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REACTIVITY OP DERIVATIVES OF PHENYLANTHRANILIC ACID
1. KINETICS OF ALKALINE HYDROLYSIS REACTION OF METHYL
ESTER DERIVATIVES OF 4-NITRO-N-PHENYLANTHRANILIC ACID

IN BINARY DIOXANE-WATER SOLVENT

A_.N. Gaidukevich, E.N. Svechnikova, and G. Sim
Kharkov State Pharmaceutical Institute, Kharkov,
the Ukrainian S.S.R.

Received July 28, 1987.

The kinetics of alkaline hydrolysis re-
action of 9 methyl ester derivatives of
4-nitro-N-phenylanthranilic acid has been
studied in the binary dioxane-water solvent
(at 60 volume % of dioxane) in temperature
range 45-85°C. The bimoleoular constants of
the reaction rate were also determined. The
thermodynamic activation parameters have
been calculated. It has been established
that the reaction series studied obeys the
Hammett equation, although the 2°- and 4*-
derivatives can be described by different
equations. It has been shown that there is
isokinetic correspondence with the ethalpic
control type.

In order to continue our studies™ concerning the reactiv-
ity of the derivatives of phenylanthranilic acids, being
promising pharmacophores, the alkaline hydrolysis of methyl
ester derivatives of 4-nitro-N-phenyl anthranilic acid has
been studied in the binary dioxane-water solvent (at 60 vol-
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um« % of dioxane) iIn temperature range 45-85°Cs

R+CH30H

The reaction rate conatants were determined according to
the change of nucleophilic (OH") concentration in time. The
methods of kinetic measurements are similar to those applied
inl. The reaction studied obeys the second order kinetic
equation:

- K = (@ax) = (b-x) (€D)

where a and b denote the initial concentrations of the
ester and alkali, respectively in mol/1l; x is the current
concentration of the reaction product (mol/1) at time mo-
ment t (=); kK (1/mol“s) is the reaction rate constant.
Interrogation of Eq. (1) yields the second order rate cons-
tant:

(2)

The «k value is oorreoted, taking into consideration the
volumetric extension of the solvent oaused by the temperature
change from 25°C to 0«C, multiplying by the d27~/dt faotor,
where d2j, dt denote the density of the solvent at tempera-
tures 25*0 »nd t°C.

The reaction rate constants calculated aooording to
Ig. (2), oorreoted by the solvent®"s volumetric extension at
different time moments, have stable values not exoeeding the
limits of the experiment. Consequently, the reaction in to-
tal has the second order, as to the nucleophile and substrate
the first order.

The rate oonstants of the reaction series studied are
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Rate Constants of Alkaline Hydrolysis Reaction of Methyl Ester Derivatives
4-Hitro-H-Phenylanthranilic Acid at Various Temperatures

H
4'-CH3
37.3"-CH3
3\4'-CH3
4°-0CH3
4*—Cl
2'-CH3
2'-0OCH3
2°=Cl

318 K
1.70+0.10
1.2070.07
1.38+0.06
0.93*0.04
0.93*0.04
3.31*0.11
0.89*0.05
0.72*0.03
2.30-0.12

B O P BN 2 W

328 K

.24-0.12
.99-0.08
.52*0.07
.82*0.08
.74-0.04
.62*0.09
.60-0.06
.24-0.03
.80*0.06

Table 1

k«103,l«mol”1 s“1 at T,K

338 K
5.89-0.03
3.98-0.05
3.98*0.08
3.i6%0.0e
2.82*0.06
10.0*0.12
2.61*0.09
2.27-0.04
6.22-0.07

348 K
9.33-0.11
6.17-0.07
7.08*0.07
5.25-0.08
5.25-0.12
14.13i10.03
4.38*0.06
3#73-0.03
9.70-0.08

of

358 K

13.8*0.

9.77-0.

10.5-0.

8.51-0.

7.94%0.

21.91-0.

6.93-0.

6.00-0.

14.8

*0.

14
11
12
09
07
09
08
04
11



318
328
338
348
358

Table 2

Parameters of the Hammett Equation for Alkaline Hydrolysis Reaction of Methyl Ester
Derivatives of 4-Nitro-N-Phenylanthranilic Acid at Various Temperatures

P

1.110*0.017
1.046*0.016
0.985*0.012
0.902*0.12
0.884*0.14

37—, 4-"- substituents

log kQ
-2.739*0.034
-2.487*0.032
-2.252*0.024
-2.045*0.023
-1.860*0.027

0.9935
0.9937
0.9960
0.9955
0.9974

0.026
0.024
0.018
0.018
0.020

Ttk

318
328
338
348
358

2"- substituents

A

1.062*0.011
1.011*0.010
0.938*0.024
0.880*0.015
0.833*0.016

log ko

-2.862*0.024
-2.631*0.023
-2.406*0.059
-2.200*0.033
-2.010*0.036

0.9971
0.9971
0.9978
0.9922
0.9915

0.009
0.009
0.022
0.012
0.014



determined by the substituents®™ nature and position in the
non-anthranilic fragment of the molecule (Table 1). Increase
of the donor character of the subatituenta decelerates the
rate of the alkaline hydrolysis at all temperatures atudied.
Taking into account_this effect, the following mechanism of
alkaline hydrolysis can be suggested for reaction series

BAC2 1

R-C-0OCH3 + OH

+ ch3oh

It should be mentioned that the esters with 2 "-substituents
in the molecule have the slowest hydrolysis rate in compar-
ison with 4"- and 3"- substituents.

The substituent effect on the reactivity of esters was
quantitatively assessed by means of the Hammett equation:

log Kk - log kQ + p = <F (©)

It follows from the data of Table 2 that the reaction
series studied obeys the Hammett equation, the correlation
coefficient value being comparatively high. Nevertheless,it
is not possible to describe the effect of both the 3*- and
4*-, as well as the 2°- substituents using a single equation,
since in case of the 2°- substituents the corresponding
straight line is situated somewhat lower than that in case
of the 3"- and 4"- substituents, at all temperatures studied
(Pig- 1). The positive p value once again proves the
Bag2- type hydrolysis mechanism of this reaction series.The
susceptibility of the electron system of 4-nitro-N-phenyl-
anthranilic acid to the substituent effect is quite insig-
nificant in comparison with that of the substituted bensolc
acids (p»2.26 was calculated according to the data of*™ ).
It can be explained by the fact that the substituents are
situated rather far from the reaction center in a non-
anthranilic fragment. The p values are quite close for
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1. Dependence log k - f(<D at 338K for 3°-,
4"— (1) and 2°"-(2)- substituents in a methyl
ester molecule of 4-nitro-H-phenylanthranilio
acid.

3*-, 47— and 2’- substituents and only slightly differ fro*
the p alkaline hydrolysis of the 4"- derivatives of 0-di-
methyl-aminoethyl ester of 4-chlore-N-phenyl-anthranilio
the mechanisms of transferring electron-
these oases. The

Fig.

acid; consequently,

ic effects of substituents are similar in

p value 1is dropping with the inoreaee of the temperature.
The reaction rate constants obey the Arrhenius equatiemt

.
®

Ink - InA - — -
RT
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It enabled us to calculate the activation energy (En) and

the pre-exponential factor (In A) values (table 3). The
donor substituents bring about the increaae of the activation
energy (the 3",5"-CH3 substituent is excluded) while the ac-
ceptor substituents have the contrary effect. The 27°- sub-
stituents have a remarkably amaller Eg value than the 4*
aubstituents. The correlation between the activation param-
eters (E® and In A) and the (-constanta was studied. The
activation energy for the 3"- and 4"- aubstituents can be
described as:

Ea - (47.9*1.8) - (12.4%0.9) = O (©)
n-5 S-1.4 r-0.9924
Table 3
Kinetic Activation Parameters (Eg and In A) of Alkaline
Hydrolysis Reaction of Methyl Ester Derivatives of
4-Nitro-N-Phenylanthranilic Acid.

R ea In A r S
kj/mol
H 49.8*0.6 12.5%1.4 0.9976 0.067
47 -CH3 49.4*0.6 12.0*1.0 0.9972 0.072
3",57-ch3  48.2*0.4 11.7*0.8 0.9989 0.042
3",4"-CH3  52.0%0.3 12.7*0.9 0.9959 0.032
47-0CH3 51.0%0.4 12.3*1.4 0.9989 0.046
4=l 44_6*0.4 11.2*0.6 0.9980 0.054
2°-CH3 48.4*0.1 11.3*0.5 0.9989 0.015
27-0CH, 50.5*0.2 11.8*0.8 0.9969 0.027
e ol 44.1%0.6 10.6*0.2 0.9961 0.071

A email number of the 2’-substituents does not permit to
reach a statistically reliable correlation dependence EA-f(6>).
"The In A values for different substituents are quite close
but the statistically reliable linear correlation dependence
In A-f(6) is not observed (r«0.673).

The thermodynamic activation parameters ( JH*, As¥*)
calculated according to the Eyring equation* and the seoond
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Table 4
Thermodyrui~AJyJ~tfwtion Parameters (JH®, 1 SAAG~g) of Alkaline
Hydrolysis Ruction of Methyl Ester Derivatives of 4-Nitro-N-Phenylanthranilic
Acid.

o aob* kJ/mole LH* AS™* . S Tas
kJd/mole
318 K 328 K 338 K 348 K 358 K kJd/mole J/degree “"iie 8
H 94.8 96.3 97.8 99.3 100.8 47.0*0.6  -150.3*2.0 0.9971 0.068 -47.8
4*-CH3 95.8 97.4 98.9 100.4 101.9 47.6*0.5 -151.7*1.9 0.9977 0.062 -48.2
3,,5,-CH3 95.4 97.0 98.6 100.1 101.7 45.4*0.4  -157.3*1.3 0.9988 0.043 -50.0
3",4"-CH3 96.4 97.8 99.3 100.8 102.3 49.1*0.3 -148.6*1.0 0.9994 o0.033 -47.3
47" -0CH3 96.4 98.0 99.5 101.0 102.5 48.1*0.4 -152.0*1.5 0.9986 0.049 -48.3
4-C1 93.1 94.7 96.4 98.0 99.6 41.8*0.5 -161.4*1.6 0.9977 0.055 -51.3
2" -CH3 99.6 98.2 99.8 101.5 103.1 45.6*%0.1 -160.5*1.7 0.9986 0.015 -51.0
2"-0CH3 97.1  98.7 100.3 101.8 103.4  47.7*0.2  -155.5*6.4 0.9956 0.026 -49.4
2*-Cl 94.1 95.7 97.4 99.1 100.7  41.3*0.5 -166.0*1.7 0.9965 0.058 -52.8



Table 5
Determining of Isokinetic Temperature. Correlation Parameters of y * atbx Equations
of Dependence of Kinetic and Activation Parameters of Alkaline Hydrolysis of Methyl
Ester Derivatives of 4-Nitro-N-Phenylanthranilic Acid and lIsokinetic Temperature R.

X y a b r S M |
log k318 An* (12.8*1.2)=103 (~11.8*0.6)=103 0.935 1.04 655
log k328 An* (14.7%1.9)*103 (~12.3*0.8)=103 0.914 1.18 672
iog k338 Ah (18.6%2.3)* 10 3 (~11.8*0.9)*103 0.856 1.51 745
10* K348 Ah# (16.6%2.0)=103 (~14.0%0.9)=103 0.898 1.29 664
log kass Ah* (18.8*1.9)*103 (~14.3*1.0)*10") 0.892 1.32 690
As Ahn* (125 * 4)°103 515%22 0.952 0.89 515
ur P ~1.03 * 0.046 680*15 0.990 0.015 660



beginning of thermodynamics (flo") are given in Table 4.

The high negative values of 3" confirm the BgC2 mechanism
of hydrolysis with the formation of a highly regulated tran-
sition state. A comparatively small AH*" value refers to the
synchronism of the reaction studied. The effect of the sub-
stituent™s nature on the AH" and As" is similar to those
on Eg and In A. The free activation energy (Ag") will de-
crease if the electron acceptor substituents are introduced.
It is worth mentioning that the entropy and enthalpy contri-
butions into the Ag® value are almost equal.

In order to check the existence of the isokinetic corre-
lation for the 3"- and 4"- substituents of the reaction se-
ries studied (the number of the 2"- substituents is too small
to obtain statistically reliable data), the existence of the
linear correlation between the Ah" - log k,,AH*- AS*, and
p - N (Table 5) was atudied. The data of these tables con-
firm the isokinetic correlation. The isokinetic temperature
Q m 640*42K is higher than the studied temperature range,
thus evidencing about the enthalpic control of the alkaline
hydrolysis reaction of methyl esters of 4-nitro-N-phenyl-

anthranilic acid.
Table 6.

Determining of Isokinetic Temperature Q. Correlation
Parameters of Equation log kT m const + xlog k™ of
Alkaline Hydrolysis Reaction ~ of Methyl Ester Deriva-
tives of 4-nitro-N-phenylanthranilic Acid

Temperature, K X r s 1K
T1

318 328 0.935 0.9922 0.027 596
318 348 0.804 0.9923 0.023 569
318 358 0.786 0.9935 0.021 666
328 348 0.857 0.9961 0.016 549
328 358 0.835 0.9939 0.020 667
338 358 0.861 0.9943 0.019 566
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Experimental

Reagents: The purity and purification level control of the
solvents have been described earlierl. Methyl esters of
4-nitro-N-phenylanthranilic acid were synthesized according
to the known methods"*. Their purity was checked by means of
thin layer chromatography (systems dioxane-hexane 1:1
chlorophorm- acetone 1:1) on the "Silufol”™ plates using the
elemental analysis.

Kinetic measurements were conducted according to methodsl.
The concentration of sodium hydroxide was determined by
means of potentiometric titration with the aqueous solution
of HC1 and using the glass ESL-43-074 and chlorosilver
EVL-1IML electrodes on an lonometer EV-74. The kinetics of
alkaline hydrolysis reaction was studied at 45,55,65,75, and
85°C. The experiments were repeated three times, including
6-8 measurements each (depth of transformation was not less
than 8056). The accuracy of the obtained parameters was
estimated by means of statistics of small sets (with a 0.95
probability). Linear equations were treated applying the
least squares method on a micro computer "MK-52" using stan-
dard programs**.
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VI. KINETICS OP BENZOYLATION REACTIONS OP HYDRAZIDES
OP 4-NITRO-N-(R-PHENYL)-ANTHRANILIC ACIDS

A.N. Gaidukevich, E.N. Svechnikova, and
G. Sim
Kharkov State Pharmaceutical Institute, Kharkov,
the Ukrainian S.S.R.

Received August 19,1987

The kinetics of benzoylation reaction of 4-ni-
tro-N-(R-phenyl)-anthranilic acids® hydrazides in
chlorophorm has been studied in the temperature
range of 298-328 K. The reaction obeys the second
order kinetic equation for irreversible reactions,
thus enabling to calculate the bimolecular rate
constants in case of the all temperatures studied.
The energies of enthalpy, entropy and the free ac-
tivation energy were found. The effects of the
substituents® state and nature in hydrazide mole-
cule on the kinetic parameters of acylation re-
action have also been studied. The Hammett equa-
tion proved to hold in case of this reaction se-
ries. We also established the existence of the
isokinetic relationship with the enthalpic control
type.

In order to continue our researchl“™ into the reactivity
of aromatic and heterocyclic derivatives of hydrazine, char-
acterized by different types of biological activity**’", the
kinetics of benzoylation reaction of 4-nitro-N-(R-phenyl)-
-anthranilic acids’ hydrazides (Table 1) has been studied in
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chlorophorm In the temperature range of 298-328 K.
The reaction proceeds as follows:

Table 1

Hydrazides of 4-HItro-H-(R-phenyl)-Anthranilic Acids

A
4" -CH3
4*-00H3
47-01
3\5°-GH3

3,,4"-CH3
2"-CH3

2*-0CH3
2»-Cl

Melting

point C
162-4
153-5
169-71
157-9
133-5

120-2
171-3

170-2
1046

NO2

% H Brutto % N
found formula calculated Rf., Rf2

20.5 (cigyigHgez  20-6 0.45  0.53
19.5 _aiimges  19-6  0.44  0.52
18.5 _p yianaes ~ 18-5  0.41  0.42
18.2 iaiiiciyges 18-3  0.41  0.51
18.6 . ouieuacs 187 0.47  0.61
18.6 igiiguacs 187 0-48  0.64
195 Ciaiimgcs 196 0.47  0.34
18.5 qgyiaqcq 185 0.45  0.22
18.2 18.3  0.49 0.33

C13H11C1H4°3

Rf1l - In the system ethyl acetate-chlorophorm 40:10
In the system hexane-isopropsnol 80:30

Rf2 -
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The reaction rate constants were calculated according to
the variation of hydrazide concentration in time, determined
by means of nitritometric potentiometric titration. The tech-
nique of kinetic measurements has been described earlier.The
kinetics of benzoylation of 4-nitro-N-(H-phenyl)-anthranilic
acid hydrazides obeys the second order reaction for irrevers-
ible reactions. It can be proved by the following facta:

a) stability of reaction rate constant values (Table 2) at
different time moments, calculated acoording to equation

(2)

where a is the initial concentration of benzoyl chloride in
mol/1;

X denotes the concentration of benzoyl chloride at a certain
time moment (s; mol/1);

fl is a correction to the thermal expansion of chlorophorm;
b) linear dependence between the inverse current concentra-
tion of the reagent in time (see ?ig. 1):

c) the reaction order can be determined as followsO:

nmel+ Ml -n«pgr (3)
log aP- log al

n is the reaction order;

denotes the time of the 50% proceeding of the reaction
in case of the initial concentration of benzoyl chloride
an mol/1.

The obtained date show that the reaction studied turned
out to be kinetically complicated and prooeeds in two
stages:

stage 1
1-NH-HH2
+
2
(4
145



Table 2
Rat* Constants of Benzoylation Reaction of Hydrazides of 4-nitro-N-(R-phenyl)-Anthranilic
Acids in Chlorophorm at Various Temperatures

k. I»mol~1les™l at T. K

298 K 308 K 318 K 328 K
H 0 JZGiB.OlO 0.200*%0.017 0 299™0.016 0.415*0.024
4 7-CH3 0.166*0.021 0.245*0.028 0.356*0.011 0.502*0.019
4" -0CH3 0.186*0.011 0.288*0.019 0.417*%0.021 0 582’6.016
4°-C1 0.087*0.011 0.145*0.012 0 22470.016 0.322*0.017
3*,5»-CH3 0.148*0.017 0.232*0.019 0.349*0.014 0.462*0.029
3\4*"-CH3 0.186*0.023 0.279*0.014 0.380*0.019 0.543*0.019
2°-CH3 0.324*0.019 0 -38070.016 0.468*0.021 0 .575*0.022
2" -0CH3 0.372*0.016 0 46070.022 0.562*0.017 0.627*0.024
2°-C1 0 JﬁGiB.Oll 0.218*0.012 0.286*0.015 0.353*0.028



Fig.

|
=

stage 11

-NH-HH2 C-HH-HHg . HC1

) *H
io2 ®

1800 3600 5400

1. Dependence of the inverse value of the ourrent
concentration ( <) on time (t) in case of aoylatioa
of the 4-nitro-N-QR-phenyl)-anthranilic acid hydrazlte
with b m 2.5%10”3 mol/1 benzoyl ohloride of a =

« 1.25*10”3 mol/1 in chlorophorm at 298 K.
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It is the first reaction stage proceeding remarkably
more slowly that determines the second order of the process
in total.

The electron nature of substituents in the hydrazide
molecule and their position significantly affect the re-
action rate constants (Table 2). Application of donor sub-
stituents accelerates the rate of the process, i.e. donor
substituents in the nucleophile molecule stabilize the acti-
vated complex more than the initial nucleophile. The accep-
tor substituents have the opposite effect. The hydrazines
with 27-substituents have better reactivity in comparison
with the hydrazines having 4* ?3**5%;3**4* substituents.

The quantitative estimation of the substituent effect
on the reactivity of the hydrazides of 4-nitro-N-(R-phe-
nyl)-anthranilic acid has been given according to the
Hammett equation (Table 3).

Table 3
Parameters of the Hammett Equation of Benzoylation
Reaction of Hydrazides of 4-Nitro-N-(R-phenyl)-Anthranil-
ic Acids in Chlorophorm at Various Temperatures
log Kk a log kQ + Aptf

T»K p log ko r S
298a -0.681*0.080 -0.905*0.016 0.9959 0.0128
298b -0.671*0.035 -0.607*0.008 0.9986 0.0041
308a -0.596*0.055 -0.705*0.011 0.9974 0.0088
308b -0.631*0.082 -0.523*0.032 0.9935 0.0267
318a —-0.516*0.064 -0.531*0.012 0.9954 0.0102
318b -0.565*0.044 -0.419*0.042 0.9909 0.0285
328a -0.498*0.080 -0.384*0.016 0.9923 0.0128
328b -0.512*0.081 -0.334*0.018 0.9988 0.0095

a - data for 3",47,5" derivatives were correlated
b - data for 2’ derivatives were correlated
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The values of reaction parameter p are negative, thus
confirming the nucleophilic substitution mechanism of Sjj2
of the reaction studied. We did not succeed in conducting
a general correlation for the compounds with 3"»4"- and
2"- substituents in the hydrazine molecule (Fig- 2), but
separate correlation of substituents with the 3’»4"- and
2’-substituents gives a good statistical reliability. It
should be mentioned that the p values for the compounds
with 37,4"- substituents and 2"-substituents in a nucleo-
phile molecule are quite close.

Insignificant values of reaction parameter p evidence
about a small susceptibility of the reaction series to the
effect of the substituent’s nature in the nucleophile mole-
cule. It is worth mentioning that the absolute values of p
are dropping when the temperature increases.

Fig. 2. Dependence of log k-f(6) at 318 K for
37,4 ,5*-(1) and 2"-(2) substituents in the mole-
cule of 4-nitro-N-(R-phenyl)-anthranilic acid
hydrazide.
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The polyterms of rate constant logarithms are linear,
so it was possible to find the activation energy - Ea. and
the preejgponential factor A according to the Arrhenius
equation (Table 4). If the electron-donor substituents are
conducted into the nucleophile molecule, the Ep value
will decrease. In the case of 2"-substituents it is expres-
sed more sharply but the linear correlation between the Ep
and 6 Hammett constants is statistically doubtful.

The Byring”™ equation has been applied in order to calcu-
late the activation enthalpy (OH") and entropy (As"). The
free energy of activation was calculated according to the
second beginning of thermodynamics. The obtained data are
given in Table 5. The values of free activation energy Ag "
are quite close for nucleophiles having substituents with
different nature and position in a molecule in case of all
the temperatures studied. It is interesting to mention that
the contribution of entropy into the Ag " value is much
greater than that of enthalpy. Comparatively insignificant
values of activation enthalpylH®™ make us suppose that the
studied benzoylation reaction is a synchronous one in whioh
the bond breaking is accompanied by the formation of new

bOnde* Table 4
Kinetic Parameters of Activation of Benzoylation
Reaction of Hydrazides of 4-nitro-N-(R-phenyl)-Anthra-

R Ba kJ/mol In A r S
H 32.2*3.5 10.9*0.8 0.9988 0.031
47°-CH3 29.9*3.4 10.2*0.2 0.9989 0.004
4"-0CH3 30.6*2.5 10.7*0.7 0.9993 0.022
4*_Cl 35.3*3.8 11.8*0.9 0.9988 0.033
3\5"-CH3 31.1*2.8 10.7*1.2 0.9949 0.061
3\4"-CH3 28.5*2.7 9.82*0-?1 0.9991 0.024
2"-CH3 15.6*1.9 5.15*0.19 0.9965 0.026
Z"-0CH, 14.3*1.3 4.31*0.14 0.9938 0.031
Z 4% 20.5*1.6 6.49*0.24 0.9993 0.015
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The effect of the substituents™ nature and their posi-
tion in the hydrazide molecule on the [ h" value is anal-
ogous to the same effect on the Ep which has been already
previously discussed. High negative [3" values is another
evidence to prove the existence of the 32 mechanism of
nucleophilic substitution with the formation of a highly
regulated state. 0

To sum up the aforesaid as well as the literature data ,
the following mechanism of benzoylation reaction of hydra-
zides of 4-nitro-H-(R-phenyl)-anthranilic acids can be sug-

gested:
0 rapid 0 0
Q afgaA
R-C-NH-NHg + C -CgH” Sz=====" R-C-NH-NHg* «*C -CgHj ~ =="*r
Cl Cl
1 11 11
2 QH slow stage q
R-C-NH-NH-G-C6H5 " ——- R-C-NH-NH-C-C6H5 + HC1
Cl
1v \Y

The reaction starts with the nucleophilic attack of
hydrazide (1) at the acylating agent (Il). The associative
process (rapid stage) results in the formation of the molec-
ular compound (I11) which is transformed into the enol fora
(IV) and then follows a slow breakage of the leaving group
(HC1) and the reaction yield iB formed.

In the reaction series investigated, holds the isokinet**
ic correlation. It is confirmed by the existence of the lin-
ear correlation between the Ah" - log KT, AH"- [la“,
En-log A, 9 - /T, log kT -log kT (Table 6) and proved by
the method of regression Inalysislfor the compounds with
3",4" ,5”-substituents in a molecule (the number of compounds
with 2"-substituents is not great enough to get statistically
valuable data). The isokinetic temperature 6 » 453*16 is
higher than the experimental range, thus making it possible
to presume the possibility of enthalpy control in oase of
the studied benzoylation reaotion of hydrazides of
4-nitro-A-R-phenyl)-anthranilic acids.
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Thermodynamic Parameters of Activation /IH",

As*,

AG-

of Hydrazides of 4-Nitro-N-(R-phenyl)-Anthranilic Acids

H

47-CH3

47 -0CH3
4 -l
3\5"-CH3
y,V-CEj
2°-CH3
27-0CH3
2" -l

298K

7

7.
7.
78.
7.
7.
75.
75.
7.

~
X
©

g o O N O © o b

Ao® tJ/»Qi

308K 318K
79.5 81.1
79.0 80.7
78.6 80.3
80.4 82.0
79.2 80.9
78.9 80.6
78.0 80.1
77.6 79.8
79.5 81.5

328K

82.
82.
81.
83.
82.
82.
82.
81.
83.

g O N w U oo b w

29.

27

28.
32.
28.
25.
13.
11.

17

n-2

kJ/mol

6*3.
.3*2.
1*2.
7*2.
4*2.
9*2.
0*0.
7*0.
.9*0.

N A WoOPFRPRFPDMNDIMDN

J/Q

-162*8
-168*2
-164*8
-155*2
-165*16
-172*2
-211*8
-214*8
-200*%6

O O OO O OO oo

.9986
-9987
-9992
-9986
-9965
.9987
-9950
-9900
.9988

O O OO0 O OO oo

Table 5
of Benzoylation Reaction

.030
.044
.021
.035
.0145
.025
.028
.033
.016

298K

-49.
-51.
-62.
-63.
-59.
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Table 6
Determining of Isokinetic Temperature (Q). Correlation Parameters of Equations
y»atbx of Benzoylation Reaction of Hydrazides of 4-Nitro-N-(R-phenyl)-Anthranilic Acids.

X y a b r S R,K
AS* aH' @11 " 10)<103 497 * 40 0.9271 178 497
In A E 5.12 Y 0.70 3.41 T 0.34 0.9857 0.439 430
log k298  An" (14.0 T 0.6).103 (-17.5 © 3.5)=103 0.9487 822 443
10S k"QQ Ah" @16.0 T 0.7)*103 (-19.6 © 1.0)*103 0.9292 961 441
log k318 An" (18.2 * 0.7)-103 (-21.7 * 1.4)=103 0.8953 759 442
log k328  An- 1.1 ' 0.5)-103 (-22.7 © 1.4)-103 0.9049 721 454
log k298 log k328 0.276 © 0.036 0.729 © 0.011 0.9927 0.0125 450
log k308 +

9 log k338 0.206 "~ 0.024 0.837 T 0.021 0.9960 0.0093 491
1/1A p 1.41 " 0.10 -618 * 28 0.9752 0.0227 440
1/Tb P 1.50 * 0.17 -658 T 11 0.9975 0.0076 438

a - for 3,#4,,5" - substituents
t - Tfor 2" substituents



Experimental

Reagents. Purification, drying and testing of purity level
of chlorophorm and benzoyl chloride have been described ear-
lierl.

Hydrazides were synthesized according to the known tech-
niquesl®’11. Their purity was tested chromatographically,by
means of elemental analysis, and determining the melting
points (Table 1).

Kinetic measurements were conducted according to methodsl.
The concentration of hydrazides was determined by means of
potentiometric titration with a 0.01 M solution of sodium
nitrate BVL-1M1 with platinum BTPL-01 M and chlorosilver
electrodes on an lonometer BV-74. Reaction Kkinetics was
studied at temperatures 298,308,318»328 K. Each experiment
was repeated three times, including 6-8 measurements each,

the depth of transformations was up to 8¥%6. The accuracy of
the obtained parameters was assessed by means of mathematical
statistics for small setsl12 (the reliability level being 0.95)
Thermodynamic parameters of activation were calculated accord-
ing to the known formulae applying the least squares®™ method.
Linear equations were treated by means of the least squares
method on a micro computer "Electronika MK-52", applying
standard programs

References

1. B.N. Svechnikova, A.N. Gaidukevich, B.Ya. Levitin,
A_A. Kravchenko, S.G. Leonova, and E.V. Dynnik,
Organic Reactivity, 2j[, 76(1984).

2. E.N. Svechnikova, A.N. Gaidukevich, E.V. Dynnik, and
S.0. Leonova, Organic Reactivity, 21,, 247(1984).

3. A.l. Gaidukevich, E.N. Svechnikova, G.P. Kazakov,
V.V. Pinchuk, and E.Ya. Levitin, Organic Reactivity,
21, 285(1984).

4. A_N. Gaidukevich, E.N. Svechnikova, G.P. Kazakov, and

A.A. Kpavchenko, Organic Reactivity,2j), 111(1986).

154



5.

© 0 N O

11.

12.

13.

14.

T.1. Arsenyeva, A.N. Gaidukevich, G.P. Kazakov,

A_A. Kravchenko, and B_.N. Svechnikova, Organic Reac-
tivity, 2£, 64(1987).

H. Zimma, J. Org. Chem., 2£, 1140(1959).

D. O"Sullivan, Nature, 192, 341(1961).

A.P. Grekov and M.S. Marakhova, ZhOKh, 22> 1463(1963).
H. Eyring, Foundations of Chemical Kinetics (in Russ.),
Moscow, *‘Mir3, 1983.

. A.P. Grekov and 1.S. Soloveva, Ukr. khim. zh., 27.

251(1961).

A.P. Grekov, Organic Chemistry of Hydrazine, (in Russ,)«
"Tekhnika', Kiev, 1966.

E.N. Lvovsky, '"Statistical Methods of Composition of
Empirical Formulae™ (in Russ.)f Vysshaya Shola",
Moscow, 1982.

R. Shmidt and V.N. Sapunov, Informal Kinetics (in
Russ.) "Mir", Moscow, 1985.

Ya.K. Trokhimenko, Programming of Microcomputers
"Elektronika MK-52" and "Elektronika MK-61".

(in Russ.), '"Tekhnika", Kiev, 1987.

155



Organic Reactivity
Vol. 24 2(86) 1987

EFFECT OF PHENOLS ON DECOMPOSITION RATE
OF SODIUM 6,8-DINITRO-1,4-DIOXASPIRO[4,5]DECA-6,9-DIENATE

1.V. Shakheldyan, S.S. Gitis, and A.l. Glaz
Tula State Teacher Training Institute

Received August 19, 1987

Decomposition kinetics of sodium 0,8-di-
nitro-1,4-dioxaspiro[4,5]deca-6,9-dienate
has been studied in binary mixtures of di-
methyl sulfoxide - protonic components -
phenols whose nuclei contain various substit-
uents. It has been shown that the decompo-
sition reaction of 2,4-dinitrospirooomplex
proceeds according to the bimolecular mecha-
nism and largerly depends on the position of
substituents in a phenol nucleus, affecting
either the pK” values of phenols or influ-
encing the steric factors of proton transfer.

Recently we have shownl that the decomposition of di-
nitrospiro complexes in the presence of protonic complexes
(alcohols and water) 1is analogous tg the Jackson-Meisenhei-
mer complexes, when one of the Ar-O bonds is broken. The
reaction rate is affected both by the pK”~ of a proton-do-
nor component depending on the nature of the hydrocarbon
radical of alcohol, and by the effectb connected with their
space structure.

In order to find the effects of the other agents which
have greater acidity than alcohols, we have studied the de-
pendence of the disclosure rate of spirocycle on the nature
and concentration of the phenols whose nuclei contain dif-
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ferent substituents.

The measurements were carried out spectrophotometrically
in the visible range where the sodium 6,8-dinitro-1,4-dioxa-
spiro[4,5]deca-6,9-dienate complex absorbs while the glycol-
ic ether forming during the disclosure of the cycle will not
absorb. Weakening of the absorption bond intensity in time
refers to the first order of the reaction complex being de-
composed. Rate constants were measured at *5% accuracy.

The linear dependence of the pseudofirst order rate con-
stant on the phenol concentration indicates, that the re-
action has the first order concerning also its protonic com-
ponent.

The Br~nsted graph of the log k~ dependence on the
pKof value is given in Pig. 1. The Brtfnsted coefficient o
equals 0.52 according to the slope of the straight line in
the given coordinates.

Thus, our studies show that the reaction is a bimolecu-
lar one, in the case of which the proton transfer with for-
mation of X (scheme 1) appears to be the limiting step, fol-
lowed by a rapid breaking of the C-0 bond.

0— H— .0_ Ar OCHgCHgOH
N02
NoéNa+ o O
Scheme 1

The results of kinetic measurements presented in Ta-
ble 1 evidence about a direct dependence of the decomposi-
tion rate of the observed spiro complex on the acidity and
structure of the phenols used. The reactivity of the latter
varies from 1-9 (Table 1).

The rest of the pK”™ values were obtained experimentally
from the dependence of the log k value of the decomposition
rate on the pKg, using graphic methods. This dependence was
got when applying phenols 1-1V and VIII with the known pK~”
values (Pig. 1).
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Table 1
Kinetic Parameters of 2,4-Dinitrospiro Complex
Decomposition Reaction Caused by the Phenols of
Various Structure

Mo S e K .
Phenols mole/1 k*102 ,s*“1 1/mole=l1 PK* 6°T

1 4-bromophenol 0.001 1.298*0.067 12.98 9.36* 0.30

11 4-chloro- 0.001 1.164*0.252 11.64 9.38* 0.28
phenol *
111 phenol 0.002 1.070*0.019 5.35 10.0 O

1v 2-methylphe- 0.002 0.690*0.051 3.45 10.29*-0.17
nol

\% 3,4-dimethyl 0.002 0.695*0.026 3.48 10.37 -0.209
phenol

\ 4—fthy| phe- 0.002 0.693*0.051 3.42 10.39 -0.151
no

VIl  3,5-dimethyl 0.002 0.464*0.024 2.32 10.68 -0.138
phenol

VIIl 2,4,6-tri- 0,002 0.169*0.018 0.845 10.8* -0.44
methyl phe-
nol

IX  4-aminophe- 0.002 0.360*0.032 1.80 10.92 -0.38
nol

* Reference data*

The least square oaloulations proved that there is a
satisfactory correlation dependence between the log Kk and
pK*, of the phenols given in Table 1( r»0.952; S-0.173).
2,4,6-triaethylphenol does not evidently suit this depen-
dence (Fig. 1). A lower reactivity of the latter and
2-*ethylphenol are most probably caused by the screening
effect of ortho-methyl groups™ which complicate the hydro-
gen bond formation between the oxygen atoms of spirocycle
and the OH group of moleoules of these phenols. It should
be pointed out that if 2,4,6-trimethylphenol is not taken
into consideration, a remarkable improvement of the cor-
relation dependence (r«0.987] 8*0.038) can be observed.
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Pig. 1. Dependence of log k on the pK”~ of phenols for
dinitrospiro complex decomposition. Marking of
points corresponding to that of Table 1.

Comparison of the data given in Table 1 (log k) with
the 6° values (Pig. 2) shows that in all series studied,
the effect of substituted phenols obey the Hammett-Taft
equation (r-0.964; S«0.107).

According to Pig. 2, the compounds with the substituents
in 2-position (IV and VIIl) tend to deviate from the common
correlation dependence. It can be explained”™ by the am-
biguity of the 6° values for the ortho-substituted phenyls
caused by the effect of steric factors on the reactivity ef
the compounds in the process.

Exclusion of the phenols, containing substituents in the
3rd position (V and VII) brings about a remarkable inorease
of the correlation coefficient r«0.983; s»0.0874, (if the
methyl radical is in meta position, the contribution of the
conjugation effect drops in comparison with the ortho-sub-
stituents.).

A considerably high value of the reaotion constant ¢
(p-1.404) refers to a remarkable polarity of the transition
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state of the process.

Pig. 2. Dependence of log Kk on the 6° value of substit-
uents in case of decomposition reaction of
epirocyclic complex at 25°C. Marking of points
corresponds to those of Table 1.

Thus, the rate of cycle breaking depends largerly on
the position of the substituents in a phenol nucleus affect-
ing either the pK”~ value of a phenol, or the steric fac-
tors of proton transfer.

Experimental

Sodium 6,8-dinitro-1,4-dioxaspiro[4,53deca-6,9-dienate
was obtained by means of intramolecular cyclization, under
the effect of sodium tert.-butylate on the dioxan solution
of 1-(B-oxyethoxy)-2,4-dinitrobeneene.1l-(3-oxyethoxy)-2,4-
dinitrobenzene was obtained according to the known methods”.

Dimethylsulphoxide was purified as described in

Reactive phenols, whose purity level was assessed by the
methods of thin layer chromatography and via determining the
melting points corresponding to the literature data were
used.

Kinetic measurements were conducted under pseudomono-
molecular conditions at a substantial residue of the proton-
ic component. Rate constants were calculated according to
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the first order equationQ. The rate constants presented in
Table 1 are the mean values of three parallel measurements.
The accuracy of kinetic measurements was tested using the
methods of mathematical statistics, the reliability coeffi-
cient being 0.95. The variability coefficient of calculating
the reaction rate constants did not exceed 5-7%.
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NUCLEOPHILIC SUBSTITUTION
AT TETRACOORDINATED ATOM OP PHOSPHORUS.
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CHLOROPHOSPHATE CATALYZED BY PYRIDINE
N-OXIDE IN ACETONITRILE

T.N. Solomoichenko, V.A. Savyolova, T.V. Ved, and
Yu.S. Sadovskij

Institute of Physical Organic Chemistry and Coal Chemistry,
Academy of Sciences of the Ukrainian SSR, Donetsk
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Kinetics of hydrolysis, methanolysis and
aminolysis of diphenylchlorophosphate, cata-
lyzed by pyridine N-oxide in acetone at 25°C
has been studied spectrophotometrically and *
conductometrically. Inhibiting effect of a
similar chloride ion and the change of rate
limiting stage from the intermediate product
formation w, to the nucleophilic attack pro-
portionally to the decrease of concentration
of the latter were detected. Existence of nu-
cleophilic mechanism of catalysis including
the formation of the ionic intermediate, di-
phenyl pyridinium phosphate chloride, can be
suggested on the basis of these results.

It is known that in the aprotic solvents, pyridine N-
oxides function as highly effective catalysts of the amino-
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lysis of functional derivatives of carbonic (ArCOX, X=Cl,Br)1l
and sulphonic (ArSOgX, X=Cl1, Br, 0SOgAr)2°3 acids. It has
been proved that in the case of these processes holds the
nucleophilic mechanism of catalysis, the rate determining
stage being the amine interaction with either acilic or sul-
phonylic intermediates which form quite rapidly during the
first pre-equilibrium steige from the substrate and the pyri-
dine N-oxide. There are no kinetic data in the literature on
the similar kind of processes of nucleophilic substitution at
the tetracoordinated phosphorus atom in the aprotic solvents.
We studied the Kinetic regularities and the mechanism of
the diphenylchlorophosphate (DPCP) reactions with OH-(water,
methanol), and NH-(3-nitroaniline, diethylamine) nucleophiles
(NuH), catalyzed by pyridine N-oxide in acetonitrile at 25°C:

C6H5 \ 7/ C6H5 \ /
Pv + NuH W ——————————— — Pv + HCI (D)
/ \ / \
CgH50 Cl C6H5° Nu

NuH = Hd, ch3oh, (c2h5)2nh, 3-no2c6h4nh2.

During the catalytic processes of hydrolysis and metha-
nolysis, the precipitating hydrogen chloride combines with
pyridine N-oxide. In the catalytic aminolysis reactions forms
amine hydrochloride (pyridine N-oxide does not undergo any
transformations in the course of the process). Thus, in the
case of the DPCP reac"tion with diethylamine catalyzed by py-
ridine N-oxide, we observed stable optical density of the
latter in the course of the reaction (the wave length being
275 nm).

We have shown” that in the dichloromethane and aceto-
nitrile, pyridine N-oxides efficiently accelerate both the
aminolysis and hydrolysis of the DPCP. It has been mentioned
that in the used solvents, dehydrated according to the ordi-
nal ,, methods, the DPCP hydrolysis, catalyzed by pyridin* H-
oxides, proceeds at a remarkably high rate beoause of the re-
sidual moisture. This fact should be taken into consideratien
when studying the catalytic interaction of DPCP with other

163
5*



nucleophiles iIn aprotic media.

Experimental

DPCP~ and pyridine N-oxide” were synthesized and puri-
fied according to the known methods. 3-nitroaniline of a
""chemically pure" grade was recrystallized from ethanol; di-
ethylamine was kept over the metallic sodium and distilled
over its f;esh portion. Acetonitrile was purified according
to methods , its residual water content being approximately
5%103 mol*1"1 (according to the method of Fischer).

The products of hydrolysis and methanolysis of the DPGP
were found and identified.
Hydrolysis of DPCP. 15 ml of the pyridine N-oxide (0.015
moles) and water (0.015 moles) solution in acetonitrile at
25°C was added to 15 ml of the DPCP solution (0.015 moles).
White hydrochloride precipitate of pyridine N-oxide was ob-
tained. After adding 150 ml of diethyl ether, the precipi-
tate was filtered and dried at room temperature. The yield
was 1.9 g (96.4 %), its melting point being 180-182°; (in
ref.8 178-180°). % found: C 45.69; H 4.90; Cl 26.64; N 10.57.
C5H6CINO. % calculated: C 45.65; H 4-59; CI 26.95; N 10.65.
After evaporation of the filtrate, was obtained 3*5 g (93*3%)
of diphenylphosph-oric acid; melting point 64° (in ref.” 63°).
% found: C 57.85; H 4.45; P 12.54. C~AH~0~. % calculated:
C 57.61; H 4.43; P 12.38.
Methanolysis of DPCP. 10 ml of the pyridine N-oxide (0.0075
moles) and methanol (0.0075 moles) solution was added to 10
ml of the DPCP solution (0.0075 moles) in acetonitrile at
25°C. The reaction products were separated the same way as
in case of hydrolysis. 0.96 g (98 %) of pyridine N-chloride
of hydrochloride and 1.87 g (94.4 %) of methyldiphenylphos-
phate were obtained, the boiling point was 146-150° (1mm),
(in ref.10 151*5° (Amm)). % found: C 59.02; H 5.01; P 11.86;
Cj 304P. % calculated: C 59.10; H 4.96; p 11.72.

Separation of the DPCP aminolysis products in presence
of pyridine N-oxide has been described earlier”™.
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Kinetic experiments were carried out in two concentra-
tion ranges: 1) the concentrations of DPCP and nucleophilic
reagent (water, methanol) remarkably exceeded the concentra-
tion of pyridine N-oxide; 2) the concentrations of pyridine
N-oxide and nucleophilic reagent (water, amine) remarkably
exceeded the DPCP concetration. Because of that, two methods
of kinetic measuring were applied.

In the first case, the process rate was monitored spec-
trophotometrically according to the pyridine N-oxide decrease
which reacts with hydrogen chloride formed. Optical density
was measured on a spectrophotometer SF-26 in the range of
275 nm. The Lambert-Bouguer-Beer law holds both in case of
acetonitrile (£= ]2,6004500 I*molerl*cmil, sQ = 4*10_9, r
= 0.995, N = 8) and the acetonitrile containing water addi-
tions up to 1.5 mole"1“1 (e.g., if CHO4 = 0.4 mole*l_1, £ =
= 13,040*160, sQ = 2.1-0“2, r = 0.999, N = 14). In the ace-
tonitrile without water additions, the hydrolysis was in a
number of cases monitored according to the accumulation of
the reaction product - the hydrolchloride of pyridine N-ox-
ide (A= 235 nm, £= 4340*180 I*mole“Xcm-1, sQ = 3*3*10 2>
r = 0.997, N = 6).

The pseudofirst order rate constants k”s""1) were cal-
culated as follows:

Tt |Dhi ) BZZ * @)

where D~, Dq, D™ denote the optical density of the solution
at the completion of the reaction, at the initial time mo-
ment t, respectively.

In the second case, the reaction was controlled conduc-
tometrically according to the accumulation of hydrogen chlo-
ride (in the form of amine hydrochloride salt or pyridine
N-oxide). The resistance of the solution was measured ap-
plying the apparatus described inll. The k1l constants were
calculated according to the formula:
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_1 Koc
K1 =~ 1In 1o

(3)

where RQ and R~ denote the resistance of the solution
at the completion of the reaction and at the initial time mo-
ment t, respectively.

The kinetics of the noncatalytic processes of the hy-
drolysis, methanolysis and diethylaminolysis of DPCP was
studied conductometrically if OPCPl« lWnH3, the interac-
tion Kkinetics of DPCP with 3-nitroanile was investigated
spectrophotometrically according to the decrease of the op-
tical density of arylamine (/1= 375 nm, £= 1800"35, sQ =
2.5640"2, r = 0.999, N = 8) if CDPCEI »INuHI

Noncatalytic Processes

The rate of the noncatalytic interaction of DPCP with
3-nitroaniline and diethylamine can be described by the sec-
ond order equation. It is confirmed by the linear dependence
in the "k1 - ENuHI " and "k1- [DPCP]” coordinated, on the ba-
sis of which and applying the data of Table 1 have been cal-J
culated the bimolecular rate constants k~given in the same
table.

Table 1

Noncatalytic Interaction of DPCP with Amines
in Acetonitrile at 25°C

H H *
Nuc&ﬁaphllemozggﬂti mg?gﬁﬂ, kj, s_1 k*1,!“mole-1-s"

3-nitro- ®5*10"4 0.03 (0.25-0.01 )=10""
aniline 0.05 (0.40-0.07)* 10"
0.10 (0.77-0.02)=10"*

0.20 (1.24-0.04)10”"
0.30 (2.37-0.15) =10*™
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Nucleophile CMNHI 1 EDP CP ] .1 -1 -1, , -1 -1
NuH mole-1"1 mole-1"1 V 3 ko .l1°raole *s

0.33 (2.40*0.06)*10 -3
0.66 (5.22*0.05)=10“" (7.83*0.28>10"5

Diethyl- 1.00 ~5*10-5 1.35*0.02
amine 1.20 1.64*0.01
1.60 2.13-0.21
2.20 2.91*0.07
2.34 3.12*0.03
2.84 3.72*0.06
3.34 4.81*0.03
4.00 5.10*0.10 13.17*0.63

The rate constants of the noncatalytic reactions of the
hydrolysis and methanolysis of DPCP were assessed analogous-
ly. In the case of these processes, k" ~ 1*10“" - 1*10“"
I*mole™ *s™t

Catalytic Processes

The hydrolysis reaction of DPCP in the presence of py-
ridine N-oxide (B) in acetonitrile without water additions
(the hydrolysis proceeds at the expense of the residual mois-
ture™) has a tendency toward a decrease of the observed
pseudofirst order rate constants during the process. Such a
phenomenon takes place both in conditions 1 DPCP] Bl (spec-
trophotometric methods) and HDPCP]-<7IB] (conductometric meth-
ods). If EDPCP]Q a 1.44*10"5 mole.l1"1, the k1 value for the
hydrolysis reaction drops 1.5-2 times, the conversion degree
being ~ 50 %. Extrapolation of the linear regions of the k*
or 1/k1 dependences on x (x is the yield of the product at
time moment t) to the zero value of x and also calculation
of the corresponding k1l constants from linear dependences
x/t = f(t) gives close k1l values at the zero time moment.

The k* values obtained by extrapolation of the constants to
the zero x value were used when making the graphs in Pigs.1*2.
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Comparison of the k* constants of the processes in the pres-
ence of pyridine N- oxide (see Pigs. 1-3 and Table 2) and
the noncatalytic k” constants shows that in case of the nu-
cleophiles studied (with the exception of diethylamine) the
rate of the noncatalytic reaction in the presence of a cata-
lyst can be neglected and the k1l constants can be taken as
those characterizing a strictly catalytic process. In the
case of diethylamine, in order to characterize the rate of
the catalytic process the differences of R® - k™ should be
used instead of the KI values.
The additions of chloride ion, introduced in the form

of the lithium chloride salt, dissociating in acetonitrile

das = 3500 I*mole-1, 25°C)12 cause the k1l values to de-
crease (Pig.- 1) but also make them remain stable during the
process. The increase of the nucleophilic concentration in
the reaction mixture also promotes the kl stability.

[CI] m105.mol T 1
12 3 4 5 6 7

[C/-]-10*. mol 171

Pig. 1. Dependence of the observed rate constants kl on the
chloride-ion concentration in case of DPCP hydrolysis
in acetonitrile, catalyzed by pyridine N- oxide (B)
at 25°C.
1 - [DPCP: = 1.17*10~3 mole-1"1, [B3 ~ 6*10-5 mole.l-1
2 - EDPCP1 « 5*10-5 mole*l-1, EB] = 8.2-10"4 mole*I_1

168



It is quite sensible to presume on the basis of the de-
celerating chloride-ion effect (Pig. 1) that the discussed
reaction includes an invertible stage with the chloride-ion
formation (which either precedes the rate determining stage
or itself determines the rate). The inhibiting action of a
similar ion has been discussed in literature as a q%jor cri-
terion of the nucleophilic mechanism of catalysis .

The essence of the mechanism applied inltEe case of the
given reaction system is the fact that (c.f. ™ ") DPCP forms
with pyridine N-oxide intermediate product | of ionic nature,
i.e. diphenylpyridinephosphate chloride, which (as it can be
suggested on the ba3is of similarity with the N*-acetyloxypy-
ridinium saltsl?®) exists in acetonitrile in the forms of
ion pair la and free ions Ib and in the form of the chloride
ion (Scheme (4)). In the following stage, the nucleophilic
reagent (water, alcohol, amine) attacks intermediates la and
Ib where the reaction product formation and the regeneration
of pyridine N-oxide (in the case of hydrolysis and methanoly-
sis in the form of its hydrochloride salt)take place.

It is noteworthy that the rate of the pyridine N-oxide
consumption and the formation of its hydrochloride salt co-
incide (Pig- 2). It shows that in the course of the process
a substantial intermediate | accumulation does not take place
(a remarkable scattering of points in Pig. 2 can evidently
be explained by the water content not being strictly the same
in different portions of "dry” acetonitrile used).

(o6ns°)ri1~1 + o-n;

ki Il *-i
<°6H30>r< _ "~ © > (°6H50>2P? S-C>> +cl*”
k-2
la
k3] NuH l@ NuH [0))
(c6h50)2p (0 )nu + 0~ANO® + HC1
* BN M
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Pig. 2. Dependence of rate
constants k1 on DPCP con-
centration in hydrolysis
reaction of DPCP, catalyzed
by pyridine N-oxide (B) in
acetonitrile containing
~5*10“3 mole*l-1 of resid-
ual water, 25°C EDPCPlo Il .

White points mark kA, calculated according to the pyridine
11-oxide decrease; the blackened points were calculated ac-
cording to the accumulation of its hydrochloride salt.

Applying the principle of quasistationary concetration
in case of the intermediate particles la and Ib, the follow-
ing expression for the observed pseudofirst order rate cons-
tant k1 can be obtained (if [DPCPI BI):

I k1(kOk. + k,k 0[C1“3 + k’ék. DJuH}) EDPCP] linH]

K = - £ e—————— - F——_—_—_——— e ——————
k_2CCI"3(k 1 + k3ENUH3) + k4WunH3 (k_1+k2+k JE\NuH3)

or kKl = k"WPCP] WwnHA, ®)

where k 1is a complex function from the concentrations of
nucleophilic reagent and chloride anion.

In case of concentrational conditions tDPCH” IB] , ex-
pression (7), analogous to Eq. (6) is obtained:

k1l = Kk"IBI ENuHI @)

Simplified boundary versions of dependences (6) and (7)
are also possible. In the low concentration range of the nu-
cleophile, especially in the case of a weakly basic one (e.
g-, in the case of water in "dry" acetonitrile), inequali-
ties k_2ECI”3»K”ENuHl and kM"k~ENuHl may be valid. Then
Eqs. (6) and (7) take the following form (the k value has
been taken into consideration):
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ENuH3 EDPCP1 (if EDPCP1 CS), (8)

ENUHEB] (if I BPCPN B3 ),(©)

Another extreme possibility is a situation when k geCN»
SAKAM[NuHN and k_”"» k”~ENuH]. In this case the expressions
for k1l lead to the simplest form :

k1l

k.j EDPCPI (if EDPCPI»EB3), 10

K1

K"B3 (if EDPCPINEB]), 1)

where k» (I*mole-"_s_1) "is the rate constant of the DPCP in-
teraction with pyridine N-oxide.

Thus, Egs. (5), (7) and their simplified modifications
(8)—(11) predict the first order according to the substrate
and the catalyst, the variable order according to the nucleo-
philic reagent, decreasing from one to zero proportionally
to the increase of its concentration, as well as the inhi-
biting action of chloride anion.

The facts illustrating this effect have been given
above. These are the decrease of constants R*® in the dura-
tion of the process in case of a low nucleophilic concentra-
tion (e.g. in acetonitrile, containing the residual mois-
ture, only) and the behavior of the k1l values if the lithium
chloride additions are observed (Pig. 1), corresponding to
Egs. (8).(9)-

The experimental data concerning the reaction order ac-
cording to the nucleophile show that in case of the given
DPCP concentration, the K*® constants in the range of small
nucleophilic additions (water and methanol) grow with the
increase of the concentration of the latter (Pig. 3)* which
qualitatively agrees with Eq. (8)-. In the concentration
range of approximately 0.1-0.3 to 0.7 mole*I“\ the k™ val-
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ues do not depend either on the nucleophile concentration or
its nature (Pig. 3), as it actually follows from Eg. (10).
If the concentration of water is more than 0.7 mole*lI-1, a
decrease of the values can be observed.(see curve 3 in
Pig. 3). A similar dependence of the reaction rate on the
nucleophile (hydroxide don) concentration has been noticed
in the case of the alkaline hydrolysis of 4-nitrophenyl es-
ters of dialkylic- and diarylphosphoric acids in acetonit-
rile (the rates of hydrolysis reach their peak values if the
water concentration is 0.02-0.3 mole*I1-1)1"

Pig. 3. Dependence of the k»
values on nucleophile
concentration (O - Hp",
A- CHMOH) in hydrolysis
and methanolysis reac-
tions of DPCP in aceto-
nitrile, catalyzed by py-
ridine N-oxide (B);
IDPCP 1 IB1 , 25°C.
EDPCP3-103 mole*I1-1:1-0.15
1-0.15; 2-0.34; 3-0.93;
4-1.67; 5-2.39.

02 DA 06 OS tO 12
[NuH] .moll'1l

The linear ascending regions of” *e curves in Pig. 3
should obey Eq.(8). Unfortunately, calculation of either the
individual rate constants or.their algebraic combinations by
means of this equation is complicated since it is difficult
to experimentally assess accurately enough the chloride-ion
concentration, brought to the zero time or zero yield be-
cause” (cf.11) a small amount of it can be introduced in the
form of the HC1 admixture in the initial DPCP.

The averaged KR* values for the hydrolysis and methano-
lysis reactions, corresponding to the horizontal regions of
the curves in Pig. 3 are presented in Table 2. Owing to a
much higher nucleophility of amines, the independence of k»
of their concentration and nature is observed at remarkably
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Table 2

Averaged KR®' Values Not Depending cn Concentration of Nucleophilic Reagents
of Rate Constants for DPCP Hydrolysis, Methanolysis and Aminolysis Reactions
Catalyz-ed by Pyridine N-Oxide in Acetonitrile, 25°C .

EBoow~ouswn e

B
w N

Nucleo- et COPOrop3 CBI1-103 21*103, s-1 Na  Methods
phile mole-1 mole-1-1 mole-1"1
Water * 5-10"3 = 0.05 0.20 0.83-0.02 1 conduct,
0.26 1.09-0.04 1
0.51 2.33*0.06 1
0.82 2.79-0.08 1
1.10 4.53-0.20 1
1.43 5.56+0.04 1
" 1.73 7.32-0.11 1
2.00 8.37-0.55 1
2.53 10.6070.20 1
0.06 - 0.53 0.60 2.52-0.13 4
0.12 - 0.70 0.83 3.8820.18 4
0.45 1.70 6.86+0.11 1
0.10 - 0.70 0.15 =0.05 0.47+0.02 7 spectr.



Table 2 continued

1 2 3 4 5 6 7 8
14 0.20 - 0.70 0.34 1.07-0.03 5

15 0.40 0.70 2.36*0.03 1

16 0.20 - 0.60 0.93 3.07*0.13 3

17 0.40 1.17 3.71-0.02 1

18 0.30 - 0.60 1.67 5.81*0.06 5

19 0.40 2.14 6.36+x0.10 1

20 0.40 2.34 7.04*0.05 1

21 Methanol 0.40 0.93 =0.05 2.97+ .04 1 spectr.
22 0.30 - 0.70 2.39 7.46*0.08 5

23 Diethyl- 0.0004 «0.05 0.09 0.31*0.14b 1 conduct.

amine

24 0.22 0.47*0.13%

25 0.44 1.58*0.14b

26 0.88 3.15*0.15b 1

27 3-Nitro- (0.05-6)*10-3 0.31 1.58*0.05 3 conduct.
28 aniline (0.10-10)-10"3 0.62 2.97*0.10 8

a - the number of averaged k”values (number of experiments at different concentrations of
nucleophile, b -k - k differences are given.



lower concentrations than in case of water and methanol.
Therefore, for the aminolysis processes in the concentration
range of amines studied, there are no rising regions of the
'R™" —-INuH]n dependences. The K*' values given in Table 2 for
the aminolysis reaction do not depend on the nucleophile con-
centration.

Egs. (8)—-(11) show that the reaction orders according
to the substrate and catalyst equal unity in the whole range
of the concentration change of the nuoleophile. The above
given (see Pig. 2) linear dependence between the R* values
and IDPCP1 for the hydolysis of DPCP in acetonitrile refers
to the first reaction order according to the substrate. The
first order concerning both the substrate and the catalyst,
is retained also in the range of the k¥ constants® indepen-
dence of the nucleophile nature and concentration. This is
illustrated by the straight lines in Pig. 4, constructed ac-
cording to the results of spectrophotometric (straight line
1) and conductometric (straight line Il) measurements. The
averaged R*® values for different nucleophiles and various
concentrations of one and the same nucleophile are situated
on the common straight lines.

The k1 values calculated as the tangents of the slope
curves of straight lines 1 and Il equal 3.03*0.10 and 4.16*
*0.11 I*mole-1les-1, respectively. These k* values, obtained
by means of two different techniques are in a satisfactory
correspondence.

It can be stated on the basis of the aforesaid that the
character of the experimentally found dependences, given in
Pigs. 1-4 are in good qualitative correlation with (5) or
(7). Thus, the kinetic regularities of the DPCP reactions
with OH- and NH-nucleophiles catalyzed by pyridine N-oxide
in acetonitrile can be described by Scheme (4) of the nuc-
leophilic mechanism of catalysis and therefore prove its val-
idity.

We should also like to draw attention to an important
result of this study. In contrast to the analogous catalytic
processes of transfer of acyl and arylsulfonyl groups in
aprotic media (see ", also™ ') in the case of which it is
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under any circumstances impossible to change the rate deter-
mining stage (the interaction of the intermediate product of
type 1 with NuH) in the limits of the nucleophilic mechanism,
it can easily be done in the reaction studied by means of
varying the concentration of even such weak nucleophiles as
water or alcohol.

[DPCP] 103.or [B] HO@mol " 1

Fig. 4. Dependence of averaged k™ constants on the DPCP con-
centration (I, LDPCEJ B5>~@3 ) and on pyridine N-oxide
(11, EDPCP]4~EB2 ) in reactions of DPCP with nucleo-
philes (according to data of Table 2), catalyzed by
pyridine N-oxide in acetonitrile at 25°C. Plot num-
bers correspond to those of Table 2.

Straight line I: k1 = (1.6*1.6) =00" 4 +
+ (3.03*0.10) IDPCH
s0 = 2.56-10"4, r = 0.995, N = 10.
Straight line 1I: k1 = - (0.6*1.2)*10 4 +
t (4.16*0.11) EBJ,
so = 3.11-0-4, r = 0. 995, N = 18
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It gives experimental possibilites for systematic studies of
the nucleophilic reactivity of pyridine N-oxides as the ca-
talysts of the processes of acyl transfer in aprotic media.
This phenomenon has been widely studied1_3’ 18, although the
causes of the ™"abnormally"™ high nucleophilic reactivity of
pyridine N-oxides remain unexplained in several aspects (e.g.
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Interaction Kkinetics of N-arylbensimi-
doyl chlorides with 4-N,N-dimethylamino-
pyridine and water in dioxane-water (9:1)
mixture at 25°C has been studied. The first
reaction order of aminolysis according to
each reagent, absence of effect of simi-
lar ion, increase of rat« if electron do-
nor substituent is conducted into sub-
strate molecule are in keeping with the
Sii2 (IP) mechanism. Adding sodium perchlo-
rate leads to rate increase with a simulta-
neous change of rate determining oaused
by proceeding of the processes via the
free nitrilium oation. Accelerating ef-
fect of salt will disappear entirely if
the 18-crown-6 reaction mixture is added.
Supposedly, in case of participation of
salt, the Na+C10™’. S mechanism is
realized.

The kinetics of neutral hydrolysis of imidoyl halogenides
RICCX)-NR2 O&Hal, R1-R2«Alk, Ar) has not been studied very



thoroughlyl*2 yet. The stage mechanism of nucleophilic sub-
stitution via the nitrlle-cation intermediates (either a
free ion or ion pairs) is supposed to operate in case of
the process studied. The existence of the mechanism can be
confirmed by the following facts: a) the character of the
subatituent effect on the ratel*z; b) the effect of a similar
ion ; accelerating effect of salts which do not contain
anions ; d) high susceptibility gf the reaction rate to the
changes of the medium"s polarity . As to the molecularity of
the rate limiting stage and the reaction form of the nitrile
cation intermediate in case of similar compound types in sim-
ilar mediax, the statements of the authors'® are  a cer-
tain extent contradictory. Thus, it is supposedl that in the
acetone-water mixture (10.9% of water), the hydrolysis rate
of diarylimidoyl chlorides can be determined by the water
molecules® attack at the nitrilium cationic ion pair, i.e.
the "2 (IF) mechanism is observed. According to the authors
of2, in the dioxane-water (9sl) mixture having a poorer sol-
vency, the hydrolysis proceeds via the free nitrilium cation,
whille the ionization of imidoyl chlorides i.e., the Sil()
mechanism, is considered to be the rate limiting stage.

These differences seem to result from different conditions
of conducting kinetic measurements in the paper ci%ed- In
fact, the hydrolysis of diarylimidoyl chlorides in was per-
formed at a constant ionic strength of the solvent caused by
the sodium perchlorate effect, while the solvolysis of the
same substrates inl was carried out without salt additions.
It is known that the perchlorate salts remarkably effect the
rate of the §V processes at the saturated carbon atom3. It
is possible that in the case of the hydrolysis of imidoyl
chlorides, sodium perchlorate will alter not only the reac-
tive substrate form but also the rate limiting stage. Never-

* Owing to poor solubility and extremely high hydrolysis
rate of imidoyl ohlorides in water, the reactign was
studied in aqueous-organic mixtures of dioxane and ace-
tone, containing relatively substantial amounts of organ-
io components
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theless, this problem was not specially studied in the pa-
pers referred to.

In order to go more deeply into the details of the re-
action mechanism, the present report deals with the Kinetics
and the salt effect on the hydrolysis rate of N-arylbsnsiml-
doyl chlorides RIArC(CI)-NArR2 (1,R1-H, R2«4-CH3, a) H, b)
4-C1, c¢)3-Br, d) in the dioxane-water (9sl) mixture at 25°C.

For the purposes of comparison, the kinetics of reaction
of imidoyl-chlorides Ib, 1d with 4-M,N-dimethylaminopyridine
was studied under the same conditions.

During the hydrolysis of the la-d~compounds form the
corresponding amides '+ . The Ib, Id aminolysis leads to
the formation of imidoyl pyridine salts 111 (of.*), which
are™ quite resistant to the hydrolysis:

R'Ar-C-NH-ArR® + HCL (1)
T

BN-ARR
R1ArC: < (2)
~N(CH3)2

The IRS analysis of reaction mixtures has shswn that
in case of the 4-N,N-dimethylaminopyridine concentration ex-
ceeding the 8 10“*mol»1“1 the Il accumulation is accompa-
nied by the formation of imidoyl-pyridine salts IlIl. The
111b salt will not practically get hydrolyzed within the
duration of the experiment even in case of Tery large excess
see of the tertiary amine. In the same conditions, the Hid
salt partially undergoes the hydrolysis, its rate increasing
with the increase of the concentration of the pyridine base.
In the presence of sodium perchlorate, there Is no consump-
tion of the Hid product on the expense of the following
solvolysis during kinetic measuring. Deoreas* of the hydroly-
sis rate caused by the perchlorate conducted into the sys-
tem is in good agreement with the earlier obtained data®
concerning the kinetics of alkaline hydrolysis of imidoyl
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pyridine ealte 111 etabilized by various anions, the per-
chlorate ion included, in the dioxane-water (1:1) medium.

In case of the 4-N,N-dimethylaminopyridine absence,the
process rate of the process was monitored according to the
accumulation of amide Il at 285 nm under pseudomonomolecu-
lar conditions MH2<[]|»5«6 mol.1“1; [iJarl0“mol»1“1. The
pseudoaonomolecular rate constant kj Q corresponds to the
procese (see below) . In case of 4-N?N-dimethylaminopyridine,
the rate was monitored according to the formation of salt
at 345 mm, the conditions being [20”a 5.6 mol»1”1
»[1]A 105 mol-1"1. In this case (cf.S, the pseudofirst
order rate constant, marked as k* N, describes the total ex-
penditure of substrate 1 and can 3 be expressed by Equa-
tion 3):

KR " KH20 + KR3N [R3\] [6))

Dependence (3) holds in case of substrates Ib, Id studied
in the present work. The intercepts of k® q within the error
range of the experiment coincide with the2 kg Q values,ob-
tained in the absence of amine during the amidi U accumula-
tion.

The k™jj constants formally correspond to the bimolecu-
lar interaction of 1 with 4-N,N-dimethylaminopyridine*.

The rate constants of pseudofirst order Ky g and k* K

were calculated as follows:

o -Th o "

For the Id reactions in the presence of 4-N,N-dimethyl-

* In faot, they can be to a certain extent increased to-
wards to the kbaee HgO value, where "Dase(I2nol“2*e”1) 1is
the rate oonatant of the basic catalysis of hydrolysis of
eubatratee | with 4-H,H-dimethylaminopyridine. Still, it is
not possible to definetely establish it. We did not continue
the analysis of the k1™ a values.
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aminopyridine and in the absence of sodium perchlorate the
N wvalues were found applying the Guggenheim methods
Gy .

Kinetics and Reaction Mechanism in Absence of Sodium
Perchllorate.

Peculiarities of Kinetics. Without electrolyte additions
(NaCl0™), the rate constants of the aolvolysls kg Q as well
as the simultaneous solvolysis and aminolysis of 2 kM~
imidoyl chlorides, 1 remain unchanged during the process,
neither depending on the initial concentration of the sub-
strate nor on the chloride salt (HaCl, NCCgH™CI) and
18-crom-6 conducted into the reaction mixture (Tables 1,2).
Decelerating effect of sodium chloride was not observed if
cromn ether was added (Table 1). Thus, the effect of a simi-
lar anion was not observed in the processes studied. Accord-
ing to the mechanism® ** including a preliminary ionisation of
of the substrate (see Scheme (5)), it means that the contri-
bution of the free nitrilium cation into the total reaction
rate is extremely small. The hydrolysis and aminolysis most
probably proceed via ion pair IV:

This assumption can be confirmed espeoially by the Ki-
netics of formation of imidoyl pyridine salts IHb, Hid.

Application of the stationarity condition in case of
Scheme (6), leads to expression (6) for the studied pseudo-
First order rate constant of the aminolysis kj -



r K1k2311[H3M] K1k22°[H2°]
k-1 + 4 3'[rX] + k-1 + 6>

As it was already pointed out, the "k™ jj-[R'W]n dependen-
dence for the reaction with participation 3 of the Ib, Id
compounds is linear in the studied concentration range of
4-N,N-dimethylaminopyridine. Thus, under the conditions of
experiment, holds k_1 > kg3N[RjN] . It confirms that for the
formation reaction of imidoyl-pyridine salts, the attack of
pyridine base at the lon-pair intermediate IV (kngsN) can be
considered the rate limiting stage in Scheme (6). The same
conclusion holds also in case of hydrolysis of imidoyl-chlo-
rides la-d. Actually, the parallel (in a number of cases it
ia predominant) formation of the Illb and Hid salts in the
dioxane-water (9x1) mixture is connected with obeying
the kgR3N JRIAN]>k2H2° [HgO] relationship. Thus, the
k.j > k2H2 [20] definitely holds in case of solvolysis,
i.e., Its rate can be determined by the stage of the water
attack at the nitrilium cationio ion pair IV. Consequently:

R,N u .. HLO
T 3 r 1 2 r 1
N [ — B S — [ H2°]
(7)
Table 1

Pseudofirst Order Rate Constants k™ q of Neutral Hydro-
lysis of N-Arylbenzimidoyl Chloridei C6H5C(C1)-NC6H4R
(D) in Dioxane-Water (9*1) Mixture at 25°C

A [11->05, [»(02H5! -103, [ie-cro*n-61 kj 0.a3
mol*I 11°0] bad | 1170] had | *10 .mol-11 Zg-1
1 % 3 4 5 6
4-CH, 4.9 - “ 31
5.1 - - 3.97
6.1 - - 3.88
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Table 1 continued

R R T, 5 4 T
9.8 - - - 3.87
9.8 = 4.05

=
£

o-(3.94 - 0.09)*10-3

H 0.9 - - - 1.47
1.8 - - - 1.51

2.7 - - - 1.54

2.7 - 0.686 - 1.41

2.7 - 1.03 - 1.35

2.7 - 72 - 1.43

4.2 - - - 1.55

4.2 1.63 - - 1.44

4.2 4.07 - - 1.53

4.2 8.14 - - 1.44

5.0 - - - 1.50

6.1 - - 1.81 1.43

6.1 - - 3.63 1.49

6.6 1.81 1.44
AH20 § (1.51-0.04)<10%3 *
4-Cl 3.8 - - - 0.330
3.8 - - - 0.310
7.6 - - - 0.340
7.7 - 0.371

©® (3.36%0.31) *10“4
3-Br 4.2 - - - 0.145
4.2 2.04 - - 0.149
4.2 1.02 - - 0.147
4.2 - - - 0.148
5.2 - - - 0.154
5.4 - - - 0.153
5.5 - 5.0 - 0.147
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Table 1 continued

2 3 4 5 6
5.5 5.0 1.02 0.151
5.5 5.0 2.03 0.146
5.5 - 5.0 3.05 0.148
5.9 - - - 0.156

* om 320 0.05)*10'4 *

* Mean value of the experiments without salt additions.

Table 2
Rate Constants of Pseudofirst kR N and Second kR N

Order of N-Arylbenzimidoyl Chlorides CgHcCFCIbNCgH.Rd)
Reaction with 4-N,N-Dimethylaminopyridine in Dioxane-
Water (9s1) Mixture at 25 C

[B8-orown-61- [NeCI] .103 [N(C2H5) CIIR HI- 1 _jo3

el<r reol.l 1 mol*1”1 *i03mol*l 102 3S-1
mol*1“1
2 3 4 5 6

- - 1.71 4.95
- - - 2.05 5.41
- 0.686 - 2.05 5.49
1.03 - 2.05 5.56
1.73 - 2.05 5.56
- - - 2.19 5.47
- 2.82 6.77
- 4.13 9.02

- 6.29 12.6

- 8.25 16.4

- - 12.8 24.0

- - - 26.3 43.6
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Table 2 continued

1 2 3 4 5 6
H 2.75 1.71 5.34
5.50 1.71 5.31

*

Ryt
- (15.9-0.3)* 10E 1"mol— s~

3-Br - - 0.892 0.170
1.08 0.185

2.75 - - 1.08 0.190

8.25 - - 1.08 0.172

13.8 - - 1.08 0.199

55.0 - - 1.08 0.199

- - - 1.78 0.269

- - - 2.23 0.326

- - - 3.37 0.484

- 2.75- 3.37 0.492
- - 5.50 3.37 0.492

- - - 5.01 0.606
- - - 6.48 0.751
- - - 7.85 0.950
- - - 10.1 1.18
- - - 11.8 1.43
- - - 13.4 1.58

_ (1.1270.02)= 102 I*mol""1s"'1 *

* Calculated according to experiments without salt and
crown-ether additions.

Facts Confirming Existence of 3jj2 (IP) Mechanism.

Although the above data on the kinetics of the hydrolysis
and aminolysis of the la-d imidoyl chlorides and the absence
of the effects of chloride salts on their rate are in corres-
pondence with the Sjj2(IP) mechanism, the results do not con-
tradict the mechanism of bimolecular substitution. According
to the latter, the attack of nucleophilic agents can be di-
rected at the covalent substrate 1, and not at ion pair IV
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of the Sn2 (S) process. The data concerning the substituent
effect on the reaction rate in the imidoyl molecule permit
t exclude the alternative, as it was demonstrated on the
example of the aminc7>Iysis processes of analogous substrates
in chloromethylene .

For the hydrolysis rate constant of the la’d imi“
doyl chlorides, holds the Hammett dependence (8):

log * _(2.81-0.02) - (2.61#0 .08)6r 2 ®)

N n4; sQ B 3.42-10"2; r = 0.999

A relatively high negative value of pR2, which equals
-2.61 in case of the reaction studied, clearly evidences
about the ion-pair mechanism, given gn Scheme (5)-The value
is close to that obtained earlier in (pR2 a -2.75) for the
same reaction series In the presence of 0.01 M NaCIO™ and
the pR2 m -2_.3" for the aminolysis of compounds 1 in chloro-
methylene, iIn whose case the SN2(IP) mechanism is also postu-
lated. It should be stressed that for the SR2 (S) processes
with participation of imidoyl chlorides I, in aprotic media
the pR2 parameters differ from those obtained by us by their
absolute values and signs. Thus, in case of the bimolecular
interaction of N-arylbenzimidoyl chlorides 1 with 4-N,N-di-
methyl aminopyridine in chloromethylene pR2 >+2.3" but in
acetonitrile pR2 = +1.77*.

At the same time, the pR2 values obtained in the present
work, remarkably differ from the analogous parameter of the
ionization process (k) of compounds I in acetonitrile
(PR2 a -5.0 ). This phenomenon can be easily explained, since
in the case of the SN2 (IP) mechanism (Scheme (5), kinetic
equation (7)), the pR2 value is a complex one and reflects
not only the susceptibility to the substituents* induction
effect of the ionization stage of the substrate (k™ but
also that of the following stages of the ion pair transfor-
mation (K", kg):

Ph2 - Pi + Pr - 9-1 (9>
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The data about the selectivity of the process concerning
the nucleophiles studied, i.e. water and 4-N,N-dimethylamino-
pyridine do not contradict the ion pair mechanism of these
reactions. Assuming that in case of both the hydrolysis and
aminolysis reactions holds the first reaction order accord-
ing t nucleophile, it can be said on the bases of the ob-
served rate constants given in Tables 1,3, taking also into
consideration the concentrations of water in the mixture
(.6 mole™1”’1) and the rate equation (7) for substrates Ib,
Id that the selectivity values S equals

(*) *

Slib * jico « 589 - 27
12
KRN

slid e W'T05—— * 415 1 21
2 2

It can be said on the basis of the results that the stage
of transformation of intermediates IV into the final products
is quite susceptible to the attacking nucleophile nature. If
the nitrilium cation becomes more stable, the reaction selec-
tivity of the ion pair also tends t increase: Ivd 1V b.
Nevertheless, it is hard to say, whether it is a general ten-
dency for all substrates of type I.

Kinetics and Reaction Mechanism in Presence of
Sodium Perchlorate

Kinetic Regularities_Adding sodium perchlorate into the re-
action mixture leads to a remarkable acceleration of the
hydrolysis and aminolysis of imidoyl chlorides I. In presenoe
of salt and in case of the correlation of the reagents

[H20j > [R3N] > [ij o 10 ~ mole»l_ 1 , the pseudofirst order
rate constants of hydrolysis (k® Q) and aminolysis (kE N),

calculated by means of Eq. (4), remain the same during the
reaction. Their values are given in Tables 3,4.
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Tables 3,4 show that in case of fixed concentrations of
sodium perchlorate, the accumulation rates of both amide Il
and salt Il are quite close for substrates Ib and Id, not
depending on the 4-N,N-dimethylaminopyridlne concentration
in the solution. Thus, iIn the presence of sodium perchlorate,
the attack of nucleophilic reagents at the nitrilium cation
ion pair cannot be the rate limiting stage of the both pro-
cesses (as it was in case of absence of salt).

Table 3
Effect of 18-Crown-6 and Salts on Hydrolysis Rate of
N-Arylimidoyl Chlorides CEH5C(C1)=NC6H4R (1) in Dioxane-
Water (9:1 volume) Mixture at 25°C

E (18-crown- 6)I =(NaCl0,) =(NaCl).103, kc o_1104 AHgO~HgON
<10 mole»l—" <10~ : mol.I*1 <
mol .11
1 2 3 4 5 6
H 1.04 — 123 108
- 1.1 - 174 159
- 2.50 - 340 325
18.1 2.50 - 159 144
- 3.32 - 423 408
- 4.00 - 515 500
- 5.32 - 657 642
18.1 5.32 253 238
kc = (12.1-0,.5 I"mol'1s-1 *
3-Br 0.992 - 6.42 4.91
6.51 0.992 1.45 ~0
12.2 0.992 - 1.54 ~0
27.1 0.992 - 1.53 -0
- 2.24 - 13.5 12.0
- 3.11 - 16.1 14.6
- 3.3 - 19.4 17.9
4.11 - 22.8 21.3
5.00 - 28.6 27.1
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Table 3 continued

1 2 3 4 5 6
- 5.00 0.200 18.0 16.5
- 5.00 0.380 13.4 11.9
- 5.00 0.750 10.0 8.50
- 5.00 1.00 8.53 7.02
- 5.00 1.25 7.38 5.87
- 5.00 2.10 4.95 3.44
- 5.00 2.50 4.50 2.99
- 5.00 3.75 3.08 1.57
- 5.00 4.50 2.82 1.31

3-Br 5.00 5.00 3.06 1.55
- 5.59 - 29.3 27.8
- 7.06 - 35.8 34.3
- 10.0 - 51.1 49.6
- 10.0 - 51.7 50.2

kc = (4.93 £ 0.11).10“1 l«mol-1s*1 * )

Calculated from the experiments without sodium chlorate
and crown-ether additions.

Table 4
Effect of 18-Crown-6 and Sodium Perchlorate on
Aninolysis Rate of N-Arylbenzimidoyl Chlorides
C6H5C(C1)=NC6H4R (I) in Dioxane-Water (91 volume)
Mixture at 25°C

(18-crown-6)e (NaCI03.1)0103 (R,N)«102 kE w (k®

<107, mole*1 1 mol*1°1  moldl"1 #g4 3
s"1 < x>
“100s 1
H - 0.223 0.848  69.7 41.1
- 0.223 1.07  73.9 418
- 0.223 148 807 421
0.446 1.07 109 76.9
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3-Br

0.69
1.38
2.75
8.26
27.5
41.3

0.670
1.04
1.04
1.04
1.12
1.79
2.23
3.35

kc

0.75
1.86
3.73
4.10
4.10
4.10
4.10
5.59
7.45
10.0
10.0
10.0
10.0
1.49
1.49
1.49
1.49
1.49
1.49
1.49

@r.z2 -

Table

4
1.07
0.982
1.74
3.05
1.07
1.07
1.07
1.07

0.2)

1.78
1.78
1.78
0.69
0.81
1.01
1.78
1.78
1.78
1.01
2.50
5.34
8.00
1.08
1.08
1.08
1.08
1.08
1.08
1.08

4 continued

5
152
207
223
246
220
355
424
607

lemole*1l s*1 *

5.091
11.9
20.8
23.0
23.9
5.1
23.9
30.9
41.1
55.0
56.8
58.2
61.2
10.9

9.23

8.23

6.88

6.34

6.19

5.93

176

2.41
8.40
17.3
20.7
21.5
22.4
20.4
274
37.6
51.5
52.5
51.5
50.7
8.17
6.50
5.50
4.15
3.61
3.46
3.20

kc - (5.23 + 0.08) =101l .mole~v L~

* Calculated from the experiments without crown-ether

additions.



Dependences "k£ N - (NaCIO™)'™ and "kE Q - (NaCIO™M)™

are linear in the studied variation range of the salt con-
centration, on one hand, evidencing about the absence of a
special salt effect caused by varied behavior of salt affect-
ing the contact and solvatlonally divided ion pairso, and on
the other hand, referring to the activity of various forms of
salt-ion pairs and free cations.

Thus, iIn the presence of sodium perchlorate, the reaction
rate (1,2) can be described by Egs.(10,11), where ky q and

k"R are the effective rate constants in the absence of

salt but Ko (I»mole“1s~1) is the catalytic rate constant,
conditioned by the salt molecule action.

“RjN m ~ 3N * *c<MaC104> (10)

m*K20 + *c<Na01V an

The Kk values (Tables 3,4) for the hydrolysis and amino-
lysis reactions of imidoyl chlorides 1b, Id are fairly close.

It can be seen from Tables 1 and 2 that adding 18-crown-6
(up t 0.05 mole*I"1 concentration) does not remarkably affect
the rate of the processes studied. At the same time, crown-
ether considerably weakens the accelerating effect of per-
chlorate salt up to its total suppression in case of hydro-
lysis . It has already been mentioned that sodium chloride
affects neither the hydrolysis nor the aminolysis rates both
in case of absence or participation of crown ether (Tables 1,2).
However, at fixed concentrations of sodium perchlorate, its
chloride has a remarkably decelerating effect (Table 4).

Mechanism of Salt Effect

The sodium perchlorate effect on the rate of the reactions
studied can be explained by the specific salt effect, since
the other salts (NaCl, IKCgH™MCI) are practically indiffer-

ent under such conditions. Its effect can be confirmed by a
series of facts:
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a) change of the reaction order concerning the nucleophil-
ic reagent (the rate determining stage changes);

b) participation of the cation of salt in the transition
state of the rate limiting stage;

Cc) appearance of a new reactive nitrile-cation substrate
form on the reaction coordinate.

The first conclusion must be right, since it is confirm-
ed experimentally by the absence of the dependence of the re-
action rate constant Kk on the nucleophile (tertiary amine)
concentration and on its nature.

The second conclusion has been drawn on the bases of the
data concerning 18-crown-6 effect on the sodium perchlorate,
which at the sufficient 18-cromn-6 concentration in the re-
action mixture totally disappears. These results pemit to
exclude the ion-pair type reaction mechanism, where in the
rate limiting stage the contac6 ion pair transfers into the
solvationally divided one (cf. )= Here the accelerating ef-
fect of the salt would be caused by a simple chloride-ion
exchange in ion pair IV by the perchlorate anion taken with-
out the contribution of the sodium cation. If such an effect
was responsible for the sodium perchlorate effect, the in-
crease of the anion concentration at adding crown-ether to
salt would lead to the increase of the rate, or at least it
would not change it. In fact, a contrary effect has been ob-
served.

It proceeds from obeying the linear dependences (10,11)
for the hydrolysis and aminolysis reactions of imidoyl chlo-
rides | that the degrees of the activation of both the free
salt cations and its ion pairs* are quite similar. Consequent-
ly, in the transition state of the rate limiting stage can
participate either the salt cation itself or its ion pair.
Evidently, the metal cation contributes electrophilically to
the C-Cl bond heterolysis in the imidoyl chloride molecule.

* The data on the state of the NaX salts (X=C1, Br, CIO")
in the dioxane-water (9:1) mixture (£ =5.75) will also be
published soon.
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During the ionization process and the following transforma-
tions, a more reactive nitrile-cation substrate is formed
in the system, if compared with the IV intermediate, e.g.
with a free nitrilium cation. Inhibiting action of sodium
chloride against the background of perchlorate salt refers
to the appearance of the free nitrilium-cation on the re-
action coordinate. The character of the "kup - [NaCl]”
dependence for the studied hydrolysis reaction is analogous
to that of aminolysis of imidoyl chlorides in acetonitrile
in participation of NaCl’ , in the case of which the salt"s
decelerating action is connected with the return of the free
sodium cation into ion pair IV according to the effect of
the similar ion. An alternative explanation connected with
a possible association of the molecules of perchlorate salt
in case of sodium chloride addition thus causing a decrease
in its active form seems to be more doubtful. Actually, it
follows from the date of electric conductance of the NaCl
and NaCIO™ salt solutions in the dioxane-water (9:1) mixture
that a remarkable formation of ion triplets or other aggre-
gates cannot be observed in the given concentration range.

Thus, in general, the mechanism of sodium perchlorate
effect on the processes studied can be described by sche-
me (12). According to the scheme in the rapid inversive
stage, the salt and imidoyl chloride form complex V which
slowly transforms via the corresponding aggregates VI, VII
into the free nitrilium cation VIII. Formation of final prod-
ucts from aggregates VI-VIII because of the action of nucleo-
philic agents as well as the mutual transition from VI to
VIl proceeds during rapid stages, not limiting the rate. In
addition to the function of the salt cation in accelerating
the ionization of imidoyl chlorides, the peculiarity of sche-
me (12) is in the absence of the external return of cation V*
VII1 into ion pair VIl being affected by the perchlorate ion.
Such a return predominates in the case of chloride ion, i.e.
the dissociation of IV cannot proceed up to the free cation
without sodium perchlorate participation.

It follows from the aforesaid that in the reactions
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studied, sodium perchlorate has a double function. On the
one hand, it favors the imidoyl chloride ionization at the
expense of the electrophilic contribution of the cation (the
rate limiting stage); on the other hand, it excludes the pos-
sibility of return into the ion pair and thus into the per-
chlorate substrate, which, evidently cannot actually take
place. Thus, the data obtained by us will characterize the
transition from the SN2(IP) mechanism to the Na+C10"™*SN1
mechanism in the series of imidoyl halogenides.

These results help also explain the literature data’ *
available.

- C4 N-R2“CI* .Na+.C104- —

4CI. . .Na+Cl0, VI
vV
RYc £ N-R?*C10~ + Na'CI~-
Na+C104 Na Vil (12)
4
VI

The conclusion of the authors ofl that the hydrolysis of
imidoyl chlorides proceeds according to the Sjj2(IP) mechanism
is valid, since the experiment was carried out without the
presence of salt additions. The authors of report are also
correct claiming that in case of a constant ion strength sup-
ported by sodium perchlorate, the hydrolysis of diarylimi-
doyl chlorides goes according to the Sl mechanism. Thus,
taking into consideration the fact that sodium perchlorate
can affect the rate limiting stage eliminates the seeming
contradictions in interpretation of the results of papersl*2-
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Experimental

N-arylbenzimidoyl chloride was synthesized from the cor-
responding amides and purified by a double redistillation in
vacuum. Sodium perchlorate and sodium chloride of ‘‘chemical-
ly pure"™ grade were used without an additional purification.
Tetraethylammonium chloride of "pure™ grade was reprecipi-
tated with ester from the solution in chloromethylene.Before
use, the salts were dried in vacuum (0.1 Torr) . 4—N,N—gi—
methyl aminopyridine was obtained applying known methods
and It war twice sublimated ingvacuum- Dioxane was purified
by means of ordinary technique . Bidistilled water was de-
gasified by boiling it for two hours. The dioxane-water

(9sD) mixture was prepared at 20°C, pH of it being 7.15.The
solutions of salts and reagents were made by weight.

Kinetic measurements were carried out applying tradition-
al methods. The working solution of 2.5 ml volume, thermos-
tated in a cell was added 0.02 ml of imidoyl chloride solu-
tion in toluene at the traditional concentration ( 107
mol»1”7)_ The mixture was stirred and the cell was put into
the thermostated cell of a spectrophotometer SF-46. The er-
ror of calculation of the constant from a single experiment
according to (3 did not exceed 2%.

References

J. Ugi, F. Beck, and U. Fetzer, Chem. Ber., 2*5,126(1962).

2. A.F. Hegarty, J.D. Cronin, and F.L. Scott, J. Chem. Soc.
Perkin 11, 5, 429(1975).

3. C. Ingold, Theoretical Foundations of Organic Chemistry,
(in Russian), "Mir", Moscow, 1973, pp-400-419.

4. M. Litvinenko, L.P. Drizhd, E.N. Kryuchkova, and
V_A. Sawyolova, Ukr. khim. zhurn., 1, 965(1985).

5. A.P. Prudenko, L.P. Drizhd, and V.A. Savyolova, ZhOrkh,
22, 821(1987).

6. V. Jencks, Catalysis in Chemistry and Bnzymology (Rus-

sian transl.), "Mir", Moscow, 1972, p. 425.

=

197



L.M. Litvinenko, L.P. Drizhd, E.N. Kryuchkova,

V.A. Sawyolova, and A.A. Yakovets, Ukr. khim. zhurn.,
11, 1057(1985).

E.A. Ponomareva, P.V. Tarasenko, A.G. Yurchenko, and
G.F. Dvorko, ZhOrkh, 22»548(1983).

S. Winatein, P.E. Klinedinst, and C.C. Robinson,

J. Am. Chem. Soc., 82, 885(1961).



Organic Reactivity
Vol. 24 2(86) 1987

STUDY OP SH1 REACTIONS USING VERDAZYLS
VI11.K Ph2CHBr HETEROLYSIS KINETICS IN CYCLOHEXANUNE
AND ACETOPHENONE. SOLVENT INFLUENCE ON PERCHLORATE
CATALYTIC EFFECT

T.L. Pervishko, E.A. Ponomareva, and G.F. Dvorko

Kiev Polytechnical Institute, Chair of Organic Che-
mistry and Organic Substance Processing, 252056, Kiev

Received June 29, 1987

EhgCHBr heterolysis kinetics in acetophenone and
cyclohexane at v = k [Fh2CHBr] was studied. LiCIOM
additions gave rise to a linear increase in the reac-
tion rate, whereas the halogenides decreased the lat-
ter. The mechanism of perchlorate catalytic effect
was discussed.

Our earlier papers of this seriesl-6 present data on the
kinetics and mechanism of Ph"CHBr heterolysis in MeCN,
PhHO2» 1 ,2-dichloroethane, propylene carbonate and acetone.
In all solvents, excluding acetone6 special salt effect of
perchlorate is observed - the curve of reaction rate con-
stant vs. salt concentration shows a sharp deflection, i.e.
the First part of the curve demonstrates rather pronounced
increase of the rate constant value with increasing per-
chlorate concentration and then follows a less steep curve
section. In acetone solution such a deflection is missing -
here the linear increase of the reaction rate constant with
increasing perchlorate concentration is observed. This salt
effect is described by Winstein®s equation ()"

ka = k (1 +b[WC104-D , @

0} _ _ A
V11 is reported in
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where kg and K are reaction rate constants with and without
salt, respectively, and b is a value showing the addition
efficiency. Special salt effect may be described by two va-
lues of b™ 7 . Special salt effect was <caused by the ca-
talytic action of the perchlorate anion at the stage of
charge separation in an intimate ion pair through the for-
mation of the anion triplet CIOT |solv | R+X~ Earlier
it was suggested that this process resulted in the forma-
tion of a solvent—separ%tﬁg ion pair, at the present moment,
however, it is believed that 010" catalyzed the forma-
tion of a space-separated ion pair during the transition of
the intimate ion pair nucleofuge to a solvent structural
defect, e.g., to a cavity. The solvent-separated ion pair
is formed in the following rapid stage.

The special salt effect is an example of the nucleophil-
ic catalysis. Dannenberg™ ~
effect with the catalytic action of CIO", suggesting.that the

also connects the special salt

perchlorate anion substituted the solvent molecule solvatiz-
ing the covalent substrate from the rear side of it. We
believe this substitution to occur in the intimate ion pair,
i.e. the perchlorate salt effect is determined by the fol-
lowing reactions

0104 +
Solv,Solv|R X- - Cl10M SolvlR X ————-CIO™MSolvliR .. .X (2

If an ion triplet is formed, the solvent molecule in the sec-
ond solvate shell will be substituted since CIO”N is unable to
form an intimate ion pair with such a stable carbocation as

Ph2CH+.

The fact that the special salt effect is missing in ac-
etone may be explained by the shift of the equilibrium to the
left (2) in this solvent, whereas the special salt effect re-
quires an almost complete conversion of an intimate ion pair
into an anion triplet. The matter is that acetone may form
stable solvates with the incipient carbocationl+* due to C=0
group. To substantiate this suggestion, we studied the
PhgCHBr heterolysis kinetics in other ketones (PhCOMe, cyclo-
hexanone) as well. Besides, the influence of perchlorate on
the rate of the above reactions was also studied.
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lc
Kinetic tests were performed as it was reported in ,

using triphenyl verdazyl as an internal indicator. The con-
centrations of the substrate and verdazyl in the tests were
0.15-0.05 moles/1 and 1.5 *10“~ mole/l1, respectively. The re-
action was discontinued after 20 to 50 % consumption of the
indicator; the substrate conversion degree was 0.05-0.01 %.
In all cases involved (with and without salt additions) the
reaction rate was fairly well described by the first order

kinetic equation.
v = Kk [Ph2CHBr ] .

Verdazyl concentration has no influence on the reaction ra-
te. Consequently, similarly to the behavior in other sol-
vents verdazyl gets involved in the reaction after the
rate-determining step.

Kinetic test results are shown in Table 1.

Table 1
Pi~CHBr Heterolysis Kinetics in Cyclohexanone
and Acetophenone in the Presence of Vd*.

Tempera- 4 HA w e -
Solvent k.108,.-1 a) kJ/mole J/mol»K

ture ,°C
cyclo- 25.0 1.86 + 0.04
hexanone 30.5 3.44 + 0.17 85 + 1 -109 + 3
35.0 6.24 + 0.04
40.5 11.0 + 0.2
44 .5 15.6 + 1.4
25.0 6.00 + 0.05
30.5 10.6 + 0.1
PhCOMe 35.2 1581 0.1 72 + 1 -123 1 5
40.5 25.8 + 0.1
45 .3 41.6 + 0.4
Me2CO 25.0 15.1 6 6 « -155 b>

Q}

Average of 2-4 determinations.
k~As reported in
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The last line in Table 1 shows the kinetic parameters of
PhgCHBr heterolysis in acetone6. In the sequence of sol-
vents cyclohexanone-acetophenone-acetone the reaction rate
increases almost by an order of magnitude. This is determi-
ned by the decreasing value of gH”, which makes up for the
decrease of value in the same solvent sequence.
Table 2 shows the effect of salts on PhgCHBr heteroly-
sis in acetophenone and cyclohexanone.
Table 2
The Effect of Salt Additions on Pi~CHBr Heterolysis
Rate in Cyclohexanone and PhCOMe, 25°C

Solvent Salt; c »102, mole/1 K *108, s"1
LiC104; 0.988 10.9 = 0.1
Liclon; 1.42 13*9 + 0.2
LiC104 ; 2.63 19.8 + 0.1

PhCOMe LiClOnNj 2.62 19.8*+ 0.2
LiC104 ; 3.66 23.1 + 0.1
LiC104 ; 5.25 29.6 + 0.1
Et4N+C1~$ 0.145 2.90 + 0.06
Liclon; 1.01 2.24 + 0.01
LiC10n; 2.38 2.58 + 0.12

Cyclohexanone LiCI0%; 2.55 2.88 + 0.10
LiC104 ; 3.96 3.42 * 0.07
LiC104J 5.38 3.70 + 0.08
Et4N+Br"; 0.0555 1.03 + o0.01
Et~N+CI“} 0.10 1.00 + 0.01

*In the presence of 0.0328 mole/1 18-crown-6.

The halogenides decrease the reaction rate, whereas in
the presence of LiCIO”™ it shows linear increase with increas-
ing salt concentration. Special salt effect is not observed.
The pattern of salt effects is similar to that in acetone
solution6. The addition of dibenzo-18-crown-6 has no effect
on the reaction rate as in MeCN~ solution. This speaks for
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the fact that the perchlorate effect has no relation to Li*
catalytic action ﬁzmilar to that observed in l-adamantyl-p-
toluene sulfonate . Active agents in the perchlorate solu-
tion may be either the anion CIOT or the salt ion pair. As
reported in J% these agents are of equal catalytic effect
thus explaining the linear increase of rate constant with
increasing perchlorate concentration.

Table 3 shows the comparison between the log values
for PhgCHBr heterolysis rate in three ketons as well in
MeCN, PhCN and 1 ,2-dichlorethane, on the one hand, and b-
parameter values [Equation (1)] and several other solvent
parameters, on the other hand. In the last three solvents,
where special salt effect is observed the b value is taken
for the first part of the curve kK - [M+C10™ 3.

Table 3

The Effect of Solvent Nature on FhgOHBr Heterolysis

Rate and on Perchlorate Salt Effect Value, 25°C

! b z, .
Solvent -igk25 keal/mole 5(20) 1
LiC104 Et4NC104 cm

Cyclohexa- 7.73 19.0+0.1 - 64.8 18.3 242
none

Me2CO 6.85 37.8+0.1 3.2+0.1 65.7 20.7 224
PhCOMe 7.22 69.4+0.1 - 65.4 17.4 202
MeCN 5.60 69.3+0.1 48.7+0.1 71.3 37.5 160
PhCN 7.49 860.2+0.1 208.5+0.2 65.0 25.2 155
1,2-dichlo-

roethane 7.83 - 705.7+0.1 63.4 10.4 40

Positive salt effect during organic substrate heteroly-
sis is usually considered to increase with decreasing solvent
polarity . In our case we deal with special salt effect
rather than that of ion force. The value of the former de-
scribed by b-parameter shows no correlation (see Table 3)
with the solvent polarity parameters 6 and Z (Kosower para-
meterl”). The above table shows b-values to grow with the
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decreasing nucleophilic level of the medium (B-parameter?®)
both for LiCIO” and Et~N+C1l0”. The second peculiarity of
the perchlorate effect lies in the fact that LiCIO”™ gives a
much greater increase in the reaction rate than Et~N+C10~.

EhgCHBr heterolysis mechanism in the presence of vd*
and perchlorate may be written as

K kp +
RX T R X ———-NF R X
-1 4 vd*
kJ ciro” R+1s IX” * Products
1ik3 k
CIO-1SIR+X~—— CIO

Without perchlorate additions the reaction rate is determined
by the step of converting the intimate ion pair into the spa-
ce-separated one (kg)» which then is rapidly transformed in-
to the solvent-separated ion pair (k?) and the latter shows a
fast reaction with vd” (kr,). In the presence of perchlorate
an ion triplet (1) is formed and then slowly converted into

a triplet with a space-separated ion pair (1l), the latter
triplet in its turn is quite rapidly transformed into a sol-
vent-separated ion pair (k&). Reverse reaction from solvent-
separated and space separated ion pairs seems to have no
considerable importancek'lo. Thus, the reaction in the pre-
sence of perchlorate goes along two paths, its rate being

v = K2[R+X"] + k4 [CIO~fs IR+X"] ,

re-1 k(k +k}[RX]
where [R+X 1= ————---—ocl’ o i
(k.1 + k2 + k3[C10])(k 5+k) - k3*k[C104J

] k, [R+X~J [C10T]
and [0i0: sl rV ] = .
k-3 + k4

With increasing perchlorate concentration the concentration
of the intimate ion pair visibly decreases, whereas that of
the anion triplet goes up. Under the rate-determining for-
mation of space-separated ion pairs (i.e. k2« k™ and
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kN« k_2 with the increase of perchlorate concentration,
when R+X~=?=CION|S R+X~ equilibrium is almost entirely

shifted to the tight should tend to a constant value
A
K =— — - _ Therefore, the catalytic effect of the perchlo-

*
rate should have the form of a saturation curve. This is
shown fairly well in a propylene carbonate solutionl, where
the usual salt effect is practically of no value. In less po-
lar solvents (PhCN, MeCN, PhNOg, 1,2-dichloroethane) the nu-
cleophilic catalytic effect of perchlorate is superimposed
by the usual salt effect which results in a typical pattern
of the special salt effect.

Decreasing perchlorate catalytic effect with the in-
crease in the solvent nucleophility seems to be related to
the equilibrium (2) shifting to the left side. A smaller
Et4N+C104 effect as compared with that of LiClIO”™ seems to be
determined by the equilibrium EtAN* + R+X“=J6=R+X*“Is] + NEt"3
which is observed in the first case and decreases the
C104 |SIR+X™ concentration.

Negative salt effects of halogenides both with a common
and a non-common anion show that during the PhgCHBr hetero-
lysis in ketones no free carbocation is formed. Decreasing
the reaction rate in the presence of halogenides seems to be
determined by the "reaction of the halogen-anion with the
space-separated ion pair transforming into the intimate one
which later is closed to form a covalent product.

Experimental

The peagents were obtained and purified as reported
earlier * _ Cyclohexanone was dried twice with Na2SO® and
rectified, b.p. 155°C. Acetophenone was dried twice with
KgCO™ and rectified three times under vacuum, b.p. 55°C
(2-3 Torr). Kinetic tests were performed in the thermosta-
tic cell of sF-18. The reaction rate was controlled against
the Vd* consumption. Individual tests showed that the rate
control against the verdazylium bromide formation gave fair
reproducibility.
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Kinetics of phosgene solvolysis in
ROH alcohols (R m Me, Et, n-Pr, n-Bu,
s-Bu) in the range of -77 - 0° has been
investigated. The effect of substituent
structure in alcohol on the reaction rate
has been described by E° and n™ constants.
The latter parameter characterizes the
differences observed in alcohols behavior
during alcoholysis and divides them into
three groups: methanol, primary alcohols
except methanol, and secondary alcohols.
The reaction series is shown to be 1iso-
entropic and the dependence, describing
the influence of both structural factors
and temperature on reaction rate, has
been found.

Investigation of kinetics of acyl chlorides solvolysis
in alcohol is of great interest as in this oase aloohols act
as reagents and medium at the same time. Out of all acids of
chloroanhydrides, phosgene is the least studied in this re-

207



spect because of its high reactivity. In the only paper de-
voted to this problem some data on phosgene solvolysis in
2-propanol and 2-butanol are available, but rather a narrow
range of temperatures was consideredl. Thus, it seemed ex-
pedient to study the kinetics of phosgene solvolysis in a
number of primary and secondary alcohols (reaction (1)) in
an expanded temperature range. q

coclg + ROH ————- — RO-C-C1 + HC1 (€))
Kinetic measurements were made by the conductometry

method, the results are presented in the Table and in Fig.1l
through the Arrhenius dependencies.

Table
Rate Constants and Activation Parameters
of Phosgene Solvolysis in ROH Alcohols
) K1 1032, A, -ASA,
R T, °C KJ J
s-1 I.mol“1*s-1 mol moll «K
1 2 3 4 5 6
Me -76.5 0.0328 1.09 36.6+t0.8 113 + 4
-73.9 0.0445 1.48
-73.6  0.0503 1.68
-71.2 0.0496 1.66
-71.0 0.0551 1.84
-71.0 0.0489 1.64
-62.3 0.167 5.68
-62.0 0.123 4.19
-61,0 0.151 5.15
-59.5 0.177 6.06
-59.5 0.196 6.72
-56.0 0.261 8.9
-55.5 0.292 10.1
-50.0 0.430 15.0
-49.5 0.515 18.0
-49.0 0.492 17.2
-45.2 0.562 19.8
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Et

n-Pr

2
-41
-40

-39.

-38

-37.

-72.
-71.
-60.
-60.

-59

-49.
-49.
-48.
-40.
-39.

-39
-33

-33.

-32

-63

-60.
-60.
-52.

-51

-49.

-49
-49
-48
-41
-40

-40.

-38

-30.
-29.

B N o ® o

M ©o 0o omoooohoiN oo

Ol oO®m®ONNGO O mO Ul O

3
0.950
1.15
1.38
1.34

1.46

0.0328
0.0378
0.0879
0.108
0.0932
.237
227
.254
.524
.399
.486
711
744
775

o

O O O OO0 o oo

.0549
.0481
.0602
.108
.0900
.138
.125
122
.144
236
258
259
299
538
527

© OO0 0O O OO0 OO0 0o oo oo

33.8
41.0
49.2
48.0

52.4

1.74
2.01
4.72
5.80
5.01
12.9
12.3
13.8
28.7
21.9
26.7
39.2
41.1
42.8

3.80
3.34
4.18
7.52
6.30
9.69
8.76
8.57
10.1
16.4
18.2
18.3
21.1
38.3
37.6
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30.5+0.7
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143 + 3
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n-Bu

2
-25.8
-24.8
-21.8
-21.0
-18.5

-48.2
-39.0
-38.3
-31.0
-29.8
-29.6
-22.0
-21.3
-21.0
-15.5
-15.3
-15.3
-11.5
-11.5
-11.0

-6.2

-6.0

-6.0

-1.0

-1.0

-1.0

-54.2
-54.0
-53.0
-49.5
-49.5
-44.0
-43.0
-42.0

3
0.763
0.601
0.958
1.23
1.07

0.0128
0.0204
-0244
.0538
.0498
0477
-0900
.0865
.0793
-160
.150
.133
201
173
.238
.243

OO0 OO0 OO0 OO0 O0OO0O0

o

0.283
0.347
0.473
0.331

000577
0.102
0.108
0.120
0.136
0.151
0.193
0.265

Table continued

4 5 6
54.6
43.1
68.9
88.4
77.3

0.913 37+ 1 140 + 4
1.47
1.76
3.91
3.63
3.47
6.60
6.35
5.82
11.8
1.1
9.83
14.9
12.8
17.6
18.1
18.6
211
26.0
35.7
24.8

4.94 31+2 142 + 7
8.69

9.24

10.3

11.7

13.1

16.6

22.9
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Table continued

1 2 3 4 5 6
-35.0 0.298 25.9
-34.5 0.390 33.9
-34.5 0.362 31.5
-29.2  0.450 39.4
-29.0 0.545 47.7
-25.5 0.723 63.5
-25.0 0.607 53.3
-24.8 0.854 75.0
-24.5 0.761 66.8
-24.0 0.636 55.9

8-Bu -41.0 0.0134 1.16 36.6+0.8 142 + 3
-30.0 0.0326 2.85
-30.0 0.0303 2.64
-22.5 0.0552 4.86
-21.5 0.0533 4.70
-16.6 0.0878 7.78
-16.0 0.0835 7.40
-15.2 0.0936 8.30
-11.0 0.129 11.5
-10.8 0.132 11.7

-5.8 0.180 16.1
5.2 0.164 14.6
-5.0 0.171 15.3
-2.0 0.205 18.4
-2.0 0.239 21.5
-1.5 0.260 23.4
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Fig- 1. Arrhenius depen-
dencies of phosgene sol-
volysis in ROH alcohols.

Activation parameters of the reaction are rather Ilow
and correspond to the reaction course according to the ad-
ditional imination mechanisml-3. Good correlation between
the rate constants logarithms of phosgene and methyl chloro-
formate (MCF)4 alcoholysis in corresponding alcohols also
testifies to this (Fig. 2). The latter reaction also pro-
gresses according to the addition-elimination mechanism. The
existence of linear dependence (Fig.2) as well confirms the
invariability of the mechanism in the reaction series.

Fig- 2. Interdependence
of rate constant loga-
rithms of phosgene (25°C)
and MCF (30°C) solvoly-
sis in ROH alcohols, r =
» 0.996.

log"MCF

We made an attempt to use the Taft equation3 for the
analysis of the effect of alcohol structure on the reaction
rate. It turned out that there was no linear dependence be-
tween log k and E, ang E° at -40°C. Sternjc constants in cor-
respondence with the isosteric principle were taken for the
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RCHg series.

So far as alcohols in our case being reagents also act
as solvents, it was of interest to evaluate their reacti-
vity in the frames of the Kirkwood model and by the Koppel-
Palm equation™. For teg‘t.—butyl chloride such an approach
proved to be efficient . However, in case of the reaction
series being now investigated, an attempt to obtain such a
correlation failed. Abnormal behavior of methanol in compar-
ison with other alcohols, made us pay attention to it. The
"drop-out" of methanol from the general dependence of the
alcohol structure and medium properties influence on their
kinetics of pgosgenation, was observed in the diluted solu-
tions as well” . This fact is explained by the abnormally
high associative capacity of methanol, which, as follows
from works! 2, essentially influences the kinetics process.
The unusual behavior of methanol was discovered from the com-
parison of activation parameters and is illustrated by the
Arrhenius dependences (Pig- 1). Moreover, as it can be seen
from Pigs. 1 and 2, alcohols may be divided into three
groups: methanol, primary Cg-C™ alcohols, secondary alcohols.
Quantitatively this can be taken into account by means of the
h * xjj supplementary term introduction into the Taft equa-
tion, where My is the number of od-hydrogen atoms in substi-
tuent R; h - sensitivity factor. Experimental data for -40°C
processing, according to the above-mentioned equation, led
t a very good correlation (2).

log k2 = (2.2610.43) + (3.69-0.28)E° - (0.88+0.13)*" (@
Na6, R»0.99, SD «0.04

The result obtained is rather difficult to interprets.
The case is that the h-parameter usually characterizes the
"hyperconjugation™ contribution t the steric constant™*.
That is why the EZ scale™ was used in Eq. (2). It is diffi-
cult to speak of the "hyperconjugation™ effects on alcohol
nucleophility here as alcohol does not react in the form of
a monomer but in a self-associative or even *cluster” form .
The effect of the n™ factor on self-association is not evi-
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dent. To our mind, it can be only confirmed that Mg just
characterizes three different groups of alcohols, behaving
differently during phosgenation.

As follows from Eq. (2), the reaction series is highly
sensitive to steric hindrances. This correlates well with
the addition-elimination mechanism and the earlier dataljn
the phosgenation of alcohols in organic solvents medium -

In accordance with the results obtained, it is of iIn-
terest to consider the problem of the existence of isokinetic
temperature B in the reaction series. An attempt was made to
find B by means of (2) as a basic eequation, and utilizing
a mathematical apparatus developed in detail specially for
this probler>. All data given in the Table were used in cal-
culations, taking and not taking methanol into consideration.
The original equation characterizing the joint effect of
structural factors and temperature and comprising all possi-
ble cross temms is as follows 3):

a2 Ea °h
R*Ink2sal+-— + a3Es + adnH + a5- +a6- *
E®n,,
+ a"E°Mp + ag- F— . (©)]

where R is the universal gas constant, J*mol”1,K“1.
Regression dependence for -40°C analysis (3) with a suc-

cessive elimination of insignificant terms showed that igno-

ring methanol, statistically significant was correlation (4).

0

RAINK2 » (109.742.2) + (3*34+0.11)*10" & -

— (1.373+0.063)*10%«~ - (1.19+0.16) *104 .~ |~ (0))
N»8 , R=0.992 , SD = 1.110

Equation (4) suggests that R = 00, i.e. the reaction se-
ries under study is an isoentropic one. Actually, as can be
seen from the Table, for all alcohols except methanol,
are equal in the limits of determination of accuracy. If we
stillassume B to be different from the infinity, instead of
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Eq. (4) the dependence should be searched In form (5):
R.INkj, = a, + a2E°(1 - -+

+ adEnHN n

Calculation of factors al-ad and 3 by means of nonlin-
ear regression10 yielded to:

al - 88.2-1.9; a4 - 7.1-1.2; N « 89;
a2 *-21.0+0.8; R « 1600+30; R » 0.992;
a3 = 8.10M0.45; SD » 1.109.

Although the positive result seems to be obtained and
the B value on the whole corresponds to the isokinetic tem-
perature for the MCF solvolysis in aliphatic alcohols*,
Fisher’s ratio test testifies to the statistical equivalence
between the new equation and equation (4). However, correla-
tion dependence (@) is preferable, for it comprises less pa-
rameters.

In case of processing the data of the Table taking meth-
anol into consideration, as has been described above, we did
not succeed in getting statistically significant correlations.
Thus, as in the case of phosgenatlon in a solution , methanol
acts abnormally, phosgene methanolysis is characterized by the
AHT value comparable with the for the secondary alco-
lhols, and a relatively high (less negative) As” value.

Experimental

Alcohols were dried and purified by conventional tech-
niquesll, phosgene was distilled prior to solution prepara-
tion.

Kinetic measurements were carried out conductometrioal-
lyl according to the hydrogen concentration rise. The reac-
tion was conducted in an absolute alcohol; phosgene initial
concentration comprised (1-50)* 10°* mol/1. Conductivity ee-
ter 0K-102/1 was utilized in the work. Its signal was brought
out t a 056 Hitachi Recorder.
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To obtain the rate constant non-shifted evaluation, the
experimental data processing was conducted explicitly, mini-
mizing the square sums discrepancies between the experimen-
tal and calculated conductivity values, according to Eq. (6):

Aoo " At n (oo “ A0 «exp(-k.,*t), ®)

where AQ, A and are the conductivity values, correspon-
ding to the initial, current and "infinite" reaction time.
Value kjwas found and Ay and A, values were ascertained
during optimization. Minimization was accomplished by gradi-
ent method1®. Errors of rate constants determination did
not exceed 7 %= Calculations were carried out using an Apple
11 personal computer according to the original programs writ-
ten in BASIC in CP/M and Apple DOS 3.3 operating systems.
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Photoelectron spectra (PE) of 8 ket-
ones: fch2coch3, cf3coch3, (cf3)2co,
(F2CH)2C0, (CICH2)2C0, CF3CoCC13, (cyclo-
—C3HM)2C0 and 3-CF3CgH™MCOCH3 have been mea-
sured. Nonempirical quantum-chemical calcu-
lation of PE spectra of these molecules
using the Gaussian-80 program system (STO-3G
and 3-21G basis sets) and semiempirical
CNDO/2 and HAM/3 methods has been conducted.
Both predicted absolute values of the ioni-
zation potentials (IP) as well as the ade-
quacy of reflecting the relationship

IP =&t + b,
where a and b are constants, between the IP?

*  The material presented has partially been used in discus-

sing various aspects of ionization potentials® (IP) depen-
dences on structure and proton affinities (see papersl ~ and
references therein).
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measured from the PE spectra and the calcu-
lated eigenvalues of energy (-£7), show
that the HAM/3 method can be favored. The IP
dependences in homological series on such
parameters of molecules as proton affinity
(PA), binding energy (Eg) of the inner shell
electrons, shifts of the OH-group stretch-
ing frequencies of phenol in case of complex
formation with ketones in solution have been
monitored.

Comparison of IPv(nQ) and 1Py(W0) of
a wide range of carbonyl-containing com-
pounds (aldehydes, ketones, amides, esters,
carboxylic acids, halide anhydrides) with
IP(nQ) of ethers and alcohols, with IP(hjj)
of nitriles, IP(ng) of sulphur containing
compounds has been carried out. IPCn"g) oF
carbonyl containing compounds have also been
compared with llv®\eC) of alkenes and
1Py(~ac) of alkynes. It has been estab-
lished that there is a correlation between
the IP(NQ) and IPGICO) for carbonyl-contain-
ing compounds. A new interpretation of PE
spectra for a number of ketones, amides, es-
ters and carboxylic acids has been proposed.

In the present series of papers (see” and the refer-

ences therein), has been conducted a detailed analysis of
the PE spectra of various classes of compounds. The complex
approach appliedi“dincludes the empirical regularities, es-
tablished between the IP molecules and other physical para-
meters, characterizing the electronic structure of mole-
cules as well as the quantum-chemical calculations on dif-
ferent levels of theory. Special attention has been paid to
establishing the electronic structure and substituent ef-
fects in the compounds with electronegative substituents.

12*
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Experimental

The applied instrumentation and the methods of determin-
ing the PE spectra were described in paperl of this series.
The vertical 1onization potentials (IPy) have been deter-
mined as the band maximums in the PE spectra, while the adi-
abatic ones (IP) as the beginning of the band, the half-
width of the argon line in the spectrum being added. The
latter was also used for calibration of the spectra. The PE
spectra of the ketones given in Pig. 1 are averaged represen-
tations of the results of a repeated scanning of the spect-
rum.

CH3COCF3, 3-CP3CeH4COCH3, CF3COCC13, and ()2CO  com-
pounds were from "Aldrich™, FCH2COCH3 and (F2CH)2CO  from
"PCR" and "K&K', respectively. (C1CH2)2CO is a commercial re-
agent produced in the USSR, (CF3)2C0 was obtained by dehydra-
tion (P205) °* the corresponding hydrate.

The purity of the majority of reagents was tested by
means of gas-liquid chromatography. In order to eliminate
the dissolved gases from liquids, before registering the
spectra, the substances were exposed to several freeze-
thaw-freeze cycles in liquid nitrogen, followed by pumping
out the remaining gaseous ingredients.

Quantum-chemical calculations of molecules were per-
formed on a EC-1060 computer of Tartu State University Com-
puter Center (see also™*3). The calculations using the semi-
empirical CNDO/2 method were carried out with the original
parametrization, applying the “optimum™ bond lengths, sug-
gested InY»®.

Experimental geometry was used for the semiempirical
HAM/3 calculations™» In the absence of the data, the calcu-
lations were based on the optimum geometry found by the
nonempirical methods.

The ab initio calculations with a complete optimiza-
tion of the geometry were performed applying the Gaussian-
-8010 program sets. In Table 1 are given the total energy
values of molecules obtained in the calculations. Since the
values and the order of MO energies (-E” remarkably depend
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Pig. 1. PE spectra of some ketones.
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on the selected conformation, in some cases the optimum con-
formation was determined.

In Table 1 are presented the values of successive IP,
as determined from their PE spectra, and also the energies
of MOs according to the Koopmans®theorem, calculated by
several guantum-chemical methods. Alongside with determining
the MO symmetry, an attempt has been made to find an ap-
proximate localization character of orbitals (the generally
accepted symbols were used).

Discussion

As in the previous publications of the present series
(== and the references therein) we have again used a comp-
lex approach in studying the PE spectra. This approach in-
cludes not only the quantum-chemical calculations but also
the empirical regularities established on the basis of the
independent energetic characteristics of molecules.

Quantum-Chemical Analysis of PE Spectra of Ketones

It has been shown by us*’'~*~0 and by Kimura et ali1l
that within the applicability range of the Koopmans®™ theo-
rem, in a rather good approximation the experimental succes-
sive IP™ of a molecule (or a group of molecules) and the
calculated energies of the corresponding Mo (&) fit the
following linear dependence:

IP » a + b, @O

where a and b are constants.

In the present work, observance of this relatioship
has been checked for the whole set of the molecules studied.
The results of their statistical treatment are presented in
Table 2. It follows from these data that, although the IP
absolute values calculated applying the Koopmans” theorem
may in some cases differ by a few eV, If compared with the
experimental ones, the given relationship is statistically
quite well obeyed. In some cases such correlations en-
able us to find in the PE spectra the band being dif-
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Table 1

lonization Potentiale Determined from PE Spectra and Calculated by Quantum-
Chemical Methods

1. (ch3)2co
IP1 CNDO/2b HAM/3 C STO-3G d 3-21G e
v
s e MO - MO . MO MO

9.70 13.25 9a“no 9.93 ..., 1o 8.76 5b2 n0 10.93 5b2n0

12.59 15.31 3a"57co 12.49  4p1 g 10.81  5p1Aco 13.00  2pjigrco

13.41 16.99 8a ®co 13.27 |, .po. ooy 13-19 8a1 ebo 14.57

14.04 18.18 73,{CH, n0 13.87 1a2 ACH, 13.49 4b2 "CH 15.14 8al bo~cc
(14.8) 19_73 2a'j1CH, 14.12 Gal ACO» OCC 14.31 13.2 /\CH_ 15.29 1a2/\|—CH/\

15.60 22.38 «»0-YH 14.72 36l Ag-pg 1556 7al”~CH3 17,10 1b1~CH
(16.1) 23.11 5a 14.74 4al 50 15.78 1b1 ~CH3 17.20 2al 0CO3
(16.6) 24.04 18" 15.52 o1 15.94 g5 wpaee 17-65  3ppmece.o

a - seell; b— Etot = "44.2253 a.u., this report; c - this report, experimental geometry;
d - Etot * -189.5360 a.u., this report, see alsol2; e - E* t » -191.6774 a.u., this report,
optimum geometry: CO - 1.211 X, CC - 1.515 A, CHI » 1.080 n, CH = 1.085 A, CCO > 122.47°,
HCC - 109.74°, HCH = 107.92°, reportil contains the 4-31G calculation.



Table 1 continued
2. CH3COCH2CH3

Tps CNDO/2b HAM/3C 3-21Gd 4-316®
—_£i MO _*j MO MO - fi MO
9.56 13.31 118 9.69 1la.'. o 10.88 16a"' o 9.41 16 _a' oy
12 .26 14.07 4al_3,\CO 12.17 4a. Aco"AcH, 12-98 4a. o 11.61 ]E:a" o
12 .66 15.59 10a. °Co” 12.33 10a" oce 13.58 158" ACH, 13.35 4a *%0
13.02 16.57 9a" ncct o3 12.64 aa. - = o 13.80 aa ®OH- 14-28 aa» “oh
(13.5) 16.97 & ACH.,, 7TCHg 12.87 9" gyt 14.04 M noy 1478 148 an,
14.37 18.26  8a A 14.02 sa 15.38 13" .3 15.06 ‘
CH, ACH. JCH,
14.89 21.51 2d" . 14.12  7a 15.99 2d' A, 16.05 2d" /§CH8’
15. 34 22.00 = 0b. o 14.85 2a'.' ACH, 16.78 ﬂa:. 5003 17-44 12a:' 5003
ig_97 ;ggg 6;* ACH, 14.85 6a" Shes 17.62 1a. Jon, 17-73 1a.
(16.8) . 15.85 18" axgp 18.00 11& ./ 18.09 11& 4 .4

- seell "13; b - peop 1 82,-9440 a.u., this report; c - this report, experimental geometry
- Etot - -229.7086 a.u., this report, optimum geometry: where in H3C1(CO)C2H2C3H3 CO =
1.211 X, CH » 1.083 S, C3CC » 110.92°, GIC = 1.517 A, C2C = 1.544 X, HCC » 109.93°, C1CO *
122.52°, C2CO * 122.14° ; d - BtQt = -230.4544 a.u., seell.
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Table 1 continued

3. f2co
ipy  CNDO/2b HAM/3° ST0-36d 3-2168
) wgg MO L4 Mo 4 W
13.6 17.28 b1 spoorE 1300 45 o 1118 gy g 15.02 5p2 no
14.6 17.39 45 o 14.95 DI gropnF 11.23 261 greonF  15-48 2. JiounF
16.6 19.89 5al ~CO,nF 16.91 302 n0,nF 13.75 8a, np»n0 18.56 a2
13.97 4o pp 18.66 ga1 np,n0
17.2 2147 45 1732 59 1
1740 14 o 1448 1, D 19.23 1a2 p
19.15 22.20 15 np 18.99 4al np»s0 17.41 7al ~g<po,nr 21-40 7al nO»mp
19.8 24.69 41 O, 20.00 1b, | rucy 17-90 1b, 21.98 1, Ap,

21.1 26.46 lbi nF*JiCO 21.17 2b2 °CF 18.74 3b2 CF* noO 22.98 3h2 °CE
23.4  26.58 202 gcpo 23,57 3al pF 2143 gal Apr e 25-16 ga,

a - seeqb» b - E.. * -80.8557 a.u., this report;

Cc - this report, experimental geometry;

d - Etot - -307.3079 a.u., this report, see also

e - Etot - -309.9044 a.u., this report, optimum geometry: CO » 1.169 A, CF * 1.323 A,
FCC>- 125.82°.



Table 1 continued

4. (CN)2Co
Ip{;\/ CNDO/2b HAM/3C STO-3Gd 3-21Ge
_4 HO a4 MO L MO _Aj MO
12.56 14.99 no - 11.88 5% y 11.76 2bl ~COXN 14.09 2oi %>m
13.76 15.81 0 13.24 2b1l ~CN 30 12.18 7b2 no 14.37 7b2 ACN
14.41 17.35 AcnmO 12.40  6b2 14.69 100 ncn
13.53 142 ~CN 12.68 105 Acn 14.90 6b2
13.55  4p2 ~cn
14.79 18.05 Wy , 13.90 ea” 4. 12.89  10al Ly 15.13  10al gy
14.20 5al N
14.29 302
16.7 18.68  fion 15.86  1p1 510 14.39 951 'y 16.80 "N
14.69 5po  N»nO 16.97 5b2 "
17.9 19.72 (TR 16.53 4al “o 15.83 1b1 5Tco 18.13 1b1 *Co
19.97 nN
a - see16; b- Etot s -62.3737 a.u., this report; c - this report, experimental geometryo,
d - Etot = -239.4418 a.u., this report, see alsol2; e - Etot = -295.6349 a.u., this report,

optimum geometry: CO = 1.202 S,,CC = 1.444 £, CN = 1.138 A, CCO m 123.36°.



Ipa
pV

10.,20
12.,60
13.,61

14.
15.

73
19

16. 89
17.
18.
18.

72
91
91

5.

13.
14.
16.

17.
19.

19.

22.

23

fch2coch3
CNDO/2b

-L+ MO

75 1lla g

69 43’ ACO

51 10a’ °co

72 3a" nE

09 9a “E A Y
54 8a* nE

07 28" ppancy
.08 7a"

3

“£i

9.
12.
13.
13.
14.
14.
14.
15.

17.
17.

18.

99
37
27
33
10
34
62
93

39
78

30

HAM/3°

MO

llal o
4 *'corV/NcHg

38" NP saconcH
10a" 2
@ Mp,

8" g

28" AcH »fco,nF
7a" I'lp,%

1a" np,,\Ch§
6"

5al

8
10
12

12
13

14

14

15

Table 1 continued

STO-3Gd

o " ti
.80 16" o 1.3
79 4T ngx 13..24
0L 38" ey s <08
15.,12

.38 15a" Mp,N0 15.,9%
.66 142" o -pp.16-.53
| 16. .60

23 13a .y pp1g-%6
18..82

96 2a . 19..45

3
.72 12a nE 20..97

3-21G

MO

16a/ no

4a™ ACO

&’ o

152 youg
ar o
28" aACH3 ,nF

13al goe gccone
12a

nF _
11al np,ro
18" np*"*cH2

102" np

a - this report, ipfi~- 10.,09 eV, Iph2)” 12.25 eV, see nls017: t. . Etor M -71 -2436 a.u., this
report, cie-conformation; c - this report, optimum STO-3G geometry; d - Etot * -286.9792 a.u.,
this report, trans-conformation, e - Btot m -289*2000 a.u., this report, trans-conformation,
optimum geometry: CO - 1.200 A, CC - 1.50 X, CHI = 1.080 A, CH « 1.082 A, CF = 1.400 8,

CC10 - 119.80°,

CCO - 125.08°,

HCC - 109.32°,

FCC « 109.99°, HCH - 108.04°.



Table 1 continued

6. CF3COCH3
CNDO/2b HAW/3C ST0-36d 3-21Qe
wgj HO b M MO MO
1094 1428 a 1087 14a 9.16 202 [, 1253 208 __
13.74 16.21 7a" ACO A 13.49 7a" Y 11.92 8a" K CO 14.54 8a" /I\-Io NH
1425 17.40 138 aoougruz 1405 138 g 1275 192 ryp 1586 19a° 5
1278 73" pp
15.64 19.53 12" np 14.94 123" ~NO n 13.05 18" np*no 17.13 7a’
15.08 &' acy oo 13:31 6 s
15.32 U o
15.42 5" p
16.44 19.79  6ae « 15.01 108 13.95 17a» Mp  17.67 18a o,
16.30  dal 1415 ', 1772 &
17.25 20.64 L& 1671 & 4.9 & o, 17.93 17 Tp
16.85 9al 17.99 5
18.12 16" py,
18.04 21.18 1 span,  17.32 & 15.40 158 oy  19.26 1
21.35 = 15.70  4d" n,  19.28  4a" [p

a - this report, 1?7a(®) - 10.68 eV, ( = 13.18 eV, see alsof;» 5; b - Etot » -125.2191a.u.
this report;



c - this report, experimental gconctryia,
CO group is in trans-positions relative to CF bond, for cis-conforraation EMQM * -481.9106 a.u.
e " Etot = “485.8629 a.u., this report, optimum geometry: CO = 1.202 S, CC1l « 1.495 4, CC «

1.517 A, CH1

- 1.079 A, CH - 1.084 A, CF1 = 1.336 A,

Table 1 continued

120.23°, HCC - 110.07 A, HCH » 107.,88°, FCC = 112.62°, FCF = 106.90°.

IPva

12.09
16.10
16.49

17.03

7. (f3)2o0

HAM/3*

"fei

11.93
15.07
15.45
15.49
15.59
15.69

16.06
16.12
16.18

MO

9b2

5a?
82
6b1

Qai

n0
~CO *nF
nF
nO»nF
3TconF
nF ,n0

ny

or

3T0-3GC
_ MO
9.57 12b2
13.08 b,
13.11 15a,
13.25 6a2
13.25 ii»2
13.33 14a,
13.33 6o,
13.79 5a2
13.82 5b

oo
nF
>
nF
nF
~CO,nF

nF

cc *l

14.05
16.74
18.22
18.25
18.25
18.43
18.54
18.56
18.75
18.83

3-=21Gd

12b2

7bl
11b2

10bp
o,
14a,

a _ Etot m -481.9108 a.u., this report, oxygen of

CF = 1.351 A, CCO1 « 127.05°, CCO -

n0O
~CO
nF’> n0

nF
nF
nF

nF
o



Table 1 continued

Ip a HAM/3b STO-3G0 3-21Gd
\%

I £i MO _* i ’\fo T ti MO

17.84 16.51 4b1 ppCO 14.17 w2 nO»np 1951 Wy np
16.82 4a2 ¢ 14.44 4a>  Hp 19.87 13a1 np
17.03 .., nP 14.58 13a1 . 19.90 ,, nP
17.16 6b2 nP 14.85 9b2 no
17.17 7al Wp

18.49 17.69 e6a, o 14.93  4p1 ‘D 20.28 4bi npP

20.85 12al 50
- this report, = 11.67 eV, alsolM*1n;

- this report, experimental geometry ™ ;

- * -774.2809 a.u., this report, see alsol? :

- Etot * -780.8187 a.u., this report, optimum geometry: CO m 1.194 A, CC * 1.511 A,
PIC * 1.337 A, PC * 1.343 A, CCO - 122.6~, PCC = 110.34° P1CC * 109.35°

o0 oTw



Ip a
pV

11.23
14.49

15.91

17.48

(19.0)
19.93

8. (F2CH)2C0

CNDO/2b

* S

14.28
17.30

18.32
18.41
19.65

20.35
20.67

21.04
21.87

a - this report,

MO

15a”
14a"

13"

8a"
7at

11a"
6a

IPa*1* -

HAM/30
no 10.84 158"
~H *ACO 13.31 l1da"
13.58 13"
fio 14.45 9a
ACH*NFE 14.71 8a’
nF 14.87 7"
14.97 6a’'
15.12 12a°
15.15 1i1a’
nF 15.46 5a'"
nF
nQ .np 16.76 10a’
nE 17.75 9@°
10.96 eV, =

“hy

n0
n0 ,nF
nF

~CO
nF
np

np
5re0.n?

SCr

Table

9.17
12.10
12.26
12.48
12.64
12.82
12.86

13.68
14.04
14.08
16.09
16.37

Z _ 13.40 eV, see alsol7;

1 continued

STO-3Gd
MO

92 no
8b2 noO,np

12a, e
6b, <00
Ha, nF

Sa2 pf
. e

4a2 np

b, nF
7b2 nO*nF
0a, oo
3a2 JgF



Table 1 continued
b - this report, Etot = -152.1492 a.u.j c - this report, op-
timum STO-3G geometry; d - this report, Etot m -579.3391 a.u.
CP- cis relative to CO- bond, optimum geometry: CO » 1.217 X
CC = 1.577 X, HC = 1.111 X, PC = 1.378 X, CCO » 121.77°,
HCC * 108.08°, PCC « 110.44°

9. CF3C0CC13
1 pVa CNDO/2b STO-3G°
“ bi Vo ~£i Vo
11.19  13.93 19" omnCl 10.35 AT o
12.16 14.48 1a” i 11.62 182"y
14.51 18al | 11.66 3" .
1251 15.20 108" i 11.72 wa’ i
12.81 15.87 7" o 12.46 A"
15.97 %" i 12.49 16a"
13.33 16.23 162" [o.ncl 12.57  31& )
14.49 17.82 83" Acgon 13.56 18"
13.61 0"
13.66 148" oy
15.74 18.76 15a* 14.14 13" pp
14.35 2" 10,Mp
16.41  20.19 14a" 14.84 B
20.19 7’ 15.02 2a” o
17.44 20.63 13a* 15.73  27la"  opg
18.31 21.63 6a'" 16.21 KE

a - this report, v a(®) = 10.92 eV (0of.18), see alsol7;

b - this report, Etot “ -171.4651 a.u.;

c - this report, E~0™ m -1843.8710 a.u., CP and CC1 cis re-
lative to GO, optimum geometry: CO *» 1.213 X, CC1 =
» 1.579 X, CC2 - 1.600 X, C11C1 » 1.815 X, CIC1l « 1.819X,
C2P1 - 1.370 X, PC2 - 1.370 X, C1CO « 120.91°, C2CO0 «
- 120.49°, C11Ci1C o 108.80°, C1CI1Cl « 109-47°, F1C2C -
- 107.66°, PC2P - 108.65° if C11(C12)C1(CO)C2(P2)P1.
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Table 1 continued
10. (C1CH2)2C0

CNDO/2b STO-3GC

Irva

_N i NO - i i MO
10.26 8.50 8a, e | 9.77 25" vV ncl
11.54 13.54 5b2 no 10.55 7a" ncl
11.79 13.68 2a2 nci 10.83 24 nci»no
11.99 15.20 34 o 10.98 6a'" ncl
13.54 15.20 7a" nci ,6co 11.51 23" nci*no
14.64 16.41 4b2 °cC1 12.40 58" co
15,51 17.43 2bl ncl 13.25 223" °bei
16.82 17.73 @, opguep  18.62 2T g
18.78 20.69 la2 15.84 20a" °co

a - this report, P (D x 10,15 ev (cf.18), P, @ a
* 11,.33 ev;

b - this report, pyo¢ _ -75-1100 a.,u. ;

c - this report, Etot = —1097.5222 a.u., optimum geometry:
CO=12158,C = 1.555 8, HC - 1.091 8, CC11 »1.8058,
CC12 = 1.810 A, cco = 121.43°* HCC » 110 _.29°, CliCC -

110.96°, C12CC = 114.03° if C11CH2(CO)CHX12 , CU is
cis and C12 trans relative to CO bond.

11. cy-Pr2CO
ip a STO-3Gb HAM/30
- mo - mo
9.27 8.56 9b2 no 9.41 6b2 no ,

10.35  9.35 B, g4y 1059 @Y Acg

1.0l 10.58 802 e 10-66  H, oA
1071 2L,

1149 10.77 sy AcoycH, 10-82 1 Ac
12.80 11.13 128, 12.58 D4 gy
2

12.66 4J'l tck2
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CcC -

o
!

Ipva

13.50

15.21
16.49

17.62

Table 1 continued

STO-3Gb HAM/3C
e WO o MO
12.84 1a, 13.20 o,
13.35  4b1 ¢eng 13.26 3, .,
13.46 '% r CH2 13.29 7al Aco
13.58 301 XCod
13.80 7b2 14.81 3b2
1541 108, g 14.95 6Gal
16.14  @b2 15.60 5a1

15.86 2pb2

17.02 9a, 16.75 4a,

this report, 1P, - 931 ev;

this report, Etot = -341.4237 a.u*, see also

12 , optimum

geometry: CO = 1.22 S, C-CCCHY = 1.53 4, CCO * 121.1°,
CH =1.08 4, CC(in C3H5) = 1.51 X
this report, STO-3S geometry

for the IPGIy) the arithmetic mean (»11.9 eV) from the
2nd and 6th PES band was used.

12. 3-CP3C6H4COMe

9.86
12.47
13.02

15.04
15.57

16.67

HAW/3

*1i

9.41, 9.96 10.12

11.90 12.58 11.61
13.07

12.75

15.54 15.62 15.74

16.98

a - this report, IPe(l) = 9.61 eV, JIPU(D) = 12.03 eV.
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ficult to measure because of the band overlapping.

Table 2 shows that transition from the semiempiri-
cal calculation by the CNDO/2 method to the nonempi-
rical calculations (even in the case of the minimal
basis set) tends generally t give a spectrum of ei-
genvalues being in a better correlation with the experimen-
tal PES (the slope is closer to unity, the intercept and
the errors of these parameters are decreasing but the
mean-square deviation remains unsatisfactory). Basis set ex-
tension in the case of nonempirical calculations of thezZES
in the framework of the Koopmans® theorem with a transition
to the split valence 3-21G basis set is accompanied by a
certain increase of the accuracy of the description of the
PE spectra.As to the nonempirical calculations, progress can
be made exceeding the limits of the Hartree-Fock technique,
using either the traditional CI method as it has been done
by Kimura et al."*1 or some other methods.

Table 2 again confirms an evident prevalence of the
HAM/3 technique, specially parametrized for calculating the
PE spectra not only over the simple semiempirical CNDO/2
method but also over any other nonempirical HP calculations
at minimal or split-valence basis set (ST0-3G, 3-21G) level
applied in the present research. Under other similar condi-
tions, the adequacy of the PE spectra calculation results
of small molecules and even anions according to the HAM/3
technique successfully compete}a» with those obtained in
calculations using the post-Hartree-Fock approaches.

The results of nonempirical calculations given in
Table 2 (see also the correlation diagram of the MO ener-
gies calculated in the 3-21G basis set in Pig. 2) confirm
that in the case of ketones, holds the empirically estab-
lished perfluoralkyl effectir (if the CPN group is substi-
tuted for the methyl group, all MO of the stable region of
the molecule, i.e. the ionization center, should undergo a
practically parallel shift without any changes in their suc-
cession or symmetry).

It can be mentioned that the results of the analysis
of the PE spectra of the compounds studied in the present

14* 235



Pig. 2. Correlation diagram (3-21G basis set) of eigen-
values of energy of carbonyl-containg X"X~CO
compounds.

work in terms of various quantum-chemical methods are 1in a
satisfactory correlation (with the exception of a few details
only). In the case of all compounds used, almost all calcu-
lation methods (see Table 1) refer to a rather substantial
mixing of orbitals, both with those having either similar or
different symmetries. Thus, a very significant mixing of or-
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Table

2

Results of Regression Analysis of Calculated PE

Spectra - Eigenvalues (£ According to H.

Calc.

Molecule method

1 2
1 (ch3)2co

2 F2C0

3 (f3)2co

4 FCH2COCH3

5 CF3COCH3

6 CF3COCC13

7 (F2CH)2C0

3

CNDO/2
STO-3G
3-21G
4-31G
HAM/3

CNDO/2
3-21G
HAM/3
STO-3G

CNDO/2
STO-3G
HAM/3
3-21G

CNDO/2
STO-3G
3-21G
HAW/3
CNDO/2
STO-3G
3-21G
HAM/3

CNDO/2
STO-3G

CNDO/2
STO-3G
HAM/3

a

4

0.586(0.066)
0.860(0.065)
0.962(0.075)
0.981(0.069)
1.269(0.069)

0.812(0.058)
0.921(0.054)
0.965(0.034)
0.892(0.040)

0.810(0.085)
1.250(0.027)
1.102(0.024)
0.976(0.078)

0.828(0.077)
1.202(0.069)
0.858(0.033)
1.202(0.069)

0.936(0.077)
1.122(0.062)
1.028(0.069)
1.084(0.020)

0.877(0.033)
1.253(0.054)

1.121(0.062)
1.159(0.066)
1.276(0.032)

237

b

5

2.79(1.30)
2.51(0.88)
-0.43(1.11)
-0.79(1.06)
-3.14(0.95)

0.16(1.31)
-0.22(1.12)
0.56(0.63)
4.10(0.64)

0.42(1.77)
-0.16(0.42)
-0.89(0.44)
-1.24(1.47)

-0.16(1.42)
-0.48(0.89)

0.84(0.55)
-0.48(0.89)

-2.10(1.44)

0.50(0.82)
-1.76(1.14)
-0.90(0.30)

-0.88(0.59)
-2.30(0.73)

-4.87(1.18)
0.72(0.90)
-2.57(0.48)

@*

r S

6 7

0.970.0.62
0.983 0.44
0.985 0.42
0.985 0.41
0.991 0.32

0.985 0.62
0.991 0.42
0.996 0.31
0.994 0.39

0.978 0.69
0.998 0.26
0.998 0.26
0.984 0.53

0.979 0.68
0.990 0.42
0.995 0.29
0.990 0.42

0.987 0.47
0.992 0.33
0.989 0.40
0.999 0.11

0.995 0.27
0.992 0.32

0.994 0.40
0.997 0.39
0.999 0.17
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1 2

3 4

8 (CICHP)PCO CNDO/2 0.670(0-091)

9 CHACOCgHN

10 (CN)2c0

1 (W-00

*

STO-3G 1.458(0.082)

CNDO/2 0.476(0.059)
3-21G  0.838(0.040)
4-31G  0.698(0.077)
HAW/3 1.243(0.049)

CNDO/2 1.037(0.150)
ST0-3G 1.151(0.061)
3-216  1.233(0.111)
HAW3 1.177(0.076)

ST0-3G 0.850(0.022)
HAW/3  1.127(0.027)

Table

5

3.11(1.46)
-3.75(1.00)

4.92(1.11)
1.44(0.63)
3.54(1.19)
-2.67(0.68)

-3.09(2.63)
-0.20(0.83)
-4.24(1.75)
-1.75(1.12)

2.25(0.22)
-1.36(0.36)

6

0.941
.989

0

0.943
0.993
0.965
0.995
0.960
0.996
0.984
0.994
0]
0.

-992
998

a and b are the regression coefficients of Eg. (O,

2 continued

7

1.01
0.44

0.74
0.21
0.47
0.18

0.61
0.18
0.39
0*22

0.12
0.19

in

parentheses are given their statistical deviations; r

the correlation coefficient; s denotes standard devia-

tion (in eV); n - the number of points in a sample.

8

9
9

10
10
10
10

© 0 oo oo

is

bitals can be observed in the case of PgCO (Table 1, No 3)

when the 5lgqq orbital gets mixed with the np orbital,

lead

ing to the destabilization of 5lgg MO and to the shifts of
its energy towards HOMO (4bg according to HAW/3, 5b? for

STO-3G and 3-21G basis sets) with the nQ character*.

As to this compound, the orbitals with the np and ~CO*

5g and Mp characters also get mixed (at the STO-3G level,

the triple mixing of nQ, GEQ and np orbitals can also take

place).

* It is possible that taking into consideration the afore-
said, for IP(1M0) of this compound should be used the
arithmetic mean from the 2b, and 1b, orbitals (i.e.,
(14.6+21.1)/2=17.9 e\) instead of the second IP from the
experimental spectrum.
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A certain, though remarkably less substantial mixing of
the Mp and orbitals can be predicted also for FCHgCOMe,
(CF3)200, (F2CH)2C0, (HAW3) but not for C—j00CH-j and
CF3C0C13 (see Table 1). For the latter compound, the CNDO/2
method (contrary to the STO-3G calculations) foretells the
mixing of the and orbitals. Mixing of two orbitals
of the ~symmetry can also be predicted for acetone, MeCOEt,
(CN)200, CF3coMe, two @' or/and n-orbitals for acetone,
MeCOEt (only in the case of the CNDO/2 method), FgCO,
PCH2COMe, CF3COMe (CNDO/2), (CF~CO, (F2CH)200, CF-jCOCClj
and (C1CH2)2CO. The np- 5Gjj mixing can take place in case
of FCHgCOMe (HAW3 and 3-212G). As to the latter compound
(cf. FgCO), a triple mixing of orbitals (method HAM/3 and
the 3-21 basis set) can be observed (see Table 1, No 5).

It could be stated on the basis of the results of cal-
culations (see Table 1) that there cannot actually be any
serious disagreement about the nQ nature of HOMO ( excep-
tions are the 4-31G calculations of MeCOEt, CNDO/2 calcu-
lations of FgCO, CF3COCC13 and (CICHMNCO, STO-3G and 3-21G
calculations of (CN)20),

However, the situation is much more complicated if the
identification of the OCq orbitals is concerned (especially
with such compounds, iIn the case of which the quantum-chem-
ical calculation methods foretell its mixing with the or-
bitals of some other types).

Nevertheless, a comparative analysis of the results of
several calculation methods at different theoretical levels
refers to some general regularities of the MO localization.
On the otheE hand, the results of the quantum-chemical in-
terpretation of the PE spectra can be confirmed by the re-
sults of their analysis applying the methods of comparison
and correlation equations in the framework of empirical re-
lationships.
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Analysis of PE spectra of Carbonyl-Containing
Compounds in Empirical Dependences between Structure
and lonization Potentials

As 1t has been established in3, there exists a linear
dependence in the homological series

PAGB) * 06+ 1 IP(B), ®

where ot and B are constants, between the proton affinity

PA(B) of base B and its ionization potential IP(B), corres«
ponding to the elimination of the electron from the proto-
nation center. It means that only the IP(B) values, corres-
ponding to the orbitals which are more exactly localized at
the protonation center, should obey Eq. (2). The regression
analysis of the experimental data for aldehydes and ketones
in the coordinates of Eq. (2) yielded the following result;

PA(B) - 341.9(6.7) - 0.649(0.029)IPa(B), r = 0.979,
s - 2.5 kcal/mol, n =23 3)

and PA(B) - 327.7(6.6) - 0.581(0.029)IPy(B),
rao.n7e, sm 2.7 kcal/mol, n = 2.

In the parenthesis are given the statistical deviations of
the corresponding regression coefficients, r - the correla-
tion coefficient; s - standard deviation; n - number of
points in a sample (for the PA values see”»22).

Analysis of the interrelations3 between the valence
shell IP and the binding energy of inner shell electrons of
the Eg(1s0) atom of oxygen being the ionization center,
found according to the ESCA method, give in the case of al-
dehydes, ketones and some other carbonyl compounds the fol-
lowing equation:

IP(NQ) - 0.968(0.036)EB(1s0) - 511.11(14.90)
n-0.997; s -0.22V; n- 38 @

It should be mentioned that halide anhydrides and form-
aldehyde do not satisfy relationship (4), they sharply devi-
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ate toward greater IP. The physical reason of. these devia-
tions is not quite clear yet (see also below). One should
pay attention to the fact that the slope of the straight
line corresponding to relationship (4) practically coincides
with unity. Hence the important conclusion about the ap-
proximately equal susceptibility to structural effects of
the ionization potentials of valence and inner or interme-
diate shells emerges (we have referred to it in reports3’).

In literature, a comparatively little attention has
been paid to comparison of the IP values and to the shifts
of the OH-stretching frequencies of phenol in the case of
complex formation in the CCI™ solution ((@”pboH™ the <O
called B-parameter™ of liquid phase basicity of solvents).
It has been shownl,5*24 that for some classes of compounds,
these shifts, as a rule, tend to increase symbatically with
the increase of the gas-phase basicity or proportionally to
the decrease of ionization potentials of the corresponding
compounds. It can actually be proved that for alkyl-substi-
tuted aliphatic ketones the IP(nQ) is increasing proportion-
ally to the drop of their general basicity ( accord-
ing to equation

IP(NQ) = 1.74(0.99) - 0.036(0-0 4 W phOH o
r =0.959, s*0.10 ¢/, n=6

We have also found™ that in the case of the mentioned
compound series, the increase of absolute (gas-phase) basis-
ity of ketones is accompanied by the decrease of their
O~PboH parameters.

The reason of this rather interesting anomaly is not
clear yet. Quite possible that it can be explained by dif-
ferent dependences of the PA, Pl values on the one hand,
and on the other hand, of the B values on the polarizability
factorz’zs, which has an important role when determining the
gas phase basicity and the ionization potentials of the al-
kyl-substituted ketones. But in the liquid phase, its role
may turn out to be rather insignificant, sometimes even neg-
Iigible.23 It should be mentioned that in the case of oar-
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bonylic compounds, containing an electron-donor group in
the oi-position toward the CO group (amides, esters, carbox-
ylic acids), such anomalous interrelations between the PA or
IP and B are not observed. The analysis conducted by us
showed that such *‘anomalies'™ can crop up also when the PA or
B values ere compared with the 170 chemical shifts (see2®
for experimental data), for instance, in the alkyl-substitut-
ed alcohols and ethers. In the latter cases, the displace-
ment of chemical shifts of oxygen toward a weaker field is
accompanied by an increase of the corresponding PA values
or by a decrease of the corresponding IP.

As to the interpretation of the PE spectra, the method
of comparison of IP proved rather fruitful in a series of
similar compounds™”2”. Really, proceeding from the assump-
tion about the invariant mechanism in the compound series
X - YN and X - Yj, if the nature of substituent X is varied
at the fixed ionization centers Y, and Y, existence of lin-
ear dependences of the following type can be expected:

IP(X - ¥Y)) « 2+ Bip(x * Yy, ®)
where o”and ["are constants.

The observance of Eq.(6) evidently refers to the simi-
larity level of the ionization centers Y, and Y. If the
substituent effects lead to a change of the nature of the
ionization center, the ionization mechanism will also under-
go a change, such a situation cannot satisfy the conditions
of Eq. (6). Formally, a correlation of this type should hold
if the IP of two comparable series of compounds depend on
general internal factor*"N”2*.

Table 3 comprises the results of statistical data treat-
ment (see also Figs. 3-11) in terms of Eq. (6)- The IP(nQ)
and /or 1P(J1"0) of various carbonyl-containing compounds
(alhehydes, ketones, amides, esters, carboxylic acids, hal-
ide anhydrides) have been compared with the corresponding IP
of ethers and alcohols (1P(nn)), alkenes (IP(SIeC)), alkynes
UPCfc*,», nitriles (IP(nf), IP@IcaN)), sulphides (IP(ng))-

In the case of statistical test of Eq. (6), both experi-
mental data and their interpretations from the original lit-
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Table 3
Statistical Treatment of Data According to Eq. (6) froma

Compound series
compared, types S

of compared or- r 8 n
bitals
2 3 4 5 6 7
. XCHO, XN
a m, rii 2.18 0.947  0.984 0.11 10
©.82) (0.061)
. 2.41 0.888 0.968 0.20 1
byw  *cN @d00) (0.076)
. XCOMe, XCN
a o, -0.67 0.794  0.971 0.13 8
@1.08)  (0.080)
, 6.11 0.530 0.908 0.23 8
b) ~C=>0""CoN @29 (0.100)
. XCHO,  XCOVe
a M, m -0.80 1.129 0.987 0.13 17
0.47) (0-0%5)
N A -4.02 1.378  0.984 0.23 13
0% 1C»0 ©0.%5) (0.075)
. X"Xg, X~CO and -3.36 1.525  0.990 0.13
XAXg. XACS 0.35)  (0.039)
no* “s
. X~co, X,0x2 4.32 0.526 0.974 0.13 13

©.39)  (0.037)

n0” n0O
. X~CO, X1SX2 2.44 0.823 0.982 0.19 10
no, ns (©0.53) (0.055)

. X*gCO, XIX2C=CH2 -7.24 2.061 0.985 0.28 1

1.19 0.117
3rc-o* Jcc=c ¢ ) ( )

- X~gCoO, XICSCX2 %% 1.101 0.994 0.12 10
- 0.041
~c*0* JICSC ¢ ) ¢ )

. X~gCO, X~gCS 6.84 0.524 0.851 0.45 9
(15) (0.122)
J'c-o* 5Tc.s
243
15*



Table 3 continued

i 2 | 4 5%

10. X.X~CO (aldegydes, 0.21 1.296 0.967 0.30 20
kétones, ami esjf ©-85) (0-080)
see text for
AC-0* nO comPari~
son

11. X..C00X,, XCOOH, -3.67 1.384 0.916 0.30 15
comparison of <°-168>
JC»O ”

a For marking, see the text (@\ tf) and Table 2 (r,s,n).
erary sources or reviews (see * for a review
and further references) and our om results from the present
series of reports* or from other sources were used.

A number of relationships given in Table 3 are present-
ed in Figs. 3-11.

The relationships presented in Table 3 are of special
interest from the point of view of interpretation of the PE
spectra of carbonyl-containing compounds, containing an el-
ectron-donor group attached to the C=0 group (halide atom
for halide anhydrides, NX,Xg and OX, groups, respectively,
for amides and esters (or carboxylic acids), which often,
alongside with the carbonyl group can turn into a competing
ionization center. It is evident that the existence of simi-
lar ionization centers significantly complicates the inter-
pretation of the spectrum, favoring a substantial mixing of
orbitals.

X A more detailed presentation of our experimental data
on the PE spectra of amides, esters and carbonic aoids
as well as those given in literature can be found in’? .
The results obtained have been taken into consideration
when checking Eq. (6) of this work.
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Pig. 3. Comparison of IPv(nQ) of X.,0@2 and X"COXg
compounds.

In order to check determining the Hq orbitals for the
above-mentioned carbonyl-containing compounds, the 1Py (n)
of these compounds were compared with the IPv(nQ) of alco-
hols and ethers (Pig.-3), with the IP*n”") of nitriles (Pig.
4, of IPv(ng) sulphides (Table 3, No 6). =

In the case of these comparisons, the plots correspond-
ing to the IPv(nQ) of the compounds, in which a halogen
(PCHO, PgCO, CIgCO, CICOMe, PCOMe) is attached directly to
the carbonyl group, do not obey the linearities given in
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12 13 % 15 16
iPv(nN) XCN.eV

Pig. 4. Comparison of IPv(Qig) of MeCOX and XCHO com-
pounds and IPv(j,) of nitriles XCN.

Table 3.

The deviations from the linearity are especially great
in Pig. 3. where the deviations from the plots of IP(NQ) in
the case of the FgO, POH and ClgO compounds towards  the
highly underestimated IP(nQ) values are 4.0, 2.7 and 3*3 eV,
respectively.* For instance, iIn the case of comparison of
the IP(NQ) of P20 with IP(nQ) of PgCO, the IP~) = 17.6 eV
would satisfy the conditions of Eq. (5) from Table 3 (assum-
ing that IP(NQ) for ?2C0 is 13.6 eV). The latter value is
rather close to the expected one33 (16.7 eV), for the so

* The deviations are a bit smaller when the IP(ng) of

sulphides and the IP(nQ) of carbonyl-containing compounds
are compared (Table 3» No 6).
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°f20y

B 9 10 n 12 13
IPa(no)X 10X2 ,and X1XZCY. Y=0.eV
Pig. 5. Comparison of IPv(nQ) of X.jJOX2 and X~CO com-
pounds with 1Py(n) for X~Xg and X~CS com-
pounds.

called ionization potential of the localized (Z2p) orbital
(LOIP). The corresponding 1P(h) values for POH and ClgO
which satisfy series 5 from Table 3 would be 15.7 and 14.3
eV, respectively.

Regardless of the physical nature of such deviations of
IP(NQ), of halide anhydrides from the straight line in the
coordinates of Eq (6), they show that the effect of the hal-
ide atom directly attached to the CO-group on one hand and
to the sp3 oxygen or to sulphur and CN-group, on the other
hand, is different.

At the same time, in case of comparison of the IP(ih)
values for two compound series (MeCOX and HCOX and compar-
ing the compounds of general formulae X-jOXg and X-jXgC0 with
sulphur-containing compounds of the X-jSgXg and X~CS types
(see Pig. 5)), such deviations of individual plots were not
observed for halide anhydrides.

The straight lines in Pigs. 7 and 8 enable us to
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5, P Qones
5

9 10 1 12 13
IPv(n0)HCOX ,3B

Pig. 6. Comparison of IPv(uq) in two series of carbo-
nyl-containing compounds, MeCOX and HCOX.

check the correctness of assignment of the 9T0 orbitals of
carbonyl-containing compounds, comparing IP( JICO) with
1p(sreme) for substituted alkenes, or with IP(JIC3q)  for
the alkyne derivatives.

It can be seen that in both cases, statistically satis-
factory linear relationships between the mentioned values
have been followed, which evidences about closeness of the
compared characteristics and refers to a correct interpre-
tation of the band in the PE spectra. According to Table 3
analogous linearities have also been observed between
ip(fic=0" and IP( GT3bl) (Pig“ 9)* 1P(5I'C=0) (HCOX) and

IP(JTC.0) (MeGOX®) (i8* 6> P(Y9q.q) and (se"
ries 9). It is worth mentioning that in certain cases, com-

parisons of ionization potentials corresponding to the
electron removal from the orbitals of different symmetry
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(e]e]

1Pyblc=c)X 1X2C=CH2. Y=(C=CH2). 3B

Fig. 7. Comparison of IP( 5lqq) values of carbonyl-con-
taining X)X2CO compounds with IP( 3T=C) values
for substituted alkenes.

(nQ and STc_o in "tte case of carbonyl-containing compounds,
njj and 5¥SK Tfor nitriles) in the same molecule, a certain
parallelism between these values has also been observed. It
can also be seen from Pig. 11, drawn up using the interpre-
tation of the PE spectra of carbonyl-containing compounds
from the above-mentioned sources as well as from this series
of publications that the points for aldehydes, ketones and a
number of amides (for the latter compound group, the inter-
pretation of the PE spectra from29,3®»32 ba3 ”~een used) are
situated on the same (upper) straight line.
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IP V(7fc=c ) X1C=CX2.Y=(C=C). el/

Fig. 8. Comparison of IPy(5FCq) values of carbonyl-
containing X-joOXg compounds and IPV(3lg=q)
substituted alkynes.

The points for carboxylic acids, esters and amides (in
case of the latter, the interpretation of the spectrum, sug-
gested in original rcoores~» 35 and In27728 was applied) lie
on another straight line parallel to the former one, which
is shifted by =3 eV lower on the ordinate axis, while PgCO
and HCOP (the second IP were used as IPGIY0)) will not lie
on neither of these two straight lines. The slopes of the
latter show that the CaO bond orbitals of the jf-symmetry
are 1.3-1.4 times more susceptible to the effect of molecu-
lar structure than the corresponding nQ orbitals of oxygen
lone pairs of the C»0 group.

Owing to the existence of two interacting and competi-
tive ionization centers in the molecule, as well as because
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IPv(rtc=N) XCN. 3B

Fig. 9. Comparison of IPy(&hgq) values of MeCOX and
XCHO compounds and IPv(¥¥iN) of nitriles XCN.

of remarkable difficulties in determining the correct con-
formation of a molecule, the analysis of the PE spectra of
amides (the same concerns also the analysis of the PE spect-
ra of carboxylic acids, esters and anhydrides of oarboxylic
acids) is far more complicated a problem than the analysis
of the PE spectra of aldehydes and ketones. Therefore, the
assignment of the MOs suggested in various reports27’3® 32
3435 differs even in the case of determining the nature
and succession of the first two or three orbitals.

In Pig. 11, when comparing the IP(nQ) and IP(JTcq), in
the case of HCONH@; MoWONki2* CF3CONH2 , PCHGCONHtp,, HOONWHE §
HC=CCONH2, H2C-CHCONH2, the third ionization potentials
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IPv(*c=0 )HCOX.3B

Fig. 10. Comparison of IPy( in two series of
carbonyl-containing compounds.

from the PE spectra were used (mainly employing the inter-
pretations of30»32) as IP(JfCe0) .

IT for the amides of this group (HCONHVe, MeCONHVe,
(Hg\N)gCO, MeCONMe2) the third IP from the PE spectra of
these compounds32 is used as iP(6Tq=o”™ these amides will
also be situated on the upper straight line. The validity of
such an interpretation of the PE spectra of these compounds
is confirmed by the fact that it is self-consistent also
with the results of the rest of correlations for these am-
ides according to Eq. (6) (see Table 3 and Pigs. 3,4,5%6,9,
10,11).

It should be mentioned that using for tetramethyl urea
the approach suggested by us32 on the basis of nonempirical
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rhO (e

9 10 n 12 13 14
IPv(n0),eV

Fig. 11. Comparison of vertical ionization potentials
1M4Cx0) and IP(nN0) in terms of Eq.(6).
Por explanations, see text.

calculations (STO-3G basis set) (the 4th band in the PE
spectrum corresponds to IPCJTq”qJ, this compound would also
lie on the (upper) common straight line in the coordinates
of Eg. () in Pig. 11, like aldehydes and ketones.

The analysis of the PE spectra of carboxylic acids and
their esters is most likely to be a far more serious prob-
lem in comparison with the analysis of the PE spectra of
amides, since iIn the case of amides, unlike the present com-
pound group, the competitive ionization centers usually re-
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markably differ from one another, as to the MO energies of
lone pairs and by their number of electron pairs. Closeness
of these parameters of the ionization centers considerably
promotes the orbital mixing and complicates the spectrum in-
terpretation.

In a classical paperthe first two PE bands of a num-
ber of esters of acetic and trifluoroacetic acids have been
treated as Ug and 5\gsq* The use of these values in Eq. (6)
(see Pig. 11, the lower straight line), differently from al-
dehydes, ketones and a few other compounds, leads to a sep-
arate rectilinear dependence which is mixed approximately
by 3 eV lower on the ordinate axis (IP( 5]d-,9))* As it was
mentioned, according to the previous interpretations, all am-
ides will also lie on the same straight line,

Nevertheless, It can be said that using the interpreta-
tion of Biven Pl.orks20, 30»32 (g third orbital
for HCOOH, the 4th for acetic acid, the third orbital for
CP"COOH) shows that in Pig. 11, these points move to the up-
per straight line, which coincides with that of aldehydes,
ketones and of the above mentioned amides. Such an interpre-
tation is also in keeping with the results of the data treat-
ment by meane of Eq. (6), the other compound series present-
ed in Table 3 As another hypothesis, necessary to be proved
yet, attention should be paid to the fact that applying on
the basis of report32 the arithmetic mean of IP from the 2nd
and the 6th IP ((12.11 + 16.5)/2 = 14.4) for acetic acid,
the arithmetic mean from the 2nd and the 6th IP ((11.9+
+15.8)/2«13.8) for CCIgHCOOH, the arithmetic mean of the
values of the 5th and the 6th IP for CHPgCOOEt (<15.6 +
+ 16.7)/2 =16.2) also result in the accumulation of the
points in the region of the upper straight line in Pig. 11.

IT the second IP for PCHO and PgCO in the function of
IP( 51C30) were replaced by the arithmetic means: for PCHO
from 2a" and 1a" MO (16.5 €V) and for PgCO from 2b, C«QeQ,np)
and 1b,(np,jTGxQ) MO (17.9 eV), the points for these two
compounds would also lie on the upper straight line in Pig.
11. This interpretation, however, contradicts the results of
comparison of IP(JfC0O) value of carbonyl-containing compounds
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with the IP( 9TAC) of alkenes and IP( jTgsq) of alkynes
where the second band of the PE spectrum was used in the
function of the orbitals for FCHO and F20.

The analysis of the effect of structure on the ioniza-
tion potentials of carbonyl-containing compounds using both
the "external” and the "internal” scales of substituent con-
stants can be found in our earlier publications2* a
possibility of quantitative description of the IP of carbon-
yl-containing compounds within the approach, taking into
consideration the distribution of charge density (the Made-
lung potential) around the ionization center has also been
discussed™".

Concluding the surwey of the results of the analysis
of the PE spectra of a number of carbonyl-containing com-
pounds, it should be stressed that the problem definitely
needs a further broader complex analysis, applying both quan
tum-chemical calculations as well as the methods of compari-
son and correlation analysis.

References

1. 1.A. Koppel, U.H. Molder, and R.J. Pikver, Organic Reac-
tivity, 20, 45 (1983).

2. 1.A. Koppel, U.H. Molder, and R.J. Pikver, Organic Riac-
tivity, J8, 380 (1981).

3. 1.A. Koppel, U.H. Molder, and R.J. Pikver, Organic Reac-
tivity, 17, 457 (1980).

4. 1.A. Koppel, U.H. Molder, and R.J. Pikver, Organic Reac-
tivity, 18, 84 (1981).

5. 1.A. Koppel, Dr. Sei. Thesis ({in Russian), Moscow, 1986.

6. U.H. Mulder, R.J. Pikver, and 1.A. Koppel, Organic Reac-
tivity, 24, 95 (1987).

7. H.M. Niemeyer, Tetrahedron, 21* 1369 (1977).

8. 1.A. Koppel and U.H. Molder, Organic Reactivity, 8, 42
(1981).

9. L. Asbrink, c. Fridh, and E. Lindholm, Chem. Phys. Lett.,
52, 63, 69 (1977).

255
17+



10.

13.

14.

16.
17.
18.

19.

L. Asbrink, C. Fridh, and E. Lindholm, QCPE, 1°, 393
(1980).

J-s. Binkley, R.A. Whiteside, R. Krishnan, R. Seeger,
D.J. De Frees, h.B. Schlegel, S. Topiol, L.R. Kahn, and
J.A. Pople, Carnegie-Mellon University, Pittsburgh, PA,
15213, QCPE, 406, 437, 446 (1981, 1982).

. K. Kinura, S. Katsumata, Y. Achiba, T. Yamazaki, and S.

Iwata, Handbook of the Hel Photoelectron Spectra of Fun-
damental Organic Molecules, Tokyo, New York, Halsted
Press, 1981.

1.A. Koppel, U.H. Molder, and V.A. Palm, Organic Reacti-
vity, 22, 3 (1985).

W.C. Tam, D.Yee, and C.E. Brion, J. Electron Spectrosc.
Relat. Phenom., 4, 77 (1974).

a) M.D. Harmony, V.W. Lawrie, R.L. Kuczkowski et al., J.
Phys. Chem. Ref. Data, 8, 619 (1979).

b) J.H. Callomon, E. Hirota, K. Kuchitsu et al., Struc-
ture Data on Free Polyatomic Molecules, Landolt-Born-
stein, New Series, Group 11, Vol. 7, K.H. Hellwege, A.M.
Hellwege (eds.), Springer, Berlin, 1976.

C.R.Brundle, M.B. Robin, N.A. Kuebler, and H. Basch, J.
An. Chem. Soc., ™4, No 5, 1451 (1972).

D. Chadwick, Can. J. Chem., "0, No 5, 737 (1972),

V.l. Young and K.L. Cheng, J. Chem. Soc., 65, 3187(1976).
B.J. Cooksey, J.H.L. Eland, and C.J. Danby, J. Chen.*,
Soc., B1971. 790.

M.J.S. Dewar and S.D. Worley, J. Chem. Phys., 50, 654
0969) .

1_.A. Koppel, U.H. Mblder, and M.B. Comisarow, Organic
Reactivity, 18 19 (1981).

E. Lindholm and L. Xsbrink, Molecular Orbitals and Their
Energies Studied by the Semiempirical HAM Method, Sprin-
ger Verlag, Berlin, 1985.

1.A. Koppel, U.H. Mdlder, and R.J. Pikver, Acidity and
Basicity of Molecules in Gas Phase. Quantitative Aspects.
Ch. 5 iIn book "lon-Molecular Reactions of Organic Com-
pounds in Gas Phase", V.A. Mazunov (Ed.), (in Russian),
Acad. Sei. USSR, Ufa, 1987.

256



24.

26 .

1.A. Koppel and V.A. Palm, Ch. 5 in book *Linear Free
Energy Relationships'™, N.B. Chapman, J. Shorter (Eds.),
Plenum, New York, 1972, p. 203.

U.H. Mdlder and I.A. Koppel, Organic Reactivity, 20, 483
(1983).-

1.A. Koppel and U.H. Molder, ibid., 20, 3 (1983).

J.-P. Kintzinger, Oxygen NVR, in book "NMR Basic Princi-
ples and Progress', Berlin, Springer, 1981, p. 1.

V.l. Vovna and F.1. Vilesov, Advances in Photonics, (in
Russian), wol. 5> p. 3* 1975, Leningrad State University
Press.

. B.Yu. Khelmer, A.T. Shuvaev, O.E. Shelepin, and L.N. Ma-

zalov, '"X-Ray and Photoelectron Spectra of Oxygen-Organ-
ic Compounds™, (in Russian), Rostov-on-Don, Rostov State
University Press, 1983.

29. W.v. Niessen, G. Bieri, and L. Asbrink, J. Electron Spec-

trosc. Relat. Phenom., 2L, 175 (1980).

30. L. Ssbrink, A. Svensson, W.v. Niessen, and G. Bieri,

08 8 28 8

ibid., 24, 293 (1981)

. V.L. Nefedov and V.l. Vovna, Electronic Structure of

Chemical Compounds, (in Russian), Moscow, Nauka, 1987.
U.H. Modlder, R.J. Pikver, and 1.A. Koppel, in print
(report 9 of the same series of papers).

W. Jolly, Acc. Chem. Res,, 16, 370 (1983).

C.R. Brundle and D.W. Thomas, Chem. Phys. Letters, 2*
292 (1969).

D.A. Schweigart and D.W. Turner, J. An. Chem. Soc., 94«
5502 (1972).

1.A. Koppel, U.H. Molder, and R.J. Pikver, Organic Reao-
tivity, 21, 222 (1984).

I1.A. Koppel and U.H. Molder, ibid., 18, 411 (1981).

257



CONTENTS

AN. Gaidukevich, EN. Svechni -
KovVva, and G. S I m, Reactivity of Derivatives
of Phenylanthranilic Acid. Il. Kinetics of Alka-
line Hydrolysis Reaction of Methyl Ester Deriva-
tives of 4-Nitro-N-Phenylanthranilic Acid in

Binary Dioxane-Water Solvent. . ... ... ... ......

AN. Gaidukevich, EN. Svechni -
Kova, and G. S i m, Reactivity of Aromatic
and Heterocyclic Derivatives of Hydrazine.

VI. Kinetics of Benzoylation Reactions of Hydra-
zides of 4-Nitro-N-(R-Phenyl)-Anthranilic Acids.

IV. Shakheldyan, SS. Gitis,

and A.l. G 1 a z, Effects of Phenols on Decom-
position Rate of Sodium 6,8-Dinitro-1,4-Dioxa-
spiro [4,5]Deca-6,9-Dienate. . . ... ... ... .......

TN. Solomoichenko, VA Sav-
yolova, TV. Ved, and YuS. Sa-
dov sk i j, Nucleophilic Substitution at Tet-
racoordinated Atom of Phosphorus. Kinetics and
Mechanism of Reactions of OH- and NH-Nucleophiles
with Diphenylchlorophosphate Catalyzed by Pyri-
dine N-Oxide in Acetonitrile

LP.Drizhd, L.I1. Bondarenko,

M.D. Vdovichenko, and V.AA. Sav -
yolova, Effect of Sodium Perchlorate on
Kinetics and Reaction Mechanism of Hydrolysis
and Aminolysis of N-Arylbenzimidoyl Chlorides in
Dioxane-Water (9:1) Mixture

T.L.. Pervishko, EA. Ponomareva,
and G.P. Dvor ko, Study of S Reactions
Using Verdazyls. VIIl. PhgCHBr Heterolysis Ki-
netics in Cyclohexanone and Acetophenone. Solvent
Influence on Perchlorate Catalytic Effect......

143

156

162

179



AL. Sidelkovskij, SI1.0rloyv,
LN. Margolin, A.P. Vasilev,

and A.L. Chimishkyan, Kinetics of
Phosgene Solvolysis in Aliphatic Alcohols. ...

UH. Molder, RJ. Pikver, and
I.A. Koppel, Photoelectron Spectra of
Molecules. 8. Ketones

207

218



Pl IOHHAA CMOCOBHOCTb OPIMAHUYECKIX COE,EI,VIHEHI/II/I.
Tom WY ._ Bon. 2(86). VioHb 1987.
_I-ria aHFI'II/IgCKOM A3bIKE .
CKUC T eHHb I IMBEPCUTET

By 2024000Cyr apTju yn SMKooM,  18.
Vastitav toimetaja VTrelm.
Paljundamisele antud 2.12.1987.
Formaat 60x84/16.
Kirjutuspaber.
Masinakiri. Rotaprint.
Tingtrikipoognaid 7,67.
Arvestuspoognaid 7,29. Trukipoognaid 8,25.
Trikiarv 350.
Teil. nr. 1026.
Hind rbl. 1.50.
TRU trikikoda. ENSV, 202400 Tartu, Tiigi t. 78.



	A.N. Gaidukevich, E.N. Svechnikova, G. Sim. - Reactivity of Derivatives

of Phenylanthranilic Acid. II. Kinetics of Alkaline

Hydrolysis Reaction of Methyl Ester Derivatives

of 4-Nitro-N-Phenylanthranilic Acid in

Binary Dioxane-Water Solvent
	A.N. Gaidukevich, E.N. Svechnikova, G. Sim. - Reactivity of Aromatic

and Heterocyclic Derivatives of Hydrazine.

VI. Kinetics of Benzoylation Reactions of Hydrazides

of 4-Nitro-N-(R-Phenyl)-Anthranilic Acids
	I.V. Shakheldyan, S.S. Gitis, A.I. Glaz. - Effects of Phenols on Decomposition

Rate of Sodium 6,8-Dinitro-1,4-Dioxaspiro

[4,5]Deca-6,9-Dienate
	T.N. Solomoichenko, V.A. Savyolova, T.V. Ved, Yu.S. Sadovskij. - Nucleophilic Substitution at Tetracoordinated

Atom of Phosphorus. Kinetics and

Mechanism of Reactions of OH- and NH-Nucleophiles

with Diphenylchlorophosphate Catalyzed by Pyridine

N-Oxide in Acetonitrile
	L.P. Drizhd, L.I. Bondarenko, M.D. Vdovichenko, V.A. Savyolova. - Effect of Sodium Perchlorate on

Kinetics and Reaction Mechanism of Hydrolysis

and Aminolysis of N-Arylbenzimidoyl Chlorides in

Dioxane-Water (9:1) Mixture
	T.L. Pervishko, E.A. Ponomareva, G.F. Dvorko. - Study of SN1 Reactions 
Using Verdazyls. VIII. Ph2CHBr Heterolysis Kinetics 
in Cyclohexanone and Acetophenone. Solvent 
Influence on Perchlorate Catalytic Effect
	A.L. Sidelkovskii, S.I. Orlov, L.N. Margolin, A.P. Vasilev, A.L. Ohimishkyan. - Kinetics of

Phosgene Solvolysis in Aliphatic Alcohols
	U.H. Mölder, R.J. Pikver, I.A. Koppel. - Photoelectron Spectra of

Molecules. 8. Ketones
	Contents

