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Kinetics of the alkaline hydrolysis reaction of methyl esters of substituted 4,5-dimethoxy-N-phenylanthranilic
acids has been studied in the binary solvent of dioxane-water at 55, 75, 85°C. It has been found that at each
experimental temperatures Igk; dependence on the nature and position of substitutes in a non-anthranilic frag-
ment of the molecule is described by the Hammett equation. It has been demonstrated that introduction of
electrodonor substituents in the molecule of ester assists increasing of the activation energy and free activation
energy. The activation entropy for all substances is significant and high according to the absolute value, which
indicates the B,.2 mechanism of the reaction with formation of high-symmetrical intermediates. The analysis of
the numerous kinetic and activation parameters has shown isokinetics of the reaction with the enthalpy type of
control. It has been experimentally found that the compounds synthesized show the anti-inflammatory, analgesic,
diuretic, bacteriostatic activities.

PEAKLIIMHA 30ATHICTb NMOXIQHUX N-®EHITAHTPAHIIIOBUX KUCJIOT. XXV. KIHETUYHI TAPAMETPY AK-
TUBALITI TA I3OMAPAMETPUYHICTb PEAKLII TY)XXHOIO rgPOJI3Y METUIIOBUX ECTEPIB 3AMILYEHUX 4,5-OU-
METOKCU-N-®EHITTAHTPAHIIIOBUX KUCJIOT Y BIHAPHOMY PO3YUHHUKY [IOKCAH-BOJA

C.licaees, O.M.CeecyHikoea, A.O.[JeesimkiHa, T.A.KocmiHa

Knrovoei cnoea: N-¢beHinaHmpaHinosa Kucrioma; Memursiosi ecmepu,; peakuiliHa 30amHicmbs; mepMoOUHaMIYHI
napamempu akmusauii; i3ornapamempuyHicme peakuii; eHmanbnitiHut KOHMPOorsib

JocnidxeHo KiHemuky peakuil nyxHoeao 2i0ponizy memusosux ecmepig 3amiweHux 4,5-0umemokcu-N-gbeHin-
aHmpaHinosux kucrom y 6iHapHOMy PO34UHHUKY OiokcaH — eoda rpu memnepamypax 55, 75, 85°C. BcmaHoe-
JIeHO, WO rpu 8cix 0ocnidxeHUX memnepamypax 3anexHicms Igk; 8i0 npupodu i NONOXeHHs1 3acCmyrnHuUKie y
HeaHmpaHinoeomy ghpaeMeHmi MoneKynu onucyemscs pisHIHHAM amema. [Noka3aHo, ujo 88e0eHHS e/1eKmMpPo-
HOOOHOPHUX 3aMIiCHUKI8 y MOMeKyrly ecmepy Cripusie nid8UWeHHIo eHepeii akmusauii i 8inibHOI eHepail akmu-
eaujii. EHmponisi akmusauii 0151 8cix pe4osuH 8id’emMHa ma gesiuka 3a abConMmMHUM 3Ha4YEeHHSIM, WO 8Ka3ye Ha
B,c2 mexaHi3m peaKuii 3 ymeopeHHIM 8UCOKOCUMEMPUYHUX iHmMepmediaHmie. AHari3 YUCIeHHUX KiHemu4yHUX
i akmueauiliHux napamempig rnokasas i30KiHemuy4Hicmb peakuii 3 eHmarnbniiHUM muromM KoHmpos. Ekcre-
PUMeHMarnbHO 8CMaHOBITEHO, WO CUHME308aHi PEYOBUHU 8USIBIAIOMb rpomu3sanarbHy, aHansemuyHy, Oiype-
muyHy, 6akmepiocmamuy4Hy akmugHicmeb.

PEAKLINOHHAS CITOCOBHOCTb NMPOU3BOAHbIX N-®EHUITAHTPAHUITIOBbLIX KACJIOT. XXV. KNHETHU-
YECKUE NMAPAMETPbI AKTUBALIUU U U3OTNAPAMETPUYHOCTb PEAKLUUU LLIETTOYHOIO rgPOJIN3A METUJIO-
BbIX 30UPOB 3AMELLEHHbIX 4,5-AUMETOKCH-N-OEHNIIAHTPAHNIIOBbIX KUCJIOT

C.lUcaes, E.H.Cee4Hukoea, A.A.[leesmkuHa, T.A.KocmuHa

Knroyeenie cnoea: N-hbeHunaHmpaHunosas Kucioma, Memuiiossil 3ghup; peakyuoHHasi criocobHocmb; mep-
MoOuHamMu4ecKue napamempbl akmuseayuu; u3onapamMempuyHOCmMb peakyuu, SHmManbnulHbIl KOHMPOsb
UccnedosaHa KuHemuKka peakyuu Werno4yHo2o audponu3da Memuriossix 3¢hupos 3ameueHHbIX 4,5-0umemokcu-
N-gbeHunaHmpaHunosbix Kuciom e 6uHapHOM pacmeopumere duokcaH-8o0a rpu memnepamypax 55, 75, 85°C.
YcmanoeneHo, Ymo npu ecex uccredosaHHbIX memrepamypax 3asucumMocms Igk, om npupoldbl U MOMOXEHUSsT
3amecmumernel 8 HeaHMpPaHUI080M hpacMeHme MOMEKy bl onucbisaemcs ypasHeHuem lamema. [Nloka3aHo,
4Ymo esedeHue 3rIeKMpPOHOOOHOPHbIX 3amecmumerieli 8 MOsieKyy aghupa criocobecmayem MoebIEHU0 3HEP-
euu akmusayuu u ceob00HOU sHepauu akmueayuu. SHMponus akmusayuu 0715 8CEX 8ew,ecmes ompuyamerbHa
U 8eruka rno abcorntomHbiM 3Ha4eHUsIM, Ymo yKaabigaem Ha B,.2 MexaHuU3M peakyuu ¢ obpa3osaHueM 8bICOKO-
cuMMempu4YHo20 uHmepmeduaHma. AHanu3 MHO204UCIIEHHbIX KUHEMUYECKUX U akmueayUOHHbIX Mapamempos
rokasars U30KUHEMUYHOCMb peakyuu ¢ 3HManbnuliHbIM MUMoM KOHMPOs. QKCcrnepuMeHmarbHO ycmaHoere-
HO, YMO CUHMe3UpoB8aHHbIe 8euwjecmaa fposIeIAoMm MPOMUEOBOCHaNUMErbHYI, aHalb2emu4ecKyto, ouype-
muyeckyto, bakmepuocmamu4ecKyto aKmueHOCb.

* Report XXIV see [15]
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The long-time investigations in the range of N-phe-
nylanthranilic acids (N-PAA) and their derivatives by
researchers of the Institute of Organic Chemistry of
the National Academy of Sciences of Ukraine, Insti-
tute of Pharmacology and Toxicology of the Ukrai-
nian Academy of Medical Sciences and the National
University of Pharmacy led to creation of effective me-
dicines (mefenamic acid and its sodium salt, difluorant,
antral) widely used in medical practice as anti-inflam-
matory, antipsoriatic and hepatoprotective medicines
[5, 6]. Data of scientific research of domestic and fo-
reign scientists indicate that derivatives of N-PAA have
a wide synthetic and pharmacological potential [1-3,
6,10, 14, 16, 17]. These circumstances caused the ne-
cessity of synthesis of methyl esters 4,5-dimetoxy-
N-PAA and study their reactivity. It should be noted
that the reaction of alkaline hydrolysis of N-PAA es-
ters is one of the possible ways of their metabolism in
the organism and is of a great scientific and practical
interest for researchers in the field of organic syn-
thesis and pharmacological research. Esters of N-PAA
are also initial substances for obtaining the corre-
sponding alkyl-, aryl-, heterylamides, hydrazides and
their derivatives. To continue the study of kinetics of
the alkaline hydrolysis reaction [15] of biologically
active methylic esters of 4,5-dimethoxy-N-phenylan-
thranilic acids in the binary solvent of dioxane-wa-
ter (60 vol.% of dioxane) by the equation according
to the scheme 1, the constants of the reaction rate
have been determined at the temperatures of 55, 75
and 85°C (Scheme 1).

Analysis of the results obtained proves that at all
experimental temperatures the influence of the na-
ture and position of substituents in a non-anthrani-
lic fragment of the molecule is similar: acceptor sub-
stituents accelerate the reaction due to delocalization
of the charge in relation to the anion, and donor sub-
stituents causes the opposite effect; it allows to as-
sume the course of the alkaline hydrolysis reaction
of methyl esters of 4,5-dimethoxy-N-phenylanthra-
nilic acids (1-9) by B,.2 mechanism.

According to the Hammett's equation the quan-
titative estimation of the influence of the nature and

position of substituents upon the constants of the re-
action rate at 55, 75, 85°C has been performed.

lgk,,s = (-4.801+0.007) + (0.996+0.029)c (1)
n=9 r=0.997 $=4.7-102

lgk,,; = (-4.317+£0.005) + (0.883+£0.029)c (2)
n=9 r=0.998 §=3.7-102

gk, = (-4.062£0.004) + (0.844+£0.015)0 (3)
n=9 r=0.998 S=2.5-102

The correlative equations obtained have convin-
cing statistical characteristics. The little values of the
reaction parameter (p) at all experimental tempera-
tures testify its slight sensitivity to the influence of
substituents, it reduces with increase of the reaction
temperature. It is interesting that the values of the re-
action parameter practically coincide (within the ex-
perimental error) with p of 3-dialkylaminethyl esters
of 4-nitro-, 4-nitro-5-chloro- and 4-sulfamoil-N-PAA
[7, 11-13]. The positive values of p testify of B,.2 me-
chanism of the reaction (Scheme 2).

Table 1

The constants (k) of the alkaline hydrolysis
reaction rate of methyl esters of substituted
4,5-dimethoxy-N-phenylanthranilic acids
at various temperatures

k-10%/-mol’-s'atT, k
Compound
328 348 358
1 1.63+0.03 4.46+0.03 8.69+0.05
2 1.10£0.04 3.44+0.02 6.16+0.04
3 1.03+0.03 3.44+0.03 6.02+0.04
4 0.94+0.03 2.99+0.03 5.54+0.03
5 0.88+0.02 2.81+0.04 5.15+0.04
6 0.83+0.04 2.67+0.03 5.02+0.02
7 0.71+0.03 2.54+0.04 4.68+0.02
8 2.62+0.02 7.80£0.05 13.24+0.07
9 2.67+0.02 7.85+0.05 13.95+0.06

H,CO COOCH,; _
Mg + NaOH — »
H

—_—

H5CO COON
3 a P |
— R + CH3OH
H

where: R = H (1), 2-CH, (2), 4-CH, (3), 3',4'-(CH,), (4), 4-OCH, (5),
4-OC,H, (6), 4-OC,H, (7), 4'-Cl (8), 4'-Br (9)

Scheme 1
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Scheme 2

The temperature dependence of constants of the
reaction rates can be explained by the Arrenius equa-
tion:

E,

Ink = RT

InA4 % (4).

The values of the activation energy (E,) and the
logarithm of the predexaponential factor (InA) cal-
culated according to equation (4) are presented in
Table 2. These data show that addition of electrodo-
nor substituents to the molecule of ester naturally
leads to increase of the energy barrier and value E,,
respectively. The acceptor substituents cause the op-
posite effect. Correlation of E, and In4 with Hammet
o-constants is statistically unreliable.

According to the Eiring’s equation [9] enthalpy
(AH?) and enthropy (AS?) of activation have been cal-
culated:

»
lnk-ﬁzAS L AH”, (5)
T K R RT
where: h - is the Plank’s constant; K - is the Bolth-
man’s constant; R - is the universal gas constant; T -
is the absolute temperature.

Free energy of activation (AG*) has been calcu-
lated according to the second principle of thermody-
namics. The data obtained are presented in Table 3.

Table 2

Kinetic parameters of activation (E, and In A)
of the alkaline hydrolysis reaction of methyl esters
of 4,5-dimethoxy-N-phenylanthranilic acids

Compound K -Er/;ol" In A r s
1 49.4+0.3 |7.142£0.10| 0.994 0.175
2 52.0+0.2 |7.69+0.10| 0.995 0.170
3 50.4+0.4 |7.15+£0.13| 0.991 0.224
4 53.3+0.3 |8.03+0.09| 0.996 0.156
5 53.4+0.3 |7.98+0.09| 0.997 0.148
6 54,0+0.3 |8.15+0.10| 0.996 0.158
7 549+0.3 |8.41+0.11| 0.994 0.193
8 47.7+0.3 |7.03+0.10| 0.995 0.159
9 48.0+£0.3 |7.16+£0.12| 0.993 0.190

The activation entropy for all compounds is insepa-
rable, and it additionally proves the reaction B,.2 me-
chanism. High absolute values of AS*indicate a high
symmetric structure of the intermediate to be for-
med. Addition of acceptor substituents to the mole-
cule causes increase of the absolute value of AS*and
decrease of AH*. The AH* values are small. This fact
testifies coincidence of the reaction series. Correla-

Table 3
Thermodynamic parameters of activation (AH*, AS*, AG*) of the alkaline hydrolysis reaction
of methyl esters of 4,5-dimethoxy-N-phenylanthranilic acids

Com- AG*, kG - mol” AH?, AS*, T AS* kG - mol
pound | 318K | 328K | 338K | 348K | 358K | kG-mol" | kG-mol" ' ® 318K [ 328K | 338K | 348K | 358K
1 1086 (110.5|1125(1144|116.4 | 46.6+£0.3 | -194.9+89 | 0.994 |0.173| -62.0 | -63.9 | -65.9 | -67.8 | -69.8
2 109.7 ({111.6|113.5[ 1154|1173 | 49.2£0.3 | -190.3+8.6 | 0.995 |0.168| -60.5 | -62.4 | -64.3 | -66.2 | -68-1
3 109.5(111.5|1194 (1154|1173 | 47.6£04 |-194.8+11.4 | 0.990 |0.222| -619 | -63.9 | -65.8 | -67.8 | -69.7
4 110.111120({113.9|115.7|117.6 | 50.5£0.3 | -187.5£7.9 | 0.996 |0.486| -59.6 | -61.5 | -63.4 | -65.2 | -67.1
5 1104 (1122|1141 [116.0| 1179 | 50.6+0.3 | -187.9+7.5 | 0.996 |0.462| -59.8 | -61.6 | -63.5 | -65.4 | -67.3
6 110511123 114.2(116.1 | 1179 | 51.2£0.3 | -186.4+8.0 | 0.996 |0.157| -59.3 | -61.1 | -63.0 | -64.9 | -66.7
7 110.7 (11251144 (116.2| 118.1| 52.1£0.3 | -184.3£8.0 | 0.994 |0.192| -58.6 | -60.4 | -62.3 | -64.1 | -66.0
8 107.21109.1 {111.1|113.0|111.1 | 44.9+0.3 | -195.848.0 | 0.995 |0.157 | -62.3 | -64.2 | -66.2 | -68.1 | -70.1
9 107.1(109.1|111.0[113.0|1149| 45.2+0.3 | -194.7£9.5 | 0.993 |0.185| -61.9 | -63.9 | -65.8 | -67.8 | -69.7
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Determination of isokinetic temperature. The correlation parameters of equation y =a + bx

Table 4

of dependence of kinetic and activation parameters of the alkaline hydrolysis reaction of methyl esters
of 4,5-dimethoxy-N-phenylanthranilic acids and isokinetics of temperatures 3

X y a b r s B, K
[o] AH* (12.6%1.2)- 103 (-9.1+£0.5) - 103 0.964 190 615
19K, s AH? (13.2+1.4)- 10° (-9.1+0.7) - 10° 0.952 230 625
[o] AH* (14.6+1.6) - 10° (-10.1+0.8) - 10° 0.942 425 608
19K, s AH? (14.9+1.7) - 103 (-10.1+0.8) - 10° 0.944 249 629
[o] AH* (16.6+£1.8) - 103 (-9.2+0.8) - 10? 0.943 252 610

AS* AH* (383+28) - 10? 585+31 0.963 49 585

/T p -0.890+0.08 618+26 0.997 1.27 - 107 618

tions of AH* and AS* with Hammet o-constants are Table 5

statistically insignificant. It is interesting to note that
enthalpy and entropy contributions to AG* are similar.

For control of isokinetic correlation existence in
the experimental reaction series the following corre-
lations were examined: AH* - Igk,, AH* - AS*, p-1/T
(Table 4). All of them appeared to be statistically sig-
nificant. The values of isokinetic temperature 3 cal-
culated from these dependencies are close to values
B calculated independently (Table 5) according to the
equation below:

Ig kT2 =const +y g K (6).

The value (3 is higher than the interval of the tem-
perature under study, and it testifies the enthalpy
type of control of the alkaline hydrolysis reaction of
methyl esters of 4,5-dimethoxy-N-phenylanthranilic
acids.

Based on the PASS programme the computer pro-
gnosis of possible types of biological activity of 9 me-
thyl esters of 4,5-dimethoxy-N-phenylanthranilic acids
synthesized for the first time has been conducted. It
has been found experimentally that the substances
synthesized reveal the anti-inflammatory, analgetic,
diuretic, bacteriostatic and fungistatic activity. Ac-
cording to the classification of Sidorov K.K. the com-
pounds synthesized when introduced intragastrical-
ly belong to low toxic reagents (DL;,=1500-2000 mg/kg).
A number of regularities of the “structure-activity-
toxicity” relationship have been determined.

Experimental Part

The synthesis of methyl esters of 4,5-dimethoxy-
N-phenylanthranilic acid (1-9) was carried out by Fi-
sher esterification in the medium of absolute metha-
nol in the presence of concentrated sulfuric acid [8,
10]. The compounds (1-9) obtained were three times
recrystallized from methanol and dried at 105°C up to
the constant weight. The structure of the compounds
synthesized was confirmed by elemental analysis, IR-
and NMP-spectroscopy. The purity was controlled by
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Determination of isokinetic temperature 3.
The correlation parameters of equation
lg K7, = const + x Ig K;, of the alkaline hydrolysis
reaction of methyl esters
of 4,5-dimethoxy-N-phenylanthranilic acids

Temperature, K X ; S B K
T1 T2
318 328 | 09359 | 0994 | 6.87-102| 607
318 338 | 0.8759 | 0.996 | 5.16-102| 608
318 348 | 0.8318 | 0.997 | 4.37-102 575
318 358 | 0.7926 | 0.996 |4.72-10%| 622
328 338 | 09249 | 0991 | 7.77-102 575
328 348 | 0.8798 | 0.923 | 6.30:-1072 541
328 358 | 0.8201 | 0.997 |3.78-102| 628
338 348 | 09206 | 0.995 |524-10%| 613
338 358 | 0.8614 | 0.996 | 4.08-1072 566
348 358 | 0.9503 | 0970 | 4.40-102| 610

the method of thin-layer chromatography in the me-
thanol - hexane mixture (1:3).

Kinetic measurements were conducted by the screen-
ing methods [7]. The sodium hydroxide concentration
in the solution was determined by potentiometric tit-
ration on an EV-74 ionomer using the standard aqueous
solution of HCI. The kinetics of the reaction was stu-
died at 55, 75 and 85°C. Experiments were repeated
three times, including 6-8 measurements of each (the
depth of reproduction being at least 80%). The accu-
racy of the results obtained was assessed by means
of the methods of mathematical statistics for small
sets (at 0.95% confidence interval) [4].

Conclusions

1. Kinetics of the alkaline hydrolysis reaction of
methyl esters of substituted 4,5-dimethoxy-N-phe-
nylanthranilic acids has been studied in the binary
solvent of dioxane-water at the temperatures of 55,
75 and 85°C.
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2. The influence of the nature and position of sub- 3. Numerous tests have proven isokinetics of the

stituents in a non-anthranylic fragment of the mole- alkaline hydrolysis reaction of methyl esters of 4,5-
cule upon the numerous kinetic (Igks,q, 1gKs;,q 18Ks3,,  dimethoxy-N-phenylanthranilic acids with the enthal-
lgk,,q 1gk,c,) and activation (AH? AS*, AG#, InA) pa- py type of control, and its B,.2 mechanism has been
rameters of the alkaline hydrolysis reaction has been confirmed with formation of a high symmetrical in-
analyzed. termediate.
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