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The smine exchange of Schiff bases was studied in various
solvent mixtures. With a regression equation, there was a good
correlation between the rate constant and the solvent mixture
parameters.

Introduction

~ We earlier studied the reactions of N-(2-hydroxybenzyli-
dene)aniline and of N-(2-hydroxy-l-naphthylidene)aniline with
nrbutylamine'and with benzylamine in ethanol-cyclohexane and
in ethanol-benzene solvent mixtures [1-3]. The following
correlation was found to hold between the rate constants and
the activity coefficient of the ethanol in the solvent mixture

(2, 3]:

log k = xylog ki + Xylog k; + (ak_+ bk%l)xlxa. (1)
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where k, ki and k; are the rate constants in the mixture, in
ethanol and in the aprotic solvent, respectively; Xy and X5
are the regpective mole fractions; 8y and bk are constants;
and Y, is the activity coefficient of the ethanol in the
mixture. Correlations similar to (1) hold for the acidity
and basicity parameters measured in these solvent mixtures

[ﬂj:

*

N Ny *
= xl(ET)l + XZ(LT)2 + (ag +_bEY1)xlx2 (2)

=]
f

* *
Bgp = %1 (Bgp)y + xp(Byplp + (ap + byy))xyx, (3)

The present paper reports on a study of the correlations
between the acidity and basicity parameters and the rate of
the amine exchange in ethanol-n-hexane, ethanol-cyclohexane
and ethanol-benzene mixtures. The results provide further
data promoting a better understanding of the .mechaniam of the
amine exchange and of the solvent effect. '

Experimental

The rate constants for reactions 1-4 were determined in
ethanol-n-hexane, ethanol-cyclohexane and ethanol-benzene
gsolvent mixtures with various compositionsg. Measurements
were performed at 259C. The reactions were followed spectro-
photometrically.

The Dimroth-Reichardt En,(30) [5] and Eg [6] values
were used to characterize the acidity of the solvent
mixtures applied. The basicity was characterized with the
Krygowski et al. [7] modification of the Kamlet-Taft [8]
parameter Bymn [}]. The solvents were purified by means of
the methods customary in spectroscopy, and were carefully
freed from water.
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Results and discussion

The rate constants for reactions 1-4 in ethenol- )
-cyclohexane and in ethanol-benzene were reported eariier,
as were the Eg and BKT values for these mixtures [1, 2, 4].
The data relating to the ethanol-n-hexane mixtures are
given in Table I. ’

Table I

E¥ and BKT data, and the log k values for reactions 1-4 in

ethanol-n—héxane mixtures at 25°C

N “log k
X Eqp Byp _
react.l | react.2 | react.3 | react.4
0.000 | 0.074*| 0.00* - - - -
0.054 0. 496 0.51 1.42 1.19 1.26 1.16
0.106 0.516 0.74 1.69 -1e47 1.45 1.31
0.199 0.527 0.86 . 1.88 1.73 1.56 1.43
Oo 359 Oo 546 0- 95 - 1.94 - 1. 50
0.490 0.565 0.93 2.22 2.05 1.62 1.51
Oo 599 00 577 Oo 88 i - 2. 10 - lo 53
0.692 0.587 0.86 - 2.30 | 2.15 1.64 1.52
0.771 0.592 0.83 - 2.18 - -
0.840 0.603 0.82 2.34 2.23 1.66 1.56
0.900 0.623 0.79 - 2.28 - 1.55
0.953 0.632 0.76 2.53 2.31 - 1.56
1. 000 0.651 0.75 2.54 2.37 1.71 1.61

*Literature data [6, 7]

The literature contains a very large number of examples
of correlations between the rate constants of various reac-
tions and the golvent parameters. Correlations that are
frequently used are

log k= a + bET(JO) and

log k = a + bEp (4)




For numerous reactions, these correlations adequately
express the dependence of the rate constant on the acidity
parameter of the solvent [9 12] As pointed out by
Reichardt, the ET(BO) values of protolytic solvents (and
hence the Eg values too) .reflect t.he participation as donor
in hydrogen-bonding, and thus the electrophilicity. Our
earlier investigetions_demonétrated that the amine exchange
of Schiff bases is influenced considerably by the ability
of the solvent to form hydrogen-bonds. We therefore studied
the corrélation_betweeh the réte constants for reactions 1-4
“in the various solvent mixtures and the corresponding Eg
values in accordance with (4). The constants a and b cal-
culated with the method of least squares are to be found in
Table II.

Table II

"Application of regression equation (4) to reactions 1-4 in
various solvent mixtures

4

Reaction | Solvent mixture " a b n r

NOO'
1 iR L |
2 =Ce 72 ] )
3 ethanol-n-hexane 0.157 2. 485 7: 0.875
4 0.155 2.3001( 11 0,872
1l -2.209 7.g2$ 'iB 8.332
2 : -2.279 T+53 2 .
3 ethanol- cyclohexane 0. 655 1,685 12 0.918
4 0. 480 1.806 | 12* 0.909
1 -1.781 | 6.763 | 12 gQggg
2 -2.157 T7.000( 12 .
3 ethanol-benzene -1.756 5.396 | 12 0.991
4 ) -2.092 5.774 1 12 0.994

*data (log k, E )} relating to the pure apclar sgolvent
were not used Tn the calculations
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The data in Table II reveal that the values of g and b
are affected appreciably by the nature of the Schiff base.
For example, the data for reactions 1 and 2 barely differ
in the solvent mixtures employed (of similar type), but
they differ considerably from the data for reactions 3 and 4.
The correlation coefficients point to a relatively close
correlation between log k and Eg. However, the log k values
calculated in accordance with (4) with the g and b data in
Table II frequently differ significantly from the measured
data. This is illustrated in Pigs 1 and 2.
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Fig. 1. Differences between the Fig. 2. Differences between the

experimentally measured log k values experimentally measured log k velues
for reaction 4 in ethanol- hexane (x) for reaction 2 in ethanol-cyclohexane
and ethanol-cyclohexane (+) mixtures (x) and ethanol-benzene (+) mixtures
and the values calculated via Eq. (4) and the values calculated via Eq. (4)

with the data of Table II. with the data of Table II.

The differences between certain of the calculated and
measured log k values are particularly large for reactions 3
and 4 in ethanol-n-hexane and in ethanol-cyclohexane mix-
tures. These differences, which are primarily to be observed
in mixtures with low ethanol concentrations, indicate that
it is not sufficient merely to take into account the acidity
of the golvent for these systems; it is to be expected, for



instance, that the rate of the reaction is alaso influenced
appreciably by the basicity of the golvent.
The use of a multiparameter equation to describe the.

golvent effect was introduced by Katritzky et al. [14]
In more recent investigations, e number of variations have
been employed, in which use 1s made of the acidity and
bagicity parameters of the solvents, the molar refraction,
the relative permittivity, the polarizability, the polariz-
ing power, etc. A good review of the results to date is
given by Svoboda et al. [15].

- We have applied the following equation to describe the
solvent effect observed in the amine exchange:

N
log k = & + byEp + b,yByn : (5)

wheré Eghand BKT aré the acidity and basicity parameters of
the given solvent mixture, while a, b, and 92 are constants
characteristic of the system. A correlation of thias type
was effectively utilized by Krygowski and Fawcett [16—1§]to
characterize the solvent effect quantitatively in various
processés. The experimental data [1, 2, 4] were employed
with the method of least squares to determine the constants
or (5) for reactions 1-4, and the corresponding multiple
correlation coefficient (R) was calculated. In order to be
able to compare the effects of the acidity and the basicity,
we algo converted the regression coefficients bl and b, to
beta coefficients B and B, through the following
equations [19, 17]:

2 n 1/2
2 Z, ®rn, - Byp)?
1) ) (6)
A B,= |b l - -
Z:(log k,~log Jog k) , Z:(log k;-log log k)
i .

39



40

where i denotes the datas measured in the given solvent,
while Eg, EKT and iZE'E are average values for the n
experimental points. For the reactions in questlon, the
distribution of the effects of the acidity and the basicity
characteristic of the solvent was obtained as a percentage
through the normalization of B8, and B, [17]:

100 8 1008
B! = 1 By= ——i (1)
+
B, + 8, B, + B,
%
16
.F
. w " Z.O“
% j L)
X |
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14 * g 4
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4
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1,2 1,’! |09k~n¢ 16 . 0.5 1.0 |ogk,,....4‘ 2,0
Fig. 3. Differences between the . Fig. 4. Differences between the
expaerimentally measured log k values experimentally measured log k values
for reaction 4 in ethenol-hexane (x) for reaction 2 in ethanol-cyclohexane
and ethanol-cyclohexane (+) mixtures (x) and ethanol-benzene (+) mixtures
and the values celculated via Eq. (5) . @nd the values calculated via Eq. (5)
with the data of Table III. with the data of Table III.

Figures 3 and 4 depict the measured log k values for some
réactions, together with the calculated values obtained from
the appropriate a, by and b, data in Table III.



Application of regression equation

Teble III

(5) to reactions 1-4 in various solvent

mixtures

Reaction No. | Solvent mixtures a b1 b2 Bi Bé n R
: s lem| v nnlenl gl
"20 ) ] 3 . -
3 ethanol-n-hexane 0,035 |1.887| ©.586 | 56.26 | 43.74 | 72| 0:992
2 -0.121 | 2.026| 0.539 | 76.61 | 23.39 | 11* | 0.995
1 -2.139- 3:809| 1.273 | 73.62 | 26.38 | 13 0995
-2‘2 7 . 8 -59 7-2 32.80 2 0199
3 ethanol-cyclohexane | 67501 |1.284| 0.477 | 61.58 | 38.42 | 12* | 0.992
4 0,305 |.1.350} 0.542 | 59.69 | 40.31 | 12 0.993
2 Z5:300 | 5.037 |-0: 237 | eaiae | 15:87 |13 | 9:2%8
-Ce ] =\Ve ) L] 2 L]
3 ethanol-benzene -2,065 | 7.645[-1.491 | 76.54 | 23.46 |12 | 0.998
4 -2.347 | 7.628|-1.229 | 79.90 | 20.20 |12 | 0.999
" *gata (log k, Eg) relating to the pure apclar sclvent were not used in the

calculations
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From a comparison of Figs 1-4 and Tables I1I and III,
it may be stated that Eq. (5) gives a good description
(essentially better than Eq. (4)) of the solvent effect
observed in these reactions. The rate of amine exchange
of the Schiff bases 1s therefore influenced by both the
acidity and the basicity of the solvent applied.

This result confirms the previously assumed reaction
mechanism [20], and makes it more exact. If the solvent
effect too is taken into consideration, the main steps
are expected to be as follows:

R

I
AN

. — :
Ar - CH = F-Ar’ + uzﬁ-n = | Ar-CH = FN-aAr*| —

R
|

INH~ H
Y

—> Ar-CH-WH-Ar’ — Ar-CH = WR + H,N-Ar’

+

This mechanism is in accord with the experience that
the amine exchange takes place with appreciable rate only .
in solvents capable of hydrogen-bonding both as donors and
as acceptors. The hydrogen-bonds developingewith the Schiff
base and with the primary amine intrease the electrophilic
nature of the azomethine carbon atom, and also allow the
proton transfers to occur through mediation of the solvent.
Clearly, both effects increase the reaction rate.

The data in Table III reveal that, in all three
solvent mixtures, the effect of the acidity is more signi-
ficant than that of the basicity. It is also noteworthy
that both b, and 92 are positive in the ethanol-~hexane and
ethanol-cyclohexane mixtures, whereas in the ethanol-benzene
mixtures 92 is negative. In our opinion, this does not mean



that the basicity increases the reaction rate in the
ethanol-cyclohexane mixtures, for instance; and decreases
it in the ethanol-benzene mixtures. The negative sign may
arise as a computational result in congequence of the in-
teraction between the ethanol and benzene molecules, or
of the composition-dependent changes in the mixture. This
fits in with our earlier finding that the E¥ valuesg, and
particularly the BKT values, vary in appreciably different
ways as functions of the mixture composition in ethanol-
-cyclohexane and ethanol-benzene mixtures [4].
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VCCAENOBAHME BIIWAHWA PACTBOPUTENA TMPU
AMMHOOBMEHE OCHOBAHMA WHEBA,V.

Cpa3sp Ko3MIMEHTA CKOPOCTH C napaMeTpaMi Eg 4 Byp
NpUMEHAEMNX pPaACTBOPHTENeH

Il. Hagp u P. Xepupenby

" Hamu Oua wvccnenopad amuHooGMeH ocHoBanuit lndda B pasnnunbx
pacrsopurenax. Ilo opHoMy perpeccyBHOMY YPABHEHHD YCTAHOBJEHA
XOpomanA KOppenAlMA MemLy RO3QULMEHTOM CKOPOCTH M napameTpamu Eg u B
pacTeopuTenel. . o



