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The Kinetics and Mechanism of the Condensation

Reaction Between o-Phenylene Diamine and pp'-
Disubstituted Benzils*

by
Celal TUZUN** and Ekmeleddin IHSANOGLU%***

Department of General Chemistry, Faculty of Science, University of Ankara

ABSTRACT

The condensation reaction between o-phenylene diamine and para-disubstituted ben-
zils has been studied kinetically. The reaction has been followed spectrophotometrically,
at constant temperature 20°C, in strong and weak acidic media. The reaction mixture
consists of 36 9, water and 64 9, methanol. The reaction was found to be second order
in strong and weak acidic media. The rate-profile has been determined and the top of it
was chosen as a common point for the study of the effect of different substiutents (e.g

CHj,, CH,0, Br, NO,) on the reaction rate. The rate constants of the condensation reacti-
ons between o-phenylene diamine and different disubstituted benzils have been obtained,
the p value is estimated as + 2.11.

The reaction mechanism has been found in accordance with the imine formation re-
action.

INTRODUCTION

The quinoxaline formation from the o-phenylene diamine and
1,2-dicarboniles was first discovered by Korner(1) and Hinsberg(2)
in 1884.

The chemistry of quinoxalines or benzopyrazines has been
reviewed in three major references (3,4,5), also an outline of the
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progress in quinoxaline chemistry since 1955 up to 1963 has been
reported in the review of G.W.H. Cheesman (6). Haley and
Mitland studied the effect of pH on the yield of dimethyl quino-

xaline formation(7), which was a preparative work.

Despite, a very large number of compounds which have been
prepared by direct condensation between o-phenylene diamine
and para-disubstituted benzils, several cases are on the record in
which the reaction has either failed completely or has proceeded
through an abnormal course. Some attempts have been made to
correlate the failure of certain benzils to give quinoxalines by ste-
ric hinderance, the formation of hydrogen bond, or with their
colour and the reactivity of the corresponding benzaldehydes
(3,8); but non of these correlations gave a clear solution.

The authors of this article did not come across to any publi-
cation concerning the kinetics and mechanism of the quinoxaline
formation. For these reasons it was thought that studying the
kinetics, mechanism and the effect of substituents on the forma-
tion of 2,3—(p,p-substituted diphenyl) quinoxalines would be inte-

resting.

In this paper the authors, studied the kinetics of the quino-
xaline formation reaction between different p,p-substituted benzils
and o-phenylene diamine in acidic and weak acidic aqueous met-
hanolic (64 9, MeOH, 36 9, H,0) media, the effect of the p,p-
substituents on the formation rates, the correlation of Hammet
substituent constants and suggested a new mechanism.

The unreactive benzils which do not condense directly with
o-phenylene diamine to form quinoxalines will be dealt with in
another paper.

RESULTS

The rate of the formation reaction of 2,3-diphenyl quinoxaline
from direct condensation between benzil and o-phenylene diamine
was determied spectrophotometricaly and was found to be of
overall second order rate constant when kinetic runs were
affected with equivalant concentrations of the reactants; and of
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pseudo first order with respect to every reactant when it was taken
at least 10 folds more concentrated than the other reactant. These
series of kinetic runs have been carried out in weak acidic and acidic
media i.e. pH 5.75 and pH 3.3 respectively (Tables 1.1 and 1.2).

TABLES 1.1 and 1.2

Rate constants of the formation of 2,-3~ diphenyl quinoxaline at A q= 345°nm and
20°C, produced in situ from the reaction of o-phenylene diamine.

Table 1.1: at pH==5.7° Table 1.2: at pH=3.3

[AI°/M | [BI/M k /M—1s1 [AIS/M [BI¢/M k [M-1s—!
1.43 10-*| 1.43 10—+ | 1.319® 1.43 10~ | 1.43 10—+ | 1.366°
1.43 10| 1.43 10~ 2.14 10~ | 1.43 10~

1.79 10~3| 1.43 10~ | 1.341f 2.50 10~ | 1.43 10~ | 1.394f
2.14 10-%| 1.43 10+ 2.86 10~ | 1.43 10~

1.43 10~+] 1.43 10-3 1.43 10~ | 1.43 10-3

1.43 10| 1.79 10— | 1.337 1.43 10~¢ |{1.79 10~ | 1.371f
1.43 10| 2.14 10-° 1.43 10~ | 2.14 103

a— Characteristic wave length of the 2,3—diphenyl quinoxaline.

b- pH 5.75 was maintained by using buffer (NaOH + Na Citrate) and pH 3,3 by
(HCI 4 Na Citrate).

c) Total concentration of o-phenylene diamine.

d) Total concentration of Benzil.

e) Second order rate constant determined directly from the application of the integ-
rated rate eguation.

f) Second order rate constant determined by the application of pseudo first order
technique.

To figure out the rate-profile of the 2,3-diphenyl quinoxaline
a series of kinetic runs were made in the pH range from 2 to 7 using
different buffers, and keeping the reacting medium at the propor-
tion of 36 %, H,0 and 64 9, MeOH (Table 2). Bell shaped rate-
profile was obtained (Fig.1). '

It was thought that the maximum point of the rate-profile
would provide a good common point for comparing the effect of the
different p,p’ -bis substituted benzils on the formation rates of the
corresponding quinoxalines. Any other point would have been
subject to large errors since any slight change in pH of media will
give rise to a big error in the k’ values due to the steep slope of
the right-hand left-hand parts of the rate-profile. As it will be
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TABLE 2

Pseudo first order rate constants k’for the formation of 2,3-diphenyl quinexaline

at Aq=345%nm and 20°C, produced in situ from reaction of o-phenylene diamine®, with

" benzil®,

pH 10k js— pH 169 s
2.00 (d) 0.176 . 5.48 () 2.493
2.88 (d) 0.870 5.75 (e) 1.632
3.55 (d) 2.339 5.88 (e) 1.673
4.00 (d) 3.253 5.98 (e) 1.003
4.81 (d) 3.286 6.22 (f) 0.948
5.02 (e) 2.947 7.00 (f) 0.274
5.05 (e) 3.023

a) Wave length of the characteristic peak of 2,3-diphenyl quinoxaline.
b) Total concentration of o-phenylene diamine=1.43 10—*M.

¢). Total concentration of benzil = 1.43 10—°M.

d) (HCI + Na Citrate) buffer.

€) (NaOH - Acetic acid) buffer.

f) (NaOH + Na Citrate) buffer.

seen from the following results that changing substituents changes
the location of the peak of the rate-profile, so any constant pH
value will never correspond to the same point on the rate-profile
of the other compounds.

A series of kinetic runs for 2,3-diphenylquinoxaline formation
reaction were made at its maximum point (pH=4.5) of the rate
profile (Table 3), and the second order rate constant was found
to be 2.27 M-'S-! at 20°C.

In studying the condensation reactions of the p,p’-disubstituted
benzils with o-phenylene diamine a commone procedure was fol-
lowed: A series of kinetic runs within limited pH range were done
to figure the upper part of the rate-profile and hence to point
out the pH (pH, ,,.) value where the formation rate reaches its
maximum. Afterwards a series of pseudo first order reactions were
made to determine the overall second order rate constant at pH
value for every substituent. Values and rates for the formation
of 2 3-(di-p-methylphenyl); 2,3-(di-p-bromophenyl) and 2,3-(di-
p-nitrophenyl) quinoxalines from the corresponding p,p-’disubs-
tituted benzils and o-phenylene diamine are listed in table 4.

In studying the condensation of 4,4’-dimethoxybenzil with
o-phenyelene diamine, the benzil compound was precipitated at the
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TABLE 3

First order rate k’ for the formation of 2,3-diphenyl quinoxaline atAq 345%am, and
20°C, produced in situ from the reaction of 1.43.10~*M o-phenylene diamine and benzil
at pH=4.5P,

10°[Benzil | /M 10k Js—1
143 o 3.556
Y U 3.777
1 4 4.155
186 oo, 4.548
2.00 ot 4.753
214 i 5.161

a~ Wavelength of the characteristic peak of the 2,3-diphenyl quioxaline.
b- (NeOH + Na citrate) buffer.

TABLE 4

Second order overall rate constants (k), for the formation of some 2,3 (di-p-substitu-

ted phenyl) quinoxalines produced in situ from the reaction of o-phenylene diamine with
corresponding p,p’ disubstituted benzils at 20°.

R | Aq? /nm PH o5 l k/M-1s—? |
CH, 354 4.68° 0.648

Br® 349 4.1¢ 3.95¢

No, 344 3.5d 115

a- Characterstic wave length of the formed quinoxaline

b~ p,p’disubstituted benzil’s concentration was kept below 0.5 10~ M to avoid its
precipitation in the reaction medium.

¢~ By using (NaOH - Na Citrate) buffer.

d- By using (HCI + Citrate) buffer.

e~ k’values (pseudo first order rate constants) were calculated by Guggenheim met-

ST
+2HO

Qs

working concentation (at 20°C) and the reaction was found to be
very slow. To avoid the precipitation problem and to speed up the
reaction to a reasonable limit, it was thought that the application

hod because of the uncertinity observed in A, values.
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of Arhenius equation and working at high temperature; the requ-
‘ired rate constant could be estimated. pH, .. was found to be 4.75

(Table 5.1).

TABLE 5.1

First order rate k'value® for the formation of 2,3-(di-p-methoxy phenyl) quinoxaline
at 370 nm and 40°C, produced in situ from the reaction of o-phenylene diamine® with ani-
sil®.

pH 109 5

4.38 d 3.45

4.48 d 3.95

4,74 4.11 (4.108)
5.1° 3.57

a— k’values were estimeted according to Guggenheim method.

b- The total concentration of o-phenylene diamine=1.43 10~*M.

c— The total concentration of Anisil = 1.43 10—*M.

d- (HCI 4 Na Citrate) buffer.

e~ (NaOH -+ Na Citrate) buffer.

- This value was determined after fixing the A, for a long period (15 hrs), for the
sake of comparison.

Two series of kinetic runs to determine the second order rate
were carried at 30° and 40° (Table 5.2). The
second order rate constant at these temperatures were calculeted
and the estimated k value corresponding to 20°C was calculeted
by application of Arhenius equation, to be 0.055 M~-'s~' (Table
5.3 Figure 2).

constant at pH

max *

TABLE 5.2
First order rate constants (k) for the formation of 2,3-(di-p-methoxyphenyl) quino-
xaline at Aq 370 nm, 30°C and 40°C; produced in situ from the reaction of Anisil and
o-phenylene diamine ® at pH__ P 4.75.

max
| 10 TAuisil] /M [ 10% [+~ (Temp-30°C) | 10K J5~1(temp.40°C) ]
1.25 3.14 4.11
1.07 2.88 3.45
0.893 2.69 2.76

a— Total concentration of o-phenylene diamine = 1.43 10— M
b~ (HCI + Na Citrate) buifer.

DISCUSSION : The comparison of the overall k values detez-
mined at the pH_,,. of the 2,3 (p,p’-disubstituted phenyl) quino-
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TABLE 5.3

Second order rate constants at PHinax'= 4.75 for the formation of 2,3-(di-p-meth-
oxyphenyl) quinoxaline.

Temperetue 10°1/T k /M-is—1 logk
40° 3.195 0.367 0.435
30° 3.30 0.144 0.841
20° 3.413 0.055 1.26
1.2
1.0
0.8
~
i)
50,6 ]
0.4
3,1° 3.3 3.4
3
10
FIGURE 2. am

Second order rate comstants

A or th 1 ;
2,3-(p,p'~dimethozy phenyl) quinoxalf ¢ fomation reaction of

Ine at diffevent temperatures.

xalines shows that electron releasing groups like methyl and met-
hoxy groups slow down the formation reaction whereas, the elect-
ron withdrawing groups like brome and nitro groups increase the
reaction rate. Meanwhile it was observed that the electron releasing
groups gave rise to a shift of the rate-profile and hence the pH,,_ .
to less acidic side and the electron withdrawing groups to the more
acidic side.

It was found that log k values gave a satisfactory linear
Hammet substituent effect correlation when it was ploted against
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o values of the different sunstituents and p value was calculated

to be 2.11 (Table 6, Fig. 3).

TABLE 6
Second order rate constants of the formation reaction ot the different 2,3-(p,p’
disubstituted diphenyl) quinoxalines, at 20°C, produced in situ from the corresponding
benzils and o-phenylene diamine.

Substituent ‘ PH ... , o+(9) ‘ k /M-t logk
CH;0- 4.75 -0.78 0.055 -1.26
CH,- 4.68 ~0.31 0.65 -0.19
H- 4.5 0.0 2.27 0.356
Br- 4.1 0.15 3.95 0.604
NO,- 3.5 0.79 115.0 2.06

1.0,

log k

0.0

-1.6

0.8 Lo

_ 0. ~0.4 0.0, 0. & 0.8
URE 3 (Hammet plot) ‘Zo'g k against & %7 the formation reactions of
different 2.3-%p.pedisubstituted pnenyly quinoxalines from the

Zondejzsatﬂon reactions of o-phenyleme diamine and corresponding
enzils.

The proposed formation mechanism (equations 2,3 and 4)
which proceeds through three steps, suggests that the electron
withdrawing substituents on the p and p’ positions of the reacting
benzil would increase its electrophilicity by increasing the positive
charge on the carbon atoms of the carbonil groups so that amino
groups of o-phenylene diamine attack theme readily and hence it
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would increase the overall reaction rate, since the first step consi-
dered as the rate determining step. Meanwhile it would decrease
the protonation affinity of the formed carbinolamine and consequ-
ently the rate profile will be shifted to the more acidic pH region
to compensate this decrease. The increase of the polar effect of the
withdrawing substituent will increase the partial positive charge-
on the carbonyl group carbon atoms and hence will speed up the
formation reaction and will shift the pH value to the more
acidic region-

ma¥Xs

. R

R ‘
Uiy o o)
—— {slow) (2)
E%Q *HN© T HOS
R :

R (A) Carbinolamine

| E
(A) Carbinolamine +'2H+ -—5:— H'Zd’—C/NHQ ;
+_& (very fast) (3)
-2 H20 \NH

R

~

(B) Conjugate acid of Carbinolamine

A
kg /N +
(8) ,\_h—-:—_A +H20+2H (fast) 4
T
. .

On the otherhand the electron donating groups would decrease
the partial positive charge and expectedly will exert an oposit
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effect on the formation overall rate and hence will shift the pH, ..
value to less acidic pH regions. '

The linear Hammet coorrelation shows that there is no change
in the rate-determining step and that the quinoxaline formation
in acidic and weak acidic media is of the same character of the ge-
neral imine formation.

EXPERIMENTAL

Materials : The chemicals used in this study were puriss grade
of Fluka Ag. Buchs g. Company. Benzils used in the kinetic study
have been prepared by two methods: The benzil itself, p,p-’
and p,p’-dimethoxy derevatives have been prepared from the
corresponding benzoins which was obtained respectively from the
condensation of the corresponding aldehydes. p,p’-dibromo and
p.p’-dinitrobenzil have been prepared by the action of HNO, and
HBr on 4,5-diphenyl glyoxalone respectively (10).

The corresponding diphenyl quinoxalines have been prepared
by direct condensation of benzils and o-phenylene diamine in acetic
acid medium under reflux (11).

The obtained benzils and quinoxalines and their uncorrected
m.p.’s are listed in tables 7.1 and 7.2.

TABLE 7.1
l Benzil Lit. m.p. Obtained m.p.

Benzil ‘ 94-6° (12) 95-6°
p.p’~dimethyl benzil 104-5° - (13) 105-6°
p.p'dimethoxy benzil 133° (13) 133°
p.p’-dinitro benzil 213°  (14) 2120
p.p’-dibromo benzil 228-9°  (15) 229°

TABLE 7.2
Quinoxaline Lit. m.p. Obtained m.p.
2,3-diphenyl 124° (16) 124° (Ex OH)
2,3-di-p-methylphenyl 144-3° (A7) 150-2° (Et OH)
2,3-di-p-methoxyphenyl 145-6°  (16) 147.5-148°(EtOH)
2,3-di-p-nitrophenyl 203-4° (11 203-203.5°(AcOH)
2,3-di-p-bromopenyl 188-9°  (18) 190--2°(EtOH)
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KINETIC METHOD

The kinetic measurments were made with a Beckman DB-G
Gratting spectrophotometer equipped with a jacketed cell holder
maintained generally at 20° (£0.01°). Solutions were equilibrated
at this temperature prior to mixing and the reaction was initiated
by the addition of freshly prepared o-phenylene diamine to the
reaction mixture containing the benzil and the buffer solutions.
The pH of the solutions was measured with glass and Calomel
electrodes using Beckman’s H 3 pH meter.

The reactions were followed spectrophotometricaly at the
characteristic peak of the formed quinoqaline (2,) where no other
component gave any observable absorbance.

For calculating the pseudo first order rate constants, Wiberg’s
(19) programme for single first order kinetic runs written in Fortran
11, was modified for calculating first order k’values for many ki-
netic runs at different concentrations and to give the corresponding
second order constant simultaneously, using the least squares
method for calculating each k’value, and transmittance values
instead of the absorbance values for the sake of accuracy.

A minor modification was made for the programme prepared
by Wiberg (19) for calculating the second order rate constant,
written in Fortran II by replacing the absorbance input values by
transmittance ones. These modified programmes will be published
elsewhere.

Both programmes were rewritten in Fortran IV and run by
B 3500 Burroughs Computer with 120 KB type memory.
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OZET

Bu caligmada o-fenilen diamin ile p,p’-disiibstitite benzillcrin kondensasyon reak-
siyonu incelenmig, metanol ve su kargimnda, zayif asidik ve asidik ortamda 20°C de
incelenen bu reaksiyonun ikinei mertebeden cereyan ettigi tesbit edilmistir. Reaksiyon
spektrofotometrik metodla izlenmis, k’pséydo 1. mertebe ile k ikinci mertebe iz sabit-
leri hesaplanmistir. Reaksiyonun Hiz-Profili tayin edilmis, Hiz-Profilinin zirve noktas:
biitiin substratlar icin ortak inceleme noktasi secilmis ve CH, CH30, Br, NO,; gruplariun
benzilin p,p’-yerlerine girmeleriyle reaksiyon hzinda meydana gelen hiz degisiklikleri

 tesbit edilmig, Hiz-Profilinin zirve noktasinda 2. mertebe iz sabitleri incelenmisgtir. Elde
edilen k degerlerinin logaritmalan g4-ya karg ¢izilerek Hammet korrelasyonuna uygun-
lugu tesbit edilmis p degeri + 2,11 olarak hesaplanmgtir. Reaksiyon yiirityiigiiniin imin
formasyon reaksiyonlarinm mekanizmasina benzer sekilde cereyan ettii tesbit edil-

migtir,
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