation has been found. The results obtained are used for mathematical
modeling of QSAR-analysis of the compounds of the isostructural series.

N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl] amino acids
and their derivatives possess various types of the biolo-
gical activity [6-9]. That is why this class of compounds
is intensively used for purposeful search of active pharma-
cophores. The pharmacological activity depends on the
ability of a pharmacophore to form complexes with bio-
logical receptors, and it, in turn, is determined by the phar-
macophore reactivity, in particular its acid-base proper-
ties. Therefore, the study of the reactivity of homological
series of these biologically active substances is of great
scientific and practical interest in connection with the pos-
sibility of optimization of their targeted synthesis and mo-
deling of the active pharmacophores. Data describing the
reactivity of oxoindole derivatives are absent in the che-
mical and biological scientific literature sources.

Materials and Methods

The synthetic studies and physico-chemical charac-
teristics of the experimental series of N-[(2-oxoindolin-
3-ylidene)-2-oxiacetyl] amino acids were presented in
our previous works [3].

The ionization constants of compounds I-VI (see
Scheme) were determined by the potentiometric titra-
tion method [1]. The titrant was 0.05 M aqueous solu-
tion of potassium hydroxide free of CO,. The concen-
tration of the solutions to be titrated was 0.005 M at the
point of semineutralization. The measurements were per-
formed on an EV-74 ionomer using two electrodes: a
glass (ESP 43-074) indicatory one, as well as a saturated
chlorine-silver electrode. The latter was applied as a

reference electrode. Determinations were carried out at
25°C in triplicates. The accuracy of the results obtained
was estimated by methods of mathematical statistics of
small samples (confidence probability — 0.95) [4].

The mixed solvent of dioxane — water (60 volume %
of dioxane) was prepared from freshly bi-distilled wa-
ter free of CO, and 1,4-dioxane (very pure) without ad-
ditional purification.

Results and Discussion

The reactivity of N-[(2-oxoindolin-3-ylidene)-2-oxi-
acetyl] amino acids was studied in the reversible condi-
tions on the model of the acid-base equilibria (Scheme).

Ionization constants (pKa, and pKa,) of the corre-
sponding acid-base equilibria (1) and (2) of the com-
pounds studied are given in Table.

The preliminary analysis of the titration curves of
compounds I-VI obtained by the electrometric method
has demonstrated that these substances are dibasic acids,
which ApKa(pKa, — pKa,) is less than 4. Therefore, the
classic Noyes method was chosen for calculation [1].
The pKa ionization values of ethyl esters of the correspon-
ding N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl] amino acids
previously obtained and described in our works [2] were
thoroughly analyzed to make correlations of the pKa va-
lues obtained to the certain reactive sites of acidic ioni-
zation. The high pKa values were referred to enolic hy-
droxyl ionization (equilibrium 2). This fact corresponds
to the literature data concerning a higher acidity of the
carboxyl group compared to the enolic one [10].
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From the table data it follows that with each CH,-
prolongation step of the polymethylene chain length in
the amino acid molecular fragment the ionization de-
gree of both reactive sites of the molecules in the com-
pounds studied decreases. However, the degree of the
isolating effect of methylene groups on the reactive sites
is different:

1. acidity alteration of COOH-site: ApKa = pKa,— pKa,
=-0.26;

2. acidity alteration of OH-site: ApKa = pKa,— pKa,
=-0.29.

This fact indicates that sensitivity of the carboxylic
group to the induction effect transmission is higher than
that of the enolic hydroxyl.

The ApKa value (ApKa = pKa,., — pKa,; where 7 is
the number of CH, — groups) of both reactive sites re-
mains constant almost everywhere (see Table). This allo-
wed us to perform the qualitative evaluation of depen-
dence of pKa values of both reactive sites on the length
(n) of the polymethylene molecular fragment using the
principle of free energies linearity by the correlation
analysis method.

The COOH-reactive site:

pKa, = (5.34+0.06) + (0.052+0.002)n (1)
n=6 s=0.003 r=0.9970
The OH-reactive site:
pKa, = (6.43+0.05) + (0.039+0.002)n  (2)

n=6 s=0.002 r=0.9950

Scheme

The electron effect of substituents was estimated by
Hammett equation (pKa= a + p-6). The CH,-fragment
constant () was chosen as 0.388 according to the clas-
sic work of Palm V.A. [5]. The CH,-fragment constants
were calculated by the following formula:

o(CH,),=0.388n
The equations of pKa — (o) correlation for both reac-

tive sites with statistically significant parameters were
obtained.

The COOH-reactive site:
pKa, =(5.35+0.01) + (0.133+£0.005)c  (3)
n=6 s=0.002 r=0.9970
The OH-reactive site:
pKa, = (6.43+0.01) + (0.105+£0.006)'c  (4)

n=6 s=0.003 r=0.9950

The parameters of equations (3,4) indicate weaken-
ing of the ionization degree at both reactive sites with
each CH,- prolongation step of the polymethylene chain
length, i.e. the isolating effect of methylene groups [5],
since the reaction constants p, and p, are positive. How-
ever, p,>p,, and it indicates a somewhat higher sensiti-
vity of the carboxylic group compared to the enolic one
towards the isolating effect of the polymethylene chain.
It should be noted that p, and p, values are extremely

Table

Acid-base equilibria of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl] amino acids

0=C-NHXCOOH
C-OH

/
T o

N

H

Compound pKa, ApKa, = pKa,,, - pKa, pKa, ApKa, = pKa,,, - pKa,
I 5.35+0.03 - 6.44+0.03 -
Il 5.41+0.05 0.06 6.47+0.04 0.03
I 5.44+0.05 0.03 6.51+0.05 0.04
v 5.50+0.03 0.06 6.54+0.02 0.03
\Y 5.56+0.04 0.06 6.60+0.04 0.06
Vi 5.61+0.03 0.05 6.63+0.05 0.03
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low, i.e. attenuation of the electron effects transmission
was yet insignificant.

CONCLUSIONS

1. The reactivity of N-[(2-oxoindolin-3-ylidene)-
2-oxiacetyl] amino acids has been investigated by stu-
dying their acid-base equilibria in the reversible condi-
tions.

2. The experimental compounds have been proven
to be weak dibasic acids. Their ionization process equa-
tions have been suggested.

3. The ionization constants values (pKa, and pKa,)
of six N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl] amino
acids have been determined. It has been shown that pro-
longation of the polymethylene chain reduces ioniza-
tion at both reactive sites (COOH and OH).

4. The influence of methylene links in the amino acid
molecular fragment has been quantitatively estimated
according to Hammett equation, and the low sensitivity
of both reactive sites towards the polymethylene chain
prolongation has been found.
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PEAKLIWHA 30ATHICTb N-[(2-OKCOIHAONIH-3-INIAEH)-2-OKCIALETUM]AMIHOKUCNOT
C.B.KonicHuk, O.M.Ceeu4Hikoea, P.U.KpameHko, O.B.KonicHuk

Knroyoei cnnoea: N-[(2-okcoiHAoniH-3-inideH)-2-okciauemurilamiHokucriomu, peakuitiHa 30amHicms;
KopensauyitHul aHani3; pieHsIHHS amema

LocnidxeHa peakuitiHa 30amHicmb N-[(2-okcoiHdoniH-3-inideH)-2-okciayemurijamiHokucriom e obep-
HEeHUX yMo8ax WITSIXOM 8UBYEHHS iX KUC/TOMHO-OCHOBHUX pigHO8ae y biHapHOMY PO34UHHUKY OiOKCaH-
gola (60 06’emHux % OiokcaHy) npu 25°C. [TokasaHo, wo ui crosyku — criabki 0800CHO8HI KUCIOMU.
Ix pKa susHauyanu 3a memodom Hodeca. [NpoeedeHo criggiOHECEHHS UuX 3Ha4eHb 3 08oMa peaKuy,iti-
Humu yeHmpamu (COOH ma OH-epynu). NokasaHo, wo nodoexXeHHs noniMemurieHo80o20 aHyr2a
3MEHWY€E KUCIIOMHICMb Crioflyk 3a oboma yeHmpamu ioHizauil. Po3paxosaHi KopensyilHi pieHIHHS
Famema pKa, , — f(o) dna N-[(2-okcoiHOoniH-3-inideH)-2-okciauemurijamiHokucsiom, wo 00360s1se
MpO2Ho3y8amu KUCITIOMHO-OCHOBHI 8/1lacmugocmi CrioflyK Ub020 20MOJ102i4H020 psidy. BcmaHoeneHa
HU3bKa 4ymirugicme peakuitiHux yeHmpie 00 modo8XeHHs noniMmemusieHo8o20 naHyrza. OdepxaHi
pesyrnbmamu sukopucmosyromscsi 01 MameMamu4yHo20 modennosaHHs QSAR — aHanisy crionyk
Uboeo isocmpyKkmypHo2o psdy.

PEAKLMOHHAA CMMOCOBHOCTbL N-[(2-OKCOUHAONUH-3-UNTUOEH)-2-OKCUALETUI]
AMUHOKUCIIOT

C.B.KonecHuk, E.H.Cee4yHukoea, P..KpameHko, E.B.KonecHuk

Knrouyeenie cnoea: N-[(2-okcouHO0nUH-3-unudeH)-2-okcuauyemusi] aMUHOKUCIOMbI; peakKUUOHHast
CrocobHOCMb,; KOPPEAayUOHHbIU aHanu3s; ypasHeHue ammema

UccnedosaHa peakyuoHHas criocobHocme N-[(2-okcouHdonuH-3-unudeH)-2-okcuayemusijaMuHOKUC-
Jlom 8 obpamumMbix yCI08UsIX MymeM U3y4eHUs UX KUCTOMHO-OCHOBHbIX ceolicme 8 6uHapHOM pac-
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meopumerne duokcaH-800a (60 06bemHbIX % OuokcaHa) npu 25°C. Noka3aHo, Ymo 3mu coeOuHeHUsI
— cnabble d8yxoCHOBHbIEe Kucriombl. Mix pKa onpedensnuck no memody Holieca. [NposedeHO coomHece-
Hue amux 3Ha4eHul ¢ 08yMsi peakyuoHHbiMu ueHmpamu (COOH u OH-epynnbi). [NokazaHo, 4mo
yOnuHeHUe noauMemursieHo8ou yernu yMeHbUuaem KUuciiomHocme coeduHeHul no oboum yeHmpam
UoHU3ayuu. PaccuumaHs! KoppernayuoHHble ypasHeHus lammema pKa, , — f(o) ons N-[(2-okcouHdonuH-
3-unudeH)-2-okcuayemusijaMmuHOKUCI0m, 4mo r10380/19em Mpo2HO3upo8amb KUC/I0MHO-OCHOBHbIE
ceolicmea coeduHeHUl 3mo2o 20MOoJI02UYeCcK020 psda. YecmaHoerneHa Hu3Kasl 4y8cmeumesibHOCMb
PEeaKkyUOHHbIX UeHmpo8 K yOruHeHUr rnoiumemusieHogol yenu. omy4YyeHHble pe3ybmamal Uc-
nonb3ytomces 05 MamemMamu4eckoeo modernuposaHusi QSAR — aHanu3a coeduHeHul 3mozo u30-
cmpyKkmypHoz2o psoa.



