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Introduction --· -.......;;.....-.....-.-

Mucil of the experimental work 1n the field of Ol"ganotin 

ch·emistry has been inspired ·by a desire to understand as fully as 

possible· the reactivity of these compounds. Bundreeds of alltyl 

tins', especially those with different' ligands' were prepared ~ith 

a view to studying the fission at tin•oat"bon bond which may be· 

ropr~sented as 

........... / ......__ 

- Sn • c • + A·B • -· Sn • A + ~ c - B / '-.. . /' 
(I) 

Although the reactivity or tba tin-carbon bond depends on e 

number or facto1·s,. they are suscep·tibla to attaclt by a wide 

variety of reagents so that A - B 1n the above equation may be 

halogen, mi-'lernl .aoidj carboxylic ae:td, thiolt phenol; alcohol, 

metallic or nonmetallic halide, alkal11 elka11 metal etc. 

1'hesa r'Jac·tions ara non only of utmost theoretical and 

practical importance in organot1n chemistry, but also has some 

bearing on the present work. As such a brier discussion on the 

subjec-t 1s p~esented here. 

The most trequanly suudied res.otiQn of tin-carbOn bond is 

the cleavage by halogen; one or more organic moieties are split 
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orr depending upon che condition of the react1on according to 

the ·following scheme : 

(2) 

EsSnX. + Kg·_, fl:aSnX + I~ (3) 

I 

when unsymmet r:!.cal o:rganot in compounds or the type R3SnR are 

trea~ed with one molecular proportio,n of the reagent, organic . ~ ' ~- .. - . 

gro~ps are usuall1 cleaved. ~rom tin in the order ( 1 ) s 

0 • tolyl> p • tolyl) phenyl) benz~l) vinyl)methyl) ethyl) propyl> 

ia.o--butyl) i.so-amyl) amyl) he~i) heptyl> octyl. 

. . 
This series is of practical value in synthetic organotin .chemistry 

since (2) usu~lly predicts correctly the products of cleavage. 
. I 

How~ver predictions are less reliable with B2SnR2 type of compounds. 

Tnough the sequence have been compiled rrora reaet1ons uGing dirre-
' 

rent cleavage .reagents und~r a variety or conditi·ons, careful 

exem1nf.ltion or the literature reveals n number of contradictions (3 ), 

the actual situation being mucq more complicated. 
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The mechanism of tin-carbon _bond cleavage b.as been clnr1• 

tied in a series of papers (3·5) by Gielen and co-workersQ On 

the basis of their mechanistic studies these reactions are to be 

classified essentiallY as alectrophilic substitution at the. 

carbon atom. The geometry or the transition stat~ is however 

greatly influenced by the solvent and the electrophile which may 

co-ordinate with. the tin atom under proper c~nditi.ons ·thereby 

causing profound vari.atiori in ·tbe rates. The different types of 

orgenot in d er1vatives ere treated seperat ely in tbe following 

diecuasion t• 

T in•carben bond clsav age in sym,-net rical tat ra alkyl tins 
*lhfll • aL·,.·· ··-~ F 1¥ • ..,,. .... _.. 1 P::C .... l • Sf ·~·....., .. ifii...CP .... •1 lriiiJ . .-- ~ry 

'.t'hese compound$ eatl be cleaved by a nu.11lber of electrophiles (1) 

or radicals ( ?•8 .)., t~mong the electroph1les, one may use halogens, 

halogen acids,_ t 1n (IV) halides and also other inorganic bnlides 

T eg BXa(9), IigCl2 , lt~la , ~ (10), PFs(U)] , Organometallic 

h~idss [:a.mc12 , R3So.Cl (12)] , o:r oxidants [Cr0a(l3)] • Alkyl halides 

ree.ct in presence o:f' tetra alkyl tins to give tr1- alkyJ.t1n halitles 

(l4-l5)e Ealoga!ls can also be US$d as rarlical SOtlrces (16). 



I ... llli . .. Sleet roph111e subs1-t1tut ion at. a saturated carbon atom 
. -·--------------------------------------------------

Kienet1c studies have shown that tetraalkylt1ns ··react with electro­

philes { 12 (17), Br2 (5), Hgx2 (19·20>., cro3 (21)] by a complex 

mechanism (22) which involves o. predetermining. equilibrium between 
' ' . 

the o:r~anot in substret'e and a nuclaophUe. 'fhe step is then follo­

wed by the reaction ot an eleetrophile witb the activated carbqn• 

tin bond. ·nepE'.nd1ng ori the solvent polg:rity two different s1tua• 

tiona; may 'be distinguished : 

(1) nea.ct;ion in i•nonpolar" solvents : 

In nonpolar media, the most nucleophic species available in the 

solution is the electroph1le E-N itself. [X-X(22) 1H-cl(2S), 

O~r-0(21)] , which may complex with the organotin molecules 

through the t 1n atom as :follows : 

C.-.· Sn + N· • E 
(•} (+) 

c-s~, ... N•E (4) 

The representation is only formal 1ndicat1n·g the t:t"ansrer of 

electron from N to tin.- The complex formed in this equilibrium 

contains activated C atoms and an enhanc~d electropl,lilie specie$. 

An intramolecular reaction, which seems thus a reasonable way in 



which this complex might give reaction products, is observed 

when the str~-1ctura or the complex allows such a cyclic transition 

st·ate. G1elan and liastelski (44) use the symbol SF 2 (substit.u-

t ion fot\r _c_entred bimoJ.ecular) to .1nd1eat e tb1s machan1sm, Abra• 

ha!tt and HUl (19) hoiateyer· pret"e:r to call i.t. SE:t. 

c sn<·> -{ r: c Sn. - c--- --Sn 
~I 

I ,- t 

I (5) I. I . I .('fl (+) 
I I 
I • N E N, ·E E"---- . 

-~ This <!Omplex which contains rather ri.ueleopnilic: carbon atome, 
'-.., 

may also react with another cl.ectrOphil·IJ E - N to give the claevage 

of a carbon-tin bond i 

}I • E + C • a~ ·1 N (! )E · ~ C - E + R a(•) "'(+),:, (6) 
- ... n - " - J;j 

A third possibility cannot· be exc~uded .. a it is the ·reaction of 

th.a electroph111c part or this «;~om.plex \111th another organotin 

molecule : 

(•) (+) I .! I I 
·c - sn • N - E + c - sn ~ c - E + sn - ,N + c • sn (7) 

This mechanistic p1et~lr& explaina a large ntwbeu· or findings 

such as ; 
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\ e a) 1'ha presence or a third over :terni : 1fhe rate or react~1on between 

tetra iso-propyl tin· and brom:Lne in clllorobenzens may ·roughly be 

described by 1 I , 

·where the third order term may be considered as due to ·tne exis• 

tanee o£ reaction (6). 

b) !,he mixing eff'eet a Tetraethyltin reacts 11.7 times faster 

than ·~etramethyltin \11th Br2 in chlorobenzene. A mixture or tetra­

methyl and tetraethyltin, reacting with Br2 1n chlorobenzene 
, I 

yields a ra.r;io [E t- Br J / [MeBr] !! 4.3. It has been sh0\1U ( 22) 

that the presence oi' tetraethyltin influences the reatlt1on of 

:or2 -wich tetramethylt1.n. This mixing effect is readily explained 

by reaction (7). 

·'fh~ obseX'ved reactivity sequence (24) for llalodematallation 

of n4 Sn type compounds in nonpolar soJ.ven,ts is : 

However the rata constants l1a close together and deviations from 
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.Ia the sequence often occure depending on the experimental conditions. 

In this case, the solvent co-ordinates with the metal atom which 

may be formally re·presented a.s 1 

c - Sn 
(-) (+) 

- sn - a (9) 

formation of such complex (which may be a true or a collision 

co!.nplex) would increase the elec·tron densi·ty at che carbon atom 

Yhich mt1Y be easily attached by an alectroph1le, yielding an open 

transition state whose existance has been fairly well established 

by Abraham and Spalding (20) : 

(•) (+) 
c -sn .. s 
~ 

0 
E • N 

(-) .(+) 
c-E+N-sn-s 

co-ordination with;;he metal generally does n.ot make ·the solvent 

.r+- electrophilic enough to compete with ·the eleetrophile E - U and 

(10) 

to reat either intermoleeularl;r or intramolecularly with a carbOn-

tin bond and these two steps thus seam to be tbe only possible 



.... reaction. Indeed neither a third order term nor any mixing effect 

could be detected 1n nucleophllic solvents such ~;~s methaqol. 

The nucleophUicity of the solvent towat~d tin, which seems 

to be the most important. factor 2ffecting the polarity Of the 

solvents tor electroph~lio aliphatic substitution ( 17) may .be 

estimated ·by the ebUity of the medium to complex the tin atom of 
' . 

tr1methyl tin chloride· (26,44). Using NMn spectroscopy the follO• 

\tJi.ng sequence has been found : 

t • BuOH!::::MeCO.Me~MQCOOMa )DiOxane) t-iee!i) 
/ 

The reactivity sequence obs~rved 1n polar solvents is a 

(iii} Radical substitution at a satur.a:ted caroon att.no.·: 

Sym,netricai t~traalkyltins may also b~ attacked by radicals. 

Following mechanistic picture has been pl>Oposad for the reaction 

ot these organo-matellic mol·ecules ~.tith halogens in chlorobenzene 
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.. 

in an inert at1nosphere under illu~ination 

_-~.._v_(_4_lom_m_>_~ 2. Br.· 

Br• + R Sn 4. 

and 

(-) (+} 
---.... -·---...... ~~. R4Sn • Br· 

(ll) 

(12 

(13)-

(•) (+) I I I 

R4Sn • Br. + a4sn ~. :a4sn + R83n.Br + R • ( 14) 

i'om1ng a chain w~th 

R • + Br2 ~ R • Br + Br • (15) 

Oxygen seems to modify the stoichiometry, the react ii:n products 

ond thus the mechenism of the analogous reacti.on of tetraethylt1n 

with iodine (27) is a 

(28) 

(29) 

which then reacts ' 
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in tho absence of oxygen Et:Pn· +--12-+Et:;Sni + I• 

chain reaction cJ:> >>I 
in presenco or oxygen Et:f>n•+ o2 ... Et:fln-o-o · 

. "' 

(30) 

(31) 

P.azuvaev and co-workers (16,28•29) have obtained a considerable 

body af evidence for the participation~ of trialkyltin radicals 

in the photolysis o! tetranlkyltins and in the reactions of these 

derivatives with carbon tetra-chloride initiated by oxygen o:r by 

peroxid~ s 

1\4 sn ----?- n3 t:>n • + R • 
/ 

B3 Sn • + X • C ' R3SnX 
/ + •C • 

' 

(33) 

liC • Symmetrical vinylie, acetylenic and .aryl derivat 1ves41 

Tetrsvinyl tin reacts more than 20 timRs faster with iodine than 

tetraethyl ·tin but !s less reactive than vinyl tr~.alkyltins (30). 

Little is known about the more reactive symnetrienl acetylenic 

organ(Jtin compounds (31). The re9.ctiv1ty or v1nyl1c and aeetylen1c 

derivaties is in accordenee wit;h the order or bond pOlar'ity 1 
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.. Tetraal'"'Jit1¢'ns f,lre. also mora prove tp clea.vage than tetraa.tkyl 

tins; one or two aryl groups are cleaved off the tin atoms in 

the cleagave reactions depending_ on sxpo~'-mental con:lition. 

In carbon tetrachloride bromine gives Ar2SnBr2whereaa 

iodine in. chloroform at .. 40° produces mono-substitutf:ld product 

( 1,33 - 34). ~r~e most widely used reaction is the disp:ropor­

tionation with SnCl4 which furnish good yietds of tr1aryJ.tin 

_chloride, difiryltin d1chl.or1de and arylt1n tri.chloride (1,34,35·39) 

under proper experimental condition. Sulpber reacts tdth tetra• 

&- phenyl tin to yield phenylt in - sulphar polymer chains and 

diphenyl sulphide; salemium yields only a monoinsertion product 

(40 ... 42}. r~o mechanistic study has been made on symmetrical tetra• 

aryl tin compounds, the mechanism or aryl-tin bond cle~vage bas 

been derived from unsymmetrical compounds. 



~. . 11.0~ Unsymmetrical Organotin compounds· 

l· Unsymmetrical tetraalkyl.tins 

The kicnetic scheme wbich describes the reaction ot symmetrical 

tetrsalkylt1n~ with eleotrophil.es E - N is also yalid for the same 

· r.aaction on mixed tet raalkylt ins_ and can be used to explain most 

of the experimental data. Only the important ditterence between 

this case and the former one are th~ nonequivalence or the alkyl 

groups bound to the metal atom in mixed d~r1vat1ves; this intro­

duces a new parameter ; tne selec~ivity, which depends dramatically 

on experimental conditions. 

(1) Reactions in nonpoler solvents t 

The reaction of bromituio wl.th pr.opyl tr1methylt in in chlorobenzene 

is described by a ratio K2(Me VK2(Pr) ·• eo, show1.1lg a rat; her lOW 

selectivity. However the ratio ~ecreases to 4.3 1n the presen~e -

of tet~aetbyl tin (22), although it doea not vary with concentra• 

t1on of Me3SnPr •. The mixing effect may be ascribed to tbe following 

reactions : 
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• + ? RX + X Sn M&J 
R Sn Mea + x2 ~ I,\ M&a Sn - ~ 

. . ~ MeX + X Sn Me.:a R 
(34} 

I I -· + 1 1 
1\i Sn + ~· ~ ~ . Sn """ 1fe R • X + R3 SnX . (35) 

I 

1 ,... + . ~ RX + X Sn Me3 · + ~ Sn 
R.-Sn .Mea+~ sn- x2 (36) 

· . . ~ MeX + SnMe2 R · + ~ Sn 

I - + 
Since R4 Sn·- X2 would be more electrophilic than X2 , the selec-

tivity of the cleavage would decrease. 

On the contrary the presence of trialkyltin halides have 

two importa~t effects on the reaction of tetraalkyltins with 

halogens 1 

a) A decrease of the relative importance of the third ot·der term; 

b) An increase of selectivity. K2 (Me) j K2. (Pr) increases from 

6,.0 to 7.1 when triethyltin bromide is added to the chlorobenzene 

solution. 

This may be ascribed to the formation or penta co-ordinate· 

species due to association of the trialkyltin halide with the 

tetraalkyl tin ~ompounds. 

The observed reac·tivity sequ.ence for halodemetallation of 

Me3SnR in chlorobenzene is R !!! t • Bu> l-ie~ i~Pr> Pr ~ Bu with 

the rate constants lying quite close together so that halogen in 

solvents of low polarity does not discriminate well between 

different alkyl groups·. Abraham and Hill (19) has classified the 
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reactions in nonpolar solvent· as SEi (substitution, electrophilic., 

internal) which includ~~ cases lying in between pure SE2 and 
c . . ... ' . 

SE: (substitution, electrophU1c, via co-ordination) mechanism. 

The low selectivity observed for the reaction or halogens 

with mixed tetraalkyl.tins in nonpolar solvents has been used for 

qualitative ident if'ication or organic groups through t~e alkyl 
' ' 

halides·formed as products or t.~e cleavage (43). 

(11) Reactions in polar solvents 

As discussed earlier polar solvents 'render nucleophilic assis­

t.ance to the tin atom thereby increasing the polarity of Sn - C 

bonds. The ·reactivity sequence observed for cleavage of R group 

fron1 He3SnR or EtaSnR is R, • t•le)Et> Bu""Pr> t- Bu. The spread 

of the rate constants in a such series is considerable so that 

there is a high degree· of' selecti9lity in halodemetallation 
( 

reac·tion in polar solvents. The reactivity or R group in R3SnR 

is also profoundly affected by the nature of' the leaving group 

R3Sn. 

The high degree of selectivi'ty .of hal_odemetallations in 

methanol has bean exploited in the· first practicable synthesis of 

fully unsymmetricall-y substituted tetra alkyl tin (6,43)• The 

same principle has been utilised·for the synthesis of chir~l tin 

compounds {50) 
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g. Stereochemistry of bimolecular electrophilic substitution at 

a saturated carbon ; 

Not many studies have so far been made on the stereochemistry. of 

SE2 reactions in organotin compounds; However, the results so 

far obtained indicate that reactions involving open transition sta­

te(SE 20) proceed with complete inversion or configuration (44) 

as s}lO\-Jn by Jensen (45) on the bromodemetallation of sec-butyl 

trineopentyltin in ~ethanol. On the contrary SE2·~·- reactions, 

which go through a cyclic transition state, should occur with 

retantion of configuration {4?)• or course, substrates for which 

the inversion of configuration is unfavourable such as Cis or 

trans ~ 2 - 'metlly,l~cyclopropyl trimethyltins or (+) - (1-methyl-

2,2 diphenyl cycloprop}tfyl) • t.rimerthyltin (47) for instance 

react trJith re·cention of configuration even in polar solvents. 

(37) 

-+· This general hypothesis seems also to be valid ror SE2 reactions 

dn other organometallic .substrates, as shown by Brown (48) who 

studied the bromodemetallation of tri-exo-norbornyl-boron, which 



~. occurs with fUll retention of config~ration in THF whereas the 

same reaction takes place with fUll inversion of' configuration in 

the same solvent in the presence of methoxide ion. 

3· .• The reactivity sequence and SE~ mechanism 

The reactivity sequence for the bimolec~lar replacement or a 
, . . ,,'.- . ' I 

cons·t ant RsSn. group by an electrophil.e (iodine or bromine in 

methanol or in a~etic acid (5), ~gX2.~in: methanol 

in chlorobenzene (5) : _i ', \ 

\ \ 

II:' 

'' 
I 

R • Sn R3 + E • N 

can be described by : 

This sequen~e, generally associated with Si 1 reaction, shovJS that 

that the st;abilization of _the par~ial negative charge appearing 

on the different carbon atoms af~er this first complexation step 

N + 
~-

(39) 
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/~ plays a very 'impor·tant role. Electron-attracting substituents 

accelerate the substitution reaction and it is reasonable to ex-, ' 

pect that strong eleccron .. attracting subs~ituents could sufi'ici~ 

ently stabilize the incipient carbsnion so ~hat the compley~tion 

would be no longer dependent 9n ~he attack of' the .,electrophile on 

the carbon a·toru, 'giving· then.. a· m.onomolecular electrophilic subs­

titution. However, it .has n9t yet been possible to find an 

al.iphat ic elect rophilic substi.tut ion v.Ji th a first-order rate 

equation. 

The reaction of benzyltrimethyltin with iodine in methanol 

is a second order reaction, but poorly ·electrophilic reagents do 

not react with this organotin molecule if a str-ong nuqleophile is 

present. Eaborn (49) has ·indeed ~hown. ·that the reaction of m-chloro ... 

benzyltrimethyltin with water. in eth~nol yields m-chlorotoluene 

and is catalysed by hydroxyl ion. The electrophi~e is unfortunately 
' 

present in large excess and it is thus impossible to determine 

\-lhether it has to be ineluded in the transition state or not. 

Nevertheless the nucleophilic catalysis is once more important and 
' I 

kinetic result's suggest that there. is a considerable negative 

charge on the separating benz:rl group in the transition state .• 

~. This reaction might be an example of a ~nomolecular electrophilic 

substitution SE 1 at a saturated carbon atom. 
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Trietbylstmayl acetone (U) resets very fast 'With iodine 

~, in polar solvents (like methanol, 11\tSO) 1s probably s&1 reaction, 

bUt 1s not oontirmed 

(40) 

~be high reactivity or o<. • functionalJ.7 substituted organot1n 

iiJ compounds could be ascribed also to a possible mono~oleculax­
meohnnis~. TrislkY.letannrla.eetone or the eoreeeponding estar or 
nitrile react With poorly electropbille reagents such as benzrl• 

helid.es 

·"c- c=- o 
/ . I "' 

/ ' 1 + R • X ~ c • c = 0 + Ra$nX (41) 
a3sn Y · /~ ~, 

' II 

'!l • ca3 or OR 

or with ·trtmetbyl sil.icon chloride (51) • 

<cn3 >2 oa • en. CN 
~nBUs + MeaSlCl ; (GHs)aCR • f(B • CN + Bu.:;Sncl 

sutea 
. (42) 
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~ f\e.t>ormatsky - type reacti-ons can also ba made with those derive .. 

ti·ves oho;.,ing that aldehydes and keton~s are electronhilic . . 
E)t'lough to cleaqe the C - Sn bonds of the·sa functionallY substi• 

t;UCcd organocin derivatives. l'he !'ormation ot• corresponding 

~- trio:rgonostanno)ey' d3rivati·ves : 

II 

(43) 

is :almost quantitative and the produ.9ts :t"ormed are very pure. 

This is thel"'uf'ore, l:L'1 especially facile organometallic method of 

functional chain oxtcmsiorll (52). 

IIE .• Unsymmeta•ical viny11c and acetylenio derivativmJ : 

a) Llec·crophilic sub.EP;itutian ut an olet•inie carbon a tom 

1) Stere.ocheilliscry oi' bimolecular electrophili_c substitution 

l'et~ctions at an olefinic carbon atom : retention or eonfigura­

t ion ; The reaction of ·the tYPe : 

I > C • C -• Hliih + E • U = > C • C .. E + N -~1% (44) 
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~ Occurs generally with retention of configuration, in agree:nent 

~A~ith the rule_ stated 1n 1948 by Nesmeyanov .€lnd. Borisov (53). 

Cis-o·r trans·d~p:ropenyltin dichloride react w1tb Hg}V2to . . 

g 1 v a purfr cis-or trans-propenyl-mercury chloride respectively (53). 

Tetrapropnyltin also reate with retention of conl"tguration 

with butyllithium (54) and phenyllitih~ium (~5). 

Cis-or trans - 2 • butenyltrim.eth,11t in react v;ith iodi:na in 

methanol also with retention ot configuration (30). 

( ii) l>iechanis.:n or b1m.ol~cular electrophilic substitution at an 

olefinic carbon atom : 'rhe x--ates cr r·eact:ton o.f a series or v1nylic 

organotin coml1ounds with 'iodin"' suggests chat 'the tx·annition state 

must bear a rather localised positive charge centered around tbe 

•carbon atom. A fullY dipolar· stl'l.J.cture involving a conlple·te 

breakdown of t h., bon.d sb.oo~d ba disr~garded si.nce. this vJOuld lead 

to free rotat!cm around the centra~ C ... C iJoud. A h:!.ghly polar 

t :r·t~nsit :ton s·tfit e : 
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is suggested (30) in order to interpret the reactivity sequences 

(a) and (b) : 

(a) (CHs) 2 C • CH-) > c( CH3 )) 

/ Ci!s 
iii c ' ' 

and the observed salt effect and the retention of co~figuration of 

vinyl group • 

(b). Electrophilic substitution at an acetylenic C atom : The ·high 

polarity of all{ynyl .. tin bonds facilita~s both electrophilic 

attack at the carbon atotiJ. and nucleophilic attack on the tin atom 

(56 - 58) malting Sn - C = C ... bonds extremely labile. Thus 

Cu ++ and _Ag + break sn - c = C bonds (56) while n3sn - c = C -cH2 .. 

CH2 - 0 - CH ~ CH2 reacts easily with ·butanol with the cleavage 

of Sn- C =C bond (58). 

Cl .. C =-C ... SnMe reacts instantaneously ·vJith water (59) • 

T ricycl.ohexyltin halides. are electrophllic en.ough to cleave the 

_,..._ acetylenic carbon - tin bonds Qf bis- (trimethyl stannyl) 

/ 
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butadiyne (60 • 62). Bromine cleaves diethyl (triethyl ~ stannyl 

ethynyl) phos:phonate Et3sn ..,. C ~C ~ P(O)(OEt )2 (58). Aldehydes 

and ketones are able to cleave the Sn • c bond of CE)fis - C = C -SnEt3 • 

Chloral (63) and, cyclohex_anone (64) also react with these com-

pounds. 

In the presence of bas.es·1 H:#)n ... C= C - CH3 is 'isomerized 

into the allehic and propergylic compounds (65)~~ 

B B 
•, CH3 ~ RaSn • CH= C = CH2 ~RaSn·.;. CH2 •C=:CH 

(45) 

llF. Unsymmetrical aromatic der:Lvatives 

As would be e;x:pected from bQnd polarity a;ryl .-tin "Qon.~·is 
., 

more reactive than alkyl ~ tin bond conseqllently aryl - tin· .. bond, 

is first to be broken whenever both types of groups are bond'ed 

to tin (1). 

It has been round that dry H:Cl in m~thanol or even in 

benzene, cleaves only one aryl group (44), whe~eas halogenation 

has to be carefullY controlled to achieve the same result (33). 

The most general sequence for electrophilic Sn • C bond c~leavage 

is thus : 

al,lyi > > aryl, vinyl ) alkyl. 

; 
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However, free radical and alkyl or aryllithum induced cleavage (4~) 

may follow other sequences. 

It should be stressed that no reaction involving C - Sn 

bond cleavage could reasonably be regarded either as a purely 

electrophilic substitution at the carbon atom or as a nucleophilic 

displacement at the tin atom. Kinetic studi·es can, however, be 

used to determine whether a given reac·tion is closer to an electro­

philic substitu·tion or a nucleophilic displacement. 

vfuere kinetic or mechanistic studies are not available, the 

... situation is obscure end no decision can be reached, as in the· 

insertion reactions or S or ~e in a carbon " tin bond of tetra­

phenyltin (40 .. 42) or in the pyrolytic bimolecular elimination 

of trimet;hyl iodide from iodobenzene a~1d hindered phenyltrimethyl­

t ins (68). 

a) Electrophilic subs·~ituti6n at; an aromatic C atom. Aryl' trial-

kyltins h-9_ve been cleaved under a variety of conditions, and 

kienetic resnlts are available for j.odine in carbon tetrachloride (69), 

in methanol (70 - 74), j:a chlorobenzene and. cyclohexane (44), .for 

HOl (76) ~nd bromine (77) in methanol, for HCl04 in methanol -

toJat er ( 78 .. 79), f'or mercurie acetate in tet rahydrofuran ( 80) and 

for the solvolysis in acetic acid (81). Iododestannylation in 

~ nonpolar solvents like carbon tetrachloride, cyclohexane e·tc. is 
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r--L. se~ond order -with respect to the electroph1la, the cleavage is 

therefore· believeci' to oecu_~ by pa_rtic1p~t1on, 1n the rate dete:u­

mining step; of iodine • aryl startnane complex with a second 

iodine molecule (69). The second iodine molecule probably acts as 

a nucleoph"l~e on the tin atom since very small amount of methanol 

added to cyclohexane strongly increases the rate end progressively 

restore a first order reaction with respect to halogen (44)o 

Despite \ibis a reasonably good correlation between the ra·tes and 

substitutiori constants (69) has been observed. With mercuric 

~- acet;a~e in TBl.<' (80) there is linear. c~rrelation ot: log (K/Ko vs o 

rather than .()+as in classical aromatic substitution, suggesting 

that a localised 6 complex is a poor &pprox1mat ion 't;O the true 

~ransition tttnte. 0...1 the otber hand, halodemetallet1on in more 

polGr solvents like mett~nol ~nd acetic acid is strictly first 

order 1>1ith respect to the elec·trophile; the cleavage can be regar• 

ded as a simple a1•orr.at ic sub:Jt itution. The rate COn$tant s also 

reasanably correlate "ititb 6 + substituen~ const·ants. 

The rate o:t elenvage is alsO affected by_ the size o!: the 

leaving grrJup, the l',!Zita being decreased as the $;!,ze of the alkyl 

group increases (71). this ·bas been attribu~ed to a steric inhibi· 

tion opposing the attack by the entering $lectrophila (73). Ortho 

ef':?ects sho·.v up as a dGlicata belonca between rets.rdation of 

,....,_ el£~ecropll1l1" at tack and Qceelerat1on by ster~c decompression : 

0 
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when the leaving g.roup 1s - Sn(C:f.I3 >3 , two orthomethyl groups have 

no special influence at all, but with bulkier ~ ~n(n Cafl?)3 group, 

the two ortho methyls induce a slignt rate enhancement because or 
t;he relief of tb.a overcrowding in the st~:rt:tng material (74). 

This steric acceleration is, however, much less pronounced hera 

than in the case of analo~us silicon compounds (83,84), the 

difference between 61 and Sn derivatives 1s dUe to longer c - Sn 

bond which hofds the intera~·ting groups further apart. Because 

of its negligible effect on the electronic properties or the aro-

~ ma~ic systems (72,86 • 87) trialkyltin group mBY be used to. study 
'----

ele<~trophilic subst.ituttivn on the aromatic carbon atom.. 

other '31ectrophi11e ;r.:tbsci.tuciona, such as thEi redist:ribution with 

tin tetruhalides (88 .. 89), reaci;ion with CsflsPC12 (90), BG13(88) 

or: BBr3 (91) h~v~ .round. interesting synthetic U$~}So 

b) Nu.cleophS.lie displacement at the tin atom. 

5ub3·titu.ted ph~nyltri~e-chyltins ;:~e.cv vJith 80dium meth•'>Xide in 

r.n;)t;hanol co yield \;rimethyltin mGtiilox1de and the c~rresponding 

au.ost.itu·~ed bt?.nZ~1-a. :the kinetics of this reaccion have been . 

~ studied . by Ra.bo1~'1. {92), the substituent er:rac·cs roughly parallel 

the· \"'!H~Ultiu £or tha base catalysed hyd~ofia·a exchange reaction in 
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~ aromatic hydrocarbons, suggesting that the transition states bear 

some resemblance to analogous phenyi carbanions~ 

-~erhalo arylt1ns undergo fac"ila base cat.alysad cleavages. 

Thus (Ct"fe,")4 Sn is cleaved by KOfi as easUy as by HCl (93); 

CffsSn(CHa)a solvolyzes 1n aqueous methanol, but a trace or acid 

completely inhibits the reaction· (94)J crystalliza.tion of 

CeH0Sn(CBa)a in ethanol containg soma KF gives pentafluorobenzene 

and trimethyl tin fluoride (95)• 

P.Gactions of phenyl t;in chlorides with chelaGing agents 

-~ such 1'1S a .... hydroxyqulnoline at:c. 1n DMSO ( 18,96·97 ,26.) at elevated 

temperatures in which Ben~ene is formed through tin-phenyl bond 

cleavage probably proceed through nucleophillie attech 9~ the 

tin. Other examples include the cleavage of oe,rboranyl ... tin bond 

by l·~OB. (32), or the very :fa.s·t solvolysis of 2•pyridyltrimethyl tin 

B1s (triphenyl tin) oxlde, when stilrr~d ~ith C.u1 2 in 

diethyl ethor, slowly lJI.'t?.aks into poJ.yme1·ic d1phenyl stn.nr~o:::nne, 

(.Ph::?nO)x, and benzene (75) 1 appareut.ly bY, the <Jct1on of to~ator 

pro~.cnt :'l.r.\ tha ::;ol v~nt., Interestingly., Cd1:2 uo.'3a not t:.r1ke pert 

~ m.:C"'~:sophilic ~tttack b:r '.ieGer a.t 'che t;1n atom '.·ih.ich may be rendered 

suffie1antly electronegative through withdra-wal o!' electron density 
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___ ..l_, · by the format: ion or complex of the type ( PhsSn )20 - Cdl2 • This 

is ·supported by the :t'act th~lt similar cleavage cannot be induced 

~·. 

by Cdi:a in triphenyl t1n oxine.te or triphanyl tin ca.rboxylates (82) 

r;hich contain aiready pentaoo-ordinated tin atom • 

.As would be expected nucleophilic displacement at the tin 

a com· is facilitated by electron withdrawing group. The reactivity 

soquence for. the nucleOphilic attack is a 

Ethynyl, fluorenyl )aryl) saturated alkyl. 

On the basis of prec0ding discussion the !Ollo~ing genera• 

lisation may be.made concerning the reactivity of tin-carbon bOnd: 

(1) The reactivi-ty of the tin-carbon· bond 1ncreaaes with its polarity. 

Since the polarity is dependent on tile hybridisation of the bonded 

carb~n atom, the reactivity seq.uenoe is : 

C (j<)P) • Sn) C{SP2 ) • Sn > C(,SP3 ) • Sn. 

(2) :rhe mechan1S!Jl of elect:rophilic d&stannyletion is strongly 

influenced by the solv('l~t - ·polarity. Highly polar solvents like 

methanol and ace;;ic acid favour the formation of open transition 

sta.te (SE 2) and the reaction generally proceeds through· inversion 
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of configuration at the carbon atom, while nonpolar or weakly 

p013!' media generally favour the formation Of CY'Clic transiti9!1 

state (SF 
2 or SEi >, I'E'tention or configuration being the 

normal feacure. 

(3) The reactivity sequence for destannylation in methanol or 
I 

acel;ic acid for the group R in RsSnR is R • t·te) Et) Bu '"\/ Pr > 
.1 - Pr > t - Bu. High degree o:r selectivity is pos.s:tble in these 

solvents and may be therefore used ror the synthesis of unsymme-

... trical tin derivatives. 

· (4) No definite react1.vity sequence exists for nonpolar solvents; 

usually the rate ·constants lie close together ~e~~lting in a very 

poor selectivity for the alkyl groups • 

. (5) Under favourable conditions tin-carbon bond cleavage through 

nuoleoph111c displacement at the- tin atom may also oecure, but i'e 

is less common than electrophilic substitution at the earbon atom. 

The nucleophilic attack at the tin atom is racUitsted by electron 

v1ithdrawing groups. 

On the basis oi'"isolated moleculQ approximation~: ~1ajee and 

Gupta has proposed two theoretical reactiv1G7 paramete.rs, viz; the 
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~- Z • index and bond pols:r1sab1lity index (66,9899) for· the inter• 

pre~at1on and correlation of thQ reactivity of organometallic 

compounds. ?he experimental rate constants in a large number or 
cnses ha.ve been shown t;o corretale fairly well wi·cn their calcu• 

lated reactivity indices. Tb.a effect of 0 - M (M • Si, Ge, Sn, Pb) 

bond energy on ita reactivity und the large spread in rate 

constants have also been 1nterpre1;ed by Majee. In a more recent 

study Majee has propOsed a new approach to che interpretation or 

the metal-carbon bOnd cleavage reactions using the concept or 
isovalent hybridisation . which is capable or explaining almost all 

the experimental features including stereocham1atry at the reaction 

centre (67). 
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