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STUDY OP SPECIFIC SOLVATION EFFECTS ON THE REACTION

KINETICS OF OLEFIN ALPHA OXIDES WITH HALIDE ANIONS.

I.INTERACTION OF PHENYLGLYCIDYL ETHER WITH TETRA-

ETHYLAMMONIUM CHLORIDE, TETRAETHYLAMMONIUM BROMIDE,
AND TETRAETHYLAMMONIUM 10ODIDE.

B. Vorobyov and A. Smorodinski
All-Union Scientific-Research Institute
of Petrochemical Processes, Leningrad

Received November 16, 1933

The reaction kinetics of phenylglycidyl ether
with halide anions in propylene carbonate in the
presence of proton-donating compound (phenol,
ethanediol and butanol-l)has been studied.Specific
solvation effects of reagents on the reaction rate
are discussed. The relationship between acidity of
proton-donating compounds and the rate constant as
dependent on a reacting anion is reported.

A large body of literature is concerned with reaction
kinetics of olefin alpha oxides.However,almost all the works
are devoted to the interaction of oxides with various com-
pounds in protic solvents,i.e.the interaction of solvated
forms (due to formation of hydrogen bonds). On the basis of
these works conclusions have been made about relative reac-
tivity of various complexes of olefin oxides with hydroxyl
containing compounds. It was impossible to estimate the
reactivity of these complexes in comparison with unsolvated
oxide.

In the present work such an attempt has been made.

The reaction of oxide with halide anions has been chosen
as a model one. The choice is due to the possibility to
carry out this reaction both in aprotic solvent (propylene
carbonate) and under conditions of specific solvation of



reagents (solvent is a mixture of propylene carbonate with
some proton-donating compound).
Reactants gnd Solvents

Phenylglycidyl ether ("PureZX grade) was redistilled
under vacuum. Content of the main substance in the purified
sample was not less than 99*5%*

Tetraethylammonium chloride, bromide and iodide ("Pure"
grade) were used without additional purification. Content
of the main substance was not less than 99*4%*

Propylene carbonate synthesized from the propylene oxide
and carbon dioxide was dried over CaCl2 and redistilled
under vacuum. Water content in propylene carbonate (deter-
mined according to Fisher) was within 0.03% (by weight).

Phenol ("Pure" grade) was used without additional puri-
fication.

Ethanediol and I-butanol were redistilled.

Experimental Technique

Reactivity of the olefin oxide-anion system was studied
manometrically by the consumption of carbon dioxide as de-
scribed in Ref. 1.

In this case, the reaction mixture involves the reac-
tion which leads to the formation of cyclic carbonate.

QHAHAHRD + Hal" =5=: C.H.O0CH.CH-CH-Hal (€))
~O 6 5 4 f
A + CO, :6H50CH20<PH-CH2Hal @)
() V-0
g
GHOCOHEH - CHO_ + Hal ©)
0.. ,0
n/



It wee shown elsewhere by nanoaetric technique that in
propylene carbonate that the above reactions are irrevers-
ible and step (1) is the limiting step.Thus the experimental
rate constant equals the reaction rate constant of the
oxide with an anion i.e.the rate constant of the reaction of
interest.To prove that the first step is the limiting one
also when carrying out the reaction in the presence of pro-
ton-donating compounds the experiments were done by monitor-
ing the instant concentration of an anion.The latter quanti-
ty equals,evidently, the initial one provided only that
step (1) is the limiting one. Table 1 lists the results
obtained. fehle 1

Values of the Instant Concentration of the Anion with
Interaction of Phenylglycidyl Ether (PGE) with Chlorine,
Bromine, and lodine Anions in Propylene Carbonate (PC)
Containing Proton-donating Additions,

t * 109.6<C, initial concentrations:

PGE 0.520 mol.I”* ethanediol and butanol-1 0.750 mol.l“1

and phenol 0.490 mol.171

c chlorine anion bromine anion :zga;f

min phenol ethane- 1-bu- phenol ethane- I-bu- phenol
diol tanol diol tanol

0 0.0417 0.0340 0.0360 0.0420 0.0406 0.0400 0.0420

20 0.0345 0.0407

30 0.0274 0.0360 0.407

60 0.0302 0.0340 0.0418 0.0402 0.0385 0.0415
110 0.0330 0.0343 0.0350 0.0410 0.0418
120 0.0396 0.0390 0.0414

Conversion of PGE for 110 min ranged from 36 to 80 per cent
“spending on the protic component and reacting anion.

?rom the Table one can see that step 1 is the limiting
one with the exception of the reaction of PGE with the chlo-
rine anion in the presence of phenol.In this case,either the



limiting step changes or the rates of all the steps become
comparable.

Under experimental conditions the consumption of PGE
which results from its interaction with a proton-donating
compound can be neglected as the conversion degree of PGE
in this direction ranges at most up to 10 per cent of the
total conversion.

On the basis of the above and also taking into account
the results of Ref.2, the interaction irate of phenylglycidyl
ether with anions in propylene carbonate containing proton-
-donating impurities is described by the first order equat-
ion (4

d/PGE/ * ke xp /PGE/ O]
dt

Tables 2 and 3 list for example the values of kOXp of
the reactions of PGE with anions in propylene carbonate
depending on the conversion degree of PGE.

Table 2
Values of lgxp ofnthe Reaction of PGE with CI" in PC
Containing 0.760 mol.l of Ethanediol.

_ Conversion t°= 109.6<C
t.min of PGE,% kexp ~ . *1*"1 Initial concentra-
28 15.0 5.80 tions:
50 24.8 5.75 PGE 0.520 mol.I1"1
88 40.0 5.1.80. .. ..... (C2H5)4»C1 0.0416
mean 5.78- mol.1l
Table 3
Values of K of the Reaction of PGE with Br<“in
PC ContainiRgP0.246 moI.I_A of Phenol
t,min Conversion == 109.6%C
of PGE.S6 N xd.103»111°1 Initial
7 15.8 24.7 concentrations:
10 22.1 25.4 PGE 0.520 mol.I1"1
20 39.0 24.8 (C2H5)4NBr 0.0428

mean 25.0 mol.1"1



Tables 4-6 and Figs. 1-3 represent the plots of the
"reaction rate constants of PGE with anions vs. concentration
of proton-donating substance in propylene carbonate. The
complicated nature of these dependences is due to the

following.

o_

N aff —

0.2 04 0.6

[ROH] moil™1

Fig.17 Plot of the reaction
rate constants of PGE with

the chlorine anion in PC vs.

concentration of ethanediol

(1) and 1-butanol (2) at

109.6<C. Initial

concentrations:

PGE 0.520 mol.l“1

(CgHANCI 0.0420 ; 0.0460
mol.1°1

Fig.2. Plot of the reaction
rate constant of PGE with the
bromine anion in PC vs.
concentration of ethanediol (1),
I-butanol (2), and phenol(3) at
109.6<C. Initial concentra-
tions; PGE 0.520 mol.l1°1
(Cﬂt5)4NBr 0.0410 1 0.042§1
mol.l1 1



Fig.3« Plot of the reaction rate .constant

of PGE with the iodine anion in PC vs.
concentration of ethanediol (1), 1-butanol (),,
and phenol (3) at 109.6<C.

Initial concentrations:

PGE 0.520 mol.1°1,

(C2H5)NI 0.0420 i 0.0455 mol.1”1

When adding proton-donating compounds to aprotic propylene
carbonate, specific solvation of reagents (phenylglycidyl
ether and anion) takes place. Olefin oxide (complex B)
solvated at the expense of the hydrogen bond formations is
known™ to be more reactive than the unsolvated form due to the
weakening of the oxide cycle C-0 bond. On the other hand,
solvation of an anion leads to the decrease in its nucleo-
philic activity. K

cbhb5och2ch-ch2 + roh ===r drHhaata+al 5)

o ® 0- H-0R

The manifestation of the two effects specifies the nature of
the dependence of the rate constant on the concentration of
the proton-donating compound in propylene carbonate.One would
assume that solvation of the chlorine anion makee the largest
contribution and that of the iodine anion the least one to the
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over-all effect.

This assumption is confirmed by the plots obtained
(Pigs 1-3). Thus reactions of phenyl-glycidyl ether with
bhomine anions are accelerated with adding proton-donating
compounds (ethanediol and butanol-1) over the whole range
of their concentrations studied and phenol in the con-
centration range from 0 to 0.2 mol.1”1 to aprotic propylene
carbonate

Activating effect of the proton-donating compound 1is
manifested to a greater extent with interaction of phenyl-
glycidyl ether with iodine anion. Hence, for these reactions,
in the range of low concentrations of proton-donating com-
pounds the main effect on changes in the rate constant is
exerted by specific solvation of phenylglycidyl ether. The
rate constant increases with increase in the acidity of
protic addition.

Another picture is observed when phenylglycidyl ether
interacts with the chlorine anion. In this case, solvation
of the anion plays a major role and leads to a decrease
in the reaction rate with an increase in the proton-donating
compound concentration. Increase in the acidity of the
latter results in the decrease in the rate constant.

Table 4,
Reaction Rate Constants of Phenylglycidyl Ether with
Tetraethylammonium Chloride in Propylene Carbonate
at 109.7-0.1<=C at Various Concentrations of the Proton-

-donating Compound. K 1.mol”1.sec*1
/ethanediol/ 0 0.109  0.380  0.755
mol.1<1
k.103 5.0i0.2 4.2-0.2 2.840.15 2.240.15
/1-butanol/ o 0815 0.176 0.329  0.720
mol.l1°1

k.103 5.0+0.2 5.3-0.2 5.5-0.2 5.5#0.2 5.1-0.2



Table 5
Reaction Rate Constants of Phenylglycidyl Ether
with Tetraethylammonium Bromide in Propylene
Carbonate at 109.7*0.1<C at Various Concentrations

of the Proton-donating Compound. s *
I.mol. .sec"

/ethanediol 0 0.118 0.198 0.380  0.722

mol.l1<1

K.103 0.95-0.03 3.9%0.2 4.7-0.2 5.2%0.2 5.0%0.2
/1-butanol/ 0 0.157 0.312  0.748

mol.l<1

K.103 0.95*%0.03 273*0.15 3.0%0.15 4.2*0.2
/pheTolll 0.0327 0.0625 0.0940  0.131  0.246

mol.I1*

k.103 6.7*0.3 8.9*0.3 10.0*0.4 10.5*0.4 10.4*0.4

0.485 0.705
8.9*%0.3 7.0%0.3

Table 6
Reaction Rate Constants of Phenylglycidyl Ether with
Tetraethylammonium lodide in Propylene Carbonate at
109.7*0.1=C at Various Concentrations of the Proton-

-donating Compound I.mol."1sec"1

/ethanediol/ 0.100 0.185 0.382  0.742
mol.171

k.10" 0.36*0.02 2.4*0.1 3.1*0.2 3.9*0.2 4.7*0.2

/1-butanol/ 4 5eq 0.156 0.308 0.500 Q746
mol.1"1

k.103 " 0.45*0.02 0.68*0.04 1.1*0.05 1.5*0.1 2.1*0.1
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Table 6 (continued)
/phenol/ 0.030
mol.1"1

k.103 3.0*0.15 5.5*0.2 6.9*%0.4 7.8*0.4 7.6*0.4 6.7*0.4

0.062 0.124 0.300 0.483 0.750

References
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The reaction kinetics of allylglycidyl ether
and epichlorohydrin with halide anions in propyl-
ene carbonate in the presence of proton-donating
compound (mono and dibasic alcohols and phenol)
has been studiea

Effects of t"e oxide structure and acidity of
proton-donating compounds and the reacting anion
on the olefin oxide-anion system reactivity are
discussed.

The present work continues the study of specific solva-
tion effects on the olefin oxide-anion systeml. It deals
with the reaction kinetics of allylglycidyl ether and epi-
chlorohydrin with halide anions in aprotic propylene carbon-
ate containing additions of various proton-donating com -
pounds. .

Experimental technique and purification of reagents and
solvents are described in detail in Ref.l. However, this
technique cannot be used in the case of interaction of allyl-
glycidyl ether (AGE) and epichlorohydrin (ECH) with the
chlorine anion in propylene carbonate in the presence of
phenol .
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The experimental technique provides the constant con-
centration of the anion in the solution (the concentration
equals the initial one) and. hence, the experimental rate
constant is calculated by the first order equation. The
rate constants in Tables 1-6 and the Pigs, are quotients
of experimental constants by the reacting anion concentra-
tion.

Nature of the regularities studied depends on the contri-
bution of the specific solvation of the olefine oxide
(accelerates the reaction rate) and anion (decelerates the
interaction) to the over-all solvation effect. The analysis
of the dependences in Pigs. 1-3 enables us to conclude
that in the case of interaction of ECH with the chloride
anion the main contribution to the over-all solvation effect
is made up by the specific solvation of the anion. The rate
constant decreases with a decrease in the acidity of proton-
-donating compounds. In the olefin oxide-iodide anion system
the main effect on the interaction rate is exerted by the
oxide solvation. An intermediate result is obtained for the
reaction of ECH.

Table 1
Reaction Rate Constants of Allylglycidyl Ether with
Tetraethylammonium Chloride in Propylene Carbonate
at 130.2i0.1=C at Various Concentrations of the Proton-
-donating Compound Added w I.mol“1. sec“l

/ethanediol/ Ea

0.975 0.193 0.300 0.384 0.750
mol .1

K. 100 5.3-0.3 5.7#0.3-5.4-0.3 4.5-0.2 3.8-0.2 2.iio.i

/butanol-1/ 0<0820

0.200 0.318 0.500 0.616 0.750
mol.l°1

K 103 5.7"0.3 6.34+0.4 6.8-0.4 6.970.4 6.7-0.4 6.440.4

13



Table 2.
Reaction Rate Constants of Allylglycidyl Ether with
Tetraethylammonium Bromide in Propylene Carbonate
at 130.2*0.1<=C at Various Concentrations of the
Proton-donating Compound Added k i.mol”sec"l

/1 "butanol/ 0 0ne61 0e318 0e6l6 0150
mol.l1*41
k.103 0.82*0.05 1.5*0.1 2.1*0.1 2.8*0.15 3.1*2

/ethanediol/ 0e0975 0n93 on20 0.500
mol.1"-1
k.103 4.2*0.2 5.1*0.2 5.9*0.3 5.1*0.3 5.9*0.3

0.750

/phenol/  0#0644 0127 0.247 0.350 0.493 0.740
mol.1"1
k.103  10.2%0.6 11.5%0.7 11.1%0.7 I0. 0r0.'% 7.9%0.4 6.7%0«
Table 3

Reaction Rate Constants of Allylglycidyl Ether with Tetra-
ethylanaonium lodide in Propylene Carbonate at 130.2*0.1<C
at Various Concentrations of the Proton-donating Compound

Added k I.mol.<1. sec"l

/1-butanol/ 0 on?6 073ig 0eb616 0>750

aol. 1*1
k.103 0.26*0.01 0.60*0.04 0.81+0.05 1.05*0.06 1.10*0.06

/ethanediol/ 0.0975 0.193 0.384 0.750
mol.1%4

k.103 2.3*0.1 2.8+0.1 3.2-0.2 3.5*0.2

/phenol/
mol.1%1
k.103 4.0-0.2 6.5*%0.3 7.2*0.4 7.5*0.4 7.3*0.4 6.5*0.3

14



Table 4.
Reaction Rate Constants of Epichlorohydrin with
Tetraethylammonium Chloride in Propylene Carbonate
at 90.0*0.1<=C at Various Concentrations of the Proton-
-donating Compound Added« k ~ moi”rl sec’l

/1-butanol/ ¢
mol.l<1
k.103 4.5* 0.2 4.3*0.2 4.1*0.2 3.7*0.2 3.6*0.2

0.161 0.318 0.616 0.760

/ethanediol/0#0485
mol.l<1
k.103 3.5%0.2 2.80*%0.1 2.4*0.1 1.7*0.1 1.3*0.1

0.0975 0.193 0.384 0.746

/profa:dio"l’Z/ Q 0795 0.159 0.310  0.605 0.750
mol.1”

K.103 3.1%0.2 2.60%0.1 2.1%*0.1 1.6*0.1 1.4*0.1
/L"propanol/
0.0905 0.198  0.394  0.760
mol.1”1
K103 4.3%0.2 4.1%0.2 3.7%0.2 3.3%0.2
/2~-propanol/ 4 54 0.394 0.550 0.760
mol.l1"1
k.103 4.3%0.2  4.1%0.2 4.0%0.2  3.9%0.2
Table 5

Reaction Rate Constants of Epichlorohydrin with Tetra-
ethylammonium Bromide at Various Concentrations of the

Proton-donating Compound < I.mol_l.sec_l

L-butanol/ 0 0.0820 0.161 0.318 0.616 0.750
mol /1

k.103 1.97*0.08 2.5*0.1 2.7*0.1 3.1*0.1 3.6%*0.1 3.7*0.1

15



Table 5 (continued)

/ethanediol/ 0.0485 0.0975 0.193 0.384 0.746
mol .1

k.103 2.6*0.1 3.0%0.1 3.2*0.1 3.0*0.1 2.5*0.1

/propandiol-112/ 0.0795 0.159 0.310 0.605 0.750
mol.l1°4

k.103 2.9*0.1 3.1*0.1 3.3*0.1 3.3*0.1 3.2*0.1
/Phenol/ 0.0322 0.0644 0.127 0.247 0.493 0.750
mol.1°1

k.103 4.4*0.2 5.3*0.2 5.6*0.2 5.5*0.2 3.9*0.1 3.3*0.1

/alcohol/ 0101 onag 0.394 0.760
mol. 1“4

k.103 (I1-propanol) 2.7%0.1 3.1%0.1 3.5%0.1 3.8%0.1

k.103 (2-propanol)  2.4*0.1 2.7*0.1 3.1*0.1 3.5%0.1

Table 6
Reaction Rate Constants of Epichlorohydrin with Tetra-

ethylammonium lodide in Propylene Carbonate at 90.0*0.1<C
at Various Concentrations of the Proton-donating Compound
K l.mol . sec

/1-butanol/ 0 0.0815 0.161 0.318 0.750
mol.l“1
k.103 0.85*0.03 1.20*0.05 1.48*0.05 1.84*0.07 2.3*0.1

/ethanediol/ 0.0485 0.0975 0.193 0.384 0.746
mol.1°1 _
k.103 1.60*0.06 1.87*0.07 2.15*%0.09 2.32*0.09 2.4*0.1

/propandiol-1,2/ 0.0795 0.159 0.310 0.750
mol.I1"1

k.103 1.95*0.08 2.26*0.09 2.4*0.1 2.5*0.1

16



Table 6 (continued)

/Pmol?1-1 0644 0.120 0.247 0.493 0.750

k.103 3.0%0.1 3.4*0.1 3.5%0.1 3.5%0.1 3.1*0.1 =
/2-propanol/ 197 0.208  0.408 0.760
mol.i”1
k.103 1.16*0.04 1.42*0.06 1.70%0.07 2.01*0.08
/1-propanol/ 198 0.405 0.760

mol.171

K.103 1.45%0.06 1.88*0.07 2.18%0.09

with the bromine anion, the relationship be-fcween the acidity
of a proton-donating compound and the rate constant value
depending to a great extent on the proton donor concentra-
tion.



Fig.1.Plot of the reaction
rate constant of epichlory-
hydrin with the chlorine
anion in propylene carbonate
vs.concentration of ethane-
diol (1),propandiol-1,2(2),

1-propanol (3),2-propanol (4)
and 1-butanol (5) at 90<C
- r

Fig.3.Plot of the reaction
rate constant of epichloro-
hydrin with the iodine anion
in propylene carbonate vs.
concentration of ethanediol
(1),propandiol-1,2(2),

1-propanol (3)»2-propanol (4),
1-butanol (5).and phenol (6)
at 90.0<C. la

Fig.2.Plot of the reaction
rate constant of epichloro-
hydrin with the bromine

anion in propylene carbonate
vs.concentration of ethane-
diol (1),propandiol-1,2 (2),
1-propanol (3),2-propanol (4),
1-butanol (5),and phenol (6)
at 90.0=C.

Fig.4.Plot of the reaction
rate constant of allyl-
glycidyl ether with the
chlorine anion in propylene
carbonate vs.concentration
of ethanediol (1) and
1-butanol (2) at 130.2<C.



Hg. 5.Plot of the reaction Pig.6.Plot of the reaction

rate constant of allyl- rate constant of allyl-
glycidyl ether with the glycidyl ether with the
bromine anion in propylene iodine anion in propylene
carbonate vs.concentration carbonate vs.concentration
of ethanediol (1),1-butanol of ethanediol (1),1-butanol

(2),and phenol (3) at 130.2<C. (2),and phenol (3) at 130.2%.

The reaction of allylglycidyl ether with anions is also
very sensitive to the reagent specific solvation. A char-
acteristic feature of this reaction by comparison with that
of epichlorohydrin is the significantly greater contribution
of the AGE solvation to the total solvation effect of re-
agent.

Bie experimental data obtained in this work and also in
Ref.l,will evidently allow to calculate the reactivities of
solvated and unsolvated reagent forms in the interaction
studied.

References
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The Ph,jCHBr heterolysis rate in PhNO,, and Me2CO in the
presence of triphenylverdazyl, used as the internal in-
dicator, 1is described by the equation v = k[Ph2CHBjO .
In PhNO™ in the presence of Et”NCIO™ additions the spe-
cial salt effect is observed. In acetone Et.J\JCIO.21 has no
effect on the reaction rate,LiC104 additions increase
the rate,where as those of LiCl lead to a decrease of
the latter.Additions of dibenzo-18-crown-6 do not influ-
ence the Ph2CHBr heterolysis rate in CHACN either in the
presence of salts (LiCIOM.LiBr) or without them.Conver-
sion of the intimate ion pair into the solvent-separated
one Is supposed to occur at the rate-determining step of
the reaction.A generalized scheme of salt effects in the
discussed process is given.

The reaction of PhgCHBr with triphenylverdazyl in MeCN,

PhCN

and 1,2-dichlorethane solutions has been shown earlier

to proceed as follows:

Ph2CHOr==PKfH+Br— PMCH ISBF*  -eommeree 1

At
of

Ph

f v «e

P"-""«, N U-CHPhj H W I\
AR A 8 L

Ph Ph  Ph Ph
7
the rate-determining stage the intimate ion pair (IIP)
the substrate is converted into the solvent-separated

ion pair (SSIP) the latter forming substituted tetrazine |
and triphenylverdazylium bromide (Vd+Br ) in the rapid reac-
tion with Vd*. The reaction rate is unaffected bv Vd* con-

20



centration and is described by the first-order kinetic equa-
tion

-d[Vd J/2dt = d[Vd+Br>7/dt = k[Pi~CHBr] (@)

As a further step in the study of solvent effect on the

kinetic parameters of the above reaction the kinetics of
PhgCHBr heterolysis in acetone and PhNO2 was studied in the
presence of Vd* as the internal indicator. In both solvents
the reaction rate is fairly well described by equation (2)*
Conditions and results of kinetic runs are given in Table« 3,

and 2. Table 1
Kinetics of PhgCHBr lonization in PhN0O2

in the Presence of Vd*

«0S  [PhACHBr]*102M [Vd*] «t04* <C 10~ . s “1

1 6.77 1.38 25 O 4.21 4 13+0.08
» 8.69 1.38 4.04
3 6.33 1.27 300 6.50 5 50:000
4 7.02 1.27 6.67
5 6.13 1.35 g 11.9° 11.0+1.0
6 3.06 1.35 ' 10.0
7 6.04 1.40 37.5 13.4 135+01
8 6.75 1.40 13.6
9 5.83 1.73 43 19.2 19 6104
10 5.83 0.864 20.0
110) 6.11 1.27 5.40
12°) 6.11 1.27 5.46
13d) 6.20 1.27 25.0 5.78
14e> 5.95 1.29 6.00
15) 6.24 1.29 6.47

a) Average of two determinations by the consumption of vd*
b) In the presence of 0.41-10“2M Et.NCIO.
c) In the presence of 0.61-t0"M JSt.NCIO.
d) In the presence of 1.23*10 M Bt4NC104
e) In the presence of 1.50*10-2M Bt~NCIO"
f) In the presence of 2.50*10~"M Bt4ucio4
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Et"NCI0” additions in PhNO2 solution increase the reac -
tion rate (Table 1,rmuB 11-15) and the apecial aalt effect
is observed (Fig.,(a)«The above suggests SSIF formation in
the substrate2»”.The first section of the curve shows
intermediate formation with perchlorate participation ,,

whereas the seoond refers to the usual salt effect» The
extrapolation of the last curve section to [Et”NCIO"] = O
gives the maximum value of the special salt effect in the
absence of the usual salt effect,k= mS.1710"s“1, i.e. the
value being 1.2 times greater than tnat tne rate constant
without salt additions. The latter means that the ion trip-
let (CI0M““ISIPhgCH"Br*<}¥ or quadrupole (PI~CI"Br",
Et4N+C104“9 forming under the action of C104"(Bt4NC104) on
the IIP is converted into SSIP 1.2 times quicker as com-
pared th the non-catalysed reaction PhgO”~Br“< »-PhgCH"sl Br”d
"b" value in Winstein®s equation

ks = ks (1 + b[Bt4NC104]) (©)
for the second section of the curve is 11 (the usual salt ef-
fect, reflecting the effect of Et~HCIOM concentration on the
rate of ion triplet (or quadrupole) conversion into SSIP).
In MeCN (d37.5,Z 71.3) which is noticeably more polar than
PhNOg (634.5,Z 66.3)#Ph2CHBr heterolysis rate is app.l1.5 or-
ders higher (Ig k2"m -5.6)4 In this solvent Et"HCIOM also
shows the special salt effect with the parameters MY k-1.2,
b =8, 25'SC)O being approximately the same as in PhNO~.
In less polar PhON (E 25.2, Z 65.0) and dichlorethane
(£11.0,Z 63.5) the special salt effect of Et4NC104 is more
evident (in PhCN k|/k = 2.0, b = 46 (40.5=07? in dichloretha-
ne fcO/k = 2.5, b = 21*) (40.5< )4 . This is conspicuous both
for the special”® and usual salt effects - these are more
pronounced in low polarity solvents. In the transition from
EtANCIOM to LiC104 special and usual salt effects acquire
greater intensity, in MeCN ks/k = 1.3, b = 22; in PhCN
ks/k - 7.0, b = 210. In acetone (B20.5, Z 65.7), the polar-
ity of which is close to that of PhCN and noticeably lower

*)calculated using Pig.2 of ref. 4
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than those of PhNO2 and MeOT, the additions of EtANCIO~N

have practically no effect on the reaction rate (Table 2,
runs 14»15;Pig,,(b))twhereas the addition of LiCI0™ enhances
the reaction rate, however,no special salt effect is ob-
served (Table 2, runs 11-13,Pig. (b)).

Since in MeCJST,PhNO2 ,PhCN and dichloroethane the special
aalt effect of perchlorate was observed and the absence of
the mass action salt effects (no carbocation is formed) was
shown in the most polar of the above solvents (MeCH) it
seems quite reasonable to suggest the conversion of IIP in-
to SSIP in the above listed solvents at the rate-determining
step of Ph2<3HBr heterolysis. The same is relevent to

- -LiCIO*
O-EiiNCIOi

2 3
[MCHOjHoeM

Pig* Perchlorate effect on the heterolysis rate
of PhgCHBr in PhNOg (a) and acetone (b)

acetone which has a medium polarity value in the shown group
of solvents. In all these cases triphenylverdazyl manifests
itself as a SSIP indicator. An additional confirmation is
the negative salt effect of LiCl in the presence of verdazyl
(Table 2, run 16) due to a decrease in the SSIP formation
rate < Thus, the absence of the special salt effect cannot
be an argument against intermediate SSIP formation.
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Apart fron our papers the special salt effect for benz-
hydryl systems has been reported earlier in the anion ex-
change reaction in 4,4"-dimethyl diphenylmethyl thiocianate

in MegCO (HaClO”™ action)*»,

in the solvolysis of benzhydryl-

-n-nitro-benzoate in aqueous acetone (laHyBwlMNB8 and in
the hydrolysis of PhgCHCI and n-chlorbenzhydryl chloride in
80% acetone (CoCl10”)9.

Table g

Kinetics of PhgCHBr lonization in Acetone
in the Presence of Vd*

Nos. [PiACHBr] =102M [Vd*] «O"M <t 107ka),s"1 {#Tkay. &1 1

OO0 N OU A w N -

[y

11b)
2=)

14

15«,

16

a)
b)
c)
d)
e)
)
9)

In

B)

4.13
4.13
2.72
1.36
1.94
2.07
1.26
0.948
1.
0
3
2
1
2
2
4

03

.806

.92
.10
.96
.93
.93
.12

Average of "two determinations

In the
In the
In the
In the
In the
In the

presence
presence
presence
presence
presence
presence

of
of
of
of
of
of

0.

(S R SNS T=

95*1072M
.90»10“2M
.02*1072M
.46*10“2M
.91 TO0"M
.63»1072M

the first two cases where the
anion action it is rather vague.
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1.13° 24,6 1.5 1.5540.01
2.25 1.54
1.30 595 2.13 2.21+0.08
1.30 2.29
1.85 g4  3.22 333011
1.55 3.44
112 399  5.55 5.53003
1.38 5.50
1.16 430 7-27  7.35+0.08
1.16 7.43
1.90 1.93
1.90 2.52
1.30 .5  4.36
1.53 1.67
1.53 1.75
1.75 0.681

by the consumption of Vvd*
Liclon

Licion

Liclon

Bt~ANCION

Et~BCION

LiCl

effect is determined by the
In the latter case the ef-



feet is connected with the cation action which falls out of
the framework of Winstein"s interpretation. Leffekl1l0 and
Gordonll regard Winstein*sl12 and Ingold®"sl1l” interpretations
as unacceptable. Moreover,Leffek denies the very idea of
two ion pairs different in nature»whereas Gordon considers
the special salt effect as a test of SSIP formation.Dannen-
bergl4 also objects to the existence of SSIP as a kinetically
independent particle.He considers the special salt effect
to be determined by the fact that 0107““substitutes the
solvent molecule, solvatizing the rear of the cationoid in-
termediate. As an argument in favour of the abovo he re-
porta that during the acetolysis of cycloheiyltozylate with
increasing perchlorate concentration the substitution/ elim-
ination ratio is growing (the result of intermediate sta-
bilization) alongside with the growth of the relative yield
of the substitution product with preserved configuration
(hindrance of the rear-oriented attack)1”. These data are
in fair agreement with our interpretation of the special
salt effect2 based on the formation of C104~|SIPhgGH"Br>~

Kinetic parameters of Ph”CHBr heterolysis in PhNOg and
Me2CO in comparison with similar information for t-BuBrl1**1?
are presented in Table 3. PhgCHBr and t-BuBr heterolysis
rates as well as those in other aprotic solvents4 are simi-
lar. In the transition from PhNO2 to Me2CO the rate of
Ph2CHBr heterolysis slightly increases whereas that of
t-BuBr falls. This seems to be a manifestation of PhgCHBr
sensitivity to the electrophilic assistance2 of acetone
enol (the formation of PhpCHBr----—- »HOC(Me) = CH2). In the
transition from t-BuBr to Pt~CHBr both the enthalpy and the
entropy of activation decrease. Enthalpy decrease suggests
the formation of a more stable carbocation in the case of
Ph2CHBr. Entropy decrease seems to be determined by the fact
that t-BuBr heterolysis in aprotic solvents is limited by
I11P formation2 whereas PhgCHBr in the transition state
requires additional coordination of the solvent moleoule in
Ph2CH+Br>” interion space (SSIP formation)?

As opposed to aprotic solvents, the heterolysis of benz-
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bydryl derivatives in polar protic solvents reaches the
carbocation. This is suggested by the mass action salt ef-
fect™» 9,13, 18"gome papers indicate that Sjji-Bubstitution in
benzhydryl derivatives in polar aprotic solvents (DMF19,
Me2C.020,MeCN21,MeN0222 and others2-® may proceed through
the intermediate carbocation as well. As a rule, however,
these suggestions are not substantiated. Only for the reac-
tion of monomolecular nucleophilic substitution of bromine
in PhgCHBr (the action of Et~KCl and various amines) in
MeK02 solution the arguments are given that are based on
the rate depression in the presence of the salt with the
common ion (Efc"KBr)““ . However the effect of salts with a
Table 3
Kinetic Parameters of PhgCHBr and t-BuBr Heterolysis
in Acetone and PhNO2

. 25 41025

Solvent Substrate -1g k25(s“1) kégtjhol %.u. keal/mol
Ph2CHBr 6.82 15.8 36.9 26.8
Me2C0  ¢_pusr 7.13 19.5 28.5 27.2
PhNO2 Ph2CHBr 7.39 16.2 37.9 27.5
t-BuBr 6.95 20.3 22.2 26.9

non-common ion has not been studied (the perchlorate is not
considered , since it always increases the reac-

tion rate) .We have shown that the heterolysis rate of
PhgCHBr in MeCN being close in its polarity to M=K (£38.6,
Z 71.2) decreases both in the presence of salts with common
and non-common ions (CI177%j<5N0"“9.The above is a manifesta-
tion of the negative salt effect rather than that of the act-
ing mass law.Therefore the carbocation formation in M=X2

has not been confirmed.The rates of IIP formation from

t-BuBr and ghose of SSIP formation from Ph_CHBr, wer% shown

to be close »The same V?as observed in MeNO2 for t-BuBr f
Igk25(s"1)* -5.4,and Ph2CHBr22 1gk25»-4.8.1f the heterolysis
of PhgCHBr in MeNO2 led to a free carbocation,the rate of this
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reaction would be considerably lower than the rate of t-BuBr
heterolysis. It means that both in MeNO” and other aprotic
solvents SSIF formation is the rate limited step*

Three different salt effects, common, special and nega-
tive, are known to accompany IIP conversion into SSIP. At
present it is already clear that all of them are specific.
Indeed, they depend upon the nature of the cation”»20,26-29"
the anion?*17"»20*27“2/,the solvent 18»26»27 and the aubatra-
te27f28 being also influenced by the temperature®. Palm”0
stresses strong dependence of the salt effect on salt ioni-
zation degree.The common (usual) salt effect is often regard-
ed as the salt effect of ion forcek%lp.lt is not clear, how-
ever, how to distinguish this effect and the specific action
of ions and/or ion pairs.As a rule,the aﬁgﬁgiyﬁ_ialt effect
is observed in aqueous-organicsolvents .Recently
it has been found10 during p,p"-dichlorbenzhydryl chloride
solvolysis in the mixture of EtOH-CFACI™OH.The above effect
is insignificant (®30%) and is accounted for a decrease in
the activity coefficient of the substrate.We have shown P **
this effect to be considerably higher in aprotic solvents.

As a rule,the intensity of the special and usual salt ef-
fect increases with a decrease In cation sSize2*"\*" >N T*Nn,
Considering that ion pairs possess greater activity the
above faict could be accounted for the increase in the salt
ion association degree.At present,however,the most widely
accepted viewpoint is that the ions and ion pairs have equal
activity . This conclusion is in good agreement with the
observation of the linear increase in the reaction rate with
increasing analytical salt concentration.

An increase in salt activity with a decrease in cation
size is most frequently explained by an increase in the in-
tensity of electrophilic heterolysis assistancen*2™*

Sjjl and El reactions are known to be very sensitive to the
electrophilic catalysis"*»*»-"~. This effect, however, has nev-
er been confirmed for alkaline metal cations whereas for the
ammonium ones it is impossible because the latter are unable
to coordinate with anions. In work ~ the alkaline met-



ul i1ooe were shown not to activate t-BuBr hydrolysis (rate-
Mletemining SSIP formation4) .During the anion exchange in
p-Cl-benzhfdrylchloride -a acetone?® and t-Bucl aolvolysia
in 70* MeOH3® (rate-determining SSI* formation4) the inten-
sity of the ealt effect increased in the transition from

Li+(lat) to (IH")«Thus,the suggestion of electrophllic
assistance is of little use for the cation salt effect inter-
pretation.

The increase in the intensity of the special and usual
salt effects with a decrease in cation size and the fall of
the fower in case of the negative salt effect has been in-
terpreted by us2 through the formation of non-active catio-
noid triplets (Ph2CH+Br"ISIM+),the stability of which in-
creases with an increase in cation size.The above conclusion
has been based on the following fact.During the PhgCHBr het-
erolysis in MeCH the intensity of the negative aalt effect
increases as follows:

LiBr (1.5)<Et4HBr (1.9)” Et4ff) (2.1)c Bu~NJ (2.6)»Vd+Br<{(2.6)

JT-butylquinolinium-iodide (3.4)-the figures in brackets
indicate the factor by which the rate constant decreases at
2.1072M salt concentration at 25< C*). It may be seen that the
bigger the cation, the greater is the effect. There are two
possible explanations for this dependence : either electro-
philic heterolysis assistance, having the maximum level for
Li+, or the non-actire triplet formation, the stability of
which grows with an increase in cation size. The comparison
of the values in the given series of salts shows that at
fLi4} m2_10"4M the PhgCHBr heterolysis rate should increase
not less than 2-fold due to Li+ catalytic action. In work2
the reaction rate at 1biCl0"] » 2.1(IF4Mwas shown to remain
practically unchanged, i.e. the electrophilic assistance of
Li+ was shown to be missing. Thus, the specific cation effect
in our case is determined by the formation of non-active
triplets with the substrate IIP.

To confirm this conclusion we have made a number of exper-
imental runs in the presence of dibenzo-18-crown-6. The
A) tinder these conditions the salts dissociate completely



conditions and results of these kinetic runs are presented
in Table 4. It may be seen, crown additions (ran 2)
have no effect on the reaction rate, determined against Vd*
consumption. The rate in this case satisfactorily coincides
with the previous determination (the last column of the
Table 4, run 1). The crown additions in the presence of
LiCIO™ (runs 3 and 4) and LiBr (runs 5 and 6) practically
exert no effect on the reaction rate. The stability constant
of Li+ complex with dibenzo-18-crown-6 in propylene carbona-
te at 25°G is ~2*10~ 1/mole”. If we adopt the same value
for MeCN *), then in our runs Li+ should be by 50-65 % bound
in a complex. This is sufficient for the manifestation of
the effect.
Table 4
Kinetics of PhgCHBr lonization in MeCN in the Presence
of Salts and Dibenzo-16-crown-6

1 « [PhpCHBIr]* Salt addi-
DVd ] 3 [crown}

Nos. ey fOpM ~L0Ml tion 106 .k,s“1
nature [MX] e
«10*M
1 0.980 6.90 - - 2.68+0.21 2.50
2 1.34 5.74 15.8 - - 2.77+0.05 -
3 1.26 6.65 4.90 LiClo~ 4.07 3.20+0.18 3.25
4 1.36 4.90 21.0 LiC104 20.3 4.73+0.15 4.60
5 1.14 7.41 0.832 LiBr  0.816 0.93Q+0J021 0.900
6 1.41 7.24 1.67 LiBr 1.63 0.722+0.04 0.700
a\

"Values of constants without addition of the crown capture
from the papers * .

Thus, the following conclusions can be drawn: a) the spe-
cial salt effect is determined by 0107““action; b) the neg-
ative salt effect is mainly determined by the action of

~In MeCN this value should be somewhat hi«her” since this
solvent is less polar and has a lower donor number
(NN 14. 1) than propylene carbonate (70.0, Z 72.8%,
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salt anions and c) the amount of cation effect (weakening of
the special salt effect and strengthening of the negative
salt effect) increases with the growing cation size.

The results of this and our previous papersl as well
as the information on salt effects for benzhydryl systems
available in literature may be generalized using scheme (4),
which reflects the effect of salts on the UP conversion
into SSIP. The main reason for the usual salt effect seems
to be the quadrupole formation between the 1IP of the sub-
strate and SSIP of the salt (QQ)*A. In this quadrupole the
salt facilitates further charge separation in the substrate
and leads to the formation of the quadrupole consisting of
two SSIP (st). Such a quadrupole may disintegrate form-
ing SSIPs 11l and I Hy, which then rapidly form the products.
Qs quadrupole formation may proceed along three different
paths. It forms either in the interaction of IIP substrate
with the ion pair of the salt or via the successive associa-
tion with the salt ions** with the intermediate formation
of cationoid (I1Vy) and anionoid ( IV*) triplets***". The
above explains, why a linear increase of the wusual salt
effect with an inorease in analytical salt concentration is
observed.

The special salt effect is determined by nucleophilic or
electrophilic contribution of the salt into the substrate
heterolysis.The cation special salt effect has been observed®
with the action of Co(NO-,)0.The effect is small, k®/kyz 1.3.
@ (1) is a relatively étrong complex fonning agent
The stability constant of Li+ complexes is lower by many or-
ders of magnitude as compared with that of Cot"The above ex-
plains the unability of Li+ to contribute electrophilical-
ly to the heterolysis of benzhydryl derivatives. Electro-

*)At high salt concentrations”the catalysis with more comp-
lex aggregates is possible42.

**nPush-pull _mechanizm of the catalysis (Y~|S|R+X~ISIM+
formation) is not excluded.

***)Initial formation of a solvent-separated ion bond at
the salt ion side is always presupposed.
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Products -t----R+ |s|x"

[n
r+]S|Y%A- Y<{S|R+ IS|X" Sjj2-lon pair (negative salt effect of the anion)
Hi-. SIVi W\ RY
_ Micleophilic_ _ VW !
3 assistance
Y>?ISIR X~
ITM - N * N B+,SIY\
Special + N + _ Ffx" T fR+]s|x-3}~" Xy \
salt fi X + M OIS]Y =y = jY-laiM+]- 1Y-jg] U+J Products
effect
- ] .
| e c 88 W
X 7| s|My [Usual salt effect]
s K\\
I__Electrophilic : :
— " assistance i Negative salt effect of the cation
B+X"M+ B+ |S|X M+ Products
1v* L IV*
General scheme of salt effects at the transition from the intimate

ion pairs to the solvent-separated one



philic catalysis of the cation should be performed via an
intermediate intra-sphere comptex~ (IV+). Metal ion coor-
dination with the leaving group facilitates further charge
separation in the IIP substrate (_IV+ formation). Alkaline
metal and ammonium cations are practically incapable to co-
ordinate the leaving group of benzhydryl derivatives”~that

is why the formation of 0l7+-type triplets may lead to a
decrease in IIP concentration® and, hence, to the falling
heterolysis rate (cation negative salt effect). Nucleophilic
catalysis of heterolysis is observed with the action of large
easily polarizable anions (CIO™*S HA??% "0Ta)1“4*8,12,41. The
association of such ions increases the electron density of
R+X““bond and facilitates further charge separation in IIP
QIV: formation). IV triplet then decomposes forming ion
pairs 11l or Illy, which are rapidly converted into the
products. The formation of anion triplets with small rigid
anions may bring about the displacement of the solvent mole-
cule from the inter-ion space (the formation of IV~) and
further separation of the charge in R+X~ (the formation of
1V<9 - the nucleophilic substitution reaction, B - ion
pair, occurs (ll- *srv’z *-jy”Z *~]V~— *-]ly—-*~RY). The same
substitution mechanism may be realized also through the in-
termediate quadrupole (H- Qs- Q"3- IV~— *~ etc.).

In both cases the SSIP formation rate will fall due to par-
tial IIP consumption in Sjj2 reaction,which is observed ae
the reaction rate decreases, monitored through the verdazyl.
Under these conditions the rate of substrate conversion is
very low ("0.1%),therefore the appearance of the covalent
substrate with another leaving group (RY) in the reaction
medium can not exert considerable influence on the reaction
rate.

Lack of the special salt effect of the perchlorate in
acetone may be connected with the fact that further charge
separation in the substrate IIP occurs with greater ease iIn
the quadrupole, forming with the C*0 group of the solvent,
than in the Cl0““/S| PhgCH+Br-triplet,
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EXPERIMENTAL

The reagents were obtained and purified as earlierl. Di-
benzo-18-crown-6 was purified by multiple recrystallization
from benzene and i-PrOH, np. 164-< (see Ref.”). Acetone was

dried over CaCl2, kept over for 2 hre with fresh anhyd-
ride additions after each 20 min., decanted, kept over pot-
ash and rectified (for Vd* in acetone 710 w, £4009).

Nitrobenzene was purified by double distillation (for Yd*

max. 720 rw £ 4570). The salts were kept in a gﬁficcator
over Pgo~. Kinetic runs were performed as in Ref. . The
reaction rate was monitored spectrophotometrically against
Vd* consumption. Individual runs confirmed that rate monito-
ring against Vd+Br~ formation gave similar results.
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ISVSaTIGAIXQM OP THKSTRUCTURE EFFECT
01 THE RUSTICS OF THE FORMATION
OP TRIARYLMETHAME LEUGOKXTRILES US WATER

T.A. Nikolova and V,V*Sinev
Leningrad Leneoviet Institute of Technology

Received August 2, 1982

The spectrophotometric study of the kinetics of
the formation of leuconitriles of derivatives of
Malachite Green and its diantipyrine analogues in
water in the temperature range NMu3™HO" has been
carried out. Isokinetic relationship is shown to
exist in the reaction series studied, with the pre-
vailing of enthalpy {B>=345K) and entropy (B> =222K)
factor, respectively. The results obtained are given
in comparison with the data for the reaction of
triarylcarbinol formation.

Continuing the investigation of the structure effect on
the reactivity of the conjugated carbonium ions 1“3, we
have studied the kinetics of the formation of leuconitriles
of a number of Malachite Green (1) and Antipyrine Orange
(I1) derivatives in water in the temperature range 11*5-
40=:

+
12
C- CN
I, Rj-Jtg- 4(CU3RHBH It 4-Q8» 3-CEj* H* 3-C1*

3-H02* 4-M021
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CH
lit R*"Rg» 16 5 Xs 4—caji 3—C"| H$ 4-C1*

H3Cc-f 4c0 3—-Brj 3-no2.
H3C-6 * c-

Both the bimolecular rate constants and the activation pa-

rameters are listed in Tables*l and 2. MELXe 1
KINETIC PARAMETERS OP THE PROCESS OF FORMATION OF
LEUCONITRILES OF MALACHITE fIRKRM DERIVATIVES

Rate constants, 1/mol*s Akg, -aa*
R K
15°C 2°C %°C 3p=C 4o=c mdl mol*- K

4-CH3 0.233 0.-365 0.542 0.743 1.46 52 75
0.262 0.400 o0.577 0.808 1.54V 50 80
H 0.280 0.447 0.652 0.936 1.63 49 83

3-GL 0.405 0.590 0.828 1.09 1.87 43 101
3-no2 0.542 0.791 1.07 1.32 2.30 40 HO

Table 2
KINETIC PARAMATERS OF THE PROCESS OF FORMATION OF
LEUCOKLTRILES OF ANTIPYRIHE ORANGE DSLIVATIVES

Rate constants, 1/mol-s o
ol J

11.5=C 15° 20°C 30°C 40°=C mol mol e K

4CB3 106 12.7 17.8 28.5 45.7 35 100
3a8 14.0 16.0 22,1 37.6  63.1 37 91
H 15.1 17.5 24.7 42.9 75.3 39 86
4-CL 232 29.0 39.4 73.3 126 42 71
3-Br 29.2 37.9 53,5 103 166 43 64
3-no2 50.2 63.4 94.4 180 363 49 40

Relative errors of the rate constants do not exceed + 2%
uncertainties of ah’4dand aS* are within + 2kJ/molf
+ 4 1/mol-K, respectively.
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The Hammett equation is found to describe the substituent
effect on the rate constant of the process under considers*
tion over the whole temperature range studied, the reaction
constants being close to the corresponding values for the

reaction of the triarylcarbinol formation (Table 3) .

Table 3
CORRELATION PARAMETERS FOR THE REACTION OF FORMATON
OF LEUCONITRILES OF MALACHITE GREEN (1) AND
ANTIPYRINE ORANGE (I1)

Se-,

ries 5 ig K r S
15<0 0.426 + 0.009 -0.555 + 0.004 0.999 0.009
20=C 0.363 + 0.01l -0.366 + 0.005 0.998 0.010
1 B=C Q33+ 0.012 -0.205 + 0.006 0.997 0.0Hl
30<G 0.295 + 0.009 -0.076 + 0.004 0.998 0.008
£0=C 0.220 + 0.009 0.204 +=0.004 0.996 0.008
11."5=C 0.-746 + 0.024 1-r78+ 0.009 0.998 0.018
15<C 0."¥b + 0.026 1.255 + 0.009 0.998 0.020
11 20=C 0.824 + 0.012 1.398 + 0.004 (0.999 0.009
30=C 0."912 + 0.034 1.634 + 0.012 0.997 0.025
4£0=C (.-989 + 0.015 1.852 #0.003 0.997 0.Q2i

As should be expected, in  both series studied

exists the isokinetic relationship * such a conclusion
being confirmed by the following criteria:

I. The temperature dependence of the reaction constants
4,5,

2001+ 0.11) + (729 + 33) | (series
n»6* r -0.997» B- 0.07*
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A>= (3,36 + 0.009) - (741 + 28)-1 (series 1)
n» 6» r«* 0.998» s =0.07.

gives the values of B> 345K (series 1) and 222K (series I1)
2." The extrapolated Arrhenius equations are crossed at
345 + 5 K(I1) and 222 + 5 K(II).
3*" The linearity between the siH* and aS* values
with the elope 345& and 222£, respectively:

I: ah ®= (78.2 + 0.2) 103 + (345 + 3)"S*
n==6j r »0.999» s =0.023»
In* pH* > (57.7 + 0.2) 103 + (222 + 2.5)% S?<
n «6» r »0.999* s - 0.029.
4." The linearity between Ai* and IgkT 6s
It aH” (35.6 + 0.6) - (37.9 1 1.9) leiere

n»6» r -0.995» s - 0.15» 344K
Us aH* = (13.6 + 1.4) + (I'7.6 + 0.9) lIgk2Qoc
n .6» r -0.995» s mm0.13» B - 222K

5. The Sxner criterion (linearity of Igk values deter-
mined at two different temperatures)”t

It 1gk”Q0Q9 (0.307 + 0.003) + (0.691 + 0.07) Igkji~Qfl
n -6 r -0.999» s- 0.003» R>= 343K
11» 1gk400G« (Q294 + 0.035) + (1.326 * 0.027)

n =6 r-0.999 s -0.015» 2227
6. The two-parameter equation Igk \saf(£,T)t
Is lIgk * (8.89 i 0.03) - (2717 + 89) | - (2.11 + 0.U)" +
+ (728.8 + 32.9)«S>t
lit Igk = (8.66 + 0.13) - (2131 + 38) P+ (3.36 + 0.09)E-
- (741.0 + 28.2)" 1
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The values of isokinetic -temperatures, counted fron these
equations, are 345K and 220.5K, respectively.

The latter equations predict two more isoparametric
points at which the rate constant should not depend on tem-
perature °. n n

bt 3.73 N2 4.21

lil Zj— 2.68 N2-2.58

Thus all the criteria cited above lead to the-conclusion
that the isokinetic relationship works in both series
under consideration with the p values 345K and 222K, respec-
tively.

It should be mentioned that similarly to the reaction
of the formation of triarylcarbinols, series | is
characterized by the prevailing of activation enthalpy
(G Texp) 8U@ series Il by the prevailing of
activation entropy ( YSF¥m1p)* Such a result completely
agrees with the understanding of connection between the
internal (electron) and external (solvatation) factors in
stabilization of carbocatione “»according to which the short-
ening of the conjugated system of carbocatione at transition
from Malachite Green derivatives to their diantipyrine ana-
logues must be accompanied by an increase of the (f+ -charge
on the carbon center and corresponding increase of the
solvation stabilization.

Thus the type of the control of the reactivity of the
conjugated ions is W¥HIR/determined by the S+-charge of
the carbonium center and does not depend on the nucleophile
nature.

RXPFfR TMRNTA fm

The kinetic investigation has been carried wit speetro-
photometrically by means of a SF-26 -spectrophotometer,
supplied with a thermostated block. The temperature de-
viations were in the range of 0.1<. Registration of the
kinetic curves was made on the wavelength of the maximum
absorbance of the dyes by automatic recorder.
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Alkali was added to stock solutions to diminish the hy-
drolysis of the cyanide ion. When calculating the rate
constants of the process studied the corresponding values
for reaction with the hydroxide ion3 were substracted from
the experimental values. After that the rate constants
obtained for the primary salt effect were corrected.
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CATALYTIC ACTIVITY OP N-ACYLAMINOACID ESTERS
IN THE REACTION OP PEPTIDE BOND FORMATION
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Catalytic activity of N-benzoyl and N-phtalyl-
aminoacid esters as well as a number of represen-
tatives of tertiary amines and amides have been
studied in the reaction of peptide bond formation
by the method of activated esters in benzene. It
was shown that in histidine and glutamic acid
derivatives which have higher activity, the imid-
azole fragment and the carboiyl group are respon-
sible for the catalysis. The catalytic activity of
other derivatives is remarkably lower and it is
conditioned by the participation the amide group
in the process which occurs according to the
mechanism of the general base catalysis.

To understand the functioning mechanism of enzymes it is
useful to study relatively simple model systems which express
some more characteristic properties of the reactions catalyz-
ed by enzymes. Recent research has shown that active enzyme
centers contain hydrophobic areas. This accounts for the fact
that the enzymic reaction proper proceeds in the medium of
low dielectric permittivityl_%. Therefore research into mod-
el reactions in aprotic media of low polarity is of special
interest, the reactions of acyl transfer in particular. Such
researeh is necessary to elucidate the peculiarities of re-
action mechanisms which proceed in nonaqueous aprotic media,
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by comparison with the corresponding processes 1in water
for which considerable experimental data have been obtained
and generalizations have been made (see, e.g., referencee
4-6).

The present work aims at observing the catalytic behav*.
ior of functional groups which are included in active enzyme
centers (the amide group of the polypeptide chain, the imid-
azole fragment, carboxyl and methilol groups, etc.) in the
reaction of peptide bond formation. With this aim in view
we have studied the catalytic activity of N-benzoylamino
acid CgH"CO-NH-CHR-COOR* esters with broad variation of the
structure of the lateral group of 4he amino acid component
R(R*aCH") and the structure of the ester component R*(R»H)
of phthalylglycine ethyl and phenyl esters as well as a
number of representatives of tertiary amines and amides in
the reaction of carbobenzoxiglycine F-ni*roPhenyl ester
(Z-gly-ONP) with glycine tert-butyl ester (tart-BEG) in
benzene at 25°C:

cbh5ch20co-nhch2coocbh4no2 + nh2ch2cooc(ch3)3- »

— » C 6H5CH20C0-NHGH2 CO-NHCH2CO0C(GH3)3 + HOCG6H4N02 (1)

EXPERIMEN TAL

Pure Z-gly-ONP~, tert-BEG", benzene 8 , ethylacetate”,
triethylaTgnelo, pyridinell, diaethylformamidiiz, dtmethyl-
acetamide™", N-methylformamide ~~, caprolactam™™ were pre-
pared or purified by well-known methods. N-acylaminoacid
esters were synthesized by two methods13: (A) by acylation
of previously obtained hydrochlorides of amino acid esters;
(B) by esterification of previously synthesized N-acylamino
acids. Experimental conditions of ester synthesis are given
in Table 1. The obtained compounds were recryetallized re-
peatedly (until constancy of melting points was achieved)
from the corresponding solvents which have been indicated
alongside with melting points of compounds in Table 1.
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The process was monitored spectrophotometrically by the
formation p-phthalylglycine in the solution at 320 mm on a
SP-26, only in the case of N-phthalylglycine esters and
methyl esters of

Table 1
Conditions of Synthesis and Temperature of Melting
Points of N-acylamino Acid Beters (all the amino acids are
racemic)

Solvent for Melting Heference

No Compound M®*hod recrystalli- point, meltin
Synthesis zation < point Oq
1 2 3 4 5 6
1. Bz-gly-0CH3 A cci4 81 79-8114
2. Bz-ala-0CH" A decane 82
3. Bz-val-0CH” A cyclohexane 86-87
4. Bz-lei-0CH3 B cyclohexane 97-98
5. Bz-norleu-0OCHA A hexane 72-73
6. Bz-phe-0OCH" A cyclohexane 102
7. Bz-met-0CH” A cci4 84
8. Bz-asp-0CH., B hexane 85
1 3
0CH3
9. Bz-gly-0CH3 A cyclohexane 83-84.1
4ch3
10. Bz-glu-OH A *cci4 82
6ch3
11. Bz-pro-0CH3 A benzene 88-89
12. Bz-his-0CH3 A benzene 107
13. Bz-ser-0CH3 B hexane 163-164
(various)
14. Bz-gly-0CHjH~ A cci4, 62-62.5 60.515
hexane
15. Bz-gly-0C(CH3)3 A cci4d, 114-114.5 10916
hexane
16. Bz-gly-0CH(CH3)2 B methanol 86-88
hydrate 16
17. Bz-gly-0CHgCgH* B cci4, 89'.5-90 88
hexane
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Table 1 (continued)

1 2 3 4 5 . 6

18. Bz-gly-0CH(C6H5)2 A cci4 125-126 123-12416

19. Bz-gly-0CgHj. B17 ethanol, 106-106.5 10417

hexane

20. Phth-gly-0CgH" B  hexane 114-115.5 11118

108-11019
11220
21. Phth-gly-0C6H5 B7 ethanol 121-122 120-12121
22. Bz-gly-0CH3 B ethylacetate
OH 112-113

N-benzoylhistidine measurements were carried out at 345 nm
due to their remarkable absorption in this region. The reac-
tion rate was studied in the conditions of pseudo-first
order kinetics, the concentration of Z-gly-ONP
(a=#5"10“"mol/1) being much lower than that of tert-BEG
(b«0.04 mol/1), i.e. at a<( b. The variation range of cata-
lyzer concentration (m, mol/1l) is displayed in Table 2. The
observed second order rate constants (kobed,l/mol-sec) were
calculated in accordance with the formula:

bt lg & o - 2)

where Dq, and stand for,optical density of the solu-
tion at the initial stage (DQ), at a certain moment t and
(D™) and later when the reaction has practically ended (D").
Methods of mathematical statistics were applied to treat
linear relationships.



Table 2
Rate constants wg, (12/mol2,sec) of the reaction of
Z-gly-ONP with tert-BEG, catalyzed by N-benzoylamino acid
methyl esters C6H5CO-NH-CHR-COOCH3(Nob.1-9,11,12) by
hippuric acid CgH"CO-NHCHgCOOR* esters(Nos.13-18) and by a
number of ether organic bases; benzene, at 25<=C*.

*10" Range of
No Catalyzer i concentration

12/moI2"sec change of the
catalyzer m,

mol/1
1. Bz-gly-0CH3 R* H 59.9-0.1 0.005-0.08
2. Bz-ala-OCHy R» ch3 26.6i0.1 W
3. Bz-val-0CH3 R« ch(ch3)2 21.0il.0
4. Bz-l1ei-00H3 R« ch2ch(chj 9 12.612.5 -4
5. Bz-norleu-0CH, . H-c4c9 25.210.9 2»€
6. Bz-phe-0CH3 Re o o o 52.6t0.1 Jle
7. Bz-met-OCHA R« CH2CH2SCH3 15843 -
8. Bz-asp-0CH3  R» CH2COOCH3 273-80 -l-
9. Bz-glu-0CH3 R= CH2CH2COOCH3 6543 -
OCH-
10. Bz-glu-OH** R« CH2CH2COOCH3 1080190 -4
6cH3
11. Bz-pro-0CH3 36.0il.4 -
ft N1
12 . Bz-his-0CH3 Ra 251*36 e
13. Bz-gly-0CgH~ 31.5%1.2 0%04-0%12
14. Bz-gly-0CH(OH3)2 9.611.6 0.01-0.08
15. Bz-gly-0C(CH3>3 35.6*3.9 0.02-0.08
16 = Bz-gly-0CgH» 212%27 0.005-0.02
17. Bz-gly-0CHgCgH" 80.8*7.6 0.03-0.12
18. Bz-gly-0CH(C6H5)2 530*%18 0.0025-0.01
19. Phth-gly-0C2H5 239*10 0.02-0.12
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Table 2 (continued)

1 2 3 4

20. Phth-gly- 0CfH5 57.2+2.6 0.02-0.12
21. Dimethylformamids 57.6"2.6 0.01-0.08
22. Dimethylacetamide 68.1-3.1 0.01-0.06
23. N-methylformamide 39.1-2.4 0.01-0.08
24. Caprolactam 427-23

25. Z-gly-gly-0Bu-t*** 1142 -

26. Bthylacetate 0 0.01-0.06
27. Triethylamine 44.4-2 .4 0.01-0.08
28. Pyridine 30.eii.0 Ly
29. Imidazole 49022 -

30. N-methylimidazole 49022 -

31. tert-BBG 1297 -

32. Pyrazole 0,74023

33. Acetic acid 71000024 —

34. 2-Oxipyridine 560025 -

*) Due to the insolubility of Bz-ser-OCH3 (No 13 in Table 1)
and Bz-glu-0CHA (No 22 in Table 1) it was not possible
to study their catalytic activity in benzene.
With catalyzer No 10 the experiment and data treatment
were carried out according to the method described in
references 24 and 26.

***H ert-Butyl ester of carbobenzoxiglycylycine.

DISCUSSION AND RESULTS

It has been shown earlier24 that in the conditions of a
pseudo»first order reaction the observed bimolecular rate
constants (@3, ) of the reaction of Z-gly-DNP with tert-BBG
in benzene in the absence of the added catalyzer can be
described by the following equation:

kH " ko + V b » (©)
where kQ (I/mol*sec) and k# (12/m0I2*sec) are the rate
constants for the noncatalytic and catalyzed second molecule
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tert-BBG reactions respectively.

In the presence of organic catalysts with the exception
of imidazole22 and N-benzoylglutamic acid y. methyl ester
(No 10, Table 2) (cf. references 24 and 26), the equation
for the observed rate constant kg is as follows:

ki m<ko +V b) +V e m ¢ g, 4)

where lgl(I%molfosec) is the rate constant of the trimolec-
ular reaction, conditioned by the catalyzer. Prom this equa-
tion it is easy to calculate the kB value on the basis of
linear dependence of kH on n under experimental conditions
at the constant concentration of amine b.

Kuvalues for all the studied catalyzers are displayed
in Table 2.

The majority of catalyzers in Table 2 are amides (Nos.
1-25); N-acylaminoacid esters, which model the peptide frag-
ment and contain also an ester grouping.Therefore in the
first place it was made clear which grouping in these com-
pounds - amide or ester - was responsible for catalysie.lt
appeared that the activity of the above compounds is close
to the activity of carboxylic acid amides (cf.Nos.1-9,11-20
with Nos. 21«-24), which do not contain the CO group of es-
ters, at the same time ethylacetate (No.26) exerts no influ-
ence whatsoever on the peptide formation rate. Thus, it is
the amide group that is responsible for catalysis.

It should also be noted that the catalytic activity of
amide group containing compounds which are characterized by
extremely low basicity (pKa~. 0) is close to those which are
rather basic compounds like tertiary amines (triethylamine,
pKa 10.87; N-methylimidazole, pKR 7.33; imidazole, pK& 6.95;
pyridine, pK& 5.23). Besides, for a number of bases for
which we have found data on KgH values in the literature, a
symbatic relationship (see Pig.l) occurs between lIgkm and

pKBA* where Kjjh is the const€ant for hydrogen bond formation
between the base-catalyzer and a standard proton donor (in
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Pig.l. The dependence

of log kB on pKgjj for

the reaction of
Z-gly-ONP with tert-BBG
catalyzed by bases,
benzene#25<C.

The nuabering corresponds
to that of Table 2.

the present case fluorophenol) under standard conditions
(CC14, 25=C) 27»28. it is typical that the data for amides*
as well as for nitrogen bases are satisfactorily linear. It
has bsen assumed Jlthat the presence of the type represented
in Pig. 1 indicates the general basicity mechanism of the
catalysis. It means that the baee-catalyzer contributes to
the proton transfer from the acylyzed NHg group to the
leaving group during the rate determining step.

It is of interest that imidazole, which models a frac-
tion of the active center of many proteolytic enzymes is as
active as N-raethylimidazole (ch. No 29 with No 30), but at
the same time it does not differ notably for its activity
from other tertiary amines (see Nos. 27 and 28). It is note-
worthy that the catalytic rate constant for benzoylhistidine
methyl ester (No 12) is nearly the same as for imidazole
(No 29). Consequently, the catalytic effect for compound
12 unlike other benzoylamino acid esters (Nos. 1-10) is
caused by the imidazole and not by the amide fragment.

It should be noted that general basic catalysers due to
their action in the studied reaction of peptide formation
are remarkably inferior to the catalyzers of bifunctional

* Unfortunately no data on the associations of compounds
1-20 with any proton donors can be found in the literature,
It is for this reason why Fig.l displays only the results
on carboxylic acid amides.
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nature, such as carboxylic acide, 2-oxipyridine, pyrazole
(see Nob. 32-34). The effect of the active acid is particu-
larly high (No 33) which has been scrutinized in a number
of our earlier papers24 2~. It becomes clear that the cata-
Iytic activity of benzoylglutamine acid”t methyl esters
(No 10), which contain in addition to the amide grouping
also a free carboxylic group, is considerably higher than
that of other benzoylaminoacid methyl esters. The high
activity of bifunctional compounds is in accordance with
the current understanding of the action mechanism of the
active centers of a number of proteolytic enzymes according
to which two or more fragments of the protein molecule si-
multaneously participate in the catalytic act. The latter
provide the concerted change in the reacting bonds in the
cyclic transitional state3® 3/

Since the activity of N-benzoylamino acid CgH"CO -
- NHCHRCOOCH™ methyl esters has been studied for a great
number of amino acids, it is of interest to observe how it
depends on the lateral part of amino acid R. The comparison
of log Kuwith parameters which characterize the induc-
tion effect of substituent R as well as with E= parameters
which characterize their steric influence® shows that both
of the above mentioned effects influence the catalytic ac-
tivity of the considered derivatives. Therefore the data for
a number of N-benzoylaminoacid methyl esters (Nos. 1-6,8,9)
were treated according to the two-parameter equations:
where O and Es 6are. the*empiricaf induction I5%nd
steric constants for substituent R; j9 * and cP are
the sensitivity of the catalytic reaction rate
due to the induction and steric effects of
» 6* and E= values for R (Nos. 1-6) have been taken from
ref.32; 6* for Nos.8,9 from ref.33;E<, for Nos.8,9 have
been taken as equal to Eg of substituents
(-1.13) and CH2CH2CH(CH3)2 (-0.55)34 which are isosteric
to them.
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substituent R in the molecule of the catalyzer; k= is the
rate constant for the reaction which is catalyzed by the
"standard" catalyst (ReCH"). We have obtained the following
correlation parameters in accordance with equation(5):

Igk, - (-1.64%0.09) + (1.12*0.16)6* - (0.11*0.11)ES (6)

R - 0.953; S ~» 0.147; n - 8.
0DSQj

With the exception of point No 4 the correlation
parameters improve;

Igkpj- (-1.63%0.04) + (1.00%0.007)6* - (0.22*0.05)E (7)

R « 0.991; Sobgd 0.0614; n - 7.

The influence of R* substituents in the substituted
esters of the hippuric acid CACO-NHCHgCOOR* (Nos.l, 13-18)
on their catalytic activity can also be expressed by equa-
tion (5) with the following correlation parameters:

Igk ;@ (-1.51%0.01) + (1.60%0.32)6* - (0.21*0.10)E<_ (8)
R * 0.929; Sob8d - 0.259; n - 7.

With the exception of point No 14 the correlation param-
eters improve notably:

Igk, * (-1.40%0.09) + (1.36%0.20)6* - (0.20*0.06)E< (9)
R * 0.972; Sob8d  « 0.144: n - 6.

It can be concluded from the absolute values of j> *
and cf that the catalytic activity of the considered catalyz-
er depends very little on the"steric properties of substitu-
ents R and R "and is determined first and foremost by their
induction effects.

It is of great interest to consider the sign ofJ) * and
cf values. It should be noted that «cT hardly deserves any
interest due to its low absolute value. Nevertheless, its
negative sign gives evidence of a certain steric contribution
to the catalysis from the part of R and R ™ in N-acylamino
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acid esters. This fact is rather surprising from the point
of view of general basic catalysis of the amide grouping.

However, it is even more surprising that on the one hand
the catalytic activity of the considered series of catalyz-
ers is rather sensitive to the influence of the induction
effect of R and R* substituents and on the other hand the
sign ofJ) * is positive. The latter indicates that catalytic
effectiveness improves with an increase in electron acceptor
properties of R and R* substituents. Considering the general
basic mechanise of the C«0 amide group catalysis this fact
is also unexpected.

As the N-acylamine acid esters studied in the present
work are M-moaosubstituted amides, 1i.e. they contain a N-H
bond, we would like to relate the observed system of R and
R* influence on their catalytic activity to the participation
of the N-H grouping in the catalytic act, which fulfils the
function of electrophilic solvation. However, this partici-
pation could be represented as the bifunctional catalysis of
the amide grouping, similarly to the act;gnogf such compounds
as carboxylic acids, 2-oxipyridine, etc.

However, this assumption is unreliable for the following
"considerations < Firstly, the activity of N-acylamino acid
esters is considerably lower than the activity of typical
bifunctional catalyzers. Secondly, proceeding from the
general regularities in the influence of substituents in
amides on their conformation3', it should be concluded that
most probably for the studied catalyzers the trans position
of C"0 carbonyl and N-H groups in relation to the C-N bond
should be more preferable. At such conformation of amides
the bifunctional catalysis is in principle excluded due
to the agreed participation of the above groups which re. -
quire cis position in relation to the C-N bond to form the
cyclic transitional state (see 1 ).

In our view the following hypothesis is more justified.
It enables us to explain the observed sign ofJD * in the
framework of the general base catalytic mechanism of the
C"0 amide group catalysis of the peptide bond formation
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process. On the basis of

\ r 0
C6H4N02 CH - U - OR1
| I

a number of observations36_:;qit could be concluded that

the formation of the intraaolecular hydrogen bond (IHB) is
possible in N-monosubstituted amino acid esters, as is shown
by structure 1II.

The presence of such a bond may further stabilise the
trans position of C»0 and N-H groupings in relation to the
amide bond. This circumstance together with the presence of
the above IHB excludes the possibility of the bifunctional
mechanism of the amide bond participation in the formation
of the cyclic transitional state of type I.

At the same time it is not excluded that the formation
of IHB influences conjugation in the amide fragment. An
increase the acceptor properties in R and R* substitutes
may increase the degree of conjugation. We have found ind-
cations in the literature*™ that intramolecular solvation
may influence the degree of conjugation in the amide frag-
ment of N-acyl-amino acid esters. It is not excluded that
intramolecular solvation as seen from Il may be of equal
importance.

Apparently it is due to the formation of such a cycle
as reflected by Il that the relatively high transmission of
electron influence of R and R ” (seej?* in equations 7 and
9) to the G*0 amide group takes place, despite the consider-
able remoteness of these substituents. It has also been
indicated (cf.jD * in equations 7 and 9) that the sensitivi-
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ty is higher to substituent R* which is more remote from
the C«0 amide group but closely related to the atom of
oxygen which takes part in IHB formation than the sensiti-
vity to substituent R in the lateral part of the amino acid
which stands closer to the catalytically active center, but
more remote from the atoms which take part in IHB formation.
In the light of the above said the following experimen-
tal fact is of considerable interest. ®ie direction of the
induction influence of substituent R*in N,N-disubstituted
amino acid esters (cf. Nos. 19 and 20) where IHB formation
of type Il is not possible, 1is contrary to what occurs in
the corresponding N-monosubstituted derivatives (cf. Nos.
13 and 16). It once again confirms the determining role of
IHB in the effectiveness and direction of the transmission
of the electron effects of R and R ” substituents to the cat-
alytic activity of N-acylamino acid esters in the reaction
of peptide bond formation.
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Infrared spectroscopy has been applied to
study the conformational balance of -chioro-
acetophenone in the gaseous phase and a large
variety of organic solvente. A quantitative re-
lationship revealing the influence of nonspeci-
fic and specific solvent properties on the state
of conformer balance is established and dis-
cussed. The free conformational energy of
N -chloroacetophenone ia found to correlate
only with the frequency of the C»0 valence vi-
brations band of the cis fora.

Research into the oonformational structure ef a varie-
ty of J.-aoetophenone halides has indicated that halogen&l-
kyl groups occupy balanced gauche and cis positions in re-
lation to the carbonyl group2e

The infrared spectra ofOd-chloroacetophenone solution
show it in the doublet splitting of the carbonyl absorption
band, the 1low frequency component of which corresponds
to the less polar gauche stereofoia and the high frequency
one to the more polar oonfonaer with the ois orientation of
GCIl and C=0 bonds3.

Since the energy of isomeric transitions in solutions
(A ?0bRd) is determined4 by the rhotameriaation of isolated
molecules (AFq) ,as well as by various solvatation interac-
tions (EgP” in accordance with e<].(l) it was of interest



N *cbBa " Aro + <>

to consider the medium effects on its conformational bal-
ance on the ezample of 6L -chloroacetophenone. The present
work is devoted to the solution of this task.

EXPERIMENTAL

As media we used pure cyclohexane, benzene and its de-
rivatives, n-butyronitrile,1,4-dioxane,2-propanol and cyclo--

hexanol as well as binary mixtures of cyclohexane with a
variety of solvents. All the sub3tanoces involved were puri-

fied by well-known methods™. Infrared spectra of e>C-chloroa-
oetophonone in the given media (Table 1) wer« obtained on a
UR-20 spectrophotometer in the frequency i*ange 1640-
1760o0m“™ \ At this the concentration of ot-chloroaceto-
phenone solutions was kept constant for all the cases? and
equalled 0.0400 M. In the gaseous phase the infrared spect-
ra of oC-chloroacetophenone were recorded at balanced con-
centrations, which corresponded to the elasticity of its
paiz* at 30=G, the optical length of a beam run being 876 cm.

DISCUSSIOE AND RESULTS

The results obtained (Table 1) indicate that the con-
formational structure of et-chloroacetophenone is rather
sensitive to medium changes.An increase in its polar prop-
erties, in particular, will lead to a relative increase in
the cis fora intensity (Fig.l).

The thermodynamic properties of carbonyl containing
compounds rhotamerization are of*"ten determined on tlic ba-
sis of integral intensities of individual conformer bands
(see, e.g. ref.7)« However, in case these bands considerab-
ly overlap (Fig.1l) any reliable determination of their in-
tegral intensities will prove to be impossible due to the
errors which are creeping in at splitting the overall band

*AFor further details about spectra recording conditi-
ons see ref. 6.
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Table 1

Molar absorption coefficients of ~c_0 band of &-o"nloroace-

tophenone

in individual solvents S and its binary mixtures

with, cyclohexane at various values of molar fractions Ng,

at

No

=

-

0 ~NoOUITRhWN =

30<=C

6f§§gk tt-o Jj Cc=o
MW Mam

2 3

Cyclohexane
1.0000 226 133 -C.23l

4 5

Benzene

0.1091 231
0.2244 232
Q3515 233
0.5029 228
0.6513 224
0.8025 214
1.0000 198

148 -0O.193
160 -0.161
178 -0.117
187 -0.0861
198 -0.0536
215 0.00203
Z>» 023

Toluene

0.1008 219
0.2226 220
0.3521 211
0.4971 214
0,6560 211
0.8013 198
1.0000 177

146
162

177

-0.
-0.
-0.

176
133

0763
200 -0.0294
218 0.0142
20Q  0.0235
210 0.0733

Chlcrobenzene

0.04784 233 144
0.08861 224 145
02193 226 166
0.3523 222 185
0.5028 216 200
0.7529 192 196
1.0000 173202

-0.209
-0.189
-0.134
-0,0792
-0.C334
0;00896

0.0674

1,2-Dichlorobenzene

0.04496 234 148 -0.199
QC5an 220 145 -0,181
0,2188 214 176 -0.0849
0.3387 194 191 -0,00677
0.4931 161 200 0,0942
0.7517 151 205 0.133
1.0000 151 226 0.175

1
VI.

30 0.
31 0.
32 0.
33 C;
34 0.
35 0.
36 1.0000

VI,

37
38
39
40
41
42
43

VI,

44
45
46
47
48
49
50

ROOOOO

59

0.
0.
0.
0;
0.
0.
1.

0.
0.
0.
0i3510
0.
0.
1.

.02262 234
.04960 229
.1538 204
.3353
.6561
.0000

.0000

ects
Ne=0,

2

0
m'V Mcml
2 3 4 5

Ns

1,2,4- Trichlorobenzene

05026 219 132 -0*220
1004 216 133 -0.211
2286 218 162 -0.129
3502 215 175 -0.0894
5017 198 183 -0.0342
750 178 182 (0.00965
154 170 0.04.29

Benzonitrile

05037 218 155
09805 211 175
2254 193 197
3495 130 211
5023 156 229
7453 137 230
0000 124 219

n-Butyronitrile

04932 210 152
1002 207 171
2253 193 199
188 206
179 221
160 218
152 225

-0.14e

-0.0312
0i00891
0.0690
0.167
0.225
0.247

-0.140

-0.0830
o.a33
0.0397
010915
0.134
O.170

5002
7503
0000

Nitrobenzene

149
158
182
213
207
229

-0.196

-0.161

-0.0496
0.0473
0.134
0.217

1,2-Dimethylbenzene
166 201 0.0831

191
152
134



Table 1 (continued)

=r» 1,4-Dime thylbenzene V. Triethylamine

58 1.0000 184 240 0.115 69 OOCya3 211 132 -0*204
i 70 0.09924 215 138 -0.193

1. Mesitylene 7% 8.%988 %%g 140 -OWN176
7 .35 143 -0L1 50

1111 . 1,4-Dioxane 74 0i7010 185 147 -0i0999

75 1.0000 -0.0691*)
60 1.0000 165 229 0.142

i XV1 Pyridine
117 Diethyl ether 76 0.03656 254 162 -0:195

61 011008 215 136 -0*199 77 Q1752 212 178 -010759
.2293 211 145 ~0.163 78 0.2832 208 202 -0.0127

0
63 0.3421 210 157 -0.126 79 0.4192 187 210 0.0504
64 0.5027 201 163 -0i0910 80 0.6491 146 212 0.162
R e L
. 197 -0.
67 0.9017 190 199 0.0201 XVII. Gaseous phase
68 1.0000 - 0.0294*) 82 - - - -0.750**)
x) The data have been obtained by extrapolating dependences
roifl
TiSisnr mf <V - 1-
C-o0.0

*k
) The value calculated on the basis of optical transmis-
sivities (T) in the peaks of the 2 (=I0 band.

into components. Besides, when proceeding to more polar ap-
rotic solvents in al-chloroaoetophenone spectra, the low
frequenoy asymmetry of both components of the ~0a0 doublet
is observed, on the other hand in the media of protic sol-
vents, as a result of H-bond formation, each oomponent is in
its turn split into a doublet (Fig.2). This eliminates the
possibility to obtain reliable values of integral intensi-
ties of the bands of individual rhotaaer forms of06-chloro-
acetophenone.

Taking into account the above said as well @3 the fact
that the peak intensities of "G bands appear to be consi-
derably leas sensitive to the asymmetry of the band contour



° b60 1670 1680169017001710 17X1730
v.cm®l

Hg,1. Contours of the C»0 stretohing vibrations band of
oL-ohloroaoetophenone in vé&rioua solutions, at 30*0.
The numbering corresponds to that ef Table 1.

Pig.2. Contours of the C»0 stretohing vibrations band of
oL-ohloroacetophenone in 2-proponol (a) and cyclc-
hexanol (b), at 30<C.
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due to intramolecular interactions than the integral inten-
sities”, molar absorption coefficients in the peaks of "c_

bands (£ fo<be " a«o ) were u3ed to quantitati-
vely descrihe the conformational balance.
Table 1 displays g and g values as well as

the logarithms of their relations for the systems studied.
It follows from the determination of 8 IPlI?che and
St *»*

cgauche(cis auche(das auche(els) . ,0u
Sgauche(cis)  pg (dis) gauche(els) . O
gcis £ c”s
Ig "TgiucKe " Is _gauche + IgK ! N~}
ve»0 o
whore £ gauche(ois) are abfloiu~e mOlar coefficients of

oonformer absorption of ~-chloroacetophenone, Cis its ana-
Iytical concentration, Kis the constant of conformational
transition« Rather insignificant (15-2095) changes in the sum
of £ faoClXe &1 R o-o intensities and the cymbaticitv cf

N 8 N che(dis) 6 freqUonoi&a enabled us to assume that when
varying the medium, there will be a similar change in

g gauohe(cls) TalpEE In tMs oase th, ais/8 gauciw Ta_
lue will remain nearly constant which makestit possible to
assess the changes in the conformational energies of of-chlo-
roaoetophenone (/) at transition from oyolohexane to any
of the solvents studied. Thus, at transition to nitrobenzene

the AAF value which can be determined as
/ pcis! ygauche”

e 7708 77r&?- Is eduel bo 2.60-1C3 J.mol-1. The
100a0/ 0 0a0  /qj

behavior of the [ value at a change in the composition of
other studied systems can be illustrated by the dependence
=*jis s~/ e g r be on the molar portion the solvent 3
(Fig.3) added to oyclohexane. An increase in the prominence
of the given curved in the Initial parts of the concentra-
tion axis when increasing the polar properties of the S com-
ponent (Pig,3) oould be possibly ascribed to the strengthe-
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ning of selective solvatation
of <<-ohlo:roacetophenone by
the molecules of S,

To quanti tatively esti-
mate the Influence of medium
on the conformational balance
of -chloroscotophenono we
have applied an equation
wnioh additionally takesinto
account the nonspecific and
speciBic properties of sol-
vonts |

1 p ois/ cgauche
A =C-0- 0=0

- (@ £/ ST ehe)o +

+yY + pP + bB + eE , @
Fig.3. Tha-dependence of "here (le OSKIHo *
IgS H——on -ehe oora- The value of
gauohe - )
position of the sol- in the gaseous phaseg
vent, at 30=C. Curve Y -—- - and p » *C~J are
*
numbers correspond to Z+2 n 2
those in Table 1.1 the functions of polarity and

Folarizability; 3 snd S deuo-
te general basicity" and aciditng parameters; y, p, b and e
denote the sensitivity of conformational free energies of
o<-chloroacetophenone to changes in these properties of sol-
vents. The value3 for regression coefficients in esj. (4) were
calculated by the least squares methodll on a "Mir-1<“compu-
ter. For solvents Nos. 1,6,15,22,29,43,56,59,60,68,75 and 3ltke
following numerical solution of e (4) was obtained:

Is S cio/ £ fioChe = "(596+1.82). 10"1 + (5.62+0.89). 10”1Y+

+(9.77+6.93).10°1P+(1.85+0,92) . 10 ™43+(7.0<>t1*40) . 10"2E, (5)
S = 0.0507 (9.9$), R = 0.963, n = 12.

The comparison of the free member of the obtained rela-
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fionship with.the value -0.750 obtained from the infrared
speotra of «t-ohloroacetophenone in pairs (Table 1) shows
that relationship (5) is statistically reliable.

We have shown earlier** that with an increase in solvent
polarity, polarizability, nuoleophility and eleotrophllity

the bends of individual rhotamer forms of cG-chioro-
acetophenone displace into the low frequency part.At the
same time a deci"ease in tke ~ frequency proceeds much fas-

ter, It can be seen that a decrease in the oarbonyl doublet
frequencies of d--chloroacetophenone with an increase in
nonspecific and specific solvent properties is related to a
decrease in orders of carbonyl bonds of individual confor-
mers. In this oase it might be expeoted that the field in-
teraction between the C»0 and C-Cl bonds will drop faster in
the cis conformer which is likely to bring about a drop in
the conformational free energy of clL-chloroacetophenone mo-
lecules, In fact, relationship (5) has only plus signs at
the members which characterize the contributions of various
solvent properties at disturbing the rhotamer balance of
ot-chloroace tophenone towards the cis form.

Besides, we have observed how the 3tate of conformer
balance is dlreotly influenced by the carbonyl bond orders
of Individual conformers of «”-chloroacetophenone. With this
aim in view the values of Ig S7q/R |~QCiie (Table 1) were
correlated with the frequencies in the peaks of 3- bands.
The following relationship was obtained:

lg 8Z# cgauohe * (6.36+1.57)-10“1 + (1.18+1.17).10~2*
0=0 bc=o

x (AT B" 1700) “* (4.98+0.63)*10-2(~)~ - 1700), (6)
S = 0.0415 <8.14%), R « -.948, n = 81.

If we apply the frequenoy values obi~ined from the spectra
of pairs of oi-ohloroaoetophenone** to eq,(6) we get the va-
lue Ig So< he equal t0 -=J135*0.448 wb eh is in

agreement with the experimental value -0.750.
Equation (6) shows that the free conformational ener-
gy of «”*-ohloroaoetophenone doe3 not depend on the frequen-
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cies of C=0 stretching vibrations of the gauche form and
correlates only with the frequencies of the carbonyl absorp-
tion of the cis foim. In fact, the reciprocal orientation of
the oarbonyl and halogenmethyl fragments of a moleoule in
the cis foxm to the peak field interaction of C»0 and 0-Cl
bonds. At this an increase in the order of the ois conformer
carbonyl bond is likely to favour an increase in the repul-
sive interactions between the given fragments of moleoules
as well as a shift of the conformer balance towards the gau-
che form. As a result of this the sensitivity of
IR BRo=q/” cc0=he to a chan€e i1l the * O0»o fre<F*ency of the
ois oonformer in relationship (6) is negative in sign.
Thus,the results obtained in the present work indicate
that the conformational structure of aL -chloroacetopheno-
ne is to a considerable degree determined by the nature of
its intramolecular interactions with the moleoules of the
solvent. At the same time an inorease in nonspecific as well
as specific solvent properties shifts the oonfoimational bar
lanoe towards the formation of the ois form. It has also been
shown that the free energy of the conformational transi-
tion of ~ -ohloroacetophenone correlates with the frequen-
cies of carbonyl absorption of cis conformers.
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Received October 15, 1981

The kinetics of alkaline hydrolysis of eight
substituted phenyl tosylates CH"CgH”SOgOCgH"-X
with electroneutral substituents (X * 4_N02,
3-N02, 3-NH2, 4-NH2, 3-CH3, 2-N02, 2-NH2, 2-0CH.j)
as dependent on the concentrations of additions of
neutral electrolyte NaCl as well as of three phenyl
tosylates (X=4-NH2, 2-0CH", 2-NH2) dependent on
NaCl0” concentrations has been studied at 75<C.

In the presence of NaCl only small positive salt
effects were detected, their values increasing with
a decrease in the rate of reaction.

The values of electrophilicity parameters (E)
for concentrated aqueous solutions of NaCl and
NaClor ({jz =2.3) as well as for 7.75 molal solu-
tion of Bu”NBr were calculated.

When studying the salt effects on interionic reactions
with a charged substituent substrate, the values of salt
effects for the same charged substituent were found to be
dependent on both the reaction considered and the nature
of the added neutral electrolytel-31

The gross salt effect for compounds with charged sub-
stituents was assumed to consist of electrostaticflog k”
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and specific Alog K Coaponents.12 In the case of electro-
neutral substituents the salt effects were assumed to char-
acterize changes in the intensity of specific solvation with
transition from pure water to salt solution. Subtracting

the contribution of specific solvation from the overall salt
effect, one can obtain the values of salt effects of purely
electrostatic character for charged substituents.

In order to compare the values of electrostatic compo-
nents for the charged substituents found from the data for
the alkaline hydrolysis of substituted phenyl benzoates
and phenyl tosylates in the presence of NaCl and NaClOo~
additions it seems expedient to study in detail how the val-
ues of salt effects of substrates with electroneutral sub-
stituents depend on the nature of the latter as well as on
the added neutral electrolyte.

Our previous papers ~"-15 were devoted to the influence
of NaClO”™ and NaCl on the alkaline hydrolysis of substituted
phenyl and alkyl benzoates as well as to the alkaline hydrol-
ysis of substituted phenyl tosylates in the presence of
NaClO” additions in the case of electroneutral substituents.

The present communication reports the data on the Kinet-
ics of the alkaline hydrolysis of eight phenyl tosylates
CH3C6H4S020C6H4-1 (I - 4-NO2, 3-N02, 4-NBg, 3-NH2, 3-CH.j,
2-NOg,2-NHg, 2-0CH3) in the presence of NaCl and for three
phenyl tosylates (X mm4-NHg» 2-0CH”, 2-NH2) in the presence
of HaC104 at 75<C.

Experimental

Preparation and. characteristics of the substituted phe-
nyl tosylates and the technique of kinetic measurements are
described in Refs. 16 and 17.,

Kinetic measurements were carried out under pseudomono-
molecular conditions with a high alkali excess. The second
order rate constants k2 were calculated by dividing pseudo-
-firet order rate constants k™ by the alkali concentration.
The measurements at each ionic strength were repeated 2-6
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Table 1

Rate Constants of Alkaline Hydrolysis of Substituted
in the Presence

Phenyl Tosylates CH~CgH"SOgOCgH™ - X
of NaCl and NaC104 at 757C

4-N02

3-no2

3-ch3

3-nh2

4-NH2

1(Q)3cNaoH
()

4.44
4.44
4.44
4.44

4.44; 11.1
4.04

4.04;4.44
4.44

44.4; 111
326
44.4
44.4
44.4

40.4:;101
40.4
40.4
40.4

44.4;101
40.4;44.4

40.4;44.4
44.4

Nsalt

Q)

3

102 .k2

U1Tl.sec"l)

4

Additions of NaCl

1.00
4.00
4.84
1.00
4.00
4.84

3.24
4.00
4.84

*

1.00
4.00
4.84

1.00

4.00
4.34

0

O O OO0 OO0 O o O oo

2i.6io0.
20.5-0.
21.eili.
21.2+1.
14.570.
14.970.
18.271.
18.9+1.

.61370

.788"0.
.87770
.65370.

.483-0.
.417-0
77970.
.75270.
.211i0.
.27170.
.32470.
.377-0.
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o OO ~N 0O oy ©

.028

014

.087

016
022

.010

023
107

004
021

019
014

*

[CC RS2 I G R ) S SR

=
w

W O N NP~ R o Ww

A **
%

410

250

245

236

236



Table 1 (continued)

1 2 ? 4 5 6
2-N=2 2.02 70.1*%2.6 4 410
2.02 1.00 79.4*2.9 2
2.02 4.00 73.1*8.3 2
2.02;4.04 4.84 64. 9*2.5 6
2-0CH3 20.2;101 - 0.765*0.035 8 245
20.2 1.00 1.01 *0.06 2
20.2 3.24 1.63 *0.07 4
20.2 4.00 1.49 *0.08 9
2-NH2 20.2;101 1.06 *0.02 7 240
20.2 1.00 0.895*0.120 2
20.2 4.00 1.52 *0.04 3
20.2 4.84 1.64 *0.08 4
Additions of NaCl104
4-NH2 40.0 5.29 0.138*0.014 3 236
2-0CH3 20.0;40.0 5.29 0.710*%0.020 3 245
2-NH2 20 005.29 0.709%0.071 3 240

x - Number of measurements at the salt concentration
considered.

xs A e« Wavelengths used at measurements
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Itimes and the arithmetic means of the corresponding second
order rate constants kO were calculated.

The values of kg Cu;}\sec l) for the alkaline hydrolysis
of eight substituted phenyl tosylatee at various concentra-
tions of NaCl as well as for three phenyl tosylates at the
concentration of NaClO” 5,29 ({/27 =2.3) are given in Table 1.

The number of parallel measurements at each salt concent-
ration and the wavelengths used are given in Table 1 as well.

In Pig. 1 one can see the dependences of log kon YjJJ

-ionic strength) for the alkaline hydrolysis of substi-
tuted phenyl tosylates in the presence of NaCl.

Discussion
The values of salt effects

118 k*s - log k*8 - log k*Q (€D

for the alkaline hydrolysis of substituted phenyl tosylatee
in the presence of NaCl and NaClO”™ are given in Table 2.
kjs 1B ra*e Constant in the presence of neutral salt and
kjQ is the rate constant at zero concentration of an added
salt. Indices x and j denote the substituent and reaction
series, respectively.

Por 4-N02- and 2-NO2-phenyl tosylates no dependence of
the rate constant on the added NaCl concentration was ob-
served. In the case of all other phenyl tosylates (3-NO2,
3-CH3, 3-NH2, 4-NH2, 2-NH2, 2-0CH3) in the presence of NaCl
relatively low positive salt effects were observed. It is
interesting to note that a considerable increase in the
rate constant was detected only at high NaCl concentrations
( Cjjaci ¥ 1)* b=w concentrations of NaCl practically do not
influence the rate constant (see Fig.l).

The values of these salt effects Alog k?_ linearly
depend on log k?Q (see Pig.2 and 3)»

A I»* * aja I»« - bB (@)
or
log kje - (@30 + 1) log kjo + 18 (©)
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Pig. 1. Taedependence of log Kon
for alkaline hydrolysis of substituted

phenyl tosylates
CH306H4S0?0C6H4 - X in the

oreeence of Nad at 75 Cx



Table 2
Values of log k?2_. log |~j_8 anddlog kgs -
* log k’jg - log kjo for Alkaline Hydrolysis of
Substituted Fhenyl Tosylates CH~CgH"SOguCgH"™ - X
in the Presence of NaCl and NaCl0” at 75=C

TAT(NaCl)*2.2 —"‘pTaCI‘I;g_o and

X 106kjo
log & Olog k* Alog kjg
4—N02 -0.666 -0.674 -0.008 -0.670 -0.004
3-ho?2 -0.839 -0.724 0.115 -0.733 0.106
3—cH3 -2.213 -2.073 0.140 -2.082 0.131
3-nh2 -2.317 -2.124 0.193 -2.114 0.203
4-NH2 -2.676 -2.424 0.252 -2.466 0.210
2—N02 -0.154 -0.188 -0.034 -0.175 —-0.021
2-NH2 -1.975 -1.785 0.190 -1.799 0.176
2- 0CH3 -2.116 -1.837 0.289 -1.818 0.298
>(u(NaC104) = 2.3
4—-NH2 -2.676 -2.860 -0.184
2—0CH3 -2.116 -2.149 -0.033
2—NH2 —-1.975 -2.149 -0.175

* Value of log kjR 1is the averaged value of
log kjO at /]JI»2.0 and MM ™2.2
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Fig.

Alg W

2. The dependence of Alog k* »log k* - log k*
P 9 X3871°9 X8 9 %30

on log KJo.

Notation of points:

Light points - with addition of NaCl(-#T*2.2)
Shaded pointe - with addition of NaClO~C **2.3).
Im CH308H4S02°C6H4-X + OH~» 75°C (11, B)

1. 4-K02;2.3-C1j3.H; 4.3-NH2; 5.2-N02; 6.3-N0?;
7.2-NH2;S.2-0CH3;9.3-CH3;10.4-NH2;11.2-P;12.2-CH3.
2. c6hJcoucbh4 - 1 + UH~, 50°C (Q, &b )

13.4-N02;14.2-NU2;15.2-F;16.H;17.3-NH2 ;18.2-CH3.
3. c6h5cou - X + UH*5 50=C (,ﬂ,, A )

19. CH2C1;20.CH2CH2C1;21.CH2CH20CH3 ;22.CH3 ;
23.CH2CH3.
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Pig. 3. The dependence of log k38 on log k: _ for
alkaline hydrolysis of substituted’ phenyl
tosylates CH”CgH”SOgOCgH”A-X in the presence

of NaCl (/0T- 2.2), at 75=C.
The results of data treatment according to equations
(2) and (3) are displayed in Table 3.
Relationships between log wkvalues and constants for
alkaline hydrolysis of substituted phenyl tosylates in water,

and in concentrated aqueous solutions of NaCl( ¥t 2.2) and
NaClor (V/cs2.3) at 75=C can be described as follows:

log kH20 3 (-2.06670.004) + (1.719 * 0.024)6"<

e * 0.026 r » 0.9995
log k(NaClag)e <-1-92210%017)+(1.577+0.091> 6=

3 =0.097 r - 0.992
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Values of a

and b for Alkaline Hydrolysis of Substituted Phenyl
at 75=C

Tosylates CH”ACgH~SOgOCgHN - X

Substituents
X

1. 4-K02,3-Nu2, -0.

FCH'3-aH" -0

4-NH2 -0

2. 2-HO02,2-NH™  -0.
2-0CH3 -0.

-0

3. 4-Nu2,3-Nu2, -0.

3-ch3,3-nh2, -0
4-NH2,2-NU2, -0
2-NH2 ,2-uCH3

a*

093-0.
.093-0.
.039-0.
161*0.
147*0.
.155*0.
110*0.

.110*0.
-095*0.

VZc(NaCl)-2.2

029(2)
029(3)
025(3)
008(2)
035(3)
017(3)
023(2)
023(3)
008(3)

-0.
-0.
-0.

-0.
-0.
-0.

-0.

-0.
-0.

X Equation by which the values of
ss Number of data involved in regression data processing.According to equation (3) the

data treatment was carried out by two different ways;

b

024*0.
024*0.
034*0.

.016
061*0.
.068

037*0.
027-0.
010t0.

059-0

063*0

072
072
096

074

068
073
040

in the Presence of NaCl

n**
5 -0
5 -0
19 -0
3 -0
3 -0
18 -0
8 -0
8 -0
37 -0

Table

3

yZT(NaCl)=2. 0 and 2.2%**

.082*0.
.082%0.
.015(3)
.047(2)
.047(3)
.148%0.
.025(2)
.100*0.
.012(3)

.077-0

.139-0
.140*0

.101*0

.102*0

026(2)
026(3)

015(3)

025(3)

-0.
-0.
-0.

-0.
-0.

-0

-0.
-0.
-0.

b

016*0.
016*0.
.080

.098
047*0.
.051*0.

010*0
046*0

026*0.
027*0.
024*0.

log K2 values or log k2 values for all parallel measurement were involved,

=it When calculating "a"™ and "b" values

log kO at

2.0 and {jL*2.2 were embraced.

066
066

098
072

073
073
088

n**

"a" and "b" were calculated is given in parentheses,

either the arithmetic means of



log HQNaciodaq) * (-2.34770.021)+(1.28370.116)

s - 0.081 > 0.983

In the data processing the "recommended" values of (< from
Tables were used.

Passing from water to the concentrated aqueous solution
of NaCl(y"7*2.2) the j3= value decreases less than when
passing from water to a similar solution of HaCICA(jM7«2.3)
with the same salt concentration..

In one of our previous works it was found that

fie - 2J(H20) “<C-0.0842i0.0056)(KB - S~ ) Q)

where 3g,snd g - are electrophilicity parameters of the

given medium and water20 2i.,

A decrease in th}] 92& value in comparison with water
i.e. the negative j”~e- Y3HO0) 7alua BB *9il ae nega-
tive &0 value indicate that the electrophilicity of such a
medium is higher than that of water. For aqueous salt solu-
tions such a conclusion agrees fairly well with our expecta-
tions. For example, the value of electrophilicity parameter
S for 4.5 molar aqueous solution of LiCl has been found
equal to 28.422.

According to equation (4) we calculated the velues of
electrophilicity parameters for concentrated aqueous solution
of NaCl (>£1«2.2, B- 24.0) and NaCl04 (t£J-2.3. £ « 26.6)
as well as for 7.75 molal aqueous solution of n-Bu~NBr(E«9.8).

When calculating Bvalues the averaged differences

~98 ”7 j~oN we”e used, the latter having been found from the
relationship between a”s and i/ (Pig.4) for alkaline
hydrolysis of substituted phenyl benzoates, alkyl benzoates
and phenyl tosylates according to equation'*-4:

. 0
* J's "J o ®)
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Pig. 4. The dependence of a”“g on */
1. c6hb5coocbh4-i + OH" , 50<=C

2. CH3C6H4S020C6H4-X + OH*?, 75<C

3. c6H5co0—x + OH", 50°C

Light points - with addition of NaCIC/u?«”. 2)
Shaded points - with addition of NaC104 (yjw!:«2.3)

Raaqueous solution of NaCl(v"57«2.2) we found

P - p= = -0.187 - 0.014

and for aqueous solution of NaCl104 ("u%2.3)s
e - - -0.404 - 0.053

When calculating the E values for 7.75 molal aqueous
solution of Bu4NBr the average value J> - p< » 1.03
fron publication2” was used.

Addition of NaCl04 to water causes an increase in the
electrophilicity of medium more than in the case of NaCl.
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At the sane time addition of n-Bu~IBr to water causes a
decrease in the electrophilicity of medium and the electro-
philicity parameter value for 7.75 molal aqueous solution
of BuU”NBr is comparable with such a parameter for 8556 aque-
ous dimethyl sulfoxide.

It is interesting to mention that an analogous conclu«*
sion could be drawn from the data of salt effects for solvo-
lysis of triphenylchiormethane in the presence of different
salts”“? . jt was found that when compared to chlorides
with small cations the addition of perchlorates considerably
increases but the addition of Eu”NCI decreases the rate of
solvolysis.

The detected order of electrophilicity parameters in
concentrated aqueous solutions of NaCl, NaCl0” and n-Bu”NBr
could be explained first of all in terms of the structure
model for aqueous solutions of electrolytes. As for their
behavior in relation to pure liquid water Frank and Svag% 30
divide 1ions into structure-breaking and structure-making. =
Addition of mineral salts to water breaks the hydrogeu bonds
in water thus it increases the ability of water to form hyr
drogen bonds with othei* solutes. Among water structure-break-
ing ions the perchlorate ion rates one of the strongest*".

The nature of the interaction of Bu”N+ 1ions with water
molecules in solution is totally different from a such be-
tween water molecules and inorganic salts?*732. Bu"N+ ions
stabilize the structure of water an increase the number of
hydrogen bonds. The electrophilicity of such an aqueous medi-
um is considerably lower than that of pure water.

The value of bB found from the data of alkaline hydrol-
ysis of phenyl tosylates in the concentrated aqueous solu-
tion of NaCl (v~-2.2) is practically as large as it has
been found from the data of alkaline hydrolysis of phenyl
benzoates and alkyl benzoates in the same medium* (see Ta-
ble 3, Fig.3).

It should be mentioned that the b8 value turned out to
be constant for the given medium also both when studying
the alkaline hydrolysis of phenyl tosylates, and phenyl and
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alkyl benzoates in the concentrated -aqueous solution of
NaClO~ 4 as well as pKa values of carboxylic eoides, phenols,
and amines in 7.75 aolal solution of Bu”NBr.
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The kinetics of alkaline hydrolysis of
0-OH-phenyl benzoate dependent on the concen-
trations of NaOH as well as on additions of
neutral electrolytes NaCl and NaCl0™ has been
studied at different temperatures in water.

It was found that at low NaOH concentrations
both acidic and anionic forms of o0-OH-phenyl
benzoates are involved. At higher NaCH concen-
trations and in the presence of a neutral elec-
trolyte positive salt effects were observed.

The present work continues the systematic study of the
alkaline hydrolysis salt effects of benzoates and tosylates.

One of our first papersl in this series reported the
data about the influence of NaOH and NaCl concentrations on
the kinetics of the alkaline hydrolysis of o0-OH-phenyl
tosylate. In this work we could not observe any dependence
of the rate constant on either NaCH concentrations or addi-
tions of the neutral electrolyte NaCl in the concentration
range studied. Howevert)when applying later the differential-
-conductometrie method it was found that o0-0~ - phenyl
tosylate in the NaOH solutions studied is almost completely
in the state of ion pairs.

L. Pekkarinen and E. Tommila3 have studied the alkaline
hydrolysis of alkyl salicylates dependent on both hydroxide
concentrations and additions of neutral electrolyte in pure
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water and in the mixtures of water with different alcohols.
These authors came to the conclusion that the above hydrol-
ysis reaction involves both acidic and anionic forms of
salicylate, which are in equilibrium with each other:

,QNa k ffla
COOR + CH" —% 00¢* + ROH )
fla K OH
A/"COOR + H20 COOR + NaCH (©)

The total rate equation can be represented as follows”:

»> (k” + k2 [CH"J ) (a-x) T4)
where k£ mmkK

K is the second-order rate constant for the alkaline
hydrolysis of OH-form of salicylate;

k2 is the same constant for an anionic form of salicy-
late,

a is the initial and

a-x the current concentrations of calicylate.

[c6h4(oh)coor] [oh-] b +&-rp
jC6H4 (ONa) .COORj . [H20] a-x-%

83



where b is the initial concentration of alkali hydroxide;
N is the concentration of the salicylate QH-fora;
fy, is the concentration of CgH"CONa)COQNa.

Taking into account that a - X one can write:

k [c6H4 (0H)COOr] [OH] = k~(b+~-1))*k,K(a-x)

According to the above reaction scheme between the values
of the effective pseudo first-order rate constants k" and
the hydroxide concentrations there must be a linear relation-
ship with the elope kg and the intercept being equal to
k *= k.K:

kl = K + k2 [W-~) ®)

The present work reports the data about the kinetics of
the alkaline hydrolysis of o-OH-phenyl benzoate as depen-
dent on both NaOH concentrations and additions of neutral
electrolytes NaCl and NaClO~.

1the one hand the applicability of the Pekkarinen and
Tommila reaction scheae was checked, on the other hand it
was interesting to learn how the additions of neutral electro-
lytes influence the rate of this reaction.

Experimental

o-Hydroxyj>henyl benzoate was synthesized from pyrocate-
chol ("Chemapol"™ e grade "Pure") and benzoyl chloride
("Reanal™, grade "Chemically Pure"). The product was re-
crystallized from water, m.p. 133-134<C (lit.value 130 -

- 131<=C4).
Found: C, 72.6; H, 4.58: 0, 24.59.
Calculated: C, 72.8; H, 4,67; 0, 22.4.

The kinetics of the alkaline hydrolysis of o0-OH-phenyl
benzoate was investigated as dependent on both UaOH concen-
trations and additions of NaCl at 15, 25, 40 and 50<C as
well as additions of NaClO® at 50=C.
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Ra the technique of kinetic measurements see Ref. 5»

The kinetic measurements were carried out under pseudo-
monomolecular conditions on a spectrophotometer SF - 4A
equipped with a photoelectric multiplier and a recorder of
type LP mainly on the wave length 234 nm. For comparison
some measurements were carried out on the wave lengths
260 nm and 320 nm (see Pig. 1).

It should be noted that the optical density at 234 nm
is characteristic of the acyl part of benzoate and the
change in the optical density at 234 nm corresponds to a
decrease in the total concentration of benzoate in the
course of reaction. It was found6*7 that the peak optical
density at 260 nm corresponds to the un-ionized form of
pyrocatechol, the peak at 320 nm corresponds to the two
ionized form and the one at 290-300 nm corresponds to the
peak of the one-ionized form of pyrocatechol.

The optical densities measured at 260 and 320 nm could
not reflect the course of the summary reaction since the
different pyrocatechol forms are in equilibrium with each
other:

K. K,

Because of this the rate constants obtained by changes
in the intensities of optical densities at 234, 260 and
320 nm could not coinside with-each other (see Table 1).

The measurements at each NaOH concentration and addition
of neutral electrolyte were repeated 2-6 times and the
arithmetic means of the corresponding rate constants were
calculated. The second order rate constants (kjj) were
obtained by dividing rate constants of the pseudomonomolec-
ular reaction by the alkali concentration.

The values of rate constants measured at various concen-
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trations of NaOH and in the presence of NaCl and NaClO,
additions are listed in Table 1. The number of parallel
measurements at each NaCH and neutral electrolyte concen-
tration is given in Table 1 as well.

X(nmj

Pig. 1. Spectra of o0-OH-phenyl benzoate

1. before hydrolysis in 0.01 M NaCH
solution;

2. after hydrolysis in 0.01 M NaOH
solution;

3. after hydrolysis in 0.1 M NaCH
solution;

4. after hydrolysis in 0.4 NaCH
solution.

86



Table 1

Rate ConstantB for Alkaline Hydrolysis of o-CH-Fhenyl

Benzoate at Various Concentrations of NaOH,

NaClO~.

SSSSSS3

CNaOH

WHR P =PRBPFP P LDRLhO0OO0O 00O oo o

© O o o oo

O
1

.0825
.104
.132
.208
.333
.412
.659
.825
.51
.51
.53
.65
.66
.69
.69
.69
.07

.0111
.0111
.0111
.0111
.0111

.0111**

HaCl and

(Mean square error of arithmetic mean 1is given
234 nm

= Salt

w » O O

M

2

.100
.427
.80
.80

for K. A

103. «s
(sec-1)

O W NP P OO oo

N P _ R e
© Ul W oo AW W

PR PR R e

3

1=2 . kK

Additions of NaCl
15 C

.56170.007
.660=20.027
.83770.035
.98370.022
.37 +0.04
.66 to.02
.59 #0.01
.39 =0.07
.64 +0.13
.7 0.3
.9 H0.4
.3 0.2
.91 #+0.10
.93 =0.05
.5 =01
.4 =01
.3 =#*13

25<C

.06 #6.03
.01 =011
.08 =#0.19
.05 #6.06
.05 =+0.05
.62 =+=0.13
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O OO O OO0 0O OO0 OO0 O oo o o

(M"1 . sec®l)
4

.680=+0.009
.635+0.025
.634+0.027
.472%0i1011
.411+0.013
.403=+0.005
.393+0.002
.410=0.008
.5724+0.008
90940.022
.909+0.026
.865+0.010
.53720.006
.528+0.003
.796=+0.007
.90940.006
-926==0.039

.49 0.32
.10 =#0.10
.73 +0.17
.46 =+0.05
.46 =0.05
.60 #9.11
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n*
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Table 1 (continued)

00
YUhOhAN<UhOI9Od<-lWLUh 00 "-),HUhHOJ |l-«<uyhm«)
O OO W o o O0O00000000000O0

Sdpmpp sddaa an

W (-0l c-ur U O H OPUPUY EVC«OULP 0100000V YO OH
MUH <> h 00 W O OhRWUYOhO¥ 000hO¥YOhO- T O O 00
U#¥<UhOJWOJI.9WIWOWWOOOOOOW ol

(4
M:m\uoo &
A+ HAEE] A K MR LT+ A
v

SHEFBBW | PBot-010 26td> N Uh >

o:::zzzz<<