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Kinetics of Reaction of Tetranitromethane with 
1,1-Dianisylethylene 

V.A. Gorodysky, V.P. Pozdnyakov 
Leningrad A.I. Hertsen Pedagogical Institute 

Received December 24, 1973 

Kinetics of the reaction of tetranitromethane 
with dianisylethylene was investigated in diffe
rent solvents. First there were received the 
thermodynamical characteristics of the CTC, for
med in the primary act of the reaction of TNM 

with dianizylethylene. Spectrophotometrical in
vestigations of kinetics showed that CTC lies on 

the co-ordinate of the reaction. Obtained data 
on the thermodynamics of the limiting stage en
abled us to specify the reaction mechanism. Study 

of the influence of the solvent on the reaction 
rate constant enabled us to estimate the dipole 
moments of the reaction complex in different sol

vents. According to thermodynamical data and di

pole moments of the reaction complex structural 

models of the transition state were suggested. 
The recent years special attention has been 

paid to the study of the mechanism of the reac
tion of TNM with alkanes.1-® But no detailed 
quantitative investigations of the kinetics of 
the reactions were undertaken. 

The aim of this work is to investigate the properties 

of the CTC, which are, to everybody's opinion, pre-reactio-
nal ones, and to study the kinetics of this reaction using 
the idea of the influence of the solvent on the rate con-

q 
stanty for getting information about transition state. The 

10 well-studied reaction of TNM with dianizylethylene yiel
ding about 95% of nitroalkane was chosen for this purpose. 

The investigations, taken earlier, showed that in this 
11 case, as well as in all other cases , the first stage of 

the reaction was the formation of the CTC. 
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The well-known half-life (1T) determination method was 
used to determine the reaction order. Experimental data ob
tained (Table 1) enabled us to state that the investigated 
reaction had the order close to 2 in all solvents. 

Table 1. Data of the HaIf-life 

Solvent Heptane cci4 ci2c=cci2 CI2CH-CHCI2 CH^NO2 

VCo 5 5 5 5 5 

4.83 4.91 4.87 4.81 4.79 

Time- dependence of electron spectra was studied for 
proving the supposition about proceeding of the reaction 
through the CTC stage (Fig.l). Distinct isobestical point 
(IP) is seen in the spectra, but reduction of the optical 
hardness while Л > _A7 p occurs due the decrease in the CTC 

concentration, and its growth ( .A X- P. ) due to the forma
tion of the final product, viz. nltroalkane. Presence of IP 
in all solvents is the prove of proceeding of the reaction 
through the CTC stage. 

*t20 

Fig. 1. Dependence of the electron 
absorption spectra on time. 

Carried investigations enabled to suggest the fol
lowing formal pattern of the proceeding of the reaction: 

AC + DK^3l=i CTC „ ̂  j —£3 —»БД+CD (1) 
1 -2 
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with AC as acceptor; DN as donor (alken), fï*as transitio
nal stage; CD as nitroalkene, NA as nitrophorm, 

k^ ; k_y| ; k2; k_2; k^ as proper rate constants of the elemen

tary stages of the reactions. 

The rate equation for the suggested pattern is as 
follows: 

d (CD) _ 

dt ~ "T 
k-1 

Having indicated k*k2 as kct 

into account that fc,, k_^ » 

we shall get finally: 

• . aC'DR'H* 
к_2+к3.П* (2) 

with к = loj/k_i » and taking 

^2 and k2 <-< DN « AC, 

d = k^. DN, where k^ = к2*к«АС (?) 
dt 

Wit the help of Eq.(3) the processing of the ex
perimental data on the kinetics of the reaction was 
carried out. The lgk^ and lgk values, and the values of 
the dielectric coefficient (£ ) are given in Table 2. 

Table 2. Logarythms of the Rate Constants and 
Thermodynamical Data of the TNM-DN Complex 
in Different Solvents 

Solvent £-1 -!gku -lgk -дН ÄF -»S 10^. 
>k Solvent 

£+2 30°c 20°C 20°C 30eC 

ÄF -»S 10^. 
>k 

heptane 0 .235 3.11 3.63 0.76 0.79 0.8 1.0 6.1 0.92 

cci4 0 .292 3.10 3.32 0.82 0.85 1.2 1.1 7.8 1.1 

ci2c=cci2 0 .302 3.08 3.20 0.88 0.92 1.2 1.2 8.2 1.5 

CI2CH- 0 

CM 0
 

0-

2.66 2.95 1.21 1.23 1.1 1.6 9.2 4.2 

-CHCI2 

CICH2-CH2CI 0.757 ' 2.46 2.81 1.52 1.48х 1.1 2.2 11 5.6 

CH3NO2 0.926 1.57 2.10 2.21 2.19х O.ti 3.0 13 29 
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Лк is the mean-square error (11-13 points) x t 10°C. 
Eq. (3) shows that the experimental constant k^ is the prod
uct of the equilibrium constant к and true constant k2 of 

the rate of transformation of the CTC into the reactionary 

complex. So, thermodynamical parameters of the complex in 

different solvents were determined by methods described ear
lier (Table 2). It should be noted that changes in the 
In ku and Ink values are close to each other in their abso
lute size. Really, vivid correlation is seen between these 
figures, R=0.98; S=0.20, with the slope being close to 1 
(Fig. 2). Obtained correlation not only proves the conclu
sion about proceeding of the reaction through the CTC stage, 
made earlier, but enables us to predict practically alterna
tion of the rate of the given reaction with the change of 
the solvent when knowing the corresponding values of the 
complex association constants. Data, given in Table 2, en
able us to calculate both the rate constant k2 and thermo
dynamical parameters of the limiting step. Data given in 

Table 3 show that the solvents, according to the type of 
their influence, may be conditionally divided into two 
groups: 1) heptane and nitromethane, 2) chlorine derivatives. 

Fig. 2. Correlational relationship between the 
lg кц and lg k. 1=C?H16; 2=CC14; 3=C12C=CC12; 

4=C12CHCHC12; 
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5=C1CH2CH2C1; 6=CH3N02. 

The first group is characterized by little positive 
alternation of entropy, in the second one considerably grea
ter and positive in sign S is noted. So, the limiting step 
of the electrophilic substitution-addition cannot pass 
through spatially equal transitional states. S for chlori

ne derivatives can be explained by the specifical interac
tion of formed CTC and the molecule of the solvent. Little 
alternation of entropy in the transition state, characteris
tic of heptane and nitromethane, shows that given solvents 
do not interact specifically with the reaction complex. 

Table 3. Thermodynamical Parameters of the Activation 
of the Reaction of TNM-DN and Electrical Characteristics of 
Transition State 

Solvent -in : *2 
дН* -T* S Л F* InA 

V, 
f' Q, 

20°C 30°c 
дН* -T* S Л F* InA 

V, 
f' Q, 

gepthane 6.58 5.35 21.4 -0.5 20.9 31.3 12 0.60 
cci4 8.09 7.50 9.5 12.2 21.7 9.3 11 0.55 

ci2c=cci2 7.62 6.84 5.8 15.6 21.4 ЗА 11 0.55 

CI2CHCHCI2 ,6.19 5.57 10.0 10.6 20.6 12.0 12 0.60 

CICH2CH2CI . 5.53 6.41 13.9 6.4 20.5 16.7 12 0.60 

CH5N02 -0.27 1.07A)20.8 -3.8 17.0 37.0 15 0.80 

a) t=10°C ; b) in calculations according to Eq.(7) the 

* value was taken equal to 0.6; alternations of this para
meter in the limits of 20% causes the alternation of in 

the limits of 10%. 
Mow we shall turn, to the examination of the connec

tion between the activation parameters (relative error of 
their determination is 10-20%) and the macrocharacteristics 
of the solvents. Thus, definite correlation (R=0.95;S=0.097) 
is observed between the function of the dielectric coeffi-
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cient and the rate constants. Fig. 3 shows that difference 

in the character of the influence of the two groups of the 
solvents on the thermodynamics of the limiting step, noted 
earlier, is distinctly held here. Really, the points are 
rallying about two independent lines; this proves different 
proceedings of the reaction in above-mentioned solvents. The 
fact of crossing of the lines in the point on the co-ordinate 
axis attracts attention to itself. 

-i 

Fig. 3. Dependence of In kg on 
( -1)/( +2) at 20°C 

a) heptane - nitromethane ; b) chlorine derivatives - alkanes. 

Interconnection given higher enables us, in principle, 
to get information on the dipole moment of the reaction com-

Q и 4. 
plex, using the expression given in earlier papers. * 

In kx= ^ 
K.T (£. Л 

•Iй-* J CTC ) (ft - '1 

f. о 

4  "с ) Ô - 1  

»rJ- -77ГГ + const 

(4) 
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where k^. is the rate constant in the solvent x; JjLp* 
a ̂ , aCTC are the dipole moments and Onzager*s radii of the 
reaction and pre-reaction complexes. 

Correlation (4) is obtained for the case when the com
plex is in thermodynamical balance with the environment. 
Really, the process of reconstruction of the basic state 
into the transition one, accompanied by breaking off other 
connections, takes considerably more time than the orienta
tions relaxation of the molecules of the solvent ; so, the re-

Q -14. 
action may be regorded as that in the case of the balance. ' 
The dipole moment of the transition state was estimated with 

the help of Eq.(4). The value of /^ÇTC' ne°essary for the 
calculations and equal to 5.8 D, was determined with the help 
of the method used earlier.^ For heptane-nitromethane (when 
molecule of the solvent does not interfere in the reaction 

complex) a_£vfcaCTC. In this case the dipole moment of the tran
sition state, calculated for the gas phase, will be ~ 11 D. 
Estimation of this figure for the reaction of chlorine deri
vatives needs taking into account the alteration of the 
Onzager* s radius of the reaction complex. Having assumed that 
the latter interacts with one molecule of the solvent only, 

3 we estimated a^ by the following 

â =aCTC + (5) 
where r is the structural radius of the molecule of the sol
vent. The calculations showed that in this case the dipole 
moment of the reaction complex,^., is in the range of 9.1-9.3D. 
It was noted before that obtained values of the dipole moment 

15 were referred to the gas phase, still it is known ̂  that the 
dipole moment in the liquid, may differ greatly from JJ-. 
According to the ideas of the physics of dielectrics, these 
figures may be connected by the following relation: 

/i'= /<+<*R, where К = Л2 (£ -D (6) 
/ / 'a3. <t+2) 

and rx: is polarization of the molecule, R is intensity of 
the reaction field. Whithin the limits of Onzager*s ideas 
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for the given range of substances Eq. (6) may be transformed. 
Into; 

'  u .  2 ^ -  1  (71 
' / (2 - 2«/а3).^ + 2^/a^+ 1 

Now, with the help of Eq.(7) we can calculate the di-

pol moment of the transition state, д'±.* i11 every solvent 

(Table 3)• 
Obtained dipole moment values show that in the tran

sition state further considerable polarization of the charges 
(compared with CTC) takes place. Let us estimate the trans
ference rate of the charge Q in the reaction complex, having 
defined it as a ratio of и'± to the maximum value of the di
pole moment of ion pair. Table 3 shows that Q alters from 
0.55 to 0.8. the Q values show that the limiting step of the 
reaction takes an intermediate place between the CTC and the 
ion pair, but closer to the latter. 

On the strength of the above-mentioned we can suggest 
the following transition state model and limiting stop mech
anism. 

Case 1. (Molecule of the solvent does not take place 
in the transition state). During the formation of CTC one of 
the TNM nitrogroups interfere in ^-electron cloud of the 
double-bond of the donor^(Fig. 4a). As a result, alongside 
with relaxation of one of the С - N bonds loosening of the 
7<-bonding takes place and C=C bond approaches simple <3-

bonding. Inner rotation around this linkage may result in 

appearing of hydrogen atom near TNM remainder. In such a way 

conditions, favourable for nitrophorm and nitroalkene mole
cule formation, are created. But preceding state Ç will be 
the most energy-capacious and, therefore, transitional one, 
as in this case, on one hand, shielded configuration takes 
place, and on the other hand, relaxation of the !Д -bonding 
continues. Activation energy for the a-c transition may be 

regarded as the energy expended on overcoming the barrier of 

inner rotation. Thus, in the given example H~-~ 20 kcal is in 

the reasonable correspondence with the energy of rupture of 
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the «//-bonding ( ~ 40 kcal) 

^  о  
,Aft 

"ft 

j*i 

уъ 

£: 

FiK. 4. Construction patterns of the reaction and 
pre-reaction complexes, a is starting CTC; b is prereaction 
complex; с is transition state ; d is a state preceding to 
the reaction products. 

Sharp decrease in the free energy, when passing from 

heptane to nitromethane, proceeds mainly on ac-count of 

additional stabilization of the transition state as a re
sult of the orientation interaction of CH^NOg with the re
action complex; in this case we mostly approach the ion pair 
state• 

Case 2. The solvent molecule interacts specifically 
with the reaction complex. Above-mentioned pattern mechanism 
remains entirely in this case. 

But its important difference from the first example 
lies in the fact that in this variant relaxation of the 
double-bond proceeds on account of specifical interaction 

1P of the solvent molecule with mobile non-divided pairs , 
with positively charged d-carbon atom. Really, the activa
tion energy in the case of chlorine derivative alkanes is 
by 7-14 kcal/mol lower. But influence of reduction of the 
activation energy on the free energy of the reaction will 
be compensated by the entropy factor (Table 3), because def
inite orientation of the solvent molecules is needed for 
proceeding of the reaction. 

283 



On the strength of presented material on the reaction 
of TNM with 1.1-dianizylethylene we can draw a conclusion 
that suggested method of investigation as both pre-reaction 
complexes with charge transmission and reaction complexes, 
based on the pattern ideas of the physics of dielectrics 
with classical thermodynamical methods, enables not only to 
specify greatly mechanisms of the chemical reactions, but 
also to suggest new constructional patterns of activated 
complex on the strength of obtained figures of the dipole 
moments of the CTC and transition state. In conclusion the 
authors express their gratitude to Professor Nikolay 
Grigoryevich Bakhshiev for valuable notes, expressed in the 
process of discussion on the materials of the paper. 
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AN ATTEMPT TO INTERPRET ACIDITY OF CARBON 
ACIDS USING y-CONSTANTS OF SUBSTITUENTS 

A.J. Talvik and V.A. Palm 

The Chair of Organic Chemistry, Tartu State 
University, 202400 Tartu, Estonian S.S.R., 

U.S.S.R. 

Received May 14, 1974 

A correlation analysis of the thermodynamical acidi
ty of nitroalkanes, gem-dinitroalkanes, ethyl ethers 
of et-nitrocarboxylic and ß -oxocarboxylic acids, and 
ß -diketones is carried out. The possibility to cor
relate quantitatively the acidity of carbon acids of 
types cited using substituents inductive, steric, and 
(f> -constants is demonstrated. The steric effect of the 
substituent is considered as a combination of two in
dependent contributions. The effects of alkyl and elec
tronegative substituents can be represented by a com
mon equation for each type of carbon acids in question 
if the inductive constants for the formers are equali
zed to zero. When this approach irc used the additional 
terms for electronegative substituents are always acid 
strengthening in their nature and they could be iden
tified with resonance effects. A model is suggested ac
cording to which (i) the term proportional to the 
substituent -constant is related to the decrease in 
the relative free energy of the change Cgp5 •+• Cgp2 
caused by an increase in the intensity of the ^-in
teraction, (ii) the contribution proportional to the 
substituent E1-constant reflects the increase in the s 
relative free energy of anions caused by the steric in
hibition of resonance, and (iii) the term proportional 
to the difference between the E°-constants for a given 
and the reference substituent reflects the decrease in 
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the relative free energy of dissociation caused by an 
increase in the 1,7-interaction. 

In am earlier report"*" it has been shown that the accept
ed views on the structure of nitroaUcanes , R-^RgCHNOg » and 
nitronate anions , R-^CNOg , do not justify the interpre
tation of the observed effect of ot-branching as caused by 
hyperconjugation. As the most likely explanation of this 
phenomenon it was proposed that the dependence of the R-C 
bond energy upon the hybridization state of the carbon atom 
was different for different R. In other words, it was suggest
ed that there was a specific contribution to the relative 
changes in the dissociation energy of nitroalkanes (and 
other carbon acids) determined by the substituent ("environ
ment") at the carbon atom whose hybridization state had been 
changed. It was shown that the substitution of the C-C bond 
for the C-H bond was likely to cause a change in the disso
ciation energy by about from 2 to 4 kcal/mol . On the other 
hand, Istomin and Palm have introduced a notion of "(^-inter-
action" connected, according to the model described already^ 
with interactions between carbon atoms and the hydrogen 
•train. It appeared that between the bridging group C=C 
and adjacent hydrogen atoms a destabilizing contribution 
besides the (^-interaction is present being proportional 
(by coefficient 2.6 kcal/mol) to the number of such hydro
gen atoms. This kind of interaction is absent in alkanes Л 

The comparison of the results of an earlier investigation'1" 

with the conclusion that the "environment effect" 1 is 

significant in dissociation of carbon acids points out an 

analogy between the dissociation of carbon acids and the de
hydration of alkanes. Therefore the study of the applica
bility of the (^-interaction to the dissociation of carbon 
acids and that of the possibility to model this reaction by 
dehydrogenation of alkanes are the main purpose of present in

vestigation. The substituent constants used in respective 
calculations are listed in Table 1. For the numerical values 
see Refs. 3» 5 - 10. 
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Table 1 

The Values of Subetituent Constants 

Substituent R §Bbstituent_Gonstants_for_R, 

У E* a s  1 Ъ О" * 

H 0.00 0.00 0.00 0.00 0.00 

снз 
C2H5 

3.94 3-94 -1.24 0.00 0,00 
снз 
C2H5 3.38 3.38 -1.31 0.00 0.00 

C3H7 
°4H9 

3.19 3.19 -1.60 -0.29 0.00 
C3H7 
°4H9 3.29 3.29 -1.63 -0.32 0.00 

i-c4H9 
nec-Ct-H11 

3-38 3.00 -2.17 -0.86 0.00 i-c4H9 
nec-Ct-H11 3.47 2.83 -2.98 -1.67 0.00 

i-C3Hr, 2.68 2.82 -1.71 0.00 0.00 

sec-C^Hg 

t-C4.H9 
C6H5CH2 

2.87 2.63 -2.37 -0.68 0.00 sec-C^Hg 

t-C4.H9 
C6H5CH2 

2.51 2.26 -2.78 0.00 0.00 
sec-C^Hg 

t-C4.H9 
C6H5CH2 3.36 - -1.62 -0.44 0.22 

CHqO(GHp) p 
носн2 

3.25 - -2.01 -0.70 0.26 CHqO(GHp) p 

носн2 2.46 - -1.21 -0.12 0.56 

CH3OCH2 

NCCH2 

2.64 - -1.43 -0.25 0.67 CH3OCH2 

NCCH2 2.92 - -2.38 -1.14 о.зо 

C6H5 
(4.37) - - - 0.62 

I 3.74 - - - 0.22 

Br 4.27 - - - 2.63 

CI 4.87 - - - 2.68 

F 6.82 - - - З.Ю 

NC (5.56) - - - 3.25 

0^ (6.96) - - - 3.53 

a Eg = Eg - 1.24; ^ Difference between the EQ value for 

the given substituent which is able for 1.7-interaction 

and that for a substituent with a sinilar o6-branching 

for iahich the 1,7-interaction is not possible. 
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Table 2 

Date Used for the Analysis of the Structure-Dependence 
of the Acidity of Nitroalkanes R-jR2CHN02 

Serial 
number R1 R2 P< AAR 

(kcal/mol) 
A AG 
(kcal/mol) 

1 H H 10.69 32.7 24.2 

2 " сн3 8.76 29.7 20.6 

3 " 
C2H5 

9.28 30.1 21šl 
4 " C3H7 

9.16 30.0 20.9 

5 " i-C^Hg 8.86 31.1 22.7 
6 " neo-C(-H11 8.54 30. la 

-

7 " 1-03H7 9.51 30.0 21.4 
8 " C6H5CH2 9.08 - -

9 " CH30(CH2)2 8.92 -

10 " H0CH2 9.67 - -

11 " CH30CH2 9.56 - -

12 " NCCH2 8.61 - -

13 " C6H5 7.18 28.1 19.9 
14 " Br 8.50 34.0 25.6 
15 " F 9.5 30. lb -

16 " CN 5.16 32.1 23.7 
17 сн3 CH5 7.67 28.1 18.9 

18 " C2H5 
8.38 28.2 19.2 

19 CI H 7.50 34.6° 
-

20 " сн5 6.97 - -

21 " C2H5 
7.48 - -

22 " C4H9 7.15 - -

23 " i_C4H9 
6.81 - -

24 " t— 10.26 - -

25 " CI 5.99 31.4 23.3 
26 F F 12.40 35.5 27.4 

a For 4,4-dimethyl-l-pentene = -19.2 kcal/mol}4 

^ For f luoroethylene Л = -32.4 kcal/mol;"1"" 
C For chloroethand A^. = -26.2 kcal/mol ̂ . 
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N i t r o a l k a n e s  

The data used in the analysis of the dependence of the 
acidity of nitroalkanes, R-^RgCHNOg » upon their structure 
are listed in Table 2. Values of pK^ = pKa - Ig^ijj taken 

1 11 12 from recent papers ' ' , the values of 

. AH°(R1R2C=CH2) - AH°(R1R2CHCH3) and 

AAG= ^G®(R1R2C=CH2) - ^G°(R1R2CHCH3) 

are calculated using the data at 298°K as listed in a review 
13 of Stull and coworkers^ 

The relationships between pK^-values for nitroalkanes 
and ЛДН (or A AG) for dehydrogenation of respective al

kanes are represented in Fig. 1. For compounds lacking in ß— 

-branching alkyl, aromatic or heteroatomic substituents the 
pK^ values are adequately (the SDs for regressions with 
ААЯ and Л A G are 0.31 and 0.24 whereas the uncertainty 

level for those quantities is hardly lower than 0.3kcal/mol) 

correlated with these thermodynamical parameters for de

hydrogenation process. 

26 30 32 34 36 
FigÉ 1. 

The dependence 
between pKa-val-
ues for nitroal
kanes , R^RgCHNO-p, 
and A A H ( о ) or 

AA G ( • ) for 
dehydration of 
respective alkanes 
(for compound num
bers see Tables) 

20 22 24 26 
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The déviations from the linearity could be attributed 
to the presaace of more than a single interaction type be
tween substituents and reaction centre. For compounds Nos 

-15i24,25 the resonance and the effect of the bond change 
could be expected. Even the effects of alkyl substituents 
are not uniform. They can be subdivided into the interac
tions between carbon atoms and into terms reflecting the 
1,6— and 1,7-interactions between unbound atoms (the H-
-strain^). Therefore the points for compounds with signifi
cant effect of bond change, resonance or H-strain are de
scribed by the relationship valid for simple alkyl substitu
ents only if these additional effects appear in the dissoci
ation of nitroalkanes and the dehydrogenation of respective 

alkanes in similar manner. Since these deviations for com
pounds (the serial numbers are given in paranthesis) under 
consideration actually equal 0.0 (26), 0.0 (15)» 1.2 (5). 

0.8 (6), 1.1 (13), 4.3 (19), 3.1 (14), 5.4 (16) and 4.3(25) 
log. units, such similarity can be observed only for fluo
rine (15, 26). 

The effect of ß -branching can be conveniently (there 
are quite a number of respective data) examined using the 
dependence of pK^ on -values. One can realize that the 

common dependence pK^ = f( C^, if у ...) can be expected 
only if either the insignificance of the triple interactions 

(nonadditive terms) is prooved or the respective terms are 

taken into account. Unfortunately only two series with one 

constant substituent can be considered: RCH2N02(1-12) and 

RCHC1N02 (19-24). 

For series RCH2N02 with R = alkyl substituent,only two 

possible ways of the separation of the gross substituent 

effect were tested: pK^ = f( t Q̂, - ̂ ?Q) and pK* = 

= f( , ^E°). The first of them is based on the model 

described previously-5, the second one on the linearity bet
ween free energies of dissociation of nitroalkanes and de
hydrogenation of respective alkanes observed in this study 
for substituents without ^ -branching (1,7-interactions) . 
The term corresponding to 1,7-interactions has been consid
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ered to Ъе proportional to the difference between the Eg-

—value for the given substituent and that for the substi
tuent with similar oC-branching but not being able for 
1,7-interactions (for primary aIkyIs such a reference sub
stituent should be GH^OHg, for secondary alkyls (CH^gCH, 
and for tertiary alkyls (CH^^O). Introduction of this 
scale of corrections for 1,7-interactions is consistent 
with the conclusion^ that Eg—values reflect mainly the 1,6— 
and 1,7-interactions. As a result the following equations 
were obtained: 

pK' = (10.70-0.10) - (0.47-0.03) <P0 - (1.24i0.15)(if-tfl) 
a (1) 

R = 0.993, s = 0.10 

&ndpK^ = (10.72-0.09) - (0.46^0.03) (f> + (0.34-0.06) л Eg (2) 

R = 0.994, s = 0.10 

From the statistical wiewpoint both of them are equiv
alent . 

When the second principle of data processing was ap
plied to the whole series (compounds 1-12) the following 
equation proved to be valid: 
pK^ = (10.77-0.13) - (0.46^0.04) (p + (0.43-0.08) A E° + 

- (0.13*0.11)СГ* (3) 

ß = 0.999, s = 0.14 

From Eq. (3) the insignificance of the inductive term 
can be noticed. All equations listed also contain no term 
reflecting the steric hindrance of resonance. The possibil
ity to neglect this term is probably connected with the 
limited set of data used. At least the pK^ value (11.5) 
expected for (CH^^CCHgNOg from the dependence of pK^ on 
AAVl considerably deviates from those predicted by using 
Eqs. (1)-(3). 

For series RCHCINO^ no good correlations according to 
equations of type (1) or (2) are observed. Although, as
suming the significance of the steric inhibition of reso
nance and the proportionality of the respective term to the 
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E^-value of substituent (see below) the data for this se
ries are correlated by equation: 

pK^ = (7*50-0.08) - (1.56-0.05)E^ - (0.62±0.0i f  +  
+ (2.31-0.11)4 E° (4) 

H = 0.999, s = 0.09 
Constants E^, ( ô and ^ ~ result in the more rough 

correlation (s = 0.50). 

G e m i n a l  D i n i t r o a l k a n e s  

The data used for the analysis of the acidity of gemi-
nal dinitroalkanes RCH(N02)2 are listed in Table 3• For the 
values of pK^ = pKa - lgn^ see fiefs. 1, 16, for those of E* 
(the excitation energies of respective nitronate anions) 
Refs. 16 through 20. 
ДА H = Ae° (RCH30=CH2) - zdH°(RCH5OHCH5) and A AG = 

= -4G^(RCH3C=CH2) - ^G^RCH^CHCH^) are calculated using 
data for 298° К (See Ref. 13). 

In distinction from nitroalkanes the dependence between 

рГ-values for gem.-dinitroalkanes and ДА H or A AG of the 

dehydrogenation of respective alkanes appears to be non

linear (see Fig. 2). From this fact one can conclude that 
in this series (by the analogy with the series RCHClNCg) 
the stability of anions shall considerably depend on some 
other factor not reflected by (^-values. This additional 
influence can be taken into account using E,L-constants. 
There is an analogy between the excitation of dinitro-

21 carbanions and the reaching of activated state in ester 
22 hydrolysis . Indeed, when 1,7-interactions are absent the 

influence of об-branching on the excitation energies of 

dinitrocarbani one s is correlated with E^-constants of res
pective substituents (see Fig. 3). In more precise approxi
mation the term proportional to the -constants is to be 
taken into account. Whole series (27-29, 31, 33-38) is cor
related by equation: 
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A E = (2.33-0.19)E^ - (0.21-0.08) y -
- (1.89-0.13) Л E® + (4.43*0.11) CT* 

H = 0.999, s = 0.12 
(5) 

Fig. 2. Dependence between 
pKg-values of gem.-dinitroal-
kanes RCH(NÛ2)2 and J/1H ( о ) 
or AAG ( * ) of dehydrogena-

tion of respective alkanes. 

76 79 20 2/ 

Pig. 3« Dependence of excitation 
energies of nitrônâtes RC(N02)2 
upon substituent constants E' 

72-

For dissociation of compounds (27-35) with alkyl substi-

and tuent only the relationships pK^ = f(E^, if 
• pK^ = f(E^, 0» - ̂ 0) were tested. It appeared that 
the former, represented by Eq. (6), is considerably more 

pK^ = (3.96Î0.1?) - (1.78-0.10)E^ - (0.21-0.07) + 
+ (2.09-0.14)ЛE® (6) 

R = 0.999, s = 0.18 

reliable than the latter (R = 0.996, s = 0.61). 
As the susceptibility factors for E^ and Es are nearly 

equal within the limits of their uncertainty Eq. (б) с ал 
be reduced to the practically equivalent relationship (7): 

pK^ = (3.97-0.24) - (0.29-0.08) Cp - (1.85-0.14) ̂E^ (7) 

R = 0.985, s = 0.24 

where 4E^ represents the steric term cau-êed by oC-braching 
only (equals -I.3I for primary, -1.71 for secondary and 
-2.78 for tertiary alkyls). 

The whole series (27-39) is correlated by equations 

295 



pKs = -Cl'7Sl0.10)E^ - (0.21±0.08)tiM- (2.06-0.15) .J E' + 
+ (2.29-0.15) Qf* 1 (8) 

R = 0.999, s = 0.20 

Table 3 

Data Used for the Analysis of Structure-dependence 
of the Acidity of Dinitroalkanes RCH(N02) 

Serial 
number 

Substituent 
R 

pK* 
* a E* AA H 

kcal/mol kcal/mol 
44G 
kcal/mol 

27 H 3.93 78.7 29.7 20.6 

28 OHj 5.30 75.0 28.1 18.9 

29 °2H5 5.61 74.8 28.2 19.2 

30 5.39 - 29.2 19.8 

31 =4=9 5.45 74.8 - -

32 i-^4H9 5.40 - 28.0a -

33 neo-C^Hg 5.05 74.2 26.9Ъ -

34 i-c5H7 6.77 74.4 29.2 19.9 

35 t~C4H9 
8.24 71.6 28.3° 

-

36 C6H5CH2 4.54 75.8 - -

37 H0CH2 4.24 78.1 - -

38 CH^0CH2 3.56 78.3 - -

39 NCCH2 2.J4 78.7 - -

40 C6H5 3.89 76.5 - -

41 I 3.19 73.2 - -

42 Br 3.58 74.3 - -

43 CI 3.53 74.1 - -

44 F 7.70 74.3 - -

45 ON -6.22 82.9 - — 

46 O2N 0.14 81.8 - -

a For 2,4-dimethyl-l-pentene «dHi = - 20.27 (Ref. 14) 
b For 2 ,4,4-trimethyl-l-pentene Лн° = - 26.68 (Ref. 14) 
c For 2,3,3-trimethyl-l-butene ЛН° = - 20.67 (Ref. 14) 
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Using Eq. (5) the effects of nonalkyl substituents 
adjacent to reaction centre on the —• С 2 transition sp sp 
could be estimated and the respective effective E^-values 

calculated. Although these E^-constants ( see Table 4) re
flect not only the steric effect of substituent as it is 
the case for alkyl substituents they represent the quanti
tative measure of the gross effect of these substituents on 
the transition С 3 —>- С 2. 

sp sp 
Table Ц-

Effective Values of E^-constants for Some 

Substituents Estimated Using Eq. (5) 

Substituent °6H5 1 Br Cl F NC N02 

- Es 1.7 6.3 6.5 6.6 7.2 3.9 4.8 

Acidities of geni-dinitroalkanes with these substit
uents should now equal the values calculated by Eq. (8) and 
these E^-constants if no additional interaction type is 

present. In fact the following deviations  d>ru = PKà,exp" 
- pK'a calc) are observed: -0.7 (CgH^), -6.0 (I), -5.0 (Br), 

-5.0 (CI), -0.5 (F), -8.4 (CN), and -2.7 (NOg). 
Consequently, for all gem-dinitroalkanes containing 

these substituents (excluding possibly CgH^ and F) the ad
ditional interaction type causing the increase of acidity 
is present. These additional terms are satisfactorily pro
portional (see Fig. 4) to the deviations of respective 
points from the linearity of pK^ on ЛАК for mononitroal-

kanes (see Fig. 1). 

Fig. 4. 

The dependence between differences 

of experimental and calculated pK^-

-values for mononitroalkanes (Rm n ) 

and gem-dinitroalkanes (R^ n )• - 5  CN 
mn. 
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O t h e r  C a r b o n  A c i d s  

Acidity data of ethyl cL -nitrocarboxylates and ß -oxo-
carboxylates, as well as of ß —diketones suitable to 
proove the applicability of correlations considered are 
represented in Table 5. 

Table 5 

Data Used for Analysis of the Structure Effects on 
Acidity of Ethyl <x-Nitrocarboxylates, Ethyl ß -Oxo-
carboxylates and ß> -Diketones 

Substituent pK„ 
L_â 

RCH(N02)C02C2H^ RCH(CH^CO)C02C2Hß RCH(CH^C0)C0CH^ 

H 6.12 10.94 9.ЗО 
CH3 6.57 12.42 10.87 

CgH^ 7-20 12.87 11.34 

C3H? 6.83 

C4H9 6.86 13.28 

i-C4H9 6.53 

i-C3H? 8.08 15 12.85 

sec—C^Hg 7.25 

8 Not considered in correlation 

The test of the relationship pK^ = f( , a E°, E^ ) 
leads us to following results: (i) for ethyl 06-nitro
carboxylates 

pKg = (6.I3-O.17) - (1.65±0.20)Eg - (0.30*0.08)y + 

+ (2.44*0.32) ЛЕ° (g) 

R = 0.999, s = O.17 

(ii) for ethyl ^ -oxocarboxylates 

рГ = (10.93*0.17) - (3*55-0.24)Es - (0.76-0.10) (10) 

R = 0.998, s = O.17 

and (iii) for p -diketones 
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pKg = (9.30*0.01) - (287-0.01)Eg - (0.51*0.01) y (11) 

R = 0.999, s = 0.01 

In series of ethyl ß -oxocarboxylates the point for 
R = deviates by a unity maki ng possible the esti
mation of the susceptibility factor for Л E° to be equal 3. 

D i s s c u s s i o n  

The results obtained confirm that the dissociation of 
nitroalkanes in water medium can be modelled by the dehydro-
genation of respective alkanes in gas phase facilitaded by 
an increase of short-range interactions. For gem.-dinitro-
alkanes such a straightforvard modellation is impossible. 
The reason is that, probably, the interaction between R 
and CH^, on the one hand, and between R and N02, on the 
other hand, are not of the same nature because the steric 
hindrance to the résonance is involved in the latter case. 
This hindrance can quantitatively be taken into account 
using the Eg substituent constant. Consequently, the most 
important substituent effects affecting the acidity of 
carbon acids cannot be related to any solvation effects 
being specific for the reaction studied. 

In a first approximation the effects of alkyl and substi
tuted alkyl substituents (of type XCH2) related to the 
short-range interactions are in the case of dissociation 
characterized by If - and <T^-constants, and by Eg(Eg)"" 
and or-constants if the stability of anions is considered. 
The "anomaly" (for which see Refs. 1,23) of substituents of 
type XCH2 appears to be a simple consequence of the low 
values of (p. 

The extrapolation of these regularities to electronega
tive substituents leads us to the conclusion that an 
additional acid strengthening interaction mechanism is 
introduced by these substituents. It is noteworthy that 
according to another interpretation2̂  of pKfl- values for 
nitrocompounds and spectral characteristics of their carb-
anions the effect which in present work is presented by 
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the term proportional to Eg-constant (in minor part also 
in term proportional to ^ -constants)is involved in wether 
inductive contribution or in deviation from the linearity 
of pK^ vs. O^-constants defined for a subseries with 
selected substituents. These deviations being acid weakening 
are interpreted as the "06-effect" caused by the interaction 
of reaction centre with p-electrons of substituents leading 
to the destabilization of anions. The interpretation sugges
ted in present work results in the reversed sign of the 
additional effect for these substituents and excludes for 
them any repulsive interaction in carbanions not identified 
with the usual steric effect wich is taken into account in 
Eqs. (4) and (8). Proportional contributions in series 
of mono- and dinitroalkanes for substituents F, CI, Br, 
С^Н^ and CN makes reasonable to interpret this effect as 

the manifestation of acceptor polar resonance effect of 

these substituents. This effect is common for all substi
tuents listed (CI and Br possess vacant p-orbitales) but F. 
Indeed, the deviations for F equal practically zero both 
for mono- and dinitroalkanes. This is also the case for 
С^Н^ in the series of dinitroalkanes, as one might expect 

since the phenyl cycle in respective anion is not in 

coplanar position2^ (steric hindrance of resonance). 

Among the long-range interactions the 1,7- ones are 

most important. As acid strengthening effect it can be 

taken into account using the differences ( - (^>0 ) or 

^Es = Es Es(model) ̂ s(model) is tbe E^-value for simp

lest alkyl representing the branching present; in the 
substituent considered), the latter being of a wider 
applicability. 
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The influence of various solvents on the rate of 
the reaction of trans-phenyl-ji-chlorovinyl ketone with 
benzylamine, diethylamine and triethylamine has been 
studied.The effect of the specific solvation of a num
ber of solvents (dioxane, benzene, acetone, methanol, 

isopropyl alcohol, dimethyl acetamide) has been evalu
ated quantitatively, and the mechanism of the influence 
of these solvents on the reaction rate of the process
es has been discussed. The data obtained are in agree
ment with the previous assumption concerning the pos
sibility of intramolecular hydrogen bond formation in 
the transition state for a reaction with primary and 
secondary amines. 

Earlier1, in investigating the influence of the medium 

effects on the rate of the reaction between trans-aryl-p-
chlorovinyl ketones and amines proceeding in accordance with 
equations8I) and (2) it was found out that the influence of 
solvents interacting with reagents by the mechanism of non-

+ 
ArCOCH=CHCI + aHNRj-Rg —— ArCOCH-CHNR^ + R^NH^CI" (I) 

ArCOCH=CHCI + RjRpR-jII —— ArCOCH-CHHR^R-jCI™ (2) 

specific solvation was described well by the Kirckwood equation: 

Equation (I) is valid for the reactions with primary 

and secondary amines, and equation (2) for tertiary ones.1 
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lgk =. igk„ + 6 Ifij e-i (3) 
О 

Неге к and kQ — are the reaction rate constants in a medium 
with the dielectric permittivity £ and in the gas phase (£= 
• I), respectively, and 6 is a coefficient characterizing 

the reaction sensitivity to the nature of solvent. The value 
of the coefficient is determined by the difference between 
the pelarities of the initial substances and those of the tiei> 

2 sition state. 
In this case the influence of the dielectric constant 

of the solvent on the reaction rate of the process with ter
tiary amines turned out to substantially differ from that for 

a reaction with primary and secondary amines. On the basis of 
these data and other data\ a conclusion'1' was drawn about the 
possibility of stabilizing the transition state in the latter 

case by the intramolecular hydrogen bond of the type : 

,о-МЛ 
Ar-C.'ô > x 

xRo 
HZ ^H ̂  

Î 

With a view of further particularizing the mechanism 
of the processes in point, it is undoubtedly interesting to 
study the influence of solvents acting by specific solvation 
mechanism on their rates. The present work deals with stud
ying the influence of the solvents mentioned above on reac
tions of trans-phenyl-/6-chlorovinyl ketone with repre

sentatives of primary (benzylamine), secondary (diethylamine) 
and tertiary (triethylamine) amines. 

The rate of the reactions investigated in all the sol
vents is described well by second—order equations in the form 
of Eq.(4) for the case of primary and secondary amines and in 
that of Eq.(5) for tertiary ones. 

|f - k(a-x)(b-2x) (4) 

- k(e-x)(b-x) 
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The rate constants calculated from the integrated forms 
of these equations are listed in Table I.The data previously 
obtained for the same reactions in some non-specific solvents 
(tetrachloroethylene and nitrobenzene) are given therin for 
comparison.Tb» comparison of the results obtained shows that 
the processes under investigation are sensitive to the effect 

of specific solvation. The latter phenomenon shows itself, 
for example, in the fact that the reaction rate in benzene 
or dioxane is markedly different from the rate of tetrachlo

roethylene (cf. Nos.I,2 and 8 in Table I) which is close to 
them in polarity. These differences are especially consider
able for the process with triethylamine. The comparison of 
the data for the reactions in solvents such as dimethyl foia-
amide (No 4), methanol (No 7) and nitrobenzene (No 9) whose 
polarities are the same also shows a prononced influence of 
specific solvation on the rate of the processes in question. 
In this case, its influence turnes out to be different for 
reactions with various amines. The latter fact is especially 
clearly seen when passing from nitrobenzene (No 9) to aceto
ne (No 3) where for the case of benzylamine nearly a two-fold 
accelaration of the process occurs, and for the reaction with 
triethylamine a marked decrease in the rate takes place (al

most three times as slow). 
In quantitatively considering the influence of the spe

cific solvation of the solvents investigated it is necessary 
to take into account that they interact with the participants 
of the reaction simultaneously and by the mechanis-n of non
specific solvation. The influence of the latter effect can be 
evaluated by equation (3) on the basis of the previously ob
tained"^' ̂ values of lg kQ and 6 and also of the B-values 
(Table I). The differences between the rate constant values 

calculated in such a way and the experimental ones (A l g k ) ,  

are numerically equal to the deviations of the cor

responding points in Figure I characterize the effect of spe

cific solvation only. Their values are collected in Table 2. 
The observed exhibition of specific solvation is due in evezy 
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Table I 

Rate Constants for the Reactions of trans-Phenyl-yi-chlorovinyl Ketone 
with Amines in Various Solvents at 25° 

ЫОЕ Solvents £25°4 
Benzylamine Diethylamine Triethylamine 

£25°4 
k«lofl/mol »sec. N k*lofl/mol »see. N k.IO^l/mol »sec N 

I. Benzene 2.284b) 200 5 - 5950+20 28 11.0*0.1 7 

2. Dioxane 2.209 838*5 53 6840*60 4 1  20.9* 1.2 8 

3. Acetone 20.74 804*8 17 6080*40 12 98.6* 1.2 8 

4. Dimethyl 
formamide 36.7b) 17400*200 20 287*4 10 

5. Dimethyl 
acetamide 37.78 - - 135*2 5 

6. Isopropyl 
alcohol 18.30 3550 3 I63ОО 6 - 340* 6 12 

7. Methanol 32.65 1850*20 24- 7390*120 32 360*5 7 

8. letrachloroethy-
lene 2.300 

34t82b) 

3070 1 - О.ЗОЗ -

9. Nitrobenzene 

2.300 

34t82b) 462 5 - - - 274 1 -

Number of experimental points from which the mean constant value was calculated. 
b) At 20°. 



-4.0 

0.200 0.250 0.300 0.350 0Л00 0.450 

Figure I. Correlation between the values of lg к of the re
action of the trans-phenyl-ji-chlorovinyl ketone 
with benzeneamine (A), diethylamine (B) and tri-
ethylamine (С) and the values of of some ad
vents. The straight lines are drawn with regard to 
the influence of non-specific solvation. ! The num
bering of points corresponds to Table I. 

case to forming various complexes between the molecules of 
the solvent and the participants of the reaction. 

The following interactions are possible for solvents 

usually being, in such cases, electron-donors (the reaction 
with primary amine is under discussion): 

H 

R-N 
•ОС 

•ОС 

II 

0 
II I 

Ph-C-C=C-CI 

6 H 6 
n II 
III 

•H Ф/н-
\r 

/О-
Ph-C-e 

XC-C XR 
Hz_ CIH 

IY 
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Table 2 
Values of ( Л lgk) ̂  for the Reactions of t ran s-Pheny 1-^0-

chlorovinyl Ketone with Amines in Various Solvents 

Kos Solvent Benzyl Amine Diethyl Amine 
Trietnyl 
Amine 

I. Benzene +0.30 +0.27 +1.70 

2. Dioxane +0.94 +0.39 +2.06 

3. Acetone +0.30 -0.24 -0.36 

4. Dimethyl formamide - +0.17 -0.10 

5. Dimethyl acetamide - - -0.42 

6. Isopropyl alcohol +0.96 +0.19 +0.24 

7. Methanol +0.63 -0.20 +0.01 

The formation of an associate of type О, then conver
ting into ÏY, at the cost of increasing the electron density 
on the nitrogen atom in amine is to result in a rise in the 
process rate. At the same time the solvation of the electron 

centres of the trans-phenyl-p-chlorovinyl ketone by type III 
contributes to the deceleration of the process due to the 
blocking of these centres with respect to the attack on them 

by the nucleophile. 
In the case of a reaction with secondary amine which 

has only one hydrogen atom the formation of type Ц struc
ture is, on the one hand, to increase the process rate and, 

on the other hand, it is to decrease the rate owing to the 
hindrance to forming the intramolecular hydrogen bond of ty

pe I. 
The interaction between the solvent and amine of type О 

does not occur in a reaction with tertiary amines, and the 

influence of the solvation on the process rate will be de
termined only by the formation of structure III. 

Let us consider the corresponding influence of aceto

ne in terms of the above concepts of the specific effect of 
electron-donating solvents on the kinetics of the reaction 
under investigation. Here, as it follows from Table 2 and 
Figure I, a pronounced inhibition of the process with tri-
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ethylamine occurs due to the above-mentioned solvation of 
the electrophile. The reaction with diethylamine is also re
tarded to approximately the same extent, where the accelera
ting and retarding actions of the solvation of amine after 
type И seems to be balanced out, and the observed effect, 

as well as in the reaction of tertiary amine, is due only to 

the formation of structure III» An increase in the process 
rate occurs only for the reaction of benzylamine where the 
accelerating action of solvation after type Ы and especial
ly after type ÏY exceeds the retarding action which is due to 
complex formation after type III and to breaking one of the 
hydrogen bonds of type П in forming the intramolecular bond 
(see structure ÏY). 

Similarly, one might interprete the observed specific 
influence of such solvents, too, as dimethyl formamide and 
dimethyl acetamide which can act as strong electron donors^ 
when various associates are formed. As to the influence of 
dioxane, which is also an electron-donor solvent,the results 
obtained here (Table 2, No 4) point to its more complex in
teraction with the participants of the reaction than it is 
described by structures ÏÏ-Ï?. For instance, a considerable 
(more than 100 times as fast) acceleration is detected for 
the reaction of tertiary amine instead of the relative dece
leration predicted above. This acceleration exceeds conside
rably that for the reaction with primary and secondary ami
nes. Here, in addition to the electron-donor properties of 
dioxane its conformational polarizability® appears to show 

7 themselves as well as in other analogous reactions.' The es
sence of this effect consists in that dioxane changes from 
the less polar conformation("chair") to more polar one 
("boat") in the field of a strong dipole. Thus the specific 
influence of dioxane is due to two components: electron do
nation and polarizability. Their complete separation has 
presented certain difficulties so far. However, on the basis 
of an approximate equality of logarithms of acetone and di
oxane association constants with phenol (1.03+1.06 and 
0.63+1.21respectively) and B-values characterizing their 

6 
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nucleophilic ability (116 and 129 one can assume, in or
der to take semiquantitative comparisons, that electron-
donor properties of these solvents are approximately equal» 
It follows that the difference in their values, (Дlgk)Sp 
in Table 2, will characterize only the influence of dioxane 

polarizability. 

Since the polarizability of a solvent is to increase 

with the growing dipole moment of the particles being solva-

ted®, the deviation caused by this effect from Kirckwoods 

straight line, Ulg k)B$) , will be due to the difference in 
the polaritis of the transition and initial states. This sa

me difference also determines the slope of the Kirckwood 
2 straight line. Therefore the accelerating effect of dioxane 

which ie due to its conformational polarizability must be li
near with the 6-value in equation (3), and the corresponding 
line must pasa through the origin of coordinates. Indeed, as 
it followa from Fig.2A, the indicated relationship between 
the difference between (Alg k)gp for dioxane and acetone on 
the one hand and the 6-values on the other holda true. Whith 
allowance made for the approximate nature of the above as
sumptions and possible errors in calculating numerical valu-
ee for the correaponding quantitiea it ahould be acknowled

ged that all the points satisfactorily lie in the common li

ne. 
An analogous relation (Fig.2B) ie obtained when the £>-

valuea are compared with the (^lg k) -valuea for benzene sp 
whoae apecific influence is mainly due to the polarizability 
of its molecules.'7 

When considering the influence of the specific solvati
on of alcohols it is necessary to take into account that they 
can act both as electron acceptors and as electron donors 
when hydrogen^bonds are formed. In the latter case their 
complexes with the reaction participants discussed in the 
present work will have a structure of type ÎI-ÏY. But if a 

molecule of alcohol is an electron acceptor when the hydrogen 
bond is formed then the corresponding complexes will take the 

form: 
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I 

R-K-ü-O-R 
.0— H-OR 

Ph-C( /Н 
>=C 
H xCI---H-OR 

Yl 

/.0---R ® H—0 
Ph-C'.e )N 

XC—"C XR 
H z jjNCI---H-OR 

Ш 

k)Sp (dioxane)~^*84p (acetone) k)Sp (benzene) 

/ъ ' 

/ /Ъ 

1 Q£/ 
/ 

7г ® 
/ ъ , / D 

г 4 6 Б 10 12 2 4 6 8 10 12 

Figure 2. Dependence of Ulg k)gp (ÉlloIane)-Ulg k)ap (ace_ 

tone) (A) and <*lg k)ep (benzene) (B) on the oen" 
aitivity of reactions to the variation of medium 
polarity, t, for the reaction of trans-phenyl-j5-
chlorovinyl ketone with benzylamine (I), diethyl-
amine (2) and triethylamine (3). 

The formation of the indicated bonds will influence pro
cess rates in different ways. The association after type П 
which then changes to ÏY will,as was mentioned above,contri
bute to a reaction with primary amines and will not affect 
the reactions of secondary and tertiary amines. 

The interaction between alcohols and amines after type 

Ï will decelerate the rate of the process with all the amines 
both by decreasing the electron density at the nitrogen atom 
and also because of ateric hindrance to it. The interaction 
Of the solvents in question with the electrophilic reagent 
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after type III is also to hinder the reaction. The formation 
of hydrogen bond of the type CI*•*H-0-R in YI which a^so re
mains in YII must promote a slight increase in the process 
rate for the reactions of all the amines at the expense of 
an increase in the shortage of electrons on the ^—carbon atom 
But the C=0*•»Н-OR-bond in YÏ which contributes to the with
drawal of the electron density from the remaining fragments 
of the molecule must not perhaps influence the rate of reac
tions with primary and secondary amines since it will then 
hinder the formation of complex T (see structure YII).In the 
case of tertiary amines this bond must probably promote the 
reaction through the stabilization of the negative charge on 

the oxyden atom in the transition state. 
Thus the influence of the alcohols on the reactions un

der discussion has been proved to be very complicated. The 

observed acceleration for the reaction of primary amine (see 

Nos.6 and 7 in Table 2 and in Pig.I) seems to be due to the 
fact that the accelerating influence of solvation after ty

pes ÏJ» 2» YII exceeds the inhibiting effect due to the fare
mat ion of structures III and Y. In the case of the reaction 
of secondary amine the formation of structure II does not in
fluence the process rate, and it is not formed at all for 
tertiary amine, and therefore the observed increase in the 

reaction rate has turned out to be considerably less,In this 

case the slightly larger acceleration of the reaction of ter
tiary amine ь.э compared with secondary one might be associa

ted with a positive influence of the solvation of the type 
C=0-•*H-0-R in ¥T. 

It is interesting to note that the accelerating action 
of the specific, solvation of isopropyl alcohol has proved to 
be more effective than that of methyl alcohol in all the ca
ses. This fact agrees well with the previously obtained data 
on the specific influence of alcohols on the rate of the in
teraction between phenacyl bromide and aliphatic amines whe
re the inhibiting influence of methyl alcohol was larger than 

10 11 
that of isopropyl alcohol. • The observed difference in 
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Influence of both the alcohols Is difficult to explain so 
far, although one may assume that the inhibition of reactions 
with all the amines turnes out to be more significant in me-

12 thanol as in a more acidic alcohol at the cost of the sol-
vat ion of type V. 

Experimental 

13 3 trans-Phenyl -p-chlorovinyl ketone , benzenamine^ and 
diethylamine were prepared for the kinetic measurements ac-

4 cording to the methods described previously. Triethylamine 
was distilled over a small amount of p-toluene sulphochlori-
de (I g per 100 ml of triethylamine), twice distilled over 
metallic sodium taking the mean fraction. R.p. 89.0-89.51 
Ref.14.p.213, Benzene isopropyl alcohol13, acetone1̂ , 

16 17 dioxane , dimethyl formamide ' were purified in the Usual 
manner. Purification of dimethyl acetamide was carried out 
similary to that of dimethyl formamide. 

The method of the kinetic measurements and the mathe
matical treatment of the results have been described in a 

13 previous paper. J 
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Rate constants of light-initiated destruction for 27 
polycyclic aromatic hydrocarbons (PAH) dissolved in 
benzene were determined in presence of oxygen or under 
argon. The correlations of the rate constants with var
ious МО-indexes, and Streitwieser's <ST constants were 

established. The reaction rate is weakly sensitive to 

the changes in electron density at the reaction center. 

It was shown that the more reactive is a PAH, the more 

cancerigenic it is. 

A number of polycyclic aromatic hydrocarbons (PAH) show 

strict canc^erigenity which has initiated a vivid researche 

for the relationships between the structure of PAH and their 

physiological activity or reactivity in various chemical 

processes. At present various МО-indexes of reactivity have 

been most freaquently used as quantitative characteristics 

of the structure of PAH. 
4 Besides of the МО-indexes, the Streitwieser's scale of 

empiric polar constants,<*г, is being used. The latter ex
presses the relationship between the structure and the reac
tivity of PAH in a mode of Hammett equation 

lg k/k0= <5r Çz , 

where к is the rate constant of the reaction at the position 
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r .of the substeuice and kQ is that at the <x - position of 
naphtalene, the latter taken as reference substance. The 
sensitivity constant of the reaction, <j' , is taken as a 
unit for the protonation equilibrium. Hence, the <Sr cons
tants represent a measure of relative basicity of the posi
tion r in any PAH. 

The validity of linear* free energy relationships in 
reactions of PAH has been investigated insufficiently. The 
model processes investigated are the protonation reactions 

1 2 in anhydrous hydrofluoric acid , deuterodeprotonation , ni
tration3, and chlorination ^~^ reactions. The reactions of 
radical substitution have been investigated in the cases of 
interaction of PAH with methyl-^ and trichloromethyl^^radi-
cals. The examples concern mainly the reactions of alternant 
hydrocarbons. In conclusion we refer to an interesting attempt 
(Zahradnik and Koutecky^) to make use of correlation analysis 
for the interpretation of available data for the reactivity 
of various alternant PAH. 

In this paper we present the results of our attempt to 
compare quantitatively the reactivity of some PAH in trans
formations initiated by UV-radiation with their MO-indexes 
and <5 r-constants. Lightinitiated degradation was chosen for 
the investigation on the bases of some considerations, known 

10—11 from the literature, about certain similarity between 
the mechanisms or, at least, general trends of the reactions 
of photodecomposition and methabolic oxydation of these sub
stances . 

Experimental 

A set of 27 PAH (listed in Table 1) were subjected to 
an experimental investigation in 2x10*"^ M benzene solution. 
The merqury-quartz valves SVD-120A (intensity 1016 quant/cm3 

sec) were used as the irradiation source. The experiments 
were carried out at 25*1°0 in solutions saturated with oxy
gen, and under argon gas. The experimental techniques is 
described elsewhere.12 The variation of the concentration 
of initial substances during the reaction was followed by 
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T a b l e  1  

I PHENANTHRENE 

2. TRlpHENyLENE 

List of investigated. РАН 

л 

О5 n «• to-мьтняи- , 

OÇR 4,2-BENZAWHRACENE UÇU 

3. PyRENEa rÇÇ "X 20• 3'-METHyL" к jfV* 
Ь 4.2-BENZANTHMCENEOOu 

4. CHRYSENE OUN W 

5. V-BENZANTHRACENÉOCU 24 9,^0-DIMETHУL-
4,2-BENZANTHRACENE Q^XJ 

6. 2,3-BENZANrHRACENEUUUU сн3 

-, . » CKD 22 4 -МЕТНУ L- . /NX 
7 PERtiLENE Q_Q .-Çj ßENZOPyRENE QUU 

8. 3,4- BENZOPYRENE Z--X COU 
JTT) 23. 6-METHSL" Л RYV 

3. 4,2- BENZOPVRENE Q(J BENZOPyRENE 

40. 4,2 3,4-DI BENZ ANTHRACENE* VJU4 снз 

» r^rvÇ1 24- 4,6-0/BENZO
IC 4,2,5.6-DI BENZANfHRACENE* гМ4^ РУЯЕМЕ* снв 

>12. V.Z.S'D'BENZANTHRACENE9-  ^XX? O6C9 

a (~0~> CH' A. 
43. 4,42-BENZOPERyLENE Q-O 25 5,8- DlMETHyiBENZOpyRENE 

14. 4,2 3 4-DIBENZ0PyRENE ̂  ÇV4! flXJ 
rxx nriJ СН»^Х 

45. CORONENEa ÇXjO 26. ^O-DlMETHyLBENZOPyRENE*" 

16. FLUORENE* 

47. 3-METHyiCHOLANrHRENErXXy 27 DIMETĤ L - A rJ4ẑ  
c t U-J  »  c H - r 4 .  A N T H A N T H R E N E  Л/vT 
HRACFNF iVYT UVV 16 9- МЕТНУL-4.2-BENZANTHRACENE QCJU сн, 

а Soyuzkhimreaktiv b Austrowaren c British Drug Houses Lt< 

d Schuchardt e Fluka AG Buchs SG 6 Gee Lawson Chemicals 

^ from Institut de Chimie des Substances Maturelles CNRS, 

France 
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spectrophotometry analysis of samples worked up by thin la
yer chromatography on aluminum oxyde of second grade acti
vity (eluation by mixed solvent white spirit - chloroform 
9*1 » chromâtograms developed in UV-light or by sulphuric 
acid)• 

The rate constants of photodeconrposition of PAH were 
calculated from the decrease of the concentration according 
to the law of a pseudo-zeroeth-order reaction.The reproduci
bility was about * The rate constants are listed in 

Table 2. 

Discussion 

In search for the quantitative relationships between 

the structure of PAH and their reactivity in photodegrada-
tion from numerous МО-parameters the indexes of free valen
cy, Fmajct and localization energies for radical reactions, 
L 1̂1, were used. The former are related to isolated molecu
les; the calculation of the latter bases on certain ideas 
about the structure of the transition state. Nevertheless, 
a good correlation^ between the values of F™8"51 and Lmin 

г r 
could be observed. In addition to the MO indexes Streitwie
ser 's empiric <S r constants, which also correlate with M0-
indexes, were used in the correlation analyses. The values 
of and <5r, taken from the literature, are lis
ted in Table 2. 

The literature values of d r for substances 3 and 5 
(pyrene and 1,2-benzanthracene) deviate from the linear cor
relations with indexes of free valency and localization ener
gies. Therefore the values of corresponding <5 ̂  for the sub
stances were corrected on the bases of the correlation equa
tions VII-VIII in Table 3. In a similar way, from the corre
lation between L1̂  and (Eq.IX in Table 3) , the value 

of L 1̂11 for substance 9 was estimated to be equal to 2.26. 

The new values of the constants (see Table 2) were used in 
the correlation analyses of our experimental data. 
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T a b l e  2  

Rate Constants of Lightinitiated Decomposition of PAH 
(k^ in oxygen, k2 in argon), the Values of Indexes of 

Free Valency, localization Energies, and <5r 

Rate constant a 
Substance mol.l~1 . hour pinax 

kr105 k2.105 
г 

I 0.56 0.24 0.452 

2 0.44 0.29 0.439 

3 0.60 0.3 0.469 

4 0.592 0.203 0.457 

5 1.42 1.84 0.514 

6 100 99 0.530 

7 1.15 0.60 0.473 

8 1.74 1.25 0.529 

9 0.5 0.5 0.46 d 

10 1.08 1.35 0.499 

11 о
 

00
 

1.68 0.498 

12 1.44 2.52 0.510 

13 1.05 0.84 

14 4.63 2.21 

15 0.53 0.33 0.449 

16 26.5 12.0 

17 12.3 8.2 

18 1.87 1.09 

19 8.9 6.41 

20 1.28 2.47 

21 6.1 

22 2.9 1.5 

23 4.0 2.3 

24 3.8 1.07 ... 
25 6.07 3.39 

26 5.10 2.76 

27 9.87 3.95 
aRef.13 bRefs.13 ,14 cRef.4 dRef.15 
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The obtained correlation equations are given in Table 
3 (see also Figs.1 and 2). The first three of them express 
the relationships in the reaction of initiated decomposition 
in oxygen, the next three equations (IV-VI) refer to photo-
degradation of PAH in argon. It follows, first of all, that 
reactivity of PAH is determined by both the value of the free 
valency of the most active carbon atom and the localization 
energy of its bonds. Relative reactivity of the substance 
decreases with increasing localization energy and decreasing 
value of the index of free valency. The best correlation was 
obtained with the values of free valency (see Table 3)« 

It is noteworthy that the data for the degradation of 
benzanthracenes unsubstituted in meso-positions (substances 
5,6,10,11,12,20), in argon, could be involved in the corre
lations only when a statistical factor as high as two was in
troduced. Substitution of hydrogen by methyl group in meso-
position cancels the need for such a correction (substances 
18 and 19)e Such a phenomenon still remains without explana
tion. It is clear, at least, that the correction has no di
rect physical meaning of a statistical factor, because the 
use of the latter is warranted only in the case of substan
ces 5, 12, and 20 due to equal reactivity of unsymmetric 
meso-positions. At the same time the data for the reaction 
in oxygen correlate without any correction even in the case 
of the same substances, that is not less unexpected. 

The rate constants of both reaction series for all the 
investigated substances, including benzanthracenes with cor
responding correction, can be well compared with each other 
(the correlation coefficient, r=0.978, see Fig. 3). 

Most of the investigated substances react slower under 
argon than in solution saturated with oxygen. The sensiti
vity to the structure of the initial substance seems to be 
higher in the former case, although, to be more exact, the 
sensitivity constants cannot be statistically distinguished 
because of considerable scattering of the data from the ex
periment under argon. The latter fact is probably caused by 
oxygen traces in solution. Thus, one can assume the participa-

320 



Fig. 1 

Dependence of the rate of de
gradation of PAH in oxygen 
upon the index of free valency 
and localisation energy. For 
the point number see Table 1. 
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Fig. 2 

Dependence of the rate of de
gradation of PAH in argon upon ̂  
the values of Streitwieser ($x 
constants. For the point num
ber see Table 1. 

Fig. 3 

Comparision of decomposi
tion rate constants of PAH 
in oxygen (k^) with those 
in argon (k2). For the point 
number see Table 1. An ar
row indicates the shift due 
to the statistical factor. 
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T a b l e  3  

Correlation Equations for the Reactivity of PAH (Substances 
1-12 Д5) in Photodecomposition and Those Used for Calcula

tion of New Constants 

No> Number 
of Correlation equation r s 
points 

I 11 lgk1=-8.40 Î 0,19 + (6,90i0,39)Fr 0.986 0.038 
min 

II 12 lgk1=-1,71 - 0,31 - (1,56^.14)1™ 0.962 0.061 

III 12 1бк1=-5Л0 - 0.04 + (0.058-0.006) 6Г 0.950 0.074 

IV 12 lgk2=-9.18 - 0.66 + (8.15-1.38)F^ax 0.881 0.138 

V 9 lgk~=-1,23 1 0.70 - (1.87-0.32)Lmin 0.877 0.128 
^ r 

VI 12 lgk2=-5.68 - 0.08 + (0.07^0.01)dr 0.879 0.139 

VII 11 <$r=-52.3 i 3.3 + (117.816,8)*^ 0.985 0.843 

VIII 9 dr= 59.9 - 3.4 - (25.5-1.5) Lmin 0.975 0.792 
x r 

IX 12 Lmin= 4.3ll 0.09 - (4.46i0.19)Fmax 0.991 0.023 
r r 

X 8 lgk1=13,8 - 1.8 - (4.18Î0.55)K 0.953 0.105 
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tion of oxygen in the rate limiting step of photodegrada-
tion of PAHÉ On the other hand, it is knovm^ that values 

for electrophilic reactions of PAH vary in the range of 
O.3-O.6. Regarding the low sensitivity in this case ( p'=0.06) 
one can suppose that the reaction proceeds via a radical 
mechanism. However, despite of plausibility of such a con
clusion, very low value of constant J' may also be connec
ted with that that under these conditions total rate of the 
process is only partly determined by the step in which PAH 
participates. 

In conclusion let us consider some possible relation
ships between reactivity of PAH and their physiological acti
vity. It should be pointed out an attenrpt of Franke^ to con
nect the influence of PAH to methabolic transformations of 
benzopyrene and dimethylbenzanthracene with some calculated 
and experimental values. Some of his correlations cannot 
lead to unambiguous conclusion because of the lack 
of experimental data. However he could show that activity of 
PAH was connected with their solubility in water, molecular 
refraction, and some MO-indexes, e.g., with the indexes for 

17 K-region after Pullman. ' The latter had been suggested as 
17 the measure of cancerigenity of PAH '. 

It appeared that the rate constants of light - initiated 
decomposition of PAH satisfactorily correlate with values of 
Pullman K-indexes (Eq. Z in Table 3)» and that the more reac-
tiv is a PAH the more cancerigenic it is. 
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Moscow, and I.G.Kutateladze Institute of Pharmacochemistry, 
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By IR-spectroscopic method the association constants 
(Kags) of the series of esters C^H^COOR with phenol 
were determined, lg Kaaa and AVoh were linearly cor
related with à* for R and thus they are a satisfacto
ry measure for esters proton-acceptor ability. In 
contrast the intensity of hydrogen-bonded hydroxyl 
band A and enthalpy AH in this series retain 

äSS 3 S S  
almost constant. 

In course of our investigations of the influence of sub-
stituents in the alcoholic part of esters on their properties 
1 2 * it was of interest to study the dependence between the 
proton-acceptor ability of esters CgH^COOR and nature of R. 
One of the most widely used and convenient methods of study
ing this ability is the IR-spectral determination of charac
teristics of hydrogen bond formed between these substances 
and some standart donors. Recently this method was used for 

ЧГ-5 
determination of basicities for many compounds 7 but the 

esters in this respect have been studied quite fragmentally. 

This paper reports some IR characteristics for hydrogen bond 

between phenol and esters C,ILCOOR (1- ). 
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Experimental 
The synthesis and properties of esters CgH^COOR (1- ) 
are reported already,^ Their purity was controlled by GLC 
(LChM-7A with catharometer* on the 1 m x 6 mm with 7% 
Garbowax/Celite column, velocity of He is 80-100 ml/min, 
temperature is 170-190°); impelty content no more than 
0.4%. 

Phenol was washed with cyclohexane and was kept in a 
dropper# Phenol-esters mixtures IR-speotra were recorded 
on an UR-20 spectrophotometer with ULF prism in 0»04-
0,1 cm cells in CGI,, solution. The spectral slit width 

-i —1 was 4 cm over investigated region 3100-3800 cm • The 
examples of speotra are given in Fig. 1, 

For the association constants determination the area 

of unbonded hydroxyl band in ternary mixtures of CCI^,phenol 
(0»04-0.13M) and ester (O.I-Q.3M) was measured by the Bour-
g en-Rams ay method The unassociated molecules concentration 
X is calculated by Eq»(t): 

1.55-D-A^/p 
Y lib. (1) 

1« A° 
OH 

where is the intensity of OH-absorption in the free 
phenol spectra (= 1.1•104 1/mol cm2), D is the peak in
tensity of unbonded OH band, ^ is their halfwidth, 

and 1 is the pathlength in cm» KQss is calculated by Eq.(2): 

CFhOH ~ X 
Kass= * C2) 

x Cce°st - c°h0H * X) 

The average of 3-5 values with their mean errors 
are given in Table 1# 

In carrying the measurements of the hydrogen-bonded 
hydroxyl band integral intensity the ester concentration 
was 3M, phenol concentration being varied from 0.004 to 
0,02M. From low frequency side a band was slightly dis
torted because of an appearance С = 0 stretching first 
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overtone of the range 3400 cm ^ • ̂ For this reason for A 
oo 

determination the area of high frequency half-band by 
numerical integration methods were measured and then the 
obtained value was doubled. The Agq values were obtained 
at the different an<̂  ̂  values and were extrapolated to 
C'l = 0х\ The accuracy of A values is ~ 10%. дН 

С  О  âS s 

20 
40 
60 
80 

20 
40 
60 
во 

3000 3400 ЗвОО 

Fig. 1 

IR-speotra in CC14 solutions: a) free phenol, b) phenol + 

methyl benzoate(IV), c) phenol + cyanmethyl benzoate (X). 

x) j-j- noteworthy that slope of A vs C*1 plot is 

positive for the esters with electron-donating substitu-

ents (II-IV), negative for the esters with electron-

withdrawing substituents ( VI-IX) and approaches to zero 

for (V). 

% transmittance 

3200 3600 V cm' 
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Table 1 
Characteristics of Phenol-esters, C^H^COOR, Hydrogen Bond 

(in CCl^ solutions, 25°) 

N® R 
л ass 
*он 
-1 cm -1 

cm 

К 
ass 

1/mol 

AVj/2 

-1 cm 

âSS p  
l«cm~ 
mol~ 

- дН 
kcal 
mol 

I cyclo-CgH^ j •5441 170 7.2±0.4 195 ^11 -

II 5440 171 7.1*0.4 119 7.50 4.9 
III 

*2*5 5445 166 7.6±0.6 172 7.79 5.1 
IV CH? 7450 161 6.0±0.7 140 8.7О 5.7 
V dE^C^CgH^- 7465 146 - I7O 9.0 5.6 

VI сн̂  7451 160 5.7*0.7 I76 9.4 5.9 
vu C^CE^Cl 7465 146 7.7*0.4 147 10.4 6.7 
VIII CT^C^CH ^480 I7I 9.6*1.2 - - -

IX CK^Cl 7505 106 1.9*0.7 127 7.7 5.0 
X C^CSN 5 4 9 5 x x x ; 1 1 6  6.4*0.2 - - -

x^Eor the free phenol 76IÎ cm~4 
xx̂  Maximum is observed also at 77Ю cm~*. 

Maximums are observed also at 7775 and 7270 cm~4 

values were calculated by Eq.(^) proposed by Iogansen The 

accuracy of these values is ^ 0.5 kcal/mol. 

-ДН
ЯЯЧ 

= 2E9 \kVÂ - AO/2J ('} ass L ass о -• ' 

Discussion 
The data listed in Table 1 show that all the obtained 

characteristics may be divided into two groups. To the first 
group the association constants KQgg and the OH adsorption 
frequency shift Д о̂н are related. One can see that К for 

M-C^CÛOR system decreases systematically with increasing 
electron-withdrawing properties of R. Fig.2 shows that a good 
correlation between lg KQsg and Taft constants d* is observed 
(the correlation parameters are given in Table 2). 
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From this it can be concluded that the electron density 
at the ester group acting as proton-acceptor center is a domi
nant factor in the ester-phenol association. This density is 

changed by the inductive effect of R; steric effect of R in 
this series appears to be unessential.Propargyl and cyanmeth-
yl benzoate (YIII,X) are deflected from this correlation 

to larger KQgg This may be due to the presence of, besidles the 
ester group,other proton acceptor centers in the molecule as 
the triple bonds C^C and C=N, and the nitrogen atom of the 
C^N group. It leads to a variety of possible associates which 

is confirmed by a complicated nature of spectra (Fig.lc).As 
a result the apparent К value is increased. ^ ass \ 

One can see from Fig.2 that the values, too, are 

well correlated with (3*. Consequently they are satisfactory 

measures of the hydrogen bond strength which is measured by 

the free energy of association Д PQ„„ (and К ). The point 
a S S  a S S  

for ester (IV)(R = CR^CE^C^E^) shows some deviation from this 

correlation but it may be seen from Table 2 that this does not 

change significantly the correlation parameters. 

The second group of properties includes the OH band in

tegral intensity A and the hydrogen bond enthalpy дН ass 3ss 
which are connected with each other according to Eq.(^)_ It 

has been found that in the investigated series these proper
ties change slightly fairly irregularly. It may be seen from 
Table 2 and Fig»^ that - A H increases slightly with inc-4P ass 
reasing <3 in esters (II-YII). However the whole range of 
the Д H value is less than 1.5 kcal/mol whereas the accura— ass 
cy of its determination is ^ 0.5 Kcal/mol. Paying attention 
to the A Hqss value for IX we believe as more well-grounded 
to take A II = const = - 5.5+0.4 kcal/mol. ass 

This value is near to 4.7 kcal/mol given by Iogansen ' 

for the system of phenol and ethyl acetate. Thus it appears 
that the equilibrium of phenol-esters association is a series 
close to isoenthalpic and a change in âgŝ s mainly governed 
by the change in the association entropy. Recently an essen

tial change in A SQgg depending on the proton acceptor has 
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Flg. 2 
Relationship between the characteristics of phenol-
esters, C6H^COORJhydrogen bond and - constants 

for B, 1 = lg Каза, 2 = £itf04. 

Г I 
A^ass 

T 4V" - T lv. I 

i4vTv T T 

T, f .  l x t ;  

I I 
a* 

0 0.5 10 

Fig. 3 

Relationship between дНазз values calculated according 

to Eq.O) and 6*. 
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also been reported»^ 
Then, the results obtained confirm that no direct con

nection between A 0̂M and д H can be observed even for com-
ass- о q 

pounds of related structures « '' * From the other hand, they 
show that not in all cases proton—acceptor ability of compounds 

9 is characterized by hydrogen bond enthalpy. Probably a more 
general measure of this is the Д F value or K. , re spec-

«39 ci S S 
tively. 

Table 2 

Correlation of Phenol-esters, C^H^COOR, Hydrogen Bond 
Parameters (by the equation X = XQ + JD*<$* ) 

Parameter 

X 

Compounds 
involved in 
correlation 

* 

ß r s 
To 

* Kass 
0 

A 'OH 

-AH ass 
-дН ass 

I-IV,VI,VII 
IX 

I-IV, VI, HI, 
IX 

I - IX 

II - VII 

II-VII, IX 

-0.50+0.05 

-5-5+4 

-52+6 

2.65±0.17 

0.06±0.56 

0.99? 

0.985 

0.955 
0.991 

О.О27 

4.4 

6.9 

0.075 

0.80±0.0t 

16412 

162±? 
5 ."5±0.1 
5.5*4x) 

Mean deviation; in all other cases mean square deviations 
are pointed out. 
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STUDY OF KINETICS OF tert-BUTYL HALIDE 
IONIZATION IN ACBTONITSILE USING THIPHENYI VERDAZYL 
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A spectroscopic method is suggested for the s*tudy 
of ionization kinetics of tert-butyl halides in apro-
tic organic solvents. The reaction is carried out in 
the presence of triphenyl verdazyl radicals ( m̂ax= 

720 nm) reacting rapidly and quantitatively with 
splitting out halogen hydride. The ionization kine
tics of Me^CX (X=C1, Br, I) in acetonitrile, v= 

k(Me^CX), is studied. The values of к for Me^CCl, 

Me^CBr,and MejCJ at 25°G relate as 1:545»23013. The 
increase in the reaction rate is caused by decreas
ing activation energy. 

tert-Butyl halide solvolysis and isobutylene elimina
tion, whose rates are determined by alkyl halide ionization 
stage1, have great theoretical value and are the subjects 
of extensive studies .2 

Me-CX Me^C+X~ Me2C = CH2+HX (1 ) 

The data on medium effect upon the rate of the above reac
tions were used for quantitative account of the solvent 
effect Л Solvent effect on MezCCl ionization rate has receiv-

4 5 
ed the most study. ' Hydrogen chloride evolving in Me^CCl 

decomposition is sufficiently stable and readily detectable, 

though reversibility of the reaction and hydrogen chloride 

catalytic effect may cause considerable errors in ioniza
tion constant determination Л Moreover, the rate of this 
reaction in non-polar solvents is very low^ which makes its 

determination more difficult and affects tne precision. 
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Little attention has paid to the medium effect on ioniza-
c 7 

tion rates of Me^CBr and especially to that of Me^CBr. In 
this case an additional source of errors may appear in halogen 
hydride oxidation. Literature findings suggest that in low 
polarity solvents the ionization rates of Me^CBr and Me^CI 
should be higher than that of Me^CCl by 3-4 and 5-6 orders 
of magnitude, respectively. With an effective method for 
halogen hydride evolution control Me^CBr and Me^CI may ap
pear useful for medium effete investigation. 

Me-zCX ionization in aprotic and low polarity solvents 
t> . . 

is usually studied in the presence of various quantities of 
tertiary amines ; liberating acid concentration is determin
ed by titration; rate constants are found by extrapolation 
the base concentration to zero 

We found that the rate of acid liberation from Me^CX 
in organic solvents could be easily controlled spectrosco-
pically if the reaction was carried out in the presence of 
small concentrations (~10~*^ mo 1/1) of triphenyl verdazyl 
radicals which rapidly and practically quantitatively react 
with halogen hydride.^ In an aprotic solvent the whole pro
cess may be represented as follows : 

у У У 

о о Ф 
„.с,.,. rcY - fx f J :m 

p(;^N4cHiNvrf p/T cw* X^H* 

where Y = Н,Ж>2, CH^O, Gl. 

The reaction rate may be measured both by Y-RN* radi
cal (in CH^CN for H-RN* \ rnaY= 720 nm, lg £ = 3.61) and by 

Y-RN+X~ salt cation (in CH^CN for H-RN* X = 550 nm, lgg= 
4.06). Verdazyl leuco base, Y-RNH, has no absorption in the 
visible range (in benzene for H-HNH m̂a2;= 300 nm, lg£=4.4l, 
Ref.10). 

In the present paper we submit some data on the rate 
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of halogen hydride liberation from Me,01, Me^CBr and Me^CCl 
in acetonitrile. Alkyl halides were purified by distilla -
tioD under nitrogen. The reaction was carried out in a tem
perature controlled cell of а СФ-4 spectrophotometer. 
Y-RNH formation was proved spectroscopically, that of iso-

butylene by gas chromatography. 

Fig. 1 and 2 show kinetic curves typical for the re
actions between Me^CBr and Cl-RN' and for those of Me^CI 
with H-RN*. Descending curves illustrate the radical con
centration change in the experiment,ascending ones show the 
changes in salt concentration. A sharp jump on the initial 

part of the kinetic curve is due to a rapid reaction of 

Y-RN* with haloid acid (3) and/or halogen (4)^, formed du
ring Me^CX decomposition prior to determination. 

2Y-RN* + HX Y-RN+X~ + Y-RNH (3) 

2Y-RN* + X2 2Y-RN+X" (4) 

For Me^CBr the jump in Y-RN* curve is twice higher than 
that in Y-RN+ curve (Fig. 1, exp. 2 and 3)» which conforms 
to the stoichiometry of reaction (3)• In some experiments 
the difference is smaller (Fig. 1, exp. 1). This points to 
partial oxidation of HBr into Br2•For MeI the Y-RN"concen
tration change in the initial period is somewhat greater or 
the same as that of Y-RN+ (Fig. 2) which is indicative of 
considerable or complete oxidation of HI to I2. Initial 
changes in Y-RN*and Y-RN+concentrations due to Me^GCl de
composition are small and relate as 2:1. In the course of 
kinetic experiment the concentration change of Y-RN* and 

Y-RN* complies with Eg. (3) in all cases. Therefore, 
halogen hydride that forms during Me^CX decomposition does 
not oxidize in the presence of Y-RN*. The Y-RNH oxidation 
does not occur in the experiment either. 

In all cases studied, alkyl halide decomposition rate 
is described by v=k(Me^CX) being unaffected by the concen
tration and nature of triphenyl verdazyl (Table 1, exp. 1 
to 5). The values of к calculated from concentration chan-
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gee of Y-RN* and Y-RN+ are sufficiently coincident (Tab
le 1); the reaction rate is the same in the air and under 
nitrogen (езр. 6 and 7)• Additions of N-butyl quinoline 
iodide (QX)' do not affect Me^Gl ionization rate (as eviden
ced by the radicalI exp* 10 and 11). The calculations of к 
values based on Y—RN+ concentration changes in the presence 
of QI give underrated values resulting from inhibited dis
sociation of triphenyl verdazyl salt in the presence of a 
like ion.Indeed,the authors have found that the absorbance 

of H-RN+I~ solution in acetonitrile at 540 nm (J) H-RN ) 
is decreasing with the QI concentration increase. 

[Cl-RN*] -ICT, 
г о°. [Cl-RN4] 'I0 , mol/l 

0.5--

20 <0 30 

Fig. 1. The kinetics of HBr liberation from Me^CBr 

in the presence of Cl-RN* at 25.7°C. 

The concentrations of Cl-RN* and Me^CBr are 
1. 1.03.IO-\ 0,0352 
2. 2.06.10-4, 0.0176 

3* 2.06.10 , О.О352 Aol/1, accordingly 
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Table 1 

The Kinetics of Me^OZ Ionization in Acetonitrile 

Exp. 
No. B e a c t i o n  

СлцехИо* 

mol/1 

(!/-Rr)-iC( 

mol/1 
eC 

107. k, sec*""1 СлцехИо* 

mol/1 

(!/-Rr)-iC( 

mol/1 
bj 
Т-Е2Г 

BY+ Y-RN 

1 4,50 2.70 25 11,7 11.5 

2 Ме^СВг-КЖ^О-BN* З.ЗО 2.9O 25 12.0 11.0 

3 4.40 1.93 25 11.8 11.3 

4 Me^CBr+NOg-EN ' 3.IO 3.20 25 12.0 12.5 

5 6.O5 5.60 25 12.5 12.5 

6 Me^CBr+H-RN* О.32О 4.7O 1З.5 4.31 4.3О 

7 * O.32O 4.70 13.5 4.37 4.53 

8 
Me^CCl+Cl-RN* 

155.5 1.95 44.9 0.275 0.273 

9 

Me^CCl+Cl-RN* 

155.5 1.95 44.9 0.273 0.283 

10 0.0442 З.54 40 2280 23ОО 

11*V 
Me^CI+H-BN*. 

0.0442 З.50 40 225O -

^ Under nitrogen 

In the presence of 3*07 10"^ aol/1 N-butyl quinoline 

iodide 
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In our experiments the degree of conversion was app» 
50 %, 1 % ,and 0.01 %, and the errors of ionization constant 

determination were 3—4 %> 1—2 % and less than 1 % for Me^CI, 
Me^CBr and Me^CCl, respectively. With Me^CJ concentrations 
close to that of Y-RN*, errors reach as much as Ю % in so

me experiments. 

mi n 

1D 20 3D 

Fig. 2. The kinetics of HI liberation from Me^GI in 
the presence or H-RN*-
The concentrations of H-RN* and Me^CI are 
1. З.27.Ю™4, 3.20.10~4 (42°C) 

2. 2r05.l0~4, 6.3O.IO-4 mol/1 (25°C), 
respectively. 

The ratio of Me^CCl (at 25°C k= 2.29.10"^ sec-1), 
Me^CBr and Me^,CI ionization constants at 25°C is 

1:545:23013. „д 



Table 2 
Kinetic Parameters of MezCX Ionization in AcetonitrileÄy 

Reaction °C k-lO'7, sec E 
kcal/mol 

-AS* 
e.u. 

25.1 0.0251+0.0002 
Me^CCl+Cl-RN* 54.7 

42.8 

0.0800+0.0006 
0.2080+0.0006 

24,5+0.4 18+1 

44.9 0.2780+0.OOO5 r = O.999 

Me^CBr+H-RN* 
13.5 4.57+0.06 

Me^CBr+H-RN* 25.0 12.5+0.2 
Me5CBr+N02-RN* 25.0 12.6+0.2 

Me ̂CBr+CH ̂O-RN * 25.0 12.5+0.2 2O.I+O.5 15+2 
25.8 15.5+O.2 

Me^GBr+Cl-RH * 
27.0 

29.0 

58.8 

16.0+0.3 

24.1+0.5 

5O.I+O.2 

r = 0.996 

21.0 35О+2О 

MEJCI+CL-RN * 57.7 2060+60 

45.0 2660+80 17.07^0.7 21^2 

25.0 527+2O 

MEZCI+H-EN * 5 
51.7 

40.0 

1080+100 

2280+30 

г = О.991 

E and Д8^ calculated by the least-squares method. 
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This ratio is li26»53 in water and 1 <40:143 
in methanol."'7 The reaction rate increase in CH^CN is con

nected with the activation energy decrease (Table 2). 
Earlier, the ionization rate of Me^CBr in CH^CN was 

determined in the presence of tributyl amine11 (at 24.5*0 
к = 12«Ю~7 sec""1, E = 23 kcal/mol, AS* = -Ю e.u.). Hate 

constant value at 24.5eC is in sufficient agreement with 

our findings; activation energy value obtained by us is lower 

by kcal/mol. It should be noted that in the work of Hoff
man11 the base concentration effect on reaction rates was 
not taken into account. In the study of Me^CBr ionization in 
nitromethane in the presence of pyridine it has been shown, 
however,that the reaction rate depends upon the base concen-

12 tration. The activation energy of Me^CBr ionization in 
nitromethane, found from the constants after extrapolation 
base concentration to zero is 20.6 kcal/mol, which value is 
close to that obtained in the present work for acetonitrile. 

Ionization constant for Me^CCl in CH^CN at 45°C 
[(2.57+0.1) 10~®, see-1] has been given by К evi 11 and Dorsey1^« 
and that at 120°C f(6.96 +0.42 ) 10"^ sec""1] reported by Koppel. 4 

In both cases pyridine concentration has been shown not to 
affect the reaction rate.The constant value at 45°C Is In good 
agrement with our data. The value at 120*0 calculated from 
our data is also sufficiently coincident: k120=(4.6+1.9)10"^ 

sec-1. No published data on MexCI ionization in CH,CN are j о 
available. 2 3 

The use of triphenyl-verdazyl radicals opens up new 

possibilities to the investigators of tert-alkyl halide 

ionization kinetics. It helps to avoid errors caused by ha
loid acid liberation. The method is simple and convenient. 
It may be used to study other reactions that procédé with 
the liberation of haloid or any other strong acid. 
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INFLUENCE OF IONIC STRENGTH ON HYDROLYSIS OF SOME BENZOATES 
WITH CHARGED SUBSTITUTS 

S.V.Bogatkov, I.V.Kuplenskaya, K.I.Romanova 

M.V.Lomonosov Institute of Fine Chemical Technology, 
Moscow 

Received July 8, 1974 

The alkaline hydrolysis of some benzoic esters in 
water is investigated. It is shown that the hydroly
sis rate of uncharged esters does not depend on the 
KCl concentration in solution. For the ammonium group 
containing esters this dependence has a complex cha
racter - for a smallyx values a linear dependence 
between lg к and VZ< with the following bend is ob
served; for highy(X values lg к does not depend on_/< . 
The slope of the straight line,^, and the à lg к = 

=lg k^_0 - lg кu + oo value decreases with increasing 

distance between ammonium and ester groups. The re
sults obtained are explained from the point of view 
of the hypothesis about the ion pair participation 
in process. An attempt is made to calculate the cons
tants for these ion pairs formation. 

The influence of the ionic media on the alkaline 
hydrolysis of esters which contain a charged ammonium 
group in alcohol part has been studied for a long time 1 

but at present the data only for few compounds are avai-
2 "3 lable. In the recent papers it was shown that the ionic 

strength influence on the hydrolysis rate constants of 
esters CgH^COO-Z-NCCH^)2 x~ did not agree with the Br0ns-
ted-Hiikkel ideas but depended on the distance between an 
charged substituents and a reaction center. Analogous re
sults of the investigation of phosphonic esters alkaline 
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hydrolysis were obtained \ It was interesting to extend 
the series of carboxylic esters with a view to verify and 
de-v el op the relevant hypothesis.2-4 Present article descri
bes the investigations results of salt concentrations in
fluence on alkaline hydrolysis of charged benzoates, 

C6H5COO(CH2)3N(CH3)^ i"(i), C6H5COOCH2C=CCH2N(CH3)3 ГСП), 

and C6E5000K^>N(CH3)2I" (III) , as well as neutral benzo
ates, С6Н5С00СН2СЭТ (IV) and C6H5C00CH2C=CH (V). 
These substances may be considered, as a sequel of a studied 

series ,2»^ The substances II and III are of special inte
rest since a problem of reaction conformation determination, 

p 
which is significant for I and benzoylcholine , is not 

significant for II and III owing to the rigidity of their 
structure. 

Experimental 
Iodomethylates (I-III) were prepared from appropriate 

bases and methyl iodide as described in Refs.5 and 6, and 
were purified by cristallisation from alcohol. Cyanmethyl 
benzoate (17) was prepared after Freedman propargyl 
benzoate as described by Kruglikova et al.^. 

Hydrolysis was performed in water at 25° and 50°C 
in thermostatic cell. A constant pH (10.5-11.5 at 25° and 
8-10.3 at 50°)was supported by means of LPM-60-pH-stat with 
an autotitration block BAT-12M3. Ionic strength in the ran
ge of 0.03-1.0 was set up by KCl,y<x < 0.03 calculated as a 
sum of alkali and ester concentrations. In case of IV, low 
dissoluble in water,the experiments were done in presence 
of 2% methanol. 

The pH-stat ^ and spectrophotometrie ( Л =  261 and 
274 nm) methods 0 were used for the reaction rate measu
rements. Spectral characteristics of esters are listed in 
Table 1; for benzoate-ion é 261 = 670, <5274 = 490. The 
rate constants determined by both methods coincided well 
with each other (see Table 2). The measurements were done 
v) 
With the participation of the student E.Bezuglova. 
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at several alkali concentrations and the results were an 
evidence of the first order by each of components ( see 
Tables 2-6). In some cases the measurements were performed 
in O.O5M boric buffer with necessary addition of KCl, and 
the alkali concentration was calculated by means of the ex

perimental plot pHQ̂ g vs. lg Cq£. As seen from Table 2 the 
buffer catalysis is absent. The second-order rate constants 
at different values of ionic strength are listed in Tables 
2-6. The extrapolation to /л =0 is performed by least-
-squares method. The extrapolation range, the slope f , the 

calculated k^_q values, values, and the Eact values 

determined by using Arrhenius equation are presented in 

Table 7. 

Discussion 

The dependences between lg к (at 25 and 50°) and /X 

for esters I-V are shown in Fig.1 as well as the data for 
benzoylcholine (VI) taken from Ref.2. It is seen that the 
alkaline hydrolysis rate of uncharged esters (IV,V) does not 
depend on the ionic strength. For the charged esters (I-III, 
VI) a linear dependence of lg к on yu for the low/* values 

is observed; then it is bended and for a highy^ values the 

rate constant does not depend on the ionic strength. This 
value may be designated as k^,,^ . It is remarkable that 

both the slope j? of linear dependence of lg к on /с and 

д lg к = lg k^ _o - lg k^,^ are not constant within this 

series but diminish when the distance between the ammonium 

and ester group increases (see Tables 7»8), These results 
are in accordance with the data in Refs.2,3 and with the 
hypothesis discussed ibidem. According to that idea the 
influence of a charged substituents is a sum of both induc

tive and electrostatic effects and the latter effect dec
reases with increasing ionic strength due to the ion pair 

formation, in which the charge is neutralised and the elec

trostatic effect is absent. In terms of those ideas the 

value (which does not depend on/* ) may be used for 
the evaluation of the purely inductive influence of the 
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Table 1 

N N R M.p.,°C 
(alcohol) 
or b.p» 

°C/mm 

ХЩАХ *"274 *"261 

I (CH2)3N(CH5)5
+ 194 274 1020 787 

II CH2CBCCH2N(CH3)3
+ 155 274 855 S 46 

III 0<CH3)2
+ 162 274 1020 788 

IV CH2C= N 141-4/II 275 1110 802 

V CH2CECH 115/15 274 905 659 

Physical and spectral characteristics or benzoates,CçH^COOB, 

Dependence of the alkaline hydrolysis rate on the ionic 
strentgh; 1=1, 25°, 2 = 1, 50°, 3 = II, 25°, 4 = II, 
50°, 5 = HI, 25°, 6 = III, 50°, 7 = IV, 50°, 8 = V, 
8 = V, 25°, 9 = V, 50°, 10 = benzoylcholine, 50° 

(after Piissa et al . ) 

346 



Table 2 

Alkaline Hydrolysis of Cyanmethyl Benzoate (IV) in Water 
at 50° 

Cester 
шМ M0H шМ 

CKC1 k, 1/mol-aec Cester 
шМ M0H шМ M 

pH3^ UV*) Mean 

3,94 2.63 - 2.4 3.1 2.75 

3.94 0.675 - 2.8 3.3 3.05 

3.94 

0.49 

0.631 

1.29M) 
0.25 

0.49XX) 

2.2 3.1 

2.9 

2.65 

2.9 

3.82 0.30 1.0 2.3 2.9 2.6 

3.82 

0.49 

1.59 

1,29х*) 

1.0 

0.85х*) 

3.5 2.7 

2.3 

3.1 

2.3 

pH=pH--stat method, UV=-speotrophotometrio method 

e>In 0.05 M boric buffer pH=8.75 

Table 3 

Alkaline Hydrolysis of Propargyl Benzoate (V) in Water 

25° 

о
 о 
If

N 

°ester 
mM > CKC1 M 

kx̂  
1/mol* 
sec 

Cester 
mM > CKC1 

M 

kx; 
1/mol« 
sec 

Ü.435 0.692 - 0.104 0.740 1.02 - 0.455 

0.512 1.29 - 0.076 0.740 0.69 - 0.450 

D.512 2.70 - 0.149 0.740 1 .26 - 0.382 

D.512 6,02 - 0.162 0.656 0.795 0.16 0,508 

0.512 6.85 - 0.127 0.656 0.970 0.16 0.390 

0.512 3.98 0.16 0.086 0.656 1 .48 0.16 0.537 

0.512 5.00 0.16 0.131 0.740 1.77 0,5 0.355 

0.740 7.60 0.16 0.096 0.740 1.15 0.5 0.402 

0.512 3.98 0.5 0.098 0.656 0.933 1.0 0.410 

0.512 9.10 0.5 0.113 0.740 1.74 1 .0 0.490 

0.512 6.02 1 .0 0.119 0,512 1.74 1 .0 0.405 

0.740 6.02 1 .0 0.083 0.740 1.15 1 .0 0.422 

0.740 9.10 1 .0 0.113 
x) The rate constants are determined by tJV-method 
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Table 4 

Alkaline Hydrolysis of 3-Trimethylammonium Propylbenzoate 

in Water 

С 
ester 
mM 

°0H 
mM 

CKC1 
M 

kx; 
1/mol» 
»sec 

С 
ester 
mM 

°0H 
mM 

CKC1 
M 

kxJ 
1/mol* 
•sec 

25° 

6.47 1 .48 - 0.140 6.45 1 .78 0.25 0.0733 
10.0 0.775 - 0,160 10.20 0.890 0.25 0.0855 

10.15 3.63 - 0.152 6.00 2.53 0.25 0€082 

3.62 5.50 - 0.158 6.25 3.02 0.35 0.097 

3.46 3.63 - 0.154 3.75 1 .32 0.35 0.0775 

10.0 0.740 - 0.160 3.75 5.50 0,35 0.089 

3.56 0.980 - 0.153 3.26 2.00 0,35 0.104 

6.40 1 .38 - 0.142 3.34 1 .35 0.35 0.117 

8.94 4.46 - 0.160 6.30 2.57 0.5 0.076 

6.64 1 .48 0.03 0.178 3.83 1 .48 0.5 0.080 

9.55 3.47 0.03 0.176 4.14 5.89 0.5 0.077 

4.24 4.06 0.03 0.175 9.90 1.48 0.5 0.065 

3.37 2.00 0.04 0.143 9.94 6.30 0.5 0.0745 

3.59 1 .48 0.04 0,132 6.15 2.30 0.5 0.0685 

3.53 4.67 0.04 0.156 6.00 2.53 0.72 0.062 

6,05 1 .70 0.09 0.124 10.20 1 .26 0.72 0.0706 

10.10 0.74 0.09 0.103 4,00 7.10 0.72 0.092 

4.06 6.75 0.09 0.123 5.52 2.14 1 .0 0.103 

9.70 4.66 0.09 0.122 3.35 6.45 1.0 0.084 

3.88 0.98 0.09 0.133 10,20 5.50 1 .0 0.077 

6.55 1 .56 0.15 0.106 9.60 1.66 1 .0 0.0635 

10.30 4.90 0.15 0.115 3,44 1 ,445 1 .0 0.077 

4.16 5.50 0.15 0.117 
50° 

6.47 0.467 - 0.45 3.44 1 .58 0.25 0.28 
3.65 1.35 - 0.64 9.60 0.691 0.25 0.22 

10.12 0.295 0.04 0.60 6.55 0.575 0.56 0.19 

9.55 1.09 0.09 0.37 10.20 1 .07 1 .0 0.25 

3.62 0.561 0.09 0.38 6,50 0.725 1 .0 0.20 
x) The mean of two methods values. I 
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Table 5 

Alkaline Hydrolysis of Benz oat e of 4—Trimethylammonium-
butin-2-ol-1 in Water 

^ester 
mM 

°0H 
mM 

CKC1 
M 

k* 
1/mol* 
• sec 

^ester 
mM °0H 

mM 
CKC1 
M 

kx 
1/mols 
.seo 

25 0 

8.40 1 .26 - 0.237 7.30 2.09 0.5 0,147 
1.54 0.362 - 0.226 6.98 1.10 0.5 0.132 
5.83 1 .26 - 0.226 7.47 1.38 0,5 0.156 
8.12 0.362 - 0.234 5.50 2.14 0.7 0.094 
7.19 0.69 - 0.251 4.74 1.15 0,7 0.172 
4.99 0,69 - 0.331 6.62 2.14 0.7 0,099 
4.30 1 .55 0.04 0.227 4.71 0.933 0.7 0.125 
4.52 0,835 0.04 0.231 4.16 0.74 0,7 0.108 

5.27 1 .78 0,16 0.162 5.70 1.15 1,0 0,117 

4.45 1 .07 0.16 0.173 7.70 0.605 1,0 0,116 

6.09 0.63 0.16 0.148 5.80 2.14 1,0 0,121 

5.78 1 .86 0.3 0.134 

5.16 1.025 0.3 0.141 

50 0 

5.44 0.178 - 1.115 5.73 0,430 0.25 0.92 

5.80 0.347 - 1.33 5.45 1 ,57 0.25 0.606 

5.98 0.417 0.04 1 .14 5.67 0.466 0.5 0.735 

5.55 0.282 0.04 1.04 6.12 0.38 0.56 0.68 

6.00 0.355 0.09 1.19 5.70 0.87 0.56 0.80 

5.80 0.145 0.09 0.88 5.86 0.65 1.0 0.505 

5.40 0.191 0.15 0.595 5.74 0.38 1.0 0.49 

5.75 0.436 0.15 0.55 6.00 0.50 1.0 0.54 

5.85 0.204 0.15 0.81 6.03 

5.61 

0.802 
0.802 

1.0 

1 .44 

0.68 

0.645 

x) The mean of two methods values. 1 
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Table 6 

Alkaline Hydrolysis of 4—Hydroxy-1, 1-dime thy lpiperidinium-

benzoate in Water 

л 
ester 
BM 

G0H 
oM 

CKC1 

M 

к* 
l/aol* 
•seo 

Cester 
mli 

°QH 
mM 

CKC1 
M 

к1 

l/aol* 

.seo 

25° 

6.40 
3.45 
6.55 
3.95 
5.84 
Ф.11 

6.35 

6.33 

6,05 

6.10 

5.70 

5.70 

1.51 

1.35 

4.17 

0.811 

1.78 

0.965 

5.60 

4.68 

1.66 

2.29 

5.00 

0.955 

0.04 

0.04 

0.04 

0.09 

0.09 

0.09 

0.09 

0.09 

0.123 

0.135 

0.139 

0.110 

0.0965 

0.0955 

0.102 

0.O93 

0.088 

0.0925 

0.0985 

0.079 

6.05 

5.85 

5.90 

5.95 

3,85 

6.30 

6.04 

6.24 

5.68 

3-80 

3.92 

6.20 

5.85 

1 š20 
5.25 
2.21 
1.91 

1.23 

7.10 
3.17 
2.40 

1,59 
3.02 
1.66 

2.95 

4.90 

0.15 
0.15 
0.15 
0.25 
0.25 
0.25 
0.56 
0.56 
0.56 
1.0 
1.0 
1.0 
1.0 

0.068 
0.0867 
0.089 
0.060 
0.0615 
0.067 
0.054 
0.058 
0.064 
0.0545 
0.046 
0.0575 
0.053 

VJ
l 
О
 О
 

6.28 

6.10 

5.31 

5.85 

5.30 

5.90 

5.28 

5.14 

5,95 

5.85 

0,346 

0*795 

0.245 

0.588 

0,407 

1Š410 
0.742 
0.814 

0.550 

0,347 

0.04 
0.04 
0.04 
0.15 
0.15 
0.15 

0.68 
0.504 
0.465 
0.546 
0,29 
0.396 
0.272 
0,36 
0,285 
0.246 

5.55 
5.70 
5,05 

5,76 
5.11 
6.20 
5,20 

5.56 
5,04 
5,07 
5.00 

0.795 
1,59 
0.550 
0.509 
0.338 

0.955 

2,15 
0,760 
0,501 

0.501 

1.20 

0.25 
0.25 
0,25 
0.35 
0.35 
0.35 
0.56 
0.56 
0.56 
1.0 
1,0 

0.164 
0.202 
0.17 
0.216 
0.152 
0.188 
0.238 

0.178 
0.19 
0.163 
0.219 

X ) yThe mean of two methods value s. 
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Table 7 

Influence of Ionic Strength on Alkaline Hydrolysis of Beters, C^H^COOR, (I-V) 
in Water 

m 
E 

t 

°C 

The line
ar extra
polation 
range __ 

  
-r 

1/mûl.seo 

— OC 

l/mol.sec 

5act 

kcal/mol 

m 

E 
t 

°C 

The line
ar extra
polation 
range __ 

  
-r 

1/mûl.seo 

— OC 

l/mol.sec YU =0 Y-» 00 

I /СН2/3*/СН3/3+ 25 

50 

0.06-0.51 

0.07-0.51 

0.62-0.08 

0.77-0.16 

0,187^0,009 

0.63 ±0.07 

0.082^0.007 

0.21 to.06 

9.3 7,2 

II СН0С$ССН2
Я/СН3/3

+ 
25 

50 

0.07-0.41 

0.08-0.51 

0.59+0.14 

0.65k).20 

0.28 +0.02 

1,41 ±0,24 

0.12 +0.02 

0,57 to.10 12.4 II.9 

HI Q Ж/сну/ 25 

50 

0.07-0.51 

0,(77-0.40 

0.65^0.07 

0.84-0,14 

0.I4I±0.007 

0.58 t0.07 

0,055t0.005 

0.19 to.02 10.8 9.5 

IV CH2Cs н 50 - - 2.7 t 0.3 -

V CH2C5CH 
25 

50 - -

O.Ilt 0.02 

0.44Î 0.035 
10.6 



Table 8 

Influence of Distance Between the Charges In Transition State upon AI kaiine 

Hydrolysis of Esters,C6He.C00B, in Water 

в 
г, А 1 

•
 1 

о
 m
 

<\
J 

Q • 3.06 I 1 
4
,
1
 

1 
о
 

1 
о
 

q = 3.21 

В Model3 

refer
red to 

Our 
-QZ1Z2/r -Q Z1Z2/r 

В Model3 

refer
red to 

model -А18Ке3ф Model3 

referred 
to 

Our 
model 

- ül8Kexp 
: 

Model3 
referred 

to 

Our 
model 

СН2н/СН3/3
+ ^ 

/СНУ2 H/GH3/3
+ V 

2.4 4.4 >0,7 

- 0.75 

1,27 0.70 >0.5 

~ 0.80 

1.34 0.76 

trans 3.8 5.4 0,81 0.52 0.84 0,60 

gauche 2.85 4.4 I.II 0.70 1.17 0,73 

О /сн3/2
+ 

4.3 6.0 0.41*0.06 0.70 0.51 0.49*0.09 0.74 0.54 

(CH2)5N(CH3)3
> 5.0 6.7 0.36*0,06 0.61 0.46 0.48*0,17 0.64 0.48 

СН2С5ССН2В /СН3/3
+ 5.9 7.8 0,37*0.11 0.52 0.39 0.39*0,15 0.54 0.41 

*^Data of Piissa et al.2 



charged substituent and the lg к value for the evaluati
on of his electrostatic effect. Accordingly 3, the letter 
effect may be also calculated theoretically by means of the 
Christiansen 10 equation (1): 

Q.z^z9 
IS kel H- <1> 

where z^ and Z2 are the charges of agents; r is a distance 
in A between the charges in transition state; Q = e2/2«3 k3? 
= 3.06 at 25° and Q = 3.21 at 50° (in water). 

Unfortunately a direct comparison between the values 
which were calculated according to Eq.(1) and the experimen
tal Alg kexp values is no reliable procedure. It is so on 
the one hand, because of imprecise experimental data with 
the errors of 10-20% and, on the other hand, because of the 
uncertainties in the selected transition state structure. 
We assume,for one of the possible models, that the transi
tion state is similar to the tetrahedric adduct structure 
and the degree of C-0 bond hetenolysis is close to zero. 

11 This model is in accordance with Ingold's school views 
according to which the rate-determining step in alkaline 
hydrolysis of ester is the tetrahedric adduct formation. 

12 This view is confirmed by the isotopic exchange data 
and by the correlation of the aryl esters hydrolysis rate 

with ô (See Eefs.2,13). As seen from Table 8,this model 
fits better with experimental data for I-III than that 
suggested by Palm et al.3, in which the degree of C-0 
bond heterolysis in transition state is close to unity. 
Of course, that is no final criterion of the model choice; 
this question require further investigations. 

In any case, the data obtained. au?e in good qualitative 
accordance with the hypothesis 3 about influence of the ion 
pairs on hydrolysis of esters containir» charged substitu-
ents.lt was of interest to try on bases of the experimental 
data to characterize quantitatively this process. If,as a 

first approximation, to assume that only the equilibrium 
(2) between free ions and ion pairs in solution occurs 
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and that the greater ionic aggregates may Ъе neglected, the 

observed constant should be described by Bq.(3)* 

B4N+ + А™ а-* [ВцВ+АГ] (2> 

kobs 3 ki*xiens + kip*xion pairs 

= billons + klp-(1 -Чопз1 (3) 

,her« xione = i\H+]/0.ster' xlen pairs = 1V Ŷ .st.r* 
The association constant is expressed by Bq.(4;ï 

_ [R4H*A~] _ 1 - *1ош, (4) 

asa " [в4в*]-[1-] " iiona- oA-

Чем * 1/(1 * CA-Kaaa>- W 

Assuming that *ionB —• 1 at уA,—> О and, consequently, 
*1 = V«> °»Л xione pairs •*>—"* "».conse-

quently, * we will obtain from Bq. (5) and (3)* 

after some transformation, equation (6): 

=o oo 
- = 1 + xoea-c»- (6) 

k_, _ - k, ass A 
"obs ~ "-Vм—eo 

Thus, between the espression In the leit member of Bq. (6) 

and Сд- (=yu) should be a linear dependence with slope 
equal to Sucn a dependence calculated from data on 

alkaline hydrolysis of I at 25° is shown In Fig.2. It can 

10 

0.3 0.2 
Fig. 2 

Examination of Eq.(6) for hydrolysis of ester I 



"be seen that the dependence is really linear and the Kass 

value calculated from this dependence is 15 1/mol. The ana

logous calculation for the data for benzoyl choline 2 gives 

*ass = Vaol, Now, it is difficult to say whether this 
difference in К is real or as a result of the the errors 

connected with the estimation of k^ _q and values. 

The authors are grateful to docent fi.I.Kruglikova 

for placing at our disposal a sample of ester II« 
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The kinetics of acylation of phenylhydraside of di

butylglycolic acid with acid chlorides of six alipha

tic carboxylic acids in benzene at 25, 40, 55,end 70°C 

have been studied. A correlation brtween the lg К 

values and the 6*- and E^- constants, characteristic в 
of the inductive and the steric effect of the acyl 

group of acid chloride, respectively, has been found. 

It was established earlier that the nature of the acyl 

group of an acid chloride of carboxylic acid altered appreciab

ly the reaction rate of acylation of arylhydrasides of di-

eubatituted glycolie acids fl,2j . This article gives a more 

detailed study of the question. It presents the results of 

investigation of the kinetics of acylation of phenjrlhydra-

zide of dibutylglycolic acid [з] with acid chlorides of six 

different aliphatic carboxylic acids 

CgHs H HV// COCfОн) (СчНд)г + RCOU 

-» C6Hs rf(cOR)nH СОС(ОН)(С*Н9)Х 

(R=cncet> c(cHi)i? снхс*? cHxcHKct) 

n - c 3 f / , t  с  H i  0 C h H s )  

I2 
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in benzene at 25« 40, 55 and ?0UC. The method. 0 i  

measurements using quantitative determination of unreactea 
phanylhydrazide by means of polarography has been described 

earlier £4}. 

One can see that such compounds have been used as acy-
lating agents, the acyl groups of which (R) differ substan
tially in their inductive and steric effects. 

Table 1. The Kinetics of Dichloroacetylization of 
Phenylhydrazide of Dibutylglycolic Acid at ?0°G 

Time min 0 2.5 5.0 7.0 10.0 

il ЛА 1.216 0.842 0.440 0.327 0.215 

К 
l/mol-sec 

0.150 0.208 0.192 0.177 

£ 
1/mol.sec 

0.182 ± 0.018 

Table 2. The Kinetics of Acylation with Acid Chloride 
of Trimethylacetic Acid at 70°C 

Time min 0 10 20 40 60 91 

11 VA 1.297 1.011 0.828 0.520 0.351 0.188 

К 
l/mol*sec 

0.00980 0.00887 0.00903 0.00862 0.00839 

l/mol-sec °-00894 1 0-00040 

*For the values of CJ*-constants characterizing the 
inductive effect of the acyl groups (R) see Refs.5,6. 
and the values of the steric constants see Refs. 5»7. 
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Table 3. The Kinetics of Acylation of Phenylhydrazide of Dibutylglycolic Acid with 
Acid Chlorides (RC0C1). General Kinetic Information 

R 
a-104 b-IO4 К 1/mol-sec 

EA A 

mol /1 mol/1 25°C 40°C 55° С 70°C к j/mol 1/mol»sec 

CHCI2 181.8 9.09 0.0126* 

*0.0096 

0.0718* 

*0.0110 

0.128* 

*0.015 

0.182* 

*0.018 

27.6 3.10-LO5 

C(CH5)5 45^.5 9.09 0.000839* 

±0.000111 

0.00181* 

*0.00010 

0.00409* 

*0.00021 

0.00894* 

*0.00040 
43.9 4.07-104 

CH2C1 9.09 9.09 0.865* 1.405* 2.150* 27.0 2.83-Ю4 CH2C1 

*0.096 *0.080 *0.300 

CH2CH2C1 45.45 9.09 0.386* 

*0.060 

4-
1 

О
 

OD 
CO 

00 
0
 

t— 
• 

« 0
 

0
 +1 I.29O* 

*0.046 

35.8 3.83'ÎO^ 

n-C,H7 90.9 9.09 0.255* 0.367* 0.553* 22.6 1.61.m5 

*0.012 *0.036 *0.015 

CH^OC-,R5 45.45 9.09 0.550± 

±0.040 

0.866* 

to.050 
1.480* 

*0.120 
27.8 2.42-104 



The typical-kinetic- data are tabulated (eee Tables 1 

and 2).-Table 3 shows-general,kinetic .information-wbere a-

and-~fi denote the Initial concentrations of асуlaixng 

agents end phenylhydrazide; К,-Ед and A denote the values 

oft he rate constante-, activation energies and pre—expo

nent s In the. Arrheniue equation, respectively. 

The data given-in Table 3 testify to the fact that the 

nature of acyl- group~ of. acid chlorides affects substan

tially the reaction rate of acylation of-phenylhydrazide 

of dibutylglycolic acid,-When B-CCCH )̂̂  is replaced by 
RbCE^CI the reaction rate ЪесошеаЬу some 500 times greater. 

Qn comparing the values of rate constants for R-CHClg 

and R»C(CH^)^ when their steric constants are almost equal 

(-2.20 and -2*14 respectively [з]) one may consider with 

confidence that the inductive effect of substituent в shows 

itself in the reaction series. If to compare the rate con

stants for chloro- and dichloroacetylchlorides it becomee 

clear that the steric effect of the acyl group takes piece 

together with the Inductive effect. Indeed, the rate con- ' 

étant for chloroacetylchloride is by one order greater than 

the rate constant for dichloroacetylchloride though the 

negative Inductive effect of the substituent (CHClg) is 

higher than the similar effect of the C^Cl-group (Taft б * 

constants of these subetituents are equal to 1.93 and 1.04, 

respectively Г6 J). 

To value the influence of both inductive and steric 

effects of the eubstituents on the reaction rate of acyle-

tion of phenylhydrazide the Taft equation was used in 

form /8,9J: 

lg К » lg K0 + p* 6- * + (1) 

where the values of E°-constants fio] characterizing the 

steric effects of the eubstituents and not containing the 

hyperconjugation of both C-H and C-C-bonds were used 

Instead of the values of Eß-constants. 

The application of the multiple regression theory [ll] 
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to the determination of the equatimi (1) parameters 
gave the following.resnlts: 

40°C lg К • 0.073 + 0.695,- 6* *,1.186 Eg 
_ В «• 0.993; S.« o.n̂ . 

55°C lg К = 0.237 + 0.664 6Г* + 1.111 E° 

E « 0.995; S « 0.093. 
70°C 1g К - 0.435 + 0.602̂ 5" * *.1.065 e° 

H--0.995i S = 0.094. 
- In Figure the vaines of lg К - 1.111 Eg are plotted ve. 

Taft 6 «-constanta at 55°C. 

1.5 

l i l l i l  

lg К - 1.111 Е° 

I l l i l  Q/ l  

СНС12Х -

1.0 
СН2С1СН2 о / 

с2н5осн2 9^ 
° СН2С1 

0.5 

0 

n-C3!W^ 

/О tert-C,žHQ 
1 1 1 I4 7 1 1 1 1 1 1 1 1 

0.4 0 0.4 0.8 1.2 1.6 2.0 

Figure. Plot of Ig К - f E° vs. Taft ^»-constants at 55°C. 

As is evident from the Figure, the point corresponding 
to the acid chloride of y3 -chloropropanoic »cid lies 

above the regression line. No explanation of this fact is 
given at present. The point was not considered when para
meters of the correlation equation (1) were determined.* 

If the point is considered, the correlation coeffi

cient becomes lower and the standard deviation becomes 

higher (R » 0.95-0.96; S « 0.24-0.26). 
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The half-neutralization potentials of six arylhydra
zides of dibutylglycolic acid were determined in mixture 

of nitromethane - acetic anhydride (2:1). A linear depen

dence between the relative values of the half-neütra-

lization potentials (дЕ^), characterizing the basicity 
of compounds, and the Hammet constants was 
established. 

Earlier we studied the basicity of ß, fi -dimethylhydra-
zides of disubstituted glycolic and acetic acids by the me

thod of the Potentiometrie titration in acetonitrile [ij . 

It was established that phenylhydrazides of disubstituted 

glycolic acids could not be titrated under given conditions . 

This study has been carried out in order to work 

out the method of the quantitative determination of arylhyd

razides of disubstituted glycolic acids and to establish 

the dependence between the structure and the basicity of 

these compounds. 

It was established by preliminary experiments that the 

application of amphiprotic (ketones, acetonitrile, alcohols) 

and some protogenic solvents (acetic acid) did not result in 

the appearance of the leap of titration. That is why the 

mixture of nitromethane - acetic anhydride (2:1) was used 

for measurings. It is known that the application of the 
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mixture of eolvente hae eome advantage a in comparieon wiuh 
individual eolvente [2] « In our caee the addition of nitro
methane to acetic anhydride* results in the improvement of 
conditions of the titration owing to the decrease of the 
conetant of autoprotolysis, the riee of differentiating 
properties of the mixture in respect of weak bases and the 
weakness of the acylating action of acetic anhydride« 

Experimental 
0,2 mole of arylhydrazide of dibutylglycolic acid was 

dissolved in mixture of nitromethane (20) ml) and acetic an
hydride (10 ml). Solvents were refined and dried as described 
by Kreshkov et al,[3^.The preparated solution was poured in
to a thermostated vessel for the titration. The titration 
was carried out with 0.1 n solution of perchloric acid in 
dioxan with continuous stirring by a current of dry nitrogen. 
At the beginning of the titration the potential values were 
determined after addition of each portion of 0.2 ml of the 
titrant, near the equivalence point at intervals in which 
the potential of the indicator electrode practically did 
not change each portion amounted to 0.05 ml. A silver-chlo
ride electrode filled with saturated solution of potassium 
chloride in acetic anhydride was used as the reference elec
trode and the glass electrode as the indicator electrode. 
Measurings were carried out by means of pH-meter millivolt-
meter pH-340, at 20.0-0.2°C. 

Results of Investigations. 
Values of the half-neutralization potentials (Ey2) ̂or 

the studied compounds as mean values from 2-3 determinations 
relative values of the half-neutralization potentials (ДЕ,/2) 
determined as the difference between the E values for the 

studied compounds and the standard, diphenylguanidine (DFG), 

are tabulated (see Table 1). 

* These compounds give the leap of titration in the 

medium of acetic anhydride. 
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Table 1. The Ey2 Mid A Ey2 Values for Arylhydrazidee of 
Dibutylglycolic Acid, ArNHNHC0C(0H)(C4H9)2 [ 4-?l 

Ж Ar E^CmV) aB//a(mV) 

1 C6H5 292 ± 3 251 ± 6 
2 р-СН30СбН4 273> ± 2 232 ± 5 
3 m-BrCgH^ 318 ± 3 277 ± 6 
4 p-BrC6H4 313 ± 2 272 f 5 
5 =wCH3C6H4 293 Î 2 252 t 5 
6 p-CH^CgH^ 285 ± 2 244 ± 5 
7 DFG 41 ± 3 0 

270 

I 

Л By2 

- (mV) 

1 1 1 У о 

р-Вг 0/А-Вг 

260 - у/ 

250 
m - снз У° H 

240 у 

9р-сн3 

250 
У°р 

î 

-ООН, 
5 <f 

1 1 1 

-0.5 -0.1 0.1 0.5 

Figure. Plot of ̂ Ey^va. Hammett 6-constante. 
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One can see that the nature and the position of the 
substituent in the benzene ring connected with the atom of 
nitrogen influence substantially the basicity of aryl-
hydrazides of dibutylglycolic acid. This can be represen

ted by the Hairnet eauation used in the form: 

аЕ/д = p>6" + (1) 

In Figure the dependence of Д ̂1/2 0I* ̂ he correspon
ding values of Hammet d-constants is represented. One 
can see that the reaction series corresponds to Eq. (1). 

The parameters of correlation between ZXEy2 and 

-constants are shown in Table 2. 

Table 2. The Correlation Parameters 

SD of 
mV/G'-unit 

SD of 
r 

mV/^-unit 
SD(mV) (E 2̂)catc 

mV 

67.2 6.2 0.983 3.4 253 

The correlation becomes worse when 6* °-constants are 
used instead of Hammet S -constants : 

r = 0,960; S = 5.3 mV. 
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The nature of relationship between chemical 
shifts of 13C cL- and ß-carbon atoms of the vinyl 
group for twenty alkylthio- and alkoxyethenes and 
structural constants of appropriate alkyl substituents 
was studied by correlation analysis methods. Chemical 

14 shift variations were found to be moderately de
scribed by the linear equations, in which the argu
ments are inductive, hyperconjugative and steric con
stants of the substituents. However,the linear relation
ship between the arguments does not permit us to draw 
an unambiguous conclusion on the significance of the 
influence of different effects. 

The closest pair correlations (г» 0.55) were ob

tained for -carbon atoms with steric constants of 

the CH R substituent. Therefore it is possible to 

suppose that the electron charge distribution in 

the heterovinyl group can be mostly determined by 
the steric inhibition of resonance, and that the 

greater sensitivity of p-lf-conjugation in alkyl thio-

ethylenes to the branching of a substituent is pro

bably caused by geometrical conditions of realiza

tion of plane conformations as well as by the symmetry 

of 2d-orbitals. 
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A detailed analysis of pair correlation equations 
allows us to discuss some particularities of the partici 
pation of sulphur and oxygen atoms as an electron-do
nating group in the p—If—conjugation with a double 

bond. 

The purpose of the present paper is to seek gu&ntita— 
tive relationships between the charge distribution in the 
vinyl group of CH2=CHXR (X = 0,S, E = alkyl) and the 
structural characteristics of radicals E, namely their 
various substituent constants. Such relationships are ex
pected to enable us to estimate the relative role of 

various structure effects in the polarization of unsat
urated bond and to support the assumption of the conjugation 
in heterovinyl fragments as well as the transmission mech
anism through the 0 and S atoms. 

1 3 The yC chemical shifts are well known to be an appro
ximate measure of the total charge density at the appropri

ate atom С of interest (cf.Ref. 1 and references therein). 
15 

On this account we have measured chemical shifts for 

two above-mentioned series of vinyl compounds and processed 

the data obtained with the help of correlation analysis. 

In literature /2-4/ the "^C chemical shifts of some 

vinyl alkyl ethers (alkoxyethenes) have been described 

and discussed already, whereas for vinyl alkyl sulphides 

(alkylthioethenes) that has not been done yet at all. Be-

cently, a series of papers /5-8/ on vinyl aryl ethers and 

sulphides dealing with the problems like those stated above 

have been published. In one of these works /6/ "^C che
mical shifts have been measured and related to the Hammett 
G4" constants. From the Hamme tt ß values, which for sulphide 
series appeared to be higher than that for ethers, it was 
concluded that the polar substituent effect on the double 
bond was transmitted through the S atom better than 

through the 0 atom owing to the 3d orbitals participation 
of the former. However, our results discussed below imply 
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that it may be not the only possible interpretation. 

Experimental 

The nmr spectra (pure liquid) were taken at 25° С 
on a Tarian XL-100/12 instrument at 25.2 MHz. The signal-

to-noise ratio was enhanced by the ^С-{^н} noise de
coupling. The chemical shifts were measured with the ac
curacy within - 0.01 ppm, Si(CH^)^ being used as an inter
nal standard (~ 5% molar) and the lower-field shifts 
given by positive ft values. Assignments were based on the 

off-resonance decoupling technique. 

Results 

The whole body of the experimental data, further 
processed through computer, is given in Table 1. Therein 
are also placed the inductive ((?*), hyperconjugative (ДП) 

and steric [Eg^, ES(CH R)] constants of substituent R 

/9/. The 13C chemical 2 shift values (hereafter convent
ionalized as C° , for du and fb carbons of vinyl group 

in the ether series and c| , , correspondingly, for 
that in the sulphide series) as well as their differences 
(дС° = c£ — , the same for д Cs) were correlated accord

ing to the following general multiparametric equations 

Ci(|) • ao + »-Л" + а2Дп + a3BS (1) 

The other equations with all possible combinations of two 

arguments and the single-argument correlations were also 

seen about .Two versions - with Eg R̂̂ and Es(CH R)~ ̂ or an^ 

such a regression were checked. Least square calcula-

* n=n H+0.4n c, where п д  end n^ are numbers of 

H and С atoms in cK, -position. 

** These С values were used in hope to get rid of, 

though partly, possible anisotropic effects. 
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Table 1. 1 Chemical Shifts (ppm) of the Compounds 0^=0 HXR (X = 0,S) 

and the Substituent Constants 

WS R cl 
0° 
4 

дС° 
ci cž ACs r ДП 

ES(R> 

1. CH^ 153.33 85.13 68.20 133.35 107.71 25.64 0.00 3.0 0.00 -0.27 

2. C2H5 
152.09 85.70 66.39 132.68 109.74 22.94 -0.10 2.4 -0.27 -0.56 

3. с3н?-N 152.25 85.63 66.62 132.98 109.63 23.35 -0.115 2.4 -0.56 -0.59 

4. ^4^c;— П 152.23 85.62 66.61 132.97 109.45 23.52 -0.13 2.4 -0.59 -0.60 

5. с 4^9"" L 152.18 85.64 66.54 133.32 109.38 23.94 -0.125 2.4 -1.13 -0.55 

6. c4H9-s 151.10 87.41 63-69 132.02 111.80 20.22 -0.21 1.8 -1.53 -1.1З 

7. 
C6H11~C Y C'o 150.49 87.47 63.02 131.90 111.50 20.40 -0.20 1.8 -1.19 -1.18 

8. 
c3H

rL 150.50 87.50 63.00 131.98 112.00 19.98 -O.I9 1.8 -0.87 -1.13 

9. c 4H 9-t 146.23 90.55 55.68 130.19 115.69 14.50 -О.3О 1.2 -2.14 -1.94 

10. 
c5HH"t 145.96 90.55 55.41 129.94 115.62 14.32 -0.31 1.2 -2.20 -1.94 



tionsx were carried out after the special programmes on the 
computer of the BESM-4 type. 

The equation coerficients (or b^ for the single -
-parameter correlations), their standard deviations s 
(or sb д) , the correlation coefficients R (or r for pair 

correlations and the net correlations dispersions, s , are 

sumarized in Tables 2-7. 

Table 2. The Data of Three- sind Twoparameter 

Correlations for CH2=CH0R, Used 

as a Steric Constant 

c° a 0 A1 S&1 A2 4 a^ sa^ R so 

138.00 -15.64 13.31 5.42 2.31 1.09 0.96 0.946 0.83 

135.91 -12.30 13.81 6.16 2.36 0.938 0.88 
C<L 154.37 11.04 8.64 1.73 1.15 0.914 I.03 

145.17 3.11 1.29 0.85 1.00 0.938 0.88 

97.90 12.89 8.30 -4.57 1.44 -0.76 0.60 0.967 0.52 

r „ 99.32 10.55 8.71 -5.08 I.49 0.961 0.56 
bp 

84.08 -9.60 6.11 -1.29 0.81 О.9З2 0.74 

91.95 -2.66 0.83 -О.55 0.65 0.958 0.59 

40.09 --28.53 21.02 9.99 3.65 1.85 1.52 0.958 1.31 

А С 
36.57 -

70.28 

-22.86 21.98 

20.65 14.48 

11.25 3.75 O.95I 

З.ОЗ 1.93 О.925 

1.40 

1.73 

53.19 5.77 2.07 1.40 1.62 0.950 1.42 

* We acknowledge the help of V.V. Keyko and computer 

center of the Irkutsk State University. 
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Discussion 

Multiparametric correlations 

First of all». we will examine the multiparametric cor
relation data (Tables 2-5)# It is seen that, in spite of 
rather high correlation coefficients, especially for eqs, 
with E°(CH (Tables 3,5, R = 0.94-0.99), and fairly low 

sQ values (0,4-0.9), some aqs. of the (1)-type and their 
twoparametric modifications are proving to be uncertain 

because of the large coefficient variances (sQ )• It 
- * i 

refers above all to inductive terms (eujU ) ̂ nearly all 
multiple regressions, both for alkoxy- and for alkylthio-
ethenes series. These teras appear to be significant, 
seemingly by chance, only in the , Eg(CH p) combination 

Table 3# The Data of Three- sind Twoparametric 
Correlations for CH2=CH0R, g) 
as a Steric Constant 

c° a 0 ai Sai 
a 2 a 
? a? a3 

Sa R s„ 
163.76 0.97 6.85 • -2.98 1.89 

i 
7.02 1.17 0.987 0.41 

CA 154.70 -7.72 4.54 5.52 0.77 0.984 0.46 

163.11 -2.76 1.12 6.98 1.11 0.987 0.42 

79.70 1.19 1.38 1.36 0.38 -4.93 0.24 0.999 0.12 

c > 83.82 5.14 1.23 -4.24 0.21 0.998 0.16 

78.89 1.62 О.23 -4.98 0.23 0.999 0.14 

84.06 -О.23 7Л5 -4.33 2.06 ' 11.96 1.28 0.995 0.45 

д с 70.87 -12.88 5.33 9.78 O.9O 0.993 О.54 

84.23 -4.39 1.22 11.98 1.21 0.995 0.45 
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Table 4. The Data of Three- and Twoparametric 
Correlations for CH2=CHSR, e|(E) 
Used as a Steric Constant 

S 
C ao a1 

Sa a1 a2 
Sa 
2 аз 

Sa3 R So 

124.84 -7.02 5.94 3.03 1.03 -0.11 0.43 0.952 0.37 

124.62 -6.70 5.82 3.11 0.99 0.952 0.37 

*133.99 7.90 4.23 -0.46 0.56 0.909 0.50 

128.04 2.00 0.58 -0.006 0.45 0.946 0.38 

127.02 16.79 6.59 -6.60 1.14 -0.60 0.48 0.988 0.41 

r 128€13 14.94 6.91 -7.00 1.18 0.986 0.44 
P 
107.08 -15.65 7.12 -1.37 0.95 0.947 0.86 

119.26 -4.10 0.76 -0.33 0.60 0.980 0.53 

-2.44 -24.36 12.58 9.70 2.18 0.70 0.91 0.979 0.70 

-3.77 
AC 

26.86 

-22.30 

23.37 

12.63 

11.30 

10.17 2.16 

1.83 

0.978 

1.51 0.937 

0.80 

1.35 

8.74 6.10 1.33 0.31 1.04 0.971 0.91 

for C° (Table 3» line 5) and for Cs (Table 5, line 4), 
Student's test being used herewith and thereafter. Further 
comparison shows that the hyperconjugative terms are more 
certain throughout than inductive ones. They are entirely 
certain for all eqs. of Tables 2, 3 (excluding line 1) and 
4 as well às in eqs., represented by lines 3»4 in Table 5. 
It is noteworthy that more close relationships are ful
filled for the sets with Eg ĈH constants. Even in the 
•worst1 set of the correlation'~"equations obtained (Table 3» 
lines 1-3)I the only term, which could be considered as 
statistically certain, is steric one in eqs. with the 
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Table 5. The Data of Three- and Twoparametric 

Correlations for CH2=CHSR, Es(CH2R) 
Used as a Steric Constant 

°S -0 a1 
Sa 
1 

a0 Sa 
2 2 

a Sa 
аз 3 

R So 

136.57 -•1.02 2.70 -0.82 0.75 3.02 O.50 0.991 0.15 

Cjl 134.08 -•3.40 1.70 2.61 0.29 0.990 0.16 

137.27 -1.05 0.45 3.08 0.44 0.991 0.15 

113.60 8.00 2.84 -2.23 0.78 -3.64 0.49 0.998 0.17 

Cp 106.80 1.49 2.26 -4.76 0.38 0.996 0.23 

108.13 -0.45 0.62 -4.08 0.62 0.996 0.24 

23.15 -9.42 4.75 1.34 1.31 6.78 0.81 0.997 0.28 

AC 27.23 -5.51 2.96 7.46 0.50 0.997 0.29 

29.58 -0.75 0.92 7.32 0.91 0.996 0.33 

Table 6. The Pair Correlation Coefficients for a 
Mutual Dependence between the Arguments 

= f(Xj), (for series of Table 2) ' 

Arguments Д n(R) Es(R) 
ц|0 
SCCHgR) 

tf-x 
(R) 0 .98 0.92 0.96 

A n(B) 1 .00 0.93 0. 98 

BS(R) 0 .93 1.00 0.93 
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Eg(cH^R) constants • Apparently, the main reason of all 

above uncertainties is rather a close linear relationship 
between the arguments. This is endorsed by the pair cor
relation coefficient values given in Table 7» It should be 
noted that such correlations for alkyl substituents were 
earlier discussed /11-13/, but their physical meaning is so 
far not clear enough. 

In effect, therefore, the results on multiple cor* 
relations lead us to the following conclusions: 

(i) The dependence of chemical shift for any vi— 
nylic carbon of alkoxy and alkylthioethene on the struc
ture of the radical is not expressed adequately when 
assuming that all three effects appear simultaneously. 

(Ü) In most cases, such a dependence is well approxi
mated by the twoparametric equations with Д n and ^ 

as arguments. 2 

(iii) Closer relationships are observed for the alkyl-

thioethenes series, for the p carbons of the vinyl group 

and for the substituent constant sets with ^ in
stead of 2 

(iv) The С values, which were used in hope to get rid 

of} though partly, possible anisotropic effects, give in 

fact no advantage to values. 

Pair correlations 

Now let us go over to the pair correlations (Table 7). 

They are well in line with the above conclusions. Weaker 

linear relationships exist in the case of (j^ constants. The 

ability of the substituent constants to be linearly re

lated with the values increases in the order: 

BS(R)<&n * ES(CF2R). 

After Fisher's criterion the correlation equations with 
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Table 7. The Data of Pair Correlation 
(ci = bQ + ЬдХ^) for CH2=CHXR 

(X = 0,3) 

С xi bo Ъ1 Sbi R s2 °o 

r 154.65 23.00 16.65 0.894 1.47 

АП 142.27 4.10 0.31 0.933 О.94 

ES(R) 153.87 3.09 0.28 0.899 1.39 

•jjC 
BS(CH2R) 154.84 4.27 0.10 0.979 0.31 

r 83.88 -18.58 8.55 0.914 0.75 

0 ATL 93.89 -3.32 O.13 0.955 0.40 
CP ES(R) 84.52 -2.48 O.15 O.914 0.75 

•CI® 
BS(CH2R) 83.75 -3.43 0.02 0.995 0.05 

Gv< 134.07 11 .08 З.47 0.903 0.31 

s 
ДП 128.09 1.98 0.06 0.946 0.18 

ci. •PC 
BS(R) 133.63 1.43 0.08 0.876 0.39 

ES(CH2R) 134.15 2.05 0.01 0.986 0.05 

Г 106.86 -25.18 11.23 0.936 0.99 

„S А П 120.44 -4.50 0.11 0.980 О.3О 
ct> •NIO 

BS(R) IO7.79 -3.30 0.24 0.921 1.22 
•P® 
S(CH„R) 106.78 -4.54 0.02 О.996 0.06 

ES(CH2R) as a s^nSl® argument are the best,introducing other 

argument in the pair correlation is not statistically justifi
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able. Consequently, only the following equations should be 

left under further analysis! 

(2) 

c°p = 83.75 - 3.34 E^^ 

r = 0.995; SI = 0.05 

(3) 

СI = 134.15 + 2.05 B®(C] 

r = 0.986; S2 = 0.05 

,o 
'S(CH2R) (4) 

(5) 

Since 13C chemical shifts are linearly related to (at 

least, approximately) the total charge at the relevant 

С atom, one can refer to the C^|^ values as being a proper 

measure of electron density near the <lrand ^-positions of 

the vinyl group. So Eqs.(2)-(5) indicate unequivocally 

that, on going to bulkier substituents, electron density 

is markedly displaced of the ^-carbon towards the «JL-carbon, 

i.e., the degree of p-I conjugation in the heterovinyl 

fragment, CH2=CHX, becomes lower. The slope values of Eqs. 

(3)and(5) show that the electron withdrawal of the /i-carbon 
in vinyl sulphides is by factor ~ 1.3 (4.54 : 3.34) strong

er than that in vinyl ethers ( the higher the Сц value the 

more ^-carbon is deshielded). An opposite picture (with 

factor 2.0) is observed for the «^.-carbons (cf.Eqs.(2) and 

(4)). It means that the electron income to the JU-position of 

the vinylthio group does not fit the charge loss from its 

^-position, especially if this is compared with the sub— 

stituent-induced electron redistribution in the vinyloxy 

group. The inversion of the slope magnitudes could be ex-
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ir. the pertinent slkyl series though this time it has no 
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plicable in terms of electron-attracting nature of 3d sul
phur orbitals; 

[CH2=CH-S-R -—• CH2-GH=S-R] , 

i.e. the formal charge loss from the double bond could be 

tentatively accounted for the electron displacement onto 

vacant orbitals of sulphur. By contrast, in the ether 

series, the greater slope value of the c£ , 

pendence as compared with that of C° (cf.Eqs.(2)and(3) ) 
might be taken as an evidence of the added electron in

come to the double bond. The explanation here could be 
based on the CND0/2 total charge distribution in methoxy-
ethene /8/: 

-0.13 0,16 -°'20 °*14 
*сн2=сн - 0 - сн3 

It is quite conceivable that the steric inhibition on p-

T conjugation may result in levelling of charges along 

the double bond by the additional electron income to the 

<L-carbon from the neighbouring oxygen atom on which 

the considerable negative charge is localized (partly as 

a consequence of p-TT conjugation). 

The next point deserving special attention is that 
Л 3 

the sensitivity of the chemical shift of the vinylic 

carbon to the steric effect in the sulphide series proves 

to be effectively higher than that for the oxygen homologues 

(4.54 and З.З4, respectively). It seems to be much similar 

to the Hammetff" , p relationships concerning the 1 -^C chemic

al shifts in the corresponding sulphur and oxygen aryl 

series /6/. In this work, as it was mentioned above, the 

greater value of the sulphur homologues have been explain

ed by an enhanced transmission of the polar effects through 

the sulphur atom. On the other hand, now one can see that 

such 'enhanced transmission1 of sulphur takes place well 

in the pertinent alkyl sries thogh this time it has no

thing to do with the so-called 'through-conjugation'. As 
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a matter of fact, the relationships found by us reflect 

some steric effects. The hindrance of p—ïï conjugation by 

the bulkier substituent H is assumed to be the most prob

able version*. 
These inferences agree well with the IR study /14/, 

in which the higher sensitivity of the infrared intensity 

of alkylthiobenzenes and alkylthioethenes to the variation 

of the alkyl structure was also interpreted in terms of 

steric inhibition of resonance.As it is shown in a work/14/ 

referred to, the geometrical and the 3d- sulphur orbit

al symmetry requirements are assumed to be such that the 

steric inhibition of resonance on branching of alkyl 

radicals should be enlarged faster in the sulphide se

ries. Besides, if the p—ТГ conjugation of «^»^-unsaturated 

sulphides is weaker than that of corresponding ethers, 

then it would further loose p-fi coplanarity in the vinyl-

thio group and make the p-^[ conjugation in it still more 

sensitive to any substituent effect. The direct comparis-
11 on of the chemical shift values of Table 1 enable us 

to point out that the p—1Г conjugation in alkylthioethenes 

is about by 3 times weaker than in alkoxyethenes* *. This 
1 

falls in agreement with the H chemical shift values of 

the vinyl protons and proves to be fully compatible with 

our previous data /15,16/ on the relative basicity of 

these two studed series. 

Thus, 'the greater transmission efficiency* of the 

sulphur atom due to the through-conjugation as it has been 

stated /6/ may be still alternatively explicable by low
ering of the rotation barrier around the S-C (vinyl) bond 

or even by diminishing of the distance between substitu-

In the following paper we will show that there is 

some contribution of steric compression independent of 

any conjugation effect. 

This part in details is to be published separately. 
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ent and indicator (resonant nuclei and the like). 
Now it becomes evident enough, why just the E^^^ ̂  

constants, not the BgQj), ensure better correlations: 
because the key rotation occurs around the C-XR bond, the 
steric characteristics of the rotated fragment XR as a 
whole or those of its isosteric analog CI^R should be 
very essential, 
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The hydrolysis kinetics of carbohydrazones of a 
general formula 

I^)CNHNCH where 

0 

x = он, осн5, сн5, H, CI, uo2 

in the pH range of 1*14 and in the temperature range of 

10 + 50°C was studied. The thermodynamic parameters of 

the reaction were calculated. At pH »"*3 a. change with 
rate-limiting step takes place.In the reaction series 

studied the isokinetic ratio with the value Ji- 302°K 

at pH = 1.15 and ß = 290°K at pH = 4.01 was observed. 
Quantitative estimations were confirmed experimentally. 

The inversion of substituent influence is shown at 

"crossing" of J0 

Proceeding with the investigation of hydrolysis reaction of 

carbohydrazones we examined the substituent influence in the 

hydrazide part of the molecule upon the hydrolysis rate cons

tant in the pH range of li-14. At p'H = 1.15 and 4.01 hydrolysis 

kinetics was studied in the temperature range of 10-50°C. 

The investigation of hydrolysis kinetics and the experi

mental data processing was carried out by the method described 

earlier /1/. The data obtained are listed in Table 1. The 

values of pD in systems with D2O were calculated by the 

equation 

pH = pD + 0.4 (1) 
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Table 1 

Rate Constants and Activation Parameters* of Hydrolysis Reaction of 
Carbohydrazone of a General Formula XCgH^CONHNCHCgH^ 

Д** дн* Aß* 
No pH X 

к13 % К40 К50 kcal kcal kai 
к13 % К50 

mol mol mol.grad 

1 1.15 ОН 0.04955 0.1648 0.8318 2.333 18.50 18.56 +0.20 
2 " осн5 0.05333 0.1722 0.8035 1.986 18.48 17.44 -3.48 
3 n сн5 0.05888 0.1758 0.7852 1.879 18.47 16.71 -5.89 
4 n H 0.06950 0.1862 0.7161 1.622 18.43 15.95 -8.32 

5 " Cl 0.09183 0.2018 0.6223 1.297 18.38 12.58 -19.48 
6 M NO2 0.2095 0.2410 0.4898 0.7311 18.28 7.50 -36.16 

1 4.01 он 0.001750 0.004786 0.008790 21.20 11.75 -31.70 
2 M осн5 0.001581 0.004169 0.007674 21.26 11.46 -32.85 
3 M сн5 0.001550 0.003758 0.006546 21.27 10.40 -36.46 
4 H H 0.001429 0.003170 0.004919 21.32 8.73 -42.23 
5 II Cl 0.001349 0.002344 0.003388 21.35 6.42 -50.08 
6 н N02 0.001089 0.001259 0.001380 21.48 2.04 -65.05 

111 the thermodynamic parameters are calculated for the temperature 298°K by the 
3 equations given by Laidler. 



Fig.1 shows the dependence of lg of rate constant of pseudo-
first-order hydrolysis reaction for the extreme members of 
reaction series upon pH. In the alkaline solution the rate 
constant appeared to be higher at pH=13 than it was at pH=10 

Fig.1. The lg dependence of rate constant of hydro
lysis reaction of p-substituted benzoylhydra-

t zones of benzaldehyde upon pH (the substitu
ent order corresponds to Table 1). 

The bell form of the dependence curve of rate constant of 
reaction on the medium pH in some cases /4-7/is explained by 

change of the limiting step of process 

It appears from Table 1 that the substituent influence on 

the rate constant of hydrolysis is different at various va

lues of pH and temperatures. Electronacceptor substituent? 

pH 

j un 

ITT x©-çwy-Ç 

он 

CNHNHp 1-

D 

за5 



increase hydrolysis in a strong acid medium (see Fig.2) and 
decrease it in a weak acid one and also at high tempera
tures in a strong acid medium. 

Fig.2. The lg dependence on (5 at pH = 1.15» 
t = 25°C. 

The correlation is performed by means of the Hammett ^-con
stant, hence at step limiting the reaction rate, no stabiliza
tion of transition state by means of direct polar conjugation 

can occur. 

Fig.). The lgKjj dependence on Õ at pH=4.01, t = 25°C. 

In case the limiting step is step I,the formation of 
intermediate compound , the reaction rate should depend on 
the extent of hydrazone basicity. The more the initial 
hydrazides basicity the more the latter. In case the li
miting step is the second step , hydrolysis step, the less 
basicity of the leaving hydrazide the easier it is hydro-
lyzed. The correlation parameters for the hydrolysis reac-
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tion of p-substituted benzoylhydrazones of benzaldehyde are 
listed in Table 2. The analysis of data obtained shows that 
the influence of substituents upon the- rate constant of 
hydrolysis submits to Hammett's equation over a whole tem
perature range studied. 

Table 2 

The Correlation Parameters of lg y for Hydrolysis 
о 

No eC рн ^0 f r s 

1 13 1.15 -1.154.9+0.0031 +0.4-196+0.021 0.998 0.013 
2 25 и -О.729О+О.ОО5 *0.1439+0.020 0.998 0.028 

5 40 It -0.1495+0.007 -0.2087+0.020 0.997 0.073 

4 50 It +0.2020+0.027 -0.4-300+0.014- 0.998 O.Ol) 

5 25 4.01 -2.838+0.005 -0.1679±0.003 0.996 0.042 
6 40 " -2.5О8+О.ОО8 -0.5065+0.021 0.999 0.008 

7 50 " -2.309+О.ОО5 -0.7106+0.013 0.999 0.005 

It appears from Table 2 that at pH=1.15 the influence 

inversion of the substituent upon the hydrolysis rate /10/ 

is performed at a temperature change. At pH=4.01 theJD val

ue is increased (absolute value) at a temperature rise. 
Low value of the reaction constant shows both low sensiti
vity of reaction rate to the structural changes in the hydra-
zide part of the molecule and the proximity of isokinetic 
temperature to the experimental one, as even little changes 
of temperature result in a sign change. 

The hydrolysis of benzoylhydrazone of benzaldehyde in 
D2O/DCI and D2O/CHJCOOD have been studied.The difference in 
the dependence of reaction rate on acidity in water and 
deuterium oxide resulted in the change of the isotope ef

fect of solvent from 1.51 (pH/pD/1.4-5) to the inverse iso
tope effect of О.52 (pH/pD/4-.Ю) /8.9/. 

The temperature dependence on the inverse temperature 

for pH=1.15 (20) and pH=4.01 (3) is given in Fig.4. 

38? 



The temperature dependence of the reaction constant of 

the process studied is expressed by Eqs. (2) and (3). 

n = (6.9447+1.1810) + (-2.1265+0.З591)X 
Г = 0.999 S = 0.12 

p= (7.0099+0.5690) + (-2.0317+0.1769 )X 

Г = O.998 S= 0.104 

Pig.4-. The dependence on 1/T. 

So, at T = 305°K (pH = 1.15) and T = 290°K at pH = 4.01 

becomes 0, i.e. the isokinetic ratio is carried out with 
the values ß =305eK (pH = 1.15) and ß =290eK (pH = 4.01). 

The same с one lus ion can be drawn when to consider the de
pendence of lgKip on lgKr2 (see Fig.5) 

Fig.5. The dependence of lgK^oQ on lgK^oQ 
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pH=1.15 b= -2.993+0.064 г = 0.999 S = 0.009 
рН=4.01 b= 4.133+0.315 г = 0.989 S = 0.05 

The calculation by the equations 

Т..ТрСЬ-D 
ß = (11,12) 
J ьт2 -

resulted in the values of Ji =304°K (pH=1.15) and 291°K 
(pH=4.01) which corresponds to the values of J5 obtained 

from the temperature dependence of . High coefficients 

of the correlation prove a good realization of isokinetic 
ratio. 
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The kinetics of the dehydrogenation of I,4-dihydro-
pyridines (DP) with triphenyl verdažylic salts (RN+X~) 
in CH^CN has been studied spectroscopically. The reac
tion rate depends much on the DP structure and is de

scribed by a bimolecular kinetic equation v=k2 (RN+)(DP). 
Substituent effect in the salt and DP upon the reaction 
rate has been studied.The lgk values correlate well with 

Hammett6"-constants and Ey2 of oxidation of DP and re
duction of salts in CH^CN. It has been concluded that 
at the rate-determining step a hydrogen transfer from 

DP molecule to salt RN+X~ occurs as a result of a char
ge-transfer complex formatinn. 

I,4-dihydropyridines (DP) are the analogs of the most 

significant and biologically active compounds - of coenzyme 

NAD (nicotinamide adenine dinucleotide) and dihydrocoenzyme 

NADH. They possess distinct electron- and hydrogen-donating 

properties and, besides, they are carriers of hydrogen in 

biochemical oxidation-reduction processes.^- DP are also ef-
2 fective antioxidants • The reaction mechanism with the par

ticipation of I,4-dihydropyridines is being constantly stu

died When N-benzyl-I,4-dihydronicotinamide (BDN) and 

2,6-dimethy1-3,5-dicarbethoxy-I,4-dihydropyridine (Hant zsch* s 

ether, HE) are dehydrogenated with salts of triphenyl verda-

zyl radicals (RN+X~) the rate of these reactions can be de

scribed in terms of a bimolecular kinetic equation v=k2(RN+)g 

'(DP); the rate only slightly depends on the solvent nature •" 
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Going on with our research on the meсhanism of dehydrogena-
ting DP with triphenyl verdazylic salts ^ we have studied th 

reaction kinetics of fffi+X (X = CdîOg)^» Br) with 2,6-dime-
thyl-3,5-dicarbethoxy-(4-p-Y-phenyl)-I,4-dihydropyridines 
(Y-Ph-HE) (Y = H, CH3, OCH3, CI, N02) and 2,4,6-trimethyl-

-3,5-dicarbethoxy-I,4-dihydropyridine (CH^-HE) in acetonit-
rile. We have also studied how a substituent in the para-po

sition of а С-phenyl and N-phenyl ring of trinitromethane 
salts of triphenyl verdazyl influences the reaction kinetics 

with CH3-HE. 

1,4-Dihydropyridines (HE, CH3~HE, Y-Ph-HE) were synthe
sized by methods available in literaturePara-C-
-phenyl-substituted trinitromethane salts (Z-RN+X~, 
Z = N0O, Cl, H, СНЛ, OCHx) were obtained as described 

10 -
earlier. Para-methoxy-N-phenyl-substituted trinitro
methane salt were obtained by the synthesis of the corres
ponding triphenyl verdazyl radical and tetranitromethane, 
m.p. I27-I28°(Д max = 573 nm, lg£ = 4,16). Kinetic experi
ments were carried out in the thermostated glass-cell of spec

trophotometer "СФ-4". The reaction was observed at X = 535-
575 nm (Лтах Z-RN+X Ref. 10), where DP and the reaction 

products practically did not absorb. CH3CN was thoroughly 

purified before using. 

The oxidation of I,4-dihydropyridines with RN+X~ pro

ceeds in accordance with Schemes (I) and (21. 

E x p e r i m e n t  a  1  

R e s u l t s  a n d  D i s c u s s i o n  

fC\ + НШ||^Н5 fCs7 , иАОйЛад 
N X~ N N H£ S* CH 
ЛСНГРЬ 1 nZXCHF\N L  

HpVv-Hî 

where Y = CH3, 0CH3, H, Cl, N0^, X = C(N02)3, Br 
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where Z = N02> Cl, H, CH-j, 0CH3, U = H, 0CH3. 

The formation of a leuco verdazyl (RNH) has been shown 
by reversible transformation of this leuco base into a radi
cal (when effected with KOH Ref.II); quaternary pyridinium 
salts have been identified chromatographically .1"'" 

Figure I represents the kinetic experiments of oxida
ting OCH^-Ph-HE with RN+0(N02)3 and RN+Br™. These experi

ments have shown that the parallel experiments conform well 

(exp.I and 2), the nature of the salt anion does not affect 

the reaction rate (exp^I-ß and 4). 

Figure 1 

1,2: KN*ü(N02)5 of 0.40, 

OCH^-Ph-HE of 58.6; 

3: RN+J(.N02)3 of 0.40, 

OCH^-Ph-HE of 29.3; 

4: RN+Br of 0.62, 

OCH^-Ph-HE of 90.7, 
X Ю"4 mol/l. 
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Since the nature of a counterion does not influence the 
reaction rate we may conclude that the salt is completely 
dissociated. 

The rate of dehydrogenating DP with RN+X can be well 
described by a bimolecular kinetic equation; 

V = k^RN+HDP) (3) 

During experiments the values of kg change only slight
ly and conform satisfactorily with those for various initial 
concentrations of reagents. 

The kinetic parameters of the reactions as well as elec

trochemical oxidation potentials of DP on the graphitic ele

ctrode in GH^CN (Ref.12) are given in Table I. 

Table 1. 

The Kinetic Data of Oxidating 2,6-Dimethyl-3,5-dicarb-
ethoxy-(4-p-Y-phenyl)-l,4-dihydropyri dine with RN"^T(N02)^ 

in CH^CN* 

Y 
10^ k2i 1/mol sec E 

kcal/ 
mol 

-ÄS* 
e.u 

CM Y 
20° 30° 40° 

E 
kcal/ 
mol 

-ÄS* 
e.u 

CM 

осн3 £06 t 5 163 - 7 250 - 20 7.7 38.7 1.00 
сн3 6 1 - 3  9 6 - 6  149 ± 7 8.2 38.1 1.07 

H 3 7 - 2  60 - 5 9 4 - 3  8.6 37.6 1.02 
Cl 25 - 2 4 4 - 4  6 9 - 2  9.4 35.8 1.06 
NO2 4.9 - 0.4 9.2 ± 0.7 17.2 - 0.9 II. 6 31.5 1.24 

' An arithmetical mean of constants (from 3-5 experi
ments) with a mean-square error. Error of E does not 
excced * 0.5 kcal/mol, AS * 2 e.u. 

Table I shows that the reaction rate (I) depends on the 

substituent nature in the phenyl ring of DP. When passing 

from UOg-Ph-HE to OCH^-Ph-HE the reaction rate (at 20°) is 

22 times as rapid. An excellent linear correlation between 

the lgk values and the Hammett Cf-constants was established. 
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20° lg k/ko = -I. 2 1 6 ,  г = 0.995, SQ = 0.050 (4) 

30° lg k/ko = -I. 1 2 6 ,  г = 0. 9 9 2 , -  S0 = 0.053 (5) 

4 0 °  lg k/ko = -I. 0 4 6 ,  г = 0.991, SQ = 0.055 (6) 

The rate constante for substituted I,4-dihydropyridines 

(without CHj-HE) can satisfactorily be correlated 

with Ey2 of electrochemical oxidation of DP in CH^CN: 

lg k/ko = -4.82 (Ey2 - Eyg), r = 0.953, SQ = 0.072 (7) 

where Ey2 refers to substituted DP and E 2̂ to not substitu
ted DP. After including CH^-Ph-HE into Dimroth's equation ̂  

Eq. (7) becomes as follows: 

lg k/ko = -4.89 (Ey2 - Ey2), r = 0.917, SQ = 0.093 (8) 

Low value of the correlation coefficient in Eq.(8) is probab
ly due to the inaccuracy in determining Ey2 for CH^-Ph-HE in 
the work of Stradin et al.12 

Table I shows that the activation energy increases li

nearly with the increases of AS* (compensational effect) 

E = 523AS* + 28.1, r = 0.997, SQ = 0.045 (9) 

Isokinetic temperature is 523°K, i.e. much higher than the 
used interval of temperature. 

Negative value ofß in Hammett equation (4-6) And vL 

in Dimroth's equation (7 and 8) proves that the increase of 

electron density in the reaction center stimulates the re
action rate, i.e. DP are electronodonors. The value of 
P = -I.21 (at 20°) shows that the reaction is very sensi
tive to substituent effect. The presence of Hammett and 

Dimroth's equations and compensational effect point that 
the reaction mechanism is the same for all substituted 
Y-Ph-HE (Ref.14). 

The rate considerably increases when passing from 
Y-Ph-HE to CH^-HE. Table' 2 shows the data on the kinetics 

of the reaction of substituted trinitromethane salts of 
triphenyl verdazyls with CH^-HE. 
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Table 2. 

Kinetics Data of Dehydrogenating 2,4,6-Trimethyl-3 »5-di-
carbethoxy-l,4-dihydropyridine with Substituted Triphenyl 

Verdazylic Salts in CH^CN at 25 °C 

z  k 2, 1/mol sec Ey2, v 

0CH3 1.24 ± 0.03 0.145 

CH3 1.34 - 0.06 0.150 

H 1.60 - 0.04 0.180 

Cl 2.14 - O.II 0.205 
N02 3.56 - O. O 6  0.250 
0CH3X 0.58 - 0.05 -

) 
Substituent is in the para-position of the N-phenyl 
ring. 

The reaction rate depends only slightly upon the subs

tituent nature in the C-phenyl ring of the salt. When passing 
from N02~RN+ to OCH^-RK4 the value increases only 2.9 times 

as much. In the N-phenyl ring of the salt the substituent in

fluences the reaction rate much more than in the C-phenyl 
ring (when passing from H- to OCH^- the k2 value decreases 2.1 
times as little in the first case and only 1.3 times in the 
second case). The lgk values correlate excellently with the 
Hammett €>"-constants: 

lg k/kQ = O. 4 5 6 ,  r = 0.998, SQ = 0.006 ( 1 0 )  

and the potentials of electrochemical reduction of salts in 
CH3CN (Ref.15) 

lg КДО  = 4.27 (Ê 2-EÇ2), R = 0.993, S0 = 0.010 (11) 

Positive value ofp in Hammet's equation and that of 
in Dimroth's equation show that the decrease in electronic 

density at the reaction center of the salt causes an increase 
in the reaction rate. 

7 Table 1 and 2 and our previous results' show that dehy-
drogenation rate of 1,4-dihydropyridines depends markedly on 
the substituent nature in the 4-position of DP.When passing 
from HE to H-Ph-HE the reaction rate with RN"fü(N0:))^ de
creases more than 10^ times as little. 
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H-Ph-HE < CH^ -НЕ < НЕ 

I 35 1,4-Ю5 

The dehydrogenation rate, as Table 3  shows, depends mainly 

upon energetic factors (when passing from HE to CH^-HE E inc

reases twice as much). When passing from CH^-HE to H-Ph-HE 
the activation energy does not change, the differences in the 
rate are caused by the increasing steric demands for H-Ph-HE 
in the transition state of the reaction. m ,, -, Table 3. 

Comparison of Kinetic Parameters of the Reaction 
of RN+C(N02)3 with DP 

DP k2 (20°) E -&s * 
1/mol•sec kcal/mol e.u. 

HE (5 - 0.6) IO3 4.3 29 

CH3-HE 1.3 - 0.03 8.6 31 
H-Ph-HE 0.037 - 0.002 8.6 38 

4 1,4-dihydropyridines are known to readily form comp
lexes with charge transfer as well as interact with reagents 
which are the acceptors of only one electron. We believe that 
at the first stage of the dehydrogenation a complex with a 
charge transfer between î/ï-electronic systems of DP and RN+X~ 
is formed. This complex is probably of a "sandwich" structure 

5 since DP is known to be plane and coplanarity for triphenyl 
verdazyls increases in the order RM RK* t RN+ (Ref .16) .Plane 
structure of reagents ensures maximal overlap of 5T-orbitals. 
This suggestion agrees with the data of Д S ̂ in Table 3• д S^ 
slightly decreases for CH^-HE (hyperconjugation effect), and 

for H-Ph-HE, where the phenyl ring is not coplanar with the 

frame of DP (Ref.17), the steric demands considerably increa
se. The extent of charge transfer in the complex may probably 
be great since Rli+X~ are strong acceptors of an electron and 
DP arc donors. Simple calculations show that the reaction 
DP + itN+ M)pt + iti1!* is thcrmodynamically probable?4« Very 

Since the electrochemical oxydation potential of 
ll-Ph-Hii is 1.02 V and the salt redpcytion potential is O.Io V 
this reaction needs not more tharl 1 .0 V or 1.4 kcal/:.iol 
without cmloub and specific interactions. 



important here is the stability of the intermediately formed 
cation-radicals of DP; this stability increases in the order 

HE GH^-HE ̂  Y-Ph-HE which is sympathetic to the activation 
energy change. At the rate-determining step a hydrogen trans
fer takes place probably. 

R e f e r e n c e s  

1. E.M.Kosover, Molecular Biochemistry, Moscow, Mir, 1964. 
2. G.D.Tirzit, G.Ya.Dubur, Khim.Geterotsikl.Soedln.I972 .133 
3. P.H.Westheimer, Advan.Enzymol., 24, 469 (1962). 
4. E.M.Kosover in "New Problems of Physical Organic Chemis

try", Moscow, Mir, 36 (1969). 
5. U.Eisner, J.Kuthan, Chem.Rev., 7£, I (1972). 
6. O.M.Polumbrik, G.P.Dvorko, O.M.Griechin, Dopov.Akad. 

Nauk Ukr.RSR, Ser.B, 1969. 812. 
7. O.M.Polumbrik, O.I.Zayika, G.P.Dvorko, Zh.Org.Khim. 10, 

N=9, (1974). 
8. R.Schiff, J.Puliti, Ber., 16, 1607 (1883). 
9. S.Checchi, Gazz.chim.ital., 89, 2151 (1959). 
10. A.G.Sidyakin, O.M.Polumbrik, G.P.Dvorko, Reacts.sposobn. 

organ.soed., 10, 911 (1973)• 
11. O.M.Polumbrik, Dissertation, Inst.Org.Khim.Akad.Nauk 

Ukr.SSR, Kiev, 1969. 
12. Ya.P.Stradin, G.Ya.Dubur, Yu.I.Beilis, Ya.R.Uldrikis, 

A.P.Korotkova, Khim.Geterotsikl.Soedin. 19721 84. 
13. O.Dimroth, Angew.Chem., 46, 571 (1933). 

14. V.A. Palm, "Foundations of Quantitative Theory of Organic 
Reactions", Leningrad, Khimiya, 254 (196?). 

15» O.M. Polumbrik, N.G» Vasilkevich, V.A. Kuznetsov, Reacts, 
sposobn, organ, soed., 10, 981 (1973). 

16. O.M.Polumbrik, G.P.Dvorko, N.G.Vasilkevich, V.A.Kuzne

tsov, Teor.Eksp.Khim., 9, 375 (1973). 

17. J.A.Berson, E.Brown, J.Am.Chem.Soc., 77» 450 (1955). 

398 
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The dependence of frequencies (V ) япД band inten
sities (A) of C-H stretching vibrations in infrared 
spectra of di- and tri substituted methanes upon elec

tronic nature of substituents was studied. Iu the series 
of di substituted methanes the AQH and VCH values were 
correlated by the stun of constants (when e'p < 
0.6). The parameters of correlations were like 
those determined for monosubstituted compounds. 
In the interval = 0.6 + 1.0 the relations 

ACH , <5"p and 9CH 1 gradually inverse their slo
pes. The change of C-H bond intensity in the series of 
trisubstituted methanes was also described Ъу the curve 
with clearly expressed minimum. The observed AQH chan
ges were interpreted according to the formalism of the 
valence-optical theory developed by Gribov. 

In a previous report /1/ infrared spectra of monosubsti
tuted methanes in the range of C-H strectching vibrations of 
methyl group were studied. The factors determining the fre
quencies VCH and intensities AQH changes have been 
discussed in terms of the electronic effects of substitu
ents. We have now extended the work to the series of di-
and trisubstituted methanes. 

To minimize the specific intermolecular effects which, 
as known, have particularly substantial influence on the 

band intensity /2, 3/» all the measurements were made in 
inert solvent (CCl^). Infrared spectra were obtained on 
"IKS-14" spectrophotometer under conditions similar to 
those previously specified /1/. The results of measurements 
of VCH and Aqh are summarized in Tables 1 and 2. The 

assignements of the bands have already been set up 

399 



and. their i-r spectra dealt with /2-12/ for most 
of the compounds listed in Tables. However, there 
are some cases in which the assignements of bands 

adopted here is presumable (Nos 3, 4, 14, 15 in Table 1 and 
No 8 in Table 2), because spectra of these substances were 
taken for the first time and they have not been inter
preted unambiguously yet. 

In some cases the bands in question overlap the other 

bands япН the estimation of intensities is rather difficult 
when such a band-overlapping is pronounced.The overlappind 

bands were divided graphically into each component by suit
able curve resolving and the intensities corresponding to a 
single vibrational mode were estimated, making allowance for 
fairly large errors. Additional difficulty in the study of 
the spectroscopic parameters behaviour was that in some com
pounds occured favorable conditions for Fermi resonance, 
which caused displacement of frequencies and redistribution 
of their intensities /5/» Those conditions were possible be
cause the double frequency of bending vibration, SQH was aP~ 
proximately equal to the frequency of C-H stretching vibra
tion and because of their identical symmetry. Another pro
blem was caused by the fact that when we took infrared 

spectra of symmetric disubstituted ethanes we dealt with 

mixture of conformers with unknown composition. Though the 

complications mentioned above were the reason of certain 

differences between measured values and "real" values of 
VCHand ACH the differences were, as a rule, less than 

the changes of VCH and ACH caused by electronic factors. 

Discussion 

Disubstituted methanes 

Intensities. The behaviour of band intensity of CH symmet
ric stretching mode of methylene group in the series of di
substituted methanes is greatly analogous to the behaviour 
of methyl group /1/ in the monosubstituted compounds (Fig. 
1a). The change of A®H in methylene group is correlated 

• ith^T0 values of substituente when <?p < 0.6; 
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Table 1. Ifraxed Frequencies and Intensities for 

CH2 Group in Disubstituted Methanes 

No Compound l) t VA IC® 

1 NH2CH2-CH2-NH2 2855(s) 
2930(as) 

42.0 
5I.O 

34.6 
39.6 51.0 -0.53 

2 OH-CHp-CI^-OH 2880(s) 
2945(as) 

19.5 
23.О 

23.0 
26.0 

33.0 -0.14 

3 (C6H50)2CH2 

2895(s) 
2916 
2950(as) 
2975(as) 

22.0 
24.0 
18.7 
29.О 

26.8 0.04 

4 (c6h5s)2ch2 

2920(s) 
2975 
ЗОО7(as) 
3020 

12.9 

14.2 

22.0 

12.3 
29.О 

0.2 

5 CF5CF2CH20H 
2940(a) 
2990(as) 

13.7 
5-2 

20.4 
12.0 

24.5 0.39 

6 C1CH2CH2C1 
2960(a) 
2975(s) 
ЗОЗО(аз) 

12.5 
11-7 
1.8 

17.8 

5-5 

18.7 0.38 

7 Ci^C^ 
2987(e) 
3054(as) 2.3 

12.2 
7-3 14.0 О.54 

8 CH2Br2 
2990(s) 
3068(as) 

1.5 
7-9 

7.1 
15.4 16.8 0-52 

9 CH2I2 2985(a) 
3065(as) 

O.9 
11.4 

5.8 
19.O 

20.0 0.60 

10 CICHgCOOCDj 2955(s) 
3003(as) 

9.5 
2.0 

16.3 
7.0 17.8 0.73 

11 CF5CH2I 
2975(s) 
3040(as) 

7.2 
6.7 

12.0 
13.О 17.5 0.83 

12 CF5CH2CC15 
2962(a) 
3005(as) 

4.1 
5-7 

10.5 
13.5 15.9 0.85 

13 (cn)2ch2 
2928(a) 
2958(aa) 

16.3 
38.6 

17.6 
27.О 31.4 1.3 

14 (c6h5so2)2ch2 
2926(s) 
2983(as) 

31.6 
22.4 

20.0 
18.0 26.8 1.38 

15 N02CH2C00CH5 

29381 г s) 
2975);s; 

3032(as) 

15.З 
12.2 
18.0 

12.0 

17.0 
19.0 1.23 

16 N02CH2Br 

2920 
1988(a) 
3040] 
3067J(as) 

7-6 
4.0 
4.4 
8.2 

17.9 
11.8 

20.7 
29.6 1.04 

|/CHare given in cm-1. AQH in M-l-l-cm?2 
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Table 2. Infrared Frequencies and Intensities for 
Methyne Group in Trisubstituted Methanes 

No Compound 
V 6 vr ГБР0 

1 (C6H50)JCH 
2955 
2925 
2900 

27.0 
63É5 58.5 0.06 1.07 -

2 CHF5 3040 22.0 28.0 0.51 1.56 -

3 CHCI5 3022 7.2 14.3 0.81 1.41 0.28 

4 CHBr^ 3030 12.5 20.4 0.78 1.35 0.47 

5 CHI3 3011 24.0 24.0 0.90 1.K 0.57 

6 CPJCCPG)^ 3000 
2990 

6.2 
4.7 

16.1 1.62 1.5 -

7 CP3(CP2)5H 
3003 
2977 

6.7 
4.3 

14.8 1.62 1.5 -

8 CP2C1-CP2C1-

-(CP2)2-CFH-CF2I 

2960 
2985 
3005 

27.0 
41.5 
17.4 

14.3 1.23 1.4 -

9 OH(NO2)3 3032 140.0 54.0 2.4 1.89 0.88 

^ After Boobyer /2/ 

(As) X̂y= 23,9 " 22,7 ZeP (r = °*909* n = 9) (1) 

There is close coincidence between the starting point and 

slope of the straight line (1) and the corresponding para

meters of the straight line for methyl derivatives /1/: 

(*5)c^x = 24-7 - 26.4 <=p (2) 

After common correlation data processing for mono- and 

disubstituted methanes the relationship takes the 
folloving form: 
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a) 

30 

20 

10 
2V 

0.4 О 0.4 0.8 1.2 

b) 

30 

20 

10 

б* 

0.4 0 0.4 0.8 1.2 

Pig. 1. The plots of A5 auad. Aas against <5"^° values. The 
numeration of points is given in correspondence 
with Table 1. The straigth lines I and II repre
sent Eqs. (3) and (5) accordingly. 
о denotes compound not included in correlation 

tjresLùment# • 

<lS )сПз,,с„Е,у = 2*-6 - ®p° <r=0-926, n=28) (?) 

It must be noted that the use of the method (11, 13-15) 

well-known in literature i.e. the discription of the inten
sity of C-H vibrations by means of inductive va

lues ) considerably worsens the quality of correlation. This 
fact is confirmed by the previous conclusion /1, 16/ about 
thç influence of, at least, two effects - inductive and hy-
perconjugative - upon spectroscopic parameters of substi
tuted methanes. 

It is a feature of the relation between As 

and the parameters of substituents in the series of disub

stituted methanes that the curve (АСН)*  ̂ j gradu

ally changes its slope when passing "со the compounds 

with the strong electron-withdrawing substituents. It 

means a change in total character of the influence of 

substituents on AQH ; electron-acceptors decrease intensi
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ty on the left branch and increase its values on the right 
one. 

The similar relation between band intensity and elec
tronic structure of substituents has often been noted for 

organic compounds of different classes /2, 11, 17-21/ and 
qualitatively related to the change of the sign of <31-

pole moment derivative with respect to the stretching coor

dinate of C—H bond яriri to the change of C-H bond dipole mo

ment itself. 
More adequate interpretation of the observed form of 

the curve AQH— <E>p° can be obtained on the base of the va-
lence-optical theory /22, 23/» The band intensity is usually 
determined as the square of the partial derivative "^Д-/Э Ät-of 
the dipole moment of the molecule with respect to a given 
normal coordinate As is has been stated already /22/, 
the value ?y^ / ? ̂  may be expressed in evident form by 
the intramolecular parameters (electro-optical coefficients 
and the form of vibrations). In the first approximation of 
the theory the changes in absolute band intensity are ex
pressed as follows; 

in monosubstituted methanes 

Y?„ = VE I (?£CH + г _ 3 f/lx 
3 3 » 'hp 7cj/ ц 

in symmetric disubstituted methanea 

Y* = MI- _ г lib: I 
"2 3 I i>iy 'icy i I 

where yUCH and are bhe dipole momenta of C-H «nH C-I 
bonda, correapondingly ; ?/<CH /?̂ is the partial derivative of 
C-H bond moment with respect to its own stretching coordinate; 
?^CH /tcf is the partial derivative with respect to neighbour

ing stretching coordinate.The degree of interaction of the CH^ 

or CH2 group with one or two aubstituenta X is determined 
by the relation between the contributions of the first and 

(4a) 

(4b) 
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the second terms in the right side of expressions (4a) and 
(4b). 

The estimate of chloro-substituted methanes, per
formed in the first-order approximation of valence-optical 

theory /24/, corroborates the assumption about the domi

nating role of the ter* ~tycCH in the Change of inten

sity and about gradual decrease of this value and of the 

bond moment as the electron-withdrawing influence of sub

stituents increases (Table 3). 
Table 3. Bond Moments and Their Derivatives with 

Respect to Own Stretching Coordinates in 

Chloro-substituted Methanes /24/. 

Parameter CH4 CH^Cl CHgClg CHCl^ 

/^•сн 0.95 0.59 O.I3 O.O9 

^сн /^сн 0.54 9.34 0.10 -0.06 

^CH /"?£ CH 0 0 0 0 

си 
—0.28 -0.28 -0.28 -0.28 

In Table 3 one can see that the electric fields 
of the studied molecules have very low interaction coef
ficients of adjacent C-H bonds ; the term ç-ц 

keeps its constant value. The term З^сн I has the 

similar change in wider series of substituted methanes 

(Table 2 and 4). But in this case it is necessary to ana

lyse all the set of terms which determine the absolute in

tensity of infrared band, because the bond moment deri

vative corresponding to the cross-term between the inter

nal coordinates is not constant. 
The results of calculation of parameter T (Table 4) 

prove this conclusion. According to this calculation the 

change of Ya value in the series of monosubstituted meth

anes is of the same type as the above-mentioned relation for 
experimental A®H values. The relation T8« Sp°, illustrated 

18 
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Table 4. Electro-optical Parameters for CH^ and СН2 

Groups of Mono- and Disubstituted Methanes 

No Compound 
+1 

i +
 

0
 

Ref. No Compound 
sym. a sym. 

i +
 

0
 

Ref. 

1 CH^B^ 1.8, 0.88 1.2 25 

2 CHj-CHJ 1.36 О.43 О.74 26 

3 CH,OH 
3 

0.73 О.43 0.53 51 

4 (CH3)2CO 0.65 

0
 
P
 

ч
Л

 

0.26x) 25 

27 

5 CH^Cl 
1.11 0.32 

0.27 

0.06 30 

28 

6 CH^Br 1.05 0.23 

0.18 
-

30 

28 

7 CH^F - 0.57 - 28 

8 CH3I 
0.8 7 0.15 

0.12 

- 30 

28 

9 CH^CN 0.24 0.32 - 29 

10 СНОСНО - 0.15 - 32 

11 (CH5)4Ge 0.86 0.38 - 33 

12 CH^GeCCl^ 0.41 0.11 - 33 

13 CH^SiCl^ - 0.19 - 34 

14 CH2CI2 - 0.18 28 

15 CH2 Br2 - 0.09 - 28 

16 
CH2I2 

- 0.20 - 28 

17 (OH-CHp)p - 0.43 - 31 

Related to one methyl group. 
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in Fig. 2, corresponds to the left branch of the curve 
in Fig. la.* 

as 

1.8 1.0 -

1.6 0.8 -
2« 

1.2 0.6 

0Л -
11 12 

0.4 1 0.2 Z(T' 

0.4-0.2 0 0.2 0.4 0.6 0.4-0.2 0 0.2 0.4 0.6 

Fig.2. The changes of electro-optical constants T for; 

a) symmetric C-H stretching mode of methyl group in , 

monosubstituted methanes ; b) asymmetric C-H stretch
ing mode of methyl and methylene groups in mono- and 
disubstituted methanes. The numeration of points is 
given in correspondence with Table 4. 

Now the lack of calculated data prevents to investigate 
consequently the fashion of change of parameter Ys in the 
series of disubstituted methanes, but the general form of 
expression (4b) enables us to explain inversion of the or
der of the intensity changes (Fig.1a) as the result of 
more intense electronic interactions between CH2 group and 
the two substituents X. 

As it is shown in Table 1 and in Fig. 1 b the na-

The intermolecular effects in the solution CCl^ re
sult in the change of the terms Э (j, , ^ , 7//x 

in comparison with calculated values for gas phase /3, 6/, 

which leads to the change of intensities of the correspond
ing bands ". " But the general form of relation is preserved. 
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"bure of electronic Influence on "the intensity of asymmetric 
stretching vibration in disubstituted methanes is analogous 
to that, which have been determined for values already. 
Eq. (5) which can approximate the change of Aq^ on the 
left branch of the curve in Fig. 1 b, has the following 

form* 

<a?5)4u ™ = 22.4-28.2X^_° (r=0.956, n=7) (5) vrl CHg-Ц/ _ JP 

The direct comparison with monosubstituted methanes is 

complicated in this case by significant overlapping of the 

bande Vй8 of methyl group, but the identical nature of the 

relations will be seen, if we correlate the summarized in

tensities of the bands in the range of stretching vibra

tions of CH^ or CHg group, accordingly (Fig.3)* 

(Asum)V2x = 38.0-35.6 €-p° (r=0.987, n=7) (6) 

(А8Ш1)^2ху = 33.2-29.5Ze*p° (r=0.964, n=8) (?) 

(A01™)1/2 v _ = 35.2-31.7Z^p° (r=0.963, n=15) (8) 

FiG.3. 

The changes of total in

tensity of C-H bands. 

The numeration of points 

is given in correspon

dence with Tables 1,5. 

• - CH^X, • - CH^, 

о = compound not included 

in correlation treatment. 

The same is the nature of change of the corresponding 

electro-optical parameter Yaa (Fig.2b) which in the first 

approximation of the valence-optical theory is expressed by 

Eq. 9 with one common combination of terms for methylene 

and methyl groups /22/* 

w*3 vn2AJ 

50 

40 

30 

20 

10 

CABUa)1/2 
^Асн ' 

7 

10 / °» 

Ea[ 
Jl 

-0Л 0 0.4 0.8 1.2 1.6 
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Table 5. Sums of Integral Intensities in the Range of Stretching Modes 
for Some Monosubstituted Methanes (Solvent ; CCl^) 

No Compound £ДЗШ1^1/2 No Compound ^сн £Asum^1/2 

1 CH^CN 

3026 

3000 

2938 
11.5 m 5 CH^COCH^ 2) 

3012 

2966 

2925 

23.О 

*2 CH5NO2 

.3030 

2952 

29З1 

9.1 1) 6 CH^OH 

2982 

2938 

29IO 

38.0 

3 CH^SCH^ 2) 
299O 

297O 

2917 

39.0 

7 (CH3)4Ge 2) 
2980 

29IO 37.6 

4 CH^SOCH^ 
2994 

2917 
22.0 

7 (CH3)4Ge 2) 
2980 

29IO 37.6 

1) The i.r. spectrum of deuterated nitromethane is taken also; the correction on the 

nitro group absorption is made. 2) Values of kCH are calculated for one CH^ group. 
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Tas _ 2A— _ l/L ( 9 )  
?/' 

Vibration frequencies. The above-mentioned regularities of 
the change of band intensities are relevant for frequen
cies . As it is shown in Fig. 4, the moat studied com-
ponds have the tendency to the change of frequencies 

and Vĉ s which is rendered by the sum of p values of 
substituents. If halosubstituted methanes (Bos 6-9) are 
neglected, as previously /1/, the left branches of VGh' 
curves will be approximated as straight lines and the equa
tions will be 

( ̂н>сн2ху = 2902+90.9 Z6*p° (r=0.993- n=18) (10) 

( VcH)cH2xy = 2968+85.91 вр° (r=0.996. n^11) (11) 

After comparison with the results of the analogous cor
relations obtained for monosubstituted methanes /1/ the 
same type of electronic effects of substituents is seen in 
the change l? : 

< OcV = 2975 + 76'6ep° (12) 

This fact enables us to combine the both sets of compounds 

in one reaction series* 

^сн)= 2972 + 81-9Я^р° (r=0.971. n=37) (13) 

The curves i)CH , <5^° pass through a flat maximum,the place 

of which respect to the axis of abscissa corresponds 

the minimumof the curves Асн, СГр° (Compare Fig. 1 and 4). 

The presence of the linear dependence between the values 

of V and Алн in the studied series of disubstituted me-CH Cti 

This conclusion does not concern the frequencies of 

symmetric C-H mode in the series of monosubstituted metha

nes, where hyperconjugation affects the change of frequency 

decisevely, the values correlate with constant 

/1/ .  C H  
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ж °1Э \ 

ь) 

3.02 

2.96 

7О 23у»22 

о-^Я \ 

19; 20-° 4 

-0Л 0 0.4 0.8 1.2 -0.4 0 0.4 0.8 1.2 

Fig.4. The changes of \) 3 and \) as in disubstituted metha
nes. The numeration of points (Nos 1-16) is given in 

correspondence with Table 1; N 17 = (CD^O^CEL) 
/5/.; N 18 =. (CH5CHXN/35/ ; N 19 » (сн3)31ясн2сосбн5 

/16/; N 20 = (CH,)o£0H^C0C6H5 /16/; N 21 = CH2(N02)2 
/36/; N 22 = C1CH2N02 /36/; N 23 = OF^C^Br /5/; 

N 24 = CDjCHgCDy^/ 5 N 25 = CF^CHgCl /5/ » N 26 = 
BrCH2C = CH /5/ ! N 27 s C1CH2C-CH /5/5 N 28 = FCH^C = 
= CH /5/; N 29 = C015CH20H /5/; N30 = CF^CHgOH /5/; 
N 31 - CD5CH2C=CH /5/; N 32 = N02CH2CN. 
о = compound not included in correlation 

treatment. 

thanes proves the similar nature of electronic influence on 

these parameters (Fig.5)• Certain deviations in some cases are 
probably due to factors mentioned above, which distort the 
original electronic interactions, registered with the change 

of Ш<1 ACH-
The discovered interconnection between the nature of re

lations V and A is somewhat unexpected, for in general 

the intensity of the absorption band and its position in 
spectrum are the functions of different parameters. The 
obtained correspondence of the change in A and V can 

be explained qualitatively if we assume that in this parti-
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11-2.97 

-10-

2.91 

2.88 

2.85 

40 30 20 10 0 

3.06 

з.оз 
10 

з.оо 

2.97 

50 40 30 20 10 0 

Fig.5* The relation between VCH and. ACH • The numeration 
of pointe is given in correspondence with Table 1. 

cular case there is a clear-cut relation between the set 
of the coefficients of potential energy which charac
terize the valence force field and the bond moment deriva

tives with respect to the corresponding bond 

stretching coordinate. If we assume then that the force 

constants 2 ^, which describe the interaction 

between a given C-H bond and neighbouring bonds, reach 

their maximal values commensurable with the diagonal term 

ILj у], the corresponding elements of the matrix of electro-

optical constants ^-2 and 3 reach their ma

ximum too, and vice versa. Some arguments in favor of this 

view can be found in literature /22,24/. 

The experience of estimation of a good number of 

substituted methanes shows that the frequency shift in 

spectra is mainly due to the change of the force field of 

alkyl group; '•kinematic" factors are of minor importance 
(for examples see Refs. 12,37,40). 
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Trisubstituted methanes 

The application of this approach to explanation of the 
band intensities of the C-H stretching modes of trisubsti-
tuted methanes is complicated by the shortage of experimen
tal data and by the complexity of the observed spect

ral pattern. The factors, which distort the monotony of 1^CH 
and ACH change comprise the presence of specific intermo-

lecular effects even in such inert solvent as carbon tet

rachloride /2, $8/, complex Fermi resonance with two and 

several combinations and overtones »mechanic unharmonicalness 
of the studied vibrations /39/ etc. 

lch сн 

40 

20 

10 

Fig. 6. Dependence of ACH of trisuostituted methanes on 

€" 0 and values. The numeration of points is 
P 

given in correspondence with Table 1. 

The data listed in Table 2 are not sufficient for 
an unambiguous conclusion about the type of dependence of 
frequencies and band intensities of the stretching vibra
tions upon the electronic effects. With the given set 
of substituents we can observe the approximate dependence 

with both 6"t япД ^p° values (Pig.6). We can only state 

now that in this case the intensity changes are expressed 

by the curve with a pronounced minimum. The right branch in 
Fig.6 is in agreement with the increase of "?/* /2^ when 
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passing from halogenated compounds to trinitromethane 
(Table 2). 
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THE INFRARED INVESTIGATION OP ELECTRONIC 
INTERACTIONS IN SUBSTITUTED BENZYLS 

I.F.Tupitsyn, N.N.Zatsepina, N.S.Kolodina 

State Institute of Applied Chemistry, Leningrad 

Received August 5, 1974 

On the basis of the analysis of infrared spectra of 
some benzyl derivatives as CgH^CHgX and XCgH^CHgQH 
it was shovn that changes of position and intensity of 
the C-H stretching modes of methylene group due to the 
influence of the oC- substituent and the substituent in 
aromatic ring could be correlated by the relations analo
gous to those obtained earlier for monosubstituted meth
anes and toluene, respectively.Characteristic features 
of phenyl radical electronic influence on local infrared 

and nmr spectroscopic parameters of methylene group were 

discussed.The resulting electronic effect of phenyl ring 

was determined by its inductive influence and two ty
pes of resonance interaction: 1) by means of effect of 

hyperconjugation with aliphatic C-H bonds which caused 

the transition of some part of electronic density from 

group CHgX to aromatic cycle ; 2) by means of effect of 

hyperconjugation with C-X bond, which caused displace

ment of electronic density from benzene ring to group 

CHgX. The relative contributions of the effects of the 

first and the second type depended on the studied reac
tion series and the CH2X group electronic nature. 

In development of the investigation of the mechanism 

of electronic interactions in substituted methanes /1,2/ лпЛ 

toluenes /3,4/ the study of infrared characteristics of me

thylene group in substituted benzyls as CgH^CHgX and 

XCgH^CHpOH was made. 

Infrared spectra. The results of the study of benzyl 

derivatives infrared spectra /5-8/ show that the band 

within the range of 2900-2930 cm-1 generally belongs to the 
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frequency of symmetric C-H stretching mode of methylene 
group in the compounds which have electron—withdrawing sub
stituent in oC —position; its asymmetric mode is within the 

range of 2960-3000 cm-1. The problem of assignement of the 

fundamentals in benzyl spectra which have strong electron-

releasing groups (NH2, N(CHJ)2, OH, OCH^) is not still 
settled definitely. We stick to the oppinion stated in 1963 

already/7,8/, according to which the symmetric mode has the 

absorption band at 2860-2880 cm™1 and the asymmetric mode 

has the absorption band at 2930 cm .The similarity between 

benzylamine or benzyl alcohol infrared spectra and those of 
related structure disubstituted ethanes - ethylenedlamine 

and ethylene glycol - the spectral interpretation of which 

is enough correct /9*10/ indirectly proves this assignement. 

The spectral pattern in the studied range for some com

pounds is complicated by the Fermi resonance and also by 

significant overlap of the VaS Cl^-mode with the y) 8 

CHp-mode or with the ring vibrations. Because of these dif

ficulties we measured both the integrated intensity of se

parate bands (A8 and Aas) and the total intensity of 

bands in the range of stretching modes (Asum). Infrared 

spectra of solutions of the studied compounds in carbon 

tetrachloride were obtained on a TKS-14 spectrophotometer 

under conditions similar to those specified previously /3/. 

The results of correlative treatment of the data (Table 
1; enable ua to conclude that for the compound as 

CgE^CH^ the observed changes of spectroscopic parameters 

\) and A of methylene group have some regulari

ties of electronic Influences which are qualitatively 
similar to regularities which have been obtained in the se

ries of monosubstituted methanes /1,2/. 

As it is shown in Fig. 1a the symmetric CH2 stret

ching frequency for benzyl derivatives has linear con

nection with values for the substituents: 

V> S= 2917 + 107.6 <S R° (r=0.966. n=11) (1) 
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II »s. ю-

2.98 

oe 
2.96 

0.2 0.4 0.2 О 

II 

11 

2.92 

0.4 0.2 О 0.2 

K.g.1. Plots of V ä and. V aS for oC -substituted ben
zyls against e^0 and 6p° values, respectively. 

The identification numbers correspond to entries 

in Table 1. The straight line II represents mono-

substituted methanes /1/. 

By analogy with our previous work /1/, where the like change 

of in the series of monosubstituted methanes was inter

preted on the assumption of the presence of hyperconjugative 

interaction of methyl group and substituent X, which was cap

able of G>/ÎT-conjugation, the effect of hyperc on j uga t i on is 

believed to influence the position of the band of 

methylene group in substituted benzyls. Remarkable is the 

fact that the straight lines I and II in Fig.la have 

different slopes and cross at the point for which 
eR = °* 

The fashion of changes of difference Д V 8 = 

(Vs )c6 Hj-CH,x - С V 8 )(jff X which characterizes the in
fluence upon VCH values exchanges of one hydrogen atom 

of methyl group in monosubstituted methanes to phenyl ring, 
enables us to conclude that depending on the nature of cX-— 

substituent the phenyl ring has either electron-withdrawing 

(X = +lt-substituent) or electron-releasing (X = -M-sub

stituent) properties. 
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Table 1. Frequencies and. Band. Intensities of Stretching 
Vibrations of Methylene Group in Infrared. Spec
tra of oC-Substituted Benzyls 

Bo X с (A3 )'/* I CHV 

vas 
УСН (C/2 £T° 

1 -NH2 2876 39.8 2930 58.5 -0.38 -0.48 

2 -0CD5 2857 40.5 2940 53.7 -0.16 -0.40 

3 -OH 2875 40.5 2930 53.5 -0.16 -0.40 

4 -HHC6Hc 2855 46.0 2925 50.5 -0.40 -0.50 

5 -COHHG 2925 23.2 - - 0.25 0.13 

6 -CS 2916 13.6 2985 
2955 

17.8 0.65 0.09 

7 -CL 2965 24.2 - - 0.26 —0.18 

8 -SC6
H5 2927 21.8 2960 27.4 0.1 0 

9 -S0C6H5 2924 17.6 2967 20.0 0.52 0 

10 -S°2°6H5 2927 17.2 2982 18.8 0.68 0.06 

11 -D 2930 31.6 2964 34.6 0 0 

12 -SH 2933 24.8 2965 28.0 0.04 -0.15 

13 -SON 2940 13.7 2987 15.5 0.52 -

14 -0C6
H5 2865 (3D 2930 46.0 0.02 -0.36 

15 -C0C6H5 2930 (21) 2970 26.4 0.50 0.19 

16 -COOCD^ 2933 20.0 2980 - 0.50 0.15 

17 —OCOC^H^ 2892 20.0 2958 35.4 0.31 -0.23 
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Our infrared data, which prove the double nature of phe
nyl ring electronic influence are in certain correspondence 

with the results of fluorine nmr investigation of meta- and 

para-fluorine-derivatives of benzyls having oC -substituents. 

According to Adcok and coworkers /11/ the displacement of 
19 the ^F signal under the influence of the substituent CH^ 

(atom X is more electronegative than carbon) are determined by 

its inductive effect and by two types of resonance interac

tion: (i) by electron-withdrawing effect of hyperconjugation 

of aliphatic <з6-С-Н bonds which causes the transition of some 

part of electron density from group CH to aromatic cycle; 

(Li) by electron-releasing effect of hyperconjugation (or simp

ly conjugation) of C-X bond, which causes the displacement 

of electron density from benzene ring to group CH^* Taking 

into account the said above we can consider the selective 

sensitivity values to resonance effect as the indica

tion to the dominant role of the first type conjugation in 

the benzyl derivatives where a carbon atom of methylene 

group has excessive negative charge under the influence of 

+M substituent in o<£-position, and, on the contrary, the 

second type conjugation effect is more obvious when an atom 

of carbon of methylene group has somewhat cationoid nature 

under the influence of -H substituent. 

In contradiction to the behaviour of Vc^ mentioned 

above, the changes of asymmetric CE^ stretching mode corre

late by <5p° values of substituents (Fig.1b). 

= 2949 + 52.7 <Tp° (r = O.99I. n = 12) (2) 

The same dependence for monosubstituted methanes is /1/t 

Vch3 = 2975 + 76.6 €-p° (3) 

The fact that the frequency l) in substituted methanes 

exceeds regularly the values of in benzyl derivatives 

( д V - 25 cm"1) shows that phenyl ring has electron-re-

leasing influence on \) ç®. In accordance with the inter

pretation given above this excess may be assumed as the 

result of the predominance of the second type conjugation 
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over inductive influence and the effect of <5^ 'TT —conjuga
tion of C-H bonds with benzene ring. 

One can trace the similar phenomenon in the change of 

integrated intensities for the CH2 stretching mode. As it 

is shown in the Fig.2, the linear relation 

(А8 )с^|5снгх = 31.3 - 27.2 6-p° (r = 0.976, n = 15) (4) 

has just the same slope as it was for A8 values in 

substituted methanes /1/: 

(A8 )1/2 = 24-7 - 26.4 €"p° (5) 

a) 

II 

• 10 
20 

30 

0.4-0.2 0 0.2 0.4 0.6 

b) 

10 

20 
10 

12 OO 

11 Ол' 
30 

40 

14 
50 

0.4-0.2 0 0.2 0.4 0.6 

Fig.2. Correlation of intensity of the methylene group 

stretching modes of oC -substituted benzyls with 
é?p0 values. The identification numbers corres

pond to entries in Table 1. 

The shift of the straight line (4) relatively (5) to

wards great values <5^ (Fig.2a) shows that in this case 

phenyl radical acts also as sufficiently strong electron 

donor. 

Here we could not determine the relationship of V as 

change because of the difficulties in determination of 

the change of intensity of significant overlapping bands 

of asymmetric C-H vibrations. But the higher coefficient 

of regression in relation (6), comparing with the rela-

422 



tion (4) - the correlation (6) was obtained, for the sum in
tensity of bands - the value in the series of substi
tuted benzyls is more sensitive to the change of electronic 
nature of substituent (and somewhat less sensitive to the 
influence of phenyl ring) tha*<As : 

(ASTШ)е/2^н^ = 45.0-39.3^° (Г=0.985. n=7) (6) 

The analogous relation in the series of substituted metha
nes is /2/: 

(Asum)1/2 = 58<0 _ go (?) 

The mentioned features of phenyl ring electronic in
fluence are not specific for benzyl derivatives. It is 
known, in particular, that the exchange of methyl radical 
to phenyl one in some compounds like CH^X, where X is elec
tron donor (-Ш2, -OH) or electron acceptor (-CO(B), -ON) 
causes the increase of integral intensity of bands of all 

the above-mentioned groups. Taking into consideration that 

in the first case electron-releasing substituentSreduce 

infrared intensities, and in the second case they increase 

it /12/ we can explain the observed changes in terms of the 

valence bond method by the increase of relative weight of 

resonance structures I and II respectively /12/* 

Since limiting polar structures are stabilised by resonance 

the presence of phenyl ring increases band intensity in 

both cases due to its ability to conjugate with reaction 

centre either of +M- or -M-type. 

The data of the present work show that the redistribu
tion of electron density in оt -substituted benzyls under 

the influence of polar substituent is like this which can 

be determined by changes of band intensity of the 0=0 and 
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ON groups. It corresponds to an accepted assumption 
/1, 12, 13/ which says that electronic interactions re

gistered by the ACH values characterize the condition of 
vibrating nuclei, which meets the polarisation of C-H bond 
towards C+-H~. The fact that effective value ©с щг -0.26 

taken from relations (4)-(5X is closeto the<5" + value, pro
ves the resonance nature of electron-releasing influence of 
phenyl radical upon infrared parameters of methylene group. 

The results listed in Table 2 allow us to consider 

the peculiarities of electronic interactions in benzyl de
rivatives which have a varying substituent in aromatic ring. 

Table 2. Frequencies and Band Intensities of Stretching 

Vibrations of Methylene and Hydroxyl Groups in 

J.frared Spectra of Substituted Benzyl Alcohols 

No X Vs 
VCH cO'/2 vas 

YCH  '/2 fV2 

1 H 2875 40.5 2930 36.0 53.5 45.5 

2 m-NHg 2872 39.6 2920 З9.6 56.5 40.5 

3 m-F 2875 35.0 2930 33.0 46.5 48.5 

4 m-Cl 2873 35.0 2925 31.0 46.5 50.0 

5 m-I 2882 34.4 2935 31.4 47.5 47.5 

6 b-N02 2870 34.02) 2925 зо.о2) 45.52) 55-5 

7 P-NO2 2870 31.22) 2925 32.42) 45.52) 55.0 

1) Intensities of bands 3617 and 3635 cm-''. 2) Taking into 

account correction for absorption of the nitro group. 

The data obtained show that introduction of substituent is 

of almost no influence upon the frequencies of methylene 

and hydroxylic groups in benzyl alcohol, but it seriously 

changes their intensity. 

As it is . seen in Fig.3a the change of As 

ch 
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in the series of substituted benzyl alcohols is rendered by 
6c values of the substituent: 

(A s) / 2  = 38.7 - 10.1 <э° (r=0.991, n=8) (8) 

(Asum) /2 = 53.0 - 14.0 e-0 (r=0.935, n=6) (9) 

30 

32 

36 

38 

0.2 0 0.2 0.4 0.6 

46 

0.2 0 0.2 0.4 0.6 

Pig.3. Plots of A CH and AQH for substituted benzyl al
cohols against 6"° values. The identification 
numbers correspond to entries in Table 2. 

The coefficient of regression in Eq. (8) is half the 
value of that of Bg,(4);practicaly it coincides with the va
lues which were found earlier /3/ for intensity of methyl 
group in the series of substituted toluenes ( p - 12,7)» 
Thus in this case the total electronic influence on the 
ACH value is determined by additive contributions of 
electronic effects which are caused by bydroxylic group 
and the substituent in aromatic ring. 

Relation (10) describes changes of the band in
tensities of OH group in ring substituted benzyl alcohols 

(Pig.3b): 

(A0H) /2 = 43.7 + 15.3 6- 0 (r=0.973, n=7) (10) 

It follows from the comparison (10) with the analo-
gous dependence in the series of substituted phenols 

The values of А0н are taken from Stone et al./14/. 
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(аон)1/2 = 72.0 + 11.5 g 0 (r=0.970. n=10) (11) 

that introduction of methylene "bridge" in accordance with 

the given above interpretation sharply decreases the inten

sity of OH vibrations ; it blocks the transmission of the 

direct resonance interaction but it is of almost no influ

ence upon Aqh sensitivity to inductive and mesomeric ef

fects of substituent X. 

PME-spectra. As in the case of infrared parameters, the 
question of the nature of electronic influence of phenyl 
radical on the magnitude of proton chemical shift of methy
lene group necessitates to employ substituted methanes as 
the standard series of comparison. The nearly constant 
shift of proton signal of methylene group towards the 
weaker field comparing with methyl group in corresponding 
methanes (Table 5) Is characteristic of the most substituted 
benzyls. This shift reflects not only electronic influence 

of phenyl radical, but the influence of ring current and 
anisotropic effect of CcéHy- C(H) bond. Corrections for 
paramagnetic effect of C-X bond in group CH^X are known for 
some of studied benzyl derivatives /15/« For the reason 
that after elimination of for all the mentioned here "mag
netic" effects, chemical shifts are correlated by the rela
tion (12) which has been determined for substituted metha

nes (15) : 

Г6-* = 0.92 + 0.85 5СНз (12) 

we can say that in this case the phenyl group has 

the features of some weak electron acceptor of -I-type 

с (=c6h5= 0.6). 

Approximate constancy of л S value for the most part 

of substituted benzyls (Table 5) proves indirectly the pos
sibility to apply this conclusion to some more compounds. 

Certain "exceeding" of л ̂  values occurs only if there is 

strong electron-releasing substituent in the molecule (X = 

= N(CH^)2» OCH^, OH, P). The possible explanation is that 
electronic interactions in the compounds of this type in

clude both the inductive influence and the effect of hy-
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Table 3» Chemical Shifts for Monosubstituted Methanes and 
Benzyls1'1 

I 
CH5I CGH^CH^ 7) 

A S I С 2) 
CHG ^СН2 

s" я °CH2 

7) 

A S 
-CN 1.99 

4) 
З.74 2.09 -0.1 

-COOH 2.07 3.64 4) 1.99 0.08 

-SCH3 2.08 3.66' 4) 2.01 0.07 

-sc6H5 2.47 4.11 2.46 0.01 

4^3 0.87 2.60 2) О.95 -0.08 

-°6H5 2.34 З.92 2) 2.2 7 0.07 

-Br 2.68 4.46 5) 2.81 -СИЗ 
-С1 3Š05 4.57 5) 2.92 O.I3 

-F 4.26 5.З1 5) 

5.24 6) 

3.66 
З.59 

0.60 
0.67 

-OH 3.38 4.69 4) 3.04 О.34 
-0CH3 3.24 4.46 4) 2.81 0.43 

-H(CH5)2 2.12 3.52 4) 1.67 О.45 

1) Chemical shifts are given in p.p.m. with respect to 

tetramethylsilane as internal reference. 2) Taken from 

Refs.16, 17. 3) Correction for magnetic anisotropy япД 

ring current of phenyl group is introduced ( л 5 ' = -1.65 

/15/). 4) Taken from Ref. 17. 5) Taken from Ref. 18. 

6) Taken from Ref. 19. 7) A 5 = cW - s*„ • 
ьиз сн2 
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perconjugation of the first type arising as the result of 
intensification of electron-withdrawing capability of phe
nyl ring in the presence of strong +M-substituent. 

Completing the discussion of the whole set of spectral 

data, we can state that the phenyl radical in substituted 

benzyls can change significantly its electronic influence. 

Its resultant effect is determined by the relation between 

the inductive effect and the effects of hyperconjugation 

of the first and the second type the relative contribu

tions of which are not constant and depend upon the kind 

of the studied reaction series and the electronic nature 

of group 
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ISOTOPE EXCHANGE OF HYDROGEN IN SUBSTITUTED 
METHANES AND RELATED COMPOUNDS 

N.N.Zatsepina, I.F.Tupitsyn, A.I.Belashova 

State Institute of Applied Chemistry, Leningrad 

Received August 5, 1974 

Kinetics of the base-catalyzed deuterium exchange 
of aliphatic CH bonds in halogen derivatives of satu
rated hydrocarbons, cL -substituted benzyls, some or-

ganosulfur and organophosphorus compounds is studied. 

It is shown that the change of kinetic CH-acidity of 

the studied compounds and of most other substituted 

methanes (with kinetic data available in literature)is 

rendered satisfactorily by means of ^"-values of 

substituents. 

In one of the previous works /1/ we applied the method 

of the base-catalyzed deuterium exchange to quantitative in

vestigation of substituent electronic influence on the mo

bility of hydrogen atoms in substituted methanes япд in the 

compounds of (CH^^M or С^Н^М(СН^)п_>/1 type, where M was he-

teroamom or atomic group. It was snown that the change of 

kinetic CH-acidity depended on the total electronic influ

ence of substituent (J7 Mr C-effects) and it could be corre

lated by nucleophilic values. But because of the short

age of kinetic data correlation parameters were estimated on 

the base of the reaction series with relatively small spe

cific weight of the compounds which were characterized by 

<5"~ values within the range of values 0.2 • 0.9» Further 
accumulation of experimental information of deuterium ex
change kinetics of methanes and similar compounds, which 

has been obtained by us and by others /2-9/, enables us to 

provide more uniformity in selection of objects for corre

lation treatment by means of additional insertion of some 

compounds of the following classes: 1) halogen substituted 
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aliphatic hydro carbons (Table 1), 2) some organosulfur and 

organophosphorus compounds (Tables 2, 3), oC -substituted 
benzyls (Table 4). Table 5 gives the data of relative 
mobility of hydrogen in methanes, taken from our previ
ous work /1/. The most part of kinetic data refer to al

coholic (BOD + HOT В = CHj, C^E,-, t-C^H^) or aqueous so

lutions (D2O, DO"* + DgO). Sometimes basic solvent-alcohol-

DMSO system or alkaline metal amide solution in liquid am

monia were used. It follows from the data obtained that, 

as a rule, the change of solvent causes certain alteration 

of rate which is nearly constant ; it depends on the nature 

of substrate slightly and it is eliminated in comparison 

of the relative values of rate constants. 

In order to determine the place of the studied compounds 

in the whole CH-acidity scale, kinetics of deuterium 
exchange of some of them was measured in several media.The 

value lgf = д lgK, estimated for toluene as standard com

pound, was used as correlated variable. The fact that the 

kinetic CH-acidity changes in separate groups of compounds 
can be described by practically the same relations,shows 

that we can study them within one and the same reaction 

series (Pig.l). 

The relationship for the great part of the data sum-
* 

marized in the Tables 1-5 is 

lgf = O.5 + 14.6 Гб-~ (1) 

(r=0.987, S=1.2, n=70) 

The Taft-Lewis relation (1a): 

lgf = -0.3 + 15.6ZS-J + 14.8Z7<S-r" (1a) 

(B=0.985, S=1.2, n=41) 

* 

Certain deviations from the perfect correlation 

may be partially refered to incomplete comparability of the 

data, obtained by different authors ; then, they may be the 

result of secondary chemical processes in the solution, and 

also they may be explained as the performance of the sol
vent differentiating effect. 
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Table 1. Kinetics of Exchange Reaction in Halogenated Methanes and. Similar 
Compounds 

Ho Compound Solvent1^ t°C 
K-105. 
sec-1 

Relative 
rate lgf2) TZ 3) Ref. 

1 2 3 4 5 6 7 8 9 
1 CH2C12 А(11Г) 36 0.02 8.0.10-7 8.9 0.52 7 
2 CH2Br2 A(1N) 36 0.23 1.0-10-5 10.0 O.54 7 

3 CH2I2 A(1N) 36 0.25 1.0-10-5 10.0 O.54 7 

4 CF5H A(0.2N) 70 0.1 8.0«10~6 9-9 0.51 3 

5 

4) 

CF^CFGH 

A(0.3N) 85 
70 
55 
25 

35 
9.2 
2.3 
0.15 1.3*10~4 11.1 0.76 

6 

4) 

CF3(CF2)5H 

A(0.3N) 85 
70 
55 
25 

13.0 
3.0 
0.63 
0.03 3.2'10~5 10.5 0.76 

7 CF5(CF2)5H 4) A(0.3N) 85 
70 
55 

20.0 
3.8 
0.57 1.2-10""4 11.2 0.76 

8 CF5(CF2)6H А(0.3Ю 70 2.9 3.1.10-5 10.5 0-76 3 

9 CF^CFHI 4) A(0.03N) 25 0.4 4.0-10"3 12.6 0.85 -



Table 1 (сont.) 

1 2 3 4 5 6 7 8 9 

10 (CF3)2CH2 4) A(0.03N) 25 0.6 5.0-Ю"5 12.7 0.84 

11 (CF5)5CH A(0.001N) 45 - 8.0-105 18.9 1.26 3 

12 (CF^CKF A(0.001N) 
В 37 

1 
15.0 1.01 3 

2 
13 (CF5)2CHBr В 37 - 2600 18.4 1.11 2 

14 (CF5)2CHCI В 37 - 756 17.9 1.10 2 

15 (CF3)2CHI в 37 - 179 17-3 1.11 2 

16 CF5CHC12 в 37 - 2.7 15.4 0.94 2 

17 CF^CHBRP в 37 - 3.5 15.6 0.96 2 

18 (CF5)2CHC6H5 в 37 - 1.2 15.1 2 

19 CH*COOCH, 
У t> 

A(0.042N) 

E(0.57N) 

25 
35 
25 

0.6 
4.1 
48.0 

4.0-Ю-5 

12.6 0-74 

1) Adopted symbols (Table 1-5) î A^H^ONa+CH^OD ; B=0.08N (C^)5N+(GH5OD+DMSO-D6) (1:1 by 

volume) ; С = C2H5OK(Na)*0^=00 ; С* = C2H5OK(Na)+C2H5OH; D = 0.1N t-BuOK+t-BuOD(^H) ; E = 

0.1N C2H50K+(C2H50D+DMS0-D6) (1:5)Î В* = 0.1N CgH^OK+^^OH+DMSO ) (1:5); F = КШ>2+ ND^ 

G=NH^. Concentration of base is given in brackets. 2) Methyl acetate (No 19) is used as in 

termediate reference in course of lgf calculation; its rate constant is compatible with 

those for compounds Nos 1-12 and for toluene (No 42 in Table 4). 3) It. is effective value 

б' =0.42 for CP^ substituent (from Bq«(i) calculated);for halogens e-- = &°. 4) Rates 
were determined, by us and V.P.Dusblna. 



Table 2. Kinetics of Exchange Reaction In Organosulfur Compounds 

No Compound Solvent1^ t, eC K.105. 
sec~1 lgf T<s" Ref. 

1 2 5 4 5 6 7 8 

20 
2) 

CH,SCH, 
5 5 2) 

E 
F»(0.45H) 
D 

150 
0 

160 

0.49 
50.0 
0.02 

-1.5 
-1.5 
2.1 0.17 

5 

21 

2) 

C6
H

5SCD5 

F' (0.01N) 
E 

-60 
125 
110 
95 
138 
120 

150.0 
11.0 
2.5 
0.45 
1.1 
0.24 

4.2 

(2.0) 

4.1 

0.29 5 

22 C^H^SCDPCH^ F* (0.06N) -60 14.0 2.6 0.14 5 

23 C6H5SCD(CH5)2 F*(0.06N) -60 0.06 0.15 -0.01 5 

24 (C2H5S)2CH2 D 120 12.5 5.2 0.34 5.6 

25 (C2H5S)2CDC6H5 C40.1N) 50 0.55 8.8 0.53 6 

26 (CgHjS^CD«^) D 138 
120 o

o
 

4m
 v

 

5.7 0.21 5 

27 

2,5) 

(C6H5S)2CH2 

C(0,1N) 

G 

70 
55 
40 

120 

7-5 
1.1 
0.14 

0.6 

9.9 

10.1 0.58 5 



Table 2 (cont.) 

1 2 3 4 5 6 7 8 

28 (C6H5S)5CH G 120 20.0 11.4 0.87 5 

29 (C^S^CD 
C40.1N) 

138 
120 
60 
100 
80 
50 

7-0.105 
2.5.1CK 
36.0 
15-9 
1.74 
0.038 

7.9 0.48 6 

30 CH^SOCH^ 2) С (0.1N) 

Г
О
 V
I
 

чл
 о
 

з.о 
0.25 

10.0 0.73 1 

31 CgH^SOCD^ 
2,3) 0* (0.1N) 65 

50 
35 

21.0 
4.1 
0.77 

11.0 0.83 -

32 CH^SOpCH^ 2) С (0.1N) 

D2O 
0 

25 

5.0 

о.оозз 
17.7 

16.7 

1.05 

1 

33 C6H5SO2CD3 2) С'(0.1N) 0 11.0 18.0 1.05 -

34 (CH5)3S+I- 2) 0.26N OD" +D20 26.8 3.0 13.2 1.16 1 

1) See footnote at Table 1. 2) Rates were determined by us. 3) Activation parameters 

(E, kcal.M-1; IgA) for compounds Nos 21, 27, 31 equal 31-3, 13-2; 28.3, 13-9; 22.8, 11.0, 

respectively. 



Fig.1. Plot of the relative rate constants of deute-
rum exchange against values. The numera
tion of points is given in correspondance with 

Tables 1-5. 

о denotes the compound which is not included in 

correlation treatment. 

corroborates almost equal sensitivities of reaction centre 

to resonance and inductive influences of substituents. 

The reaction constant ß ~ of Eq.(1) has a higher degree 
of precision than the p~ value estimated in our previous 

paper /1/. This distinction lets in force the principial 

conclusions concerning the range of existence of Eq.i and 

mechanism of substituent electronic influence on the mobi

lity of hydrogen atoms in various groups of substituted me

thanes and similar compounds. 

The next corrections must be incorporated however in 

those conclusionst 

A) The substituent effect upon the exchange rate of me

thane derivative is enhanced more than in two times com

pared with one in the substituted toluenes /11/ 

(fich8x /-^chgc^x " 
B) CH-Acidity changes of sulfoxides and phosphine oxi

des (Nos 30, 31, 37-39) are rendered satisfactorily by 
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Table 3. Relative Bate Constants for Exchange in Organo

phosphorous Compounds /9/ 

No Compound Solvent1) lgf <o~ 

35 (CH5)5P E(0.57N) 5.0 0.20 

36 (C6H5)2PCH5 В(0.57Ю 4.7 О.29 

37 (CH5)5PO B(0.57N) 8.7 0.66 

38 (с6н5)2р(0)снз B(0.57N) 9.З 0.68 

39 (C6H5)2P(S)CH5 E(0.57N) 8.4 0.62 

40 [CC6H5)2P(0)]2CH2 C6E5m2 17.З 1.26 2) 

41 [(CH$)4P+] Г 0.26NDÖ+r20 12.2 1.06 

1) See footnote at Table 1. 2) 26" =e*~ + ©'0. 

Eqe(1)«There is certain discrepency between observed and cal

culated from Eq.(1) rate constants for compounds in which a 

positive charged substituent is bonded, with CE^ group (Nos 

34, 41, 83), but the use of Eq.(1) instead the early ob

tained relation diminishes the differences between these 

magnitudes. 

In general the results obtained indicate that the 

electronic influences of sub s ti tuents are independent and 

additive. There are only the following deviations from ad

ditiv! ty rule. Firstly, unadditivity arises if the two 

strong electron-withdrawing substituents are bonded with 

reaction centre ("saturation effect"). Secondly, in the 

case of combination with strong -C-substituent the halo

gens are more electron-releasing (Nos 69, 75, 76, 80-82) 

than, would be predicted by their & values (so-called 

"c^-effect" /1, 12, 13/)• The description of electronic ef
fects of two -C-substituents in the first case is possible 
by the plot of lgf against the sum ofand <э° values 

(Nos 40, 63-68, 73); electronic effect of two nitro groups 
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1) Table 4. Kinetics of Exchange Reaction of Л, -CH Bonds in Benzyls 

No Compound Solvent2^ t°C K.io5 
sec""1 E lgà -lgK250^ lgf ^x" 

Prepara
tion 

1 2 3 4 5 6 7 8 9 10 11 

42 °6H5CH3 E 

E ' 
CC0.57N) 
F(0.03N Na) 

(0.05N K) 

150 
135 
120 
150 
25 
-30 
-45 

-35 
-45 

10.0 
2.3 
0.49 
6.5 

2.0 
0.5 

6.9 
1.8 

33.7 13.4 (11.3) 4) 

15.9 0 0 
-

43 C6H5CH2SCH5 
C(0.57N) 125 

110 
11.0 
2.1 32.8 14.1 10.0 5.9 0.17 14,15 

44 (C6H5CH2)2S 
C(0.57N) 90 

75 
11.0 
2.2 29.3 12.7 8.8 7.1 - -

45 C6H5CH2SC6H5 

E 
c(o.57N) 

10 
90 
75 
60 

94.0 
11,0 
2.5 
0.56 

23.9 10.44 7.1 

VO 
C

O
 

Š
 

0
0
 

0.29 16 

46 С gH^CE^SOpCHj C(0.002N) 10 
-5 o

b
 

17.3 10.4 (-0.27)4) 16.2 1.05 17 

47 C6H5CH2S02C6H5 

C(0.002N) 

C(0.1N) 

-5 
-20 
0 

66.0 
11.0 
420 

;I6JO) (9-9) (-0.65)4) 16.5 1.05 17 



Table 4 (cont.) 

1 2 3 4 5 6 7 8 9 10 11 
48 CGH^CHGSOCH^ 0(0.1N) 0 4.7 - - - 13.4 0.83 18 
49 C6H5CH2CN C(0.0Q2H) 0 40.0 - - - 16.0 0.99 -

50 CGH^CI^OGGH^ В 

0(0.57N) 

160 
145 
130 

180 

13.0 
3.2 
0.58 

35.8 
а 

14.2 

о exchai 

(12.0)4) 

ige 

-0.7 -0.16 -

51 
C6H5CH20C6H5 В 

0(0.57N) 

110 
95 
80 

180 
140 

7-5 
1.4 
0.25 
4.0 
0-74 

30.5 

(33-2) 

13-3 

(11.6) 

СЭЛ)4) 

12.8 

(2.2) 

3.1 0.02 

19 

52 CC6H5)2CH2 

/23/ 

E 

0(0.57N) 

% 
18 

14.0 
2.6 
0.58 

21.4 

30.1 

10.9 

12.2 

4.8 

9-9 

(6.5) 

6.0 0.19 
53 C6H5CH2CH5 В 135 0.93 - - - -0.4 -0.15 -

54 (C6
H5CH2)2 

В 140 8.3 - - - 0.4 - -

55 CGH^HGCOOGH^ C(0.002IT) -20 
-35 

64.0 
18.0 - - - 17.0 0.87 20 

56 CGH^CBLJCOOC 0(0.01N) 0 (40.0) 1.1 14.8 0.74 -

57 C6H5CD(CH3)2/5/ F' - - - - - -1.6 -о.зо -

58 (C6H5)3CH /23/ C(0.57N) 90 
75 

OŠ97 
0.22 - - 8.1 7-8 0.38 -

1) Hates were determined by us and Yu.L.Kamina ky. 2) See Table 1.3) Solvent C. 4) Solvent 
E. 5) Calculated from Hammett relation /11/. 



Table 5. Relative Rate Constants of Exchange in Some Sub
stituted. Methanes 

Ко Compound Solvent 1ER 2L6" 
1 2 3 4 5 

59 CHJCOCHJ D20 
D20 +D0~ 

14.9 0.87 ^ 

60 CßH^COCH^ DO%D2O 
0.0015 C^OK+CGH^QD 

15.3 0
 

od
 

n3
 

61 СН5Ж)2 D2O 17.3 1.27 

62 СН^СЛ D2O 15.0 О.99 
63 СН2(СЮ2 D20 22.3 1.62 

64 СН2(С00С2Н5)2 D2O 19.6 1.2 2) 

65 СН^СОСН^ D2O 22.4 1.37 2) 

66 СН(С0СН5)2СН5 D2O 20.1 1.22 2) 

67 CH2(C00C2H5)N02 D2O 22.0 1.52 2) 

68 СН2(СН5С0)Ю2 D2O 23.I 1.65 2) 

69 СН(СН,С0)2ВГ D2O 22.6 1.64 2) 

70 (СН5С0)СН2С1 D2O 15.2 0.99 

71 CH5CH(B02)C2H5 D2O 15.2 О.99 

72 ^°2Н5)2СШЮ2 D2O 14.8 1.01 

73 CGH^CH^OG D2O 18.7 1.27 

74 CH^C^NOP D2O 16.8 1.12 

75 BrCH2lî02 D2O 19.6 1.53 

76 СН(СН3С0)С12 D2O 18.1 1.41 

77 СН^НО^ D2O 24.1 1.56 

78 С2Н5СН(Ю2)2 D2O 21.0 1.43 5) 
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Table 5 (cont.) 

1 2 3 4 5 
79 СН3СН(НО2)2 D20 21.1 1.41 3) 

80 ÏCH(BO2)2 D2O 18.4 1.73 

81 BrCH(N02)2 D2O 23.9 1.83 

82 CIOH(NO2)2 D2O 23.8 1.82 

83 (CH3)4N +r 0.26ЕГ DO"* +D20 6.2 0.77 

84 CH^OCHJ 0.7л EI©2 +H>3 -5.94) -0.27 

85 CGH^OCDJ 0 • 06N КДЙ2 + 1^ -2.5 -

86 (CH3)5N 0-6N Ш2 + Ш>3 -6.84^ -0.44 

87 (06H5)2SCH3 0«06N KND2 + -З.7 -О.29 

1) The effective dévalues for the COCH3 euid COC^H^ substi-
tuenta (<S~1.0) estimated, from Eq. (1) exceed the standard 

values. There is the saune enhancement their electron-with-

drawing properties during deuterium exchange of CH^ group 

in the series of substituted toluenes; for 4—methylbenzo-
phenone lgk^c^-õ.õ in solution 0.57N CpH^OK-K^H^OD 

(/-7.6 /11/, 2)£e-p_x+6^_y. 3)Z6'=2 6^_N02 > <_z. 

4) Recalculated values are referred to the rate constant of 

toluene in KOT>2 + ND^ solution. 

in dinitrometnane and its derivatives is rendered approxi

mately by the sum of two values. 

/1/ we should point out that in the exchange reaction of 

<?(-substituted benzyls we can see clearly electron-with

drawing effect of phenyl group (effective <o~ value esti

mated from Eq. (1) is 0.19). As far as we know 

/21, 22/, phenyl ring can show electronic amphoteric cha

racter which depends on the nature of reaction centre 

and the type of reaction series. Electron-withdrawing ac

tion of phenyl ring in exchange reaction is determined by 
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both its inductive influence and the capability of more ef
fective délocalisation of electron density from electron 

release sp2-hybrid carbon atom in carbanion transition 

state of CgH^ClTXtype to aromatic cycle. 

Experimental 

The part of compounds were used as commercially ob

tained; other compounds were prepared according to the me

thods reported in the literature (the methods of prepara

tion are given in Table 4). 

The rate constants for isotopic exchange reaction were 

determined as previously described /24/. Deuterium content 

was measured by the method of low-voltage mass spectromet

ry. As a rule>mass spectrometric analysis was performed by 

molecular ion; for compounds Nos 5, 6, 7, 10, 48 - by 

fragment ions, the masses of which are 51, 51, 51, 133, 

138, correspondingly. 
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THE BASE-CATALYZED DEUTERIUM EXCHANGE Ш 
SOME ORGANOFHOSFHORUS AND ORGANOARSENIC COMPOUNDS 

N.N.Zatsepina, I.F.Tupitsyn, B.B.Allpov, 

A.I. Belashova, A.V# Kirova, N.S. Kolodina 

State Institute of Applied Chemistry, Leningrad 

Received August 5, 1974 

On the bases of the results of investigation of ki

netics of the deuterium exchange of alkyl and alkyl-

phenyl derivatives of phosphine, arsine, their oxides, 

sulfides, phosphonium and arsonium salts, which are 

supplemented with measurements of infrared япд proton 

magnetic resonance spectra the analysis of the influ

ence of electronic effects of substituents дпД medium 

on kinetic CH-acidity of organophosphorous and organo-

arsenic compounds is made. 

Though the study of the organic compounds of phospho

rus and arsenic has been conducted by many authors by 

using different physical and chemical methods /1-15/, the 

problem of electronic interactions in those is far from 

being solved. In order to achieve more information on this 

question electronic factors affecting the rate of the ba

sic deuterium exchange and some spectroscopic characteris

tics of methyl-phenyl derivatives of phosphine and arsine, 

their oxides, sulfides and onium compounds are examined in 

this work. The published data on the kinetic CH-acidity of 

organophosphorous compounds (OFC) /11, 14, 15/ are incomple

te; it is difficult to compare their relative rates because 

of great différencies in experimental condition. The data 

concerning the CH-acidity of organoarsenic compounds (OAC) 

are restricted to one compound, tetramethylarsonium iodide 

/15/. The present work is a part of complex study of ki

netic «rid spectroscopic parameters of CH-acids which have 

different structure /16-20/. 
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Results япд Discussion 

The most part of the kinetic measurements has been 

carried out in solution of potassium ethoad.de in ethanol-D 

or in mixture of dimethyl sulfoxide (DMSO-D^) and ethanol-D. 

In some cases employed solvents were water and liquid am

monia (sodium hydroxide пг»д sodium amide were used as cata

lyst) . Tables 1 and 2 summarize the kinetic data ob

tained. 

Organophosphorous compounds Estimating the relative mo

bility of hydrogen of alkyl groups we must take into account 

the possible appearance of solvent differentiating effect. 

As it is shown in Table 1, the addition of DMSO to alco

hol solution gives the rate of deuterium exchange of trime-

thylphosphine oxide ten times as large approximately, but 

it has just no influence on the process of exchange in tri

me thy lphosphine . The observed relation between the rate of 

deuterium exchange «пД the properties of the medium is con

nected with the presence of the basic centre in molecules 

of OFC (atom P or P(0)-group), the degree of specific solva

tion of which by alcohol molecules changes affected by DMSO. 

Like studied earlier nitrogen heterocycles /20/ behaviour 

of which in this respect is analogous to OPC there must be 

considered two types of the rate changes due DMSO addition 

for interpretation of the data obtained: 

cgĥ o-.. .doc2̂  + dmso =s= ĉ o" + ĉ h-od.. .dmso (1) 

+a 
P.^DOCgH^ + DMSO afeP + CgHçQD...DMSO (2) 

In this, if ethoxide-ion desolvation (Eq.(l)) increases 

its nucleophilicity and,consequently,the reaction rate,sub
strate desolvation (Eq.(2)),decreasing the positive charge 

on phosphorus atom, causes the opposite effect. The higher 

basicity of substrate, the more important role plays 
Eq.(2). 

The data obtained for trimethylphosphine show that the 

influence of DMSO addition on the processes described by 
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Table 1. Kinetics for the Base-catalyzed Deuterium-hydrogen Exchange 

Reactions of Alkyl Groups in OPG 

No Compound Solvent1) Temp., 
°C 

k.105. 

sec-1 
В 
kcal, 
mol ""1 

IgA —lgkp^o lgf 
Method 
of 

prepa
ration 

1 2 3 4 5 6 7 8 9 10 

1 (CH3)5P АС0.57Ю 
В 

160 

150 

0.4 . 

0.26 

- - - 5.0 
(-1.4) 

21 

2 (c6b5)2p(OH3) 2) A(0.57N) 160 0.2 - - - 4.7 22 ' 

3 (CH^PO A(0.1N) 115 
95 
80 

17.0 
3.1-
0.76 

24.2 9.8 7.9 8.7 

В 75 
60 
45 

10.0 
1.9 
0.28 

26.1 12.4 6.8 (4.5) 23 

C(0.25N) 135 
120 
105 

8.5 
2.4 
0.62 

27.6 10.7 9.5 

4 
<C6H5)2P(0)CH3 

A(0.1N) 115 
105 
90 

9.1 
3.8 
1.0 

27.8 13.0 7.4 9.3 24 

5 (c6h5)2p(s)ch3 A(0.1N) 95 
85 
70 

9.5 
3.2 
0.51 

29.3 13.2 8.3 8.4 25 



Table 1 (сont.) 

1 2 3 4 5 6 7 8 9 10 
6 (CH5CH^)5PO A(0.1N) 180 

160 
3.4 
0.54 

- - - 5,8 -

7 (C^CH^FO A(0.1N) 180 
160 ' 

3.0 
0.78 - - - 6.0 -

8 [(С6Н5)2Р(0)]2СН2 O6
H

5ND2 50 3,7 - - - 17.4 

9 [(0H5)4P]*I- С(0.25Ю 25 0,2 4) - - - 12.2 -

10 [C6H5P(CH3)3]+I- 0(0.25Ю 25 3,2 4) 
• - - - 13.4 4> -

11 [(C6H5)2P(°H3>2] + I™ C(0.25H) 20 9.7 
- - -

(14,2) 
14É5 4) 26 

12 [(C6H5)3PCH3]+BC- C(0.01N) 20 
10 
1 

8.0 
1.6-
0.26 

26.5 15.7 3.7 15.5 -

13 C6H5CH3 /16/ A(0,57H) 
В 

— 

- -

— 15.9 
11.3 0 -

1) Adopted symbols* A « C^H^OK + CgH^QD; В * 0,111 CpHçOK + (C^^OD + DMSO - Dg) (1*5 by 
volume); С «. HaOD + DgO. 2) lgf for exchange of and 06H^P(00^)2 In KNHg + 
solution (-30°) were also estimated /11/ ; they equalled 1.4 and 1.1, respectively. 
3) Taken from Bef./27/; in order to evaluate lgf value we measured the rate constant of 
deuterium exchange of nitromethane under the same conditions (k=3.10~5 sec""^);for the latter 
lgf = 17.3 /18/. 4) After Rex. /14/ the rate constants of exchange reaction of the com
pounds Nos 9-12 in the D0""+D2o =u luti on are in relation as кд*к10*к11*к12

=1,17* 240*2400. 



Table 2« Kinetics for the Base-catalyzed Deuterium-hydrogen 
Exchange Reaction of Alkyl Groups in ОАО. 

Compound Solvent1^ Temp.. 
°C 

Ä-105. 
sec" Igf 

(CH3)5AS А(0.57Ю 160 0.012) -

C6H5AS(CH3)2 A(0.57N) 

D 
160 

20 
0 

0.01 

22.0 
2.3 

-1.0 

C6H5AS(S)(OH3)2 A(0.1H) 110 
95 
80 

11.0 
3.1 
0.68 

8.8 

(CHJCH^ASO A(0.1N) 160 3.2 (6.3) 

[C6H5AS(CH3)3]+I" 0(0.25Ю 62 
45 

4.24) 
0.32 

12.9 

1) See footnote to Table 1 ; D = 0,03 N NaJTD2 + ND^. 2) No 

isotope exchange at heating for 60 hours was observed 

3) E = 24.5 kcal.mol-1; lgA=10.1. 4) Rate constant of ex

change in (CH^)^As+I~ is equal to 7«2.10"~^ sec-1 under the 

same condition /15/» 

Eqs. 1 and 2 practically completely compensate each other. 
In the case of trimethylphosphine oxide when basicity and 
specific solvation are notably lower, desolvation effect of 
ethoxide-ion predominates. This effect determines the acce
leration of the exchange process as a whole. This accelera

tion nevertheless is lower than in the case of aromatic 

compounds, which are practically uncapable to appear basic 
• * 

properties. 

* The pKa values of trimethylphosphine and its oxide as 
the base are 8-7 and 0, correspondingly /28/. 

^For illustration note that similar changes in the me
dium composition increase the deuterium exchange rate of 

the methyl derivatives of naphthalene /19/ and of ^-sub

stituted benzyls /18/ by 10^ - 10^ times. 
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Table 1 and Fig.1 illustrate very wide range of the 
kinetic acidity OFC depending on the electronic structure 
of molecules ( д lgk ~ 10). For internal consistency, mea
sured values have been recalculated relatively to the rate 

constant for toluene (lgf = лlgK). The change of relative 

rate constants in general is rendered by linear relation 

(3), determined earlier for deuterium exchange of substi

tuted methanes /18/ : 

lgf = 0.5 + 14.6 Г6-" (3) 

In this, as, before /17» 18/, methyl and methyl-phenyl de
rivatives of IV-VI group elements are considered as the 

derivatives of methane CH^Z where I is composite substitu

ent (CH5)nM or (С6Н5)иМ(СН5)м. 

The necessity of the use of nucleophilic €T -constants 

proves that the kinetic CH-acidity of methyl group, which is 
directly bonded to phosphorus, is determined by the total 

electronic influence of phosphorus-containing substitu
ent Cl", М-« C-effects). 

In accordance with the assumption about absense or un-

sufficiency of electron-releasing effect Of p,TT-conjugation 

in OPC /1/, all the studied compounds substitute hydrogen 

of their methyl groups to deuterium of solvent with greater 

rate than methane. The knowledge of <5 -constants of diffe

rent kind of phosphorus-containing substituants is necessa

ry for more detail information about relative role of induc
tive «rid resonance effects in the activation mechanism of 
exchange process. A number of ways to determine these 

constants are known at present /1,4—8/. Unfortunately 

Like other "onium" compounds /17/ rate constants of 
deuterium exchange of phosphonium salts are somewhat lower 
(д<» ~ 0.5) than one could expect to obtain from Eq. (3). 

One possible reason of this is the influence of anion, 

which partially compensates the positive charge on phospho

rus atom /8, 9« 17/. 
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15 

12 

9 

6 

3 

Fig.1. Plots of the relative rate constants of deuterium 
exchange against 6'" values. The numeration of 
points is given in correspondance with Table 1. 

The straight line I meets Eq.(3•) 

the available sets are not complete enough• Then, the va
lues of some constants are estimated by a. single method 

and naturally they most be checked up independently. To ob

tain additional data on this question, we used some spec

troscopic reaction series showing selective sensitivity 
to electronic effect of different nature for evalua

tion of e' —constant for phosphorus-containing substituents. 
The values are estimated from relation reflect

ing their connection with infrared intensities of the ring-

stretching bands in mono substituted benzenes /29, 30/* 

acc = 17600( б"/)2 + 100 (4) 

The —constants are estimated on the assumption of 

possible application of the linear relation between the 

proton chemical shifts in substituted methanes and Taft ' s 

inductive constants /31/ to series of OPCi 

2Г &*= 0.92 + 0.85 SCH (5) 

Estimating inductive constants by the results of 
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Table 3. The 1.г.-Spectroscopic Parameters of OPC and OAC1^ 

lo Comporuai Solvent L) AS 
ИСН »CH (01/2 

0 2) 
cc Acc 

1 (CH?)?p cci4 2960 2898 19.0 - -

2 (C6H5)2PCH5 
cci. 
GD3T)D 

2970 
2970 

2905 
2909 

18.0 
17.3 1592 218 

3 (CH3)3po 
cci4 
CDJOD 

2985 
2990 

2917 
2919 

12.0 
13.4 - -

4 (C6H5)2P(0)CH5 CC14 2970 2918 9,5 1596 165 3) 

5 (C6H5)2P(S)CH3 CC14 
2988 
2956 

2918 17,8 - -

6 [ССбН5)2РСсн3) 2J I CD30D 3000 2920 30.8 - -

7 [(C6H5)3PCH5]+Br- CD30D 2990 2915 36.0 1598 265 

8 (CH3)3As cci4 2980 2910 26.2 - - • 

9 C6H5as(S)(CH3)2 cci4 3015 2930 13.1 1617 
1585 320 

10 C6H5as(CH3)2 cci4 2990 2919 27,0 1587 320 
11 [CCH3)4AS] + I- CD30D 3017 2930 12.5 - -

12 [C^AsCCHj)̂ 4!" CD^OD 3015 2925 24.2 - 0 

1) tiCHin cmАсн and Acc in 1Г1.1.спГ2. 2) In CHC1?. 3) For (CgH^FO A^ 143-



The 6*pC values are estimated, from correlations which 
describe the changes of band intensity of the symmetric 
C-H mode of methyl group in infrared spectra of substi
tuted methanes /17/: 

(a£, )1/2 = 24.7 - 26.4 67p° (6) 

The data necessary for estimation of & -constants 

from infrared spectroscopic parameters of the studied OPG 

are obtained in this work (Table 3); the published ßCH 

values for (CH^^P, (CH^^PO, (CH^^P"*"!" are equal 0.9, 

1.9, 2.5, respectively /21, 52, 33/. 

As it is shown in Table 4, our estimations of in

ductive and resonance <o -constants of phosphine, phospho-

ryl and thiophosphoryl groups are, in general, in reason

able correspondence with the results of commonly used me

thods of determination. Estimation of e' values of phos-

phonium groups is more complex. Considerable discrepancy 

in numerical evaluations of б' -constants of Ionium sub

stituants results, primarily, from the strong dependence 

of their values upon the properties of solvent / 5- 9/34/. 

We can hardly say that Eq.(6) fits for determination of 

6"p° values for phosphonium groups.It is explained not only 

by extremely high sensitivity of kCH to the properties of 

solvent, but also by the fact that the kCH changes in 

substituted methanes may be approximated by the linear de

pendence (6) only when the 6~p° values are smaller than 

0.6 /17/. For all these difficulties, the further and more 

precise definition of С values of phosphonium groups from 

the data of other reaction series is necessary. 

Though it follows from Table 4 that there is cer-

measurements S C H  corrections for ring current and ani

sotropic effects were neglected, for, as it follows from 
literature /21,32/ those corrections were negligible and 

chemical chift in РОС was defined nearly completely by 

electronic influence of phosphorus-containing group. 
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Table 4. (5 -Values of fnosphorus-containing Substituents 

Substituent sp s-o 
d) 

1 2 3 4 5 6 7 8 

0.09^ 
0.03^ 

0.232 0.18^ 
0.22 ^ 

0.22^ 
C0.05)9 

0.07Й 
0.11^; 

(-0.02)? 
0.08 ' 

0€06+0.03 0.23 0.20+0.02 0.22 0.09+0.02 0.08 (0.11) 

<с6н5>2р- 0.121)2) 
(0.23) 
0.11 

0.19̂  
0.19 о4) 
(0.31)2) 

0.26^ 
о.32 

0.26^ 
0.20^; 

0.21?) 

°-°511) 
0.09 } 

(-0.01)2) 
0.086«' 

0.11+0.01 0.19 о.29+о.оз O.23+O.o3 O.i3+O.08 0.08 (0.16) 

(chjjjfo 0.41^ 
0.42 ' 

°-6210) 
0.34 Iu; 

°-62io) 
0.70 ' 

0.48^ 
0.63s< 
0.50^; 

0.35^ 
0.25?< 
0.31/; 

O.152) 

0.41+0.01 0.48+0.14 0.66+0.04 О.54+О.о9 о.зо+о.о5 0.15 (0.36) 

(c6h5)2po- ОЛ3Щ 
О.38 

0.62рч 
0.50̂  
о.5з 

0.681) 0.58^ 
°'58q< 
о.51у; 

0.302} 
0.37|< 
0.27?< 
0.27/; 

0.14gx 
0.096) 

0.41+0.03 о.55+о.о7 0.68 о.55+о.оз О.3+О.о7 0.12+0.03 (0.38) 

(c6h5)2ps- 0.47§^ 
о.29 

0.49̂  
0.57|< 
о.47 

0.621) (0.26^; 

o°:f$ 

0.402^ 
°.23A< 
о.27 

0.112^ 

о.38+о.о9 0.51+0.06 0.62 0.51 0.3+0.1 0.11 (0.32) 



Table 4- (сont.) 

1 2 3 4 5 6 7 8 

[(0h3)3p]+i- 0.84̂  
0.47 ; 

0.63̂  
0.73 

1.021; 

0.98lu; 

0.639; 0.40̂  
0.43̂  
0.33i4) 
о.38 ' 

°.22l 
0.08 ' -

0.66+0.2 0.68+0.05 1.06+0.08 0.63 o.39±0.06 0.14+0.06 (0.67) 

1,13ю) 

lill™* 

1.2815; 

-

°.62;ci) 
(1š14) ' -

1.13 1.1+0.3 1.28 (0.6) 

[(c6h5)3p]+br-- - - - - 0.75̂ ) 
0.52п<г; 

0.0746) -

0.64+0.12 о.о74 

a) Reaction series, used for determination of <S~ valuest 1) pKa of phenols /1.38/; 2) 

chemical shifts for a variety of aryl fruorides /5»6,9/; 3) A®,, in i.r. spectra of sub

stituted methanes (Eq.(6))$ 4) SGH in p.m.r. spectra of substituted methanes (Eq,(5)); 5) pKa 

of benzoic acids /1.41/; 6) Acc in i.r. spectra of substituted benzenes (Eq.(4)); 7) pKa of 

substituted acetic acids /44/; 8)a3kalLne hydrolysis of phenyl acetates /42/; 9) e'p = ̂ t'^c 

(from series 2); 10) Бщ in p.m.r. spectra of substituted toluenes /8/; 11) deuterium ex

change in substituted benzenes /12/; 12) taken from Ref./46/; 13.) taken from Ref./40/-

b) For f(C^Hy)jPj+l~. c) Solvent * DMSO. d) €^~= 6~~- 6^ • e) Solvent — CF^COCH^. 



tain discrepancy In absolute values of ç -constants of 
phosphorus-containing substituents, these results enable 

us to conduct, on the bases of the following from Eq. (3) 

equality of reaction constants - /"r - discussion 

of the semiquaintative relation between contribu

tions of separate electronic effects to the change of free 

energy of activation of exchange reaction. 

The data obtained show that sharp increase of CH-aci-

dity of methyl group during transition from original phos-

phine to corresponding oxide (or sulfide) and then to 

phosphonium salt is due mainly to inductive effect; as the 

charge on the central phosphorus atom increases the role 

of d-orbital stabilization of the intermediate carbanion 

increases also. 

The fact that electron-withdrawing effect of (CgH^gFCO) 

and (CgH^gPCS) group is much weaker than the electron-with-

drawing influence of onium substituents is evidently the 

result of decrease of positive charge on phosphorus atom 

due to electrostatic and conjugative (p,d-interaction) ef

fects of oxygen (or sulfur) atom bonded with it. As it is 

known /2/, phosphorus d-orbitals are situated rather fa

vourably in relation to P=0 bond of phosphine oxide, thus 

providing the possibility of simultaneous overlapping of 

two 3d-orbitals with lone electron pairs of oxygen. For this 

reason d-levels are to have difficulties in bonding with the 

other radicals, composing electronic environment of phospho

rus atom. And really, judging by the fact that the substi

tution electron-donor methyl radicals to electron-withdraw

ing phenyl groups in trimethylphosphine oxide has coopera

tively weak acidifiing influence upon reaction centre, the 

exchange process activation for the studied compounds is 

defined primarily by the electronic nature of heteroatomic Я?0 

and P=S groups, which essentially block interactions between 

valent non-bonded parts of molecule. The same conclusion 

follows from the results of measurements of equilibrium 

CH-acidity: the pKa values of diphenylmethylphosphine 
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oxide and dime thy lphenylphosphine oxide are close (accord
ing to MSED scale they are 31-7 and 31*3 correspondingly 

/35/)• 
But if the change of electronic structure of OFC occurs 

in the fragment of molecule, which is not separated from 
reaction centre by phosphorus atom, the rate constants of 
deuterium exchange vary in accordance with the properties 
of introduced substituent. This is clearly seen from the 
comparison of the data on the CH-acidity of methylene gro
ups in symmetric alkylphosphine oxide: 

HCH2P(O)(CH3)2 СН5СБ£Р(О)(С2Н5)2 С3Н?СН^Р(О)(С4Н9)2 

The observed here almost 1000 times decrease of rate cons

tants results from the effect of destabilization of tran

sition state of reaction under the influence of electron-

donor methyl or n-proply substituent. The possibility of 

application of the relation (3) to the description of ob

served rate constant changes by plot of their values 
• 

against the sum ( » g^p0 + ) demonstrate the addi
tive nature of electronic effects of both substituents, 

which are bonded directly with the reaction centre. In ac
cordance with Zatsepina and coworkers /18/, the electronic 

influence of two -C-substituents on kinetic CH-acidity of 

tetraphenylmethylenediphosphine dioxide (N 8 in Table 1) is 

correlated by the sum of (<o + &°) values of phosphoryl group. 

In contradistinction to phosphoryl derivatives the 

electronic effect of phosphonium groups greatly depends 

on the nature of hydrocarbon radicals bonded with positi

vely charged phosphorus atom. As it is shown in 

Table 1, successive substitution of three methyl radicals 

*Nucleophilic e'-constants of (C^c^P^) and (CijH^KO) 

substituent are not known. Because the nature of alkyl ra

dical bonded with the phosphorus atom has insignificant in

fluence on the total electronic effect of phosphorus con

taining substituent, we used -constant of group (СН^)2Б(0) 

for describing of electronic effect of those substituents. 
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to phenyl radicals causes acceleration of the exchange pro
cess of methyl group in onium compounds more than in 2000 

times. One of the possible reasons of the observed rise of 

sensitivity is that in phosphonium salts there is no compe

tition between phenyl group and substituent with lone pair 

of electrons for bonding of vacant d-orbitals. In this case 

the substitution of methyl group to phenyl one is ассощ>а-

nied by additional shift of electronic density from the 

phosphorus atom to the ring, and this fact, in its turn, 

causes the contraction of d-orbitals and intensification 

of their capability to participate in resonance interac

tion with the reaction centre of +C-type. 

Organoarsenic compounds The kinetic and spectroscopic 

data obtained for the OPC and ОАО (Tables 1-3) indicate 

that phosphorus- and arsenic-containing substituents are 

similar with respect to their electronic effects and hence 

all that we conclude from the study of OPC concerning the 

role of specific solvation and the trends of changes of in

ductive and resonance contributions to the total electronic 

effect caused by increasing the positive charge at the cent

ral atom or by the replacement of phenyl radical by methyl 

one are valid for OAC. However the effects of I^As and 

H^As"1" groups are considerable smaller as well as 1^3(0) 

and RgAs^) groups are larger than in the cases of their 

phosphorus analogues. The situation is comparable to that 

Since s--values for arsenic-containing substituents 

are unavailable their electronic effects upon CH-acidity 
cannot be interpreted by using Eq.(3). In addition to the 

•a-constants which are available in literature/12,13/we are 

giving now some & values calculated from Eqs.(4) and (6): 

eTp values for CgH^AsCH^ and C^HcAs(S)CH^ substituents 

are equal -0.09 and 0.44; values for (CH^^As and 

(CH^^sCS) substituents are - 0.11 and 0.11, respecti

vely. 
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found recently for some other properties of the OAC /12, 
13/• It seems likely that the decreased CH-acidity is re
lated to a smaller inductive effect of central atom As+^ 

or As+^ primarily through its lesser electronegativity and 

larger atomic radius as well as the more weak 2p^ - 4djj-

resonance interaction in the OAC than 2pn - 3d,,, conjuga

tion in the OPC. One reason of the described behaviour 

R2As(0) and I^AsCS) substituents may be that their induc

tive effects outweigh those of phosphorus derivatives. It 

probably arises from the more positive arsenic's atomic 

charge because of the double bond's degrees of As=0 and 

As=S are smaller than those of P=0 ялд P=S respectively. 

From the comparison of the relative rate constants of the 

studied OPC and OAC with available in literature /1,15,17, 

18/ kinetics data on deuterium exchange in the compounds of 

nitrogen and sulfur which have the like structure it fol

lows, that by intensity of electron-withdrawing influence 

on the reaction centre posphorus- and arsenic-containing 

substituent take intermediate place. 

As it is shown in Fig.2, there is a linear rela

tion between the rate constants of deuterium exchange of 

methyl group in \>nium compounds like (C6H^)nM(CH^)/| д 
where M=P, As, S (but the case M=H) and the pK^H values 

of the analogous phenacyl derivatives /36, 37/«The latter 

indicates the same type of electronic influence of the 

studied charged substituents on kinetic and equilibrium 

CH-acidity. 

Experimental 

The compounds studied were prepared by methods avail

able in literature (Table 1).The general procedure of kinetic 

experiments adopted in this work has been described earlier 

/45/. Deuterium content was determined by the method of 

low-voltage mass spectrometry. 

Infrared spectra were taken on a "TKS-lô" spectro

photometer. Concentration of substance in the solution 
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H-

10 • 

6 -

Flg.2. Dependence between rate constants of deuterium ex
change of methyl groups in >onium compounds япн 

the pK™ of their phenacyl derivatives. 

The numeration of points Hos 9-12 is in cor

respondance with Table 1 ; No 1 = (CH3)3S+ i" /17, 
18/; No 2 = |C6H5S(CH3)2 |+C104" /17,18/; No 3 = 

(CHj^As I /15/ » Bo 4 — I CgH^As(CH3)3 j +1 ; No 5 s 
(CH3)4N +I /15/. 

СС1Д, was 0.0054).05 mol.1~1(layer was 0.5-2.0 cm) in the 

solution CHClj, CD30D and DMSO—Dß 0.2—0.5 mol.l ^ layer 

was 0.01-0.02 cm). 
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KINETICS OF HYDROLYSIS FOR ESTERS WITH 
A VARIABLE ALCOHOLIC PART 

III* Alkaline Hydrolysis of Esters of 
p-Nitrobenzoic Acid in Water 
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В. V.Unkovsky 

M.V.Lomonosov Institute of Fine Chemical 

Technology, Moscow, USSR 
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Alkaline hydrolysis rate constants of seven p-

nitrobenzoates in water at 25° have been estimated 
speotrophotometrically. Correlation parameters for 
the dependence of the obtained rate constants on the 
inductive and steric substituent constants in the al
coholic part of esters have been calculated. The re

sults obtained are compared with the data for analo

gous reaction series from literature and it is shown 

that correlation parameters do not depend on the na

ture of the aoylic residue of ester. 

The kinetics of alkaline hydrolysis for esters with a 

variable acylic part has been investigated rather exten

sively. Nevertheless few years ago one could get but 

scrappy findings concerning the alkaline hydrolysis kine

tics for esters with a variable alcoholic part and, moreo

ver, in most oases only saturated hydrocarbonic substitu

ents with rather a narrow range of é * variation had been 

varied in the alcoholic part of ester molecule. That made 

* For reports I and II, see Refs. 1 and 2. 
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it difficult to obtain reliable data for the inductive and 
steric effects of the alcoholic part on the reactivity of 
esters. The introduction of but a few compounds with elec
tronegative substituents into a reaction series improves 

the correlation. 1 > ^,4 ̂  the same time it is still ques

tionable whether it is possible to consider together elec

tronegative and saturated hydrooarbonic substituents. The 

terminology referring to the separation of substituents 

into two groups is rather arbitrary. It is known that the 

polar effects of substituents containing either hetero-

atoms (C, 0, N, etc.) or unsaturated groups (C = С, С = С, 

aromatic residues) referred generally to as electronega

tive or electronoacoepting (it means that 3 *> 0) differ 

in its mechanism and quantitative regularities from the 

polar effect of saturated hydrocarbonic substituents (CHV 
ч 5 « * 

C2H^, i-C^Hy,eto.) . However, even the sign of о for the 

latter substituents is disputable: according to Taft^ for 

those 0 while from the data cited elsewhere^ for all 

the alkyls d*> 0. That is why we avoid referring to them 

as electronodonating or electronoacoepting substituents. 

Therefore it is preferable to consider the reaction series 

containing electronegative substituents only. Some of these 

series are described in literature: i) for alkaline hydro

lysis of methacrylates in water at 25°, уи =0.5; see Ref.4; 

ii) for alkaline hydrolysis of benzoates in water at 15°, 
25°, 40° and 50°, уи < 0.05 (acidic hydrolysis has been stu

died at 50° as well), see Ref.8; iii) for alkaline and aci
dic hydrolysis of acetates in water at 25° (the data obtai
ned by various authors have been summarized and discussed) 

see Ref.7. 
The series of alkaline hydrolysis of benzoates studied 

1 2 elsewhere ' may not be presently discussed owing to the 

lack of reliable data on sterio constants, E. for 0CH9C=CH 
12 and OCHgCsN groups; the values employed earlier ' ap

pear to be Incorrect. 

It is of interest to extend the number of reaction 
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series and, particularly, to elucidate to what extent the 
correlation parameters JD * and S for esters with a varia
ble alcoholic part depend on the nature of acylic residue. 

In connection with it, the present investigation has been 

performed keeping in mind the study of the kinetics of al

kaline hydrolysis in water* for p-nitrobenzoates with ele

ctronegative substituents in the alcoholic part of esters. 

J3-Phenyls thy 1 (I), benzyl (II), ß—methoxyethyl (III), me

thyl (IV), ß-ohloroethyl (V), phenyl (VI) and chlorome-

thyl (VII) esters of p-nltrobenzoic acid have been chosen 

for the present investigation. As a matter of faot, the 

alkaline hydrolysis kinetics for esters of p-nitrobenzoio 

acid has not been examined up to date. The only data quo

ted in literature are the hydrolysis rate constants for 

methyl-p-nitrobenzoate (K = 5.6 l/mol'seo,1®1 see Ref. 10) 

and ethylr-p-nltrobenzoate (K = 3.78**, Ref. 10; 0.39, Ref. 11; 

0.59, Ref.12; 0.54 l/mol*sec, Ref.13). 

Experimental 

Esters of p-nitrobenzoic acid. Esters (I-VI) have been 

synthesized by the Schotten-Bauman and Einhorn14 methods 

via the interaction of p-nltrobenzoyl chloride with the 

proper alcohol and reorystallized from hexane. ß -Methoxy-
ethyl ester of p-nitrobenzoic acid (III) is not described 

In literature: For this compound is m.p. 45-46°(hexane). 
Calculated for C^H^NO^ : С 53.33; H 4.92; N 6.22. Found: 
С 53.57; H 5.00; N 6.07. 

*When attempting to investigate the alkaline hydroly

sis kinetics for esters of p-nitrobenzoic acid in 30% 

aqueous solution of ethanol we have observed a decrease in 

the rate constant in the course of reaction. This appears 

to be connected with a partial transetherifioation of 

p-nitrobenzoate s. 
ÄThe values at 30° reported by Sharma10 seem to be 

doubtful. 
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Chlor orne thy 1-p-nltrobenzoate (VII). A mixture of p-
nitrobenzoylchloride (15g), paraforme (2.4g) aüd anhydrous 
zink chloride (1.7g) was heated in a sealed ampoule at 
100° for 4h. The reaction mixture was washed with hexane. 
The insoluble precipitate was filtered, the product cryst
allized during cooling was twice recrystallized from he

xane. The yield of chloromethy 1 p-nitrobenzoate (VII) (in 

literature not described as yet) was 12.2g (7056), m.p.87-

88°(hexane). Calculated for CgH^ClNO^: C44.57; H 2.80; 
N 6.50; Cl 16.44. Found: С 44.67; H 2.92; Ы 6.39; Cl 16.52. 

Experimental and analytical procedures and results of 

kinetic measurements. Hydrolysis of esters I-VII was car-
—————————— л С 
ried out in a 0.05 M borate buffer solution in the pH 

range of 8.8 to 11.4 at 25° (уи = 0.15). The pH's of solu
tions were measured at 25° by a pH meter pH-340 using a 
glass electrode ЭСЛ-11Г-04 and a siiber chloride elec

trode 8ВЛ-1М. Owing to the low solubility of p-nitroben-

zoates I-VÏI in water the stock solutions (2 to 6»10"^ 
mol/1) in ethanol were Initially prepared and then used to 

—5 prepare aqueous 1 * 10«10 mol/1 solutions of esters I-

-VII as described by Pussa et al.1 ̂  The concentration of 

ethanol in solutions used for measurements did not exceed 

1 per oent (V). Alkaline hydrolysis rate constants for p-

nitrobenzoates were determined using speotrophotometrio 
17 technique. The reaction was carried aut in a temperature-

controlled quartz cell of а СФ-4А spectrophotometer with 

the pathlenghth of 1 to 5 cm depending on the solubility 

of the ester under study. The UV-spectra of equeous solu

tions of potassium p-nitrobenzoate and the esters under 

study (I—VTI) had been studied in the wavelength range of 

230 to 320 nm. For kinetical measurements the wavelengths, 

A, 263 nm (or 264 nm) and 300 nm were used. The formulae 

for calculating the degree of substance conversion are ci-
17 ted in our earlier paper, the procedure of estimating 

the Сод~. The reaction was carried out up to about 70 per 

cent of conversion. At least five parallel runs varying 
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Table 1 

Properties and Parameters of UV-Spectra for 
P-NO2C6H4COOX 

n° Substituent 
x 

"Mel
ting 
pgint 

UV-spe 
—

1
 

1 

N
 I 

•p 
I 

О
 

I 

I 
n° Substituent 

x 

"Mel
ting 
pgint Л max 

nm 
clg 
с max 

at 
263 nm 

at 
300 ш 

I 

II 

III 

IV 

V 

VI 

VII 

с6н5сн2сн2 

C6H5CH2 
сн3осн2сн2 

сн3 

cich2ch2 

C6H5 
C1CH2 

p-N02C6H4C00~ 

61-62 22 

84-85 22 

45-46 

96 2? 

55-55.5 24 

127-128 22 

87-88 

263 

263 

263 

264 

263 

263 

263 

273 

3.99 

4.05 

4.01 

4.08 

4.10 

4.11 

4.12 

4.00 

9750 

11240 

10230 

11980** 

12490 

12950 

13170 

9220 

2210 

2540 

2270 

2720 

2670 

3230 

2760 

5270 

^Crystallized from hexane 

^Corresponds to 264 nm 

1 1 ! 1 Г7™ 

40 - KrWtsQCj / ~ 

в -

g _ / С0ц ЮВСтоШ-

i » » » i 
О 5 10 15 20 ZS 

Fig.1. Plot of pseudo-monomolecular alkaline hydro

lysis constants for chloromethyl-p-nitroben-

zoate (VII) vs alkali concentration in water 
at 25° 

26 46Q 



the concentrations of alkali and ester for each rate mea
surement were performed, the kinetical curves being made 

up from 5 to 7 experimental points. The ranges of concen

trations variation are presented in Table 2. The values of 

bimolecular hydrolysis rate constants obtained and their 

confidence interval are presented in Table 2, as well. 

Evaluation of the reproducibility of the data. The fi

nal values of bimolecular alkaline hydrolysis rate con

stants for esters I-VTI were estimated by Eq(l) as the 

weighted mean of all the measurements. 

к = 4. о) 
1=1 1 j=1 1=1 

where is a result at jth measurements in ith parallel 

run, is the arithmetical mean in ith run, n^ is the num

ber of measurements in ith run, and m is the number of a 

run. 

The reproducibility of the value obtained is expres

sed by the confidence range, Д K, calculated from Eq.(2). 

t(p,f)*S 
а к = 7= 2 

% (2) 
VN * 

where t is the Student-test at the confidence level, m 

p = 0.95 and the number of degrees of freedom, f, N = Zl ni 
1-1 

is the total number of measurements, and S is the 
о 

root-mean square deviation. To calculate SQ the uniformity 

of dispersions in Individual experiments had been prelimi

narily checked by G-crlterion18 or by the Bartlet crite-
19 rion and after that total uniformity of the numerical 

values was determined by comparing the dispersion, S2, cha

racterising the error in calculation during the run and 

given by Eq. (3) and, the dispersion 5^ characterising the 

range of deviations from run to run and estimated by Eq.(4) 

„г srsickii - q)2 

= „ „ - (3) 

И - m 

„2 - *>* 
• m  ̂ (4) m — 1 
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Table 2 

Bimolecular Alkaline Hydrolysis Rate Constants for p-Nltrobenaoates p-NOgC^H^COOX 
(I-VIII) in Water at 25° and Characteristics of Alcoholic Groups 

  Substituent 

X 

Limits of variation 
Number of 
measure

ments 

к ± д к 
1/mol« sec ech2x 
  Substituent 

X 
Cester 
m-105 

c0h~ 
м-104 

Number of 
measure

ments 

к ± д к 
1/mol« sec ech2x 

i с 6н 5сн 2сн 2  1.0-1.3 4.2-30.0 36 0.50 ± 0.01 0.08 0.45 
ii с 6н 5сн 2  1.1-1.2 1.7-11.0 25 0.91 ± 0.03 0.215 0.38 

in ch30ch2ch2 1.4-1.9 3.1-16.3 36 0.98 ± 0.02 0.19* 0.42** 
iv сн3 7.9-11.6 0.5-3.0 30 1.7 ± 0.2 0.2057;0.0 0.07 
V С1СН2СН2 8.5-11.6 0.6-3.5 72 3.4 t 0.1 0.385 0.48** 

vi 
С6Н5 1.0-1.6 0.2-1.3 42 9.0 ± 0.8 0.600 0.38 

vii С1СН2 1.5-1.9 0.1-0.3 36 42. ± 4. 1.05 0.90 
viii 

С2Н5 - - - 0.5912 0.0487;-0.1 0.36 

^Calculated at é *H 0CH = 0.52, Ref.6, in consideration of Z*g = 0.36; the rest 

(3 * are taken from alsewhere.^ 

**Taken from Ref.25; the rest E„ are taken from. Ref.6. » s ' 



If a significant difference between 3^ and 5^ values 
was observed (checked by F criterion18'1^)> the value of 
SQ was taken to be equal to 5Щ (in this case f = m-1); if 

such a difference lacked, SQ was calculated by Sq. (5), 

(f » N-1). 

s . (5) 
0 v h - 1 

The regression parameters were calculated by the 
least-squares method using computer "МИР-I". The data are 
presented in Table 3. 

Results and discussion 

20 
According to Ingold alkaline hydrolysis of esters 

as a rule follows the B^i mechanism. When examining the 

alkaline hydrolysis of p-nitrobenzoates (I-VII) the pro

portionality between lg (1- ), where X is a degree of con
version, and the time, <0* , is observed. That confirms the 

first-order kinetics in respect of ester. At the same time 

the calculated first-order rate constants, K^, depend li

nearly on the OH" concentration and consequently, the 

first-order kinetics in respest of alkali is the case(pseu-

domonomolecular reaction). An illustration of such a depen

dence for chloromethy1 p-nitrobenzoate (VII) is given in 

Fig.1. Though in case of this compound a secondary substi

tution reaction of chlorine atom by the mechanism 

might be expected we failed to discover it ; probably it is 

due to the fact that rate of the latter process is much 

lower than that of hydrolysis.8 Thus, the data obtained 

support the bimolecular nature of the alkaline hydrolysis 

reaction for all the examined esters of p-nitrobenzoic acid 

(I-VII). This allows us to compare the results of this work 

and the data from literature, because the reaction mecha

nism appears to be the same in all the cases. 

Several approaches to analyse the dependence of alka-

472 



Table 3 

Parameters for Hydrolysis Rate Constants Correlation with Inductive and 
Sterlc Constants of Substituents in the Alcoholic Part of Ester Molecule 

  
Reaction 

series 

Method 
of 

calcu
lation 

Ко ß* 5" г s 
Refe

rence 

1 p-N02C6H4C00X, 25°, jVf =0.15 В -0.20±0. 13 2. 32±0.21 0.63±0.37 0. 995 0. 095 -

^= 6̂̂ 5 С ̂ 2)21 ' С -0.20+0. 04 2. 

со о
 
о
 

•н O
J 

(0.54) 0. 996 0. 073 -

CH30(CH2)2>C1(CH2)2>C1CH2 

2 СбН5С0ОХ,25°,;И*0.05, 

X=C1CH2,C1(CH2)2,CH30(CH2) 2, 

В -1.26+0. 07 1. 98±0.14 0.85*0.23 0. 998 0. 052 6.7 

C6H5CH2'C6H5 
C,HcCO0X,50 ,X-the same as (0.54±0.11) 3 

C6H5CH2'C6H5 
C,HcCO0X,50 ,X-the same as A* ~0.91±0. 02 2. со

 
н- о
 

о
 

(0.54±0.11) 0. 999 0. 001 6.7 

for (2) В 1 о
 

-
j
 

1+
 

о
 

09 2. 03±0.19 0.78±0.31 0. 996 0. 069 

4 CH3C00X,25°,X=C1CH2,C1(CH2)2 A* - 2. 20±0.09 - 0. 997 0. 076 7 

C 6H 5,CI(CH 2) 3,CH 3O(CH 2) 2, В 1 о
 

VO
 
о
 

н- о
 

11 1. 99±0.17 0.43±0.30 0. 997 0. 069 

CH30(CH2)3 

5 CH 2=C(CH 3)-COOX,25°,YM =0.5, 
X=(CH3)2N(CH2)2,(CH2)2OC2H5, 
CH3O(CH2)2, C6H5CH2,CI(CH2)2 

С —1.32±0. 10 1. 61 ±0.42 (0.54) 0. 910 0. 094 4 

]£ 7 
The parameters of these correlations have been calculated by Palm et al'j the rest 

of calculations are made by us using the data from other papers.7 



line hydrolysis rate constants for esters on the inductive 
and sterio effects of substituents in the alcoholic part 
of their molecules may be applied, namely: 
A) A combined analysis of rate constants for alkaline and 

acid hydrolysis using the Taft postulates according to 
which the rate of acid hydrolysis does not depend on 
the inductive effect (= 0) and the steric effect in 
acid hydrolysis is the same as in the alkaline one (<Tg= 
= sqH' see Ref.6); in this case Eq.(6) is valid. 

Ig K0H-lg Kg = (lg K=H-lg K^)+pV* (6) 

7 This approach was used for the analysis of data on the 
hydrolysis of the acetates , CH^COOX, and the benzoates, 
с6н5соох. 

B) If the data on the acid hydrolysis are missing, the 

two-parameter Taft equation (7) may be applied to ana

lyse the data for the alkaline hydrolysis. 

is kqh - 18 +ß*<*' + <5"v œ 

Using the data for acetates and benzoates it was shown 

(see Table 3) that the parameters p * and 5 , obtained 

by method B), do not significantly differ from those 

obtained by techniques A) (they are not so precise, 

though). That allowed us to apply method B) to the ana

lysis of data obtained by us for the series of p-nitro-

benzoates. 

C) Method A) cannot be employed for the analysis of meth-
acrylate hydrolysis data4 because of the lack of infor

mation on the acid hydrolysis, and Method B) is not ap
plicable either as the Es~values in the range studied 
do not practically change. Therefore the data were 
treated proceeding from the assumption that the 6" -value 
is essentially independent of the structure of the acy-
lic part of ester (and the temperature as well). Conse
quently, we may assume <5™ = 0.54 as calculated for ben
zoates. Then the equation becomes 

4/4 



lg к0н - 0.54ES - lg K°H + p*è* (S) 

The results of kinetic measurements in the series of 

p-nitrobenzoates were also treated according to Method B) 

and it was shown that the regression parameters obtained 

by Methods B) and C) did not differ significantly. 

The data presented in Table 3 exhibit that i) Eq,. (7) 

is well satisfied for the series of p-nitrobenzoates stu

died by the authors, and ii) that the values of J> * and () 

found for all the reaction series studied (1-5) coincide 

within the range of the ir experimental uncertainties.* 
21 This supports the conclusion made elsewhere concerning 

the additive effect of acidic and alcoholic parts of ester 
molecules on their reactivity. 
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Infra-Bed Spectra and Electronic Effects.III.Influence 
of Substituent on the Frequencies of the Stretching Band 

and the Basicity of Aromatic Amino Group 

V.F.Andrianov, A«Та,Kaminsky, A.V.Ivanov, S.S.Ghitis, 
N.V.Udris, S.S.Gluzmann, S.I.Buga 

Institute of Monomers, Tula 

Recieved September 27, 1974 

< 

The influence of substituent on the position of 

IRstretching bands (VnH^) and the basicity (pKa) of 

4' -R-substituted-4-aminodiphenyls and 4'-R-substiti>-

ted-4-aminodiphenyloxides were studied. 

The calculated reaction constants (p)(Table 3)» 
show that the diphenyloxydes transmit the overall 
influence of the substituent in one ring to the 
reaction centre of the other, worse than the diphe-
nyls do. Simultaneously the transmission of the 
electronic effect by the inductive effect is enhan
ced when an oxygen atom is introduced between the 

aromatic rings (Table 4). 
It was demonstrated that in the aniline and the 

4-aminodipheny1 series there was a direct polar 

conjugation between the amino group and the elect-

ron-withdrawing substituent, while for the dipheny

loxydes the inductive effect predominated. The 

Yukawa-Tsuno coefficients for the first two series 

are equal to ca 0.8 and ca 0,5» respectively, while 
for the diphenyloxide series it is rather small 
(ca 0.1). For diphenyloxides the transmission fac
tor (If') depends on the reaction centre under con

sideration and the method of investigation (Table Si• 

27 
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The problem of transmission of electronic effects in 
dipheny1 systems containing heteroatoms continues to attract 
the attention of many investigators.''""^ However, the use of 

4—7 different methods gives contradictory results. 
Earlier we have reported the influence of the 

substituent on the CeO stretching frequencies of substitu
ted benzoates and substituted 4-methoxy carbonyl dipheny 1-

oxides. It was of interest to study the electronic behavio
ur of so strong an electron-releasing centre as the amino 
group. As a measure of the substituent's influence were 
chosen the acid-base properties (pKa) and stretching frequ
encies (t)iTH2) of the amino group. 

A great deal of data on the frequencies and ioni
zation constants of anilines has been accumulated.10-''^ It 

has been shown that their V values correlate better with 

6 - scales, while frequencies of other functional groups 

(0Hf ON, CO) correlate better with the <5 ((5*) -constants.1̂  
Possibly this is due to the fact that for the pertinent cor

relation "V NBL, vs. Qt as extreme substituants were chosen 

the OCHx and ОСоНс groups, which badly fall out from the li-
Э 1̂0 is 

near relationship. * y This incited us to reexamine the 

available data 12»13*13|16 Qn substituent's influence 

upon the frequencies >) HHg in aniline derivatives (Table 1). 
The points for OCH^ and ОС^Б.^ groups, deviating from the 
common relationship (Fig.1) and the parameters for C^H^, a 

much stronger acceptor than can de anticipated from its (э -

values were not considered in the correlat*011 • In the 
1< 

case of substituent p-I, 0,276 was chosen, as the (5* -value. 
The least-squares analysis of the available data (Table 3) 
indicate that in the anilines, as well as in other cases ̂  
the best correlations are observed with 6"- constants.There
fore, here again is a direct conjugation between the elec
tron-with/drawing substituent and an electron-releasing 
reaction centre. This is further substantiated when conside-

14 20 
ring published ' data on the basicity of aniline deri
vatives (Table 1). It is noteworthy that thejO-value for the 
relationship between pKa and (3 (-2.78, Table 3) 
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Table 1 
NH2-Stretching Frequencies (in CCl^) and Ionization 

Constants (in HgO) of p-Substituted Anilines 

Ш E рка [14,20] %Ш2 
cm [15] 

>)asNH2 

cm-1 [15] 

1 N(CH3)2 - 3378 3455 
2 NHg 6.08 3377 3453 
3 осн3 5.30 3382* 3460' 
4 ос2н5 5.25 3381 • 3459* 
5 0(CH,), - 3391' 3474 
6 CH3 5.12 3390 3470 
7 CH(CH5)2 - 3392 3474 
8 H 4.58 3396 3481 
9 CH3s 4.40 - -

10 F 4.65 3394 З474 
11 CH2CN - 3401 3487 

12 CI 4.00 3398 3482 
13 Br 3.91 3399 3485 
14 J 3.78 3402 З49О 
15 COOC2H5 - 3408 3500 

16 COCH, 
3 

- 3410 3502 

17 SON - 3410 3500 
18 CN 1.74 3412 З505 
19 CH SOp 1.48 - -

20 NO2 1.02 3416 З509 

•Not considered in the correlations.. 
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agrees well with the published.21 p-value (-2.767). 
The treatment of Table 1 data by a two-parameter Yuka-

wa-Tsuno equation, modified by Yoshioka, Hamamoto and 
Kubota,22 where 46^=5-6^ gives the following expressions 
(1-3) : pKa*(4.58+0:024)-(2.52*0.080)( 6" +1.37-û6̂ ) ,r=0.997(1) 

s=0.042 

)SNH2=(5394.4±0.23)*(22.0±0.62)((5+0.47M(5E), r=0.992(2) 
swO.47 

asNH2=C5477.8+0.25)+(31.4*0.68) (6+0.61 .Д0"~) , r.0.984, * 

s=1.02 

High values of Yukawa-Tsuno constants confirm the exis

tence of a very strong polar conjugation of an electron-

withdrawing substituent with an electron releasing reaction 

centre, the relative contribution of the conjugation being 

bigger, in the reaction state (pK&) than in the ground state 

(ONHg). 
In Table 2 are listed the experimental values for the 

ionization constants and NH2 frequencies of 4-amino-4 -R-

diphenyls (II) and 4-amino-4'-R-diphenyloxides (III). The 

correlation parameters (Table 3) show that for the 4'-sub-

stituted-4-aminodiphenyls, both the ionization constants 

and the frequencies correlate better with S -values than 

with the 6- or 6>°-values. Hence, in the diphenyl system, there 
is a direct polar conjugation between the amino group 

in one ring and the electron-withdrawing substituent in the 

other. This is substantiated by the data2^'2^ where it is shown 

that the introduction of two methyl groups into 2,2'- or a 

phenyl group into 2-position results in a decrease in elec

tronic conductivity of the diphenyl system. 

The calculated (Eqs.(4)-(6)) Yukawa-Tsuno coefficients 

are equal to ca 0.5-0.6: 

pKa=(4*37±0.030)-(0.56±0.084)(5+0.59'A<Ç), r=0.986(4) 

« — s =0.025 
VsNH2=(3388.7±0.21)+(5.6±0.59)(6-«-0.69«a6H), r=0.993(5) 

s=0.18 
^азт^=(3474.1±0.23Ж8.3*0.65)(&0.58.дбв), r=0.992(6) 

s=0.28 
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Table 2 

The Stretching Frequencies in Dichloroethane (DCE) and 
Ionization Constants (in E^O) of Amino Group for 4—NHg—4— 
-R-diphenyls (II) and 4—NH^-ß-diphenyloxides (III) 

No Series R < ^sNHg ^as1^ 

1 II NÜ2 4.70 3385 3468 
2 OH 4.65 3386 З472 

3 осн5 4.48 3388 3472 
4 H 4,40 3369 З474 

5 Cl 4.20 3390 3475 
6 J 4.27* 3390 3477 

7 соосн̂  3.98 ЗЗ92 З479 
8 сосн̂  4.00 3393 3480 

9 Ш2 3.78 3395 3483 

1 III NHg 5.30 3379 З455 
2 осн$ 5.19 3380 З457 
3 сн3 5.08 3381 3458 
4 H 5.06 3382 3461 

5 Cl 4,80 3384 3462 
6 соосн̂  4.77 3385 3464 

7 сосн. 4.70 3385 3465 
8 У

 
о
 

IV
 4.54 3387 3469 

•Determined in aqueous EtOH (20%) and corrected to 
'2% EtOH according to Hall.25 

Fig.1.Relationships bet
ween asymmetric (1) and 

symmetric (2) stretching 

frequencies of amino 
group in substituted ani
lines and the Hannnett 

<5 -constants, solvent 
CCl^. For numerals see 

Table 1. 

3500 

pro 
3460 

och3 

3360 

0.5 a 0.5 
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Table 3 

The Correlation Parameters of Equations y = Уо +рб. 

Correlation p m p  Уо + Д уо 

рка, ff 

А-6 
S с 
0s, 5 

oas,t̂ _ 

oas,ff 

рКа,<У 

рк„, ff" 

Os?ff 

Os,ff~ 

'jas,ff. 

"as,ff 

рк.,<5 

pKa,ff° 

Os,ff 
Os,ff° 

Oas,ff 

oas,ff" 

4—R-ani lines 

-3.72+0,115 4.35±0.047 0 .973 0.36 13 

-2.78+0.086 4.46^0.053 0 .994 0,17 12 

25.4+0.48 3395»5±0.22 0 .987 

co со 

16 

19.2+0.35 3393.8+O.23 0 .992 1.73 14 

36.9+0.50 3479±0.23 0 .975 3.65 16 

28,4+0.38 3477.1+О.25 0 .985 3.22 14 

4—amino-4-R-diphenyls 

-0.66+0.048 4.34+0.022 0.976 0,07 9 
-0.51±0.036 4.38+0.023 0.985 0.06 9 
6.8+0.22 3389.1+0.10 0.982 0.53 9 
5.1+0.18 3388.8+0.11 O.99I 0.55 9 
9.9+0.26 3474.5+О.12 0.983 0.90 9 

7.4+O.I9 3473.9±0.12 0.990 О.72 9 

4— amino-4—R-dipheny loxi des 

-0.55±0.056 4.99+0.026 0.983 0.05 8 

-0.64+0.061 5.03±0.027 0.988 0.05 8 
5.9+0.22 3382.9+0.10 0.988 0.46 8 

6.9+0.26 3381.7+0.11 О.992 0.39 8 

9.7±0.26 3460.3+0.12 0.985 0.86 8 

11.3±0.30 3459.5±0.12 0.987 0.79 8 

y0=value of у for 6f « О, г™ the correlation coeffficient, 
s= the standard deviation, n=the number of points involved 

in the correlation. For the values of 6f-, б - and 5-con

stants see Ref.21 
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Comparison with the calculated data for aniline (1) -
(3)» indicates that there is a similar contribution of direct 
polar conjugation to the interaction between donor and ac
ceptor groups, though there is a marked (three- or four-fold ) 
decrease in the reaction constants. 

With the diphenyloxide derivatives (III) correlation 
coefficients with G —values (Table 3) are higher than when 
using the Hammett constants ((5 ) or the nucleophilic cons
tants (0 ). 

Two-parameter correlations (7)-(9) give low values for 
Yukawa-Tsuno coefficients. 

P*a =(4.99±0.034)-(0.52-0.10) ( (5 +0.14. дбд) , r =0.986 
s=0.024 

s^H2=(^82*2—°.25)+(5«7±°*72) (6+0.08. Дб^) , r =0.989 (Qs 
, - s=0*22 
Vagm2=O460.0+0.28)+(8.3+0.75) ( б+0.12.<ф , r =0.990 (g) 

s=0.36 
For a comparison of electronic conductivity in the 

studied systems we have determined, as it is customary,2^ 

the transmission factors TJ"'= — with the diphenyls used 
as reference. -Prif. 

Table 4 

The Values of Transmission Factors and 77^ . 

Series PK a osra2 Series 

vi ч v; n *2 

I 4.2 3.6 - 3.7 -

II I I. I I I. I. 

III 0.83 1.14 0.86 1.23 0.98 1.36 

The tabulated numerical values for (Table 4) wore 

calculated fromp-values for the Hammett Q -constants, and 

they show that in the diphenyloxide series the electronic 

effect is transmitted more poorly than in the diphenyl 

series. 

The results permit us to evaluate the role of the so-

called "positive bridge effect" (РВЕ) (see Ref.4) in the 
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investigated system. РВЕ, by its definition 27 reflects the 

transmission of the substituent1s inductive influence from 

one ring of the diphenyl system to the reaction centre of 

th6 other ring. In other words, the existence of РВЕ in a 

&iven system must be demonstrated by comparing p°-values2® 
and in the case of diphenyls, where the contribution of 
conjugation is substantial, it is necessary to separate the 

inductive effect by the use of a two-parameter correlation. 

Whereas for the dipheny loxide series a one-parameter corre
lation must be used (with6°), as in this case the contri

bution of conjugation is limited. It is known2'7 that in the 
case of a reaction centre (+R) and a substituent 

therefore the reaction constant,y0 , deduced from a two-

parameter correlation (4)-(6) equals p°, the inductive com
ponent of the reaction constant in the Yukawa-Tsuno equa

tion.2^ From the 5/^-values, obtained by dividing p% (one-
parameter correlation) by p_ (two-parameter correlation) 

(Table 4) it follows that in the diphenyloxides РВЕ does 

really exist. 

It is of interest to estimate the influence of the re

action centre^0 on the extent of transmission of electronic 

effects by the oxygen bridge. In Table 5 are summarized the 

transmission factor values against diphenyl (^ ) and benze

ne ( ) systems, calculated from published and experimen

tal data, the latter being correlated with the Hammett 6"-

constants. 

The results show that for a given reaction centre 

(amino group) the magnitude of XT-value depends on the met

hod of investigation. The lowest S~- values are observed 

for the ionization constants, slightly higher for N1^ 
frequencies and still higher for the acylation rate cons

tants (K). 

This is mainly due to the fact that each method of 

investigation corresponds to a different state of the system 

studied. But the transmission of electronic effects is much 

more seriously affected by the character of the reaction 

centre. Thus, when changing the electron-releasing hydroxy-
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and amino groups for electron-withdrawing nitro and car-

bomethoxy-groups, a sharp increase of the -values is 

observed. This is probably due to the appearance of a di
rect polar conjugation between the studied electron-relea

sing bridge and electron-withdrawing reaction centre, the

reby sharply increasing the electronic conductivity of the 
system under investigation. 

Table 5 

The Values öf V/ and . 

Reaction 
Centre 

Correlated 
parameter 

Solvent ïï' 14 3 
Ref. 

NO2 Reduction rate 
constant 
E 1/2 

Dioxane 

Ethanol 

— 0.767 

0.425 

31 

31 
OH PKa 50% ethanol 0.48 0.135 30 
COOCHj 0 c=o cci4 - 0.361a 9 

A (C=0) - 0.434 9 
E 1/2 DMFA - o.525b 9 

NH2 К Benzene 1,05 0.286° 32 NH2 

PKa 50% ethanol 0.78 - 30 

Л 
VasN^ 

HgO 

DCE 

0.83 

0.86 

0.98 

0.147 

0.232 

0.263 

-

for benzene' El/2 = 1.861 - 0.817 6* 

Calculated from p-values, determined by equation 

p = - lg ±/6no2 . 

32 

At the same time in the kinetic study of chemical reactions 
the electronic character of the reaction centre may change 
sharply in the transition state depending on the components 

interaction mechanism and thereby change the extent of its 
interaction with the whole aromatic system and the substi

tuent. 
Experimental 

All the studied compounds were prepared and purified 

28 
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by the usual methods; their characteristics corresponded 
to those published already.^ IE spectra were taken at 

least five times in purified 4̂" di chlor о ethane (DCE), on a 
UR-20 spectrophotometer. The instrument was invariably cali

brated against dry ammonia and polystyrene. Amine concentra

tion in DOE was ca 5x1O-̂  mo 1/1 and the path length 4mm, 

Ionization constants were determined spectrophotometrically^ 

in sodium acetate/acetic acid buffers (Cam= 5 x lCf^mol/V 

containing 2% ethanol. With correction for ionic strength, 

were obtained the thermodynamic ionization constants (pK^). 

The correlation parameters were calculated by the least-

-squares technique on a computer M-222, 
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BASICITY AND STRUCTURE OP AZOMETHINBS AND THEIR 

STRUCTURAL ANALOGS 

XV. DTATiKTLHYDRAZONES OF AROMATIC ALDEHYDES x 

V.A.Bren', T.M.Stul'пета and VšI»Minkln 

The Institute of Physical and Organic Chemistry, 

Roetow State University, 

Rostow-on-Don, USSR 

Recieved October 1, 1974 

The ionization constante of two series of dialkyl-

hydrazones of aromatic aldehydes were measured by means 

of Potentiometrie titration in acetonitrile at 25°. 
i 

The correlation. analysis revealed the difference 

between the hydrazonee and their similar azomethinee in 

the protonation reaction. This could be explained by dif

ferent character of the reaction centers: iminic in azo-

methines and aminic in hydrazones.The validity of such 

conclusions is confirmed by the spectra. 

In order to compare the behaviour of hydrazones of aro

matic aldehydes and alkyl aromatic azomethines III in the 

protonation reaction we prepared the hydrazones of substitu-

xFor Communication XIV see Ref.1 
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"ted benzaldehydes I, II and determined their basicities« 

(1)  

I, IIa I, lib 

Is RJOCH^, lis R,R,= C5H1C R = H, p-OH, p-OCH^, 

p-Cl, p-Br, m-Br, 

p-nog, m-nog 

rf 

For elucidating a position of protonation in the molecules 

I, II with aminic and iminic nitrogens as reaction centers 

we studied the electronic absorption and IR spectra of hyd

razones I, II, IV, V. There is a distinct evidence^-'' that 

the methylation of hydrazones I, II occurs at the aminic 

nitrogen which is assumed to be more nucleophilic than the 

iminic one. It is not completely clear , however, which of 

these centers is more basic although protonation of aninic 

5-7 nitrogen is most preferable. In some cases conjugated 

acid may form at an iminic center.® 

EXPERIMENTAL 

The hydrazones I, II were prepared by condensation of 

the respective aldehyde and hydrazine and purified by va

cuum distillation and multiple recrystallization from the 

alcohol. 
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Iodomethylates IV were obtained from hydrazones and 

methyl iodide in absolute benzene. IV R, = CH^ m.p, 245°} 

R,R, = C5H10, m.p. 158°. Perchlorates V were prepared by 
action of 72?6 perchloric acid on benzene solution of the 

respective hydrazone. V R, =CH f̂ m.p. 78°; R, R, = C^H^, 

m.p. 124°. For synthesis of azomethines III see Ref. 9» 

All the compounds were analyzed, the data of elemental 5 

analysis corresponded to the formulae. The m.p,'s and b.p,Ts 

of compounds I and II are listed in Table 1. 

Table 1. Characteristics of Compounds I, II. 

Charac. H p-OH p-OCH- p-CE, p-Cl p-Br m-N09 p-NOp 
y 5 m-Br 

Compound I 

M.p. 120°/l0mm 155° 110- - 68° - - 55° 110° 

B.p. Hg 115/10 

mmHg 

pKQ
t 10.14 11.15 10.95 - 9.61 - - 8.41 7.78' 

Compound II 

M.p. 58-60° 160° 48-50° 117°/ - 68- 117/ 67° 88-

B.p. 6—7mmHg 70° 7mm 90° 

Hg 

pK^ 11.26 12.34 . 12.10 11.71 - 10.70 10.46 9.64 9.22I 

Compound III 

PO 13.29 14.80 14.76 13.83 12.68 - - 11.31 10.0* 
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The thermodynamic ionization constants of conjugated 

acids of hydrazones and azomethines were measured as be

fore ,9iЮ The рКа^'з are listed in Table 1. The IB spect

ra were taken on Specord IB-71» The electronic absorption 

spectra were registered on Specord UV-Vis (DDB). 

Table 2. The Spectral Characteristics of 

Compounds I, II, IV, V. 

Compound Solvent UV-epectrumAmax,nm IB spectrum ^ cm-'*" 

( 8 10^) in vaseline oil 

I (E=H) M 227 (8,1) 302 (17.2) 

dmso 305 (17.0) 1580, 1620 

h2s04 210 (10,5)303 (20.1) 

IV (r, =CE^)CE^си 255 (15.7) 1580, 1615, 1632 

V (r̂ cĥ ) M 255 

œ
1 с— см 

cĥ cn 250 ( 8.4) 1590, 1620, 1632 

II (r=h) m 225 (7.8) 305 (16.8) 1570, 1600 

h2so4 215 (9.8) 300 (19.9) 

IV (r,r= 

c5h10) ch3cn 257 (16.5) 1595, 1620, 1640 

V (r,r,= m 260 (29.6) 1595, 1620, 1642 

c5h10) ce3cm 250 (30.6) 

DISCUSSION 

The electronic absorption spectra of compounds I and II 

492 



(Е-Н) are completely identical and exhibit two bands at 

225 and 330 nm (Table 2, Figurel). 

.3 Fig,1, The absorption 

spectra. 

1 - compound I in the 

alcohol (R=H), 

2 - compound I in H„S0. 
à 4 

(R=H), 

3 - compound II in HgSO^ 

(R=H) 

4 - compound IV in aceto-

nitrile (R, =CH^), 

5 - compound V in aceto~ 

nitrile (Rt=CH^) 

220 2*0 260 StiO л tim 

When pH is sufficient for shifting the equilibrium (1) com

pletely to the right the spectra of solutions of these 

hydrazone Perchlorates show the absorption of protonated mo

lecules I, lib which coincides with the electronic spectra 

of quaternary salts having the structure IV (Fig,1), 

Upon dissolving in concentrated sulfuric acid there prob

ably occurs the salt formation at both nitrogen atoms with 

bathochromic shift (Л=300 nm) of the long wave band with 

respect to that of monoprotonated compound V. In the same 

manner the absorption frequency decreases when the iminic 

13 
nitrogen in azomethines III is protonated. 

The presented data enable to assume that the primary pro-

29 493 



tonation of molecules I, II occurs analogously to the qua-

teraiary salts formation at the aminic nitrogen and that the 

titration in acetonitrile afforded no diprotonation with the 

structure of hydrazones I, II conjugated acids corresponding 

to formula V t 

T 
смй 

The validity of this assumption could he confirmed by analysie 

of IE spectra of compounds I, II, IV, V. 

The spectra of hydrazones I, II show the bands at 1600-

1620 cm**1 which along with 1580-1590 cm"1 frequencies corres

pond to C=H and C=C modes of the aromatic cycle. In iodometh-

ylates IV and Perchlorates V these characteristic bands are 

shifted to the short-wave region (Table 2) the vibration spe

ctra of V being completely identical to those of IV (the lat-

ter are known to have an ammonium structure)• Thus, analogous

ly to methylation, the protonation touches aminic nitrogen 

instead of the C=N bond. 

Potentiometrie titration of hydrazones I, II with per

chloric acid showed a single jump. Hence in these molecules 

the aminic nitrogen is protonated first with sharp decrease 

in basicity of its adjacent iminic nitrogen atom. 

From the values of рКа*'s shown in Table 1 one may 

conclude that the basicities of compounds I and II are 

below those of alkylimines III (the same aldehyde 

derivatives). A considerable decrease in the hydra-
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zones I and II basicities with respect to dimethyl-

amine (pkqq q^=18.73> p£y 0=10,64) and piperidine 

(pKGH cn=18.§2, pKg q=11.22) manifests essential elec

tron attractive action of the arylazomethine group 

on the reaction center (aminic nitrogen)e The basicities of 

aminopiperidine hydrazones II are nearly 1.2-1.4 pK unit 

above those of the respective dime thylhydraz one s I which 

corresponds to the higher basicity of piperidine with respect 

14 to dimethylamine. The ionization constants of conjugated 

acids of hydrazones in both reaction series I and II provide 

the best correlation with (> -constants of substituents R, 

thus the role of conjugation effects in compounds I, IIa and 

their conjugated acids I, lib is rather negligible. At the 

same time in the azomethines III conjugated acids the effect 

of direct polar conjugation of p-substituents with the reac

tion center is considerably stronger. This could be evident 

from an excellent correlation between pKa' s of III and electro; 

philic Gf -constants. 

Table 3. The Correlation Parameters of Yukawa-Tsuno 

Equation (2) 

Reaction ^ С f ,,o 

f ?Y-Ts R 5 V V etat series I is J 

I 2.787 0.284 0.992 0.27 0.17 0.316 10.13 

II 2.453 0.367 0.995 0.21 0.08 0.165 11.25 

III 2.926 0.603 0.995 0.09 0.181 13.20 
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The results of multiparameter correlations by equations 

(2), (3) and (4), (Tables 3*4) demonstrate most obviously 

the difference of reaction series I and II from III» 
/ 

log K/Ke= *2 AO'c) (2) 

log к/к°= р3<л3 + fcG? (3) 

log К/К°= Gg + $.Gt + f&G* (4) 

Attention could ,be drawn at a considerable value of para

meter Z- specifying the degree of substituents conjugation 

with the reaction center for the imine series III and at an 

approximately twice lower Z for hydrazones I and II (Ta

ble 3). The inductive reaction constants^ are nearly the 

same for all reaction series I-III but the ouonstant corre

sponding to the total conjugation effect is again larger in 

series III (Table 4). 

Table 4. The Correlation Parameters of Equations (3)and (4) 

beac. eq. £ ?3c r 5 sf* % % l po 
ser. 

2870 1533 0989 031 022 0431 0186 1013 

2778 0467 3958 0997 013 013 0249 О368 1307 1013 

2485 1463 - 0992 0S8 011 0237 0123 - 1126 

2596 0767 25О8 099b 015 009 0189 0323 1114 1135 

2841 2130 - 0996 - 009 0179 0071 - 1323 

2835 2138 0046 0996 - 009 0204 0119 0473 1323 

I 3 

4 

II 3 

4 

I I I  3  

4 
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The correlations by Eq.(4) (Table 4) reveal quite 

clearly another difference of the series I and II from azo

methines III. It is pronounced in the high values of 

constants specifying the degree of mutual dependence in trans-

mittance of I and C-effect in hydrazones I and II. Introduc

tion of the cross term ^^Gj^G^into equation (4) desreases 

sharply the conjugation constant ^ for series I and II 

but it practically does not change the inductive constant 

(cf. correlation by Eq.(3)). This may serve as an evi

dence that in transmittance of the substituents electronic 

effects on the reaction center in hydrazones the break of 

additivity principle involves generally the conjugation com

ponent. 

Such mutual influence of С and I effects could be explai

ned by specific spatial structure of hydrazones when the p-

electrons of edge nitrogen responsible for basicity may in

teract withSc - and (л -cores of the remaining molecular part^ 

The different behaviour of compounds I, II with respect 

to III may be due to various types of the reaction center 

iminic in III and aminic in I and II. The electron donor sub

stituents in hydrazones I, II produce rather strong mesomeric 

effect, their inductive effect being small and comparable to 

that of the direct polar congujation by its magnitude. 

The electron attractive substituents (CI, Br, NOg) inte

ract generally by an inductive mechanism with the reaction 

center. 
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BASICITY AND STRUCTURE OF AZOMETHINES AND THEIR 

STRUCTURAL ANALOGS 

XIV. THE TRANSMITTANCE OF ELECTRONIC EFFECTS OF 

SUBSTITUENTS IN THE POLYENIC AROMATIC AZOMETHINES1^ 

K.A.Tskliadadze, V.A.Bren' and V.I.Minkin 

Institute of physical and organic chemistry at 

Rostow State University, 

Rostov, USSR 

Reoleved October 10, 1974 

The thermodynamic ionization constants of several 

series of the polyenic aromatic azomethines were measured 

by means of Potentiometrie titration (in acetonitrile 

at 25°). The results obtained were subjected to the mul

tiparameter correlational analysis* The role of inductive 

effect in transmittance of electronic influencé from an 

aldehyde part of the molecule to the reaction center was 

found to be rather great. Its fading is comparatively 

weak at an increasing number of the vinylenic units se

parating the substituent and the reaction center. The va

lues of bridge effects of the vinylenic units were esti

mated for different electronic interactions. 

Earlier we have studied the effect of substituents R and 

xFor Communication XIII see Ref.1. 
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В* on basicities of vinylogs of aromatic azomethines A 

(n=1) in an acid-base equilibrium (1) 

where B, E* = p—OH, p—OCH^, H, p—Cl, p—Br, p—I, p—COOCgH^ 

The present study is concerned with: 

1* Estimation of an electronic influence from the side 

of different substituents E in the reaction series A with 

n=2* 

2* Elucidation of the role of various electronic effects 

and the influence of elongation of a conjugation chain (n = 

0,1,2) upon transmittance of the effect of substituent В to 

the reactive azometine center by comparing the parameters 

of correlation equations. 

For this purpose we prepared the polyenic aldehydes 

E——(CH=CH)n—ОНО (n=1,2) using the procedures 

of Yanovskaya2, where B=H CH^O, Br, CI, N02. Condensation 

of these compounds with the respective aromatic amines yield-

id azomethines A, for the latter the ionizatsion constants of 

their conjugated acids, pKa*, were determined in anhydrous 

4 
acetonitrile as uescribed earlier. 

Melting points of the earlier unknown azomethines and 

their pKa* are listed in Table 1. The elemental analysis of 

the compounds referred to composition a. 

îor other reaction series the pK^'s of their azomethines 

were taken from the previous papers .4»5,6 

ck)^cm=h-^r1 + PV-(^m=ch)-Cm=h-(^; (i) 
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Table 1, Melting Points and pK t's (25°) of Azomethines in a 
Acetonitrile 

Reaction series Pro- H p-OCH^ p-CH^p-Br p-Cl m-N02p-H02 

perty 

III M.p.107- 145 139- 126 149-

r.-(gxçx =сла)̂ сн̂  h-® oc 10q 140 127 150 

pK^ 12.33 12.75 12.14 12.20 11.79 

VI M.p.147 198- 189- 175 209 

=H"\O)-0 OQ ^ gg -jgQ 

^*12.99 13.53 12.84 12.90 12.46 

VIII ы.р.111 134 130- 99 164 

m5)<h-w- njà-gl oc 131 

рК^Ю.84 11.67 11.42 10,07 9.82 

IX M.p.132 161- 154 163- 178-

°c 162 164 179 

pK *11.57 12.11 11.45 11.48 10.97 

XI M.p.132 148 196 192- 192 205 

r.-@"cm=cjh-cm=h-@-oh °c 193 

pK *12.45 13.29 12.78 12.01 11.60 

'11.35 

XIII M.p. 79- 129 124 128 143-

=CH 4JH=ti-!§-CH3 °c 80 144 

pKa*12.0l 12.88 12.37 11.06 

10.82 

XV M.p.91- 101 135 /103 173 

К.^О><НКН-СН=Н-§^<00СгН5 oc g2 174 

pKat10.44 11.24 10.00 9.62 9.33 
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Table 1 (continued) 

171 M.p.237- 233- 247- 265 238- 191- 209-

oq 258 254 248 239 192 210 
cioA-

pKa 7.56 8.98 8.16 6.94 7.04 6.18 5.70 

Г7И M.p.242- 251- 242 264- 228- 239-

(^ycH=Ç><-CHrМ-@)-Н((Яь)ъ oc 245 252 265 229 240 

a°* pKat 9.38 10.46 9.88 9.07 8.39 8.17 

17 reaction series of compounds of the type A were included 

into the analysis, their designations are shown in 

Table 2. 

Table 2. The Correlation Parameters of Equation (2) 

for the Reaction Series A 

Series 

No, 

R« а 

Ci» M 

m 
Г VT И S S ̂ 0 

1 2 3 4 5 6 7 8 9 

I H 0 9 2.556 0.640 0.992 0. 17 0.152 

II H 1 6 1.321 1.343 0.994 0. 11 0.328 

III H 2 5 0.700 0.727 0.997 0. 04 0.065 

IV 0СН5 0 9 2.564 0.670 0.997 0. 08 0.088 

V осн5 1 6 1.566 0.856 0.996 0. 14 0.266 

VI ОСЕ5 2 5 0.671 1.054 0.998 0. 03 0.055 

VII 01 0 5 2.477 0.683 0.999 0. 06 0.098 
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Table 2 (continued) 

1 2 3 4 5 6 7 8 9 

VIII CI 1 5 1.393 0.631 0,993 0.13 0,158 

IX CI 2 5 0,765 0,880 1.000 0.01 0.010 

X OH 0 4 2.611 0.596 0.999 0.03 0.064 

XI OH 1 6 1.309 0.827 0.993 0.14 0.140 

XII CH5 0. 5 2.537 0.875 •0.996 0.23 0.191 

XIII CH, 1 5 1.450 0.734 0.999 0,05 0.061 

XIV COOC2H5 0 10 2.260 0.890 0.996 0,09 0.085 

XV COOC2H5 1 5 1.270 0.828 0.990 0.15 0.207 

XVI * N (CH3)3 0 9 2,143 1.005 0.993 0.28 0.211 

XVII N (CH3)3 1 7 1,538 0.915 0.997 0.11 0.101 

x) m ie the number of compounds in the reaction series 

R is the correlation coefficient, 

s is the standard deviation 

& is the mean square error 

Vt le the parameter of Eq.(2) 

DISCUSSION OP RESULTS 

All discussed series I-XVII have a varied substituent 

R in an aldehyde nucleus and their properties can be com

pared in groups with the same R' (e.g. I—III, IV—VI, X—XI 

etc,) and in the view of substituents R' effects, the lalter 

may vary quite widely$ from the electron donors (CH^, OCH^) , 

to electron acceptors (N (CH^)^, COOCgH^;, 
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We have already discussed the dependence of basic pro

perties of azomethines upon increase of conductive effect 

of the bridge over the -CH=CH- group for the reaction series 

I-II and IV-V.k it should be noted that in all series with 

the same R' the basicities of the respective azomethines 

increase upon introducing one or (to the greater extent) 

two vinylenic groups. 

The ionization constants of conjugated acids of azome

thines in each reaction series I-XVII correlate best of all 

with the constants corresponding to a considerable effect 

of the direct polar conjugation of electron donors R with 

the immonium group in В when using the multiparameter equa

tions (2-5).This demonstrates the same type of substituents R 

effect on the free energy change in reaction ( I) indenpendent 

of the number of vinylenic units between R and the re

action center. In the molecules A with the same -R' an inc

rease of n leads to a decrease of all reaction constants 

which could be explained by removal of the reaction center 

from the substituents (Tables 2,3) 

log K/K° = ) (2) 

With an increasing number of -CH=CH- units the г value in 

Yukawa-Tsuno equation (2) somewhat increases for the series 

with electron donors R* (OH, OCH^) and remains comparable 

or decreases for the neutral or acceptor constant substi

tuents. 

A comparison of the inductive and mesomeric and ^J 

reaction constants (Table 3) obtained by the two-parametric 
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Table 3 • The Correlation Parameters of 

Equations (3) and (4) 

Series 

No. ?C Я S S?, Ч 

I 2.609 1.925 0.991 0.14 0.163 0.086 

II 1.566 1.576 0.993 0.13 0.371 0.122 

III 0.730 0.578 0.998 о.оз 0.046 0.024 

IV 2.669 1.989 0.999 0.07 0.067 0.035 

V 1.798 1.367 0.997 0.09 0.222 0.073 

VI 0.701 0.681 0.998 0.03 Э.056 о.озо 

VII 2.456 2.014 0.999 0.08 0.135 0.070 

VIII 1.437 1.084 0.993 0.13 0.171 0.118 

II 0.758 0.714 0.999 0.01 0.019 0.010 

I 2.585 1.989 0.999 0.09 0.193 0.098 

II 1.390 1.136 0.995 0.12 0.132 0.093 

XII 2.807 2.264 0.997 0.26 0.285 0.149 

XIII 1.477 1.221 0.999 0.05 0.064 0.044 

XIV 2.426 1.907 0.996 0.09 0.123 0.086 

XV 1.394 1.096 0.993 0.13 0.206 0.116 

XVI 2.333 2.075 0.994 0.27 0.218 0.117 

XVII 1.615 1.418 0.998 0.09 0.093 0.065 
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Table 3 (continued) 

h б so 
yi.x 

Seri 

u-° 

3.084 2.224 0.984 0.20 0.411 0.201 i 

1.526 1.483 0,994 0.11 0.230 0.125 5 

0.755 0.666 0.984 0.09 0.179 b.098 ж 

3.133 2.254 0.984 0.20 0.404 0.198 \5 

1.834 1.367 0,989 0.15 0.320 0.174 ч 

0.700 0.791 0.982 0.10 0.212 0.115 nj 

2.417 2.397 0.999 0,08 0.196 0.106 nû 

1*464 1.332 0,992 0.13 0.280 0.173 Щ 

0.767 0.836 0.993 0.07 0.135 0.074 n 

correlation (3) enables to conclude that they both decrease 

over approximately the same value with increasing number 

of polyenic unite , the value ^ always being greater 
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than yl for any R*. 

log КД° = Çt+&t (3) 

The nature of results does not change even with the 

use of Swain and Lapton equation (4) for the series of 

correlating 

log EA° - (4), 

where F.f and R.r are specifying the inductive and resonance 

effects of substituents, respectively, y are their res

pective reaction constants. 

Here, however,the resonance effects dominate negligibly 

over the inductive ones in the series VI and IX. 

Thus the analysis using multiparameter equations (3) 

and (4) also manifests some predominance of the inductive 

over mesomeric effects in spite of the greater number of 

-CH=CH- units separating the substituent from the reaction 

center. 

Such weak fading of I-effect leads to an idea of a consi

derable role of the 9T-electronic Orbitals in transmittance 

of substituents inductive effect over the system of conju

gated bonds by- 6 -interaction mechanism which agrees with 

similar opinion of the authors®. 

As a check of additivity principle and independence of 

of the electronic effects transmittance in series A in reac

tion (1) we carried out the correlation using multiparameter 

equation (5) with as a measure of nonadditive interac

tions: 

log K/K° = ̂  * ̂ C+ + (5) 
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Teble 4. Correlation Ъу Equation (5) 

Series 

No. ь ?<•' к S % 8?« 

Ill 0.729 0.640 -0.212 0.999 0.02 0.045 0.063 0.200 0.02 

VI 0.698 0.784 -0.354 0.999 0.02 0.040 0.056 0.177 0.02 

VII 2.445 1.684 1И56 1.000 0.01 0.036 0.056 0.184 0.02 

VIII 1.417 1.594 1.813 0.996 0.08 0.163 0.457 1.576 0.09 

II 0.759 0.672 0.144 1.000 0.00 0.001 0.001 0.005 0.00 

II 1.355 1.368 0.791 0.996 0.09 0.138 0.264 0.839 0.07 

IVII 1.579 1.626 0.725 0.998 0.06 0.089 0.165 0.525 0.04 

Ab it can be seen from Table 4 for the most typical reac

tion series the ^-values are almost always slightly lower 

than Pj and and it is quite often that the mean square 

errors are great and comparable to c 's.Thus the additi-

vity principle and an independent transmittance of I- and 

C-effects of R-substituents in the reaction series I-XVII are 

both valid. 

Earlier we have estimated a contribution of each substi

tuent in reaction series A (n=0, 1) into the free energy 

change in protonation (1) via the inductive, mesomeric mecha

nisms and through the direct polar conjugation-^. 

Table 5 shows similar data on the series III, VI and 

II with two -CH=CH- groups. Here again the pattern of ener

gy components is retained. E.g. the electron donor substitu

ents (OCH^) exhibited strong mesomeric action and the direct 
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Table 5» The Inductive (I) and Mesomeric (M) Free Energy 

Components and the Direct Polar Conjugation (C) 

Component, kcal/mol 

Reaction 
series 

Effect е р-ОСН^ р-С1 р-Вг р-но2 

iii i 0 -0.249 -0.469 -0.448 -0.627 

m 0 0.401 0.210 0.200 -0.070 

С 0 0.490 0.081 -0.011 -0.039 

i 0 -0.239 -0.449 -0.430 -0.603 

vi m 0 0.385 0.202 0.193 -0.065 

g о 0.590 0.124 о.озз -0.055 

i 0 -0.258 -0.486 -0.465 -0.651 

ix M 0 0.425 0.204 0.194 -0.111 

с 0 0.570 0.159 0.108 -0.057 

polar conjugation effect, the p-Cl and p-tir substituents 

act generally via inductive and M-effects , the electron 

acceptor P-NO2 interacts with the reaction center almost 

entirely through an inductive component. 

Table 6 shows the bridge effects of electronic transmit-

tence ( 3fvv ) and ( 1Î1F ) of the groups -CH=CH-

«jï- , 
Ь 

where (^0 is the reaction constant of the series with the num

ber of -CH=CH- groups n = 0, 1 , 
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yh is the reaction constant of the series with the num

ber of -CH=CH- groups n = 1, 2. 

Table 6. The Values of Bridge Effects of One and Two 

( and ) —CH=CH— Groups 

Series 

No. 4 
if Tï1 n IV 'IF Чг-  ̂̂  T\̂  7\ft-v 

IF IF IF 
T\K x  

Zf 

II 0.55 0.60 0.82 I Э.49 0.67 

III 0.53 0.27 0.47 0.28 0.37 0.30 0.50 0.24 0.45 0.30 

V 0.61 0.67 0.69 0.59 0.61 

VI 0.43 0.26 0.39 0.26 0.50 0.34 0.38 0.22 0.58 0.35 

VIII 0.56 0.58 0.54 0.60 0.56 

IX 0.55 0.31 0.53 0.31 0.66 0.35 0.53 0.32 0.63 0.35 

XI 0.50 0.54 0.57 

XIII 0.57 0.53 0.54 

XV 0.56 0.57 0.57 

XVII 0.72 0.70 0.68 

x) The superscript к correspond to j9-type in the cor

relation equations (2-4). 

The analysis of bridge effects leads to the following 

conclusions. 

Independently of Ç1 s taken for calculation the values 

of all ST  are usually within the limits 0.5-0.7.These 

values agree with obtained estimations of the -CH=CH-

group conductivities in the polyenic carbonylic com

pounds. ̂ 
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The reaction series III and 17 with R« = H and ОС H^ re

vealed a decrease of transmission properties of the second 

group -CH=CH- via inductive ( )II;[< ( 9Î ,F )и, 

( 51 ̂  )yj ( 'ОТ ("p )v and mesomeric mechanisms ( ) III 

 ̂̂  "̂vf )ц» ( ä<tf vi 

At the same time for the series 7III—IX with R'=C1 a so

mewhat lowered inductive conductivity of the second vinyle

nic bridge in series IX is levelled Ъу the gain in conduc

tivity through 5C-bonds with respect to the 7III series. 

The same is evident from a comparison of and 91 ̂ г 

in these reaction series* 

The electronic effects transmittance via the two viny

lenic groups are also in good agreement • They usually range 

from 0.25 to 0.35 which agree with those obtained by 

Yanovskaya 9 and co-workers. 

Generally the electronic effects in azomethines A (B) 

are equally transmitted via one and two vinylenic bridges 

respectively independently of the R electronic effect and the 

nature of R*. 
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Anions 
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The kinetic data, obtained for alkaline fading of 

oxitriphenylmethane dyes, permit interpretation on 

the basis of the simple electrostatic theory of 

Br6nsted,Christiansen and Scatchard. 

The question of charge-type influence on the kinetic 

parameters of ionic reactions is one of the most impor

tant aspects of the problem, concerning applicability of 

the simple electrostatic model for quantitative interpre

tation of such processes. 

We have studied kinetics of alkaline fading of a num

ber of oxitriphenylmethane dyes namely: Bromphenol Blue 

(BPB); з',3" -Dimethoxybenzaurine (DMBA) and its 4-nitro-
derivative (NDMBA) in a binary water-acetone solvent sys

tem. The results of the spectrophotometry study are gi

ven in Table 1. 

As it should be expected for a reaction of likely 
1-3 

charged ions, the decrease of the dielectric constant 

causes the decrease of the rate constant, which is the re

sult of electrostatic repelling of the reagents, the rate 

constant dependence on 1/5 being expressed by a 

straight line (Fig.). 
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Table 1 

bïmolecular rate constants and activation parameters 
for interaction op qxytriphenyi.methane dyes with hydroxide ION IN aqueous acetone 

Dye <s 
Rate constants, 1/mol. sec. - (-as*: 

f 
20° со

 
о
 

о
 

35° 40° kcal, 
mol 

e.u. 

h2o 2,52.I0~5 5.62.10-5 8.51. 0-5 1.21.10-4 13.2 35 

BPB 
75 1.13Л0-5 4.07.10-5 7.94. 0-5 - 23.2 -2 

BPB 

70 4.52.10-6 1.62.10-5 3.44. О"5 7.05.10-5 24.0 -I 

65 I.75.I0" 6  7.11.10-6 I.4I. 0-5 2.64.10-5 24.4 -2 
60 5.05.I0- 7  2.22.10-6 4.57. 0-6 8.75.10-6 25.5 -I 

H 20 8ЛЛ0" а  1.19.10™* 1.53. 
XI 1 о
 1.98.10-2 6.0 47 

75 2.83.10-3 7.69 Л О" 3  1.33. о
 1 ГО
 

- 17.5 10 
DMBA 70 I.18ЛО" 3  3.55ЛО' 3  5.83. О"3 9.26.10-3 18.3 10 

65 3.44.Ю" 4  1.04ЛО" 3  1.74. 0-3 2.94.10-3 19.0 10 
60 7.86.I0- 5  2.42.10"^ 4.21. 0-4 7.52.I0" 4  20.0 9 

H 20 1.85.10-2 2.36.10-2 2.65. О - 2  3.08.10-2 3.9 53 

MDMBA 
75 
70 

8.24ЛО" 3  

4.67.10-3 
1.58.10-2 

9.63.I0" 3  

2.24. 

1.37. 

0-2 
0-2 2.07.10-2 

И.4 

12.4 

29 

25 
65 2.05.10-3 4.75.10-3 7.24. о-3 1.07.10-2 14.0 22 
60 9.66ЛО - 4  2.25.10-3 3.58. о-з 5.12. Ю - 3  14.8 22 



N D M B A  

IM /5 * 16 ЮС/z 
Thus, solvent effect on the rate constant of the reac

tions studied is found to be described by the BrBnsted-

Christiansen-Scatchard equation, which in case of li

kely charged ions at infinite dilution takes the follow

ing forms .1-3 

5«. о 
f =<*> 2.303RTr 

Fig. Dielectric cons

tant influence on the 

molarization rate con

stants of oxytriphe-

nylmethane dyes in 

water-acetone mixtures 

at 40°C. 

The fact that the rate constants, obtained in pure 

water, reveal no deviation from the straight-line depen

dence, allows us to conclude that any specific effect of 

the organic component of the mixed solvent is absent. 

Such a result is in full agreement with the concept of the 

high degree of the carbonium charge derealization due to 

the direct polar interaction of the negatively charged 

groups with the reaction cite. 

The small values of activated complex radii, found 

for the reactions studied, probably, may be interpreted 

as the restilt of the decreased solvation of the reaction 

cite relative to that in aminotriphenylmethane and anti-
4-6 pyrine series. 
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The pattern, of solvent effect on the activation pa

rameters also agrees with predictions of the Electrostatic 

Theory. In accordance with the theory, isodielectric enth

alpies of the process under consideration are found to be 

increased as soon as the dielectric constant becomes lower. 

This reflects the increase of electrostatic repelling of 

the reagents, carrying charges of the same sign, depen

dence of these parameters on the reciprocal dielectric 

constant being that expressed by the straight line. 

Introduction of electron-withdrawing substituents 

should be noted to decrease the height of the energy barri

er of the process studied, this being the result of positi

ve charge localization on the carbonium centre (see Table 1). 

As it should be expected for a reaction of such a type, 

isodielectric enthalpies exceed those, found under isocom

position conditions, differences of the named parameters 

being close to their theoretical values.calculated by means 
1 7 

of the Warner equation (Table 2). ' 

Table 2. 
Comparison of Isodielectric and Isocomposition Activa

tion Enthalpies for the Oxytriphenylmethane Dyes Mola

rization Kinetics in Water-acetone Solvent System 

£ 
Wt.% ace

tone in 

water-

organic 

( ДН * % - CH ')c, 
kcal 
mol 

£ 
Wt.% ace

tone in 

water-

organic 

BPB DMBA NDMBA 
£ 

Wt.% ace

tone in 

water-

organic theor. exptl, theor. exptl, theor. exptl. 

75 0.0 10.2 10.0 12.2 II.5 6.8 7.5 

75 9.6 10.2 10.1 12.2 II.9 6.8 7.4 

70 18.0 10.9 II.I 13.1 12.6 7.3 7.9 

65 26.0 II.8 12.5 14.1 14.0 7.8 8.2 

60 34.0 12.8 13.1 15.3 15.4 8.5 8.4 
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In accordance with Electrostatic Theory, large va
lues of isocomposition activation entropies are the result 

of ordering of the system through the increased solvation 

of the activated complex, formed by ions of the same char

ge. 

Thus, mixed solvent influence on molarization kine

tics of oxytri phenyImet hane dyes can be described by the 

equations of The Electrostatic Theory, considering solvent 

as if it were structurless isotropic medium. 

E x p e r i m e n t  a  1  

Bromphenol Blue - a commercial indicator (Kalbaum) has 

been used. 

З'.З" -Dlmethoxrbenzaurine, aa well as its 4-nitro-deri-
vative, has been prepared and separated as chloride in ac

cordance with published data.I(^ 

Preparation of the solutions of the reagents as well 

as the method of following the kinetics have been described 

earlier. 
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The kinetic results, obtained by spectropho-

tometric investigation of oxitriphenylmetha

ne dyes alkaline fading in water-acetone mix

tures, may be quantitavely interpreted on the 

bases of the electrostatic and linear free 

energy relationships. 

In proceeding of the study of the problem, connec

ted with the nature of structure and medium effects on 

conjugated carbonium ions reactivity, we investigated mo

larization kinetics of a number of з',з" -Dimethoxibenzau-

rine derivatives, substituted in 3- or 4-position, in 

water-acetone solvent system at 20°G: 

Ô X 

X: p-Cüj, m-CHj, H, p-Br, m-Gl, m-N02, p-N02. 

The results obtained are presented in Table 1, in 
I 2 

which normalized rate constants ' at infinite dilution 

0 

H x C0 

0 

оси, 
+ 0И 

Çf 
X 

о н  
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Table 1 

BIMOLECULAR RATE CONSTANTS FOR THE REACTION BETWEEN 
OXITRIPHENYLMETHANE DYES AND HYDROXIDE ION IN WATER-
ACETONE SOLVENT SYSTEM AT 20° C. 

4. wt.% ace-
tone 

0.0 9»6 18.0 26 »0 

p - C H 3  
6.65.I0'3 1.93.IO"3 7.24.I0"4 2.06.IO"4 

7 n -  C H i  
6.67.IO"3 2.22.IO"3 8.39.IO"4 2.57.I0"4 

H  8.I.I0"3 2.83.I0"3 I.I8.I0"3 3.44.I0"4 

p -  B r  I.II.IO'2 3.66.Ю™3 I.67.I0' 3  5.93.I0" 4  

m - C I  I.26.10" 2  5.07.I0" 3  2.37.Ю" 3  8.23.I0" 4  

m  ~ N 0 Z  

I.75.I0" 2  6.88Л0" 3  3.48.I0' 3  I.5I.I0" 3  

p - N O z  
I.85.I0" 2  6.24.IO - 3  4.67.I0" 3  2.05.IO' 3  



are represented. 

As it follows from the Table I, mixed solvent effect 

on the kinetics of the process studied is in all cases in 
complete agreement with the Electrostatic Theory prediction 
for a reaction between ions of the same charge. For all 
of the dyes studied dielectric constant effect on the rate 
constant can be described by means of the Br6nsted-Chrt-
stiansen-Scatchard equation, which for such a reaction at 
infinite dilution takes the following form:^-^ 

lg к = lg к j 
2.303ETr *£ 

The correlation analysis of the results obtained allows 
us to conclude the substituent effect on the rate constant 
is described by the Hammett equation,the low value of the 
reaction constant being the result of a high degree of the 
charge delocalizatsion on the central carbon atom.^'6 

As it may be stated from the data of Table 2, the 

reaction constant is increased at low dielectric constants, 

being a linear function of the reciprocal values of this 
parameter. Such a result is in complete agreement with the 
theoretical concept and reflects increased interaction be-

4 tween the substituent and the reaction cite. 
Thus, structure and medium effects on the kinetics of 

the reaction studied are found to be adequately described 
by means of the electrostatic and linear free energy rela
tionships. 
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The kinetical data connected with reactions of HCl 

with methanol and ethanol, and respective сonductometric 

data reported previously and those obtained in present 

work are discussed. Using the new model of electrolyte 

solutions suggested by Palm and Karelson proceeding 

from the data for aqueous solutions an attempt is made 

to specify the nature of the solutions of HCl in alcohol 

and the mechanism of the reaction occurring between HCl 

and alcohol. It is prpved that the conductometric data 

for solutions of HCl in methanol or ethanol over a wide 

range of concentrations and temperature are quantitati

vely described by equations established for electrolytes 

in aqueous solutions. From conductometric data it can 

be concluded that two different states of ion pairs 

are present - the conducting and nonconducting ones.The 

kinetical data are consistent with the conductometric 

ones. The observed reaction rate results from two path

ways via conducting and nonconducting ion pairs, respec

tively. For solutions of HCl in methanol the noncon

ducting ion pairs react 5 times faster as compared with 

the conducting ones. This figure sharply decreases for 

the ethanol solutions of HCl being equal to 1.5» 
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In our recent report^ it was once more confirmed that in 
the region of the HOI concentrations low enough it could be 
observed a linearity between the first-order rate constants 
(k) for the reactions of HCl with saturated aliphatic alco
hols, and the equivalent conductivities JV of respective so

lutions. This dependence was interpreted as a proof of the 

proportionality between the reaction rate and the concentra

tion of ion pairs ROH^*C1 .Nevertheless,at higher concentra

tions of HCl the deviations from the linearity between к 

and .Л, were observed. For methanol the value of к even ex
ceeds the кф-value obtained by the extrapolation of this 

linearity to ~7v = o. 

This study was performed to obtain additional data for 

more concentrated solutions of HCl in ethanol and to attempt 

to interpret the deviations from the linearity between к 

and Л . 

Experimental 

Methods of the purification of alcohols and the prepara

tion of solutions of HCl were described in preceding pa

pers .2'^ For the conductometric procedure see Ref.l. The 

effective rate constants к for high concentrations of HCl 
3 

were determined using titrimetric method .v 

The respective experimental data for methanol are listed 

in Tables 1 and 2 and for ethanol in Tables 3 and 4-. The 

data obtainea in this study are denoted by asterisk.All 

other data are taken from our precedir«» oaper . 
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Table 1 

Equivalent Conductivities A (cm2. Ç? "^•g-equiv"'1) 
for Solutions of HCl in Absolute Methanol 

[HCl] 

(mol/lJXLO3 
Л 25° >

 
CD
 
О
 [HCl] 

(mol/l)xl05 

Л. 25° >>
 

00
 

о
 

2,000 54.3х 68.4 108 119.3 164. 2 

1,560 - 86* 3 54 132.5 183.9 

1,100 73.5х - 27 143.6 211.4 

849 - 101.0 13.5 154.4 225.2 

750 - 104.0 6.7 164. 8 247.2 

493 82.3 113.5 3.3 171.4 265.9 

214 - 145.8 1,6 181.1 279.5 

Table 2 

Effective Rate Constants к (sec"^") for the 

Reaction of HCl with Absolute Methanol at 80°C 

[HCl] 

(mol/l)xl05 
k*105 [HCl] 

(mol/l)xl05 
k*io5 [HCl] 

(mol/l)»105 kAio5 

3,660 34.3 754 16.2 4.2 1.67 

2,900 34.5 712 16,2 3.6 1- 53 

2,750 33.7 447 15.3 2.7 1.29 

1,960 28.0 345 13.3 1.9 0.91 

1,400 23.1 144 10.8 1.3 0.66 

1,280 23.3 99 9.50 0.9 0.43 

1,070 21.3 55 7. 85 

920 18. 5 21.6 4.76 

33 
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Table 3 

Equivalent Conductivities .Tl (cm2*Çc ^.g-equiv ) 
for Solutions of HCl in Absolute Ethanol 

[HC 5 
(mol/l)*105 

Л25» У
 

CD
 
О
 [HCl] 

(mol/1)*10^ 
А 25° о

 
со 

<
<
 

1,500 12.4х 26.0х 53 37.5 48.6 

1,360 13.6х 25.9Х 26.5 43.7 59.2 

880 17.3х 32.0х I3.3 52.2 74.7 

640 17.7х 32.2х 6.63 59.9 91.8 

501 - 31.5 3.31 65.9 107.5 

342 20.8х 34.2х 1.66 69.1 126.4 

220 27.3Х 35.7х 0.83 71.6 149.5 

212 - 33.6 0.41 74.5 164.2 

135 31.2х 38.5 0.21 76.4 191.3 

106 32.2 35.9 

Table 4 

Effective Rate Constants к (sec-1), for the 

Reaction of HCl with Absolute Ethanol at 100°C 

[HCl] (mol/j)xi05 kxio4 [HCl] (mol/])xi05 kXLO4 

2,320 2.1х 1З.З 1.3 

1,500 2.0х 6.63 1.2 

1,360 1.9х 3.31 1.0 

954 1.8х 1.66 0.81 

524 1.7 0.83 0.72 

106 1.6 0.41 0.51 

53 1.5 0.21 0.38 

26.5 1.4 
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Discussion 

As it is obvious from Fig. 1 in the case of ethanol there 
can also be detected deviations from the linearity between 
к and J\y at higher concentrations of HCl. Although these 

deviations are less in magnitude as compared with those 

observed for methanol. This observed relationship between 

к and Jl cannot be explained proceeding from generally ac

cepted conceptions on the nature of the electrolytes solu

tions. 

к 10 

100 150 

Fig. 1. Plot of к vs. Л, for the solutions of HCl in 

ethanol at 100°C. 

On the other hand, recently it has been suggested a new 

model for solutions of strong electrolytes Л According to 

that model in any case the formation of ion pairs plays an 

important role and the simpliest modification ofOstwald dilu

tion law (activity coefficients and mobilities of ions do 

not depend on their total concentration) can be, in prin

ciple, applied. The ion pairs (associates) are considered 

to be present in two different states, one of them being 

and another not being able to conduct electrical current. 
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The relative concentrations of these two states are deter
mined by a simple probability law 4 and the Celeda*s rela

tionship ^ is obeyed! 

JY = 7V0 X e""2,5V"c or lg Tv = lg A0 - V".c (1) 

where •A. is the equivalent conductivity of the solution of 
electrolyte, с denotes the concentrations of electrolyte 

(in g-equiv/l), J\_0 amd V" are constants characteristic for 

given electrolyte at definite temperature. 

The positive deviations from the Celeda relationship 

observed in the region of low electrolyte concentrations 

could be quantitatively interpreted as a consequence of the 

dLissotiation of ion pairs in accordance with the Ostwald 

dilution law: 

к = лц (2) 
1-dL 

if the degree of dissotiation was equalized to the 

a 7v 
ratio c*. = ——r 

д ar» 
where AA= J4. -

and AX<v = Aoj - JV ^ 

By J7V ex, the limiting equivalent conductivity is deno

ted. Jv ̂  is the value of Jv extrapolated to the given 

concentration of electrolyte using the Celeda relatiosMp 

defined for the region of more concentrated solutions •* 
The applicability of Eqs. (2) and (3) for a given set of 

experimental data can be prooved using the criterion of the 
linear dependence of A 7\. 2C on Д TV. : 

-A JV 2c = К A Ac! - К л Лл, ДХ (6) 

* In diluted solutions the J\. £ values are close to 7\.0 

and A AЛ-л, - А о = const 

(3) 

(4) 

(5) 
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Such a linearity is observed for a number of aqueous 
solutions of strong electrolytes.4 

If this model for the solutions of'strong electrolytes 
is relevant for solutions of HCl in alcohol it should be 
reflected in the applicability of equations (1) and (6). 

As one can see from Figs. 2 and 3, Eq. (1) is hold for 
solutions of HCl both in methanol and ethanol in. the range 
of concentrations of HCl exceeding 0.2 M. Respective values 
of TV 0 are listed in Table 5. For more diluted solutions 
the positive deviations A.7V from straight lines defined 
by Eq. (1) are observed (see Fig. 4). 

The A A, values so obtained satisfy Eq. (6) (see Table 6X 
This means that the deviations considered can be quan
titatively interpreted as a consequence of the dissociation 

of ion pairs. 

Table 5 

The Values of J7\, Estimated by Linear Extrapolation by 

Least Squares Treatment from Eq. (1) (r is correlation 

coefficient, s% = SD x 100/A Amax, where SD = standard 

deviation, A Amax = range of variable parameter A, in that 

case A = lg JL , n is the number of experimental points) 

Rea
gents Temp. °C 

[HCl] M TV о Vй г n 8% 

HCl 
CH,0H 
3 

25 

80 

0.5-2.0 

0.5-2.0 

97.0-3.9 

134.0*1.3 

-0.12-0.02 

-0.15-0.01 

0.991 

0.999 

3 

5 

9.6 

1.8 

HCl 
C2H50H 

25 

100 

0.3-1.5 

0.2-1.5 

24.0-0.8 

36.9-1.5 

-0.19*0.02 

-0.10*0.Ol 

0.989 

0.949 

5 

8 

7.0 

16.5 
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100°C 

25°C 

l H C I I N  

0.5 

Fig. 2. Plot of lg A vs. СнсД for the solutions of HCl 

in methanol at 25 and 80°C according to the 

Celeda relationship 

Fig. 3. Plot of lg vs. [HCl] for the solutions of HCl 

in ethanol at 25 and 100°C according to the Celeda 

relationship 

80°C -I 

25°C 

[HCIJN 
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• Table 6 

The Values of С. 71 rJ and К Calculated Using Eq. (6) for the solutions 

of HCl in Methanol and Ethanol 

Reagents Temp. 
°C [HOI] , M Д ru к r L e% 

HCl 

CH^OH 

25 

80 

SxlO""4-^ ЛхЮ"2 

1.6x10" ̂-2.7xl0"2; 

90.2*0.4 

163.8-5.7 

(1.49*0.04)xl0"2 

(1.06*0.03)xl0"2 

0.997 

0.982 

7 

5 

3.2 

8.5 

HCl 

с2н5он 

25 

100 

г.ЬсЮ^-б.бхЮ"5 j 52.9-0.5 

4.1xl0~^-6.6xl0~5f 167.2*6.0 
i 

(9.21^0.58)xl0™5 

(1.05*0.04 )xlO~5 

0.989 
1 

0.992j 

6 

5 ' 

6.3 

5.7 



60 

30 

л я 

Pig. 4. Relationship in the coordinates of Eq. (1) for the 

solutions of HCl in methanol at 25°C 

From K-values listed in Table 6 the following enthalpy 

(AH) and entropy (As) changes for the ion pair dissoci

ation could be calculated: 

Alcohol A H As 
kcal/mol e.u. 

methanol -1.23 -12.5 

ethanol -6.24 -30.6 

The values of ion pair dissociation constants К calcu

lated in this work are in principle noneomparable with values 

calculated proceeding from assumption that the degree of 

dissotiation simply equals the ratio 3V. (all ion pairs 

are unable to conduct the electrical current) and using the 

ions activity coefficients calculated according to the Debye-

-Huckel theory. The respective numbers (at 25°C)available 

in literature for methanol ^»7 are quite different as com
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pared with values listed in Table 6» Although for ethanol 
the values from literature are close to those in Table 6 
this coincidence shall be considered as fortuitous. 

The results obtained make it possible to conclude that 
the new model for electrolyte solutions is applicable to 
the solutions of HCl in methanol or ethanol over a wide 
range of concentrations and temperature. 

This conclusion can be additionally prooved using the 
kinetical data obtained in this work. If the ion pairs are 
really able to exist in two states detectable conductometri-
cally and the reaction rate is limited by the decomposition 
of ion pairs it is quite logical to suppose that different 
states of ion pairs are reacting at different rates. If 
this is true the following dependence must be valid: 

k/(l- A. ) = knc + (kc * V dU- (7) 

where by к the effective value of rate constant is denoted, 
к and k__ are the rate constants for conducting and non-

conducting states of ion pairs, cL = 

(see Eq. (3) ) and 

The results of the least-squares treatment of respec

tive data according to Eq. (7) are represented in Table 7 

and in Fig. 5« One can conclude that the linear dependence 
between k/(l- cL ) and dL £ is held both for methanol and 
ethanol. In the first case Eq. (7) can be tested in range 
of HCl concentrations from 0.03 to 2 M involving a 5-fold 
change in the к-value. For ethanol the concentration range 
is somewhat reduced (from 0.05 to 1.5 M) and к is changed 

only by a factor of 1.3»In these relations the considerable 

decrease in the difference between kc and knc values is 

reflected when ethanol (knçAca; 1.5) is considered instead of 

methanol (kncAc^ 5). To put in other words the sharp level
ling of the rate constants for conducting and nonconducting 

ion pairs is observed when ethanol is substituted for methanol. 

34 
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Table 7 

Rate Constants к and к Calculated from Eq.(7) 
С ПС 

and kQ as Established Earlier for Reactions of 

HCl with Methanol or Ethanol 

ROH к xlO4 

nc vx°4 г к xlO4 0 
CH^OH 

80°C 
5.07*0.13 1.16*0.02 0.995 3.7 2.47*0.06 

с2н5он 

100°C 
2.65*0.11 1.70*0.02 0.951 3.0 1.87*0.02 

30 3,0 

CH3OH 

Fig. 5. Relationship in the coordinates of Eq. (7) for 

the reactions of HCl with methanol at 80°C and 

with ethanol at 100°C 
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Newertheless in both cases the nonconducting state is of 
greater reactivity. 

The к0-values extrapolated using the data for diluted 

solutions (see Ref. 1 and Table 7) are a sort of effective 

value intermediates between к and к . 
С ПС 

The same is true for activation energies calculated for 

different concentrations of HCl (see Table 8 and Ref. 11). 

As not only the ratio kQcAc but also the degree of disso

ciation of ion pairs can be considerably dependent on tem

perature the deviations from Arrhenius equation are possible, 
too. 

Previously we have drawn a conclusion12 that the bimola-

cular interionic reaction and the unimolecular decomposi

tion of ion pairs are kinetically indistinguishable. In the 

paper referred to it was stated that the rates of both reac

tions are in all cases exactly equal to each other. 

Table 8 

Activation Energy for Reactions of HCl with Methanol or 

Ethanol at Various Concentrations of HCl with Accuracy 

of * 0.5 kcal/mol 

Reagents Temp. 
°C [HCI] M к E(kcal/mol) 

HCl 40-100 0.099 26.510 

CH,0H 70-90 1.3 23.I10 

У 
70 3.6х 1.5Х10"4 21.6 

80 " 3 AxlO™4 

90 " 1.3xKf5 

HCl 65-95 о.оз 31.O11 

C2H50H » 0.09 28.811 

100-130 0.5 
1.98X10™4 

27 A5 

100 1.5* 1.98X10™4 26.8 

110 м 5.47X10"4 

120 " 12. Ox Ю-4 
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For the present this viewpoint seems not to be any more 
justified. It would be possible to speak about only the 
indistinguishability of these reaction pathways. But one 
has to take into consideration that in the reaction two 
different kinds of ion pair are taking part and that the 
concentration ratio for those different ion pairs is deter
mined by the probability law. Therefore the analysis as it 

has been based on the mass action law only, is not consis

tent with the reaction mechanism modified in this work and 

our earlier conclusion turns out to be not necessarily 

categorical. 

The reactions mechanism between HCl and some other 

alcohols will be considered in a separate publication. 
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