
In&d&ion : 

?Tcialkylt& halides react with hex&nethylditin by &iitialelectrophilic Sk-C~,-: 
cleavage,. ultimZ&ly yielding a t&raa&yl& and a polymeric form. of ‘.‘d&e$byl- -- 
tin’) ,a&okding to [1,2] : 

._ 
. 

.: 
CH3)&3nz+ R&X 4: kH3SnR3 + [(Clk&Sn] + (CH,),Snk : .- I 

. . ~ 

.CIjI&3n2 s : (CH,)&n i .[(C&&Sn] ” : .. _ . . -_ 
: . _- 



.~&hdtic$ &m@&ion 
1;; :... -AlJ re&$oris Were conducted in NMR tubes sealed with serum caps, and the 

:.: c~i&isï+h of,the~re&tion.mixtures derived from PMR peak heïglit measure- 
~:ments’&-.l60 MHz (JEOL PS-100 or MH-100) es in previous studies’[2,3]. Fig. 1 

illustrates a tyI&al spe&rum with the components clearly resolved. Table 1 SU~- 
‘.&rises~~he chemic&shift and coupling constant data for meth&ol solutions. By 
~+$i u+o~~anïnternal reference, e-g. a known amount of acetone, it was establish- 
: .$ that no metal-bound methyl gi-onps were lest from the system. The individual 

‘-.correct$d .pe@ heigl& could thus be comparedwith their sum and related to a 
.-.oI+$-& de&ninéd by the in+& concentrations. (Methyl groÜp balance.) 
-1:.- Lead tihloride; whichmprecipitates during the reaction; waSidentified by its: 
~.disSolution~_m’boiling water;.and the precipitation of black lead sulphide on the 

!‘;_additionof aqueous sodium sulphide, but was nor normally determined. (In one 
? case.an 8’79Grecovery Was achieved.) 

-, 
Ki& fié hG&LGzents 

-: Thes$+$re carriedout essentially as previously .described [2,3], and a typical. 
- 

-_‘. 
-. Set of data points is illustràted .in Fig. 2. Calculated concentration vs. time &nves- 
1. (see.be~owj.arealSo-Shown.. .- .: -_ .: 

;- :_ca,.cC~~~~sn,/(cr-r3j;PoC~. -In all cases the ratio of hexamethyldïtin : trbneth-. 
’ ‘yll&d: &loride &as in eXcess of the stoichiomet& requirementand the.r&&ions 
-.‘w~e~~~~~o~~.until,t~_~-iatter..W~ essentially &.consumed.. (The slow-reaction .:. .-~.; _ 
i,of -hexam&hylditin Gith .tho 10% concéntration of trimethyltin chloride‘$s in_ 
‘-_~~n~~~~~~‘~~~~~_~~t;j_~.. _,; ; ;.. . -...y.. ;. :. ., : : -II: .-. 

i-2 j;..(@) (cH3)4~~/~~~~.~~~~~Z~~The @action betTeen &ràmethy&adand .trimeth-. -. 
:-yl$in $Io@de :y$s:+,o?_ediLt%_ proce&! to eqr$ibr&im; ~:~~~‘4~~/~k;i~ $135: f+ro>-. .:..y: f. 
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B = KH,&PbCl 
x = ccyI$-la~ 
Y= KH3)4Pb 

2 = <CH&,Sn 

~ 

- calculated 
01 experimental 

B 
I 
Y time (min) : 

Fig. 1.100 MHz NMR spekrum of a reaction mixture initiallu 0.071 M in (CH~)&I~ and 0.145 M in : 
<CH&PbCl <after 40 min>. --. _- 

Fig. 2. Comparison of calculated and experbnental concentrationltime data for reaction <CH~>&I~, 

+ (CH3J3 PbCl_ 

(CH,),Pb + (CH,),SnCl 2 (CH,),PbCl +. (CH,),Sn ‘0) 2 
1 ; : 

Employing the usual second order function for different initial con~enkat&s 
.- - 

1” 
the d&a show good linearity with evidence of the reverse reaction at lk@er stages. -. : .:i, 
The mean of three runs gave 4k, = 3.4 (k0.4) X 10m2 M-’ S-’ (3OoC) ~&d hence -Y.r 
4k_, = 4.7 (~1.2) X 10-4 M-l s-‘. 

_. -.. 

The concentration vs. time data for the ovd reaction were corrected for. -’ --. _ --:‘i 
reaction 1 in the follo&ng mariner.. The species involved are symbolized thus:.? -. _:’ -. 

TABLE 1 
: 

_ -. _: 
ME+HYL GROUP RESONANCES.= : .-; _. 

S(CH3) b bpm> J (Hz) fi(CH3) h ti,k J (I+l :.:.-:t..‘: 

<CH3)6So2 

‘iCH&Sn 
<tiH&SnCl 

0.20 46.48 = - <CH$oPbz 0.97 43= _. 
15:16 d 23 f’ 

0.06 

IIy ..~+:.,.-” 

52. 54 = <CH&Pb 0.73 .-62.5e .: .: _-?: 
0.58 64.67 = <CH&PbCl _ 1.50 ’ 78.e., 1 --: _’ p 

\ .:. ::z~:.;..‘I _. 







:_ , y1 .,I_ -/r. : _, 
i-f). -(Cï&)6Sn2 I_~(CD&l+l%-~ (3). _ 

: 
i::r. &-atio~ vs. .tï& data for hexameth~lditin were fftted to a foür$h de&ee poly-: 
_I.: ; n&i-_ empl@ying a:curve-fitting !east squares program (kindiy provided by Dr. 
-~ , -.y. Lucchi&).,The-fi@ derivative of this fonction gives the instantaneous rate at 
.. 1;. each p,oi&, I&+h, -khen ‘divided by. the appropriate concentrations of hexa- _- 
..,:‘~ rnethyld$m aridtrimëthyllead chloride, yields many values for the second order 

: rate constant. The.set of values for each kinetic nm oscillated aboüt the me& 
-’ C j& asthe expekimenI+poïnts osciI_lated about the poIynomi@ expression..The 
‘.‘. __ distribution~about the mean wes;however, random, and tbe mean values from 
.i-‘_ foUr l+netic runs at ciifferent initial concentrations are in excellent agreement 
.: (Table-Z). 

..- --TO test that the system was properly representëd by the two rate processes, ~. 
: t+ rate equations were intëgrated using a Runge-Kutta; prcgram (a modified 

‘wxs~oÏi of .a PDP-10.Libkxy Program) yielding a set of calculated concentration 
_‘----$si &rie~curves:One iesult is illustrated in Fig. 2 baséd üpon the above value of 

‘66k, &-rd a value of 4k, that is 85% of the value independently determined. No 
-_. -al$kkncé~~waIs:made for $he reaction .of hexamethylditin wïth trïmethyltin chlo- 

-.ride (1.0 X 10W4 M” s-1) [2] _ It is probably nef signifk&& that the requïred val- 
.‘ue of 4k, is shghfly lower sinc~ the reaction conditions are not identical. Full 

: . optimisation tif kl and k3 was not ‘considered to be justified in vieW of experi- 
mental üncertainties and the possibihfy of neglected mmor.rate steps. 
,. It iS,interestixig to compare the reactivities snmmarïsed in Table 3. For Sn-CH, 
cleavagk, trimethyllead chloride is about ten times as reactive as trîrnethyltin .’ 
chlorïde. ‘l!he-methyl groups of tetramethyltin have about the same reactiviti as 
these. of hexaniethylditin indicating no signïficant activating effect arïsing from 
thë-trimethylstannyl group. On tbe otber hand the t-bu_tyl group is responsible .,. 

_ -fora substantial reduction in cleavage rate, Which is presumably steric in origin. 

- TABLE2 
.- :._ 
-1RATECONSTANTiFORREiCTION3 .- 

-. 
:" CbXhkSn& cwi&bcuO 6&(300c).. ... . . .’ 

‘WI -. -. .- 1 _. @If~: <x10-3&?-1 s-T> :. 
.;- . -. ._ ._ 
:.: &Il -.;.._ f _._' -0.145 

-. 
. 1.11 &+2) :. :. 

;,:O__qg~~- m.. .y '. -_. 
10.162 -. -. 1.03 (i-0.01) 
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1. __.-.:__,~r.,;, ..~ ;_-; :-; _. -. _:.:'- .: :-:-_.- _.>.-...__ . . .-;_. __ 
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Su,,&&.. _ -,Y .-_ - &&S+i. :_~::&>&& -:...-:-. -_ -. ._-_‘: ‘:_I~_- 
.-y_ : :. _. 

<cH,>,sn*~ z -. --. _ l- ;- x 10-5 m-1 s-’ 9 :_ -.kgti,5 >tlo$4&p c .‘. y-_-- 

(&I~)&ii~ .. 1.8 x 10sojls-l b 
kx~&X1++&~sl_iC .- ’ .- 

(CH~)+I&C& 
_. 

1’ x +6M”~-l b k; i 1.1 xlO‘s&&-l CI.,;‘ : 

.= Ret 2. b Ref. 6. = ThÏs &xk 

.: 
. .- 

For.the mkhanism of the priqsy reaction a raie controlling skp I.& be . . . c “‘-:. 
written [1,2,6], thus: :. :. 

. . 

(CH,)&, + (CH&PbCl 2 (CH&Pb + (CH&Sn&l. (3). : -:.- 
:. 

and thereafter is speculation. However, in order that ïntermediatès GUI bk fokn- i 1: 
ed from which lead(I1) chloride cari ultimately be derivkd, it appears necessaiy ~- 
that the following ensue: 

K+)&Gl~ (CH&SnCl + (CH&Sn (4): II-: 

(CH&PbCl + (CH&Sn 3 (CH&PbSn(CH&Cl (5, 

Presuming (CH&Sn&l to have a rez&ïvïty sïmïl~ to that of (CH,),SnCl, an&. T 
this is the case for (CH&CSn(CH&Cl [SI, then 4k-3 cari be-estiqated as 3 X:10W2 1 
M” s-’ (Le. =4k,). This means that the equilibrïum of reaction 3 is &&&y qU;te : 
unfavourable in the observed direction and hence thatihe further reacticjn of its .- 
product, (CH&Sn,Cl, must be sufficiently rapid, Le.: 

kq > 3 X lO-’ [(CHî)rlPbjaV =. 2 X 1Ck4 s-’ 
‘. 

to prevent the reverse step being apparent in the kinetics. (There will be no sim~ 
ilar problem with step 4 since until the end of the reaction [(CH&J?bCl] _ : 
[(CH,),SnCl] and the former ïs probably. more reactive, i.e. k, > k-4.) 

Several reïatively rapid reactions are possible for the Ieadtin’ prodgct of reac- _ 
tien 5 which now possesses easily cIe&ved Pb-CH3 bonds. Perhaps the simple& 
suggestion, however, is that dïmethyllead extrusion follows an intramol&ukr .- 
methyl-c~orhie ekchangb and that the d+ethyllead rapidly reacts with tri- 
‘met.hyl+d.chloride 171 drivïng the overall retictïon to co&pletiok 

(CE&PbSn(CH& e (CH3)zE;bSn(CE&)9ti(CH9)2Pb + (CH&SnCl 2(CH3’jebC! ..- : f 

Q cl 

S(&13),Pb +.PbCl, 
: 

. . . : 

In our view th&n tht% reactions of hexame*yldi$n .Mth trïmethylt+:a@‘;$ki- y :Y;:: -.i 
methyllead. halides h& in coktion the k$iz+l Sn_%H3 clgvzige _foll@ed by .‘: f::_ ‘j 

the fefrna@x of tbe ï+erm@iat$ dii+yltïn. In the-one case +hij in@inec&k ..::, 
.~~n~_&. a‘-qtietice of reactio?-leading t$p$&ier fo+a@5@;:while in +$e’e$h& !‘i,k., 
..- ca&,t@~‘ïn~~e re@&e--dim$khyvead:is ~gkrated:and &zza%_e$to~~&d(II)’ clilo&@~:~ 
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