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The influence of ionization power of solvent (water—ethanol mixture) on 
solvolysis of the о complexes of trivalent thallium with olefins was investigated. 
It has been ascertained that the rate of solvolysis decreases with increasing 
concentration of ethanol. The two-parameter Grunwald—Winstein equation 
was applied to the study of reaction mechanism. The low values of the 
parameter m in the solvolysis of allyl alcohol and 2,4,4-trimethyl-l-pentene 
suggest the SN2 mechanism for RCH = CH2 and R1R2C = CH2 alkenes. On the 
other hand, the relatively high value of m in the solvolysis of 
2,4,4-trimethyl-2-pentene allows to assume the SN1 mechanism for the sol­
volysis of internal branched alkenes. 

Было исследовано влияние ионной силы растворителя вода—этанол 
на сольволиз а-комплексов таллия(Ш) с олефинами. Было найдено, что 
при повышении концентрации этанола скорость сольволиза понижается. 
Для определения механизма реакции было использовано уравнение Грун-
вальда—Винштейна с двумя параметрами. Низкие значения параметра m 
при сольволизе аллилового спирта и 2,4,4-триметил-1-пентена свидетель­
ствуют в пользу SN2 механизма сольволиза алкенов типа RCH = CH2 

и R1R2C = CH2. Относительно высокое значение m при сольволизе 
2,4,4-триметил-2-пентена позволяет предполагать SNI механизм сольво­
лиза разветвленных алкенов. 

Recently, considerable attention was paid to the oxidation of alkenes by thallic 
salts [1—3]. The oxidation in aqueous medium gives two products. The first one is 

* Part VIII in the series Extrathennodynamic Free Energy Relationships in the Oxidation of Alkenes 
by Thallic Salts. 

For Part VII see Strašák, M. and Majer, J., /. Org. Chem. 45, 3580 (1980). 
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a vicinal diole in which the structure of the original carbon skeleton is preserved 
and the second one is a carbonyl compound (aldehyde and/or ketone). The 
formation of these products as well as the reaction kinetics can b&demonstrated by 
the following equations 

T13+ + RCH = CH2 + H20 ^ X [RCH(OH)CH2Tir + H+ ( A ) 
a complex 

V 
RCOCH3 

о complex-^/ +ТГ + НГ (B) 
н,о 

? RCH(OH)CH2OH 

The rate-determining step of the whole reaction is the formation of the о complex 
[4—6]. The Tightness of this assumption is confirmed by the fact that the oxythallic 
adduct could be isolated under certain conditions (water-free medium) [7—9]. 
Moreover, a spectral evidence of the formation of the о complex in the oxidation of 
alkenes in aqueous medium was also given [10, 11]. The decomposition of the a 
complex (B) is the product-determining step of reaction [6]. 

While a great number of papers [4—6, 10, 12—17] are concerned with kinetics 
and reaction mechanism of the formation of the a complex (oxythallation), its 
decomposition has been given much less attention. On the basis of mechanistic 
studies, Henry has postulated [6] that for C2—C4 alkenes the solvolysis obeys the 
SN1 mechanism like the hydration of alkenes. Conversely, on the basis of 
investigations concerning the influence of the structure of alkenes [14] and reaction 
medium [18] on selectivity of the oxidation, the author of this paper has assumed 
[3] that for RCH = CH2 alkenes the solvolysis follows the SN2 mechanism while 
a borderline case between the SN1 mechanism and the SN2 mechanism may appear 
with R1R2C = CH2 and internal alkenes. All these conclusions are, however, drawn 
on the basis of indirect evidence. Thus the aim of this study was to submit an 
experimental distinction between the monomolecular and bimolecular solvolytic 
decomposition of oxythallic adduct (a complex). 

Experimental 

Chemicals 

The oxidation solution of thallium(III) sulfate was prepared by electrochemical oxidation 
of thallium(I) sulfate according to the procedure described in [19]. The concentration of the 
Tl3+ ions was determined by titrating the iodine liberated in the reaction between Tl3+ and KI 
with a standard solution of Na2S203 [20]. 
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Allyl alcohol (pure, Lachema, Brno) was redistilled before use. 2,4,4-Trimethyl-l-pen-
tene (244TMP1) and 2,4,4-trimethyl-2-pentene (244TMP2) of 99.5% chromatographic 
purity were obtained by distillation of an oligomeric mixture of isobutylene (ChZJD, 
Bratislava) according to the procedure described in [19]. 

Redistilled water was used for the preparation of all solutions. Other chemicals used were 
anal, grade reagents (Lachema, Brno). Ethanol was of spectral purity (Spolana, Neratovice). 

Kinetics 

The kinetics of solvolysis of the a complexes of Tl3+ with the above alkenes was 
investigated by ultraviolet spectrophotometry [11] at 205 nm by measuring the decrease in 
absorbance due to formation of the ТГ cation (B). The spectral investigation was carried out 
with a spectrophotometer Unicam SP 500 in temperature-controlled 1 cm cells at 25 ± 
0.1°C. The experimental conditions were as follows: [Tl^SO^a] = 2.51 x 10"4 M, [H2S04] = 
0.1 M, [allyl alcohol] = 7.36 x 10"3 M, [244TMP1] = [244TMP2] = 6.41 x 10"3 M. 

The kinetic measurements were evaluated graphically by the method of least squares with 
a calculator Hewlett—Packard HP-97. The program 1 KIN 1 elaborated for calculation of 
the rate constant of the first-order reactions [21] was used. 

Results and discussion 

The influence of solvent on solvolysis of the a complex of Tl3+ with the 
investigated olefins is shown in Table 1. It is evident that a significant decrease in 
the rate of solvolysis appears with decreasing polarity and ionization power of the 
solvent. For allyl alcohol, the reaction rate decreases to one seventh and for 
244TMP1, to one thirtieth. This decrease is especially conspicuous in case of 
244TMP2 (to one hundred thirtieth approximately). This qualitative estimation is 
sufficient to make clear that the transition state of solvolysis of the о complex of 
Tl3+ with internal alkenes is much more sensitive to the ionization power of solvent 
than it is in case of solvolysis of the a complex of Tl3* with RCH = CH2 and 
R*R2C = CH2 alkenes. The increase in the rate of solvolysis of the a complexes of 
Tl3* with ionization power of solvent is in accordance with the suggested mecha­
nism [4—6] which involves heterolytic cleavage of the С—П bond. An increase in 
the ionization power of solvent brings about a decrease in stability of the о complex 
(it is relatively stable in water-free medium) and simultaneously stabilizes the 
transition state of solvolytic reaction. 

One of the factors which most affect the reaction rate is the medium in which the 
reaction takes place. The solvent molecules are effective in chemical reaction as 
a ionization medium electrophile—nucleophile. It is obvious from the reaction 
mechanism of decomposition of the a complex (B) that this effect sets in owing to 
solvolysis. As solvolytic reactions involve nucleophile push and electrophile pull, 
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Influence of ionization power of the solvent on the rate of solvolysis of the о complexes 
of TI3+with olefins at 25°C 

*-104/s" (graph/calc) 
C2H3OH y° — 

Allyl alcohol 244TMP1 244TMP2 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

3.493 
3.10 
2.82 
2.45 
2.08 
1.60 
1.20 
0.57 
0 

-0.82 
-2.03 

7.98/6.47 ±0.39 
5.45/5.17±0.12 
5.04/4.99 ±0.18 
4.30/4.41 ±0.20 
3.99/3.62 ±0.08 
3.53/3.27 ±0.21 
3.06/2.98 ±0.14 
2.56/2.44 ±0.17 
2.19/2.07±0.11 
1.71/1.62±0.08 
1.20/1.17±0.06 

6.52/10.21 ±1.49 
4.30/ 6.31 ±0.84 
3.99/ 3.97 ±0.24 
3.22/ 3.49 ±0.09 
2.54/ 2.86 ±0.07 
2.16/ 2.20±0.05 
1.64/ 1.61 ±0.08 
1.11/ 1.1010.06 
0.80/ 0.79 ±0.03 
0.52/ 0.48 ±0.03 
0.26/ 0.22 ±0.02 

64.88/63.98 
45.99/49.18 
24.87/25.56 
18.54/18.25 

8.91/ 8.20 
7.14/ 5.67 
3.47/ 2.94 
1.66/ 1.26 
0.83/ 0.61 
0.25/ 0.17 

±4.39 
±5.08 
±1.86 
±0.97 
±0.62 
±0.42 
±0.31 
±0.14 
±0.06 
±0.02 

0.056/0.043 ±0.004 

a) Values taken from paper [25]. 
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we may use a macroscopic empirical parameter of solvent for the determination of 
reaction mechanism. By comparing the sensitivity of reactions with respect to 
polarity of the solvent or its ionization power and nucleophility, we may obtain 
mechanistic information which is to be used as an evidence of a certain reaction 
mechanism. The basic idea is the qualitative rule of Hughes and Ingold [22] 
according to which an increase in solvent polarity brings about an increase in 
reaction rate for those reactions in which a greater separation of charge in 
transition state takes place. This assumption has been put in quantitative form by 
Grunwald and Winstein [23] who propose for correlation the following 
two-parameter equation 

logjr = mY (1) 
/Co 

where m is the substance parameter expressing the sensitivity of the rate of 
solvolysis to У and У is a measure of the ionization power of solvent (solvent 
constant). The application of this equation was successful for a surprisingly great 
number of solvents [24]. The main difference between the transition states of SN1 
and SN2 solvolysis consists in the fact that the first one is very near to the ionic pair 

(i) 

and involves, in principle, whole charges while the second one comprises the 
solvent which directly participates in the rate-determining reaction step and is 
a component of the transition state (II) 

*+S...R...X*-

(II) 

This state involves only partial charges which are much less concentrated because 
they are dissipated in a voluminous particle. Thus we may assume that the 
transition state of the SN1 solvolysis must be much more sensitive to ionization 
power of solvent owing to which the SN1 solvolysis must exhibit a greater value of 
m. 

The course of solvolysis of the о complexes of Tl3+ with olefins is shown in Fig. 1. 
The results of regression analysis are given in Table 2. The mean value of the 

parameter m is 0.129 for RCH = CH2 alkenes, 0.250 for R1R2C = CH2 alkenes, 
and 0.554 for internal alkenes. The lower the value of m, the less is the transition 
state similar to ionic pair (/) and the reaction comes пеги- to the SN2 mechanism by 
its character. In general, we may consider the value m = 0.5 to be the mechanistic 
borderline approximately [26]. Higher values indicate that the transition state 
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Fig. 1. Variation of the rate of solvolysis of the a complexes with ionization power of the solvent at 
25°C. 

ко — Rate constant of the first-order solvolysis of the a complex in a mixed solvent (80 v/v % of 
C2H3OH and 20 v/v % of H20). Full lines represent graphical solution and dashed lines represent 

solution by means of a calculator. 
О • Solvolysis of the a complex of Tl3*1" with 244TMP2 solved graphically or by means of a calculator; 
D • solvolysis of the a complex of Tl3"" with 244TMP1 solved graphically or by means of a calculator; 
Л • solvolysis of the a complex of TI3* with allyl alcohol solved graphically or by means of a calculator. 

Table 2 

Regression analysis of the Grunwald—Winstein equation 

о Complex of 
Tl3" with olefin 

m (graph/calc) r (graph/calc) 
S'l% 

graph/calc 

Allyl alcohol 
244TMP1 
244TMP2 

fl)S = 100>2. 

170 

0.129/0.129 
0.240/0.260 
0.538/0.570 

0.975/0.965 
0.986/0.992 
0.998/0.998 

95.06/93.12 
97.18/98.34 
99.60/99.60 
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exhibits the character of ionic pair (/) while the transition state is only little or not 
at all similar to ionic pair at lower values of this parameter. 

On the basis of experimental values of m, we may thus assume that the solvolysis 
of the a complexes of Tl3+ with RCH = CH2 and R1R2C = CH2 alkenes obeys the 
SN2 mechanism and the transition state exhibits the character of species (III) while 
the solvolysis of the a complexes of Tl3+ with internal alkenes might follow the SN1 
mechanism and the transition state exhibits the character of species (IV) 

R R1 

I I 
H—C+. R2—С—OH 

*+s с:.....т1*-сГ с + т г С 

H H H R 3 

(III) (IV) 

The positive charge of the С atom in transition state (IV) may be stabilized by the 
electron-donating effect of the alkyl group R3. Since the magnitude of positive 
charge on the central carbon atom in transition state (III) and (IV) is greater than 
in the fundamental state (a complex), we may expect that the substituents able to 
stabilize positive charge by mesomeric or electron-donating inductive effect must 
accelerate the solvolysis. 

The SN1 mechanism of solvolysis of internal alkenes could be responsible for 
a considerable decrease in reaction rate in case of the a complex of Tl3+ with 
244TMP2 (Table 1). An increase in concentration of ethanol reduces the solvation 
ability of reaction medium which results in a decrease in kinetic solvation effect 
(causing a reduction of energetic exertion requisite for the activation of reactants 
on account of decrease in solvation of the transition state [27]) and brings about 
a reduction of the rate of solvolysis. 
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