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The reactivity of ethyl esters of 2-(benzoylamino)
(1-R-2-oxoindoline-3-ylidene) acetic acids

The studies in a series of 2-(benzoylamino)(1-R-2-oxoindoline-3-ylidene) acetic acids and their derivatives have
shown that compounds of the isostructural series exhibit the nootropic, antihypoxic, anabolic activity.

Aim. To study the reactivity of esters of 2-(benzoylamino)(1-R-2-oxoindoline-3-ylidene) acetic acids.

Materials and methods. The concentration of NaOH in the solution was determined by potentiometric titration on
an EV-74 ionomer using the standard aqueous HCI solution. The reaction kinetics was performed in triplicates, the ex-
periments contained 6-8 measurements (the depth of the change was not less than 80 %). The accuracy of the results
obtained was assessed by the methods of mathematical statistics of small samples with statistical significance of 0.95.

Results and discussion. The reaction rate constants of alkaline hydrolysis of esters of 2-(benzoylamino)(1-R-2-
oxoindoline-3-ylidene) acetic acids depend on the structure and the length of the hydrocarbon chain at the heterocyclic
nitrogen atom. Introduction of hydrocarbon radicals to the structure of the heterocycle slows down the reaction, while
the chain extension accelerates it. The effect of the electronic nature of the substituents on the reactivity of ethyl esters
was quantitatively assessed by Hammett equation. The data obtained suggest that the values of the reaction parameter
p are positive in the temperature range studied; it is additionally confirmed by the B,.2 mechanism of this reaction.

Conclusions. The reaction kinetics of alkaline hydrolysis of biologically active ethyl esters of 2-(benzoylamino)
(1-R-2-oxoindoline-3-ylidene) acetic acids has been studied in a wide temperature range; its B,.2 mechanism has
been proven with formation of highly symmetrical intermediate. The effect of the substituents at the heterocyclic nitrogen
atom on the numerous kinetic and activation parameters of the reaction has been analyzed; isokineticity and synchro-
nicity of the reaction have been proven using independent tests.

Key words: reactivity; alkaline hydrolysis; derivatives of 2-(benzoylamino)(1-R-2-oxoindoline-3-ylidene) acetic
acids
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PeakuinHa 3gaTHiCTb eTUNoBuUX ectepiB 2-(6eH3oinamiHo)(1-R-okcoiHaoniH-3-inineH)
OLITOBUX KMCHOT

HocnioxeHHs B pagy 2-(6eH3oinamiHo)(1-R-2-okcoiHaoniH-3-inigeH)ouToBmX KMCNOT Ta iX NOXigHMX Nokasanu, LWwo
CMOMYKW LIMX i30CTPYKTYPHUX PAAIB NPOSABSAIOTL HOOTPOMHY, aHTUTMNOKCUYHY, aHaboniyHy akTUBHICTb.

MeTta poboTu — gocnimkeHHs peakuiiHoi 3aaTHOCTI ecTepiB 2-(6eH3oinamiHo)(1-R-2-okcoiHgoniH-3-inigeH)ouTo-
BUX KUCIIOT.

MaTtepianu ta meToau. KoHueHTpauito NaOH y po3uunHi BU3Ha4anm noTEHLiOMETPUYHUM TUTPYBaHHAM Ha iOHOMIpI
EV-74 crangaptHum BogHum posdnHoM HCI. KiHeTuky peakuii BuB4anu y TpukpaTtHOMY NOBTOPEHHI, AOCNiAN MICTUNN
6-8 BMMipiB (rMnbuHa nepetBopeHb — He MeHLe 80 %). OuiHKY TOYHOCTI ofilepXKaHnX pe3ynbTaTiB 34iicHIoBann MeTo-
[OM MaTeMaTUYHOI CTaTUCTUKN Manux BUOIpOK Npu JOCTOBIPHI nmoBipHocTi 0,95.

Pe3ynbTaTty Ta ix o6roBopeHHsA. KOHCTaHTM WBMAKOCTI peakuii MyXHoro rigponidy ectepiB 2-(6eH30inamiHo)
(1-R-2-okcoiHaoniH-3-iniaeH )oLTOBKX KUCMOT 3anexarhb Bif, CTPYKTYpY Ta AOBXUHW BYTIEBOAHEBOIO NaHLtora npu retepo-
LMKIIYHOMY aToMi HiTporeHy. BBegeHHs 4O CTPYKTYpU reTepoLmnkny BYrfeBOOHEBMX paguKariB yroBiNbHIOE peakLito,
a NoJoBXeHHs naHutora ii npuckoptoe. KinbkicHa ouiHKa BMAMBY €NeKTPOHHOI NpMpoan 3aMiCHUKIB Ha peakuinHy 3aat-
HICTb €TUOBUX ecTepiB 3ailicHIoBanach 3a piBHAHHAM FaMmeTa. OgeprkaHi AaHi cBigyaTth, WO BENUYMHN peaKkLiiHOro
napametpa p NO3WUTMBHI Y BUBYEHOMY TEMMEpaTypHOMY iHTepBari, Lo A0AATKOBO NiATBEPMKYE B2 MexaHiaMm Liei peakuji.

BucHoBku. BuByeHa KiHeTVKa peakLii My>XHOro rigponidy 6ionoriyHo akTUBHWUX ETUMOBKX ecTepiB 2-(6eH3oinami-
HO)(1-R-2-0kcoiHA0NMIH-3-iMiAeH)OLTOBMX KUCIOT Y LUMPOKOMY TeMnepaTypHOMY iHTepBani, 4oBeAeHO ii B,.2 mexaHiam
3 YTBOPEHHAM BMCOKOCMMETPUYHOTO iHTepMeaiaTy. [MpoaHanisoBaHO BMMB NPUPOAU 3aMICHUKIB MPU reTepoLmKiY-
Homy aTomi [igporeHy Ha YMCneHHi KIHETUYHI Ta akTMBALiNHI NapameTpu peakuii Ta goBefeHa i30KIHETUYHICTb Ta
CUHXPOHHICTb peakLii 3 BUKOPUCTaHHAM He3anexXHUX TecTiB.

Knroyoei crioea: peakuiliHa 30amHicmb, nyxHuUl 2i0posi3; noxioHi 2-(6eH3oinamiHo)(1-R-2-0KkcoiHOoMiH-3-
inideH)oymosux Kucriom



4

ISSN 1562-7241 (Print) BICHWMK ®APMALIII 2 (94) 2018

C. B. KonecHui, E. H. CeuHukoBa, A. @. BuHHuk, E. B. KonecHuk, A. A. AnTyxoB

PeakunoHHasi CNOCOGHOCTb 3TUNOBLIX 3¢hupoB 2-(6eH3omnnammHo)(1-R-okCOMHAONWH-
3-UnnpeH)yKcyCHbIX KUCTOT

WccnepnosaHusa B pagy 2-(6eHsonnammHo)(1-R-2-0KCOMHAOMMH-3-MNNOEH)YKCYCHBIX KMCMOT U UX NPOU3BOAHBIX MO-
Kasanu, 4To CoeanHEeHNs 3TUX N3OCTPYKTYPHBLIX PSAA0B NPOSABASIOT HOOTPOMHYH0, aHTUIMMNOKCUYECKY0, aHabonmM4eckyto
aKTUBHOCTb.

Lenb paboThl. ViccnegoBaHve peakumoHHOM cnocobHocTn acdupos 2-(6eHsonnammHo)(1-R-2-0kcoMHOAoNMH-3-
WIMAEH )YKCYCHBIX KACIOT.

MaTepuansl n metogsbl. KoHueHtpaumio NaOH B pactBope onpegensany noTeHUMOMETPUYECKUM TUTPOBaAHNEM
Ha noHomepe EV-74 ctaHgapTHbIM BogHbIM pactBopoM HCI. KuHeTuky peakummn ndyyanm B TpexKpaTHOW MOBTOPHOCTH,
onbITbl cogepxanu 6-8 onpeaenexHun (rmybuHa npeobpasoBaHuin — He MeHee 80 %). OueHKy TOYHOCTU NOMYyYEeHHbIX
pe3ynsTaToB NPOBOAMIN METOAOM MaTeMaTU4eCKON CTaTUCTUKN ManbiX BbIGOPOK Npu AocToBEPHON BeposiTHocTh 0,95.

Pe3ynbTaTbl  nx 06cyxaeHne. KOHCTaHTbl CKOPOCTY peakLmm LLENOYHOro rmaponusa admpos 2-(6eH3omnnaMmmHo)
(1-R-2-0KCONHAOMNWH-3-UNMAEH)YKCYCHbBIX KMCMOT 3aBUCAT OT CTPYKTYPbl U ANUHBI YIIIEBOAOPOAHON Lienu Npu reTepo-
LMKIMYecKoM atome asoTta. BBeneHne B CTpyKTypy reTepoumkria yrineBogopoaHbIX paavKanoB 3aMeanser peakumio,
a yBenuyeHune uenu ee yckopset. KonvyecTBeHHas oueHKa BNUSHUS SNEeKTPOHHOW NPUPOALI 3aMeCcTUTeNen Ha peak-
LMOHHYIO CMOCOBHOCTb 3TUMOBbLIX 3hMPOB NPOBOAMIIACL MO ypaBHeHUIO ammeTa. [onyyeHHble AaHHble CBUAETENb-
CTBYIOT, 4TO BENUYMHbBI PEAKLIMOHHOIO NapameTpa P NO3WUTWMBHbI B UCCNIEAOBAaHHOM TeMMepaTypHOM MHTepBane, Y4To
AOMNONHUTENbHO NOATBEPXAAET B,.2 MexaHW3M 3TON peakumm.

BbiBoAbl. N3yyeHa KnHeTnka peakumnn LLEeNoYHOro ruaponnsa bnonornyeckn akTMBHbIX 3TUNOBbLIX 3PUPOB
2-(6eH30nnamMmHo)(1-R-2-0kCOMHAONMUH-3-MNNAEH)YKCYCHBIX KUCIOT B LUMPOKOM TeMnepaTypHOM MHTepBarne, JoKa-
3aH ee B,.2 MexaHu3m c 06pa3oBaHMEM BbICOKOCUMMETPUYHOTO MHTepMeaunaTa. NpoaHanM3npoBaHo BNUsHWE Npu-
poAbl 3aMecTUTenemn Npy reTepoLMKnMYeckom atome asota Ha MHOTOYUCINEHHbIE KUHETUYECKNE N aKTUBALIMOHHbIE Na-
paMeTpbl peakuun 1 gokasaHa M30KMHETUYHOCTb M CUHXPOHHOCTb peakLmmn C UCMOMb30BaHNeM He3aBUCUMbIX TECTOB.
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Knroyeenble crioga: peakyuoHHasi criocobHOCMb, WernoYHoU audponu3; npousgodHsie 2-(6eH3ounamuHo)(1-R-2-

OKCOUHOOIUH-3-UnnudeH)yKCyCHbIX KUcrom

The studies in a series of 2-(benzoylamino)(1-R-2-
oxoindoline-3-ylidene) acetic acids and their derivatives
have shown that compounds of these isostructural series
exhibit the nootropic, antihypoxic, anabolic activity [1, 2].

It is known that esters of 2-(benzoylamino)(1-R-2-
oxoindoline-3-ylidene) acetic acids are the starting sub-
stances for the synthesis of the corresponding amides,
hydrazides and their derivatives, and the reaction of their
alkaline hydrolysis is one of the likely routes of meta-
bolism in the body [3]. Therefore, the study of the reac-
tivity of ethyl esters of 2-(benzoylamino)(1-R-2-oxoin-
doline-3-ylidene) acetic acids on the model reaction of
their alkaline hydrolysis is of scientific and practical in-
terest. In the literature there are no publications regarding
the kinetics of alkaline hydrolysis of these compounds,
therefore, it is advisable to study it. The aim of this work
was to study the reactivity of esters of 2-(benzoylamino)
(1-R-2-oxoindoline-3-ylidene) acetic acids; it will allow
performing the QSAR-computer analysis for the targe-
ted synthesis of new derivatives with diverse pharma-
cophore groups.

Materials and methods

Kinetic measurements were carried out according to
the method [4]. The concentration of NaOH in the solu-
tion was determined by potentiometric titration on an
EV-74 ionomer using the standard aqueous HCI solu-
tion. The reaction kinetics was performed in triplicates,
the experiments contained 6-8 measurements (the depth
of the change was not less than 80 %). The accuracy of
the results obtained was assessed by the methods of ma-
thematical statistics of small samples with statistical sig-
nificance of 0.95 [4].

Ethyl ester of 2-(benzoylamino)(1-R-2-oxoindoline-
3-ylidene) acetic acids (1). Boil the solution of 2.9 g
(0.01 Mol) 3-(5-0x0-2- phenyl-1,3-oxazole-4(5H)-ylide-
ne)-1,3-dihydro-2H-indol-2-one in 50 cm® of 96 % etha-
nol on a water bath for 1 hour. In 2 hours filter the pre-
cipitate formed, wash with ethanol, dry and re-crystal-
lize from ethanol. Compounds 2-6 are obtained simi-
larly [5].

Results and discussion

The reaction kinetics was studied in the binary sol-
vent of dioxane-water (60 vol. % of dioxane) in the tem-
perature range of 45-85 °C. The reaction proceeds ac-
cording to the equation given in Scheme 1.

The reaction obeys the kinetic equation of the second
order:

B —k(a-%)-(b), (1)

where: a, b — is the initial concentration of ester and
alkali (mol/L), respectively; x — is the concentration of
the reaction product (mol/L) at the time t (s); k — is the
bimolecular constant of the reaction rate (L/mol - s).
The distribution of variables and integration of equa-
tion (1) allow determining the rate constant for the reaction:

2303 ,_a(b-x)
“ib-a) "9 bax) " )

The value k obtained was correlated to the increase of
the amount of the solvent when the temperature of the
experiment changed from 25 °C to t °C by multiplying
by the factor T = d,;/d, where d,; and d, being the densi-
ty of the dioxane-water binary solvent at 25 °C and t °C.
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Scheme 1
Table 1
The rate constants k of the alkaline hydrolysis reaction for ethyl esters
of 2-(benzoylamino)(1-R-2-oxoindoline-3-ylidene) acetic acid
R k-10% dm3-Mol'-s'atT, K
318K 328K 338K 348K 358K
H 1.54+0.05 2.49+0.06 3.93+0.06 6.05+0.08 12.27+0.09
CH, 1.11£0.04 1.83+0.05 2.94+0.05 4.58+0.07 9.51+£0.07
CH; 1.12+£0.05 1.89+0.05 3.02+0.06 4.74+0.06 9.73+£0.08
n-C,H, 1.21£0.03 1.99+0.06 3.14+£0.07 4,93+0.08 10.19+£0.08
n-C,H, 1.23+0.04 2.02+0.08 3.21+£0.08 5.01+0.07 10.28+0.09
CH. 1.55+0.04 2.49+0.06 3.95+0.05 6.08+0.08 12.45+0.09

The rate constants were calculated by the changes
in the concentrations of sodium hydroxide in time. The
ratio of the concentrations of nucleophile (OH") and the
ester (substrate) was changed; however, the values of
the rate constant did not change within the error of the
experiment, i.e. the reaction is described by the kinetic
equation of the second order.

The reaction rate constants of alkaline hydrolysis de-
pend on the structure and the length of the hydrocarbon
chain at the heterocyclic nitrogen atom (Tab. 1). Intro-
duction of hydrocarbon radicals to the structure of the
heterocycle slows down the reaction, while the chain
extension accelerates it. The appearance of the phenyl

COOC,H,

C— NHCOCH,

radical in the ester molecule does not practically change
the reaction rate, i.e. donor substituents decrease the re-
action rate by stabilizing the anion. This indicates an
increase of the electron density at the reaction center in
transition from the initial state to the activated complex
and suggests that alkaline hydrolysis of ethyl esters pro-
ceeds by the B,.2 mechanism that is known from the
literature (Scheme 2) [3].

The effect of the electronic nature of the substituents
on the reactivity of ethyl esters was quantitatively as-
sessed by Hammett equation (Tab. 2). The data obtained
suggest that the values of the reaction parameter p are
positive in the temperature range studied; it is additional-

OH
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C—NHCOC Hy

| Cr -
N
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C— NHCOC H,

Scheme 2
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Table 2

The parameters of Hammett equation
(Igk =1gk® + p - 0) of the alkaline hydrolysis reaction
for ethyl esters of 2-(benzoylamino)
(1-R-2-oxoindoline-3-ylidene) acetic
acid at different temperatures

T, K Igk® p n S r

318|-2.814+0.001 |0.835+0.011| 6 |3.87-10°| 0.9992
328|-2.604 + 0.005 [0.784 +£0.005| 6 | 1.57 - 10| 0.9998
338|-2.407 £0.001 |0.743 £0.010| 6 | 3.61 - 10| 0.9991
348(-2.219 +0.001 | 0.700 + 0.006 | 6 | 2.03 - 10| 0.9997
358[-1.911 +£0.001 | 0.665 + 0.009| 6 | 3.34 - 10| 0.9991

ly confirmed by the B,.2 mechanism of this reaction.
The values of the reaction parameter p are insignificant.
It indicates a low sensitivity of the reaction centre of the
substrate to the effect of the substituents, and it can be
explained by their remoteness. The value p decreases
with the temperature increase, i.e. the sensitivity of the
reaction centre to the effect of the substituents decreases.

The temperature dependence of the reaction rate
constant obeys the Arrhenius equation:

nk—inA- A

nH=ImATRT )
The values of activation energy (E,) and the logarithm
of the pre-exponential factor (InA) calculated by equation (3)
are given in Tab. 3. These data suggest that the elongation
of the methylene chain at the heterocyclic nitrogen atom
has an insignificant effect on the value of the energy barrier,
while substitution of hydrogen to the hydrocarbon radicals

Table 3

The kinetic parameters of activation (E,, InA)
of the alkaline hydrolysis reaction for ethyl esters
of 2-(benzoylamino)(1-R-2-oxoindoline-3-ylidene)
acetic acid

R InA E, ki/mol | n S r
H 7.86+0.02 | 55.0+0.1 | 5 [0.045| 0.9873
CH, 348+0.01 | 49.2+0.1 | 5 [0.020 | 0.9856
C,H, 363+0.01 | 49.0+0.1 | 5 [0.019| 0.9861
n-C,H, | 3.54+0.01 | 48.7+0.1 | 5 | 0.020 | 0.9844
n-C,H, | 3.38+0.01 | 48.7+0.1 | 5 | 0.019| 0.9857
CH, 350+0.01 | 47.6+0.1 | 5 [0.020 | 0.9840

causes a natural decrease E,. The correlation of E, and InA
with Hammet 6-constants is statistically insignificant.

According to Eyring equation [6] enthalpy (AH?) and
entropy (AS?) of activation were calculated:

/ni.ﬁzAS;t_L *

T % R RTAM

where: /1 — i1s the Planck constant; k — is the Boltzmann
constant; R — is the universal gas constant; 7 — is the
absolute temperature.

The free energy of activation (AG*) was calculated
by the second principle of thermodynamics. The data
obtained are given in Tab. 4.

The entropy of activation for all compounds is ne-
gative, and it is additionally confirmed by the B,.2 reac-
tion mechanism. High absolute AS values suggest a highly
symmetrical structure of the intermediate formed. The AH*
values are low, indicating the synchronicity of this reac-

“)

Table 4
The thermodynamic parameters of activation (AH”, AS*, AG”) of the alkaline hydrolysis reaction
for ethyl esters of 2-(benzoylamino)(1-R-2-oxoindoline-3-ylidene) acetic acid
AG*, kJ/mol TAS*, kJ/mol
R - AH?*, kJ | AS*J I S .
318K[328 K338 K|348 K[358 K /mo /mol |1 318 K[328 K[338 K[348 K[358 K
H 954 | 96.9 | 98.5 [100.1|{101.7| 44.8=+3.3 |-159.0+9.9|0.9834(0.194|-50.6 | -52.1 | -53.7 | -55.3 | -56.9
CH, 95.7 | 974 | 99.1 [{100.8|102.6| 40.4+5.7 |-173.7+9.7|0.9436 |0.328 |-55.2 | -57.0 | -58.7 | -60.4 | -62.2
C,H, 96.1 | 97.7 | 99.2 | 100.8|102.4| 46.6+3.1 |-155.8+9.2|0.9867 |0.179|-49.5|-51.1 |-52.6|-54.2 | -55.8
n-CH, | 96.0 | 97.6 | 99.2 | 100.7[102.3| 46.3+3.3 |-156.4+9.7|0.9850|0.189|-49.7 | -51.3 | -52.9 | -54.4 | -56.0
n-C,Hy | 95.9 | 97.5 | 99.0 [ 100.6[102.2| 46.2+3.1 |-156.3£9.3|0.9864|0.181|-49.7 | -51.3 | -52.8 | -54.4 | -56.0
CH, 933 | 96.9 | 984 |100.0|101.6| 45.1+3.3 |-157.8+9.7|0.9846|0.188|-50.2 | -51.8 | -53.3 | -54.9 | -56.5
Table 5

The correlation parameters of the equation y = a + bx of dependence of kinetic and activation parameters
of the alkaline hydrolysis reaction for ethyl esters of 2-(benzoylamino)(1-R-2-oxoindoline-3-ylidene) acetic acid

X y a b r S B, K
lgks,g AH* (9.56+0.03)-103 -(12.6+1.2) -10° 0.974 111 616
lgks,e AH* (9.83+£0.03)-10° -(13.5+1.2)-10° 0.947 115 621
Igkssg AH* (10.83 £0.03)- 103 -(141+1.3)-10° 0.975 116 621
Igks,q AH* (11.31+0.02)- 10° -(15.2+1.3)-10° 0.999 101 618
lgkssg AH* (11.85+0.03)- 103 -(15.7+1.2)-10° 0.976 110 633
1T p -0.67 +0.02 580+8 0.999 1.8-1072 580
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tion series. The correlation equations of AH* — f(c) and
AS? — f(o) relationship where 6— are Hammett constants
are statistically significant. It is interesting to note that
enthalpy and entropy contributions to AS? — are similar.

To check the existence of the isokinetic ratio in the
reaction series under research the correlations of AH*—
lgk,, p — 1/T were studied (Tab. 5). The data in Tab. 5
indicate that they are statistically significant. This allo-
wed us to calculate the isokinetic temperature () of the
reaction by two independent methods. The values [ ob-
tained are rather close and are above the temperature
range studied; it indicates the enthalpy type of control
for the reaction of alkaline hydrolysis.

CONCLUSIONS

The reaction kinetics of alkaline hydrolysis of bio-
logically active ethyl esters of 2-(benzoylamino)(1-R-
2-oxoindoline-3-ylidene) acetic acids has been studied
in a wide temperature range; its B,.2 mechanism has
been proven with formation of highly symmetrical in-
termediate. The effect of the substituents at the hetero-
cyclic nitrogen atom on the numerous kinetic and ac-
tivation parameters of the reaction has been analyzed;
isokineticity and synchronicity of the reaction have been
proven using independent tests.
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