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Abstract

Rate constants for the reactions of 2-chleroquizoxalme with various amline denvatives in methanol have
been measured at four different temperatures. The reactions are accelerated by electron-releasing, and
retarded by electron-withdrawing, substituents on ambme A second-order kinetics, first order with respect
to both substrate and rcagent 15 observed with all the anibmes. The rate data are correlated with both
Hammett and Bronsted relations The activation parameters supported SN2Ar mechanism
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1. Introduction

The course of aromatic nucleophilic substitution (SNAr) reactions in aromatic® and
heterocyclic compounds*® has been studied extensively both for anionic and neutral
reagents. Even though there are a few reports on the kinetic study of N-
heteroaromatic compounds™, no systematic investigation has been made on the kine-
tics of 2-chloroquinoxaline (2CQ) with various nucleophiles of a homologus series.
With a view to extending the scope of linear-free energy relationship, kinetics of the
reactions of 2CQ with anilines is described in the present paper.

2. Experimentai

2-Chloroquinoxaline was prepared and purificd by the method of Castle and Onda’.
Methanol was purified by the method of Bjerrum and Lund'. Laboratory-grade
reagents and anilines were used after recrystallization from suitable solvents or distil-
lation over pure zinc powder.

2.1. Method
Rates were measured conductometrically up to about 30% conversion under
thermostated (= 0-1°C) conditions. The rate constants were calculated’ with a

* For correspondence.
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reproducibility within 3% error. Order of the reaction was determined by applying
the differential method on the rate data obtained on varying four different initial
concentrations of the reactants’.

2.2. Product analysis

Standard solutions of a particular aniline and 2CQ in methano! were mixed in glass-
stoppered bottles and kept at the kinetic temperature until the completion of the
reaction. After concentrating the alcoholic solution to small volume (~ 25 ml), a
little water (~ 10 mi) was added to remove aniline hydrochioride. The solid obtained
was washed with small amount of methanol (~ 10 ml), dried and recrystallized from
petroleum ether (60-80°C). The products obtained, in almost quantitative yields, were
corresponding to 2-anilinoquinoxalines (2AQ). Analytical data and some spectral
features of the products are similar to those reported in an earlier communication'?

3. Results and discussion

The solutions of 0-02M 2CQ in methanol did not show any change in conductance
when left at 40°C for a period of about 8 hours indicating the absence of solvolysis
reaction under experimental conditions. The rates of reactions of 2CQ with all the
anilines were independent of autocatalysis as revealed by good linear plots of conduc-
tance versus time. On applying the differential method to rate data, the kinetics was
observed to be of second order; first order with respect to both 2CQ and anilines.

Teble ¥
Rate constants and activation parameters for the reactions of 2CQ with anilines in methanel
Aniline kX 10° dm’ mol™* 571 AH x4 AS =6
25 30 35° 40 Kl mol™ T mol” k™!
Aniline 1-0 2.7 41 7-9 84-8 173-9
o-Toludine Q-5 23 3.3 72 878 1647
m-Toluidime 1.1 33 4-2 96 76-5 179-3
p-Toluidine 14 3.7 44 95 73-1 1822
o-Ci-Amline 05 2:0 2-8 49 1133 160-5
m-Ci-Aniline 0-8 21 33 63 1020 1651
p-Cl-Aniline 09 27 4:0 73 89-0 172:2
m-Anisidine 13 32 4:4 69 815 170-5
p-Ansidine 1.9 39 48 10-7 70-6 1672
2,4-Xyhdine 0-8 31 43 9-1 85-3 1556
2.6-Xyhidine 0-4 24 27 74 1292 161-8
4-Cl-o-Toluidine 0-4 5 32 65 147-1 182-2

6-Cl-o~Tolwdine 13 2-9 45 82 149-2 1902
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Fig 1. Rammett plots for the reactions of 2-
chloroquinoxaline with m- and p-substituted
anilines at different temperatures

The rate constants for the reactions of 2CQ with various aniline derivatives at four
different temperatures (Table I) reveal that electron-donating substituents at meta or
para positions accelerate while electron-withdrawing substituents retard the reaction.
The substituents at ortho position in aniline retard the reaction due to stearic
hindrance.

The rate data for the meta- and para-substituted aniline derivatives fit well with
the Hammett equation at all the four temperatures (Fig. 1). The reaction constants
(p) obtained by linear regression analysis on log k and the substituent constants ()™
are —0-55, —0-39, ~0:29 and —0-13 at 25, 30, 35 and 40°C, respectively. The nega-
tive values of o signify that the reaction is facilitated by electron-releasing group on
aniline.

A more direct correlation would be between the rate of the reaction and the
basicity of the anilines'®. This correlation might be useful even for ortho substituents
where simple Hammett equation is not applicable. A linear correlation (correlation
coefficient, v = 0.95) was found between log k at 30°C and pKa of corresponding
protonated anilinium ions® in water at 30°C. The value of the Bronsted coefficient
(B) was observed to be 0-19. Here the value of B has very little significance as log
k and pKa are in two different media; however, the positive sign of Bronsted co-
efficient is expected for nucleophilic substitution reactions.

The energies of activation were calculated from the linear regression of In k versus
reciprocal temperature and the values of enthalpy and entropy of activation were
determined by the standard formulae based on absolute theory of reaction rates.
The data in Table I indicate that these reactions are of isoentropic type and the
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reactions are controlled by AH'. Thus, the activation parameters agree well with the
proposed SN2Ar-type addition-elimination mechanism'® for the present reactions. A
similar type of mechanism for the reactions of 2CQ with all the anilines is revealed
from the very good linear Exner’s plots' of log ke versus log ks (correlation co-
efficient, v = 0-97).
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