CEAPTER I

A Short Heview of Organo.tin Chenistry



Ia Introduetion

Organotin compounds are substsnces contalning at least one
carbon btin bond. The first chemist to report an organotin compound
seems to have been E.irankland (1,2). But his work eppears to have
remained unknown to most of his contemporaries as well as to later
guthors. Tﬁe work of C.lowlg.' (8) in 1852 has usually been congile
dered to represent the begloning of organotin chemistfy. Apart
from the compounds described by lowig,, many significant contrie
butionsg vere made in this fileald during the next few decades.

The vast majorlty of orgesnotin compoimds fall within the

four classes @

quSn, Rsﬁn X, Ron Xo 4, R Sn Xa

R can be identlesl or dlfferent, substituted or unsubstituted,
aliphatic or aromatic groups. X can be negative grOups such as

UR, «ER, «0GOR, -05akz, - WRgz, or halogen or some other scld
redicals or neutral ligands such as «H, or electropositive ones
such a8 L1 or Na. The three series of orgenotin hydrides

Rg¥nk, RgSnlyp end HEnH (4,5,6,7) have recently assumed congidera=-

ble importance.
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~ Stannyl metal compounds of the type RaSntl and Rgﬁnﬁgia-g),
PhoSnSiphg, PhgdnSi(Gepha)g, BzSn = SnRg(8), PhginininPhgand
PhgSnCdSnPhg are alsc known where R may be éliphaﬁic or aromstic,
M may be LiNg or K.

The discovery of industrial applications of orgenotin
compounas as stabilisers of polyvinyl cﬁlorid@ plasties, rubbey -
antioxidants, catalyst in the polymerisation of olefins, agricule
tural fungicides and as. actlve Ingredients in certesin veterinsry
nedicline {1C)} and alsd an incrsased general scieznsifie interest
produced s striking roralssance of organotin chemistry starting

from aboutl 1249 znd contlnuing to the present dey.

IB Bonding in Organotin compounds

The electronie conflguration of tin is 1532522§p3823p635?0
4524p64d1°5525p2 $ the ground stete being 3p state derived from
sgp of configuration (11) the comuon tetracuvalent state 1s derived
from the sp® nybridisation by promoting sne of the psired & elee--
trons to the next higher P level, The tetra covalent state occurs
much more frequantly than divalent state and a great number of
orgsnotin coﬁﬁounda gontain tetravalent tin atom. Jrgano derivatives

of group IVA metals are generslly more stable and less reactive
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than ihe corresponding compounds of group I1I or V metals; The
increased stability may be attributed to the Sp3 hybridisation
Thus, tetravaslent tin is unreactive towards air and water but
trimethyl Ingium and tyimethyl antimony have a sitrong affinity
towards these reagents. The markefl increase in stabilities of |
ySn compounds over RgSn types also demostrete the effect of
inereased hybridisation .on the stability; Metal « Carbon bond
strengths have been réviewed by Skinner (12) who noted that
mean bond dissocisticn energles (5) £8ll as the subgroup is
descended sO that D (C-R) D (Si-R) D (Ge-k) D (sh-zz) D (Pb-R).
The meesn vslues of the bond dissoclation energies are c-C 3 87,
C-S1 : 70, C=Ges60, C«Sn 3 50; C=Pb 3 31=37 K cal/mole, These
values are, oféoursa, further dependent on the nature of the
olkyl group l.e. on the stabllisation of the corresponding alkyl
radicals by hypercohjugation etc.

' The covalent radius of Sn atom is 1.40 A end is surpri-
singly independent of the nature of the ligands, Only when there
is an accumailation of strongly negatlve ligands round the tin
there is some decrease in bond lengthé. The bonding of the tin
would thus appear to be slmost entirely covalent at least in
erystélline solids, in non polar media'aﬁd in the vépour. However,

the electronegativity of tin being less than most of the common

!



ligands, @.ge4 carbon, nltrogen, oxygen, halogen and even hydroe
gen, the bonds are expeeted 0 be sufficlentiy polar. The dirole
moment of various 5o = X bonds have also been estimated. The
dipole moment of alkyl tin bond, mostly estimated a3 0.45 « 0.,6D
(13 « 15) depends both in magnetude and dlrectlion on the nature
of alkyl group (16 = 17).

The electronegativities of she elements of group IV have
bean investigated exsensively by different worké%s (20 = 23).
The results, a selection of which is glven In Table 1, sluways
differ according to the method of measurement and the compounds
selected., this 13 not surprising sinee the electronegativity,
not being a uniguely defined parsmeter, depends on the method of
geasurement and the gurrounding of the atom in guestion, In
practice, therefore, one generally works not with an ‘electronegs-
tivity of tin' but with e value for tin in s parsicular camblﬁation

1.@, allowsnce will have to made for the dinfluenée of gll llgends.

Table « 1
Fauling Sanderson Finemsn Alired
Daignault Hochow
¢ 28 Ze87 DeO7 2.60
51 1.8 le74 1.90 1.90
GCe . 1.8 2631 2,082 2,00
an 1.8 2.02 247 1,93

Pb 1.8 2e4d
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-Glosely connected with this is the Inductive effect whiech
tin atong or étannyl groups exert on their surroundings. The bond
'polarisation ¢° - S&t which 1s there in principle, may be changed
by substitucion at C as well ag at Sn.JMR dats on organotin come

pounds (18 = 19) and semiempiriéal calculations of Majee and
Gupta (43) emphasises thls. According to Esborn etal (24) polari-
"sgtion is increased by elseciron donor substituents RY in the

- §osizion in & phenyl group, as shown by the increase in the
rate of séission of the C =« Sn bond by ilodins according 50 reace
tion (I). The reaction thus beiongs to the class of eslectrophilie

arometic subgtitutlon (24 « £8).

RI<——/>SY\ R.3 + Izl————'——‘ﬁ RT + R’3g”1 (1)

ks expected, electron attracting groups R' decremse the rate of
lovering the nucleophilleity of the ring carbon attached to tin,
The sequence of relative reactlon rates is for R' = OHe) - Bu)
i« pr)Et) He YE) Br) F > CL ') CooH, |
Blectron donor properiles inerease In the serles (R & Me) s
2iRp (BeRg Snlly 4 &5 @ay be seen (rom The relative rates Of

acidolysis of P = RqWCHSLH - SnRg « These are for ¥ = 53 -1.00,



Ge 1436, &n 3.21 (26). & similar sequence emerges from I.R and
MR neasurements (27) ond alsa from IR studles on esters of the
type MeCOOMMeg which give M = C,51,Ge (28).
One difficulty which often arises in experiments designed

to measure relative inductive effects is that there may be some

e character in a 59nd between tin and an element possessing P
electrons (23 = 30). Thus In a Sn = X bond where X is C(5p2),
¥,0,3 or halogen 1t is possible that, opposing the inductive clece
sron drift in 8n - X, there may be some overlap betwesn a filled
P -~ orbital on X and an empty 5d orbitals on Sn caasing a transfer
of electron denslity in the opposite direction. Despite mgny controe
vergles (31'- 34), it is widely accepted that there are significent
(P =« dn ) consributions %o the 5n - ¥ bonds in compounds such
as the plannar trisilyl aaine (35).AThere is sOme evidence that in
phenyl tin épmpoun&s, inceraction occurs between the electrons of
she phenyl groups and the 54 orbitals of vin. This conclusion is
based on zhelintérpxetation of BMR (86;- 37), infraved {38), ultra=
violet (38) and dipole moments-($§) of phenylAtin ceapounds end '
she acld strength of the substituted berzoic aclds peieg M CgHyCooH
(M = C,84,Ge,8n)s It con 0ot be assumed that other aromatic groups
behéve_similarly.since pka values for & series of pyridine having

Hegh(M=C,81,Ge,50), substituents in the 2-position indicated the



absence of pn = dit  bonding in the tine-pyridine link (40).
Caleulation bééed'upon'nucleaf‘quadrupole resonance measurements
indicated I = character in the Snel bonds of diethyl tin dirio-
dide whereas it was concluded from the dipole moments of organoe-
tin chlorides that the Snecl bond order is close'to’unity (39).
There is evidence for dn e« PR .1nteraction in the bonds formed
between tin and certaln transition metals (41 -~ 42), On the
other hand Gupta and'Majee have shown in a series of papers (43)
that most of the properties of organotin compounds may be inter-
| preted without assuming any dn = pin interaction. However in a
more recent article (44) Majee hés demonstrated that the success
of earlier Del Re calculations doés not necessérily rule out such

interactionse

IC Catenation Properties of Sn in‘Organqtin“Gompounds

Tin like other members of group IVA shows the tendency
to catenation., A number of excellent reviews are now available
on tin - tin compounds (45 = 49). The ditin compounds may be
prepared by a number of methods (47), the alkyl derivatives are
generally liquid and the aryl derivatives tend to be solid at

ordinary temperature, A good number of compounds of the . type



[RoSnl, with the number of tin ranging from 2-6 have been des-
cribed (47).:The reaction of metallic sodium in 1igquid ammonis
with MeoSnclpleads mainly to the compounds [ MegSn], , which are
linear molecules with chain lengih n = 12-20 end perhaps wore,

and at least to one eyelic éompound. [MeosSn] g o

There 1s nc evidence for branching of the chains (50~51).
Similar results have been obtained with other alkyl and aryl
compounds (51), e3g. cyclic hexamer of Rigsn, the cyclic pentamer
snd hexamer of Phgsn, the cycliec tétramer of (t-Bu)zsh etc.
Williamson and Vanéer Kerk (52«53) have however reported a
branched chain compound (PhgSn)gSn by the reaction of PhgSnLi
with Snely. Some coloured produets reported in the synthesis of
dialkyl tin compounds are due to the formation of partially
branched tin chains (54¢). NMR studies indicate the formation of
poly tin hydrides during thermal decomposition of butyl tim
trihydride (47)s Carboxylates and halide derivatives of dal and
poly tin compounds. have also been reported (55=56).

ID Organotin Complexes

Organotin compounds can form various types of complexes

with ligends. The structural aspect of those compounds has been



axhaugtively reviewed by'Ingham etal (8), Poliar (57); Gielen‘
and apreeher' {68) and more ‘recently by Ho and Zukermann (58a).
 The most mtéresﬁmg axample is afforded by Rasrix ,
Lype compaunéa which form varioua ﬁypm of adducts with Lewis
bageg (8). ihese adducts avre generally penta clenrdinated
(S9=80)e For X = ¢l,Br or I, Ma«saax typa compauads are usmally |
tevrohedral but for X = 81‘3% ’ F ﬁﬁa ’ Br,@ s 503 s 5 y SCG;*,
the compounde’ are five coordinmate about tin where anidhs are
probebly either bridging or chelate sypes {61-62)_. The aqﬁai@n
fegSn(Hal )Zﬁhas a2 linear CeSn=C group, there being presumebly
four water molectles weakly cosordinated in the squitorizl plune
(63). Bimilsrly KatnX and RgfinXo compounds con form orgsnobin
cheintes with chelsting sgents such as 8 hydroay guinoline (S54-&:),
acetyl aceione (67=6€2), 1,10 Pheranthroline (65,68) ete. wbich
may be flive, six or sometines even eight coeoydinated compounds,
“he wmogt geaeral feature of the pents coeOrdinated tin
is a polymeric struciure formed by ths brmgmg’.of an snionie
group to the tin atom from either slde of the plane of the trie
alkyl cir; group. This kind of structure is desimated as cype 1.
f.ypé. 1 compounds can be devided inteo three sub groups as stown

in the table=Z.

- &n X 8n L=

Type = T



@ 10 -

Table-2 Cov
Sub group . Gompound
(a) | - (CHg )aSnF, {CHgz)gSnOH
(b) , RSSnQOEB?,(QQHQgiSn(imidazole),(Cﬂb)3SHN93,
(§Hs)38n6194, (CHB)SSnSiF6 ’ R3Sn Alel4
(e) (CH, )Snel, (CHj ) SnBr, (CHg),Sncl,

RySull, . , (CH, ),80NE8, (CHY ) SnNCO,

| The compounds in the (a) subgroup of this elassification
contain tin atoms bridged by the anionie groups in the manner,
«80 « X - ¥ « X =, where X represents a halogen,. an oxygen or a
nitrogen atom and Z represents the réminder of the resulting group.
The cémpounds in both (a) and (b) subgroup compounds are assumed
to contain planner SnCg woities, but in so far as thaey have been
studied, those in the (e¢) subgroup have no such planar arrangemént.
in compounds of structure type 1I, a donotr molecule is
co=0ordinated £o a triorganoﬁin"halide to give a trigonal bipyrae

midal arrangement, The best studied example is the 1 : 1 addition

| compounds of (Chg)s Snel and pyridine.

Q,
50

D . (D= donor molecule)

7\

c ¢
Type 1I
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A halide lon can also act as a Lewis base to trimethyl
tin halide, giving a symmetrical bipyramidal configuration of
type III |

_CHg
s

X—Sn—X
7N\
GHg CHg

Type III

In cases where thg anloniec groups have no co-ordinasting
sites, for example B(Csﬁs)z , £WwO molecules of a mono-anionic
Lewis base such as water can occupy the co-ordination sphere,
giving a planar SnC3 arrangement with a penta co-ordinated tin

atom (type IV)

h

D— &Sa— D

/\

¢ C

(Type IV)
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Phis finding mey well be spplied 5o inserpret the styucture of
1 : 2 additlion compounds of formula RgSnX.2D(E) as thet contele
ning a bipyramidel [E38n93]+ end ¥ snion, snd mey preclude the
existence of hexa=cosordinated tin atoms in such triorganotin
complexes.

if the X group in PFgfnX belongs S0 & chelating ligand,

insramolecular co-ordination can cecure as shown in struegurg (V).

Bgbn ¥

' Type V

In the case 0f dleorganotin derlvsiives, bosth penta coeordinsted
and hexa cueordinated Hin compounds have besn reported. Penta
co-ordingted tin ig observed in dialkyl tin helide, cerboxylataes,
dialkyl tin halide oxinetss and dimethyl (1,2«dimethyl triszono)
tin hsiides (€8) (type VI)

The 2 s 1 addition compound Oof (CgHy )p 8n(RCO), end
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bipyridine is enother type of penta coe-ordinsted die-orgsnotin
stracture (V1i) '

KRB D— D —> BnRXg

Type VII

The dimeric tetraalkyl distaunoxunes (IRSn8nRoX)s and
(ARgSnUBnEgOH ) sre unique because they sre believed to contain

both tetraecomordinated and penta co-ordinated tin atoms (Type
g /
VI and VIII )

&z.z Tﬁz Hg ?-"}
5n - X I 4 SrieX
Xg? ?’/f' ku»s? ?’///
Q wn e X o S e OH
/ l A l
Ar?u Rg xs&? Bg
'iig 1‘:".2

Type V1IX Pyp@VIII

Infrared spectroscople invesilzations hsve shown that

‘the addition compounds of Rgﬁnxg (X = helogen) and monodentate
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gaines In 1 5 2 mole rabiv, or bidentate asmines in i3l mole ratle,

are oY the type IX

Type IX

Hany dieorganotin bim (Chelates) have been igolated
(64,066,69-75) snd found to contain hexs co-ordinated vin stom,
Some rvepresentative compounds aré acetyl acetonates, oxinstes,
and carboxylates. The glkyl group in thése compounds sxists
predominantly in the trens position (type X), thoush Xerey
erystoallograghy on dimesthyl tin dloxinate shows this t0 have a

very much distorted siruchure (85)

c

|

T en g
c

Type X
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Tha most Symmetfic specls is the (CEala Snxzé suion (k » Fy01,8CS)
where structure is represanéadAby (£X). Toblas etsl have ghown
that theve sre snalogous speels; [(CHg)p Sn(OHIL as well as
cationic hy&raced spacls In aqueaus s@luttcn of axmﬁthyl tin
com@ounds (73,76,77)

Oy
\I %
- ‘[\

Cily

- Type ¥

Reports on ﬁsnsgorg&m@zmn ccmyonﬁds indleste {hat some Of these
might have hexa co=crdinated ang even hepta coecrdinated tin atomS
However, little work has been dona on their desailed configurstions,
Honveorgonotin halide bls acetyl scetousies 7&5 and bis oxinates
(793 ags well &gvthe sddition compounds of formula RSa Xp «2L(80)
are exasples of hexe co-ordinaaeu tin GOwpOURQAB.
The complex componnd [{aeae)ARSa{lCHgzly , vbttained by
partial alcoholysis from HiSn(acac)g is unigue in that 4t contains

two brﬁaging msgthony groups furmiag a four mambered éne«0 ring es

13547 |
21 MaR 198
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shown in struecture T

: ?HS
1)

(acac) (X)RSn’f// ::fSnR {X) (acac)

7

CH,

Type X1

A hepta'ca-ordinated tin-1s observed in phenyl tin tris (tropoe
lonate) and probably in monc organo tin sris (ecarboxylates).
Several organo tin'GV) complexés with quadrl and tetrae ‘
dentate anlonic schiff base ligends have beon prepared and investi-
gated in the solid state (81 - 83), Hossbaner parameters derived
from voth zero field and mégnetically.perturbed spectyra suggest
that tne Reon(ssleny*, R = Me, Ho, Ph 2nd ﬁ@2§n(saldapu2-OH)**
complexes have distorted trans octahedral structures, However iﬁ
PhoSn(H-Saldap-2-0) the ligsnd appears to be only verdentaie
leading to a penta-co-ordinate structure simlilar L0 those of the

Ron(8eleN=2-0CgH, ) derivatives (R = Ph,Me);

¥ HpSalen - N,N ethylene bis (salicylaldimine)
* Hgsaldap-aadﬁ -'N,N" (z-hydrony trimethylene) bis (S8alicylaldimine)
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Recently orgenotin cémpléidé of strong o acids oi‘the
type HegSn TN, MeCPgin,TCHY, z-gijg'sf;:;}g@ﬁ.nrcs\zf(n =1,2) and Snu¥4.
TCHESTHF(X+01,Br) (84) have been prepared (Y¥g = Tetre cysno
p = quinodimsthane, UCHE = tetracyane ethylene)s The infraved
spectra of the eamplex Hegbnl.ICRQ exhiblts a single hand al 566 cm‘l
in the tinecarbon streching region which 1s assigned ﬁa the'anti-
symsnetric mode of a plenar HeszSn mﬁiety with bridging TCNQ
reqidues resulting in a trigonal bipyramidal coafiguration at the
tin, xhe intense colouration of the ecompound ia indicative of the
formation of (TCHQ)™ radical onion on complexation. The complex
is therefore best repressnted by the canonical froa {Ne38n)f (reNg)”
and tims provides the £irst example of zn 4solable paramagnetile

‘orgsnotin complex.
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