CHAPTER 11

Cleavage of tinecarbon bonds
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intraduction

‘ lﬁuch of the expariﬁental work iﬁ ﬁhe fleld of organoﬁin
cnemistfy h&é been 1nspired”by a desire to uddarstand ag fully as
possiéle'the roactivity of these compounds. Hundresds of elkyl
ting, especially those with different ligands, were prepared with
a vieé to studying thé fission of tinegarbon bond which may be

represented as
'\E ~ ~ ) ~
—;...n-ci-!-ﬁ-B- :_3!1-!%4'}6‘3 . (1)

Although the reactivity of the tinecarbon bonéd depends on a
ﬁumber of faesors, they are susceptlblo to attack by a wide
variety of reagents g0 thet A - B in the above equation may be
halogen, mineral acid; carboxylic seid, thiol, phenol; alechol,
metallic or nonmetallie halide, alkall, alkall metal eotc.

These reactions are not only of utmost theoretieal and
practical 1mportanée in organotin chemistry, but also has sdme
bearing on the present work. As such a brief dlscussion on the
subject 1B presented here.

The most freguenly studied resction of tinecarbon bond is

the cleavage by halogen; one or more orgsnle moietles are split
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of{ depending upon the condition of the reaction according to
the ‘following Scheme 3
g '+ Xy 5  BgSnX + RX (@)
Eqbnk + X5 9  BgbnX + RX : (3
- [% - 61,Br,I]
when unsymaetrical orgenotin compounds of the type Baﬁnﬂfara

trested wisth one molecular proportion of the reagent, orgsnie

groups are'usﬁally cleaved from tin in the order ( 1 ) 3

D e éoly;} p = tolyl) phenyl) benzyl>‘v1ny§>msthy1;>ethyl)>propy;>

igosbutyl > 1s0-amyl) amyl) hexyl> heptyl) octyl.

This gseries is of praéﬁical value in syathetic organotin chemistry

since (2) usually predicts correectly the products of cleavage.

: /
However predictions are lesg reliable with RofnRo type of compounds.

Though the sequence have been coumpiled from reacﬁious»using dirre=

renb cleavage’réagents under a variety of conditiong, ecareful

examingtion of the litersture reveals a number of contradictions (3),

the actuel situation being much more complicated. '
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The mechanism of tin-carben,bﬁna cleavage has been clarie
fied in a series of papers (3—5) by Gielen and co-workers. On
tae baslis of their mechanistice studies these reactions are to be
clasaiiieﬁ essentlially as slectrophilic substitution st the.
carbon atome The gecmetry of the transision state is however
groatly influenced by the salvenﬁ and the electrophile which may
cve=ordinate with the tin atom under proper conditions thereby
causing profound verigtion in the roates. The different types of
érgan@tin.dex&vativea are treated Separately in the following

discuggion ge B -

Tinegarbon bond cloavage in symuetrical tetra alkyl tins

’Th@se compounds can be cleaved by a numbér of electrophiles (1)

or radicals (7-8), Among the electrophiles, one may use helogens,
halogen acids, tin (IV) halides and also athér inorgeniec holides

[ eg BXa(9), Hegllo , HGClg , BEEEY (10), PFg(11)] , Orgsnometalile
helides [RBClg , Ra80C1 (12)] , or oxidants [Cr03(13)] o Alkyl halides

resct in presence of tetra slkyl tins to give trle alkyltin halides

(14~1:). Halogens coh also be used as redieal sources (16).



I1B - idectrophllic substitution at a saturated carbon atom

Kienetle studies have shown that tetraalkyltins react with slecirde
philes [ I (17), Bry (6), HgX, (19-20), Cris (21)] by a complex
mechaniam'cea) which Involves a.preaa@rmining_equilibrium between
the organotin substrate and a nucleophile. The.sﬁep is then f0ll0=
wed‘b9 the reaction of an electrophile with the activated carbone
tin bond.fﬁepeﬁding on the solvent polerity two different situae
éian@ may be diéﬁinguisned H

(1) Remetion in “nonpolar" solvents s

In nonpolar mnedla, the most nucleophie gpecles availeble in the
solution is the electrophile E-N itself |XeX(22),H-c1(23),
QECr-Ocalj] y which may complex with the orgenotin molecules -
through the tin stom as follows s

: (=) (&)
Cean+Hed — Coafna-fwki ST

The reprosentation is only formasl indicatlng the trensfer of
électron from ¥ o tin. The complex formed in this e:;uilforium
contains activated ¢ atoms and en enhanced eiectirophilic specles.

in intramolecular reaction, which seems thus a ressongble way in

AY
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~ which this complex might glve reaction produscts, is observed
when the struéture of the complex allows such @ eyelle transition
stete, Clelen znd Nosielskl (44) use the symbol SF 2 (substitue
tion four centred bim@laculér) to indicate this mechanism, Abrae

hat snd Hill (19) however prefer to csll it SEi.

| - (%)

This complex which contsins rather nucleophilic carbon atong,
may alco resct with another clectrophils & - N to give the cleavage

of 5 carbonetin bond 3

N

w» "" ‘ | | ;‘- -"* ‘
HeE+Ca= aé 2'3(-)3 —> CebEB+ 0 = ﬁé 2 gg-)g (6)

& third possibllity cennot be excluded.s it is the reaction of

the electrophilic part of this complex with snother organotin

molecule ¢
- %) ! . / / .
C - “é 2 é 2 ES+C e Sé —>C e EBE+ SneaN+0eidn (7)

Thls mechanlstic @ieﬁur& cxplains & large number of fiadlngs

suchh as
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a) The presence of a third'wer term ¢ The rate of reaction between
tatya 130-pmpy1' tin- and bromine in chlorobenzens may roughly be
described by s =

- d[%y) /dt - = Kp|By sn][ Xg] + Kg[RgSn][ :‘s{g? (8)

where the 't‘hird order 'term_ may be considered ss due £0 the oxnlsge

tanee of reaction (€).

b) Tho mizing effect : 7Tetraethyltin reacts 11.7 times faster

than jebramethyltin with Brp in chlorobenzene. A mixsure of tetra-
methyl and tetraethyliin, reacting with Bz;z in éhlamhenzena 4
yields a ravio [Elt’ Br ] / [MeBr] = 4.3. It has been shown (22)
that the presence of tetraethyltin influences the readtion of
Brg with tetramethyltine This mixing effect is readlly explained
by reaction (7). .

‘The observed reactivity sequance (24} for hslodematallation

of Rgq n type compounds in nonpolar solvents is
1 - Pr)E6) Bu~Pr >He.

Howaver the rate constants lie close together and deviations from
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the sequence often occure depending on theiexperimental conditions,

(11) Resctlon in polar solvent

s

In this case, the golvent coeordinates with the metal atom which
may be formally representied s g

~ (=) (+)

€ =« 8n +8 = € =-6ne-8§ {2)

rermation of such complex (which may be a true or a collision
complex) would Increase the electron density at sthe earbon atom
which may be eesily attached by an slsctirophile, ylelding an open
trongicion gtate whose existance has been faitly well established
by Abraham and Spalding (20) s

' o)
(=3 () [ 8t=) 8 ¥
C =8n «35  &n (=) (+)
6/ c/’ 6{!‘) C-E'&'H-Sn-ﬂ (10)
Y ~ml oW
g L B~ -.N

Coeordination withthe metal generally does not make the solvent
elsctrophilic enocugh $o0 compete with the elestrophile E - 1 and
to reat either intermolecularly or intrsmolecularly with a carbone

sin bond and these two steps thus seem to be the only possible
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reaction, Indeed nelther a third order term nor any wixing effect

. eould be deteéted in nﬁ,clecyhilic solvents such as methanol.

The nucleophilicity of the solvent toward tin, which secems
Lo ‘ée the most important factor affecsing the polarity of the
solvents for electrophilic aliphatic substitution (17) may be
estimated by the ability of the medium t0 complex the tin atom of
tricethyl tin chloride (26,44). Using NMR spectroscopy the folloe

wing sequance has been found 3

EMPT D DMSO =DWP ) Py YMeOH 1Pyl )
t = BulH=HeC0Me ~MaeC00Me >Di0xane ) MeCi )
MeCOOH) PhEL™ C0l4=Cyclohexens.

The reacsivity sequence observed in polar solvents is 3

ReHo > Et)Ba)yPr)i-Pr)t - bu.
(1i1) Radical substitution at a saturaied carbon aton 3
éym;aetrical setraalkylting may also be attacked by radleals.

Following mschanistic picture has been proposed for the reaction

of thege orgsnoe-metellic molecules with halogens in chlorobenzene
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in an inert atuwosphere unciéf illﬁminaﬁian

‘ - 4 (410nm ) e : .
Brg > 2 Br, (11)
S (=) (+) '
Br- + H,8n > By8n - Br. R B>
(=) () , :
R Snge Br. > HgSnBr + Re (13).
and
(=) (%) /

[} !
Rgbn = Bre + Rg8n —> Radn + HpSnBr ¢ K- (14)
forming a chaln wilth ‘ |
R+ 4+ Bro—>R « Br + Br. (15)

Oxygen seems to wodify the stolehiometry, ‘the reactim prociuc'cs
and thus the mechenism ©of the analogous resction of tetraethylétin
with lodine (27) is 3

f

i

I+ 4+ Etg 5N e Etl ¢ Ity Gn. (22)

which then reacts :
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in the sbsence of oxygen LigSn: + Io»ltgSnI + I- (30)

| ,  chain reactlon @D

In prasence of oxygen EtgSn -+ Ogo= Etginelde0- (31)
Btiglneled: = Smbira n‘py:fmiutci-.sz (22)

Pazuvaev and co=workers (1§,28-20) have Obtained s considerable
body of evidence for the partieipations of trialkyltin radicals
in the photolysis of tetraalkylsins and in the resections of these

derivatives with carbon totraechloride initiated by oxygen or by

peroxlde ¢

Bg 80 —> fig n- + Re (33)
/ , . /!
Bp Sne ¢+ X = C< Rasn;x + 'C{

IIC . Symuetrical vinylle, scetylenic end aryl derivatives,

Tetravinyl tin reacts more than 20 times faster with dodine than
tetrasthyl tin but is less resctive than vinyl trislkyltins (20).
Little is known sbout the more reactive.aymme'crical acetylenic
orgenntin compownds (31). The resctlivicy of vinylic and acetylenie

deriveties 1s in accordence with the order of bond polarity s

S-¢ (o) (s - ¢ (8p° ) 8o - C p)
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Tetraaryleigns are also wore prove to cleavage then tetraalkyl
tins; one or two aryl groups are,cleaved'off the tin gtomg in
the cleagave reactions depending_cn gxporimensal condition.

| In carbon tearacﬁlﬁride bromine gives ArginBrowhereas
iodine in chloroform at « 40° produces swno=-substituted praﬂﬁct
(1433 = 24). The hosn widely used reacsion ig the dispropore
tionation with SnCly which furnish good yleXds of triaryltin
chloride, diérylnin dichloride and aryltin trichloride (1,34,35-39)
‘under proper sxperimentsl condition, Sulpher reacts with tetrae
phenyl tin to yield phenyltin < sulpher polymer chains and
diphenyl sulphlde; sclemium yields only a monolingersion product
(40u@a); o macﬁénistic study has been made On symaetrical tetrae
aryl tin compounds, the mechanisﬁ of aryl-tin bond clesvage has

besn derived from unsymmesricsl compounds.
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115, Unsymmetrical Orgenotin Gompounds

1. Ungymmetrical tetraalkyltins

The kienetic scheme which deseribes the resction of symmeirical
tebrealkyltins with electrophliles E - N is also valid for the same
-reaction on mixed tetyaalkyltins and csn be tged to explain’moat

of the experimentel data. Only zheliﬁporaant dirference betveen
this case and ﬁhe former one are the nonequivelence of the alkyl
groups bound to the metal astom in mixed derlvatives; this introe
duces & new parsmeter s the selectivity, which depends dramatically

on experimental conditions.

(1) Reactions in nonpolar solvents 3

The preaction of bromine with propyl trimethyltin in chlorobenzene
is desceribed by a ratilo Kgcﬁe;/kg(Pr)-- 60, sh@wing a rather low
gselectivity, However the ratio.decreasas t0 4.3 in the presence -
ot tetraethyi tin (22), alshough it dowes not vary with concentrae
tlon of Ms3SnPr. The mlxing effect may be ascrided to the following

reactions s
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' - + /RX"'X SnMGB
R Sn Meg + =R Meg Sn — X
' ‘ ‘S MeX + X Sn Meg R
! . | - + ! Y
By Sn + X =Ry Sn = ¥ — RﬁX%‘RgSnX - (35)
+ RX + X Sn Meq  + Sn
Me3+R4_Sn———x2/7 3 + B4
T MeX 4 SnMeg R' + Ry Sn

(34)

B»Sn '(36)

-+ - :
Since Rq Sn = Xg would be more electrophilic than X3 , the selec-
tivity of the cleavage would decrease. '

On the contrary the presence of trialkyltin halides have
two important effects on the reaction of tetraalkyltins with
halogens 1 | |
a) & decrease of the relative importance of the third order term;
b) An increase of selectivity. Kg (Me)/,Kz‘(Pr) increases from
6.0 to 7.1 when triethyltin bromide is added to the chlorobenzene
solution. .

Tﬁis ma& be ascribed to the formation of §enta'co-ordinate~
species due to association of the trialkyltin halide with the
tetraalkyl tin coapoundse.

The observed reactivity sequence for halodemetallation of
MegSnK in chlorobenzene is R = t = Bu) Me=< l-Pr) Pr = Bu with
the rate constants lying quite close together so that halogen in
solvents of low polarity does not digeriminate well belween |

different alkyl groups. Abraham and Hill (12) has classified the
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reactions in nonpolar solvent as SE1 (substltutlon, electrophilie,

internal) which includes cases lying in between pure SE2 and

SE° (substitution, electrOphilic, via co-ordination) mechanism.
The low selectivity’observed for the reacﬁion of halogens =

with mixed tetréalkyitins in nbnpolar solvents has been used for

qualitative identification of organic groups through tpé alkyl

halides formed as products of the cleavage (43);

(11i) Reactions in polar solvents

As discussed earlier polar solvenis :render nucleophilic assisw
.tance to the tin atom thereby increasing the polarity of Sn - C
bonds. The reactivity sequence observed fdr éleavage of R group
from MegSnR oOr EtgSnR is R @& Me)Et) Bu“fPr>t - Bu: The spread
of the rate constants in a ;uch serles is considerable so that
there is & high degree of selectivity in halodemetallation |
reaction in polar solvents. The reacﬁivity of R group in RssnR/
is also profoundly affected by the nature of the leaving group
RaSn. ' |
Theihigh degree of selectivity of halodemetallations in
methanol has been exploited in the first practicable synﬁhesis of
fully unsymmebrically substituted tetra alkyl tin (6,43): The
same-principle has been utilised for the synthesis of chirai tin

compounds (50)
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‘ é. Stereochemistry of bimolecular electrophilic substitution at

a saturated carbon :

Not many studies have s0 far been made on the stereochemistry of
SE2 reactions in organotin compounds, However, the results so
far obtained indicate that feactions involving open transition ste-
te(SE 20) proceed with complete»inversion of configuration (44)
as shown by Jensen (45) on the bromodemetallation of secebutyl
trineopentyltin in Methanol. On the contrary SEz@“ reactions,
which go through a cyclie transition state, should occur with
retention of configuration (46). Of course, substrates for which
ﬁhe iaversion of coufiguration 1is unfavourable such as Cis or
trans = 2 -\methylﬁcyclOprOpyl trimethyltins or4(+) = (lemethyle
2,2 diphenyl eyclopropifyl) « trimethyltin (47) for instance

react with retention of configuration even in polar solvents,

\Ag
Sﬂ(CﬁB);‘__} 4

This general hypothesis seems a8lso t0 be valid for SEZ reactions

on other organometallic.subétrates, as shown by Brown (48) who

studied the bromodemetallation of trieexo-norbornyl-boron, which
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occurs with full retent ion of coni‘igu.ration in THF wher'eaé the
same reaction ﬁakes place with full '1nve:fj's'ion of configuration in

the same solvent in the presence of methoxide ion,

3. The reactivity sequence and SE' mechanism

i ‘ |
‘Phe reactivity sequence for the bimolécular replacement of a
constant RgzSn group by an electrophile (iodine or bromine in

methanol or in acetic acid (5), Hngf-’;i‘n methanol (20) 6r ‘bromine

[ [ 5 '\
in chlorobenzene (5) s P
' > . L
,’.\ ‘ \‘\1 \\i
' , l - A S
ReSiRy+EeN = RaeEj+N = 8nRg \ \\ (38)
can be described by : ' | \:\ \»\

\\ \
/
R = CgHlg = CH0> CH3> CHg = CH3> (Cﬁg\)p CH > (CHg )30\.\.
This sequence, generally associated with SB 1 reaction, shcus that
that the stabilization of the partial negatlve charge appearing
on the different carbon atoms affer this first complexation 'step

| - +
N + RgsnR =——> RgR Sn'= N (39)
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plays a verj'important role. Electrone-attracting substituents
accelerate the substitution reaction znd it is reasonable to ex~
pect that strong electronesttracting éubstituents.cquld sufficia=
ently stzbilize the inciplent carbanion so thaf the complexatibn
would be no longe; dependenh on the attack of the electrOphiLe on
the carbon atom, giving: thenqa monomolecular electrophilic subs-
titution, However it has not yet beon posszible to find an
aliphatic elect rophilic substitutipn with a fi:st-order rate
equation, |
mhe 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 strong nucleophile is
present, Eabqrn (42) has indeed shown that the reaction of m-~chloroe
benzyltrimethyltin with water. in ethgnol yields ﬁ~chlorotoluene

and is catalysed by hydroxyl ion. The electrophile is unfortunately
present in large oXcess and it is thus imposbible to determine
whether it has to be ¢ncluded in the transit;on state or not.
Nevertheless the nucleophilic catalysis is onece more i?portant and
kineticlresults suggest that there is a considerablg negative J
. charge on the separating benzyl group ip the transition state.
This reaction ﬁight be an example of a monomoleéular electrophilic

substitution SE 1 at a saturated carbon atom,
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Tricthylstarmyl acetone (44) rescts very fast wixh jodine
in polar solvents (like methanol, IMSU) 1s probably asl‘reaetien,
but 14 not confirmed

{=)
Eugin « CHg0OCHg + 8-— 8ty ?g(*s CHzCUCHp

rate

+ o
= Etabng + « CHoCOCHg

{40)

The high resctivity of o = functiocnally substituted organctin
compounds could be aseribed also to a possible monomolgeular
mechanisme Trialkylstannylacetone or the cormesponding ester op

nitrile resct with poorly electyophilic reagents such as benzyle

helides
N\ ‘ :
C— C¢=—= 20 —
a N & R/. }{._e\c «a =0 + RaSﬁK {41)
Raén ¥ ‘L v
¥ s CHy or 08’

or with trimethyl silicon chloride (861) s

(cg )z CH = G = ON

& MeaSiCl = (CHg)olH » CH = CN 4 DuaSnCl
Sabug @810l = (CHg)ol , as

5oz (42)
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hel'ormatsky « typée reactions can also be made with those derivae
sives showing that aldehydes and ketones are electrophilie
enough to cleave the € « Sn bonds of these funetionally substi-}
tuted organotin derivatives. The formation of corresponding

@« triorgonostennoxy derivatives s

" ) p

R B CHg = ¥ Hy0 R CHosY
\ o —_ r ™ k N d N\ /7
K e R Osnkg R o
{43)

is almost quantitative and the products formed ars very pure.
This is therefore, en especially fecile orgenometallic method of

functional chaln extension (52).
1IE , Unsvametiical vinyile end acetylenic devivatives s

a) Llectrophililc subssitution gt en olefinic earbon a tom

i) Sterecchenissry of bDimoleculsr electrophllle mubstitution
reactiong at an olefinic ecarbon atom & retention of conflgurae
;ion 3 The reaction of the type s

I ]
>c=(}‘-24}ﬁh '+E-1§=>C=C~E + NaMR, (44)
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Occurs generslly with retention of configuration, iﬁ agreement
with the rule stuted in 1948 by Nesmeysnov snd Borisov (53).
Cige0p tmna-d?}pmpenylﬁsin dichloride react with Hgipto
give pure cis-oy trens-#rOpenyl-mﬂrcuri éhloride reapectively (53).
Tetrapropayltin elso reats with retention of coniliguration
with butyllithium (54) end phenyllithyfina (55).
Cls=0r trans = butenyltrimethyltin reset with iodine in

methanol =21s0 with ratention of configuration (30).

(i11) Hechanism of bimolecular elecirophilic substitutlon at an
olefinic carbon atom s The yates of reaction of a series of vinylice
organotin coupounds with lodine suggests shat the transition state
must bear & rathér localised.pésitive charge centersd around the

ecarbon atom. & fully dipclar structure favolving a complete
breskdown of the  bond should be disregarded since.shis would lead
tb free rotation around the céntral ¢« ¢ boude & fnlghly polar

t revigition state ¢



- 46 »

is suggested (30) in order to interpret the reactivity sequences
(a) and (b) ¢

HgC |
(a) (CHg)g C =cH-3% ~ ¢ o
| . \

— am : _ /
HG = CH- ~ HE = G

(k) R = CH3~C2H5> nC4H9>iso Cghn

and the observed salt effect and the retention of configuration of

vinyl group.

(b)‘ElectrOphilic substitution at an acetylenie C atom ¢ The high
polarity of alkynyl - tin bonds facilitates both electrophilic
attack at the carbon atom and nucleophllic attack on the tin atom
(56 - 58) making Sn = 0 =C = bonds extremely labile. Thus
cutt ana bg™ break 8n - ¢=C bonds (56) while RgSn - C = C ~CHg-
CHo = 0 - GH = CHg reacts easily with butanol with the cleavage
of 85n « C=C bond (583, ‘

Cl « C=C = SnMe reacts instantanecusly with water (52).
Tricyclohexyltin halides are electrophilic enough to clgave the

acetylenic carbon « tin bonds af bis~ (trimethyl stanayl)
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butadiyne (60 « 62), Bromine cleaves diethyl (triethyl - stannyl
ethynyl) phosphonate EtgSn = CE?C = P(0)(0Et)o (58). Aldehydes
and ketones are able tocleave the Sn « C bond of Cglis = C= C «SnEtg.
Chloral (63) and cyclohexanone (64) also react with these come
pounds, -

In the presence of bases, RgSn - C=C - CHg 1s ilsomerized

into the allenic and propergylic compounds (65).

B B :
Rgn = C=C = CHg= RgSn « CH=C = CHy—=RgSn = CHy «C=CH

(45)

1IF. Unsymmetrical aromatic derivatives

As would be expected from bond polarity aryl - tin b&nd'is
more reactive than alkyl - tin bond consequently aryl - tin;boﬁdi
is first to be broken whenever both types of groups are bondéd :
to tin (1), .

It has been found that dry HCl in methanol or even in
benzene, cleaves only one aryl group (44), whereas halogénation'
has to be carefully controlled to achieve the'séme rasult (33).
The most general sequence for electrophilic Sn - C bond chleavage
is thus s

allyl > aryl, vinyl ) alkyl.
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However, free radical and alkyl or'afyllithum induced cleavage (44)
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 nucleophilile
displacement at the tin atom, Kinetic studies can, however, be
used to determine whether a glven reaction is closer to an electro=-
philic substitution'Or a nucleophilic diSplacément.

Where kinetic or mechanistic studies are not available, the
situation 1s obscure z2nd no decision can be reached, as in.the
ingertion reactlons of & or Se in a carbon = tin bond of tetra-
phenyltin (40 = 42) or in the pyrolybtic bimolecular elimination
of trimethyl iodide from iodobenzene énd hindered phenyltrimethyle
ting {63},

a) Electrophilie substitutibn at an aromatic C atom, Aryl! triale
kyltins have been cleaved under a variety oI conditions, and

kienetic resnlts are available for jodine in carbon tetrachioride (69),
in methanol (70 = 74), in chlorobenzene and. cyclohexane (44),_for

HGL (76) =and bromine (77) in methanol, for HC1Q4 in methanol =

water (78 = 79), for mercurie acetate in tetrahydrofuran (80) and

for the solvolysis in acetic acid (81l). Iododestaanylation in

nonpolar solvents like carbon tetrachloride, cyclohexane etc. 1is
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second order with respect to the electrophile, the cleavage is
therefore believed to oceur by papsicipguion, in the rate detere -
m;ning step, of lodine = aryi stannans cbmple; with a sacond
iodinevmalecule (69). The'aaccnd lodine molecule probably acts as
8 nueléaphile on the tin atom since very small amount of methanol
added tO cyclohexane stirongly incresses ﬁhe rate snd progressiﬁély
restore a first order reaction.ﬁith respéct Lo hélogen'(44).
Despite thls a redsonably good corfelacion between the rates and
substitutlon constants (69) nas been observed. With mercuric
acebaéé in THE (80) there is linear correlation of log (X/ko Vs &
rather than .Gﬁés in classicel aromatic subssitution, éuggasting
that & localised G complex is a poor approximation 0 the true
transition state., Un Lhe other hand, halodemetallation in more
polar golvents like wethenol ond acetle acid 1s gtrietly first
ordser with respect t0 the electrophiles the cleavage can be regare
ded as s sinmple aromatlic substitutlion. The rate constants also
reasonsbly correlate with (§+subati¢uent constants,.
fne rate of gleavage is alsO affected by the size of the

leaviﬂg.group, the rate being decreased as the s&ze of the aikyl
group increases (71). fhis has been aﬁtribunéd $0 8 steric inhible
tion cypoéing the atfack by thé entering electrophile (73). brtho
effocus show up as a delicabs balones hetween retsrdéatlon of

elactrophilic attack and aceeleration by steric decompression s
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when the leaving group is - cn{CHgz)a, two orthomethyl groups na§e
no specisl influsnce at all, but with bulkier « Sa(n Cally)s group,
the two ortho methyls induce a slight rate enhsncement beesuge of
she relief of the overcrowding in the gtarting material {(74),
This steric accelerasion is, however, much less pronounced here
than in the case of asnalogous silicon compounds (éa,se),' the
difference betwaen 8i and tn derlvatives 1z due $0 longer € « Sn
bond which holds the interacting gicups further apart. Beceouse
of its negligible effécﬁ on the electronie properties of the'aro-
satle systems (72,86 « 87) trialkyltin group mey beiused 50 study
electrophilic sebgtiturion on the asromstic carbon estom.

Though mechaniszsiie or kinetic studies are w0t avallable @any
other electrophilic subssitubions, such as the redistribution with
tin tetrohelides (88 - 89), reackion with CgligPCly (90), BCln(88)

oy BBrg (81) have found interesting synthetlic uses,

b) Nucleophilic displacement at the tin atoc.

ubstitvuted phenyisrisethyleing react with zodium smethoxlide in

33

mathanol o yisld srimeshyliin methoxide and the corresponding
substitutod benzens, The kinetices of this rezcclon have been
studied - by EBabom {82), the substituent effects roughly parsllel

the yesulss for the base cmtalysed hydrogenr exchange raaction in
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aromatic hydrocarbons, suggesting that the transitlon states hear
sOome reseiblance Lo analsgaﬁs phenyl carbenions.

‘Perhalo aryloins undergo facile base catalysed cléavages;
Thus (C€$534|ﬂn is cieavad by KOE ss easily as by HCl (93}; ‘
Cegfgon(CHg)g s=olvolyzes in agueous methanol, but & trace of ncid
completely inhiblis the reacéi@ﬁ'(94)§ erystallization of
Celigin{CBg)g in ethsnol contalng somé K gilves peﬁtafluorobenzene
ond trimethyl tin fiuoride (95). ‘

Raaetiéng of phenyl sin chlorides with chelaaing agent s
such ms B=hydroxyquinoline ste. in M5S0 (12,06-97,26) at elevated
temperatures in which Benzene is formed thfough tinephienyl bond
cleavage probably proceed through nucleoPhiliic attech af the
tin, Yther examples include the cleavage of cérboranyl < tin bond
by kln (32), or the very fast solvolysis of 2epyridylirimethyl tin
in hydrozyilc solvenigs {(85). |

Bis (triphenyl tin) oxide, when atflrred wish Cdlg in
diethyl ether, slowly breaks Ingo polymeric dlphenyl giamnncxane,
(Fh;500),, 2nd benzene (75), apparently by the actlon of water |
progent In tha solvent. Intevestingly, Cdis does nov toke port
in the overasll reaction, Thisg resciion probably gozs shrough a
neclsopndlic attack by wecer at the tin atom which msy be rendersd

sufficientiy slectronegative through withdrawsl of eleenron density
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by the formgtion of complex Of the type (Phadn)gl - Cdlg « This
is supported by the fact that similar cleavage cannot be induced
by Cdlg in triphenyl tin oxinate or triphenyl tin carboxylates (82)
whlch contain already pentaco-ordinated tin stom. | .

A8 would be expected nucIQOphilic displacemanﬁ at the tin
aton 1s facilitated by eleccrén withdfawing group. The reactivity

seguence for the nucleophillie ettack is ¢

fthynyl, fluorenyl )aryl ) saturated elkyl.
9

on the basis of preceding discussion the following generae-

ligasion nmay be made conceranling the rescclvity of tinecarbon bond s

(1) The reacmivicy of the tine-carbon bond inereases with its polarity.
Since the polarity is dependent on the hybridisation of the bonded

carbon atom, Lthe reacstivity sequence is 3
C (BP) = Sn> c(2r2) - 3n> c(3P2) - sn.

‘(2) tne mechanism of electrophilie destannylation is strongly
~ 4nfluenced by the solvent polarity. Highly polar scivents like
methanol and aeesie acld favour the formetlon of open transition

state (GE 2) and the resction generally proceeds through inversion
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of configuration at the cerbon atom, while nonpolar or weakly

polsr medla generally favour the formation of cyelie t?ausitigé
, 2 oo

state (SF° or SE )y retention of donfiguration being the

nornal feature,.

(3) The reactivity seguence for destannylation in methanol or
!
acesic scid for the group R in RgSnR is R = Me > Bt ) Bu ~ Pr)
1 - Pr;> t = Bu, High degree of selectivity is possible in these

solvents and may be therefore used for the aymthesis of unsyummee

tricsl tin derivatives.

" {(4) Vo defindte reactivity sequence exists for nompolar solventsg
usually the rate congtants lie close together resuliing in 2 very

poor selectlvity for the alkyl groups.

(5) Under favourable conditions tinecarbon bond clesvage through
nucleophilic digplacement at the tin atom may also Occure, but 1%
i3 less common than electrophilie substitution gt the earbon atom,
The nuclecophilie attack at the tin stom ls facllitated by electron
wvithdrawing groups.

On the basis of “isolated molecule approximation) Majee and

Gupta has proposed two theoretical reactiviiy parameters, vizj the



Z =« index and bond polsrisabllity index (66,0899) for the intere
presstion and correlsiion of the reactivity of organometallice
compdunds. :he experimental rate constants in a large nuaber of
cases have beean shown 4o corretale falrly well with their calcue
1ated resctivity indiees. The effect of C « M (M S 31, Ge, Sn, Pb)
bond @ﬁergy on lts reactivity and the large spread in rate
constonts have also besn interpreced by Majeec. In a wore recent
study Majee has proposed a new approach to the incerpretation of
she metalecarbon bond cleavage resctions using the concept of
isovalenf hybridisation which is capable Of explaining almost all
she experimental features including stereochémiatyy at the reaction

centre (67).
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