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The reactivity of propyl esters of N-[(2-oxoindolin-3-ylidene)-
2-oxiacetyllJamino acids

The study of the reactivity of substances allows optimizing the conditions of their synthesis and creating mathemati-
cal models of the “structure-biological activity” relationship that enable to carry out the targeted search of compounds
with a specified high level of the biological action.

Aim. To study the reactivity of propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyllamino acids.

Materials and methods. The reactivity of propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetylJamino acids was
studied in reversible conditions on the model of acid-base equilibria by the method of potentiometric titration.

Results and discussion. The ionization constants of 9 propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]
amino acids indicate that these compounds are weak acids. Elongation of the methylene fragments in the amino acid
groups of molecules decreases their acidity. In contrast to the length of the methylene fragments their branching and
the presence of the substituents do not affect acidity of the esters studied. In the framework of the principle of linearity
of free energies the effect of the length of the methylene chain in the amino acid fragment of the molecules of propyl
esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyllJamino acids was quantitatively assessed by Hammett equation.

Conclusions. It has been found that propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetylJamino acids have the
functions of weak monobasic acids. Elongation of the polymethylene chain weakens ionization. The low sensitivity of
the reaction center to elongation of the methylene chain has been identified.
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PeakuinHa 3gaTHicTb nponinoBux ectepiB N-[(2-okcoiHaoniH-3-inigeH)-2-okciaueTnn]
amiHoKkucnot

[ocnioXeHHs peakuinHoi 34aTHOCTI PeYOBUH A03BOMSE ONTUMI3yBaT YMOBM iX CUHTE3Y | CTBOPUTN MaTeMaTnyHi
Mozeni 3B’A3Ky «CTPYKTypa-6ionoriyHa akTUBHICTbY, AKi Aal0Tb MOXIIMBICTb NPOBOAUTM LINECnpaMOBaHMIA NOLLYK CMo-
nyK 3 3aaHUM BUCOKMM piBHEM BionorivyHoi Aiji.

MerToto faHoi poboTu cTano JocniakeHHs peakuinHoi 3gaTHocTi nponinosux ectepis N-[(2-okcoiHaoniH-3-inigeH)-
2-0KciaueTunjamiHOK1CnoT.

Martepianu Ta meToau. PeakuiiHy 3gaTHicTb nponinosux ectepis N-[(2-okcoiHaoniH-3-inigeH)-2-okciauetunljamiHo-
KMCMOT AOCHiAXeHO B 06epHEHMX YMOBaX Ha MoZeni KMCNOTHO-OCHOBHMX PiBHOBAr 3a METOAOM NMOTEHLIOMETPUYHOTO
TUTPYBaHHS.

Pe3ynbTatn Ta ix o6roBopeHHs. OgepxaHi KOHCTaHTK ioHi3auii 9 nponinosux ectepiB N-[(2-okcoiHOoNMIH-3-
inigeH)-2-okciaueTnn]amiHOKMCOT cBigYaThb, WO Ui Cnonyku — cnabki Kucnotu. NogoBXeHHS MeTUNeHoBUX oparMeH-
TiB B @MiHOKMCIOTHUX rpymnax MOseKyr 3MeHLUYE iX KUCMOTHICTb. Ha BiaAMIHY Bif JOBXMHN METUNEHOBUX hparMeHTIB iX
po3ranyXeHicTb, 5K i HASBHICTb 3aMiICHUKIB HE BNMMBAKOTb HA KMCMOTHICTb AOCNIAKYBaHNX eCTepiB. Y paMkax NpuHLm-
ny NiHIWHOCTI BiNbHWX €HEPril MPOBEAEHO KiNbKICHY OLLIHKY BMNINBY OOBXWHU METUMIEHOBOIO NaHLutora B amiHOKUCMOT-
HoMy cbparmeHTi Mmonekynu nponinosux ectepis N-[(2-okcoiHaoniH-3-inigeH)-2-okcialeTnn]amiHOKUCNOT 3a PIBHAHHAM
Mammerta.

BucHoBku. BctaHosneHo, wwo nponinosi ectepn N-[(2-okcoiHaoniH-3-iniaeH)-2-okciaueTn]amiHOKUCNOT MatoTb PyHK-
uii cnabkux ogHOOCHOBHMX KM1CNoT. [MogoBXeHHS NONIMETUNIEHOBOrO NaHutora nocnabntoe ix ioHizauito. BusHayeHa
HM3bKa YyTNMBICTb PeaKLiHOrO LIeHTpa A0 NOAOBXKEHHS MOMiMETUNEHOBONO NMaHLora.

Knroyoei cnoea: peakuyitiHa 30amHicmb; N-[(2-okcoiHdoniH-3-inideH)-2-okciayemurnlamiHokuciiomu
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PeakunoHHasi cnoco6HocTb nponunoBbix 3¢pupoB N-[(2-okcoMHAONMH-3-UNNAEH)-
2-oKkcuaueTun] aMMHOKUCHOT

VccnegoBaHue peakuMoHHOW CnocoBHOCTY BELLECTB MO3BONSET ONTUMM3UPOBAaTL YCIOBUSA NX CUHTE3a U co3aa-
BaTb MaremMaTuyeckne MOAenu CBA3N «CTPYyKTypa-buonornyeckas akTMBHOCTbY, KOTOpbIE Aal0T BO3MOXHOCTb NPOBO-
OWTb LieneHanpaBneHHbI NOUCK COeAUHEHNI C 3ajaHHbIM BbICOKMM YPOBHEM GUOMOrMYeckoro AeNCTBUS.

Lienbto faHHOM paboThbl SBUNOCH MCCNENOBaHNE PeaKLMOHHOWM CnocoBHOCTY NponmnoBbIX 3dmpoB N-[(2-0KCoMHaoNMH-
3-unupeH)-2-okcmaueTur] aMMHOKUCIIOT.

MaTepuansl u meTogbl. PeakuymoHHasi cnocobHOCTb nponunnoBbix 3cmpoB N-[(2-0KCOMHAONUH-3-UNUAEH) -2-0K-
craueTunjaMuMHOKMCIOT UCCnefoBaHa B 06paTMbIX yCNOBUSIX HA MOLENW KMCMOTHO-OCHOBHbLIX PaBHOBECUIA METOL0M
NOTEHLMOMETPUYECKOTO TUTPOBAHMS.

Pesynbrathbl n nx o6cyxaeHue. MNonyyeHHble KOHCTaHTbI MOHM3aumK 9 NponunoBbix 3dnpoB N-[(2-0KCOMHAOMMH-
3-MnuaeH)-2-okcmaueTm|aMmmHOKUCIIOT CBUAETENbCTBYHOT, YTO 3TU COEAMHEHUS — criabble KUCNOoTbl. YBenuyeHue Ko-
NYeCcTBa METUIEHOBBIX (hparMEHTOB B aMWHOKUCITOTHBIX Fpynnax MOMeKyn yMeHbLUIaeT UX KUCMOTHOCTb. B otnnune
OT ONVHBI METUINEHOBbLIX (DParMEHTOB X Pa3BETBIIEHHOCTb, KaK 1 HanM4ne 3aMmecTuTenen He BIMSIOT Ha KUCIIOTHOCTb MC-
cnegyembix 3MpoB. B pamkax npuHUmna NnMHENHOCTM CBOBOAHbBIX SHEPIUI MPOBEeAEHa KONMYEeCTBEHHAs OLEHKa BNn-
SHUS ANVHbI METUIIEHOBOW LIENN B aMUHOKUCIIOTHOM doparMeHTe Morekyrn nponunoBbix 3¢mpoB N-[(2-0KCOMHAONUH-
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3-MnuaeH)-2-okcmaLueTu] aMMHOKUCIIOT Mo ypaBHeHuo MammeTa.

BbiBoabl. YcTaHOBMNEHO, YTO nponumnoBble adupbl N-[(2-0KCOMHAONMMH-3-UNUAEH )-2-0KCUaLeTnn]|aMMHOKUCIOT
MMET PYHKUMM cnabbix OOHOOCHOBHbBIX KUCMOT. YBENMYEHNe NOSIMMETUIEHOBONM LEeNy ocrabnsaeT nx MoHM3auuto.
OnpeperneHa HM3Kasi YyBCTBUTENBHOCTb PEAKLMOHHOIO LEHTPA K YBENMWYEHMIO NONMMETUIEHOBON LiEMNMW.

Knrodeenle cnoea: peakyuoHHasi criocobHocms, N-[(2-okcouHOonuH-3-unudeH)-2-okcuayemusijaMmuHOoKUC10mal

The systematic studies of the biological activity of
N-[(2-oxoindolin-3-ylidene)-2-oxiacetylJamino acids and
their esters synthesized at the Analytical Chemistry De-
partment of the National University of Pharmacy have
revealed that these compounds have a broad range of the
pharmacological action [1-4]. The study of their reac-
tivity is of undoubted scientific and practical interest,
and therefore, it allows optimizing the conditions of their
synthesis and creating mathematical models of the “struc-
ture-biological activity” relationship that enable to car-
ry out the targeted search of compounds with a speci-
fied high level of the biological action.

The aim of this work was to study the reactivity of
propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiace-
tyl]Jamino acids. There are no data concerning the reac-
tivity of these derivatives in the literature.

Materials and methods

The reactivity of propyl esters of N-[(2-oxoindolin-
3-ylidene)-2-oxiacetyl]amino acids was studied in re-
versible conditions on the model of acid-base equilibria
(Scheme).

Acid-base equilibria were studied by the method of
potentiometric titration [5]. The titrant was standard 0.05 M
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aqueous solution of potassium hydroxide without car-
bon dioxide. The concentration of the titrated solutions
was 0.005 M at the semineutralization point. Potentio-
metric titration was performed on an EV-74 ionomer with
glass (ESP-43-074) indicator electrode. The reference
electrode was silver-silver chloride electrode (EVP-1).
The experiments were performed in triplicates at 25 °C.
The accuracy of the results obtained was assessed by
the methods of mathematical statistics of small samples
(95 % confidence interval) [6].

The mixed solvent was prepared from the freshly
distilled CO,-free bidistillate and 1,4-dioxane.

Results and discussion

The ionization constants (pK,) of propyl esters of
N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl Jamino acids (I-1X)
were determined in the dioxane-water mixed solvent
(60 vol. % of 1,4-dioxane) at 25 °C by the method of
potentiometric titration. The data obtained are given in
Table.

Preliminary experiments showed that the compounds
studied were monobasic acids with f= 1, E =M (mathe-
matical analysis of the pH —f(KOH) dependence curves
revealed only one point of intersection). Taking into ac-

|
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X = CHj (I); (CHo)o (11); (CHo)3 (I11); (CHo)4 (IV); (CHo)s (V); CH(CHg) (VI); CH(CH(CHg)y) (VII);

CH(CH,CH(CHg),) (VII1); CHyCH(CgH5)CH, (1X)

Scheme
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Table

The properties of propyl esters of N-[(2-oxoindolin-
3-ylidene)-2-oxiacetyl]amino acids with
the general formula

0=C-NHXCOOC;H;

C-OH
/
o)
N
H
©
c
3
g— X pKa ApKa = pKawr1 - pKan
o
)
| CH, 6.90 + 0.04 0.02
[ (CH), 6.93 + 0.05 0.03
Il (CH,), 6.95 + 0.03 0.02
v (CH,), 6.98 + 0.03 0.03
Vv (CH,), 7.01 +0.02 0.03
Vi CH(CH,) 6.93 + 0.04
VII| CH(CH(CH,),) |6.95+0.02
VIl | CH(CH,CH(CH,),) | 6.93 +0.04
IX | CH,CH(C,H,)CH, | 6.97 +0.02

count the peculiarities of the structure of propyl esters
of N-[(2-oxoindolin-3-ylidene)-2-oxiacetylJamino acids
there are grounds for the most probable process of ioni-
zation mentioned above.

The data of Table also show that compounds (I-IX)
are weak acids. Elongation of the methylene fragments
in the amino acid groups of the molecules of propyl es-
ters decreases acidity of these compounds. However, in
contrast to the length of the methylene fragments their
branching and the presence of the substituents (com-
pounds I, VI, VII, VIII) do not affect acidity of these
compounds (within the error of the experiment). It sug-
gests a minor effect of specific solvation on the ioniza-
tion process unlike their coefficients of distribution in
the octanol-water system [7].

It should be noted that for esters (I-V):

ApK, =pK, —pK

An+] a,?

where: n — is the number of methylene groups of the ali-
phatic chain (Table) that remains almost constant within
the error of the experiment (0.02-0.03). It suggests a li-
near correlation between their pK, and the length of the
methylene chain.

For propyl esters of N-[(2-oxoindolin-3-ylidene)-2-
oxiacetyl]amino acids the correlation equation of the

pK, — f(n) dependence (where n — is the number of me-
thylene groups*) has reliable statistical parameters:

pK, =6.88 + 0.026n (1)
n=9;s=0.002; r=0.998.

* For compounds VI, VII, VII; n=1, IV n= 3.

The resulting equation can be used to predict the aci-
dic properties of other compounds of this isostructural
series. However, equation (1) does not describe the electro-
nic effects of substituents. Therefore, in the framework
of the principle of linearity of free energies the effect of
the length of the methylene chain in the amino acid frag-
ment of the molecule of propyl esters of N-[(2-oxoin-
dolin-3-ylidene)-2-oxiacetylJamino acids was quantita-
tively assessed by Hammett equation (pK, = a + po). As
the o-constant of the (CH,)— fragment the value 0.388
was chosen [5] due to the electron-accepting properties
of the ester fragment. The 6(CH,), of the fragment was
calculated as-0.388. The correlation equation obtained
(2) is statistically significant:

pK,=6.88 +0.067-c 2)
n=15;s=0.003; r=0.998.

The positive value of the parameters of equation (2)
shows that the increase of the methylene fragment length
reduces the acid ionization of these compounds, i.e. the
methylene groups act as insulating links in transmitting
the effect of the substitutes (inductive effect) on the reac-
tion center, as confirmed by the literature [8]. The value
of the reaction parameter p is low; it indicates an insig-
nificant sensitivity of the reaction center (the enol hydroxyl
group) to elongation of the polymethylene chain. The
equation (2) can be used in the molecular design of active
pharmacophores of the given isostructural series.

CONCLUSIONS

1. The reactivity of propyl esters of N-[(2-oxoindo-
lin-3-ylidene)-2-oxiacetyl]Jamino acids has been studied
using acid-base equilibria. It has been found that they
have the functions of weak monobasic acids. The equa-
tion of their ionization by the enol hydroxyl has been
proposed.

2. The ionization constants of 9 propyl esters of
N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl Jamino acids have
been obtained; it has been proven that elongation of the
polymethylene chain weakens ionization.

3. The effect of the methylene chains in the amino
acid fragment of the molecule has been quantitatively
assessed by Hammett equation, and the low sensitivity
of the reaction center to elongation of the polymethylene
chain has been identified.
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