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Unhke the. tnmethyltm chlonde-catalysed decomposmon of hexamethyldltm
to tetramethyltin and polymeric “dimethyltin®, reaction with tnmethyllead &
chloride initially yields tetramethyllead, trimethyltin chloride and lead(I1) -
chloride. Concurrently and subsequently. tetramethyllead and trimethyltin -
chloride react together. A mechanism involving cumethyltm formatlon and mser-
tlon mto tnmethyllead chlonde is suggested : : -

.Introductlon .3 o

Trla.lkyltm hahdes react with hexamethyldltm by 1n1t1a1 electrophlhc Sn—CH3 ’
cleavage, ultunately yielding a tetraalkyltm and a polymenc form of “dlmethyl-
tin” according to [1 2] SR

CH3)6Sn2+ R3SnX > CH3SnR3 + [(CH;;)ZSn] + (CH3)3SnX

: (01‘13)3Snx
CH Sn
; 3)6 2 tal t c B

(CH3)4Sn + [(CH3)zSn]

, Desplte the fact that other reagents e. g mercunc salts and alkylmercunc sa.lts"f
[3] ; silver salts and complexes [4] and iodine [5]; , appear’ ‘to react exclusively
-with the Sn—Sn. bond there is no detectable cleavage in thlS sense by tna]kyl ]
electropthes [2,61. ' - o

.The structure and: the mechamsm of the formatlon of the polymenc ‘ dlmeth
:yltm are stﬂl uncertam Howev_er a mlxture of: ‘spec1es of the type (CH3 2




ure of the steps subsequent to

: Avent‘left a low-meltmg solid. Th.lS was distilled up a glass tube at 100°C/ 38 mmHg,
:—gﬁ, givinga cleaJ: oﬂ wh1ch SOlldlfled when touched with a spatula (m.p. 36°C). NMR

,":f 29  H, 6 3% lV'ethanol was AJAX UNIVnR “dned for non—aqueous tltratlons” V

Product exammatzon R S

7 All reactmns were conducted in NMR tubes sealed w1th serum caps, and the
_compos1t10n of the reaction .mixtures derived from PMR peak height measure-
;'.j_'ments at'100 MHz (JEOL: PS-100 or MH-1 00) as in previous studies’ [2 3]. Fig. 1
illustrates a typical spectrum with the components clearly resolved. Table 1 sum-
"f.:,manses ‘the chemical shift and couplmg constant data for methanol solutions. By -
" the use of an internal reference, e.g. a known amount of acetone, it was establish-
-ed that no metal-bound methyl groups were lost from the system. The individual
orrected peak helghts could thus be compared with their sum and related toa
constant determined by the initial concentratlons (Methyl group balance ) IR

2 Lead(IT) chlonde, which- prec1p1tates dunng the reaction, was identified by its -
.- dissolution in boﬂmg water, and the prec1p1tat10n of black lead sulphide on the
g;;addltlon of aqueous sodium sulphide, but was nor normally determmed (In one -
: case. an 87% recovery was achleved ) ‘ ’

Kmetzc measurements T -
. -These were carned out essentla]ly as prewously descnbed [2 3] ,and a typ1cal ,
set of data pomts is ﬂlustrated in F1g 2 Calculated concentratlon vs. the curves:. -
(see below) are also-shown.. '
(a)( CHy )53’12/( CH; )3PbCI In all cases the ratlo of hexamethyldltm tnmeth-

i yllead chioride was’ in.excess of the sto1ch10metnc requirement and the’ reactlons
':j'were:—followed until the latter was essentlally all consumed. (The slow’ reactlon
Aethyldltln Wlth the low concentratlon of tnmethyltln chlonde was m- s




A=(CH;)gSny -
,-(CH3)3pbc1 SRR BT o R T N
_ —(CH3)4Pb' PR - . , T

‘Z = (CH3)4S0 : :

— calculated
oe experimental ..

Concentration (M x10°2)
o

Y

time (min)

Fxg. 1.100 MHz NMR spectrum of a reaction mxxture initially 0 071 M in (CH3)6Sn2 and 0.145M in
: (CH3)3PbCl (after 40 min). . :

Fig. 2. Comparison of calculated and expenmental concentration/time data for reactxon (CH3)GSn2
+ (CH3)3 PbCl. :

(CH3)4Pb+(CH3)3Sn01—*(CH3)3PbCI+(CH3)4Sn | . '. o '(1)7,; R

Employmg the usual secornid order function for different initial concentratlons :

‘the data show good linearity with evidence of the reverse reaction at latter stages.

The mean of three runs gave 4k, = 3.4 (£0.4) X 1072 M! st (30 C) and hence

4k =4.7 (x1.2) X 107* M 1s7L,
- The concentration vs. time data for the overall reaction were corrected for

h reaction 1 in the followmg manner. The spemes mvolved are symbollzed thus. ERI

 TABLE 1 .
 METHYL GROUP RESONANCES a.

5l b pm) JH) _ . sccHpt (ppm) T
(CH3)eSna - 020 - 46.48€  ° (CHa)ePby - - 0.97 o ase
el ST oaascaed T T
(CH3)sSn .-~ 006 . 52,54%. 0 . (CHa}Pb .. .- j_o.73v 62,59
(CHg)3SnCl- . . O 58 . 64,67 e (CH3)3PbCl S L &

‘; Lln methanol. hemxcal shxfts posxnve to low ﬁe]d oi TMS ¢ 117Sn—C—I—‘} and ltgsn—C—H_couplu:

207pp—Pb—C

n——Sn—C—H and 19Sn Sn—C—H couplmg 2 Pb-—C—H couplmg'
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T B: (Cus)gsn(c(cl—ls)a)c['
C:.(CH3)3SnCCH3)
- D2 (CH3)4Pb ] L
L Es(CH%SAICICH AL
©F:(CHg)3SnC(CHg)y -




30 40 : 50 ] 50
time (mm) .

. md:lcated The lﬂnetlcé Were analysed usmg a methyl group
one—quarter of the corrected helght of the (CH3)4Pb peak :




xo obtam the rate constant for the pnmary reactlon, presumed to be f1rst or- ‘
each in hexamethyldltm and tnmethyllead chlonde, Le. eq 3, the concen- S

<CH3)6Snz+(CH3)3Pb01—+ (3)

tratlon vs. tnne data for hexamethyldltm were fltted to a fourth degree poly-
nomlal employmg a’'curve-fitting least squares’ progra.m (kindly provided by Dr.
V. Lucchuu) ‘The first derivative of this function gives the instantaneous rate at
each pomt whlch when d1v1ded by the appropnate concentrations of hexa- >
‘methylditin and’ tnmethyllead ‘chloride, yields many ‘values for the second order: .
rate constant. The set of values for each kinetic run oscillated about the mean |
just as the expenmental points oscillated about the polynomJaI expression. "The
dlstnbutlon about the mean was,’ however, random, and the mean values from -
“four kmetlc runs at d1fferent m1t1a1 concentratlons are in excellent agreement
(Table 2)." ,

~Totest that the system was properly represented by the two rate processes,
the rate equatmns were integrated using a Runge—Kutta program (a modified
“version of a PDP-10 lerary Program) yielding a set of calculated conceniration
-vs; time, curves. One result is illustrated in Fig. 2 based upon the above value of
6k3 and a. value of 4k, that is 85% of the value mdependently determined. No
allowance -was made for the reaction of hexamethylditin with tnmethyltm chlo-
nde (1.0X 1074 Mts7Y) [2] It is probably not significant that the required val-
" ue of 4k, is slightly lower smce the reaction conditions are not identical. Full
L optumsatlon of k, and k; was not considered to be justified in view of expen— ‘

mental ‘uncertainties and the possibility of neglected minor rate steps. N
k Tt is mterestmg to compare the reactivities summarised in Table 3. For Sn-—CH3' L
cleavage tnmethyllead chloride is about ten times as reactive as trimethyltin o

chloride. The methyl groups of tettamethyltm have about the same reactivity as

- those.of hexamethyldltm indicating no significant activating effect arising from -

- the trimethylstannyl group. On the other hand the t-butyl group is responsible =~

for a substantlal reductlon in cleavage rate, which is presumably stenc in ongm o

TABLE 2 -
RATE CONSTANTS FOR REACTION 3.

; ,.[(Cljlalssnzlo;'.i,’ e [(CH3)3PbCl]0 - 6k3 30° C)
IR Y2 T R L. S c L x1073 a1 "1)

s 1.{11(.»:01.02)' «
JLoscoon ¢




D RATE CONSTANTS FOR Sr—CH; CLEAVAGE (10 + 0.5°C)

Substrate’ < L (CH3)aSRCL .

CHpeSRz | T 1ax105miste - 1 Lo
(CH3)4Sn~ .0 - .+ leliigxaoSalsth :ie_'1~=~1'.2x1o‘41;r1 fle
CH3)gSn- = .7 > e ,

(CH3)3SnC(CHaz)3 ~ . -~ = 1 X10%mM g1 RzraxioSarlsl c: S

O Ref. 2. b_'aef. 6.¢ This {vork. o

For the mechanism of the f pnmary reaction a rate controllmg step can be'_.fjf:- o
wntten (1, 2 ,61, thuS' ’ . ;

(CH3)68n2+(CH3)3PbC1 = (CH3)4Pb+(CH3)SSnzcl e

and thereafter is speculatlon However, in order that mtermedaates can be form- o3
ed from which lead(II) chlonde can ulhmately be denved 1t appears necessary B
that the followmg ensue: .

(CH3):Sn;Cl =% (CHa)sSnCl + (CHs),Sn | | @

(CH3);PbCl + (CH;),Sn > (CH»);PbSn(CH,).C1 e

Presummg (CH3)sSn,Cl to have a reactivity similar to that of (CH3)3Sn01 and -
this is the case for (CH;);CSn(CH3),Cl [6], then 4k_; can be estimated as 3 X. 10“2
M~1g! (i.e. ~4k;). This means that the equilibrium of reaction 8 is actually qmte
unfavourable in the observed direction and hence that the further reactlon of 1ts
product (CH3)SSnzCl must be suff1c1ent1y rapid, i.e.:

ks> 3 X 1072 [(CH3)4Pb]ay = 2 X10™@st

to prevent the reverse step being apparent in the kinetics. (There Wﬂl be no sim- - -
ilar problem with step 4 since until the end of the reaction [(CH3)3PbCl] '
[(CH5);SnCl] and the former is probably more reactive, i.e. ks > k-.) -

Several relatively rapid reactions are possible for the leadtin product of reac- -
tion 5 which now possesses easily cleaved Pb—CHj bonds. Perhaps the simplest
suggestion, however, is that dimethyllead extrusion follows an intramolecular
methyl—chlorine exchange and that the dlmethyllead rapidly reacts w1th tn-
‘methyllead chloride [7] dnvmg the overall reactlon to completlon

(CHa)stsn(Cﬂs)z*-“ (CH,),PbSn(CHa)s = (CHe,)sz + (CH3)3Sn01 M“—"i
‘ b - ,cr '
2(CH3)4Pb + PbClz . ,
 In our view then the reactions of hexa.methyldmn w1th tnmethyltm and tn-
- methyllead halides have in common the initial Sn—CHj; cleavage followed by

_the formation of the intermediate dimethyltin. In the one case this intermedial
_jenters a sequence of reactions: leadmg to: polymer formatlon, whlle in the other -

case the more reactive dimethyllead is generated and cleaved to lead(II) chloride




' Scii 36 (1966) T17.

. Bll. 'Soc:: Chem. Bel




