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Introduction

The effects of solvent on the reactivity of organic derivatives of nontransition
metals were first studied in 1929-1930, when Ziegler and his coworkers [1] showed,
that organolithium compounds react substantially faster in ether than in hydro-
carbons. Many examples demonstrating the dependence of the kinetics and mecha-
nisms of reactions of nontransition organometallic compounds on the nature of
solvent have been found since. These data show [2,3] that solvent effects in
organometallic chemistry are very complicated and depend on several factors: the
type of reaction under investigation, the nature of the organometallic compound and
the substrate, their solvation, the solvation of the transition state and the polarity of
the solvent. In Abraham’s opinion [4], the principal difficulty in interpretation of the
solvent effects on the kinetics and mechanisms of organometallic reactions lies in the
separation of the reagents and the transition state free energies. The main model
compounds in Abraham’s studies [4] were organic derivatives of tin and mercury
halides, for which he obtained the reaction activation parameters and the transfer
enthalpies from one solvent to another. He used as solvents mixtures of hydroxyl-
containing compounds.

In our studies, the attention has been concentrated on the solvent effects on the
kinetics and mechanisms of organotin alkyl exchange reactions:

Me,Sn + SnHal, — Me,SnHal + MeSnHal, (1)
Me,;SnHal + SnHal, — Me,SnHal, + MeSnHal, (2)
Me,Sn + MeSnHal, —» Me,;SnHal + Me,SnHal, (3)

These reactions are preferred to other widely studied organometallic reactions
(protolysis, halogen-demetallation, alkylation) not only because of the relative
simplicity of their mechanisms, but also because the solvent effects on the reactivity
of each pair of reagents, though different in magnitude, are in the same direction.
Bearing in mind the presence of halogens in the model compounds used in our
studies we tried to avoid the hydroxyl solvents, which could form complexes with the
reagents, not only by solvation of tin atoms, but also by means of intermolecular
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hydrogen bonds. We tried also to use, as far as it was possible, a large number of
solvents to have the possibility of changing the polar and solvating properties of the
medium. High resolution NMR spectroscopy is a unique method to study the
kinetics of this type of reactions and we used NMR also to obtain information about
the structures and solvation of organotin molecules [5,6]. This was very helpful for
better understanding of the solvation of the transition state in the reactions studied.

Reactions of tetramethyltin with tin tetrahalides

The type 1 reactions proceed practically immediately by mixing the reagents at
room temperature, whereas to carry out the type 2 and 3 reactions under the same
conditions takes about 2-3 hours. It is important to note, that the types 4-6
reactions, which could be considered as possible parallel processes, in fact proceed
only on heating the reaction mixtures up to 150-200°C.

Me,Sn + Me,SnHal, — 2Me,SnHal (4)
Me,;SnHal + MeSnHal; —» 2Me,SnHal, (5)
Me,SnHal, + SnHal , —» 2MeSnHal, (6)

The types 2 and 3 reactions are related to those of type 1. Therefore, we studied,
first of all, the half-lives of these reactions in various solvents. The data obtained are
given in Table 1. These results show clearly that the rates of the types 1-3 reactions
differ substantially from each other in CCl,, benzene and nitrobenzene, while the
type 1 reactions proceed in DMF only twice as fast as the type 3 reactions, which
makes quantitative study of them in DMF rather difficult.

The dependence on time of the reagents concentration in CCl, and benzene
shows that this type of reaction is substantially catalyzed by the products. The
catalysis is more effective in CCl, than in benzene. Grant and Van Wazer [7]
explained the analogous situation in terms of increasing medium polarity because

TABLE 1
HALF-LIVES OF THE TYPES 1-3 REACTIONS WITH ¢, = 0.5 mol/l and T = 20°C

Reaction Solvent
CCl, C¢Hg C¢H NO, DMF
Me,Sn+SnCl, 20 min 5s -5s 35h
(cp=0.1)
Me,Sn + SnBr, 6.0h 20 min 5s ) 1.0h
(co=0.1)
Me,SnCl +SnCl, 10h 1.8h 20s 4% in2.5h
(T=70°C) (T =170°C) (T =70°C)
Me,SnBr+ SnBr, no reaction 4% in 6 h 37h 10% in 2.5 h
(T = 70°C) (T = 70°C)
Me,Sn + MeSnCl, 73h 1.3h 12 min 70h
(T = 70°C) (T = 70°C)
Me,Sn + MeSnBr, no reaction 13.0h 30h 28h

(T =70°C)
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the accumulation of polar products. They proposed calculating the “normal”
reaction rate constants at conversion degrees not higher than 50%. In our opinion
such an approach is not the most fruitful, because the rate constants obtained in this
way are rather complex and their physical sense is not clear. That is why we used in
our studies the initial rates method [8] which although not very precise, does give
information about the reaction kinetics which is not distorted by other factors.
Using this method we obtained the partial orders of the reagents: for Me,Sn and
SnBr, both in CCl, and benzene close to 1.0, but for SnCl, in benzene equal to 1.7.
These results are interpreted readily if we take into consideration the data from
cryoscopic studies [9,10], which show that SnCl, in weakly solvating solvents has a
higher tendency to self-association than SnBr,. These self-associates are very weak
and completely destroyed even by solution in benzene. Therefore, the reactions of
Me,Sn with SnBr, in CCl,, as well as in benzene, proceed according to the simple
Sg2 mechanism, i.e. through the open transition state (I):

+
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At the same time the appropriate reaction with SnCl, in CCl, proceeds possibly
through a mixed mechanism, which includes the simple bimolecular collision and
trimolecular mechanisms with a transition state wherein two molecules of SnCl,
participate as an associate (II), in which one of the tin atoms has larger positive
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charge and therefore is more reactive than the tin atom in monomeric SnCl,.
The kinetic data were treated by the integral method [8]. If we assume that

de

arTie koc? + ko, (7)

1.e., the reaction is first order in the catalyst, then designating k,/k, as r, we obtain
dc

- kodt (8)

1+ r(co—c)] -
Integration of this equation gives

rey 'lnc0[1+r(c0—c)]2 1 ¢ _ 1
(reg+ 1) c rcg+1 ¢ reg+1

+ kocot 9)
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TABLE 2

RATE CONSTANTS OF CATALYSED AND UNCATALYSED REACTION OF Me,Sn WITH SnBr,
IN BENZENE

T (°C) k(X107 k,(x10%) r
(Imol™!'s™ 1 (12mol™2s™")

2 2.25 6.75 3.0
11 3.99 278 6.9
15 4.06 93.0 28.9
20 464 132.0 28.6

Tnluna the left nart as Y and dCSl‘"‘a!l!‘ 1 /rr +1asA4and k. oCo as B we obtain the

L AL par G H Y4 Qiil i

stralght line equation Y =4 + Br. As A depends onr,we obtam a straight line only
in that case, if r was selected correctly. If we choose r inaccurately then it is possible
to show that the slope of the curve is equal to k¢, if ¢ values are small; if they are
large then

tga = kocot (10)
ra

where 7, is the true value of k,/k, and r, is the appropriate approximate value.

Knowing the nature of the Y function one can select r values in such a way to obtain

a straight line. But from the three cases studied we could realize a straightline only

for the reaction of Me,Sn with SnBr, in benzene. The &, k, and r values obtained

are given in Table 2.

The experimental data show that r increases with increasing temperature, i.e. for
the catalysed reaction the activation energy is higher than that for the appropriate
uncatalysed reaction. The activation parameters obtained for the uncatalysed reac-
tions on the basis of k, values are given in Table 3. Bearing in mind that we did not
obtain a straight line for the reactions in CCl,, we obtained the activation parame-
ters for them from the initial rates. If V is the initial rate and ¢, and ¢, the initial
reagents concentrations, the following equation is valid [8]:

V, = kcch (11)

TABLE 3

KINETICAL PARAMETERS FOR THE REACTIONS OF Me,Sn WITH SnHal, IN CCl, AND
BENZENE AT 20°C

Solvent Hal k9(x10%) kS /K9 AH" AS” AG™
(dmol~ sy (kcal mol ™) (e.u) (kcal
mol ™)
cql, Q 346° 40(—21°C)  6.1+0.3 —444+1.1 17.0
cql, Br 0.007 45 81+16 —54.8+5.0 228
C,H, cl 700 - - - 15
C.H, Br 3.47 29 41104 -559+1.3 19.0

? The constant has partial order.
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Taking logarithms of this equation one obtains:
InV, =Ink + alnc, + Blnc, (12)
and then

ln5=ln£+ AS™ _AH

T h R RT
Measuring V,, values at different T values and equal ¢, and ¢, values, one can obtain
the dependence of In¥,/T on 1/T and determine AH~ and AS™. The results
obtained are given in Table 3. The AG**) values at 20°C, corresponding to the rate
constants, expressed in terms of mole fractions, are given in the same Table. This
kind of concentrations expression allows us to take into consideration the number of
solvent molecules associated with the reagent molecules [4]. The k* rate constant
expressed in terms of mole fractions is given by the equation

kX=(M)""'kc (14)

+ alnc, + Blnc, (13)

M

where p and M are the density and molecular weight of the solvent and » is the total
order of the reaction.
Taking into account that

T
— RTnk = AG™ —RTlnXT (15)
one obtains for the activation free energy
AG=*=AG™® ~ (n~— 1)RTIn 101?40" (16)

The results obtained show that the reactions studied in nonpolar solvents are
characterized by low values of activation enthalpies. In this case both activation
parameters increase on going from chloride to bromide. The rates of both reactions
are substantially higher in benzene than in CCl,. At the same time the r values for
bromide in benzene are lower than in CCl,, i.e. catalysis by the products is not very
substantial in benzene.

The acceleration of the reactions on going from CCl, to benzene, as one can see
from Table 3, is due to an activation free energy decrease of 4 kcal /mole. This, in
turn, is due to the ability of the benzene molecules to interact with tin tetrahalides
via readily polarized w-electrons, which became evident from the appearance of
small dipole moments (0.6-0.8 D) on going from cyclohexane to benzene solutions
of SnHal, [10] and charge transfer bands at 300-360 nm in UV-spectra of SnHal,
solutions in aromatic hydrocarbons [11,12].

The data in Table 1 show that the type 1 reactions accelerate much more on going
to the highly polar nitrobenzene (u = 4.23; ¢ = 34.8), the solvating ability of which is
rather low [6]). Hence this acceleration can be rationalized in terms of the Hughes-In-
gold concept [13], which presumes a shift of the equilibrium in the more polar
solvents to the more polar products. In this case one has to admit that in the
transition state (I) a certain separation of charges arises, analogous to that in the
interaction of tetraalkylstannanes with mercury halides. On going to the strongly
solvating DMF one observes (Table 1) a sharp decrease of the rates of the reactions
studied, in spite of the high polarity of the solvent (u = 3.95; ¢ = 37.7). It follows
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that in this case one observes once more the competitive influences of the polarity
and solvating properties of the medium, leading to a substantial deceleration of
reactions due to formation of SnHal, - 2DMF complexes. The reactivity of these
complexes is substantially lower than that of free SnHal, molecules, because of the
strong decrease of the electrophilicity of the tin atom in these complexes [14] and
due to occupation of tin orbitals, which are important for the transition state (I)
formation. It is interesting that SnBr, reacts with Me,Sn in DMF faster than does
SnCl,, while the order is reverse in weakly solvating media. The data in Table 1
show that this phenomenon is general for the organotin alkyl exchange reaction.
Bearing in mind that SnHal, - 2DMF complexes have cis-structures [15], but could
be isomerized to trans-octahedrons with the intermediate formation of SnHal , - DMF
complexes [16], and taking into consideration the low reactivity of the 1:2 com-
plexes (see above) one can conclude that the 1: 1 complexes enter into reactions. On
the other hand it is known {17] that SnBr, interacts with hard Lewis bases, such as
DMF, more weakly than SnCl, [15]. In our opinion all these facts explain the higher
reactivity of SnBr, in DMF in comparison with SnCl,. One can assume, that in this
case the reaction proceeds through a closed transition state in which nucleophylic

Br
Me Me l DMF
~ S
Me Sn_ Sn\
Me \Br/ | Br

Br
(I
assistance can play an important role due to the substantial increase of the
nucleophilicity of bromine {14].

Thus, the kinetics of the dismutation of tetramethyltin with tin tetrahalides in
weakly solvating media is specified mainly by the polarity of the solvent, while in
strongly solvating media the overall effects are mainly due to complexation of tin
tetrahalides.

Reactions of trimethyltin halides with tin tetrahalides

The data in Table 1 show that this type of reaction proceeds much slower than
the tetramethyltin dismutation reactions described in the previous section. The
results are in accordance with the data given in ref. 6, which gave rise to the
assumption that the Sn—C bond covalencies in trimethyltin halides are higher than
in tetramethyltin. Such a passivity of trimethyltin halides, especially in nonpolar
weakly-solvating media (CCl,, benzene) does not allow to carry out the complete
kinetical investigation. Nevertheless, even the data we could obtain show rather well
the regularities of solvent effects on the rates and mechanisms of these reactions.

It is noteworthy that the kinetical curves for reactions of Me,SnCl with SnCl, in
CCl, and benzene do not show anomalies, analogous to those observed for the
reactions of Me,Sn with SnHal, (see above). In our opinion, this fact is due to lower
catalytic activity by the products in these reactions in comparison with that in the
type | reactions. Besides, it is very interesting to compare the total and partial orders
for reactions of types | and 2 in nonpolar and weakly-solvating media. Comparison
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TABLE 4

PARTIAL ORDERS OF REAGENTS FOR REACTIONS OF Me;SnCl WITH SnCl, IN CCl, AND
BENZENE

Reagents Solvent

CCl, (70°C) Benzene (28°C)
Me,SnCl 248+0.15 1.93+0.03
SnCl, 1.06 +0.08 0.80£0.20

of the data in Table 4 with the partial orders for reactions of Me,Sn with SnHal,
(see above) shows, that there is a principal difference in the results obtained.

First of all, it is necessary to stress that SnCl, reacts in accordance with type 2
reactions in CCl, as well as in benzene as a monomer, while for Me,SnCl in benzene
the partial order is equal to 2.0 and in CCl, even to 2.5. It is unlikely that Me,SnCl
can exist in CCl, at 70°C as a trimer. Even more difficult is it to assume that the
transition state can be formed as a result of tetramolecular collision. In our opinion,
the partial orders observed are due to increasing medium polarity with increasing
Me,;SnCl concentration in the appropriate kinetic experiments. However, one cannot
exclude the possibility of formation of the dimer IV.

Me Me Me
~ &t \5-/
Me ——Sn—a=Cl . —aSn—Cl
Me |
Me

v

The interaction of this type of dimer with SnCl, can proceed through the closed
transition state:

cl,
Me,Sn SnMe,Cl
i
Cl Me
\ -7
Sn
Cly
()

Such an activated complex, generally speaking, can be formed through the interac-
tion of Me,SnCl with a mixed associate of type VI, the formation of which in this
reaction is quite probable because of the greater accepting properties of SnCl, in
comparison with Me,SnCl.

It is important to note, that in the mixed associate VI both reagents have lower
reactivity because of the decrease of the tin atoms electrophilicity in SnCl, and the



Ci Cl
Me
Me —— Sn—a=C|.—Sn
/
Me cl cl

(V1)

carbon atoms nucleophilicity in Me;SnCl. However, it is quite possible that the
formation of such an associate will facilitate formation of the transition state V by
the collision of the associate with a second Me,SnCl molecule, due to a local increase
in the dielectric permeability because of the higher dipole moment of VI. The
formation of a transition state of the type V is perferred in CCl, and benzene in
comparison with the highly polar transition state VII, which can be formed by
bimolecular collision.
Me

~
~
~

Me,Sn SnCly

6+CI caé”
(Y1)

Earlier, transition states of type VII had been proposed to explain the kinetic
anomalies in the anion exchange reactions of trimethyl derivatives of tin.

To obtain additional information about the mechanisms of the type 2 reactions in
various solvents we have studied the activation parameters for the reactions of
Me,SnCl with SnCl, in benzene and Me,;SnBr with SnBr, in nitrobenzene. The data
obtained, with estimated values of AG=™ and k¢ (see above) are given in Table 5.
The analysis of these results shows, that they obey the same regularities, which have

TABLE S

KINETICAL PARAMETERS FOR REACTIONS OF Me,SnHal WITH SnHal, IN VARIOUS
SOLVENTS

Solvent Hal k,(x10%) AG T () a AH"? AS”T <
(Imol~'s™ 1) (kcal mole ™) (kcal mol™') (en.)
cql, Cl 0.113(70°C) ¢ 22.4(70°C) - -
CCl, Br no reaction - - -
Benzene Cl 0.075(20°C) ¢ 19.9(20°C) 7.6 -51.5
0.586(70°C) 21.1(70°C)
Benzene Br 0.007(70°C) ¢ 24.970°C) - -
C¢H NO, Cl 100(20°C) 17.0(20°C) - -
CesH,NO, Br 0.205(20°C) 20.8(20°C) 11.6 —35.8
C¢H;NO, Br 4.373(70°C) 22.3(70°C)
DMF Cl 0.00%70°C) 26.4(70°C) - -
DMF Br 0.022(70°C) 25.8(70°C) - -

“ £0.15. » £0.3; < + 1.0. “ The constant has partial order. ¢ Accepting ¥ = kc? (Me,SnBr) ¢(SnBr,).
/ Second order reaction.
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been in the case of reactions of Me,Sn with SnHal,. Indeed, the reactions somewhat
accelerate on going from CCl, to benzene, proceed much faster in nitrobenzene and
sharply decelerate in DMF.

Thus, the concept of competitive influence of the polar and solvating properties
of solvents on the kinetics and mechanisms of reactions, formulated in the previous
section, is valid also for the type 2 reactions.

Reactions of tetramethyltin with methyltin trihalides

First of all, we have to note that the kinetic properties of the reaction of Me,Sn
with MeSnCl, in CCl,, similarly to the appropriate reaction with SnCi, (see above),
demonstrate the catalysis by the products. The “autocatalytical” character of the
kinetic curves is less noticeable in benzene and was not observed in polar and highly
solvating media, Furthermore, the kinetic curves were linear with 1/c,¢ coordinates
in polar and solvating media, which indicates total second order for the reaction
studied.

The data obtained with the initial rates method show that in nonpolar solvents
(CCl,, benzene) the partial orders in MeSnHal, exceed 1.0 and even approach 2.0.
To explain these results one has to assume, as was done above, the possibility of the
formation of transition states of the types VIII and IX.

cl cl
MeCl,Sn ‘snCi,Me MeCI,Sn 'SnCl;Me
! E
i 4
Me Ci Me
\ ',/
Sn \Sn
Me, Me,
(ym) (IX)

Formation of these transition states together with an increase of the medium
dielectric permeability when increasing the concentration of MeSnHal, leads to a
substantial acceleration of the reactions. NMR spectroscopy [5,6] does not prove the
existence of dimers of the type (MeSnHal;), in CCl, and benzene, but we cannot
deny completely the possibility of formation in this kind of soivents of small
quantities of these dimers, the reactivity of which could be higher than for mono-
meric MeSnHal;, due to the enhanced reactivity of tin atom in one of the molecules
as is shown in VIII and IX. Since the dimer-monomer equilibrium can be shifted
substantially at lower temperature to the associate, we have studied the temperature
dependences of partial orders for these reactions. The results obtained are given in
Table 6. Analysis of these data shows that the partial order in MeSnHal, is almost
independent of the temperature for the reactions with Me,Sn in nonpolar solvents.
This situation can be realized only if

8(AH™)=AHgyr — AHiyp = AH,, (17)
where BMR and TMR represent the bi- and iri-molecular reactions,

Equation 17 may be interpreted in such a way that with changing temperature the
ratio of the bi- and tri-molecular reactions rates remains constant. This means that
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TABLE 6

TEMPERATURE DEPENDENCE OF THE PARTIAL ORDER OF MeSnHal, FOR REACTIONS

WITH Me,Sn IN CCl, AND BENZENE

Solvent Hal T(°C)

40 50 55 60 65 70
cCl, Cl - - 2.05 2.03 2.40 2.07
CCl, Br - - - - -
Benzene ® Cl 1.35 1.36 1.37 - 1.29
Benzene Br - 1.50 - - 1.57

“ Accuracy of determination +0.1 to +0.3. ® Accuracy of determination +0.04 to +0.08.

the standard heats of formation of the bi- and tri-molecular transition states must be
almost equal, what is unlikely for two such different activated complexes. Therefore,
we believe that in this case the partial orders higher than 1.0 are also mainly due to
electrostatic effects.

The activation parameters for reactions of Me,Sn with MeSnHal, are given in
Table 7. Analysis of these data shows in particular that AG™ for reaction of Me,Sn
with MeSnCl, decreases in the series.

CCl, > C¢H, > acetone > C;(H,NO, > CD,CN (18)

This indicates that the reaction rates increase in weakly solvating media with
increasing polarity. The free activation energy increases substantially in DMF and
DMSO, reflecting the appropriate decrease in reactions rates.

In the case of MeSnBr, there is no increase in AG™, which is rationalized in
accordance with the model considered below in terms of lower sensitivity of
bromides to the decelerating effect of specific solvation. The results in Table 7 show
also that the activation enthalpies and entropies do not change corresponding to the
free activation energies changes but in a more complicated way. To understand

TABLE 7

RATE CONSTANTS (I mol ™' s~!') AND ACTIVATION PARAMETERS (kcal mol~') FOR REAC-
TIONS OF Me,Sn WITH MeSnHal, (Hal = Cl, Br) IN VARIOUS SOLVENTS AT 20°C

Solvent k,(x10%) AG (4 AH™? AS” (en)©
Cl Br Cl Br Cl Br Cl Br
1 CCl, 0.0197 - 220 - 14.2 - 36.2 -
2 C4H, 0.047 0.0007 4 21.3 233 9.4 149 46.9 359
3 PhNO, 3.23 0.189 19.2 20.8 13.7 15.9 23.1 213
4 MeCN 17.9 - 17.8 - 11.1 - 28.9 -
5 Me,CO 1.69 - 19.4 - 126 - 28.2 -
6 DMF 0.072 0.233 21.2 20.5 18.3 16.4 15.2 19.3
7 DMSO 0.04 - 21.5 - 16.7 - 21.7 -

4 $0.2.% $+0.7. © £ 1.5.  The constant has partial order.
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better the nature of these changes we attempted a series of thermochemical experi-
ments studying the solvation of the reagents in the solvents we were interested in. In
so doing we proceeded from the possibility to divide AH™ into the contributions due
to the initial and transition states solvation. If we express the solvation enthalpy by
the following equation [18]

AH,,, =AH, —AH, (19)

solv — so vap

where A H,, is the heat of solution and AH,,, the heat of vaporisation, and if one of
the series of solvents used is taken as a standard, then the transfer enthalpy from the
standard solvent to the solvent D is:

§(AH,,,)=AH®, - AH®, =AHD -

solv solv

=38(AH,,) (20)

The standard heat of formation for the transition state in solvent D can be written in
the form: ‘

AHB = AHD, +AH™® (21)

Hence one can calculate the heat of formation for the transition state in solvent D
relative to the heats of solvation of the reagents in the standard solvent:

S(AHR)=AHD , + AH*™ - AHQ, =8(AH,,)+AH™D (22)

solv
The values of the heats of solution of Me,Sn and MeSnHal, in different solvents
obtained calorimetrically and calculated values of the heats of transfer of the
reagents and transition states are given in Table 8.

Nitrobenzene was selected as the standard solvent because it has the lowest
solvating ability in the isokinetic series of solvents in which the reactions of Me,Sn
with MeSnHal; have bimolecular mechanisms. The experimental results obtained
show that the enthalpies of formation of the transition states change as a whole
analogously to the solvation enthalpies of the reagents. This fact indicates that the
nature of the transition state solvation in reactions of Me,Sn with MeSnHal, is
analogous to the solvation of the reagents.

It must be mentioned that the enthalpies of formation of transition states
formation have been used successfully in the case of organic reactions [19-21] to
elucidate the structures of the transition states. In so doing it was shown that this
success was notably due to the availability of adequate models for the transition
states, i.e. stable compounds resembling in structures and properties the apparent
transition states. For the reactions studied in this part of our work the most suitable
model compounds for the transition states are methyltin trihalides. Analysis of
NMR parameters [5,6], kinetic results (Tables 6 and 7) and thermochemical data
(Table 8) suggests that, in contrast to CCl, and benzene, in which these reactions
proceed with the formation of transition states VIII and IX, in polar weakly and
highly solvating media the transition states X and XI are formed. The first of these is
likely to be preferred in the case of acetone and acetonitrile, while the second in
DMF and DMSO. This type of reaction fits well the scheme proposed [18]:

solv aol

solv

solv —

(AB), s nAB + D zz ABD
+C k +ClkM +ClkD
ABC ABC AB

if we designate MeSnHal, as AB, Me,Sn as C and solvent as D.
To better understand the nature of the interactions which influence the kinetics
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TABLE 8

RESULTS OF THERMOCHEMICAL STUDIES OF SOLVATION OF REAGENTS AND TRANSI-
TION STATES IN REACTIONS OF Me,Sn WITH MeSnHal, IN VARIOUS SOLVENTS

Solvent AH, 8(AH )

Me,Sn? MeSnCl, # MeSnBr, Me,Sn MeSnCl, MeSn Br,

CCl, 0.28 5.54 4.69 -0.95 3.59 1.96
CeH, 097 .78 3.70 -0.26 1.85 0.97
C,H;NO, 1.23 1.95 273 0 0 0
CH,CN 2.10 -3.63 - 0.87 —5.68 -
Acetone 1.44 ~3.54 - 0.21 -5.49 -
DMF 1.65 ~19.54 —18.40 0.43 —~21.45 -21.00

“ Accuracy of determination + 0.03 kcal mol~'. » Accuracy of determination +0.35 kcal mol ™. € Assum-
ing the order in MeSnCl,=2. ¢ Assuming the order in MeSnCl, =1.34. © Assuming the ordes in
MeSnBr; = 1.54.

¢ Ci D
Me5Sn fnCIzMe Me,Sn ISnCI-‘,Me
’ !
’ /
Me t ! D
D Me
(X) (X1)

and mechanisms of the reactions studied, we attempted a correlation of the free
energies of activation for reactions of Me,Sn with MeSnCl, with the Kirkwood
function, £ — 1/2¢ — 1, and with the “electrostatic factor’” EF = eu [22], which allows
us to make corrections for the difference in microscopic dipole—dipole interactions
and to take into account the dielectric permeability of the medium. However, the
dependencies are obviously unsatisfactory in both cases, as could be expected
because both parameters take into account only the polar properties of the solvents.

Bearing in mind that for some reactions which proceed through comparatively
nonpolar transition states the correlations of lg k* values with the Hildebrand
solubility parameter “8” were observed, we attempted to correlate AG=*? values
with “8” values and obtained somewhat better results. However, the points for
acetone, DMF and DMSO deviate substantially from this dependence by an amount
proportional to the solvating ability of the solvents.

The correlation of the free energy activation to the E; parameter was of special
interest, because this parameter is determined for a large number of solvents [23] and
represents currently the most adequate measure of solvent polarity, accounting for
the microscopic interactions of solvent molecules with dissolved polar substances. In
our case the AG™™ values are on a straight line with slope —0.3 and correlation
coefficient 0.994, except for DMF and DMSO, for which strong specific interactions
with the reagenis account for the deviation of the points for all the correlaiions.
Thus, the data obtained show that the rates of the reactions studied depend in
weakly solvating media mainly on the polar properties of the solvents, while strongly
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8(AH 0pg) AH3s 8(AHTY)

MeSnCl, MeSnBr, MeSnCl, MeSnBr, MeSnCl, MeSnBr,
6.15°¢ - 20.34°¢ - 6.64°¢ -
2224 1.28¢ 11.60¢ 16.20 -2.104 0.30¢
0 0 13.70 15.90 0 0

—-4.71 - 6.35 - -1.35 -
—~5.28 - 7.31 - -6.39 -
-21.02 -20.67 -2.70 -4.27 -16.40 -20.17

solvating solvents, in spite of their high polarities, decrease substantially the rates of
the reactions due to formation of MeSnHal, - D or MeSnHal, - 2D complexes, the
reactivities of which are much lower than those of the free methyltin trihalides.
The results obtained in this study show that rates of alkyl exchange for organotin
compounds increase with increasing medium polarity and decrease as the solvating
ability of the solvent increases. The mechanisms of the reactions also change
substantially on going from weakly solvating media to strongly solvating ones.

Acknowledgements

The author is grateful to Prof. O.A. Reutov for his interest in this work and to Dr.
A.B. Permin, who helped to confirm experimentally the considerations discussed in
this paper.

References

1 K. Ziegler et al., Lieb. Ann., 473 (1929) 1; 479 (1930) 135.

2 V.S. Petrosyan and O.A. Reutov, J. Organometal. Chem., 52 (1973) 307.

3 V. Gutmann, Coord. Chem. Rev., 18 (1976) 225.

4 M.H. Abraham, Electrophilic substitution at a saturated carbon atom, in C.H. Bamford and C.F.H.
Tipper (Eds), Comprehensive chemical kinetics, Vol. 12, Elsevier, Amsterdam, 1973.

V.S. Petrosyan, Progr. NMR Spectrosc., 11 (1977) 115.

V.S. Petrosyan, A.B. Permin, O.A. Reutov and J.D. Roberts, J. Magn. Reson., 40 (1980) 511.
D. Grant and J.R. Van Wazer, J. Organometal. Chem., 4 (1965) 229.

K.J. Laidler, Reaction Kinetics, Pergamon, Oxford, 1963.

9 M.G. Voronkov and L.A. Zhagata, Dokl. Akad. Nauk SSSR, 194 (1970) 847.

10 E.N. Kharlamov, I.P. Romm and E.N. Guryanova. J. Gen. Chem. USSR, 40 (1970) 2352.

11 J.F. Murphy and D.E. Baker, Can. J. Chem., 43 (1965) 1272.

12 M. Hatano and O. Ito, Bull. Chem. Soc. Japan, 42 (1969) 1780.

13 E.D. Hughes and C.K. Ingold, J. Chem. Soc., (1935) 244,

14 V.S. Petrosyan, N.S. Yashina and O.A. Reutov, Adv. Organometal. Chem., 14 (1976) 63.

15 M.B. Farona, Inorg. Chem., 14 (1975) 2020.

[--IES I - V)



170

16 S.J. Ruzicka, C.M. Faver and A.E. Merbach, Inorg. Chim. Acta, 23 (1977) 239.

17 S.J.Ruzicka and A.E. Merbach, Inorg. Chim. Acta, 22 (1977) 191.

18 S.G. Entelis, Zh. Vses. Khim. Obsch., 22 (1977) 324.

19 E. Amett and D. McKelvey, Rec. Chem. Progr., 26 (1965) 185.

20 R.P. Tiger, L.C. Bekhli and S.G. Entelis, Kinetika i Kataliz, 9 (1968) 912,

21 V.D. Kiselyov, A.N. Ustyugov, L.P. Breus and A.l. Konovalov, Dokl. Akad. Nauk. SSSR, 234 (1977)
1089.

22 M.R.J. Dack, (Ed.), Solutions and Solubilities, Part 11, Wiley, New York, 1976, p.95.

23 C. Reichardt, Losungsmittel-Effekte in der organischen Chemie, Verlag Chemie, Berlin, 1969, S.124.



