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The redistribution reactions between RSnMe (R = Me, 
Et, n-Pr, iso-Pr, and Bu) and Me$nC% in methanol, 
have been investigated. The reactivity order is: 
Me > Et > n-Pr > Bu > iso-Pr. The second order ob- 
served rate constants and the activation parameters are 
reported. A reaction mechanism involving the electro- 
philic attack on the carbon centre of the methyl group 
by the Me$n2+ species, assisted by the solvent, is 
proposed. 

Introduction 

Inspection of work in the literature’” dealing with 
redistribution reactions of tetraalkylmetals of group 
IVb with metal tetrahalides, reveals that most of the 
investigators were interested in the synthetic use of 
these reactions rather than in elucidating the reaction 
mechanisms. In the field of organotin chemistry, one 
of the most thoroughly investigated exchange reaction 
is the redistribution of tetraalkyltin compounds with 
tin(N) tetrahalides, 4*5 for which some quantitative 
work on equilibria involving the scrambling of sub- 
stituents on tin has been done.‘n6 

Redistribution reactions in solution may be con- 
sidered as organo-metal substitutions.’ Mercury- 
alkyls redistributions have been the subject of ex- 
tensive kinetic investigations under a variety of con- 
ditionsFe9 but no rate studies have been done up to 
this time for organometallics of group IVb.9 

In our previous papert the equilibrium constant of 
the reaction, 

Me,Sn + Et,SnCl,cEtSnMe + Me5nCI (1) 

(*) Montecstini-Edison S.o.A.. Milan. Italy 
ilj K. A. Koseschow. Et+., 66, 1661 (19j3). 
(2) G. Callingaert, H. Soroos, and V. Hnlrda. I. Am. Chem. SOC.. 

62. 1107 (1940). 
(3) F. Rljkens and G. I. M. van der Kerk. ~Organogemmnlum 

Chemistry*, Germanium Research Committee. p. 17 (1964) and refer- 
ences therein. 

(4) K. Moedritzer, Organomeraf. Chem. Rev., I, 131 (1966) and 
references therein. 

(5) W. P. Neuman and G. Burkhardt. Ann. Chem., 663. 11 (1963). 
(6) (a) D. Grant and I. R. Warer, I. Orgonomefal. Chem., 4, 229 

(1965); (b) E. V. van den Berghe and G. P. Vanderkelen. f. Orgono- 
metal. Chem., 6. 522 (1966). 

(7) C. K. fngold. Helv. Chim. Acfo. 47, 1191 (1964). 
(8) (a) H. B. Chatman, E. D. Hughes. and C. K. Ingold, /. Chem. 

Sot., 2523 (1959); ibid., 2530 (1959): (b) H. B. Channan, E. D. 
Hughes, C. K. Ingold. and F. G. Thorpe, f. Chem. Sot.. 1121 (1961); 
(c) E. D. Hughes. C. K. Ingold, F. G. Thorpe, and H. C. Volger. 
I. Chem. SoC., 1133 (1961); (d) H. B. Charman. E. D. Hughes. C. K. 
Ingold, and H. C. Volger, /. Chem. Sot., 1142 (1961). 

(9) R. E. Dessy and W. Kitching, Ad. Orgonomefol. Chem., 4. 
267 (1966). 

(10) G. Tagllavlni. G. Pllloni. and 9. Plazzogna. Ricerca Sci.. 36. 
114 (1966). 

has been determined in methanol, and the reactions, 

Me6SnlMe3SnC!MerSn + 1 /n[ Me$n], (2) 

Meah+ EtSnCl-Et,SnMe+Me,SnCl+ l/n[Me2Sn], (3) 

also have been investigated in the same medium. 
We wish to report here a kinetic study concerning 

(<redistribution reactions, of the following kind: 

R,SnMe + Me2SnCIxR1SnC1 + Me,SnCi (4) 

where R=Me, Et, n-Pr, n-Bu, and iso-Pr. 
This work represents a preliminary effort to estab- 

lish the mechanism by which these reactions occur. 

Experimental Section 

Materials. All the organotin compounds used have 
been prepared and purified by the methods reported 
previously.” Methanol (reagent grade from C. Erba, 
Milan) was purified by Lund and Bjerrum’s method.12 
Standard solutions of tetraalkyltin (0.3 M) as well as 
of dimethyltin dichloride ( 10e2 M) were prepared by 
dissolving known amounts in methanol, previously 
degassed with dry nitrogen. All solutions were stored 
in the dark in order to avoid any decomposition. All 
other chemicals used were reagent grade. 

Procedure. Stoichiometries of reaction (4) have 
been ascertained by analysis of the MeSnCl product 
by means of polarography.13 Reactions go completely 
to the right, and the possible reaction of the MeSnCl 
with either the tetraalkyltin or the trialkylmethyltin, 
as described by equilibrium (l), seems to be negligible 
in view of the slow rates of the two reactions leading 
to this equilibrium.rO 

Reactions (4) where followed by measuring the ab- 
sorbance A of the MezSn-PAR complex’4 (PAR=4- 
(2-pyridylazo)-2resorcinol) (molar extinction coefli- 
cient ~=41,700). 

(I 1) S. Faleschini and G. Tagliavini, Gcrrz. Chim. It., 97, 1401 
(1966) and references therein. 

(12) H. Lund and 1. Bjerrum, Ber. Dtsch. Chem. Ges., 64, 210 
(1931). 

(13) G. Tagliavini, U. Belluco. and G. Pllloni. Rlcerca Sci.. 33(If-A), 
889 (1963). 

(14) G Pilloni and G. Plazzogna. Anal. Cbim. Ado, 35, 325 
(1966). 
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Reactions were shown to be first order with respect 
to the examined substrates (ELSnMe or ELSnMe,, 
n= 1,2,3, and 4), and apparently of first order for 
MezSnClz in its concentration range 1-6 X lOA M. 
At higher concentrations of Me$nClz a decrease in 
rate is observed (see Table I). As the reactions were 
followed under pseudo-first order conditions (excess 
of R$nMe or Eb...SnMe,,), second order rate con- 
stants, k2(,,bs), have been calculated from: 

in which. 

k 
2.303 

,Wl, =- log 
Ao-A, 

t 
A,_-A, 

First order fits were obtained for over 70% of the 
reactions. 

Table 1. Effect of varying MeSnCl, concentration for the 
reaction, MerSn+MezSnC1,-+2Me,SnCl at 30°C 

kw\, x 10~ kxow x 1tY 
IMGnl X 10’ [Me,SnCl,] x 10’ (see-‘) (Lmole-‘set-‘) 

3.0 1 .oo 3.75 1.25 
6.5 1.96 8.20 1.26 
3.0 5.00 3.80 1.26 
6.0 6.00 7.44 1.24 
3.0 10.00 3.42 1.14 
3.0 10.00 3.35 1.12 

runs were made in duplicate. Reproducibility was 
approximately 2-3 % . 

Results and Discussion 

Eflecf of Varying the R Group on the Substrates 
RSnMe. We have observed that, under the experi- 
mental conditions employied, the reactions occured 
only for those substrates where at least one R is a 
methyl group, The reactivity order of the examined 
substrates is as follows (cfr. Table II): 

Me,SnMe > Et,SnMe > n-PrSnMe > n-Bu,SnMe > iso-PaSnMe 

(5) 

In view of the above observations that only the 
methyl group is cleaved, we have measured the re- 
action rates of a series of substrates EL,SnMe, (n= 
1,2,3) in order to establish whether reactivity is statis- 
tically dependent upon the number of the methyl 
groups. The rate constants k2(,,bsj for these substrates 
are listed in Table III with that for tetramethyltin. 
It may be seen that statistics can not be the main 
factor because, as it is shown in the third column 
of the Table III, the values kZ(obs,/n (n=number of 
methyl groups in each substrate) slowly decrease on 
increasing the number of methyl groups. 

Salt Eflecf. The reaction rates decrease on adding 
NaCl; for a NaCl solution of about 0.15 M, the re- 
actions are nearly stopped. Table IV shows the k2(,,bsj- 

Table II. Rate constants kl,obs) and activation parameters for the reactions: R,SnMe + Me,SnCL+R,SnCI + Me,SnCl 

Substrate 25” 
kzcobr) x l@ (Lmole-’ see-‘) 

30” 35” 40” 
AE*,b, n -ASlob, b 

(kcal/mole) (u.e.) 

MeSnMe 8.1 12.4 20.0 - 16.6 17.0 
Et,SnMe 3.5 5.9 9.4 - 18.2 13.3 
n-Pr,SnMe 2.7 4.2 5.8 9.0 14.7 25.6 
n-BuSnMe 2.2 3.1 4.4 - 12.7 32.5 
iso-PnSnMe 1.3 2.0 2.9 - 14.8 26.8 

Q From Arrhenius plots of log kzcolJrj VS. l/T. h Calculated at 30°C. 

Table III. Rate constants kz(obsj for Et,-,SnMe. substrates at 
25°C (n= 1,2,3, and 4) 

Substrate 
kxow x 10’ 

(I.mole%ec-‘) k,c,b,,/n 0 

Et.,Sn no reaction - 
EtSnMe 3.5 3.50 
EtSnMel 7.0 3.50 
EtSnMe, 6.8 2.26 
SnMe, 8.1 2.02 

a n= Number of methyl groups in each substrate. 

The flask containing known amounts of tetraalkyl- 
tin (from 1 to 10 ml) and of MezSnClz (from 1 to 3 ml 
of the standard solutions) in 50 ml total volume of 
methanol, and salt (NaC104) in order to make a 
constant salt concentration equal to 0.01, were put 
into a thermostat at the desired temperature (+O.Ol”). 
At known intervals, quantities of the solution were 
taken off for analysis of the unreacted MezSnClz. All 

Table IV. Effect of varying Cl- concentration for the re- 
;c;iy;L, Me,Sn + Me~SnCl,+ZMe,SnCl, at 30°C. 

[Me,Sn] = 3x lo--. 
[ MelSnCllj = 

Total salt concentration, 
[Me&&] + [ NaCI] + [ NaClO,] =O.Ol 

kwa) x lo6 kxob.) x 10’ 
[Cl~]XlO’ n (set-‘) (Lmole-‘set-‘) 

1.0 38.0 
2.0 20.0 
4.0 11.0 
6.0 7.2 

*;:oo 6.1 4.3 

a [Cl-]=[NaC1]+2[MeSnCL]. 

12.6 
6.6 
3.7 
2.4 

2.0 1.4 

values, as obtained for the reaction, Me4Sn + 
Me$nClz=2Me$nCl (6). on varying the chloride 
concentration in the range 1-10X 10m3 M and keeping 
the total salt concentration equal to 0.01 M at 30”. 
One can see that the k2(obsj-values appreciably decrease 
on increasing the chloride ions concentration. 
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A positive salt effect is observed on adding salt not 
containing chloride ions (cfr. Table V). The values 
a, obtained from the relation log kzcob,) = log k2,0bsj0 + 
a*, are 0.57 and 0.9 for EtzSnMe* and MeJSnMe 
substrates respectively. 

Table V. Salt effect for the reactions: 
RSnMel + Me$nCL + RSnMeCI + Me,SnCl (R = Me and Et) 
[MeSnC1,]=5x lo-‘; [R,SnMe,] =4.3x 10-l 

kzw x 10’ 
Substrate [ NaClO,] (Lmok’sec-‘) da 

Et,SnMe2 (30”) 0 9.1 0.57 
0.01 9.8 
0.05 12.5 
0.083 13.8 
0.150 15.0 

Me$nMe (25’) o 7.5 0.9 
0.01 8.1 
0.05 11.0 
0.10 12.5 
0.16 15.1 

a Calculated from the relation log kz(obr)=log kzc.b.Io+a fi. 

Solvent Effect. Considering the effects on the re- 
action rates in several solvents, we found that 
reactions occur in methanol and ethanol whereas, re- 
actions, in acetone, acetonitrile, and dioxane, are 
notably slowed up or stopped. A slow reaction is 
observed in iso-propyl alcohol: as an example re- 
action (6) in this solvent shows a klc,b,,-value of about 
4X low5 1. mole-’ set-‘, at 30”, so that the relative re- 
activity in this medium as compared to that in 
methanol is l/30. 

It has been verified that reactions slow up when 
water is added to the methanol. In fact, the k2(ot,s) 
for the reaction (6) at 25” in methanol-water medium 
(HzO, 2 M) is 4.5 x 10e4, in comparison with the 
value 8.1 x 1O-4 obtained in methanol under the 
same conditions. 

Conclusion 

On the basis of the experimental findings regarding 
the use of various solvents, it seems likely to consider 
that, under the experimental conditions employed, re- 
actions take place only in those media which allow 
dissociation of the MezSnCh. In fact, reactions are 
observed in solvents (S) like methanol, iso-propanol 
or methanol-water mixture for which dissociation of 
the MezSnClz is known to occur as in the following 
scheme : l5 

MezSnCl,+xS~MelSnC1(S)(S):-I+CI- (7) 

MeSnCI(S)(S)L + S=MezSn(S)AS).‘-tl +Cl- (8) 

This also agrees (cfr. Table IV) with the decrease of 
rates on addition of chloride ions which displace to 

(15) R. K. Ingham, S. D. Rosenberg, and H. Gilmnn. Chem. Rev., 
495 (1960) and references therein. 
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the left the above equilibria (7) and (8) with the 
formation of undissociated species MezSnClJ. 

The reacting species with the substrates investigated 
may be Me2Sn(S)2(S)Z+I or Me2SnCl(S)(S),+_, or 
both and the reaction rates are depending upon the 
concentration of these species according to the con- 
ditions used, that is, by varying the Me2SnC12 con- 
centration, adding chloride ions or on varying solvent. 
In addition, it seems likely to assume that the electro- 
philic strength of the different species decrease in the 
order Me,Sn(S),(S)?+, Me2SnCl(S)(S)L1 MezSnClz- 
(S), and yet GUI chang’ing the coordinat;d solvent 
molecules around the tin centre. 

On considering the effect on the observed rates 
in solvents allowing the Me2SnClz dissociation, it 
appears that in iso-propanol alcohol and in methanol- 
water mixture the reaction rates are slowed up in 
respect to the methanol. An explanation of this may 
be found on considering two factors: (a) the different 
dissociation of the MezSnC12 related to the different 
donor strength of the solvent molecules and (b) the 
mechanism of the reaction involving the substitution 
of one solvent molecule on the Me2Sn(S)2(S)i+j ion 
by an incipient methyl carbanion. Factor (a) is 
probably important in the case of iso-propanol since 
this solvent does not allow dissociation as the 
methanol does, whereas factor (b) may be important 
in methanol-water medium, water being more strongly 
bonded to the Me&? ion and on considering that 
the displacement of the water molecules from the first 
coordination sphere of this ion is very dificult16 (see 
later). 

The following discussion is based upon the as- 
sumption* that the reacting ion is the penta-coordinat- 
ed species ” Me&(S),*+ , and on the findings that 
Me2SnClz is largerly dissociated in methanol in the 
concentration range used.15 

The observed salt effect (cfr. Table V) more marked 
for MesSnMe than EtzSnMez in conceivable with a 
transition state more polar than the reagents in the 
initial state: and as a consequence it seems likely that 
the SE2 transition state is more favourable than a 
SF2 one. On examining the possibility that the re- 
action goes through a transition state &2, that is, the 
occurrence of an activated complex between the sub- 
strate and the electrophile. we will take into con- 
sideration the obtained reactivity sequence (5) together 
with the probable significance of the two general 
factors: steric requirements and inductive effects of 
the R groups in the substrates RjSnMe. 

Inspection of Table 11 shows that changing of R 
group in the order Me, Et, n-Pr, n-Bu has a veTY 
small effect in the reaction rates. This behaviour 
rules out the possibility that steric factors are im- 
portant, and this is also supported by the fact that 
the observed activation energies are decreasing in the 
above order. Moreover, if the inductive effects of 
the R groups joined to the tin atom were the only 

(*) The assumption, that penla-coordinated species Me,Sn(S),‘+ may 

be involved in the process, is supported by the facl that penta-Co- 
ordinated species, Me,Sn(S),*+ are formed in the reactions of this type. 

e.g. the aqua-cation,l’J’ Me,Sn(OH,),2+. 

(16) R. S. Tobias. Orgonometaf. Chem. Rev., I, 1 (1966). 
(17) R. Okawara and M. Vada. Ad. Organometol. Chem., 5, 137 

(1967). 
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or the most significant factor, the rate sequence 
would be inverted in respect to that found (see 
sequence 5). In fact, as the chain length increases 
on passing from Me, Et, n-Pr, and n-Bu, the 
increasing +I inductive effect of the R groups in 
that order increases the negative charge on the carbon 
atom of the methyl group and consequently reactivity 
would increase as above. 

From these considerations, it seems likely that the 
reaction pathway is not dealing with a transition 
state Sa2. Therefore, we retain that this type of 
reaction may be better understood assuming that an 
electrophilic substitution at the saturated carbon 
centre assisted by the solvent (&2), takes place, as 
pictured below in the scheme. Mechanisms with 
assistance bv the solvent have been proposed for * 
several electrophilic 
type RdM (M=Sn 
philic reagents.‘*-z’ 

substitutions of substrates of the 
and Pb) with different electro- 

R R 

R,SnMe+Sp&-Me - 
MeSn(S)1z+ 

k 

? /R 
S+Sn -------- ye 

I 
R 

S \ & / ’ Me 

S’ I ‘Me 

s 

The tendency of methanol to coordinate to 
centre of the RSnMe substrates is expected 
crease* on increasing the chain length of the R 
as a consequence of the increased negative 

the tin 
to de- 
groups 
charge . 

density on the tin atom due to the R groups them- 
selves. In such a way the coordinative step by the 
solvent is responsible for the decrease of the reaction 
rates in the series Me. Et. n-Pr. n-Bu. and iso-Pr 
and explains the observed reactivity sequence (5). 

(18) M. Gielen, J. Nasielski, I. E. Dub&, and P. Presnet, Bull. 
Sot. Chim. B&es, 73. 293 (1964). 

(19) S. Bout. M. Gielen, and J. Nasielski, 1. Orgonomefal. Chem.. 
9, 443 (1967). 

(20) G. Tagliavini, S. Faleschini. G. Pilloni, and G. Plazzogna, 
1. OrgonometnI. Chem., 5, 136 (1966). 

(21) G. Pilloni and G. Tagliavini, \. OrganometaL Chem.. 11, 
557 (1968). 

Reactions require the displacement of a solvent 
molecule on the solvated Me&?+ reagent by an 
incipient methyl carbanion. The lower reactivity in 
methanol-water may be due to a relatively high 
energy being required to break the coordinative 
bonding between the water molecule and the tin in 
the aquo-complex Me&r(OH#+. This energy requir- 
ement is not compensated by the energy resulting 
from the assistance step of the solvent since the 
coordinative step may statistically be due either to 
the methanol or the water molecule. 

Looking to Table II, the activation parameters 
AE*ot,r and AS*,b, are, in our opinion consistent with 
the above mechanism. In fact, the energy requir- 
ement becomes smaller on increasing the R chain 
length of the substrates as a consequence of an 
increase in the polarity of the RSn-Me bonding, 
due to the R groups themselves, that is the negative 
charge on the incipient methyl carbanion increases 
on increasing the R chain length. In addition, it 
seems likely to consider that, on increasing the R 
chain length, the transition state becomes more polar 
and freezing of the solvent molecules around it is 
favoured allowing an increasing negative change of 
the entropic term. 

A last point to discuss is the lack of the reactivity, 
under these particular conditions, of substrates not 
containing methyl groups. In our opinion, an ex- 
planation of this behaviour could be found on con- 
sidering that the attached bond >,Sn-R becomes less 
polar on passing from R=Me, Et, n-Pr, etc., on the 
basis of the decrease in electronegativity” of those 
groups in that order. Therefore, it seems likely to 
retain that the methyl group has a greater ability, 
thanks to its greater anionic stability?s26 to bridge two 
tin centres and to favour this reaction. 
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R groups joined to the tin atoms has been ascertained for R,_“SnCl” 
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