A SORT REVIEY ON ORGAHOTTIN
COOHDB\IATIION CoMp CUNDS



INTRODUCTT ON

The unique prOperties'of tin and its compoundé have
led to their use in a great many different fielda. Organotin
chemicais are at present widely used in industry andciepre-
gent a significant and growing outlet for tin. Historically,
organotin compouhds were among the first organometallic
gpecles to be invesiigated. xtensive research at different
Institutes are currently aimed %o have a bettér understand-
ing of +the mode of action of these compounds in existing
applications end al go for finding newer uses, apart from
their preparative, structural and other mspects.

-The success of a large anumber of modern technigues
applied t0 organotin compounds has givenla great impetus
in the basic studies in organotin compounds. Tin possesses, .
for example, two spin of one~half isotopes, tin-i117 angd
$in-119 which become important in nuclear magnetic resonance,
ten stable isotopes {(the largest of any element) which gllow
the easy identification of the tin-bearing fragments in the
mass spectrometer, one of the easlest t0 record liossbauer
regonances from the tin-119m nuclide, and easily asasisnable
tin-carbon stretching frequencies in the infrarsd and Raman.

The availability of two stable oxidation states, tin (I1)
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and tin (IV), with contrasting chemistries aud a wide variety
of structural types have afforded a large scope for diverse

gtudies in organotin compounds. Tim (IV) derivatives alone
encompass four-, five-, six—, seven~ and eight-coordihation
at tin in neutral, cationic and anionlc species, with intra-
- and intermolecular assoclation to give dimers and higher
oligomers with one-, two- and three- dimentional lattices
in the golid state, which have provided much interest in
extensive studies in.thﬂa areas .

Apart from these basic interest the studies of
organotin compounds have gained further importance due o
well developed commeréial applications ia recent years.
Organotins have become a leading commercial organometsllic
through thelir use as poly (vianyl chloride) stabilizersand
more recontly as biocides, where their success is based
on their favourable'perfbrmanoe/hnit weight ratio and by
their degradation by chemical action into non-toxic inorga-
nic tin compounds, Toaay organotins are in wide use -as
agricultural fungicides and miticides, industrial. biocides,
wo&d preservatives, surface disinfactants, anthelmintics
aid marine antifouling agente ete. Industrial prdduction
of organotinsexcesded 25000 tons per year in the ffee world

with a selling price of over £ 150 million during 1975-76.
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The first orgenotin compound was prepared by |
frankland (1,2) in 1849 when studying the reaction between
tin and ethyl iodide and obtaine§ a product which in 1853,
he characterized as diethyl tini;odide. In 1852 Lowig (3)
degeribed the action of ethyl i1odide on a tin-sodium
alloy, From that start organotin chemistry developed as g
regular though ﬁot very exciting, research subject for
about a century. The development of organotin chemistxy
during the firat fifty yesars was rather slow because of
the lack of really efficlent and attractive methods for
malking well-defined compounds at will. This situation was
changed profoundly when, sround the turn of the ceatury, |
the organomagnesjium halides becanme available a9 goparal
purnoge alkylabing and arylating agents. Through Urignard
reagents, a wide variety of compounds became readily
avallable for the first time. The development of organotin
chemistry was further extended by the discovery of Kocheskov
in 1929 of the redistribution reaction bebtween compounds
RgSn and $n0ly {(or SnBry). As a consequence of thess land-
marks, sn upsurge of organotin chemistry, both sclentifi-
cally and ftechnically, has occurred zince 1920 and in
particnlar aince the thirties.

| Krause and Von Grosse (4) published the first

comprehensive review covefing the literature upto 1535,
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Ingham, Rosenberg and Gilman (5) extended the literature
work upho 1959, Weisa (8) compiled an exhaustive list of
organotin compounds covering the literature from 1937 to
1964, Since 1964, gz number of literaturs. of orgsnotin
chenistry is being published in snnual surveys (7-21). The
"in® aunual survey covering the year 1973 has been pub-
lished by Harrison (22). apart frém these review articles,
severgl books have been published (23-2?).

In retrospect, the patents granﬁedlin 1940 and 1943
to Ungve (28) describing the ubility of certain dialkyltin
derivatives as heat stabilizers for PVC, wefe 2 landmark,
although their full industrial significance did not become
apparent until 10 to 156 years later. In 1950, the annual
ingustrial world production of organotin compounds was less
than 50 tons., In 1960, it was 2000 tons, in 1265, 3000 tons,
and in 1969 it had risen to about 14000 tons and in 1975
a production of 25000 tons was adhieved. Current production
may be over 30,000 tons as n safe guess. Chargeteristically,
in majority of sopliecgtionsof organotin compqunds, only
small amounts of tin ave needed to see its effect.

. The mgjor application of orgamuotin cdmr
poundsa primarily centers around their agpplications in the
ares of pVC stabilization, though uses in cagtalytic acti-
vity for polywrethane formation, epoxy resin curing, clefin
polymerisation may become highly'significant in near future.
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poly (vinyl chloride) /[ 2VC 7/ is an oOrganic polymer
of high commercial importence., The growth of PVG.manﬁfacture
has been phenomental in last two decades. In 1962, the
annual world production was 0.6 million ton, which inereased
0 7.8 million tons in 1972. The rate of growth is still
incréasing. A major possible drawback of PVC is its tendency
+0 decompose at elevated temperatures snd 2180 On exposure
$0 short wave lengbh. Since PVC is processed at tempera-
tures around EOOOC, it i necessary to incorporgte sftabi-
‘ - 1izer into the mix'to avoid decomposition and the resultant
discolouring and swbrittlement of the polymer. It has Baen
found that the most effective heat stabilizZers are oertgin
organotin compounda of the type RgSnXa where B is common
methyl, hrﬁutyl, or n-octyl and £ is a carboxylic acid
ester (usually maleic acid) or a mercapto carboxylic acid
ester (usuglly 1so-octyl ester of merdapto acetic seld).
fhe several bensfite of using organotin otabilizers are -
{a) their unsurpassed effectiveness in conferring heat
stability to PVO (the thiolins in particular) (b) high
dégree-of elarity is obiained in the transparent polymer,
{c) excallent light st'ability wi'thuut!;»whicﬁ transparent
PV becomes yellowed and embrittled by the action of wltra-
violet light (d) excellent compatibility with the other
conmponents and thus minimieing poesible manufacturing
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problems such as "plate out" or chalking (e) effective in
8ll grades-of PVC, including emulsion -, suspension~, and
‘ maaapolymerised types and also in‘its copolyners, pliLy-
blends or pOlymer mixtureétff) low téxicity and good leach-
raslstance. |
| In 1957 Luijten and Pezarro (33) proposed di =p=

octyl compounds as PVC stabilizers wilth autlicipated mamme-
1ian non~toxicity and this was eatablished by Barans in
dreat Britain andby- Kilmer ia Germany. Al important recent
development i@ that the addition of small asmounts (5-10% )
of monoalkyltin derivatives to thé usual dialkyltin formu-

lations has a synergistic effect on stabilising effactive~
ness which allow the manufacture of 2VC article of perfect
colourl essness and clarity. A particalér gffect of ths
monoglkyl tins, seemed to be the orevention of so-cglled
early yellowing. The newest ﬁromising group Of compounds
in the field of shabdbilizers ére the "Bstertins", whioch
will be discussed later iﬁ 8 greabter detall.

Though the industrial application of organoiin
compounds were confined to diorgano and'triorgano tiné
{34~-37), several attempts have been made in recent years
to find applicationﬂ for mondorgano {38) and tetre~organc=-
$ing (39). low, monoorganotins have been found t0 be

effective as water repellanta for fabrics and building
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materials and mineral flotation agents depending on thelr
hydrophobicity, as PVC stabiliszer synergistic and ag indus~
trial esterificatlion catalysts, whersas tetraorganqtina
are used t0 assess as anbtl-wear additives, anti—ozidents
for lubricating oils and delayed sction bilocides., The
generally low mammallan toxiecity of the monoorganotins
makes them important. The compound, (BuSnS ¥y, (40) or
mixture of 50 (I.0.24&)5 /Rosn(I.0.T4G)y (where R ie

Me, Oct or BuOCOCHgCH, and I.0.1.G 18SCHoC0: 0loct) has
been approved for use in food contaet PVE in a number of
gsountries. The synergistic effect of mono-/dialkyltin
stabilizer mixtures was first describsd by Klimsch and
Kunhnert {41). Recent studiaé at International Tin Research
Institute, London and at Akzo Chemie (U.K.) Ltd (42) have
ahow: that the monoalkyltin syunergist undergoes a facile
exchange of ite marcaptide groups (for thioglycolates)
with chlorine gtoms of the corrsespoanding slkyltin chlorides.
A% present an inberesting approach by Brecker (43) is to
combine both functions within same molecuwle, forming RoSn
(SR')S SmR{SR'J}o . Mixtures of mono- and di- slkyliin
compounds are also used in the production of thin trans-
parent sucface films of Snlz or glass (44). Recently mono-
alkylting, are used to provide scratéh resistant stamnle

oxide film (45); a3 homogeneous catalyst they show no
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problem of corrosion of the stainless steel vessel (46)
and are used:és_active hydrophobic agente (47,48) for builld-
ing materials and cellulosic substrates. (Dtany, {BuSnBrs}
have been demonstrated to improve the filame resisiance of
wool (49). In series of stannstranes, RSn(0CHCHg )i, the
monophenyl tin derivative was found to show fungicidal
activity (50). |
Apart from the above properties, Orgesnotin compounds,
particulerly the triorgenotin compounds exhibit e varied
number of biological properties 1ike.an£ifungaf§£23$g;
bacterial activity, anthelmintic activiity, molluscioidal
activity, insecticidal activity ete., On the basis of
investigations of the hieclogical properties, triorganotin
compounds can be used for the following areas (29-32).
(é) Control of fungi,'bacteria, insects etc,
| . in agriculture
{b) Wood preservation
(e¢) Control of mollusces.
. (d) Antifouling for ships etce
(e) Slime control in paper mills.
(£) Paint preservation
(g) Water treatuent

(h) Textile preservation
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(4.) Hospital disianfectonts

(j) Textile sanitization etc.

From environmentsl polnt of view, the organotins
have an advantage over many Other ¢ompounds because they
degrade to totally non-toxic tin species. Hecent develop-
ment in understanding the mode of toxic action of di- and
tri- organotin compounds have been reviewed by Smith {51).
A generallsed degradation scheme of trialkyl tin derivatives
was als¢ suggested by Seldon (B52).

The first proposed wood presexrvatives were trialkyl
tin compounds by van der Kerk and Luljten (53) in 1954.
The use of tributyl tins.in wood preservation upto 1970
. has been the subject of an excellent review by Bicharﬁson
(84) and a number of developme nts since fham date have also
been done (55). | | |

| The use of orggnotin compounde in control of pests

ig relatively new compared to others. Organotin pesticides
‘do not accumulate in the soil-with succegsive application.
They are metabolised readily in animals and s0ils to inorgs-
nic tin compounds‘which are not taken up by the plantse.
Hence, they do not pose any signifiocant problem for environ-

mental pollution and possibly therefore have been cleared
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ag safe agricultural pesticldes by World Heslth Organisgthion

(56). Few recently used pestlcides and miticides are as

follows

SﬁOCOCHS / \ - Sn OH

Pentin acetats {Brestan) fentin hydroxide (Du~Ter)

(Frilips Duphar)

(Hoeehat)
mepe 118-120% meps 116-220°C
LDso (rats) 125 mg/kg IDgg {rats) 108 ng/kg
- s | i THS
_.SnOH (gi::::>f~c#_cna sn|o
| | A
- CH 2
! Is L 3
Cyhexatin(Plictran) Fenbutatin Oxide (Vendex)
(Dow) (vhell)
m.ps 195-198°C 138-1390C
Lh50{rats) 540 ng/kg LDgo (rats) 2,630 ng/kg

LD50{bees) 32/ug/bee LDy (beea) 100 mg/bee
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Azocyclostin (Peropal)
(Bayer)

mep. 218.8°%C

ID5g (rats) 831 mg/ﬂs

Organotin compounds have nos Qreviously bsen shown
t0 have any satitumour properities. Hecéntly, a series of
diorganotin dihalide and di=- pauedohalide‘complexes, |
Robinig « Dg (1) where'R = le, Bt, n=-Pr, n~bu Or Ph; X =
01, Br, I, NGS; L = Q= or N~ donor ligand, which were
modelled on the original active platinum compounds (57)

Cis ~ P% (JH3)2b14 (II) and ¢ls - 2% (NHs)gblz {111,

R C1
Cl C1 -
“\ lq?/la \\\JE&//NH3 N H%/NHS
Pt
/ /
* { “\‘ cl l“\“mna e NH,
C1 )

1 11 : 11T
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The organotin complexes chogen for féstiug, contain tis-
halogen groups (sn essential requirement for activity in
the Pt - anaioguasJ and certain of these inhibit 9388
leukgemia in mice (58). iost encouraging results obgerved
for aisthylbin complexes are that the 1,10-phenanthroline
and 2,2' -bipyridyl adducts exhibit quite siganificant anti-
leukaenic activitﬁt%ﬁgg%saa tunmour system, which indicates
a potentisl use in this area in aear future.

30 far, we have tried to give . an outline :.about the
diff@rent typea of activity of organotin compounds and
gome of their current and voteatial uses. The chemistry
and gtruchtural aspects Of orgenotin compounds are no less
interesting than the properities we have discussed go iong.
In underatanding the diverse_charactérs of organotin com-

pounds the studies on Tewis aci&ﬁ}of these compounds have

provided a significant contribution.

Lewis geidity of orzanotin compoundsg

Tins the element having atomic pumber 50, is a
member of group IVA‘Qf the periodic table with an eleg-
tronic configuraﬁicn éfKr_7'46105325pg in the ground
state (69). The common four covalent state is derived from
sp3 hybridisation. The four covglent state occurs fdr more
frequently than the two covalent atate and moat of the

brgagotin compounds possess a four covalent tin atom in



gimple compoundg.

Tin differs from fthe lighter Group IVB element in
that its d=orbitals are of sufficiently low ecnergy for
them to be frequently used in bonding so that tin can
read ily expand its coordination number above four. As a
coﬂsequenca of thig, many organctin compounds exhibit
great Lewls acld character and can form stable sdducta
with number of Lewls bases. Moreover reactions involving
nucleophilic attack at tin are fascilitated by the Lorma-
tion oi_’ coordineted intermediates which, however, unstable,
lovwer the energy of transition state, The cotordination
chemiotry of organotin compounds, was discussed by Poller
(60) in 1965 and by Gielen and Sprecher in 1966 (81). In
recent years a number of review articles on organotin éom-
‘plexes have been published.

Organotins can form a large .nuﬁtber of complex com=
pounds with suitable donor and chelating ligands. The pre-
sence of an organic group in a molecule ususlly diminishseg
the tendency of organometallics to form complexes and hence
the observed stability of the complexes should decrease
as Tollowas Xy ) RMEs ) RollXg ) RallX ) Ryl. The configuration
of thé complexes readlily follows from the type of metal
hybridisstion involved. In Ryll complexes 5pY - hybrid
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orbital exist and tetrahedral configurations are attalned.
In 'mga, whe other limitting case, the siz Spsdz - hybrid
orbifals of the metal are directed towards the ligands g0
that the resulting complex will be octahedral. "Hhen only
one ligand sddg %0 an organometgllic molecule, 2 trigonal-
bipyramidal complex (co~ordination numbér five) may be
formed through the participation of the Sp®d hybrid orbitals
of the metal. A number of compounds hgve been described by
Boletskaya, Butin, Ryabbsev and Rentov (62) which show
agreement with these simple rules, although in meny cases,
the structures mentioned are often distorted, dué t0 the
different nature of the ligands in sn organomedal lic coniw
plex.

Though' the present investigation is on the prepara-—
tion aud other studies of Egtertin ( 4-carboilkoxy alkyl
4in) coordinavion complexes of ai fferent types of ligands,
it will.be gppropriagte to have a prior brief discussion of
the methods of prepafation, properties and structural aspects
of orgenotin oooi-dination compounds in general, before

presenting our findings.

Organotin sdducts
The readiness with which the satannic halides form
thermodynamically stable adducts of the type SnX4.RL

D4NGS HOKTR BEMCAL
g Lo f" i _ PTERLITY LIBTANY
~ 0 JAN 1986 BAIA DA ACKTNET R
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(T = 1igond) with lewlis baées 1g well known {63). Organotin
compounde act as & TLewis acids t0 react with electron pair
donors i.2.5 Lowis bases to fbrm addition compounds. A1l
tha three types of 6rganotin compounds viz, mono~, di-
and triorgauotin, can form adducts with mono-; 4i- and
polydentate liganls. The acceptor sbtrength of organotin
compounds is dependent on many factors, viz, the nature.
of the ligands; the organic groupé, the gubstituents '
abttached to tin etec. A8 polnted out earlier, the atability
of organotin halides to fom adducts increases in the
* opder RgSnX < BoSniy  RSnXg (64,65). The acceptor strengh
of & serlieg of Megsnx compourds is found to be proportional
to the electronegatlvity of the substituent bonded on tin
{ 663, The stronger the electron attracting power of the |
gsubstituent, the less the electron density around tin
and the acceptor strength increases accordingiy; Thusg the
- order of mcceptor strength of.the Hez5nX moiety is F';}
01"y Br ) I” . The Qpparant acceptor gtrength depends also
on the nature of the donor (63), | |

It is widely accepted that tin (IV) ig a class 4
acceptor (Sﬁﬁ)ahd uging the "Hard and 50f% Acids and Bases"
(HSAB) concept (67), 1t 1s a hard acid. The presence of

organic groups on tin may confer some softness (68} and
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organotinssometimeé show characteristics of ¢lass I
acceptors towards certain ligands (61) but generally it

is believed that in organotin complexes $in retaine its
class 4 (hard acld) character. Thua,-trimethyl.tin chioride
-forms mofe atable édduots with oOxygen Or niltrogen donors
than it does with odrraéponding gsulphur or phosphorous
compounds (69). However, recent studies (211) in our

laboratory on somé 1igand exchange reactiona of the followm

ing type
RgSnh + L' — >  RgSaL'+ T

(where T, and L' = Dithizone, Diphenyl carbazone, oxine,
subgtituted hydroxamic geids) have shown that dithizone
can raplace alllother 1igands fron their organotin com-
plexes and the substituted hydroxamic acids form the weak-
egt complexes as they can not replace other ligands men-
tioned above. These obgservations indibate the soft charac-
ter of organotin compounds. Orga.otins may be considered
bettef as & border line case between hard and soft acid.
331 adduct of HMPA {hexamethyl phosphoric triamide),
DS0 {Dimethyl sulphoiiae), 1,10 phenanthroline (Phen) with
Rz5nX (R = Me, Phj X = Cl, Br, I, Ny, CN, NOz) have been

orepared by several workers {70-72), Of these, the
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PhaSni0z0 (L = HMP4, DMSO and Phen adducts appeared to
be relatively good électrolyies in absolute alcohol.
Evidence for coordinated nitrate group in thege complexes
comes from IR data and these compounds have bsen sguggesgted
%0 be penta coordinated from the Mossbhauer Spectrs (72).
A large aumber of 13l gdducts of Ehzénﬁl with subatituted
pyridine - N - oxide are known (73) and the stability
constants of MezgsnCl.L adducts have also bsen measured
(74}, Triphenﬁl phosphine oxide aud tripheuylarsing oxide
ligands can also form adducts with Rgonl (R = He, 2h;
£ = U1, Bry I ) (75476477)0 |

The complexation of uaagn& (ﬁ halide) in doaoy
solvents €8« acetone, dioxan, dimethyl ether, pyridine;
TP, DMS0, HMPT and tetramethyl sthylene diamine have bsen .
‘studied by means of 7 nm spec»roacopy and equilibriun
constants were evaluated (78). Adducts derived Lfrom the
bidentate 1igands 2,2'-bipyridyl or 1,Ll0wphensnthroline
are reédily'made by mixing solvents contalining equinmolar
amounts of the two reactants in an inert solvent, such
as benzens, when the complexes preclpitate (79~81). The
HezoSnX. bipy complexes are very unstable, 1osing the tin
hallide quantitatively on exposure to air, These are. easilj

soluble in orgauic solvents (81). Rechie et al (82)



reinvestigated the structure of MezSnCl. bipy using IR,
PMR and Hossbauer spectroscopy which_indicated that in
golid étate the complex is trigonal bipyramidal with co-.
planar methyl groups and the structure altered upon disso-
lution in OCL,. Smith (83) also reported the PhzsuCl come
plexes with 2,2'-bipyridyl and 1,10~phenanthrcline. Srivastava
et al reported PhzSnNCS.. (L = HgNCHgCHLNHy , i-methyl-2-
pyrrolidinone, 2-aminothiazole ete) (84) and PhzsaiCO.L
(85) (L = phenanthroline, DIF, Phg?s ete) adducts. They
also prepered RgSnX,_, » ol {R = o, Ph; £ = 0L, Br;

= led, = 1-2; L = urea, tetramethyl urea) compounds
(86). Naruwla et sl (87) reported the 11l adduct when an
equimolar ratio of liquid S0 in COl, is treated with
{Rzin) g0 (R = Fhy Pr, Bu) in CHgClg at -20°C. The adduct
changes to (thsn)2804 on reflux in CClg.

Smith and ILiengme (88) reported the formation of
1s1 aﬁducts of $riorganotin chlorides and thiocyauntes with
tridentate chelating agents 3-[‘2-—(1,10-pmnanthrolyl) [~
B 46~-diphenyl 1,2y4~trigzine {(I) and 3-/"2~(Ll,10=-phenan-
throlyl)_J=5,6-dimethyl 1,2,4-triazine (II). The complexos
isolated were, (CHz),5nCl.L; {CgHs)zonUl.L (L = I and II
and (05H5J35n(NCS).L (L = I)..Theae compounds are stable
crystalline solids which behave as non-elecirolytes ia

nitrobenzene .
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‘ Diorganotin dihalide also form adducts with a number
of 1igands viz, pyridine (2y/, bipyridyl (bipy)s phenanthro-
line (Phen), terpyridyl (terpy) eito. (81,89,90) which vary
in composition. Although with diorganotin dihalides and die
isothiogyanates, 1:1 adducts are formed vwith 2,2‘—bipyridyi,
diphenyltin diisothicoyanate forms 2311 adduct, £ Ehziﬁnliwo)z_zo
bipy (9L). By contrast to the ion-pair product from dimethyl
$in dichloride (92,93), dimethyl +in diisothiocyanate forms
a seven coordinated adduct with berpyridyl (94).

The adducts of diorganotintzompounds with a number
of donor ligends like pyrazine (95), terpyridyl amine (96),
bipy.Oz and diphos«Op (72), dimethyl formamide (97),
Phg?o (78), ﬁhenanthroline {98) etec. have baen reported, '
The oxygen donor ligand, DMSO forms 1:2 adducts with
dimethyl {(99) and diphenyl tin dichloride (100,101} in which
the diorganotin group is in a trans, cig, cis-—octazhedral
arrangement. Srivastava et al (102) haﬁe reported adducts
ArginClp » 8L [AT = Ph, 0=, m= & p-tolyl; I = mono-
di~ gnd tri-ethanol awmine (MBA, DEA and TEA); o = 1 for
A end DBA and n = 2 for TBA) Adducts of the type RPhSnClg.IL
{R = Me, Et, n-Bu, Benzyl and T = bipyridyl and phenanthro-
.1ine} vas reported by dJaura et al (103). Smith et al reported
compounds of RginXg with 1,10-phenanthroline, 2-2'-bipyridyl

and triazine (104) which were shown 0 be octahedral struciure
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with trans hydrocarhon groupa.
The adduct 0f RSnXz with a number of ligands like
Phzp 0, Py and DMSO (105) and bipy, phen and terpyridyl
(?9, 81, 108y 107) have been reported by several workers.
The ferpyridyl complexés are of variable compositiong (31,
Organotin adducts of RSnCly (R = Me, n~Bu, Pk} with
aromatic bases such ag 1,5-diamino-denitrobenzene and 1,
4—diamino-6~hitrobenzene were investigated by UV absorption
gpectroscopy (65). The two compounds have five coordination
at tin (structure A and B) asnd the third compound {structure

C) is hexa coordinated.

| NO, . NH, NOp
AN | NGz
NH,
NHz HBe HaN-—as—s'Ln/-cl
. \!’ 'R/{ \Cl
RB8nClg ASNnCls _ | ' Cl

(A) (B (c)



ﬁardla et al (108) have reported adducts of the
type E45nClgeT', EtSnClge2L', 5n0ly.L" and SnllgeL" (where
L' w (PhgSnlg0, L' = (BugSnl)o0 and L' = BugsnO). The con-
figuration of SnBullg,L / & = OpHgl (CHINR); R = e, Bt,
" GH, Phy Ciez, Phy CgHgMe —~p'y GgHQOMe—;P] using 1 mmw
spechtroscopy aﬁd siructure of SnBusCl éfbsngy (CHsBPh lJ?
by single érystal X=-ray analysis was determined and repested
by Tanaka et al (109). Adducts Zt,N(RSaCls.L) (R = Bu,
Ph3 L = Py, MezN, Bug?, PhzP0, Phzas0, Meg50, DUF) and
their Hossbauer spectra studies have been reported by

Cunsinghem et al {(110).

Organotin Co-ordinmtion compounds of bi- and polydentate

ligénds of inpermetallic type:

in lagt féw-deaaﬁas inner complexgs of organotin
- compounds havé been extensively investigated resulting in
well over one hundred publications. Vigorous activiiies
in this area are still continuing in a profiliec manner
It is rather difficult to discusa all +these publications
in detail within the scope of the present discussione
Therefore, an attempt will bé made here to disecuss ceritaln
types of such complexes briefly to give an idea about the
extent and nature of such compounds.

One of the most important class of bidentate oxy-

gen donorsg are the ég—diketOnea. The ability of organotin
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moicties to react wi'bh (‘S-diketones to form stable Organotip.
compiexes'of high coordination ia~well_established. The
organotin acetylace‘gonaté are principally of the types
RzSn{acme)s Rgbn(acac)g, Ronlacac)z, RSnX(acae)a, RSnA{OR' )
(acae) and RSn(acae)n(OR'),o,_n. Other (5 ~diketonates can -
be classified similarly. Triorgaunotin acetylacetonates
Rgon(acac) [ acae = CHzCOCHSOC Hg 7 are obbained by the.
regetion of triorgenotin chloride and thallium acetyl-
acetone (11i-113), Other triorganotin @—diketonatea
RySnk £ where L = benzoylacetone (bzac) and dibenzyl
methans (bzba) have glso heezi prepared in a simllar waye
Many of thesme compounds have been eharacterised'by IR,
NMR and Hosshauer spe:etfbsco;;y (114), Bachlas et al (113)
reported RSSn(p-BrCsHéCU—CHC()Gﬂs )\ {where R = Me, Bt, Pr,
Buy Ph). ‘ |
Diorganotin=bis-acetylacetonates (116) have been
prepared by reacting diorganotin dichloridé' and éodium
methoxide in methanol followed by addition of acet:}lace-
tonate or by direct resction with A ~diketones in presence
of o base (111). Dimethyl tin big-acetylacetone is al86
p-reparad-by refluxing dimethyl +tin oxide in acetylacetonats
for geveral hours (117). Oxidative-addition reactions of
tin (II) bis ( f=diketonate) with organic halides have been
applied t0 obtain organo haloganoi_in bis {§& -diketonates)
(118-120).
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- Kawasakl et 2l (121) have synthesized alkyltin
hallde methoxy acetylacetonates and suggested to be
dimeric ia nature. Mehrotra st al (182) have reported
compounds of the type RSn(R!GOCHGOR"),(02r),_ (where
R = ity R' = Ofi, R" = gy and 0 = 25 R_-_-. Buy R' =
R" = CHg, R' = CHzp R" = CgHgy R' = R" = Cglg and n = 1
and n = 2). A number of organotin 6 ~diketonates have
also been raeported by seﬁeral workers {(123~-128). Organotin
derivatives of thio- (5 ~ketoamines am monpthio1€;diketonea
have also been investigated by Mehrotra ef al (129,I130J9

| A number of o:ganotin trdpolonate conplexes are
imown such as RgSnl, RgSnloy RoSnXT and RSnils (R = alkyl
or phenyl; X = C1, Br, I; TH = Tropeolone) whevre tropolone
acts ag a bidentate chelating agent bonding'through-hoth
oxygen atoms. Diorganotin'bis-trOpolonate have been gyn-
thesised by reaction of diorganotin dihalide with sediunm
or lithium tropolonate (131, 132). Phenyl tin tris-
tropolonate énd-phenyltiﬁ chloride bis tropolonasie have
been prepared by reacting phenyltin trichloride with a
solution of tropolone in benzene or ether {(133). Komura
et al synthesised a mixzed chelate dimethyl oxinate
tropolonate {134), The existenca of the mixed chelate in

golution was supported by the HER studieg.
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Kojic acid éaﬂ form complexes with orgsnotin com-
pounds ... Tanaka et al (130) reported the syuthesis of
dimethyl tin_ﬁisakojate, mathyl tin chloride bis-kojate
end methyl tin bromide big-kojate. Dimethyl tin kojate
trOpolohata {24b) 1s nrepared by the reaction of methancl
solutiona of dimethyltin diohloride and dlmethyl tin bia—
kojata with sodium trOpolonaue in mathanol .

Organotin dithiocarbanatesara praepared by reaction
of organotin chloride with sodium diﬁhiOGarbmmate {136,
'137) 3”5;; reaction of organotin dithiocarbanates with
, differenx alkyl and aryl gfoups have bsen prepared by
srivastava et sl (139, 141-145, 146) and othérs (138,
140, 144, 145, 14%). Some of these compounds showed con-
siderable biological activities. Alkyl and aryl tin (IV)
monothiocarhamatas have alao been reported by Magee ot al
(148).

Organotin xanthates are prepared by the treatment -
of ofganotiﬁ halides and po%assiumlxanﬁhatas,or by the
reaction of organotin halideg or oxides w;th carhon di-
sulphide (149-153). -

\ Organotin halldea or oxides reasct with large anumbers
of bidentate, tridentate and tetradentate Schiff bLasea to
forn complexes e.g., RSnClz reacts with HOCgH4CH s NR!
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{where R = B%, n=Bu and Ph; R' = Ne, Et and Ph) to form
complexes (154) which have been shown to be nonréléctrolytea
and were assigned an octafiedral structure by spectral evi-
denseg. Organotin compounds with tridentate Sohiff bésea
like N=-{2-hydroxy phenyl) saliqylal:diiﬁines ﬁa?é been
reportedlﬁlsﬁ, 156). Diorganotin:oxides forma'compiexes
with gquadridentate Schiff's bésas llke salen (bis—éalicylalr
dehydeethylanediining ) sceto-salen, banﬁoates ete {(157).
A number of organotin derivatives.with a Varieté of Schiff
bages have also been reported by a large mmber of workers
(158-164). | | -
Organoﬁin.oximataé have been reviewed by Mehrotra
et gl and hieg co-workers (165). Phese compounds'are gener-
ally prepared by the action of sodium or lithium salts
with organotin halides (166-168) or by azeotropic disti-
1lation of water from a mixture of organotin oxide or
hydroxide with oximes in benzene or toluene_(lﬁﬁ-lﬁ?, 169=
‘174)0 neaction oflalkyl tin alkoxide with oxime also pro-
duce organbtin oximates (165, 166, 169, 170, 175). Kbh;ler
et 8l (176) have prepared diorganotin derivatives of di-
qyanbformaldehydg oxime by rescting diorganotiﬁ dichloride
with gilver salt_of oxime, Hehrotra et gl reported a number
of butyl tin derivetives of alkenolamines (177) and Oxie
mates RoSn (ON - cR'RQ)»z and Rasn(ORs) (o8 s CR'R®) (179).
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Stannylomidoximes have been prepared by Gupta and Goel
(178 ) | | |

Orgaﬁotin hydroxémates have been synthesised by
Harrison {180, 181,.186) mostly by azeotropic distillation
of water aad he also determined the crystal structure of
moigture stable, monomerié (in benzene) triphenyl tin He
phenyl benzo hydroxamate (189).

Exiensive work on the organotin complex compounds
of_ﬁ-aﬁbsﬁituted benzohydroxamic ecids have been carried
out by Ghosh and othoers (182-185). They prepared organotin
H~gubstitutied benzohydroxamate derivatives of the types
Bzinl, RoSnlgy Rosnkk, RBnLKz and RénX {(O0CHz)L (where
R ='Eh; Bui LH = N-phenyl benzohydroxemic acid, N-phenyl
para chioro benEO'hyeranic acidy N-phenyl para nitro-
benzohydroxemie acid, N=ortho tolyl beﬂzohy&roxamic acid,
ﬂ—para—eﬁlaro phanyl benzohydroxamic acid, N«paraxolyi
benzohydfoxamic acid, N=-ethyl parachloro ben zohy dxraxami.c
acid, oxalyl bis-li-phenyl benzohydroxsmic acid, Oxalyl
big=N~paratolyl hydroxamic aclds X = CL, Bry I, SCH). Soms.
diorganchn derivatives of N-substituted benzohydraxamic
acids have also been reported by Das and Néth (187 ) and

nonoorganotin derivatives of hydroxamic acids were glso

prepared by Harula and Gupte (183).
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. Smith and his'co—wofkers'ﬁlgoJ have synthesised
a series of diorganotin bis{pyridine carboxylate), di-
organochlorotin pyridine carboxylates snd monoorgano di-
chlarofinfpyridine carboxylates and invegtigated their
structures by 1198n Mosgbauer and IR mspectroscopy. Nelaon
and Howard (191) alao discussed the structures of organotin
derivativaa of 2-pyridine carboxyllc acide

The complex formation between Organotin chlorides
and the potentially bidentate ligands like Z-amino methyl
pyridine (AMP) and 2=(2'~aminoethyl) pyridine (AEP) have
been investigated by Kumar Das et al (192). The solid state
configuration of these compounds have bsen studled by 119y
Sﬁ HMosabauer and IR spectroscopy. Crystal giructure and
spectroscopic gtudies of Big(l-thio-S~-nliropyridine)=b=
di-n-butyl stannane (IV) compounds have been dons by Magee
et al (193). Diorganotin derivatives of furolc acid and
pyrrole~2-carboxylic acid of the type (stnszbﬁi)zo and
Rgsn{0oCRf Jp (R = ifey Bu, n-octyl, PhCH; R! = 2~furyl,
R-pyrrolyd) have been reported by Sandhu et al (124).

Kumar Das et al (195) have renorted the preparation
and Hosshauer parameters of several compounds of the type
SuBuRhXglg, SnBuPhizl, bnnuemg, SnBugh{lL, SnBugPhig,
SnBugPhll', SnBuPhgXk, SnBuPhglL' etc /- where L a DIfE0,
PPhz0, AsPhzO, Py, hexamethyl phosphoramide {hmpa.}, diphenyl |
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oyci opropans (dpcp J\ Phop (0) ,CHgP (‘0)91—12, 2hoid B)cngeﬁgz?& 0lohg
and 242'=bipyridyl, Nel'-dioxide, BPh, etc. /. |

Orgaaotin derivativea of amino aclds habe been ‘the
subjeot of recent inxarest.'ﬁ'seriea of air otable g
triorgaaotin stennyl derlvatives of I=oyatine ang Dl=-
nomocystitie have baen prepered by rescting the apyropriste
trﬁ.oi*gﬂmtin‘iaydmxiﬁe or bis (triorganotin) oxi&g with
~the sulphydril-containing amino goilde in methanol/water at
»oon temperature (196)4 smith of al {197, 198) reported
- the strugtures of éulphur coptaining anino aclds and theif
astara on the basis of lossbausr and IR apeoiIas

Very recenﬁly, 1195n 1R speetra have been reported
for toluene adlutions of sributyl atannyl gthers 0f 2,3,
4,6-tatraro-mejhyluﬁmglucose, 1,235, d~@i=-0-isopropyliden=
~Negalocto vyranoss, methyl 2,3~di—6vmathy1~‘&-D—gluaé
pyranoside and methyl 4,6-0=benzilidens - £ ~D-gluee pyranoside
and the dilhbutyl atannyl ether of the tost menbioned guiLaR
(199). o

Roy (200) observed that when tripheayl tin hydroxide
was reflutad for sixz hours with allZarin in methanol, e
diphenyltin alizarin complex in awich'twéxﬁfﬁﬁgkigm3}3&5§°
Of alizarin were remowved, are. 0btainﬂd aloag with some
tatraphenylt;n and another unidentifled producte« Undex
sinilar condition triphenyl tin hydroxide resete with
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quinalizarin to produce a polymeric monophenyl tin derie
vative along with benzen.e.

L number of organotin (arylazo) benzoates (201,
202) and hepta coordinated organotin aryloxy acetates -
(203) have been studied by liajee and his co-workers.

Okawera et al (204) firet found that dimethyliin
and diethyl tin chloride react with l-nitrosgo~2-naphthol
in methanol in preseace of gumonis to fomm tertaalkyl 1,
3=blas (l-nitroso-2-napthoxy) distannoxanes. Hehrotra and
Bachlas (205) deseribed the preparation of a few mono-
tin derivatives of l-nitrogo-2~nagphthox:ide. Biswas (208)
al80 disoussed reaction oOf orgenotin compounds with i-
nitrom-z-ﬁaphthol or 2-nitroso-i~naphthol. He found these
reactions are very complex in nature and a number of pro-
ducts like distannoxanes, polystannocanes or stannoic acid
derivatives could be formed.

i,ﬁ-fiii}henyl thiocarbgzone {(Dithizone) has besn
uzed as a colorimetric reagent for organometallic come
pounds (207, 208) for a uumber of years and the isolation
of several solid organotin dithizonates with mono=-, die-
and tri orgspotin moiety have heen reported (209, 210).
The organotin dithizonates, Rgsn (HDz), Roén (HDz )y,
RoSn (HDz )X end Rsn (HDz )AY (R = Me, Ph, Bu, Br, P-tolyl,
Bay; X = ClL, Bry I, HO3; Y = substituted benzohydroxamic
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acids; HoDz = Dithizone) have been isolated and charac-
feriaed by anslyticel and spectral evidenceg, Teat of
triphenyl and tributyirgithizqnates as fungicldes showed
excellent aotivity ngainet a number of plant pathogenic
-fungi (212)« Similar to dithizone complexes, organotin
cc'mplexas of 1,5~diphenyl-carbazons {oxygen analogﬁe of
dithizone) have been isolated very recently (211). The
weil characterised organotin conmplexes Of dipheayl carbae-
zone ore of the type Rzsnl, Rghnligs RSnlz, RoSnli (R =
Me, Buy, ?h, p-tolyl, cyclohexXyl, 7r; 4L = Gk, Br, SCN and
IH = Diphenyl carbamzone), some of these organotin diphenyl
carbazonates showed excellent fungitoxicity against a.
number of plant pathogenic fungi (212).

The orgasunotin derivatives of'a—hydraxyquin01ine
(oxine) and substituted S-hydroxy quinolines have given
g grept impetus in the studies of organotin complex com-
pounds. These are stable, well defined compaanda and have
been studied very oxtensivelye.

_' Organotin oxina’seé Of. the type 1*4—:13!1% (R w
organic groun, OxH ='8~hy§r0xyquinoline, n = 1,2,3) (111,
213-216) are preparad either from the orgaanotin halides
and sodiumg/thallium (I) oxinabe (11Ll, 213) or from organo-
tin halides and oxiné itself, the hyﬁrqgeu halide formed

is removed by a base such ag amonia (£17) and also by
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reacting organotin oxide with oxine (169, 218). Triorganotin
_ oxinafas_have also heen prepared by regeling iriorganotin
chloride with a mixtore of oxine and sodiun methoxide (213 ).
Big-(penta-fluorophenyl) tin bis-oxinates have been pre-
pared from a.mixture of tetra-kis (pents fluorophenyl) tian
or tris (penta~fluoro phenyl) tin chloride and an excess

of oxine in ethanoi under reflux (219).

In the erystal structure of dimethyl bis (8-hydrozy-~
quinolinate) which sssumes 8 gig-dimethyl tin groups
(110-?0), the oxygen aboms appear irans—(the 0-Sn-0 angle
" seems not to be listed) and the nitrogen atoms are oig-
(the H-Sn-N sngle = 75,8° ) (220).

When a diorggnotin dilhalids and oxine are gllowed
to react 1n a 1:1 molar ratio in the absence of a bhase
the halooxinnte is formed (244, 235), These compounds can
aleo be prepared throuzh disprOportionatibn of a2 halide
and a diozinate, refluxing in benzene or ethanol (213,

216, 221-284) or by the resction between a dioxinebte and
a gilver halide (221). The halogen in halooxinate oan be
substituted by other groups (221, 223, 204) like NGS™

or 30;2 or NOZ or I™ etc. The halogen atom of penta coordi-
néted tin hale oxinate undergo ready exchauge with groups
such as butyl, alkoxy or even with chelates e.g. .ncebyl-

acetonates (213, 224) which may digproportionate into tie
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diorganotin dioxinates. _

Organotin halide bis oxinate, RSnX(Ox)p (R m OHg,
n-3u, Phs X '. Cl, 'Br) have been prepared by reacting Organo-
tin trihalides with oxine {132 mole) in ethandl followed
by neutralisation with agueous amonis o sodium acetate
(213, 225). Datta (226) hes prepared phenyl tin halo
oxingte by reacting diphenyl tin dioxinate with mercuric
halides in ether at robm temperatures.

Syathesis of cafboxylate derlvatives of {in oxingtes
in which the carboxylate groups are not ionié, chelated
or bridging (227) have been reported. the synthesis iavolve
primorily the conventional halogen~carboxylate exchange
28 well as ‘tin--carbon bond cleé.vage.

Roy (200) prepared compounds of bhe bype RhdufQCO0R' )Oxp
(R = Oz, CHCHzs CHgGl, CPy) and Rgbulxg (R = CHzOCO,
CHgCHa0C0, CICHL,000 etoa).

A novel coupound, [fhr04HgSn(0m)2_7§'was prepared
from n~butyl -tin gesquisulphlide and oxine in boil-:ing .
toluens ﬁ229').

A few organotiﬁ trioxinates have been prepared (216,
218) in good ylelde by using either of the following

reactiongs
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benzens

RSnCly + Zalx ————  ksn(0x), + ENaCl

(R = Bty Bl.l, Ph)

Butyltin isopropoxide oxinate of formala Busp {Oprt _)S‘R(Ox)n
have been prepa:ed by Mehrctra.et al (iagjrby reaoting butyl-
tin tris isopropoxide with oxine aand réﬁoving Ls0propanol
by azeotropic fractionation with reflyxing benzene, the
products depeénd upon the mole ratic of the reactants wsade.
A detalled analysis of spectrophotometric data on
tri@henyl tin oxiné;ta _mj&é@ﬁgﬁf Caﬁ? Sggzienrie/methanol
mixture has been reported (231). The reactions of mercuric
hal_idés with some organotin oxinates have also been oxa-
mined (232). |
Organotin derivatives of substituted oxines have
also been reﬁorted. srivastava et al (R33) have prepared
- some diaryl tin bis oxinates/2-methyl oxinates snd diaryl
tin cnloride oxinate/Z2-methyl-oxinates. Sen et al (234,
255) have synthesised and characterised severel diocrganotin
bis {(mono- and di-substituted oxinate) of © he types RgSnlg
vwhere R = CHzy CgHgy Cgfly ond LE = S-Nitrooxine; 5, 7-
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dichloro oxines 5,7-dibromo oxins, S-nitro-7~bhromo oxine,
5,7-311030 oxine, B,7-dinitro oxine etc.). Sen ot al (236)
have also reported thelsyntm gls end spectral studies. on
mono~ and triethyl tin (IV) and triphenyl tin (IV) chelates
with substituted-B-quinolinols. The compounds are Of the
types RSnliz, RSnTigX, RzSnl (where R = OgHs, Phi LH = 5-
nitro oxine, 5,7-dinitro oxine, 5,7-dichloro oxiﬁe, 3 47
dibromo oxine, S8-meroaptoc oxine etoe; X = (1) {B-Quind—
iinalo)=(1 43-diphenyl-ypropanedimato) diefhyl tin (IV) and
(8~guinolinalo) (le-phenyl-i,3=butanedionato) diethyltin
{(IV) have also besen reporied.

wmith et &l (237) have studied the synthesis and
Mogebauer specira of some mixed chelates of diorganotin
(IV) complexes of the types RR'SnLL' (R = R' 5 e, Bhy
Buj R = Buy R' = 21§ L, I' = Bequinolinate, S-methyl-8e
quinolingte etca),

Hajee ef al (238) have synthesised some polynuclear
organciin complexes of the types RiSn(LonRzlg L R = Bh,
Bu; R' = Phy Buj LHH' & 5-(2'=~carboxy phenyl) azo-8-
quinolinol (¥ and W' represent resgectivély, the carboxyl
and hydroxyl hydrogen), RgSnlH and RiSn(LH)g. They have
- glso prepared organotin-copper mixed complex of the type
CuQﬁSnEhg)g,whefe THH' = 5-(2'-carboxy phenyl ) -az¢ oxine

(239). Hetal and organometal complexes of ortho-carbazoxines
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have bsen reported (240). The complexes are of three typea,
viz, the carboxylates, the quinolinates and the carboxylate-
quinolinates,

' ¥rom the prececding discussions, it is apparent

that élkyl or aryl tin compounds can form large varieties

of inner complexes Or adductis with 1igands. in a1l thess
conmplexes, it was found that the o}gauotin moietieg can

fofm stable'complexaa with both hard’and goft bases, though
eaough work has not been dons so far to find their relative
ghabilities. Vexry little work has beea done so far aboﬁt the
T.ewls acld character of esteriin compounds. sstertins have
.very recently been proved b0 be hlghly interesting type of
COmeunds which may be termed as a new generation of BVC
gtabilizera with unlimited promise. Before discussing the
current investigation we would 1ike t0 discuss briefly about
the estertin type of compounds and their properties ss BPVO

atablilizerge

Bgtertin compowds and their PVC stabilizing properties

The importance 0f a gbabilizer for PV( polymers,
suitable fbr commercial usges ocan not be ovaer emphasized.'
it is generally acceptad thet the organotin compounds are
the best type of stabilizers for PVQ, when the gquestion of

clarity and high_t@n@erature progessing gre considerad.



Organotin compounds were first introduced as stabilizers
for PVC since 1959, Initially, dibutyltin dilsurate and
dibutyLtin maleate followed by other dibutyl-tin ¢ ompounds
and d10¢tyltin snd dimethyltin derivatives have gailned
rapid accepiance in the markqt over otheﬁ types of stabill~
zers insplte of thelr relatively high aosﬁ. In recent years
S0ma nono orgaﬁoﬁih gompounds are also used gloag with
diorganotin compounds a3 PVC astabilizers.

tuch ﬁae-been laa¥nt of the chemistry of PVC
étabilization since'this topic was reviewqd in 1974 (241).
The mode of action of the R groups and X groups of RySnXy
a8 ?VC gtabilizers have been étudied'by soveral workerg
(242-257). poller et al (223) after consideration of rele-
vant facts suggested that reductioa of the Lewis acidlty
'oflthe resul ting orgadotin c¢hloride will inmprove the effi=-
oiency of the stabilizer. They prepared (258, 269) di-
(4~itetophenyl) tin di {isooctyl thioglycolate).-in which
it was expected that the keto groups would be free in the
gtabilizer but coordinated to tia in the_corraqunding
dichlorides. ‘
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The IR spectra showed that the C = O bond in the
dichlori de a"r. 1680 om (i.ea a position characteristic
of co-—ord_illa‘bed carbonyl) was disgla.goa}d to the "fres"

-1 whan"the mure nowerml donor 243%=

pos'i tion oi' 1705 em
hiy yz'idyl wag preaen‘b. i&mﬁ. gpactra showed cleariy that
~ooordination of the keto groups is absent in the stabiliizer
but present in the dichloride. Subsacj_ug;zit tosts (259) showed
that ‘che_ ketogentyl, tin_compqunds a1¢ nore than .twi-eé as
effective in stubilizaﬁion- tran the cdrreépqnding buatyltin
derivativesns o ] -

| Though the 01'5&4.06111 compoumla are heet type of
.s“ta,bll:.aerm for 2VQ, thmse are rolatively more expensive

and the proparation of intermediate organotin compaunds
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involve hazardous routes. The major break through in tin
chenistry for organotin sfﬁhilizers Goourred when an
eatirely hnew process for orgauotin latermedigte wag dis-
coverad (26, 260, 261). The process is simple, relatively
inexpensive, does uot involve the compiicated or hazardous
rouwtes used for making alkyliin intermediates. This has
lead to the development of & completely new class of organo-
tin stabilizers collectively kinown as "Bsterting"e. Thelr
potentiality as PVC stabiliszer has been competently re-
viewed - . recentlﬁ o (303).
The egtertln stabilizers have the general strug—
ture
‘O
Il
Ry — 0 — C — UHg— CHp

£
/::; 5n ~
' Rl—e-—ﬁ_uﬁgé—cﬂz \K
0
£
Ry— O~ §—CHy— OHp — Sn = X
) X

(R, = alkyl or aryl groups; X = halogen)
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The unique gtructure of estertine, comparerl'witn
alkyltins give low volatility and low extractibility
while retaining all the virtues of conventional alkyltins
8eZe excellent heat starbility and clarity.

The above types of @,-substituted alkyltin halides
were known for quite sometime and their synthesis has
been described in a review by Omas et gl (262)., The major
reaction wag the direct reaction betwesn meiallic tin

‘and the eorresponding (6 ~substituted alkyl halide.

EXGHQCHZR —!- sn ———— Xzf."}n( CHQGHQR).Q
L™ where X = Bry I3 R = COgH, COgR', COR' (R' = alkyl} 7

Honoalkyl tin trihalide was preparsd either by dispropor-
tionation of R,Sn with SnXy (263) or by reaction of RX with
Snde {264), By the dispr0portionation df tetracyanoethyl-
tin with stannic halides a range of oyanoethyltin halides
were prepared by Reinfenberg and Conisidine (265); The
other widely employed route to functionslly substituted
organotin compounde is hydrostannetion and s review by
TLeusink (266) demonstrated the importance of this approach.
The hydrostannation route was previonsly limited to the

gynthesis of tetra alkyltin compounds and trialkyl tin
halidaa.
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The novel synthetie route t0 prepare funcetionally
mono-~ and disubstituted organotin hslides through the
hydrogtannation route has been recently diécovered by the
unique work of Tubton et al (267, 263, 260, 261). They
have showa that the reactions between hydrogen hglides,
gtannous halides and « 6 ~unsaturated carbonyl compounds
yield Fs-suﬁstituted alkyltin trihalides and the reactions
between hydrogen halldes, tin and thé game:ﬁg;—unaaturated
carbonyl compounds to give largely bis (4 -substituted
alkyl) tin dihslides in substantial amount. The following

 equationg represent the overall reactions.

gl i ?I _1?111
' | !
HE+ Sokp + 0 = 0 — > XzSn—0 —— CH
- |
&% R rRIE BV
I]{I l}III gl gLIT
HX+82 + C =0 —» Xg8n ( C— CH )g
gtl gIv gtl RV
gl  RII
! l
+ XzSn— C - CH

R R
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(X » G1l, Br, é; rt, RI; and RIII are I or Me; RV

containg —0C—)

The reactian Are noh hazardous, highly aspecific
and proceed in high ylsld at ambient temperatures and
'atmoapherio preagures A wide wvarliety of getivated oOlefins
are used and largely these aresfS-unsaturated esters,

%6 -unsaturated ketones, acids and amides etes ‘Notable
exceptione to these rules are maleic geid esters and
.isophoroné. Their lack of resctivity is highly signifi-
cant . Tike hydrochloric acid, hydrobromic and hydroiocdic
aclds will also mdergo the reactions. Temperatures
between approximately -10 and 12°°G,°3n be employeds
During the preparation of disubstitutedlalkyltin dichlo-
rides the formstion of monosubstituted alkyltin tri-
nalide can be minimised by slow passage of hydrogen halide
which prevents formation of tin()

chloride. The more steriocally hindered monomers tend to
have & reduced rate of reactioa but still give high yilelds.
In every omse only the (8 w»adduct is isolated as shown by
NMR spectiroscopye. Any solvent which does not interact
with HC1 may be used. With certain monomers, for exgmple,
butyl acrylate, the monomer acts as its own solvent and
complexing agent and no other solvent is necessary. The
‘yield of orgénotin is lowered, because of hydrolysis and

hydrochlorination of the monomer. If the trichlorostannane
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ie performed an oxygenated solvent mist be used. lionomers
such as styreane which add HC1 or polynmerise can not bhe
used, Intramolecular 'carbon,yl coordination to tin occurs
in these‘ (6 ~8ubstituted organotin compounds.

Rutton et a1l (loc. cit) suggested that the scope
of the abo{re reactions is quite eignificant and may be
indicated by the following Tables I & II.

PABLE ~— I

5001+ HOL 4 6 = G —s CH — é-—-$n01
Reactive Monomers ' Unreactive lonomers
Aerylates GHz = CHCOOR ' Acrolein GH2 = CHCHO
Methaorylates OHgo = CMeCOOR Alpha Qlefing (}Hg = CH=R
Crotonates CHzCH w CHCOOR ‘A11yL chloride CH, wCHCHqCL
Acrylic heid CHg = CHCOCH A11yl Alcohol CHy =

CHCHgOH

Methacrylie Acid CH2 = UMeCOOH Styrene Ph«=CH m CHg
. . 0
Acryloyl Chloride CHp = CHCOCLI  Isophorone H

¢ ”—’*Q\
R34 Crig

3



PABLE =« I {Contda.)

Reactive Honpmers Unregotive Monomora

Vinyl Ketones CH, n CHOOR Vinyl acetate
CHzCO0CH = CHg

o

Phorone MeglC = CHCOCH = Clieg Acetylene CH=CH

propiolic Acid CH=CCOCH Huran @
. 0
Acrylamide] GH2 = CHGOEHE _ Malele Acid Esters
ROOCCH = CHCOOR
Diethyl Gthylidene Phenyl Acetylene
Mzlonate WeCH = G(COOEt),
Ph=0=CH
.  TABLE = IT
5 20 =q7 Sor—G -3
Sn+ 8HCL + 8 C =z G\———r. (,/CH—-?-—)zanlz
'Reactive lonomers ' Unreactive lonomers
Acrylates CHg = CH,COCR Alpha olefing CHp aCH.R

Methacrylates CHp o CH.MeCOOR Styrene RhCH = CHg

Crotonates CHzCH = CHl.COOR a
!

. Acrylic Acid CHo » CH.COOH Isophorone
) - ., CH CH3

3

Contlea
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PABLE = II (Contde.)

Resctive lononmers Unrenciive Monomers

Acryloyl chloride CHy = CH,CO0L Maleic Acid

Methyl Vinyl Ketone . ROOGCH » CHCOOH
GHE ™ CH000H3

Phorone MosC = OH.COCH o CMep leleic Acid
Propiolic Acid CH=C,GOOH Estera .ROOCCH = CHOOCR
Acrylamide CHp = CH.ColNHg
Diethyl Ethylidene
Molonate MeCH = O{COOEE),

Hutton et al (loce. cit) explained the experimental
ohservations by prc:-posing_ the following mechenism. The
primary step in the .in-situ reaction condition (in non-
pOlar snd possibly in all solvents) mist be monomer
golvation of HCl. This solvated HCL then interacts Ilwith
SnCly to give monomsr s A5nClz aggregate which then
collapses by attack of 01381:1‘5" at the carbon atom 4 to
the ester group. The complete reactlon sequence may be
shown as follows £or DSACly and MeCL.



D OMe , OMe .
Me i
0
Sn
"Clg

(A)

The above mechanism represente a tin hydride addition

to a C = ¢ double bond with the Sﬁ?ﬁ—-ﬁé*polarisation .
of the tin»hydrogen‘bond. The HonCly provides a uniquﬁ
exaaple of a tin-hydride specles reacting in this fashiom
ualike all the previous tilan-hydride additionsg have been
either by free radical or with the Sﬁt-~+H§4polarisatiQn

of tin hydrogen bond. -
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In order %0 achieve “Qig“ addition t0 the double
bond, ketonisation of the enole intermediste / Structure
{(A) in the above'reactianf mst occur by an intra-,
rather than an intermolecular prooess. The latter process
would almost certainly result in “trans' addition, by
analogy with the addition of DCLl to 4 &-unsgiurated
esters, in which the Iinal ketonisation step ls catalysed
by other DCl-mblecule (269). In the present casé, the
deuterium transfer may be assisted by a\chlorins aton
of the 3ally groupe. - i

The-inacti#ity of the isophorone results fron
the unfavourable geometry of the complex, since the
SnGlg entity will be located t0o far from the active

alte as shown below

+ HSnCly —




Pormation of Bis({® ~substituted alkyl) tin dihalide

i8, somewhat more diffisult to explaine Initislly, Autbon
et al §263) proposed a tentative mechanism of the follow-
ing type,

HGL+ Sn— [HSnC]] —_— E‘Jt HSnCl] '
[H25n012:1 HCL : l '

AW

H2 + Sn012 | [33%1911
lmmcl lmm(n
[, 4 Hfucl;,:] - i+ Beuncy ]
IIZI }?III ) | }IEI l§111
(where, M & T ,T 5 Ra C—0H ;3
Rl gt RIV
0

| i
IT1 RIV

RI, g1 and R are H or Yesj containg — C— )
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The digcovery that ester subgtituted ﬁOnoalk;{ltin
trihalides can Teact with metallic tin %o give the corres-
ponding A -substituted dialkyltin dichlorides, suggested
a simpler mechanism for the formation.of the dialkyltin
compounds in the feaction between hydrogen chloride,

tin and a(,(i": -unsaturated carhonyl compounds.

2R311013 +~3n ——— Rgdnllo + 25nClop

RI' ' IFIII |
] :
(where, R = T = T 5 RI, RII, RIII = H or le;
giT RIV
Q .

: i
REr containg —Q— )

In view of several exXperimental obssrvaticns,
it sppeared that i;he mos;l: feasible mechanism for the
formation of Bis (@ -substituted slkyl) tin dihalides
from the intaraction of. hydrogen halide, tin and «,(_% C-
- unsaturated carbonyl c_ompou:idé is as follows

' ' HC1
HCL + Sn—» l-fiSn.C]:.l 3= Hg + 5nClg

CHp = CHCOgile 3 HOL+ SnClg «—>-|E:H2 =-CHCOgile 3 HSnCls_—l

| RSnCl,
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RSI].GJ.S'\" ’EiSnGJJ E—— E-{HSHCIBJ + Sn012
[RESRCLY| + GHp = CHOOgH —> RginGly

(R = =CHgCHCOgle) |

Initially the mqnoalk&1 tin trichlemide (0138n0H20H2002Me)
ie formed and is then 1argely converted to the dlialkyltin
compound via the halogenostannane internediate
(CLgSnHCH,0H,CO0gMe )s It appears possible thet this step
involves the intermediate formation of EHSnCi} which is
effective in the reduction.

With a very few exceptions the carbonyl stretching
frequencies in mogt of thé monosubstituted alkyl +tin
‘trichlorides lie betwoen 1656 and 1665 em™> roughly 80
em in most cases t0 lower the frequency than the satu-
rated anglogues of the parent « & ~unsaturated carbonyl
compound. The ester methyl sisnal in ClzSnOH,CHoCOgle is
- s8ltusted doyn field from the corresponding signal in
CHzCHpCUplle and & similar effect 1s observed for the
methyl siguals in Glé?HgGHzGOMe and OHzCHgCOHe. These
spectroscopic effeets are consistent with cﬁrhonyi
eocordination to¢ Sn, since this phenomeﬁon reduces the

O = 0 bond order (270) (and hence the carbonyl siretching
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frequency) and also the perturbation of the electron dise-
tribtution causes a deshielding effect on the relevant pro-
tons. Since fhe éarbonyl strétching fréqusncy for-any COM-
pound is unaffected by dilution in toluene or sthereal
solvents, the carbonyl coordination %o Sn is almost cer-
~tainly intramolecular in origin. For example} the structure
ﬂf @ -carbomethoxy ethyl tin trichloride can be represented

ag
Oile
o /
el ¢
>
__ //CHQ
Clstiﬂ-.—-cﬁg ‘

The IR spactra of_0155n0H20H2002Ma and GH36H2002M3
shdwé that 5(0 - ) for the ggter group in GlgSnGHEGﬁchEMG
lies some 63 em T t0 higher frequency than the same vibra-
tioﬁ in CHz0H,COgMe (1270 cn+ ve 1207 cmfl). Poselibly the
methoxy oxygen lone-pair electrons are slso involved in the
deloaaiisation of the ester carbonyl electron density to Sn.
The intramolecnlar coordination‘may, therefore, be represen—

ted as.follows



j;%me 4§:bME
0=C ~_ | 0—C
';ma ~> _ i:ﬁk
'0133_!1—— CHo Clzon 0H2

intramolecular carbonyl coordingtion of the tjpe described
above is significaatly stronger in the esters and ketones
than that in the correspbnding dialkyltin oompoﬁnds des~-
oribed in the review of Omae (262). |

In all applications tested the preference of
estertineg was found 4o be equivalent t0 or better than
avallable commereial alkyltin stabilizers. Furthermore pri-
navy tests to assess the health and safty aspects of the
estertine showed them t0 be only mild skin irritants mnd
t0 canBe no éye irritation (303). Extrgctian tests in
different medis showed estertins to be less extractive
than an octyl tin. In addition, acute oral toxicity values
(LDgg) in rats showed estertin compounds to give higher
values than octyltin compounds. Due to these very promising
data the Tirst-gneration of estertin sitabilizers was
developed which were four liquid thiotin stabilizers.
Baturally, the pcssibility.is that more than one of the
asteortin etabilizers carn be used for applications other than

for those originally developed. The four liquid thiotin
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gtabilizers (the first generation stabilizers) showed
promnising rééults_in the major appiicationa, vizes extrusion,
calendering, injection molding, blowlmolding, plagtisol
coating and rotational'casting,-compannd to the octyl,

- outyl, methyl tin stabilizers as well as barium-cadmium-
zine and osdmium - zine stabilizers (26).

Direct synthesis of carbonyl group containing
organotin compounds and thelir properties were also reported
by Matsuda et al (2?1, 272). Several other workers also
have reported the preparation of fuactional alkyltin
chlorides (273-285), Preparation of aqsn[&"(fmz)moaca'_z_q
(Ry R* = 0 oo 2llyls cycloallyl, aryls. aralkyl; m =
Re3 3 G = l—ad7xzsefu1 ag polymer stabilizers have been
reported (286).‘Mack (287) has reported some organotin
nercapto d&i-carboxyliic acid esters, useful as PVC stabi-
lizerg. A facile route to (pé-alkaxy carbonyl) vinyl
stannsnes has bean;deacribed by Yasufulm et gl {288).
| The mechanism of stabllisation of PVC by organotin
compounds was studied by +19m Sn Mosebauer spectroscopy
of BuQSn(SCH200208H17)2 in thermally degraded RVC (289).
Dowrkin (290) reported the preparstion of Busn( S )CHOHg~
OgC(CHg)glle. Preparation and study of various estertin
and other PVC stabilizers have been reported by several
workers (291-297), Bis (trialkyl stennyl) derivatives
weré manufactured for anitifouling coatings (298).
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The Lewls acidity of estertin chliorides
C13SnCHaCHgCOZR (R w Me, Prl, Ph end H) and
ClgSn(GH20H20023)2 (R & Mo and Prl) has been inﬂestigated
by Wardell et al (299). Prom the stability constants
determined for adducts of these Lewis acids with nltrogen
donors, €egey D = bipys Pheny Py, quinoline and aniline,
it was concluded that (i) ClzSnCH,CHgU0gMe eppeara as a
gtrong Lewis acid ae MeSnlly towards bidentate ligands
and a.single 2y molecule, (ii) UlzsnCHgCH,00zMe D (D =
monodentate lisand} is & proper accéptor vhan lMesnUlz,.D
but comparable to MegnClg towards D and (iil)
ClgSn(CHglHoUOZR)  1s & weak aceeptor than Clgsniles
towards Phen and bipys. For ClzSnCHgCHoCO0R the sequence
of acidity was established as R a PhyMe>Brly H towards
bipy. Adducts of COlzSnCHa(HaCOge and ClgSn(CHCHCOgHeYs
with phen and bipy showed similar Mogsbauer‘parametera
to thoge for other phen'aﬂd bipy adducts 6f organotin
trichloride and diorganotin dichlorids.’

' Gopinathan et al (300) reported the novel chelated
compounds of Bis~(@-cérhometﬁoxy éthyl) tin dichloride
with various bi- and tridentate chelating ligands like
écetyiacetoﬁe, salicylaldehyds, aﬁhydronyHinolina.
dibenzqylmethane, benzoyl pheayl hydroxy lamingy 2=
hydroxy benzophenone, <-hydroxy 4-methoxy henzopheaone
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and salicylaldazine. They also reported (301) molecular
addition compiexes of @ -carbaaikoxy ethyltin chlorides with
neubral ligands such s pyridine, triphenylphosphine,
hexamethy lphosphoramide, triphenylphosphine oxide, tri-
n~octylphosphine oxide, 1,1l0-phensnthroline and 2,2'-
bipyridyl. Kumgr Das et &l (302) reported the preparation
and spectroscoplie studies of the comglexas of Bis(@ -
carbomethoxy ethyl) tin dichIOride of formula
(MeOpCOHOHg) o800l ghy / b = PhpAs0, PhgeC, Ip = 1, 10-
-phenahthroline, 1,1'-bipyridy1, [TEhgp(O)_7QCHzg7,
(MeOgGCHEGHQNESnLé Zfﬁhere ' = oxinate (L®), SZGNMGE,
 S20NFtg 7, and (MeOCCHCH,) p5nCIn2s

The compound (CHzCOgCHoCHo)oSn{0x)s (OxH 2 8-

- hydroxiguinoline) was reported by Gopinathan et al (300)
in 1980 and by Kumer Das et al in 1981 (302), fhe author
of the presén$ investigation glso reported thé Same com-
pound along with o number of other complexes at the 68th
seaggion 0of Indian Sclence Conzress Associdtion, Januery
1981 {comminicated during Augugt, 1980). The method of
preparation.of this compound reported by_the author is
aonewhat different from those reported by Gopinathan et al

i

and Kumar Das et gl.





