Bulletin of the Chemists and Technologists of Macedonia, Vol. 18, No. 1, pp. 15-20 (1999)

GHTMDD - 321
Received: December 12, 1998
Accepted: April 14, 1999

ISSN 0350 - 0136
UDC: 547.584 : 542.949.41.094.7]: 543.422

Original scientific paper

SPECTROPHOTOMETRIC STUDY OF KINETICS OF ALKALINE HYDROLYSIS
OF SOME N-SUBSTITUTED PHTHALIMIDES

Nada U. PeriSi¢-Janji¢', Luciana L. Arman', Marija D. Lazarevi¢®

'Institute of Chemistry, Faculty of Sciences, University of Novi Sad,
Trg Dositeja Obradoviéa 3, 21000 Novi Sad, FR Yugoslavia
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The kinetics of the hydrolysis of N-(4-R-phenylaminomethyl)-phthalimide (R = H; OCHj;; CHj3; Cl; Br) were
studied spectrophotometrically in aqueous sodium hydroxide solutions. The rate of hydrolysis shows a small depend-
ence on the concentration of hydroxide ion in the pH region 9.35-13.70. The effect of para substituent (R) on ben-
zene ring on the reaction rate constants of hydrolysis obeys Hammett's relationship.

Key words: N-substituted phthalimides; alkaline hydrolysis; kinetics

INTRODUCTION

Imides have been of considerable interest for
many years because of the medicinal and the bio-
chemical importance of several compounds con-
taining imide functionality. Phthalimide derivatives
are used as insecticides [1], fungicides [1, 2], car-
cinostatics [3—-5], anticonvulsants [6].

In alkaline medium occurs the cleavage of im-
ide bond. Khan [7] studied the kinetics of alkaline
hydrolysis of N-alkylphthalimides with an aim to

explore the effect of substituents on this reaction.
The mechanisms of aqueous cleavage of succinim-
ide [8] and phthalimide [9] in highly alkaline media
have been reported.

The aim of the present work was to determine
the reaction rate constants and to investigate the effect
of substituents on the benzene ring on alkaline hy-
drolysis of some N-(phenylaminomethyl)-phthalimide
derivatives.

EXPERIMENTAL

N-(phenylaminomethyl)-phthalimide derivatives
(Table 1) were synthesized according to the stan-
dard procedure [10] and characterized by melting
points, IR and NMR spectra and elemental analy-
sis. Stock solutions of investigated compounds (2-10
*mol-dm™) were prepared by dissolving the re-
quired amounts of the substances in ethanol. All of
the chemicals used were of analytical grade purity and
all solutions were prepared with demineralised water.

Spectrophotometric measurements were carried
out on a Varian Cary 219 spectrophotometer in 1 cm
quartz cells. The pH values (7-12) of the solutions
were measured on an ISKRA MA-5704 pH-meter.
Above this pH range acidity functions for concen-
trated solutions of NaOH were used [11].

All the kinetic runs were carried out at 25 °C,
in a thermostated cell compartment. For a typical
kinetic run, the reaction mixture containing all the
reaction ingredients except phthalimide was equili-
brated at desired temperature. The reaction was
then initiated by adding the appropriate amount of
phthalimide stock solution so the concentration of
the reagent in the reaction mixture was 1.2-107
* mol-dm™. The reference was an alkaline solution
(at 25 °C) which contained the same quantity of
ethanol as the measured solution. The ionic
strength (I=0.1 mol-dm™) of all the solutions was
kept constant using sodium perchlorate.
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Table 1

The structures of compounds studied
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N—CH,—NH — R
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1.R=H
2. R = OCHj;
3.R=CH3
4. R=Cl
5.R=Br

N-(phenylaminomethyl)-phthalimide
N-(4-methoxyphenylaminomethyl)-phthalimide
N-(4-methylphenylaminomethyl)-phthalimide
N-(4-chlorophenylaminomethyl)-phthalimide
N-(4-bromophenylaminomethyl)-phthalimide

RESULTS AND DISCUSSION

The hydrolysis of investigated phthalimides
was studied by following the changes in the elec-
tronic absorption spectra recorded in aqueous so-
dium-hydroxide solutions as a function of time.

The aqueous solutions of investigated com-
pounds show the absorption maxima at about 200,
220 and 290 nm (Fig. 1, Table 2). The last two
wavelengths are the typical for the absorption
maxima of cyclic imide group of phthalimides [1].
In alkaline media at these wavelengths the intensity

of the absorption decrease with the progress of the
reaction (Fig. 1). In the absorption spectra clear
isosbestic points occur at about 205 nm and about
255 nm, depending on the compound.

A decrease of the intensity of absorption at the
absorption maxima which are characteristic of im-
ide ring, with the progress of the reaction, clearly
indicates the cleavage of imide bond during the
alkaline hydrolysis of N-substituted phthalimides.

A

190 210 230 250

270 290 310

330 A [nm]

Fig.1. Absorption spectra of N-(4-methylphenylaminomethyl)-phthalimide recorded in:

- - - - water solution,;

aqueous solution of NaOH (pH = 10.60) as a function of time
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Table 2
The spectral characteristics of investigated
compounds
Comp- ;\'max Emax 1073
ound nm dm® mol™ cm™

1 197; 219.5; 237.5; 289
193; 219; 237.5; 296

44.2;44.6; 15.8;2.95
49.2;46.0; 17.5; 4.18

The kinetics of alkaline hydrolysis of N-(phenyl-
aminomethyl)-phthalimide derivatives were studied
within the pH-range of 9.35 to 13.70 (Fig. 2).

The reaction rates were found to obey a sim-
ple pseudo-first-order rate law and the observed
pseudo-first-order rate constants, ks, were calcu-
lated from equation (1).

2
. n10- . . . . 1 A -A
3 199;219;237.5;291  51.8;47.6; 18.4;3.34 k= Ine A= 0
4 199; 219; 238; 295 45.0;41.2; 18.4; 3.61 o A-A,
5 200;219;238; 296 45.6; 42.8: 19.8; 3.49
A
045+ A=225 nm
v pH=9.35
= pH=10.00
H=10.60
0.351 bp
apH=11.50
e pH=13.70
0.25+
0.15 | | % | % | %
0 2000 4000 6000 t [s]

Fig. 2. The absorbance changes of the solutions of substance 1 on the time at the different pH values of the solutions

A, 18 the absorbance of solution before the be-
ginning of the reaction, A.. is the absorbance of so-
lution after the end of the reaction, and A is the ab-
sorbance of the solution at time ¢, at the same wave-
length A. A, and A.. were determined by extrapola-
tion using the interpolation polynoms constructed
from the kinetic data.

The calculated rate constants are presented in
Table 3. The rate constants of the alkaline hydroly-
sis of investigated compounds show a small de-
pendence on the pH values of the solutions. The
values of ks slightly increase with the progress of
basicity of the medium.

T'nac. xem. TexHon. Makenonwuja, 18, 1, 15-20 (1999)

For a series of N-alkylmaleimides Matsui et
al. [11] calculated the hydroxide ion-catalysed rate
constants, k OH-’ in the pH region 7.02-9.26, from

equation (2):

logkops = loglk,- - K )]+ pH. )

Our unpublished results show a linear rela-
tionship between log k., of alkaline hydrolysis of
N-(phenylaminomethyl)-phthalimide and pH in the
pH range 8.52 — 9.80, with the slope equals unity.



18

N. U. Perisic-Janjic, L. L. Arman, M. D. Lazarevi¢

Table 3
The values of the reaction rate constants, k-1 0 s for the studied compounds
Compoound
pH 1 2 3 4 5
9.35 0.809 = 0.007 0.756 £ 0.008 0.775 £ 0.006 0.856 £ 0.005 0.862 £ 0.005
10.00 1.080 £ 0.020 1.026 = 0.025 1.040 £ 0.020 1.121 £0.028 1.135£0.015
10.60 1.309 £ 0.016 1.260 £ 0.018 1.281 £ 0.009 1.350 £ 0.025 1.355+0.018
11.50 1.596 £ 0.020 1.483 £0.017 1.529 £0.025 1.691 £0.011 1.701 £ 0.017
13.70 2.528 £0.010 2.389 £0.017 2.449 + 0.029 2.650 £ 0.024 2.661 £0.023

The observed reaction rate constants of
N-(4-R-phenylaminomethyl)-phthalimides at the
different pH values (9.35-13.70) do not fit the
equation (2). In this region reaction rate slowly
changes with increasing pH value and dependen-
cies of log ke on the pH in region pH 10.00 —
13.70 fit the empirical equation (3):

logkgyys =a+b-pH 3)

where for all of investigated compounds a and b
have values of about —3.9 and 0.1, correspondingly.
This fact is a proof that the rates of alkaline hy-
drolysis of investigated phthalimides up pH 10 are

almost independent on the concentration of hydrox-
ide, which is in agreement with literature data for
hydrolysis of other imides in solution of high pH
values [13].

The effect of para substituents on benzene
ring on alkaline hydrolysis of substituted phthalim-
ides could be seen from the plots of log k,ps versus
Hammett's substituent constants o. The plots are
linear (Fig. 3) with the slopes, p, of about 0.1 (Ta-
ble 4). The electron-attracting substituents (p-Cl
and p-Br) accelerate and the electron-donating groups
(p-OCH; and p-CHj) slow down the hydrolysis,
having reference to unsubstituted compound.

log kobs

297

-3.0T
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_ pH=10.60
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32 1 }
-0.3 -0.2 -0.1

Fig. 3. Plots of log ks versus Hammett's substituent constants o for alkaline hydrolysis
of N-(phenylaminomethyl)-phthalimide derivatives
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Table 4

The values of the reaction constants p
at the different pH values

pH 9.35 10.00 10.60 11.50 13.70

P 0.112 0.085 0.061 0.116 0.091

+0.002 £0.005 £0.002 £0.003 =£0.002

(1]

(2]

(3]

(4]

[5]

(6]

(7]

0]

C

0]

0]

It is well known that p > O for all of the reac-
tions facilitated by the presence of electron-attrac-
ting substituents. Positive values of reaction con-
stants p, indicate that the nucleophilic attack is the
rate-determining step in the alkaline hydrolysis of
N-aryl substituted phthalimides. The low values of
p show that substituents which are far from the re-
action centre have a small influence on the reaction
rate.

On the basis of the literature data [12,14] and
our results, we proposed the reaction mechanism
presented in the Scheme 1.
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Scheme 1

Formation of intermediate II by nucleophilic attack of hydroxide ion on the carbonyl carbon
of the imide ring is the rate-determining step
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Peszume

CIHIEKTPO®OTOMETPUCKO ITPOYYYBAILE HA KUHETUKHUTE HA AJIKATHA XUAPOJIN3A
HA HEKOU N-CYIICTUTYUPAHU OTAITUMUIN

Hapa Y. Hepuumh-Jamwuli’, lynujana JI. Apman’, Mapuja [I. JTazapesuxk’

! Uncinuitiyin 3a xemujy, Hpupodno-maiiemaifiuuxy paxyaitier,
Tpz [Hocuitieja Obpadosutia 3, 21000 Hosu Cao, CP Jyzocaasuja
2 Texnoaowko-meitianypuiku pakyaitieit,
P. Bowrkosuk 16, Yuusepsuitieii ,, Ce. Kupua u Meiioouj*“, 91000 Ckoiije, Peiiybauxa Makeoonuja

Knyunu 360poBu: N-cyncrutynpann (pTaluMuIY; alTKallHa XUAPOIN3a; KHHETHKA

CnextpodoToMeTpucku 0ea M3ydyBaHH KHUHETHKHU-
Te Ha xmpponu3a Ha N-(4-R-peHmmammHOMeETHI)-(DTal-
nmup (R=H; OCH;; CHj;; Cl; Br) Bo BogHM pacTBOpH Ha
HaTpuyM xupipokcufi. CTeNeHOT Ha XUAPOIN3aTa IOKaxXy-
Ba MaJjla 3aBHCHOCT Of] KOHIIEHTpallyjaTa Ha XUAPOKCHUJ-

HHUOT joH BOo pH co omcer 9,35 — 13,70. EcdexroT Ha cyn-
CTUTyEeHTHTE BO OEH3EHCKOTO jafip0 Bp3 PEaKIHOHHOT
CTeTleH Ha KOHCTAHTHTE Ha XHPONIN3a € BO KOpenalwmja co
Hammett-oBaTa paBeHKa.
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