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' Tin has been shown by archacological discoverics ﬁo
be one of the earliecst metal Imown €6 mon but the history of
organotin chemistry began in 1849 with the prreparation of fow
crystals of diethyl tin iodide by Franklan& (1,2) £rom the
zeaction of ethyl iodide and metallic tin at 260%, In 1852
Lowig (3) described the sction of ethyliiodide on a tin sodium
alloy. Though he could not detect the Formation oOf tetracthyl
tin, he isolated triethyl tin iodide and hexacthylditin.

The growth of organotin chemistry during next fifty
years was rather slow in absence of really efficlent and
attyxactive methods for preporing well déﬁined compoundse At
the turn of the century, the availability of orgeno magnesium
halides profoundly changed the situvation, as organo magnesium
halides proved to be general purpese alkylating and arylating
agents, The sustained growth of organotin chemistfy during the
£irat half of twenticth century resulted in some 330 compounds
having four érgania éraups bound o tih and twolthirés of these
ware RBSnR'. Factually arcund 1950, organotin chemistry was
qniﬁe-extensive and at present organotin compounds are more

investigated than organile derilvatives of any other metal,
The £irs€ major review work on organotin compounds was
done by Xrause and Von Grosse in 1937 (4). Later, Gilman

et al (5) published another review of organotin compounds in



2

1960, In. lesct ftwo degades o S0, immaeréble reviews and books -

have been published in the area of organctin compounds. Mention

may be mads to some of the representative ones (6-28),

Organociin compounds not only proved to be of theoretlical

interest but also proved important for diverse commercial

applications. The folloging table indicates diverse applications

of organcting (29).
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Heat stabilisers for .
rigid PVC

Homoganeous éatalysts for
tyans osterdficstion
reactions

Precursor for producting
Snog_Films on glasa

(R = Me, Bu, Oct, BuGCO.CH,.CH

Applications Compounds
Bu,Sn(8e) Hyo ),
Homogeneous Catalysts;fbé_ BuQSn(OCO.Me)z
RV silicbnes;'polyuzéthene: Buzsn(OCQ.CHEt.Bu)z
'ﬁoama*and.tfans esterification '
e BuQSn(OCO.Cliﬁga)z
reactions - C ;
: Bu,=n (0C0. ¢, 21-!253 2
{BuQSno)n
Pregursor foyr forming Mezsnc12
snoz'films on glasg
Anthelmintics for Buasn(OCOEclleg)z
poultry .
RSnX

Rén(scH,co, Ooet ),
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In ret3ospect, the patents granted in 1940 and 1943 to
Ve Ungve (30) describing the utility of certain dlalkyl tin
derivatives as heat stabiliser for PVC were lanémaxk,-though
thedr full industrial implications did not become apparent uatil
10 to 15 years later. In fact, the annual industrial production
of organotin compoutds was less than 50 tons per amnum in 19502
.But this fiogure gradual iy incrxeased to 2000 tens in 1960 and in
1965 it was 5000 tonsz, in 1975 it rose to 25000 tons and in 1983
the anmnual consunption of crganohing (Table 2) was aboubt 35000
tons (31). The conservative estimate for the current years will
ke nmbi;j lesg than 40000 tons Per annue

The different cutlets of organotin compounds may be
indicated s follows:

Table 2

Anplication o ' Tong
Heat ang light'stabilisers.fpz‘PVC 24,000
Homogeneous cat;ly&ns 2,500
Antzfoul;ng paint blGClﬂcs T 3,500
Agrochenlcals _ _ : | ' 3,000
wWood preservatives. o : | 1,000
Ctherg (dis nfectgnt ,-g;éss~coatingsg ete) " 1,000

Gince ﬁha:annual congunption of organotins has reached
a sicnificant amount, it way be inter63ting to discuss brilefly
the envwzoqnentgl ;spects oL organotzn compoundp befiocre geoing

into dena11ed ﬁiSchuSlGﬁ oF crgapot n coora¢natxon CONPOUNCS.
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The principal commerclal use of organctias (32) on 2
tonnage basis is as heat and 1ight stabilizers for PVC and
ﬁhis accomnts for some 603 cflailldrgénctins produced world
wises Orgénotin stabilized PVC £inds many sppilications such
as pcé@éble water piping, drainaée riping, food ccntact grade
PVC (mainly bevegage bottles and focd packing) . roofing and
glazing materials and more receﬁély'windcw framese The possible
rcutes by which theae_stabilizers_(which are exclusively the
less toxic monoeand di elkyl tin derivatives) may cnter the
environment are (a) leaching/ieathering (b) land burial end
(c) inoinerstion of waste material,.cf these atwmospheric release
of organctins by incineration is probably not significant, as
they are likely €O uvndergo ﬁha:mai Cecompositicn o inorganic
tin compounds at the combusticn temperaturess This method of

disposal iz alzo much less common than land £1311indg.

Leaching of the organobin stabililzers from PVC has bezn
studiad in sém& depth, due to thelr use in food contact appli-~
cations for which they have been approved in many countricse The
levels of stabilizers cmployed are typ_ically 0s5=24 0% and studies
cn the leaching £rom the pégable.wéter piping and food contact
packing have shoum that these are very low, The actual rates of
loss derends upon the nature of ¢he leachant (pi and amueodus or
croanic character} and the length of the oroanctin species
presente It is interesting Lo note that althoﬁgh‘leaching rates
aye very Lo, it has.been found that organctin stzbliized PVC
is not sultable fOrlcertain medical applications, due to

localized adverse tissue reactions towards the oxrganctinge
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With regard to the environmental fate of organotin
stabilizers in PVC waste dispesed of by land-£3111, little is
.known éﬁout,:aﬁd no éysféﬂatic stuéies have been cazried out
f in this area;-Ié'séems'xeasgnable-ta-assuma that leaching M .
a aquecns media dontinues to occur, but the relationship between
-ﬁﬁ | chercical eﬁvironment,'sdilséﬁsorptian,-1eaching ratss and

degradation are unknoime However it can reascnably be inferred
1 that the waste weuld be distributed evenly in domestic rubbish

and the concentrations inv01v8éwwculd-be'v61y lowr indecd.

The use of mono and dialkyl tins as homogeneocus
catalysts'(accounting.same'2000itons-of organotin compounds
‘annmaliy) in the‘prdﬁucﬁion of poly ursthane foams and silicon
elastomers, and'fbr:esterification,processes¢ results in thelr

- incorporation into;ﬁhe-finiahed.preduat at low levels, eapecially
v Lin terms of the’fina; voluines & typical concentration of organctin
- catalysts esg dibutyl tin dilaurate in a flexible poly

“urethane foam formation is of 0,02%, Therefore the method of

. release of these compeounds will be similar to those encountered

/ © with the PVC stabilizers,

From tﬁe fcregaing;discussich, it can be concluded that
‘ ’althcugh'Pvc.stabilizeralénd“homogengous catalysts. together
' comprise the largest consvmption Of organotin compounds, it is
'15unlikély that thése;would cantributé significantly to the

undesizsble levels in the anvironment,
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Triorganotin compounds particulariy tributyl tin oxide
(T.B.T» 0) are being used as commercial wood preserxvatives, paint
pregexrvatives, antifouliﬁg acents ¢etcs A review Of TeBeTe 0 bhasad

wood preservatives has been given by Richardson (33).

Triphenyl tin compounds have been reglstersd as fungicides
in many countries, whexe as tricyclohexyl and trig necophenyl
tin compoundsg are being used as agricunltural miticidess Agri-
cultural applications of organotin pesticides are so far been
restricied Lo a ccmparatively small, though very important,
number of plant discases and pests. n the basis_of more recent
investigatians on environmental poliution and also because tin
compounds in several cases are fully active against resistant
varietics, it may be cexpeecked to have é further growth in the

uses of organotins in agriculiurce

A nurber of small and quite diverse applications such as
siime contrel in paper mills, water disinfeatian, moliuscicide
contyol, bacteria control, paint preservation ctec. are also

known (23).

Recently, & series of organotin dihalide complenes,
R Sn¥oely (I) (whexe R = Me, Et, n-Pr, n=Bu, Phy X = Ci, Br,
I, BCS; L = O= and K denor ligand) have been tested £or antie
tumour activity (34). These compomds were modelied on the
active platinum compounds {35). Cis-Pt(NﬁsJ Cl (IZ) and

CiSmPt(Nfaizclz (zI1),



R Cl

> / 3 \ II/
\ v \ / \
(F;) | (E;J (1)

The diexgancotin complexes ¢hosen for test ¢cntain Cige
halogen groups snd certain of thé corpounds inhiblt P388
iewtaenﬁa in mice. The most encouraging yosults have been
| 'observeci for diethyl tin complexes, 1,10 phenanthroline and
2.2 bipyridyl aﬁdj:tcts exhiﬁit anti leukaenic activity towards
the P388 tumour systems

Organotin pesticides those are in current use do not
accumulate in soll with successive applicationse They are
degraded readily to non fax:l,c inorganic tin compounds within
a shor¢ ;t:-:.me.. Hence they 4o not pogse any significant prcblem for
environmental pollution and possibly therefore have been ¢leared
as safe, agricultural pesticides by World Health Organisation (38).
In view of the sbove discussions, it may be said that the pre-
paration of new orgenotin compounds and their detailed studies
will be on inc;:_reasin_gj interest, |

Tin the element having atomic number 50, is & mmbér of
group IVA of the periodic table with an electronic configuration
e zc:]@amssaspg in the. ground state (36). The commen four

covalent state is derived £rom the sp3 hybridisation. The £four

covalent state cccurs far more frequently than the twe covalent
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state and the gzeat major¢tv of orranotin ccmpcunds nossSess a

Eonr covalent t:I.n agom :‘m erple c:ompmmds.

But when simple compounds reacts with ligandsg, ﬂue o
availability of 54 oxbitals, tin can very eagsily assume renta
r hexe or even higher co—ordination, The exlstenco of penta
or heuta co-ordinated tin atdm haé been éxtensively cbsarved
in case of organotin aﬁﬁuéts-aﬁa compleX Compounds,
,oxganotins,cén_qum a 1axgé number of complex compounds
with suitable donor and chelating liganda. When the conplex@s
. are formed only through the denation of lene pair fxcm the
ligand to the organotin nmieties, the stability dﬁ the compounds
. may Va:z gxeatlv. Qn uh@ other hana, nhe intramolecularly

i ccuarﬂinated comnaunds ara generauly stable in natuxe.

. Orgesnotin Adducts

- In preceeding years a large number of organotin adducts

' have been reporicd in the llierature. Orgenotin compounds

which can act as 1eﬁis:acids'xeact with certain electron pair

- AonorS, isee, lewis béses’toiform.addition corpoundse All the
thoee types of organc {mono=, die and tri-=) compcounds ape knom
to form adducts with mono, di and polydentate ligandge The

acceptor styength of organotin compounds dependsupon mény
factoys viz,, the nature QE_the,ligandsa_tﬁe.substiﬁuents
attached to tin ett. Thus the ability of organotin halides to

- form adducts increases in the order Rssnx<iﬁé£nxa<\RSnX3 (37=38),
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| For a geries of MeBSnx compounﬂs;-it is found thakt the acceptor
strength is proporticnal to the electronegativity of the substis
tuents bonded to tin (32), Thus the order of acceptor strength

of Measnx moiety is
F7 > " > >17

This fact can be easily euplained because stronger the
'e1ectx0n attractzng pGWQr of the substitucnt. the less 1* the
'_electrcn density arcund tin. But tne anparent acceptor stxengﬁh

also depends upmn the nature oF the donor grcup.

Kumar-Das (40) has pxepared omplexes of the type

SnX e (where R = Me, Ph: x.= c1, NO and L = Hexamethyl

3 3
phouphoric tri amiam (HMPAJ, Bimcthy1 vulphoxiue (DMSQ), 1310
phenanthxoline (phmn) otc. 1 1 comnlex of HMPA.with Ph SnxX
(X = Cl, Brg I, Nae CW) huve been preparﬂd (41—42} by the

general reacticn e.g.__

Ph,SnX + HUPA '*'¢h1°x°ﬁ°rm';"9h38nx.HMPA,
or pet cther

PhsanNOB.L (L £ HMP&, DMSO anﬁ phen) ccmplexes are relat;vely
good eleCn?olytes in absolute alchohol, “ndlcating a weak
ca-arﬂ¢nat¢on Of nit rate gxﬁup 0 tho tin atom, I.R. spectral
data uﬁbstantiute the co-ordlnation oﬁ nitratc group in these
corplexes and £rom Mosshauer spectral ﬁata, these three nitrate

complexes have been found te be penta coeordinated (40),
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Substitubed Pyz:ﬁ.ﬂine Necxides are known to £oIm alla_rge
punber of 131 adoucks with triphenyl tin chloride (43). These
comounds’ are precipitated when the solutions ecntaining equis
molecular amounts of the reactants in petroleum ether ars mixed
together (44). I-‘ms:i' the 'atab;tlityl ccnstant measurenents of the

con@mmde,_'b’iessnc.?..h (L = substituted pyridine Nwozices), it

has been knom that these ligands give stable adducts with

381'3‘:1 .

118,

_ C(:-‘I:tm ot al (45) stuﬁ:i_aﬁ the Sn MR on adduct

Ny I._fo.mzaxt:*? on and stexeo c:hemistry of organotin (zv) halidc.a. They
. regorded 119‘“:1 ané 319 MR r*'recc:txa For a sers.es caf adduct.a ﬂcE

Rsmxs (R = Me, Phy X = Cl, Br). The addu\.ts were e.,.ther 1... |
£ive coppiinate or 132 six cog;:ﬁ..paue 99?“91@-"@5]* The 1“_"9_5;: NMR
snmci;}:a of nub:tm:;es of 'cor;msomdiﬁg chloro and bé:-csme complexes
ravealed in mosi cases, al‘f 'DG-:Sib"e mirxed halide species but
smuach additional s@c_tu;al_ _infomation was pb‘ta;mec‘i f£rem these
spectra, which c:ou.-id not be e:cplaiséeﬂ £rom the speckra of
indivicual con ;@ounﬁs themselves. Thus in some cases, the five

coordinate species the Berry Pseudo rotation botween lcomars

“within a particulay st-oichioﬁnﬁzﬁf'coum' e -sm:ea- on the NMR

t:.me soale whz.ch allowed a c»etﬂminatv on of the molccular
structure, A equimolecular m.!zctuxa of / PhSnCl, _7 - and

e FhonBrg J shoueﬁ slaven of the twelve the gecmetries

2
- possibice for [ PhSnCl Brsm S s In the six coordinate series

- 139 B
L rsnx,P 7 the S0 MR spectia of the mixture of J RSnCl,p _]
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and /- RSnBr, P _7‘ allowed the geomstry to be determined as

~ Smith and I}iengme,“(é&) have rapoz:ted the formaticn of |
i1l complexes of tri ﬁrgano tin chlo;:ides ana thiowgyanatas
with tridentate chelatingl agernts | Bn[ 2«(1,10 phenanthrolyl) _7
=5, 6mdiphanyiel, 2,4 trizzine (II). The isolated compléxes were
(Gt )58nCL Ly ¢ CyHg)SnCLL (L = I and II) and (Cgiy)y
sn(NCS)el (L = I)e These complexes are stable crystalline

501ids, which behave as non-clectrolytes in nitrobenzene.

Bigcdle, Gray and Crowe (47) synthesised and xeported
Sn VMossbaver spectra of a sexies of orxganotin campiexes of
genexal formula RSHCL,L (R & 4eR'CgHy, RO = Moy CFgp Fe Cl,
Cier L = 2,2% bipyridyl, 1,10 phenenthroline, 2eamidmethyl
prridine)l)s The complexes f£all into E:-:o isomaric types with

either @ transeor-gige / RSnR _7 geometxy, For this series,

Zeaming methyl pyridine gives exclusively the cige/ RsnR _7

gecometry in its complemes.

Diorgano tin ciihaiiaes_ form adducts with a nurbex of
ligands viz. pyridine (Py), bipyricyl (Bipy), phenanthroline
(phtn), terpyridyl (Terpy) cote. which vary in composition. Thus
the isclated compleXes have the composition s }o,SnCl,.2Fy,
i&ezsnc‘lz.?hen (28,49); 'Mezsn.%,bipy {_48..5.505 {X = CL, Br, 1);

2R,SnX, Terpy (50) (R = Me, Phy X = Cl, By, I)s Llthough with

- diorganotin dihalide end &i isothiocyanates, 1:l sdducts are

Zormed but by treating dirhenyl tin dieisocyamate with 2,20
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bipysidyl, the 231 ad&umt‘Z"PhéSa(mco)é ;Z’; bipy was cbtained.
These complexés were precipitated quentitatively £rém petroleum
[eiher oF “benzene kY mixing the reacténts. Pyrazine (51) end
t&ﬁpyxiﬂyi amine apparvently functioﬁ as'bidentate'liganas
forming 1:1 adducts with organotin dihalidess R,SnCloe2
(P=tolyl), S0 (where R & He or Ph) and RoSnX.L (L = BipyOp,
diphcseg.atc.,.n-a Hﬁg;gh}_éOQPEQKQS have also been repeoried
(46). with dimethyl formamide (PMF), Ar,SnX, formed complexes
OF the type Ar,SnX..2DMF (Ar = Ph, Owiolyl, Petolyl, benzyl ond
¥ e« Cl, Br, XF)s These we;é:prépa;ed by'mixing the reactant in
o any mnlar7raticut53)§ The Intersction of ALSnCl,.20MF with
. cther Lewls bages stronger than DIF such as 1,10 phenanthroline,
2.2 bloyridyl, Dimethyl sulphokide and N, Nedimethyl acetamide.
- (D1A) - resulted in complete substitution of the liverd verpfying
. Ehe wealt donoxr -ability of IMF compaxed to the 1igand exanined
- {53), In this connecticn mention also @ay ke made of the addncts
I—iEESnClE.(PhsPO) (54) anﬂ_,sﬁsnxgegheh {55), |
The;QKZGEﬁiﬂQﬁQﬁléimethyl-sﬁlﬁogiﬁe forms 132 complexes
with dimethyl znd diphenyl tin dichioride, Iniihis compounds
‘the Alorganctin group is in}igggg;[gggq ggghoqtahédral_arrange-
ments.;Tﬁe.stxuctuxal_ﬁifﬁe:enqes.in twe polymerrhs of the
. latter invclve‘mginl?-th@ briéﬁtatidﬁ and ﬁisordeé of the DMSC
liganda, Thé propensi¢y ﬁor'ggg_cOwezdihaticn at ootahedral)
- tin copplexes and its\iaalisétion.for pointed ligands like MSO

has been recognisea £rom spéctroscqpic studies (56). But the
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pyridine Neoxice ligand, the 231 complex of dimethyl tin

dichloride contains in all trong-cotshedra arrangement (57).

The 2,2%~bipyridyl dcmplex of dirhenyl tin dichloride
is in the expected transg diphenyl tin, cig, gis-distorted

ootahedral arrangenent (58).

Davies et al - have prepared a number of adducts oOf

butyl tin trichloride with different Lewis bases (59)e

-“A nurber of complexes of vhis type <on be mentioned GeGe,
BuSnCl,e2L (L = PhyPO, Py, DMSO ctcels The 13l complexes of
BuSnCl, with bipyridyl (60) and phenanthroline (61) are also
knam. NMeSaX, (X = Br, I) can also £orm 131 adducts (50) with
bipyridyl. Bet the complexes of MeSnX, {x = Cd, Br, I) with
terpyridyl varzy in composition (50) eege, 3 BuSnCl,.2 Texpy,
HeSnBygjeTerpy, MeSni,.Terpys. 13l acduct of RinX, (R = Me, Et,

Bu and X = Br, I) with phenanthroline snd bipyridyl have been
repoxted by Clark et al (62), |

Srivastava et al (63) have isolated organotin adducts
of the general formula Ar,SnCl,eni (where Ar = Ph, tolyl
o . T=MEA.DEA o TEA .
(Comopl)s; n = 1 for MEA and DEA and n = 2 for TEA) by the Girect
interaction of dlaryl tin dichlorides with mono die and ri

ethanol amine (MEA, DEA, TEA) in acetonitrile solvent.

Orgonotin adducts of the type RPh&nClz.L {where R = Me,
- Et, n~Buy, Benzyl and L = bipyridyl and phenanthroline) have
been prepared by Jaura et al (64), |

1 EARY

PO PR
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Organotin adducts of 1.2-diaéino-4~nitro benzenefh),
1,3=diaminco=4 nitro benzeng?and 1,4 diamino«—33«nitrobenzene (¢)
with'ﬁsn013 (R = Me, n=Bu, rh) have been isolated and investie
gated by U.v:'absorption gpectroscopy (38}, The two ¢ompounds
have five comordination at tin (structurs B and €) and the thiiﬂ

compotnd (structure A) 1z hexa co~ordinated,

NOz J NG, NH
| NH, | '
NO
] - - " :
NH5 A
HaN l c NH |
\Sn/ o ' ¥ i N¢H2
2 ~() RS”GB , RSNCl
Cl

(A_J | '(c)





