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11 Introduction

During the last thres decades the coordination chemistry
of organotin compounds has expsrienced tremendous growth and still
continues to grow, due mainly, t2 theoretical and ;tructural
interests as well as due to the role 0% these coordinated species
as intermediates in wvarious synthetic reacticns and interesting
biocidal properties in many of thaese compeounds. The concept of
crganotin compounds as Lewis acids is of fundamental importance to
an understanding of many problams of structure and reactivity.

The acgepltor strength of the group VB a!émants follows the
seguence 8n 2r Ge »5i. Tin compounds form complexes wiﬁh Lewis
bases much more readily, though to a lesser extent in the lower
oxidation states, than S5i and Ge, which behave as acceptors only
when four strongly elscironsgative substituents are bonded to the
metal atoms. The remarkable Lewis acidity of tin is attributed
.primarily to the availability of d-orbitals of sufficiently low
enargy, compared to the lighter group IVE elements. Addition
complexes containing both - tetravalent and difa!ent tin as
acceptors are well characterised. Some of the important features
of these compounds are discussed here in brief. Additian complexes

of tin halides, though not organotin compounds in the strict sense



of the term, are alsc included in the discusesion for the shaks of

completeness and comparison.

Beside the dominating acceptor character, organotin
compounds often behave as interesting donors, an aspect not so

well recognised.
In the bivalent state, tin should be capable of showing
donor propertiss, at lsast in principle, due to the presence of

the 5Ss~-lone pair, Howsver, the <-dongr strength of the DHs-lone

pair in Tin ({]}' should be small, because the ability of an atom,
possessing a ltone pair, to act as donor, decreases with the
increase in atomic number. Tin {IVi, on the other hand, is devoid

of any 1lone pair and as such the donor property in Tin{lV}
compounds arises f{rom M.D.'s daelocalised over two or more atonm
centres. A short review on the donor abilities of organotin

compounds is also presented here.
121 Tivn IV Compounds as Adecceptors o

I21A. Relative Acceptor Strength :-

In the most familiar tetravalent state tin almost
invariably bshaves as a hard acid or class'A_acceptorL2 because
of its small size, high .pdsitive charge, absence of any outer

electron easily excitable to higher states and presence of empty



5d orbitals. The d—arbital; are of sufficientiy low snergy for
them to be frequently wused in bonding so that tin ecan readily
expand its coordination nUmbef above four. Consequéntly, detailed
studies regarding the acceptor properties of SnllV) compounds have
been made with RnSnx4q\ { ghere, n = 0,1,2,3,4; R = atkylraryl
groups, and ¥ = halogen, p?Eudo haiogeﬁ, Acl), NDS etg, } and a
large number of their compléxas with N and 0 containing ligands
are knuwn&ds.

It is well known thaé the tin tetrahalides have a marked
tendency to form thermodynaﬁically_stable six coordinate adducts.
Ag ° the hatogen atoms are successively repiaced by legs
electronepgative organic grbups the acceptor strangth‘ of tin

declines, but in general, the stability of organotin complexes

R . . . 9 .
seams %o indicateg that tin retains its class A charactar . Using

the difference between the dipote momenfs in dioxan and hexane as
s muasure of complex forming ability, the following sequence for
gececaptor strengths was obtained'.
SnCi  » PhSnCl_ » Ph SnCi_ » Ph SnCl > Bu SnCl.
d 3 2 2 3 g
The same seguence has also been found from both poteniicmetric and

conductometrie studies of penta-coordinated anionic complexes in

. ., 12
acetonitrile .

The coordinative bond strength in complexes between severai'

alkyltin chlorides and 2,2'-bipyridyi, as derived from

vt
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thermodvnamic data is found to decroase in ithe order

N o~ N _

SnCI‘ > n-_BuSnCl9 2 {CH3)25n012 _ICszizanlz »oin Bu)25n812.
The acidity constant of SnCl:1 on substitution of one chlorine
by an organic substituent is deareased by a factor of
g a 2
4x410  (n-Bu) » 1.8x107{Ma) » BEx10 {Fh).

The same trénd is observed in the stability of the hexa-coordinate

. . 11
organotin anions , where the sequence

2 2

— —2 .—z . -—
SnCld > RSnCl5 » HzSnCi4 vy RBSnCIB

. -2
is observed and there are no reports on the sxistence of RASnCIz

ions. Anionic chioride or bromide complaexas are atlso Uhtained mare
gasily with PhSn(iV¥) than with HMeSn(IW)**. The guantitative
relative acceptor strength of three organnfin {trichlorides and
SnCl4 va aniline bases'' was found to be |
SnCi4{6?0) » PhSnCla(lzl p MeSnCla(?) » n—BuSnClg(l).

For the tintetrachlorides it was found that complexes wsre formed
with decreasing stirength as the halide changed, in tha sequanceﬂ
F » Cl » Br » 1. The quadrupalelspiitting in the Mossbauer spectra
of HEHSHK compounds with a seriss of donors was alsoc interpreted
in terms of the acceptor strength of the MeSSnK moiety and showed

that the pature of the ¥-substituent influenced this sirength in

the orderc F R | r Br v OH , The tandency for compleax
farmation by organctin halide systems was also studied by paper

etectrophoresis and anion exchange paper chromatrngraphy. The



results indicated decreasing complex stability as a function of

1 T - = \
the halogen substituants‘ + F x> Cl » Br » » Br ¢ 1
On the basis nf the foregoing gbservatiens, the variation in
the acceptor strength of the RnSnx_‘_n ctompounds can be represented

conveniently by the following tabuiar form >

Decreasing acceptor strength of R4Snx4ﬂ\

p)
X NCS F >» Cl > Br > 1
R Ph ¥ Me > Et > Pr » Bu
n- SnX > RSn¥_ > RSn¥ > RSnX > R Sn
' - 4 4 3 -4

121B. Conseguances Bf Acceptor Charactér -

(i) Intermotlecular associatian E

As a manifestation of this remarkable acceptor property,
tin increases its «coordination number above four in solid
organotin halides and pseudohalides by extensive intermoiecular

12,18 - ) . P
+ These compounds are monomeric with tetrahedral

association
tin atoms, only in the vapour phase or in dilute sociutions in
- 17
nan-oonducting solvents .
d-ray and Mossbauer studies have shown that triorganotin
fluorides consist of planar organic groups and fluorine atoms

arrangead alternately, with non-iinear asymmetric Sp—F-—--5n

bridges [11°,



The lower alkyltin chlorides also have similar structures whereas,
triphenyltin chloride contains discrete monomeric species with
four wcoordinats tin, BSCE MER data swuggest fThat friorganctin
chlaorides with larger alkyl and aryl groups undergo phase change
to associated structures at tower tamberaturasiﬁ

Dug to their weak Lewis acidity and iarge siza of ths
halogen, triorganotin bromides and iodides favour a monomeric
tetrabedrat structurs in the solid state. "¥Sn  Mossbauer

spactroscopy  indicates that at 80°K  ths lower trialkyl tin

bromides and iodides adopt associated structures containing

. . 16
penta-coardinate tin .

In the solid ftriorganotin pseudohatides, the pseudohalogen

group bridges planar RSSn units to form infinite linear or zig-zag

shsins . Even R Sn¥ compounds { where % = C10 NO_ BF  AsF _ 1,
L4 <, 8, 4, o
which may .be thought as being ionic in the solid state are bridged
polyvmers avoording to I.R. dats o, The starically hindered
triorganntin halides and pseudohalides having bulky organiec groups

are monomeric with tetrahedrat tin atoms.

Diorganotin diftucrides consist of infinite two dimensional



sheets of tin and fluorine atoms, with mach tin lineariy bridged

to its four neighbours and having trans-octahedral tin atom

configuration [111*C

St T _,Sn

T~
-“""Sn/
,‘F/l RN
MH“M
R

Sn

il
in other dialkyltin dihalides and pseudohatlides Lthe intermolscular
association is weaker énd the tin atom has distorted trans-stnX
enuironmantid  PhZSn612 containg distorted tetrahedral wmelegular
spacies with weak or no intermolecular associationtg.
The 1.R. and Raman spectra of methy! tin trifluoride are

indicative of both bridging and terminal halogen and a polymeric

structure [1111 containing octahedratl tin in the solid phasazo.

Me

Feo. , F
“""Sn/

F/[ e F
F

Il

as 16

The vibrational and NQR (°°Ct and "'Br ) spactra of the other



MeSnKa { ¥ = C!l,Br,1 .) compounds are indicative of similar
associated structures in the solid state.
{ii¥ Solvation :-

Addition of solvents to the RnSnX*qFDmpDunds usuatly
destroy their polymeric structures and . produces solvated
organometallic complexes. The ability of the coeordinating solvents
tc act as ligands has been studied mainly by FMR and Mossbauer
spectroscopy. In the' NMR data, the increase of the tin-proton
coupling constants J PO g W thought to be relsted to
the c¢hanges in the hybridisation around tin on changing from the
tetrahadral spa state in the pure organotin compound e a trigonal
bipvramidal configuration in the penta-coordinated tin complexes
and to an woctahedrat configuration in the hexa-coordinated tin
compcundsﬂ} The relative nucleophilic character fﬁr a searigs thus
established is : DMSC ~ DMF > HOH > Py » MeoH > MeliMe ~ MaCO0OMe >
Diokan > Meger M=CO0H > MeNDz » PhCi r~ CCI4. It should be noted
that 0- or HN-donor solvents solvate organotin compounds more
efficiently than 5- and P-doners, e.g., EtzS £ EtzD ;s DMTA < DMA
HMTAPT < HMPTA BUSP { Py etc. This behaviour is typical for hard
Lewis acids.

The quadrupole splitting observed in *’Sn Mossbauver studies
aef the interaction betwaen n—BqunCizand a number of arganic

coordinating solvents yielded the following sequence for their



relative nucleophilicity : DMSO » DMF » HMTAP > DME > THF » DEF 7
Et 0%,
2
{iii} Formation of addition complexes :-
The tin tetrahalides form both-ionic and neutral adducts
with an enormous range of monodentate ligands and most of these

have the composition SnX4.2L, though 1:1 adducts “ave also been

z1 2z
raported ™. The 1:2 complexes have octahedral geometry , wherweas,

1:1 complexes are trigonal bipyramidal. With some monodentate
tigands baoth 1:2 and 1:f{ gomplexes may be obtained, e.g.
28,24 . .
Sn?{".ZFBug and Snﬁ.‘.FBu9 . Bidentate ligands generally form
. , 25-3u

1% zomplexes having octahedral tin atom geometry . &
bidentate ligand can alsc act as a bridge bestween SnK4 units
riya,

cr ! ci o,

— N >sn [ NG=- (CH_)_-CN ‘Sn— NC—
Ve z s N
Ci Ci

Iy
. . . \ . az
However, scome bidentate ligsnds, 9.g8. o-amino benzonitrile , or
. . . . L . . 38 .
amide derivaltives of hrdroxybenzoic and anthranitic acids , give

SnK4.2L compliexes as well as Snx*.L complexes. Many bidentate

-

Schiff-bases act uniformly as monodentate ligands forming SnX4.LL

2Sh, 94,35 L. . .
! . Transitieon metatl darivatives of

typeg complexes
polydaentate Schiff-bases [Vl may act as bidentate ligands and add

on to tin tetrachioride producing bimetallic complexes as 1:1
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addition prcductssiﬁd.
CHamaNomeG_sm-NeaeGH
G
X
{where, M = Cu, Ni 3 C_= -CH -CH -, ¥ = H , -CODH.
C = -CH-, X =H, 3
1) & 44

In the intra molecularly coordinated complex dichloro bis
{ethy! 3-oxo butanoatoltini{lIV) EC!ZSn{CHBCDCHzCDDEt)]. thg 3-keto
ester acts as a bidentate ligand coordinating through the carbonyl
O-atoms and fthe environment arcund tin is slightly distorted
octahedraiS?. Pyrazole derivatives behaving a8s tridentate 1ligands
can roaact with SnH4 producing compounds of the type Sn(L)X3 t

where, L = tris-{3,5 dimethyt poly pyvrazolyllborate ; ¥ = Cl, Brl
having hexagoordinated tin atoms 00,

Acatate and halnacetate esters can act as monodentate |igand
anrd add on to SnCl¢ giving trigonal bipyramidal as well as
octahedral {(both cis aand trans! ccmplexas44.

In crown =ther derivatives, such as, SnCldilﬁ—crown—G).2HzD,

f~ray studies have shown that the tin atom senvironment consists of
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octahsadral SnCl4(H20)2 units and the =ether molecule 1is only

hydrogan bonded to the water molecuta © %, Additional water or

other solvent molecules may be associated through hydrogen
bcnding‘t.ﬁowaver. Atwood at.al. have interpreted d-ray data
suggesting that the ether acts as a bidentate }igand‘s.

ln ionic adducts the tin:iigand ratio may be other than 1:2

or 1:1,23"5"‘8 a.g., 2 .'E;nCig.F'Bu&23 or (Cp)zﬂu.i.S Sn!“ { where,

Cp = cyclopantadisns and X = (Cl,Br }¢5. because these complex=s
eentain both testrabhedral and trigonai bipyramidal tin moieties,

one in the cationic and the othar in the anionic part [ YI,V[1 1.

k]

P 4 Cp 2
. _ I ! l -
[EnCl_{PBu_ 131 {SnCl_ 1} Ru sSn Ru « 2{8n¥ ) .
Cp X Cp
Vi VI
The compounds 4XEF6.3SHF4 and BXeFd.asnF‘ are ‘intermediate

+ + )
compounds with both erFii and XEF5 cations present‘p.

Mcﬁo—organotin compounds, RSan also show a marked tendency
to increvase their coordination number from 4 -teo 6 or even 7, the
lpwering in the accepior strength of tin becowing striking only
whan woaak donors are involved, such as alkyl sulfides, which gives
adducts with SnCl‘ but not with PhSnCla. VWith monodentate |igands

there are fow examples of five coordinate 1:1 complexes of the
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type RSnHB.L, containing a trigonal bipyramidal tin
atmmmlﬁbéadadoaa, although these are far less common than the
{L = monpodentats donor .

gctahadral adducts RSnXa.Lz

HeSnBr_.DMF °° and (Ph As) (MeSacl )" ' are examples of 1:1
complexes having trigonal bipyramidal structure with Me groups

ococupying an egquatorial site. A similar geometiry was altse found in

the intra motlecularly penta coordinate ketiminotin trichloride

{W1111°2 and ester tin trichiorides, RDCO(CH ) SnCl_ (R =

I

H,Ms,Et,Bu, Ph 1°°,

\ P
Cl—Sn—NH
Me (::l : Me
VII1
The: six-coordinate ocomplexes may be anionic, a.g.,RSnK;z or

neutratl,e.g., RSnXalbipy and are readily formed with a wide range

of ligands 1O34792% | poth mono and bidentate.

In some intra motecularly coordinated mono organotin compliexes,

such as PhSnT, (T = tropolonate) *°, BuSn(OCOR), (R = Me,E)™
ﬁaSnfSCSNEthl;ﬂ, BuSn(OX)9 {0 = oxinate! and MeSn(NDafm,
involving potentially polydentate ligands, the coordination number

of tin is seven. lIn intra molecularly coordinated poly pyrazoiyl
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bprate derivatives RSnL{pziBBH]Kz twhere, pz = pyrazolyt moiety ,

and ¥ = halogen or pseudcshalogen 1, however, only coordination
38 , G5 .

niumber six is attained » the ligand behaving as a tridentate

one {(though, potentially hexadentate in this case!l.

No example of mono-organpotin trihalide or pseudchalide adducts
with a higher coordination number than six have been demonstrated
by 4-ray crystallography,althouvgh a number of 1L:4 adducts ,such

as,ﬂeSnla.4pye or FhSnC!a.4{mcrphcline)?o have been synthesised,

The RzSnHz compounds are able to form complexes having
five,six eor seven-coordinate tin atoms. Generally, coordination
saturation at tin is reached at six, as stnxz'Lz (L = monodentate
tigand, Lz = bidentate ltigand, { = Cl,Br,I.NCS,AcG,CFaCGz? forming
octahedral complexes with a wide range of organic donors, the R
groups being usuaily trans to each othggpioosot -8
Mossbauer spectroscopy has indicated that cértain actahedral
RzSnH2 adducts, e.g., RESnxz.bipy fwhere = Cl,Br, R =
furyl, thieny1®™; X = CI,R = p-tolyl °°; x = NCS, R = Pr®™ 3,
than!z.{E“aminu mothyl pyridineln? contain a cis disposition of
the R groups.

However, the formation of RZSnXZ.Lz complexes must a priori
proceed Qia a five voordinate stnxz.b speciesea and the sxistencs

of a number of penta-coordinated complsxes having a cis f%San.L
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geometry have been demonstrated by #-ray crystalliography. The
anioan in o gquinotiniuar dimethyl trichlorostannate
(_cdnam+{ﬁezsn019>' contain a distorted trigonal bipyramidal tin
atom with the two Me groups occupying eqguatorial pasitiansap
Salicylaldehyde forms a 1:1 complex _with HeZSnCIZ, where i-ray
studies revwaled a simitar tin atom geometry, with two Me groups
vccoupving eguatorial positions of a trigonal bipyramid L1x1°°,
ith some ligands both the penta-coordinated {1:1) and
hexa-coordinated {1:2) complexes of diorganotin dihalides have
been isolated -+ o0,

Dimethfltin diisothiocyanate forms a 1:1 adduct with

terpyridyl, in which the tin atom is occupying a seven coordinate

W ok

IX

pentagonal bipyramidal geometry with trans organic groups ; the

five pitrogen atoms, two from the NCS groups and three from the
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tridentate ligand are situated in the wquatorial planeg*. K~ray
diffraction studies have shown Fhat thsnFNDé)z.L.CHCla { where,
L = cis—thP{G)CH:CHP{O)th "1 have a pEﬁtagonal bipyramidal
structure. Hoqever, trans-PHzP(OICH=CHP(D)th acts as a bidentate
bridging ligand  joining two six~coordinate tin atoms in
[thSn(NDH)zlz.L.EHzDQE. {thsnlNDai{KiizczD‘ { whara, bt =
PthsD, PrnZSD 1, obtained by the addition of i, at room
temperature under nitrogen, %fo an acetone-chlioroform sotution of
thSn(NDa}z »w alsoc have been indicated by #A-ray studies, to
contain a seven coordinated tin atom having a slightly distorted
pentagonal’ bipyramidal geometry with two Ph rings in axial

position and the nitrate, oxalate and ¥ in the =squatorial plane

[y 1997,
Ph Ph WO
, ///// J \“'I'l O&fff C l.l’“‘o@’/ﬂ » ‘N\ \\\\\O /
O/
X o= PhaAsG. Pr ,SC.

Although the pyrazole derived ligands [ RB{pz)nJ, {where R = H or

a non coordinating substituent, pz 5 pyrazole or its C-substituted
derivative and n = 2-4}) are potentially polydentate, { tetra-,
hexa- or octa-dentate depending on the value of n ), the tin atom
in their di argano£in derivatives, stn(L}Xaa, -is only hexa
4 T JORTH
112559 PENGAD

- University Library
Raja Rumioienpus
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ceoardinated. Simitar intra motecutarly hexa coordinated
diorganotin compliexes are also formed by trihalo ff-diketones
Diphenyitin diisocyvanate is unusual in that it forms a 2:1 adduct
[PhZSn{NCD)z]z.bipy with bipyridyl. It is believed to contain a
Ibridging bipyridyl group and pentacoordinated tin atoms

Although organotin carboxyiates unitike organotin hatides or
pseudohali ides are reluctant to form addition complexés,
diorganotin dicarboxylates are known to form 1:1 adducts 1in
5olutionioa. A faw well authenticated sxamples of hydrate adducstis

of diorganctin dicarboxyltates have heen reparted in recent

yearsﬁudaz. Lockhart et.atl. have reported an ionic acetats
- 103 101403

adduct of dimethyl tin 41 acestats . Iln theasse complaxes )

the tin atem is seven coordinate with pentagonatl bipyramidal

environment.

The RaSnK compounds show marked difference from their mono-
and di-organctin analogues in that 1:1 adducts are formed. The
generally weak acceptor strength of RBSnX favours an increase in
coordination number of the tin atem to five, by reaction with a
monodentate ltigand to form a trigonal bipyrémidal compiex in which
the three organic groups are situated in the eguatorial ptltane.

¥-ray studiss of several RBSnX.L compounds [ where X = NDa L =

Fh FO, Ph_AsO, Py ¥, ¥ = Br, L = QuinD, Phapo‘a?’me; i =



..1'?_

109,02 . -
} have shown the tin atom to have

Ci, L = LutB, {(Me N} _CO
z =z
the trigonal bipyramidal geometry {¥1)l. The tri organoctin pseudo
halides also bghave like their halide analogues, producing 1:1
. . . 140
adducis with monodentate ligands
With potentially bidentate ligands the tri organotin halides
stit! praefer to form five coordinate adductg™ BOT8RATALLUZ
utilising only one of the donor groups as in FhaSnCI.thpiﬂ}CH=

CHP&D)thﬂj. However, in FONS9 RSSnH.L compiexss involving

bidentate ligands X-ray studies suggest chelation and cis-geometry

EXi{l? around the tin atom * ™™, A third structural possibitity
i.e. the meridional structure XI1II has been suggested {for fhe
cationic compleaxes £R55n{Chi]+{BFh4]_, { where Ch is a chetating
tigand } on the basis of Mossbauer studies™’

] R ?

i R [ R %

R—Sn/ X Sn/ R—-—-—Sn/

NG RN N

L L R

¥1 A1 I111

The triorgana tin isocyanates and iscthiocyvanates are stronger

Lewis acids than their halide counterparts and the IR spectira of

PhsSnNCX.DMD { where % = 0,5 and DPMO = dimethyl oxamide yrie and

io . . .
MegSnNCS.phant are indicativa of octahedral tin atom

configuration in these complexes. The 1:1 adducts of MeaSnCl with
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Z2,2'bipyridyl is alsc believed to contain B-~coordinate tin on the

basis of IR spactrauo. However, ne example of octahedral

triorgano tin halide or pseudohal ide complex has yet
been demonstrated crystallographically., Triethylt tin chloride is
known to form the unusual 2EtaSnC!.L complexes with
dimethy!l-,diethyl- and ¢trimethy! amine, though the normal 1:1
adducts are also formed with thse first two ligandsiaj

Both mong and bidentate |igands have been feported to form
five coordinate adducts with triphany! tin trihalo
aceﬁatesizhtz{ ¥-ray data‘ for the polymeric adduct, triphenyl

tintly¥) B8-guinclyioxyacetate hydrateﬂﬂ alsn sugpgeast a distorted

trigonal bipyramidal tin atom geometry involving coordinated water

molecutle.

Tetrailkyl tin compounds show no tendency to increase their
coordination number owing to their weak Lewis acidity, conferred
by the four electron reliesasing alkyl! groups. However, Beattie has
indicated that besides the electronegativity ofﬁ the groups
attached to tin other factors may affect the acceptor properties4
and it seems possible that compounds with four perfluoro-organic
groups joined to tin, would interact with suitable donors, since
it is known that the electronegativities of the CF3 and CGF5

124,425

groups are comparable with that of bromine A coordination
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stage has been proposed for the abnormal halide ion-catalised
hyvdrolysis of Rd_nSn{Cdﬂskn compcundsimﬂ as also for the agid
mediated additions of alkenyl! tributyl stannane to aldehydes and

substituted afdehydss‘zﬁis{ it has been claimed that
trimethyl{triftuoro methytltin forms a 1:1i adduct with hexamethyl

phospheric triamide (HMPTA) and that this may be isolated in the

Z

sotid stataia. The addition of Snzﬂed to alkenes and alkynes in

the presence of FdiPPhgj‘iﬁmisp is aleo most likely to involve
initial donastion from the r-bonding orbitail of the hydrocarbons
foilowed by cleavage of the 5n-5n bond. The reactions of RaSn~SnRa
with Li-metal, alkyilithium, grignard reagents and NalR are also

instances of the electron acceptor ability of the o{Sn-8n)

bondtas .

122 En(ll) Lompounds as Accepté:r-s

‘Covalent Snﬂz . compounds, having essentialily spz
hyhridisation, have an empty p-orbitat, of gsimilar energy to those
used in bonding, at right angies ¢o the plane of the mciecule
fdi¥al, and shouild act as monofunctional acceptor Lowards suitabie
ﬁonodentate ligands to form compounds of the type Snxz.L, by the
overlap of lone pair orbitals on +the ligand with the ewmpty
k- |

p-orbital of the Sn-compound, causing a distortion towards sp

hybridisation [§IVDI.



C:::;’Sn’//x <::;7Sn:;;:x

X
XIVb

This aceeptor tendency makes most Snllil) compounds polymeric,

Structures of the oxide, sulfide, selenide, chioride and sulfate

g Although many monomeric organotin{li! compounds

raveal thisi
have been reported in the older literature, the RzSn compounds
axist only as unstable intermediates which self react to form
cyclic oligomers, wunless the R group is wr-oyclopentadieny!
or strongly sterically hindaringﬁ{ The poulymerisation is caused
by the overlap of the tone pair eorbitat on a monomer with the
empty p-orbital of an adjacent tin atom.

The stannous ipon with empty Sp and 5d orbitals can also act
as an acceptor towards certain ligands. The complexes would be
formed by overlap of lone pair orbitais on the ligands with the
empty hybrid orbitals on tin. In wview of the sm#ll enargy

separation between the 2 and p orbitals in the stannous ion all p

orbitals should be included in the hybridisation and the sp



hybrid configuration shouid be very stable. The involwement of
d-orbital im the hybridisation would appear to be less Jikely due
to greatér s-d energy separation.

Most of the available evidence does suggest that the

stannous ion is a class A acceptor and the order of stability of

the complexes formed with halide ligands is F »% £t » Br » |

The trifluorostannate(ll}! ion has been shown to be a very stable
species'®™, and to be the strongest tinlll) halide compiex. IR and
Raman spectra suggest that the trihalostannate{l{}! lions have a

pyrawmidai structure based on sp3 hybridisation "of the tinl(ll)

. 187,188
orbitatls .

For ligands other than halides, the order of stability of

complexes formed by type A acceptors oH > NH3 > RS HZO etoc,

may not be exactily followed by the stannous ion, because of ihe

®  that the tone pair Es .orbital is strongly

probability‘s
antibondihg with respect éo certain.ligands such as NHa ,Hzﬁ, and
the CN  ion. A spectroscopic study of the tinl(ii} thicevanate
complexes has shown that the nitrogen atom of thiccyanate is the
donor atom and this provides further evidence for the A type

. R X -
agceptor behaviour of the stamnous ion v

A number of adducts of tintll}) compounds with monodentate
oxvgen and nitrogen donors, such as, water, acetic acid, dioxan,
sulfoxides, DMF, NH PY, amines, amine-N-oxides ete, are

q,



Knopwn oort3eata Speciroscopic study of dihalo bis-lp-toluidine)

tin{ll) compounds has suggested that the tin-nitrogen bonds are
retativaly weakiad. Baside bthe wuswuatl 1:%1 addition compounds, some
of these ligands may form complexes with vaéying ?in ta ligand
ratio, =.g. in NHa adducts of SnXz (¥ = Ci,Br,1 1 the mole ratio
may be as high as 1:9“”. In the 1:%@ complexes the ftin atom acts
as a monofunctional acceptor making use of the empty p-orbital in
its vatence shell in complex formation. Often, the first material
to bes precipitated from the sciution of a tin{ll!] compound in a
doner solvent is a polysolvated material,from which the 1:%
complex can usualily be cbtainedﬂm. This suggests that the tin is
acting primarily as a monofunctional acceptor and that further

donor molecules are taken up mainly fur ltattice packing purposes,.

The ¢rystal structue of tin{illchlioride dihydrate shows that anily

ong of the solvent molecules s bonded directly ta the tin atom

havirg a pyramidal snvironmesnt vaimd.

x

O// \
Cl Cl
XV

The second water molecule In the structure forms hydrogen bond



with the water molecule bonded to the tin atom and can be remocved

by careful dehydration at 80”c*"%, Jther 171 caomplaxss are

. . 130,140
beligved to have similar structures .

The only known addition compounds formed with sulfur ligands

are the thiourea and tetramethyl thicourea adductsim{ "From ¥-ray

studies, diacetato bis-{thiourealtin{lii} has been shown to have a
square-pyvramidal structure, the tin atam being bonded to two
thiourea = atoms and two carboxylate (8] atoms,whereas, in
tetrabromo pentathiourea ditin{lildihydrate, (SnErzlz S=C(NH2)2]5
.EHZU both the tin sites have trigonal pyramidal configurationbﬂ
A tintii)flucride-hydrofiuoric acid complex, SnFZ.ZHF, containing
a halogen ﬂonor is knownﬁm

4 coordinated complexes cf the type San.L2 { where L =
monocdentate and L.2 = bidentate ligand ) are frequently formed by
snis0.C11 "%, tin halides and isothiocyanate @'P OIS

complexes with many bidentate Schiff's bases, semicarbazones and

. .- . 147—140
thivusemicarbacones with SnCl2 are also known .

But their
structures are not very well authenticated.

In the 2:1 addition product of SnClz with 18-crown-8 ether
formulatsd as [SnCliL)1(SnCl 1 and in ISnCH(L)1iCIO, 1Y, K-ray
zrystallography has revealed that the tin In the cationic moiesty

cccupies a hexagonal pyramidal site,-being bonded to aill six crown

ether oxygens and the chlorine atom in an axial pasition,



In the pyruvic acid thiosemicarbazone (HL} derivative
IT 152 . . . . . . '
Spn T (LICH . the tin atom is five ooordinate due to intra

malecular coordination by the tetradentate ligand., The tin(lI[}

poly(l-pyrazatlyl tborates [{pz}‘_nBleSnCizﬁm { where, Hpz =
pyrazole or its C-substituted derivative 3 R = non coordinating
substituent ; n = 0-2 and m = 1,2 1*%2 are interest ng due to the

fact that in these compounds the effective coordination number of
Sn(ll), assigned on the basis of 'H NMR data, can be five, six or
even seven, obviously threough the involvement in intra molecular

coordination, of ths N atoms of the pyrazolyl moiety.

13 Donor FProperiy Of Tin Compounds

From the forgoing discussion it 1s apparent that <tin
compounds almost wniversally behave as acceptors, - unless the
substituents bonded to tin atom are donors thaﬁselues. Az for
éxample, the n-orbital of the cyclopentadienyl part in
bis*-(cyr::it;:rpﬁmt‘.r:r.i.:liv!anyl}t‘.in(lli"533 acts @as donor, forming charge-
transfer complexes with acceptors tike TCNE { =
tetracyano ethyléne) and TCHQ ( = tetracyano quinodimetﬁane), the
complexes being similar to those of iron cyclopantadieny!sﬂu
lrganotin basesg such as tetrakis-{(Z-cyancethylitin(iVy L[X¥VI1, of

triphenyli2-{4"'~-pyridyliethylitin{iV}l (2YIi]l] have been used to

form adducts with compounds of ftin and other metals. Thug, AV
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. 17575
forms 131 complexes with stannic chloride and bromide, SnX4.L

and X¥VIl] forms stable adducts with organotin and other halides,
e.g., PhSnCt .2L, Ph SnCl.L, ZnCl_.2L, CoCit_.4L, NiCi_.4L and
: 2 2 | 2 2 2
cuct.L'™C,

(NCCH_CH_) Sn PthnCHzCH;@N

KV I BVl

i . 156 . '

A Ni-coumplex of structure {VIiI!l is alsa known . But the donor

abilities of such compounds areé ailmost soclely the properﬁy cf the
arganic moiety, because the tin atom is too far apart from the
donor atom to modify their donor strength in any way.
These wcompounds arse, therefore, of very little interest in the
discussion of the donor properties of organcotin compounds.
However, not only quite a few Snlll) molecu[ea and camplex ions
containing sterically active lone pairs behave as donorsmd, bBut
also, a numbef.of tin(IV} coﬁpounds, notably the tin tetraalkytls
are known to form complexes with accéptors, although the analogous
unsubstituted alkanes do not show any such ftendency. In the latter
compounds, the ‘danor astivity of the molecules is =z direct
consequence cof substitution by tin, although tin{iV}) itself, 1is
not the donor. The donor properties of Sni{il} and Sn{IV} compounds
are now discussed separately, because of the totally different
role of the tin atoms iﬁ_?hé two cases. .
/ £t
PhySm N\}\N,
S /f’ ‘
2

N
3
XVIII



131 Sntll} Compounds as Donors

In Sn{ll) compounds the donor property is masked because
of the predominating acceptor tendency of the vacant hybrid
orbital. These vcompounds exhibit donor property only when the
vacant orbitats have been used in forming dative bonds with Lewis
bases such as halide ions and the anionic ha!dgen complexes of the
type Snxa_ possess sufficient donor strength to form a variety of
compliexes yith suitablie acceptqrs, particularly the platinum metatl
acceptorsﬁm. The lone pair nroitat of the pyramidatl
trihalostannatel(ll) ion must be responsible Ffor the o-donor
properties of the group. The donor ability of the Snxa_ ions, in
contrast to the other Snl{ll) complexes is presumably due to the
lowering of 5s ionisation potential in the anionic species. This
is supported by the absence of donor tendency in SnF+, snc1’ and
Snér*. where the 5s lone pair is sxpescted to bg more difficult to
ionise‘m{ Simitar donation by a pyramidal monosolvated tin(}il?
halide results in ‘the formation of neutral complexes in some

. tas v T
nonaguanus solutions . Examples whers Sndg ionsg act as donors

) - -9 - - -
include FtClz!SnCla}z : F‘t{SnKa}5 { where X = CH,Br};
Ft SnCi__ ¥; Pd.Cl (SaCI 3} *; 1r Cl (SnCi 1 *; 0sCl (SaCl 1 %
- g¥ e F pwig R, i Tololghtonbigdy  F shigion 514 *
-z -3 - -4
Ru912(5n01912 ; Rh(SnC1 ) ~7; Rh,C1 (SnCt ) ~*;
RhC1(CDY(SnCI ) "% etc.'™. Evidence for the presence of the

2
trichlorostannate(11}! tigand in Pt Sn Cl ~"° ion comes from the
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strong IR band in its spectrumn at 330 cm , which is
s o - 136 .
characteristic of o-bonded SnCl3 _ . The ©best weconfirmatery
evidence for the existence of tin{ll) donor atoms in the complexes
formed with the ptatinum metais comes from ligand replacement
rgaction invelving the tinlll) species. The SnClB_ ien can be
raeplaced from anions containing it by strong m-bonding ligands

such as py, p-totuidine, PPh3 and <0, e.g.,
-z
RuClz(SnClaiz +  4py ——> {py)4RuClz [11
Simitarly the trichlorostannate{ i) ion can replacs weakear
-bonding ligands such as chioride, mesiftyl oxide etce.
-2 - . -2
FLCi +  285nCl —_>» PtC} _{(8alt ) =~ -——-- {21
" 3 2 3z
Many such replacement reactions in organic solvants result in the
formation of neutral complexes crystalilisable frem soclution, =.g.,

(Ph P} PE{SnCL_ ) , {(Ph P) Pt {SnCl ) etc.™,
k| 2 3 a b 3 I

2
Though - Snxa‘ icn is a weak o-donor, it axhibits. a largse
trans-effect because of its ability to form strong du-dm bonds
with Pt-group metals. The mn-accaptor properity of sﬁxa' ion is in
fact comparable to those of the two wmost powerful r-acceptor
tigands NCS™ and oN” '™, The snci ion appegars to have empty
4 orbitals of the correct size and symmetiry to form strong m-bonds
with the filled 4 orbitals on the platinum metals.

The trichlorostannates ion in {EtaNHk(Snclal acts as o-donor

towards acceptor molecules such as TCNE and TCN{ forming 1:1
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complaxés. The formation of the complexes of Ltintll! halides with
TONE and TCRQ { = tetrachiorn benzoguinone ) and of
bis-{/i-ketoonolatoitin{ll} with TCNE, TCNQ and TCBER, also involves
w-donation from the tinlll} atom, But in the process TONE and TCER
comptetely oxidiée_ the me tal in the tin{lII) hatide and

bis-{/-ketoenoiatoitin{ll} to the guadrivatlent stata. The TCNQR

complexes of bis-{ff-ketoenolaltoltinl{ll} exhibited resonance dues to
both Snilil) and SN(IV)*™, Simitar oxidative additions are also
undergong by Sniit) darivatives of 1,2—di015ﬂm;59.

Although the nm-acceptor properties of Snxg_ ion play an

important part in its donor ability, the 823 compltexes can only
invelve the o-donor propertigs of the ion. The formation of
CIBSnBFB_ and CISSnBCIS— has bgen accounted for by o-dopation from

the tone pair of the SnClg_ icn to the empty acceptor orbital of

the Bx;‘”

Electron diffraction and ¥X-ray crystallography has shown
that the two rings in bis-{cyclopentadienyliltin(i{i}! are non
parallel (¥IX]1 and the bonding c¢an be described in terms of
spz—hybridised tin with twe orbitals involved in bonding fto the
cyc]opentadienyl.rings and the third containing unshared pair of

. lat—143 . : . . .
slectrons . This wunshared pair can coordinate to a Lewisz

acid such as BFg.



XIX

The addition of BFa—étherate to a THF solution of stannocene [¥X1%1]

procipitated the ocomplex (n5-C5H5325n:——>BF5““. Stannocene also

forms 1:1 complexes with Lewis acids such as AlClg and AlBr;d?

The Mossbauer spectra of these adducts are very similar to that of
stannocene indicating that the complexation of the tin lone pair

does not significantly affect the 5s electron density at the tin

atam. Howaver, the stannocene complex Eﬁs—CﬁHnizsn:ww>BF5 has

rocently bean shown to contain the wunits EBF4]*, {ns—CSHEJESn,
+ .

£n5—05H55n1 anr THF by Zuckerman at.ai. from X-ray

. 156
crvetallographic nsasurements .

The bonding in crganostannylene - complexes such as

{CHtSiMe_}_ 3 Sn.MICD)Y_ {( M = Cr,Mo } or Cp Sn.MCOY ( M = Cr,Mo,
a'z'e 5 z 5

1oy

105, 167,286 o nd bis-naphthyl SRH.U{CO}S can be interpreted

W

as invotlving o-donation from the lone pair of the tin atom to the

transition metal and back donation from the tater to the empty p
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or d orbitals of the former. Base stabilised terminal complexes

such as RzSnlB}.Cr{CD}5 { R = CH!l t-Bu; B = py, THF yiee involve
r

coordination of the tin to only one metal atom but the wvacant p

orbital on Sn additionally coordinates a molecule of the base.

i32. TinCIV> compounds as Donors

As already mentioned, the daonor property of Sn(iV)
compounds arises from delocalised M.0.'s invelving the metal atom
and its neighbours. Bend poiarity and inductive effect play
important rele in the ability of tin atom to modify the donor

activity of the substituent bonded ta it. The 8Sn—¥ bonds in

a monovalent atom or

1|

melaecules of the type R“Snx4_n ( where X

1-4 ) acquire & large

group, such as H, GH, OR, NRZ, halogen; n
polarity due te the low electronegativity of tin as compared to
the common ligands. Addition reactions of alkyltins to aldehydes
and ketones demonstrate the polarity of Sn—<C bond:

Ciosely related with this is the inductive effect which the

tin atoms or stannyl groups exert on their surrcundings. The bond

S+ &~
1]

polarisation, ©§ —¥" , which 1is there in principle, may be

changed by substitution at & as well as at tin. NMR data on
. . 174,472 . .. .
grganotin compounds and seami ampirical calculations of

Majee and Gupta s amphasiss fthis. Studies of the relafive rates

of acid cleavage of the compounds p“HEBHCHzcdH4SnMeEI { M = 5i, Ge,
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sn 1** and the rates of alkaline hydrolysis of R_M(CH ) CDOEt (R

175

= Me, Et;y n = 1-3; M = 8i, Ge, Sn 1} y as also, IR and NMR
measurements on (Ma,Si),NiMMe ) (M = Si, Ge, Sn, Fb »*** and IR
studies on esters of the type HaCUUMMeS { M = €,81i,Ge 1**7 have

established that the Rs“ groups have a +1 effect and the order of
electron release is Mean p HEQSn > HegGe 2 MeBSi. The drift of
glectrons frbm thel metal‘ to its partner in the 8n—3Y{ bond,
therefore: makes the atom ¥ quite rich in electron density. Uniess
there is back bonding between the filled orbitals of ¥ and empty
5d orbitals of 8n, a possibility of electron donation through X
arises. Although there are controversies regarding:the axtent of
din—pnr back boading in SntiV}! compounds, it is now broadly agreed
that such bonding is generallf absent except in compounds having
spz é—HSn bonds'C Thers is sevidence tﬁat the r-character in the
M—1X bonds decreases as we go down the group IVB. Thus Si—0 or
Si——ﬁ bonds have appreciable n-character, whereas, IR and HRaman
studies of compounds RaSnXSnR3 { ¥ = 0,85 } indicated that there is

no m-contribution teo the Sn—0 and Sn—S bonds o,

1t is expected
that tﬁe much diffused nature of S5d orbitals on Sn {( as cempared
to the 3d orbitais an Si )} would be unsuitable for back bonding’
with filled pr orbitals on the more electronegative atoms.

Depending on the nature of the substituents two types of

donors may be encountered:
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(i} Type A : Compaun&s in which the substituent X is not an
electron pair donor, e.g., tatraalkyl tin compounds. The
comparatively low energy of the «-M.0. corresponding to the Sn—X
bond and itz polarity makes this class of compounds weak donors,
lii) Type B : Compounds in which the sbstituent is an electron
pair donor, e.g., (RgSn)zﬂ. Although the donor orbital is atmost
localiéed on the substituent in these compounds, the adjacent tin
atom often profoudiy medifies their donor strength through
inductive effect and in some cass even through o—n conjugation.
In addition some triorgano fin(aryiazo)benzoates have been
shown to form 1:1 molecutar complexes of weak donor acceptor type
with almost any type of molecutes including unsubstituted
alkanes™™”. Eiectronic absarption spectral studiés show the
ocrganctin molecules to be the donor. However, the role of the tin
atom in these case is not yet fully understood and these compounds
have been excluded from the purview of the present discussion. The

above two types of SnllIV) donors are now discussed in some

details.

132A Type A Tin(iV) Donors

The unsubstituted alkanes do not usuvally possess any
donor or acceptor property, presumably, due to the absence of any

tow tying .8, in them, However, substitution of a hydrogen by tin
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results in a retativeiy high ene?gy HOMO ( tow 1.P, } and because
of this lowering in I.P., the tetraalkyl tin compounds can act as
weak o-donors oo, Group IVE metal alkyis have besn found by Kochi
et.at, oS to form weak charge-transfer complexes with
acceptors such as TCNE, lz’ HgCiz etc. 1in CCl4 and CHZCIZ. These

authors have interpreted the iodinolysis of R4Sn as involving

electron transfer within the charge-transfer complex as shown

belowias.
alow 3 _
RSn + | &————=[R Sni 1] — >R Sn .1 -
4 2 - 2 <+ z
Fxat
IR.R.Sn [_ .3
2 Z
caga reaction di f f ualon
Ri + R_Sni R. + R.8al + I.
g 2

in CT complexes of benzyl organoctin derivatives, e.g.,PhCstnPhS

. o187, 188 .
FhCHzSnHea' CdH‘iCHzlzﬁnth atc, with TCNE » the organotin

group iz found to exert a large activity on Ihe aromatic ring
through o-7 conjugation. Ths.magnitude of the decrease of the CT
freguency in the stannyl derivatives compared to that in the
corresponding carbon compounds show that the donor ability of the
lSn-—---CHz—- group is comparable to that of —NR2 -groupm?.
The metal alkyls have also been found to undergo electron
-2

transfer reactions with oxidants like IrCld , Feldipy33+9 and

+3 . . .
Fe{F‘hen)a . Iin moleculiar contact complexes, reperte. to exist in
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sclutioﬁs of NbFs’ Hch, UFd and UFﬁUMe‘in the tetraatlkyls of Qe,
Sn and Pﬁmg, electron tramsition from the «-#.0. of the M—C bond
in R4M to the esmpty antibonding #.0. of the penta?hexavalent metal
is believed to take place.

The ecleavage =of ESn—LC bonds of R4Sn' compounds by metal

halides such as 5ni Sn¥ BX Pi CuX Fdi and HgX_ are well
2, 4, 3, 5, 2, 2 2

known 9t The disproporticnation between R4Sn a.nd SnCl4 is the

basis of the Kocheshkov preparation of atlkyitin chlorides,
R SnCl, _ . Thess reactions involve donation from the o-#.0. of the
Sn—C bond to the elsctrophiles, nucleophilic assistance being

provided at the tin centre.

Al though homopolar, the <«{5p—5n} bond in hexaorgano
distannanes can act as o-donor due +to its low energy. Thus
oxidative cleavage RSSnSnRS, by varioug n-accqptcrs, e.g., TCNE
TCNG, TCBQ, i,4-Benzoquinone etc. gives €T complexes tike
IR _SnSnR_J'CTCNE 17 and ;SPhQSnSnPha]+ETCNQ 17 as well as fres
radicals RQSn-TCNE., _RgSn—TCNQ:, [RgSn—{1,4-benzoquinone).], a5

192,103

shown by ESR studies Stable free radicals like R;Sn—TCNQ.

{ R = Me, n-Pr, n-Bu } and Measn(TCNQ.)z are also wbtained by the
reactions of the Li-salt of TCNQ with organotin{iV) chiorides'®?,
Oxidative wolwavage of the 8Sn—8n bond by =lectrophiles, e.g.,

halogens, Dz etc. has also been studied . These cleavage

reactions take place through &lectron transfer from the <{8Sn-Sn)
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bond. Complexes of polysilanes, hexamethyl disilanes and

hexamethy! germane with TCNE and TCNR also form Iin a similar way

: ‘ . 04,155
through o-electron transfer to the n-acids' .

132B. Type B TintiIV¥} Donors =

The Lewis basicity of compounds such as tHSM) i, where §

™
is an electren doner such as N, 0O, § etec. and M is a group IVEB.
elemant, have besn avaluatsd from- the shift caused in w{C-B), dus
to C—ID ----% hydrog=n bonding, in their IR spectra in CDCI_.

Values for the relative donor strength of some  of these

orgénometal!ic bases measured as Av {om ') for »(C-D} of ‘free"

and *‘H-bondad' states in CDCIS, arg illustrated in the table-I, 1.

105
below g

Table:-i.1.

Relative Donor Strength of (RHM}nK. [ as Av cm ©

M ' IﬂasﬁigN ‘NEQM’ZG (Meaﬁizs
c 100 33 40
Si O i3 =g
Ge 72 55 a8
Sn 106 84 43

The data in the table raflect differences both in the inductive

effects of the group 1VE elements and also theilr capacity to form
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pr-dn bonds with N, @ or S. The abseance of interaction betwesn
,{ﬂsSSi)JQ and CDCI9 implies complete involvsement of the nitrogen
ions pair in r-bonding in contrast to the strongly hasic
(MessnlaN, which 1is pyramidal, and in which N—>Sn mg1tipla
bonding, if present at all, does little to offset the electroq
releasing properties of the HegSn group. As a result, the
trimethyl stannyl amine is found to be more basic than the organic
aminz""". The proton acwoeptor abilities of the chliorine atom 1in
group (VB organometallic chlorides as measured by the shift of
»{OH) of phenol in CCI4 in prasence of the chiorides™™® atso

indicate the same ftrend. Organotin azides and organotin acylates

iRaanOR‘} also have been found to be stronger bases than their

1OP-201,
carbon analogues ;
in compounds such as R MOMR and R M{DR*; {where n = 1-3,-
ES ] n 4-n
H = Group IVB metal ¥, the following sequence of basicity for the

axygen atom has been assigned on the basis of IR fregquency shifts
Aw(OH) of methanol or Av(NH) of pyrole due fo hydrogen bonding

with the axygen atoms of these conmpounds in methanol or pyroie

:«solution202
increasing basicity
>
increasing . 8i0Ei < Si(OC)B < Si{DC)z < 5i0C
basicity GelDC)s £ GQ{UC?Z { GelC < GeDGe

Sn(DC)z £ &8alC 4 SnbSn
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The increased basicity of the oxygen atom in alkyl or aryl
stanpnoxanes has been confirmed by the isclation of 1:1 apd 1:2
adducts of p-oxo-bisftriphenyltiniiVi] with TiCl¢ i of RBSnDSnR9
i R = n-Pr, n-Bu ) with TiCi4 and SnCi‘ ;5 and 1:1 adducts of

p-oxo-bisftriphenylitin(liv¥})d with Sb015 as wall as, adducts of

di  -butyltin oxide with TiCl,  SaCl,  and sbC1 fOEL,
p~oxo-Hisltri w-butyltinlI¥i}l alsao react v.;ith sz { where M =
Cullly, MnlIl},Nilll), Collly; ¥ = €I, Br, I, NCS and NO S~ )
to form compounds of general composition an'lﬂ,,' Compounds of the
type H(C!O‘lz.Ld also have been regported for M = Ni(ll), Culll)
and Mn(l[Po%EOS (R, Sn) 0 ( R = n-Fr, n-Bu, Fh )} forms complexes

of stoichiometries NiC!z.L.EtDH and Ni2014.L.BEtDH with N1012 in
absolute alcohclzosb. Amongst these oxoorganotin compounds the
donor strength varies as -
{(Fhi 'Sn)y 0 < (Pr Sn}t 0 < {Bu Sn}) 0.
:} 2 5 2 3 z
The IR spectra of all these addition products show that the
vm{SnDSn} band of the free stannoxane which appears around 780

-1 . . : ; . :
< At suffers considerable negative shiff, fthereby indicating that,

in ali these products the organo stannoxane is coordinated to the
. 0Sa,205,

metai through oxygen a{:cmz WO 206.

Baside thess .adducts with metal halides, organotin oxides

and hydroxides are known to combine with organctin halides,

stnIOH and RzSn(GACJz to form a large number of addition
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products in which the noxides or hydroxides donatz through the

5, 2039 . .
pKygen atom ' . Some of these compounds are tisted . in

table-1.2.

The nucleophiticity of the gxygen bonded to tin is important
in the addition reactions of the Sn—0 bond. Trialkyltin oxides
andlalkcxides EKK)t {f = Sr\RB and R' respectiveiy ) often combine

with a wvariety of multiply-bonded acceptors (A=B} to give 1:1

adducts.
3(a
R &n-0X +  AsQ — R Sn~A-B-0Qf +~===~-= £31
3 _~—— q
3{b}
{¥

Tributyltin oxide and methoxide which are regarded as model
compounds for their respective ciasées, add on to acceptors, such
as, aldehydes and ketones, CDz carbediimides {RN=C=NR},

r

isocyanates {RNCO), - cs isothiocyanates (RNCS 1, S0

) , s

sulfodiimides (RNSNR), suifinyiamines (RNSQ), imines (RNCR 1},

nitriles (RCN), ketenss (CH =CO) atc. to give 1:1 adducts?@TEOR
examples of which are shown in the tabie-1.3.

ttost of the additions shown in the table-1.3. gccur

exothermaliy at room temperature. The reactions are reversible and

the adducts dissociate upon heating. Hawéver, the decomposition

can proceed by a route other than simple retrogression [egn. 3{b}1l

particularly, where oxide adducts ares concerned.
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Table:-1.2.

oxides and hydroxides

Compound type R R! X
stnO.R;Snxz Mea Et,n-Pr Br,!
Et Me I
Et Cl,Br, I
n-Fr . Br
n-Pr Et Br
n—-Pr Cl,Br
{RzSnﬂiz.RzSan Me Me Ci
RZSnD.R;SnIBH Me,Et, Rt =R -
LE’D—FI', 3R ) -
tao-Bu, - -
tso-Pant - -
RzSnD.R;Sn{DAC)z Mea Me -
HIR SnB) OH.R'Sni¥ Me Me Br, !
Z 2 2 2 .
Et Me i
Et Cl.Br, |
n-Fr n-Fr - l
R (RZSHG)BOR‘.RzSnHz Ma Me,Et, Br, !
n"F!‘,n“Eu . H
Et Et Ci,Br, |
n-Pr Et,n-Fr = 1
{RQSn)zﬂ.RBSnX Me Me Br, 1
(RgSn}ZD.RéSnxz n-Bu Et C1
(R Sn) O,R'SnX n=-Bu Et el
-] z 9
RSSnDH.R;SnK.HZD Me Me Ci,Br, I
(R SnDH) .R'Sni Me . Me Ci,Br, 1
3 2" '8 :
Et Et ' Br




_ao_

R,Sn.0.SnR_ + A=B P— R Sn.A.B.0SnR, === R _Sn.A,SnR_ + 0=B

XX 1 . === [41]
Clearly, the product i1 formed by addition of Rasn.D.SnRg to
A=B coulid equally arise from addition ﬁf RBSn.A.SnR3 to O=B.

The multiple bond of the acceptor being polar, the
tributyltin group is attached to tthe negative end of the dipole
A&_= Bé*. Hence, structural alterations within 3 given class of
acceplors which increase the etectrophilicity of Blincrease their
reactivity. Thus, for carbonyl compounds the acceptor strength
changes in the saguence-

GCIBCHD b CBrBCHD > MgCHO » FPrCHO ~ wo—BuCHG »» PhCHO etc,
The relative power of tin-oxygen bonded compounds to act as
addenda by eqguation 3{a}t above, decresses in the seguence-

RSSnGMe » RaSnDSnR8 " HBSnDPh etec,
these suggest that the principal process governing the reactivity

is the nutleophilic attack by the oxygen bonded to tin upen the

positive end of the dipole and that the welectrophitic attack of
. . . . . 207 '
tin upon the negative end is reltatively unimports .t .
Dialkylitin dialkoxides  undergo simitar raactionsz
Dialkyltin oxide and alkyitin trialkoxides are expected toc undergo
simitar reaction, but have not yet been investigated.
Liguid SUS in CCl4 rgacts with p-oxo-bisi{triphenyl tinlivi]
in dichloromethans at -20% to give a 1:1 adduect., In the IR

o

spectrum of the addﬁdtza the Lha(SnUSn? appears at G650 and 630
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Table:-1,3,

Products of the reaction between BuBSnDX and A=BE

BugSn.A.B.DK

A=E ¥ = Me . ] X = SnBu
3
0=CH.CCl! Bu Sn.8.CHI{CCI] }.0OMe Bu Sn.0.CH(CC]l J).,.05nBu
3 | | ] g 3
0=C:0 : BuaSn.O.CG.UHe BuSSn.D.GD.DSnBu3
NpN=C:NNp BuaSn.N.Np.C(:NNp).OMe BuBSn.NNp.C{-:NNpI.USnBu3
MeN=C:0 Buasn.Nﬂe.CD.GHE BuSSn.NMa.CO.DSnEu5
0=5:0 BUSSH.D.SU.DHE BuBSn.D.SD.DSnBuB
Tol.N=S:N.Tal No reaction ‘ (Bu Sn.NTol.SO(=NTol).SnBuy_I
Ar.N=5:0 EBUBSH.NAP.SU.UHE]a h
5=L£:5 {BuBSn.S.CS.UMe] =
- S5=C:NPh BuﬂSn.S.C{:HPh}.UHE A
S0 TolN=CHCCI1 {Bu Sn.N{SD ToliCHICC! 1OMe [Bu SnoN{SO TolICH{CCI 105nBu
2 g 2 z 1 3 2 3 3
N C.CClI [Bu Sn.N:C{CC1 10Me Bu Sn.N:C(CCl 1.08nBu
8 ) 2 ] a a
H C=C:0 {Bu Sn,.CH_.CD.0Me] [Bu Sn.CH_,CO,0%8nBu 1
2 9 2 5 2 7
NMotes: Np = l-naphthyi, Tol = p-tolyi, Ar =.p*N02CGH4.

a- The 1:1 adduct only exist in egquitibrium with its precursors.

b- A 1:1 mixture of EugSn.D;SD.DSnBug and BUBSn.NAr.SU.NAr.SnBuB
is obtained.

c- BuBSn;S.SnBuB and BuQSn.D.CD.DSnBu3 are obtained.

d- axygsn-sulfur exchange occcurs giving BuaSn.S.SnBu9 and
BuBSn.NFh.CD.GSnBUH.

{ ICompounds in parenthesis have not besen obtained analytically

pure.



cm T, thereby suggasting that it is feormed by doneor-acceptor

intaraction between the 0 atom of the stannoxane and the & atom of
SDB, the former being the donor. Subseguently, on being refluxed
in dry CC‘:4 for 1-2 hpurs the adduct wndergoes imtramoltecular
roarrangemant to give bisltiriphsnyl tinilvilsulfatezap feqn. 5 1,

which ¢an alsoc be prepared by rascting =ither the organotin halide

with .quso42‘° or the oxide with stc;:d.

under Nz raftuxed in c:c:L4
iP + — i—
hasn’20 SDS a ’ {thSngD >SDB far 4—2 houra.
b —20 g
{Ph 8nt 80 ----(5]
L] 2 4
Therafore, it is wvident that the adduct ig formed as an

intermediate in the formation of bis-f{iriphenyl tin(IV¥}!) sulifate
from the reaction of IPhaSn)zﬂ Wwith SDa' However, no such
intermediate could be detected when (RgSn?ZD_{where R = n-Pr and
n-But and di-n-butyltin oxide reacted with liguid 803 and the
corrgsponding sulfates were obtained directlyzo%zn}

tt should be strossed that the formation of an intermediate
may help a reaction by substantially decreasing the energy of the
transition state,.even if the intermediate is too unstable to be
datectedmz.

The reaction befween organotin oxides/hydroxides and organic

or inorganic avids, universally wsed f{for the preparation of
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organotin gsters, it also beliaved to procoed through an

intermediate donor-acceptor transition state, similar to U(XKI[1i]

- . ZL2
proposad for the reaction of siloxanes with AICI3 and the

reaction betwosn {PhBSnFZG and ngzma'

—
> -t
oo

s

B3I
The transition state involving organotin oxides/hydroxides and

carboxylic acids in non-ionising solvents may be represented by

S 0 X

! \

: \

]

0 i

\C /D x - SHRB' H-
¥¥111

Such a c¢yclie intermediate is expected to be most favourable,
bacause the nucleophilic attack of the oxygen bonded to tin upon
the H-atom and the eiectrobhilic attack by the tin centre upon the
O-atom of the ocarboxylic acid assist each other. Although no
evidence In favour of such an intermediate, is available so far,
its stability (if it does exist at aili is likely §0 be snhanced

with the increase in the slectronegativity of RCDa group of the



~4&-

agid, Thus, if the reaction is assumed -to procead through the
formation of the cyelic intermediate, thé presence of strongly
electron withdrawing‘ group and additional poﬁential donor satom
capable of fofming a chelate ring, both most sffective if present
on the a-carbon atom within R, can create a situation conducive to

the realisation of such intermediate in the isoclated stats.
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