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I.A.' Introduction

Crganctin compounds are tﬁose which contain at least one tin-
carbon bond. The first chemist to report an organotin compound seems

" to have been E, Franklandl'2

. But his work appears to remain unlknown
to most of his contemporaries as well as to later authors. The work
of C. Low1g3 in 1852 has unusually been considered to represent. the

beginning of organotin chemistry. Apart from the compounds described

by Lowig, many signifiCant contributions were made in this field during

the next few decades.
The vast majority of organotin dcﬁpounds fall withih-the'four
classes:

R " RSnX

4

Sn, ' Rasnx; © R,SnX,,

R can be identical or different, substituted or unsubstituted,

‘aliphatic or aromatic groups. X can-be negative groups such as

.=0OR, -SR,';OCOR, -OSnRa,,-NR2 or halogens or some other acid radicals

or neutral iigands such as -H or electropositiva one such ag Li or

Na._The three. series of organotin hydrides Raan, R SnHz, RSnH3 have

assumed considerable importance4_7. The acceptor strength of the

organotin c0mpounds.generally follows the sequence; R3Snx RZSnx2<:

RSnXB.

: : : 8.9
Stannyl metal compounds of the type R3SnM, RZSnM2 ‘ o
1

. 8 .
PhBSnSiPh Ph3SnSi(GePh3), RBSn—unRs-, Measi—ng-SnRB,_Rgsg Hg SnR3 .

PhBSn—ZnSnPhB, PhBSnCdSnPha, are also known where R may be aliphatic

or aromatic, M may be Li, Na or K,

,
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The discovery of industrial applications of organotin compounds
as Tubker anti-oxidants, Ziegler type catalysts in the polymerization
of olefins, food preservatives, agricultural fungicides and as active

11 and also an increased

'ingredients in certain veterinary medicine
general scientific interest produced a striking renaissance of

organotin chemistry starting about 1949 continuing to the present day.'

_ The biocidal-properties of-organotin compounds have led, over
- the past'decade, to alrapid'increase iu the commercial utilization
of these species._organotins are currently in use as agricultural
fungicides andtmiticides, surface disinfectants,.anthelminties and

marinefantifOuliug~agentslz.

One intriguiug development is the synthesis of compounds in
which the organotin is bonded to ligands that exhibit biocidal
activity, the effectiveness of the product being potentially greater
_'than the sum of the components, Although several ligand systenf suggest
xthemselves for study, .the oxy and thio phosphorus acids are parti-
cularly amenable. Esters of dithiophosphoric acids have, for example,
l found widespread_use in the post war years as pesticides, being
marketed under such trade names EthiOn, Malathion ‘and Thimet13:
while the importance of phOSphates in in—vivo systems is well docurented,
' Moreoverfispecific eVidence for the activity of miscellaneous organotin
derivatives of the phosphorus acids 1is a\railalble15 ?‘6 and. provides

encocuragement for more detailled studies. In particular,answers to the

important structure —— activity questions demand the availability of

1@




relisble structural data, the collection of which has formed the
basis of many recent research efforts.

Application of fungitoxic organotin‘phenoxy-acetates for

. controlling human dermatomycosis have also been reported17

Dicrganctin dicarboxylates are widely used in industry as
homogenous catalysts for polyurethame and RTV Silicone polymerizations

- and for trans esterification reactionslzs.

I;B.'Ednding in ofganotin compounds

The electronic configuration of tin atom is 1 152 23? 2p6

352 3p 3d10 2 496 4d10 5s 2 5p2, tho ground state being 3p state
derived from 62p2 cohfigurationla; The-ﬁetracovalent-state i1s derived
from the sp3 hybridisation by promoting one of the 55 electrons to
the Sp level. A large number of organotin compounds consist of
.tetrovalent tin atom because of its mgch more-frequent occurrence
than the di&aleﬁt atom. The metalﬁ of  Gr., iVA form organometallic
compounds.which are more'sﬁable_and leSS-:oactive than those of
Gr;_III or IVB metals. ?he increaaed stability may be partly due to
3p3_hybfiﬁisat;°n' Thus, tétrovalent'tin is unreactive towards air
and water but-grimethyl indium ahdotfime;hfl antimony have a stromg’

affinity towards these-reagents;‘rhe significant increase im stabili-

ties of'RéSn compoundsﬂover'RZSn"types also show the effect of increased

hyoridisatioh on the stability. Metal-carbon bond strengths have been



reviewed by Skinner19 who observed that mean boad disscciatiom
energies (D) fall as the sub group is descended 50 that ﬁ(C—Ri>
D(Si-R2> D(Ge-R£> D (Sn=R ;> B(Pb~R). The mean values of the bond
- dissociation energies are C=C 3 87, C=51 3 70, C~Ge 1 60, C~Sa 3 50,
C-Pb t 31~-37 K.Cal/mole.'Moreover, these valuves are dependent on.the
‘nature of the alkyl grodp 1.9.,'on the stabilisation of the correspoad-
ing alkyl radical'by hyperconjugation etc.: |

‘ 'rhe' tin atom has covalent radius o_f_1.4§ and is independent
ef'the hature of the ligands. There-is some sort of decrease im bond
lengthe only when strongly negative ligands are accumulated around
the tln. The bOnding cf the tin wculd thus appear to be almost entirely
covalent at least in crystalline solids in the vapour and in non-
polar media, However, the electrogegativity of tin being less thani
nost of the.common.ligands; e.g; carbon; ﬁitrogen, oxygen, halogen
and even hydrogen, the bonds are expected to be gufficiently polar
in the sense Eg -f3§ and dipole momentE'gf various Sn-X bcrds have
elso_been estimated. The dipole moment of the alkyl tin bond, mostly
eztimated esI0;45-0.6D20_22 depeeds both in.directioe ané magnitude
on the neture of the elky1 groﬁpza.-

" The elect;enegativities of'Gr.'IV eiements have been‘investi—'
gated by several workerszqﬁ_d, The_resulta always vary with the me thod
of measureﬁent and the,eompounde selected. It is not surprising since

the:electrOnegativity, not being a uniquely defined parameter, depends

on the method of measurement and the environment of the atom inm

Yy



5
_question. In fact, one always works mot with an electronegativity of
tin but with a value for tin in a particular combination and allowance

- will have to be made for the influence of ail ligandé.

‘Table = 1

" Electronegativities of Gr. IVA elements

':Pauling- Sanderson o Fineman - Allred~Rochow
_ : ' Daignault
¢ . - 2.5 2447 . 12,57 2,80
si 1.8 L74 1,90 190
Ge i8¢ - 2.31 12,02 2.00
Sn | 1.8 2,02 . 2,47 1.93
Pb 1.8 © .~ = 2.45

Closely related with this is the inductive effect which the

tin atoms or stannyl groups exert on their surroundings. The bomd

'polarisation c — Sn, which is there in principle, may be changed by

substitution at C as well as at Sn. NMR data on organotin compound325'26

and semiemperical calculatiOns of Majee -and Guptazq

emphasise this.
_According to Eaborn et al B' polarisation is’ increased by electrona
donor substituents R' in: the p—poaition in a phenyl group, as
demonstrated by the increase in the rate of cleavage of C—Sn bonrd by

jodine according to the reaction (1). Thus, this reaction may be

Vi



. marked as electrophillic aromatic substitution,

The electron ettractino groups R‘ diminieh the rata by lowerinq the

nucleOphilic1ty of the ring carbon attached to tin. The sequence of

relative reaction rates is for R‘ = 0M¢> ~Bu 1-P> Rt>Me> H>Bx.>
..>>cé>.cooa. R :'“ T

| lectron donor properties increase in thehseries (R = Me) 3

l_SiR <:GeR <<SnR3, as may be seen frem the relativa ratea of acidolysis

. These are 3 M= 51 1.00, Ge 1.36, Sn 3. 2129

~37
A similar sequence emerges frem IR and NMR meaBurEmentsaq and alao

of p—R3M CH2 CH, - SnR

'f;om:IR studies-on esters of,the,meCOQMMe3_(M = C, si, Ge)31.
iAeprobiem whichfoften:afiseeHinﬁthefinvesﬁigetiopa,to-meaeurE_
'relative inductive effebts is tha£ there-may be some'n"-charecter-in

- a bond between tin and an element possessing p-electrons32 34} Thus

- in a sn-x bond where X is C (sp J N. 0, s or halogen, it is possible

'that oppoaing the inductive electron drift Sn ‘x, there may be

B ~some overlap between an empty Sd orbital on Sn end a filled peorbital

on X causlng a transfer of electron deneity 1n the 0pposite direction.

' Inepite of many disputea 4 37 it is widely accepted that there

"-_Jare significant (ﬁn=>a¥t) contributions to the Sa-N bonds in cowpouads

¥,
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f}obonda formed between tin and certain trenaition metals

:.h_other hand Majee and Gupta has shown in a seriea of paper

- B L. ° - - - T - . W

such as the planer triethylamine 8. There is some evidence that ia
phenyl tin compounds,.interaction occurs between the electrona of

h“the phenyl group and the 54 orbitals of tin. This conclusion 13
: 41

o baaed on the interpretation of NMR?‘Q‘40 | R™", UV “ and diPOJ-e

42

*'moments of Ph, Sn compounda and the acid atrengths of .the substituted

_benzoic acids p—MeBMC6H4COOH (M = C, Si. Ge,_Sn) It can not be

-“f_assumed that other arcmatic oroups behave similarly since the pKa

izvalues for a series of pyridine having Me3M (M o C, Si, Ge, Sn).
T}Substituents in the z—postition 1ndicated the absence of P - dnr
U:bonding in the tin—pyridine link 3. Calculation based upon nuclear
'Tquadrupole resonance measurementa imdicated Tf-character in the Sn-I
bonds of. diethyl tin diiodide whereas it was concluded from the
*,dipole moments of organotin chlorides that the Sn-CL bond order is

cloae to unityéi There 13 evionnce for th th interaction in the
44,45

27

. On the
that Mos<T.

”’“of the properties of organotin compounds may be interpreted wlthout

Y

s assuming any de— pjT interaction.'f }7ff s

Such apparently contradiotory observationa amd 1nterpretationa

.'Tprobably originate from the fact that the overall behaviour of tin

uacompoundu 1s a complex function of many factore, e.g.,latomg or groups

Ny _to which it is joined 1ts coordination number, its oxidation otate,

the phaoe in’ which the molecule ia founo amd even temperature and

’If;external pressure may often change the behaviour dramatically. since

:tin forms a very 1arge variety of compounds with many different atoms,

:agroups and 11gands, any attempt to interprete the properties of all

T




".and characterised by tetrahedral geometry around the tin ‘atom except

groups of tin compounds 1n terms of a. paeticular criteria is fraught :

'\With grave danger of creating confusion, rather than systematisation.'

Notwithstanding such wide variations, one may, however,_'
'l_classify tin (IV) compounds, which constitute the overwhelmingly

”major part of organotin 1iterature, into the following categories46 -

_311 Ionic compounds in which tin may be considered to be ia

_w-t'_+4 oxidation state Wlth electronic configuratlon

'7ﬂf22; Covalent tetrahedral compounds in which tin may be

-considered to be sp3 hybridized.._

3. Tin (iv)'-cornpléxes' where "'the'- 'sd- orbital‘s' may be mclﬁaéa
'in hybridisation scheme to form organotin compounds with

K coordination number of 5 to 8

: All compounds of the type R4 BSnx (R = organic group,

x'é monodentate atom, group or 1iand) usually belong to category 2

fawhen the group X 1s capable of forming intra or intermolecular

_;coordination bond.,-_??T-t_:ﬁ“"

In general the X group (s) play the most dominant role im
-hdeterndning the bOnding and structure of organotin compounds. Because'-;

'=; offthis, there has been g tremendous spurt of activity on the synthesis

.tand structural studies of organotin complexes. In the . following section

f“:a brief discussion on the organotin complexes is therefore prcsented

-“-.\-. .- ..




I.C, Organotin Cémplexes
Organctin compounds can form varicus types of complexes with
ligandsQ The structural aspect of these compounds has been exhaustively

reviewed by Ingham et als, Poller4?. Gilelen and Sprecher%8 and by

Ho, Zuckerman49 P.G. Harrisogs“ﬁ Kotensg; Pelizzis? and latter by
Zubieta and'Zuckerman53; '

Qhe.structural'aspects, viz., coordination number and geometry
arocund thé tin atom, of organotin complexes derived from R Snx4.ﬂ
type’ compounds, gepend both on the num?er of the organic groups (R}
around'the.tin atom and the ligand.lAs a general ;ule, RBSnX type
éompoundé tend to. form'penta-cOOrﬁihated'Eomplexes,'while higher

'coordlnatlon number can be realised with RQSnX and RSnA3 type compouads,

The most interestlng exanple is afforded by R SnX type compounds
WhiCh form various type of adducts with Lewis basesa.-These compound s
are generally penta co-ordinateds4'55. For X = Cl, Br, I, Measnx type

are usually tetrahearal but for X = ClO ?-,.00;2 . BF4, NOS ’

A5F6 —OCOR ‘the ccmpounds -are five co-ordinate about tin where the

‘anions are prdbably either bridging or chelate typesé'sqt Rasnx

and stnxz compcunds can form organotin chelates with chelating
agentm,'ﬁiz. Bthydrqu quinolinesa 59, acetyl acetoneso 51 i, 10~

pl*uanantl‘u?cxlime5:1‘6':L etc, which may be five or six co-ordinated
g gompouads; | |
. N-substituted salicylidineiminato trialkyl tim derivatives

have been prepared by the reaction of the trialkyl tin chloride or



aikokides with the corresponding Schi_ff62 bases,. These complexes

are believed to contain 5-co—ordinate tin atom.'Trimethyl tin deri-~
vetives of sulphur containing Schiff basee are alsc knownés. Several
triorganotin dithiocarbamates7of the formula R,SnDtc (R = Pﬁ, o

'n-Bu, Bz, Dtc = n-pr, n-Bu, 2-phenyl, dibenzyl etc - dithiocarbamateei

have been reported by Srivastava®4
65

« The quaternary phosphonium Cdtiona

+ o
Z_EEPCH2snMe3 _/ .is also known ". Nitrate complex of organotin (IV)

€6

containing triphenyl phosphine oxide has been reported

A seriee of triorgaﬁotin halides, ﬁR‘SnBr(c—N), and a series.
3Of_tetraorganotin compounds R3SntC"N7 haVe been syﬁthesizedss in
which C~N is'either monoanionic 2-Me NCGH4CH or novel monoanionic
2-Me,, N. C6H4CH(SiMe )" .t amd.lac'NMR data indicate that the tin

center in the RBSn(C—NJ compounds is tetra coordinate whereas the
tin ‘atom in the RR'S nBr(C—N) derivatives is penta coordinate as a
_result of intramolecular Sn-N coordination. Penta coordination in a
trigonal bipyramioal manner with axiel N and Br atoms has almso been
.astabliﬂhed by the x—ray structure detcrnination of érz—Me2N06H4CH

tSiMe 7SnMePhBr.

3
. ‘The existence of an equ1librium in sclution between two
possible gituations i.e. with and without intramclecul ar Sp~Y
coordination (A and B respectively) coeld bermonitored in many oases

1H NMR patterms of

by following the temperature dependenCe'of the
proctiral groupings present in the compoumds €« Je the CH2 and NPEZ

groups.



. .The influeuce of intraﬁolecular.co—ordination (cf A) ‘on the
configuratiOnal stability of triorganotin halioes is the steric
;hulkiness, the heteroatom—containing grcup represents when it is
‘not coordinated has been explained. If one compares the stereochemistry'
't_of the coordinated ‘and non coorainated situations A and B respectively
'f'for compounds 1 and 2 both having two sp2 C-atoma in the fivo |
o'membered chelato ring, onc comes to the conclusion that the non
%“coordinated.QfCH(ZJNMez Substituent represents g group with considarable
';'ateticrhulkincao. ‘This bulkinesa destabilizea aituation with respact
- iato the five—coordinate aituation A. In the 1atter situation this.

7Fbulkiness has been completely romoved by the Sn—N coordination.

An X—ray crystal structure determination of one diastereOmer,

. .i.e. [2-:@,- NCGH CH(SiMe )SnMePhBr 7 has been described.

B T
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R = R' or R ¥ R!

3.2 =H

4;2 = SiMea.

1T

The'stfuéture shows thHat the chelate ring conformation is such that

it places the bulky Me 51 substituent both out of the plame of the

3
‘aryl ring and futhermore, at the side df_the less bulky methyl
ligand. It is suggested that the unusual high configurational
-stabilitv of'the'RR'SnBr(C-N) compounds arises from the rigidity of

the 2-Me NC6H4CH(Z) ligand which holds theIZ—MezN group in close

proximity of. the tin_antre..If Z 1s the bulky SiMea group .also, the

SnR,

Br gfouping is locked in =z fixed-prition with respect to the
N ‘donor site.

-

The penta co-ordinated organotin complexes may be classified
into threé grbups:

i) Type - I

Addition complexes, in which a donor molecule is coordinated

SnX molecule to give a trigonal bipyramidal arrangement,

E5Yv--lC

to R3
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In these complexes, R-groups occupy thé equitbriai positions
while the electronegative greoup k and the_ligand o;éupy the axial
position as would be exﬁected_froﬁ the iso#alent hybridisation s
. principle., A well known example of this sﬁructure is the 1:1 addition
‘compouﬂd of (CHj)BSnCI and pyridine,

i1) Type - II
Organotin complexes derived frcm chelating agents, e.d.,
B-hydroxy quinoline, acetylacetong,-1,;0-phenanthroline etc., are

fgeneraily intramolecularly coordinatédﬁ(II}

Sn—-—-Y

Large number bf sﬁch-COmplexeé have been synthesised and
studied, Structural studies using xuray crystallography have also

been repo:tea in many cases.~

An x-ray study was reported for (triphenyltin 1 3-diphany1-‘
propionate) triphenyltin which establidued the occurrence of penta
co—ordination as a result of intramolecnlar qp—ordination with the P!

1igand spannimg axial equatorial set3100¢
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1ii) Type - III

In contrast to the intramglecularly.coordiﬁated organotin
- complexes (type.II); the:intermolecularly coordinated compounds
- are more abundant im organctin chémistry. In this case, a polymeric
.structﬁre‘j/,formed by bridging of anm anionic group to the tin atom

from either side of the plane of R groups (III).

~——>-5n~—-x-—>- Sn—x— —>, Sn

< N /\ /\

R R
| Type- ITT _

-

The intermolecﬁlar associated form of 2=(tri-p~-butyl stannyl)
677 ' |

tetrazoles in.benzene_and chloroform is well nown.

The firsf anionic five co-ordinated tin compounds containing
saturated rlngs has been reported 68 to be formed from the reaction
_of RSnCl3 and Et4N Cl, with.sqdium ethape=1, 2=dithiolate and from
the parﬁial hydroclysis of bis (ethane-l, 2fdithiolate) tin in the
préseﬁce of an amine.base. x-ray'analfsis.of the »ew stannates and the
distannates showed that the geometry of the former in terms of
'distortibné from a square or recﬁéngular.pyramid. while geometry of

the'}atter more clbsély_approacheS'a trigoﬁal bypyramid.

Ve o :
The authorsé.'B ha% reported earlier the synthesis amd X=-ray

‘study of the first tin compound having a discrete square-pyramidal
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geometry. The compound was a spirocyclic derivative that resulted
from the reaction of bis(toluene-3, 4~dithiolato) tim (IV) witk
(cu ) N C1~ at room tenperature.

v——

o

I1T

The first example of polyﬁoPal dominance of square pyramidal
geomEtry in organotin penta éobrdinatibn': crystal structure of

tribenzyl (2—thiolato pyridine-N-oxide) tin (IV). has been reportedl18

The'coordination_geometry about.the central atom in monomeric
-tribenzyl_(thhiolato p}ridineﬂﬂuoxideJ:tin (IV) 18 a unique square
pyramid; ﬁith'one benzyl carbon-atoﬁ occuﬁying the apical position
and’ the base plane containing the other two benzyl carbon atoms
along with the oxygen and sulfur atoms of the chelatlng ligandy the:
tin atom is displaced out of the basal plane in the direction of

the apical carbon atom by 0. 64(1) A.

Many N—substituted N- (triphenyl stanhyl).cyanamidés have been
réported and the tln in these cowplexes is shown to have a co-~ordina-

tion No:> ‘4 by means of IR and Mossbauer Spectroscopy69

10743”

v Hﬂ

_—— A
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Several organotin (v) complexea w1th quadri and tetradentate
anionic Schiff base 11gands have been prepared and investigated in

the solid state7o 71

. Mossbauer parameters derived from both zero
'-field and magnetically perturbed spectra suggeet that the stn(SaleaJ

R = Me, 'Et,, Ph and Mezsn (Saldap—2—0H) complexes have distorted -

trans octahedral structures. However in thsn(HbSaldap-Z-O) the ligand '

- appear to be only terdentate leading to a penta- co—ordlnate structure

) derivatlves (R = Ph, Me).

fsimalar to those of the stn(Sal-N—2-OCG 1

'I.‘he Mossbauer parameters are given in table 2.

:'.Téble]z':“

" cOmpg?ugd C R 8 AE o . | AE/S
B f“cegcgce)(cnjusnph3” 1.07 4;£f. 4.24
cnscc(oitcninsneha 1,55 4.23 2,73
Lphsoé(cﬁqnsaphé | 1.07 4,54 4.24
c_ Mec(Q)(CﬁSNSnepB ff:difl*::;d.ifsstdif '1.'4.25- . | ',2;531
* H Salen—N,N' ethylene bis(Salicylaldiwine)

2.
HZSaldap-z—OH-N N' (2-hydroxy trimethylene)bis(salicylaldimineJ.~

t‘.‘




"-_tetracyano ethylene). The infrared spectra of the complex Me

17

-

organotin comp'l'e'xes OF strongTT—acids of the type MeSRTCNQ ,

_HeCstn TCNQ, MeCP Sn.nTCNE (n =1,2)° and Snx TCNE, THF {X = C1,

)71

2 4
have been prepared (TCNQ = Tetra. cyano—p-quinodimethane, TCNE =

3 Sn.TCNQ

exhibits a single band at 555 cm_l in the tin-carbon stretching
regiOn which is assigned to the anti-symmetric mode of a planar

Me Sn moiety, with bridgjng TCNQ residues resulting in a trigonal

3
':bipyramidal configuration at_the tin, ‘The intense colouration of the

'compound is_ihdiCative of,the'formation-of (TeNQ) ™ radical anicn on
fcomplexation; The complex 1s therefore'best represented by the'

‘canopical forﬁ (MeBSn)+ (Tcﬁo) and thus provides the first exampleh

e of an isolable paramagnetic organotin complex._

Exanple of a c0mpound containing organotin (I1) and organotinl

_(IV) in one molecwle, (MeasnIYCSH ) SnII has also been repOrted73

-flat sandwich type compOund decaphenyldicyclopentadienylstannocene,

« A

uyinvolving tin {11) structurelz_n - 6HSJSC 7 snt has been -
ported 4. The- triorganotin derivatives of N-acyl—hyoroxylamine

| 3Sn /'ON(Ph)so C6H4CH3 7,_ (CH, Sn /"omphJcoPh_?,

' Me Sn ArbN(Me)COMe 7 have been prepared. The presence of a seCond S

esge ‘Me

donor site in the N-acylhydroxylanine ligand permits its potential

_function or a unidentate or a chelating bidentate 1igand: thus giving“

rise to the possible four co-ordinated structure(lv) or - the two

P

5—co—ordinated structure(v) and(VI}

L
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Type -1V -
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Triorganotin dialkyl thiophosphates, (Ro)zp(as)SSHRW (R = Et,
" i=Pr, n=Pr or Ph and R' = Me, Et, Bu or Ph} have been'prepared7s. An

ester type structure has been proposed for these ccmpounds,

="

(RO),

A —0

Type- VII

_ Works'on oxy'and thio phOSphdrcus acid derivatiVES of tin-

Structural contrasts has been reported by Molloy et al77

The contrast between the chelating of the dithiophosphorus

aqid.groups and the bridging of the corresponding oxygenated ligands'

has reen reported’’, where it has been rationalized on two counts.

o S 0 _
Firstly the. Sn-0 bond 1s at least 0,22 shorter thamn the corresponding .

Sa=5 bond, Thus when chelétion'occurs; the angular strain within'the
reaulting four—membered SnE,P (E = 0,8) heterocycle ig greater for

' oxygen,'rEnderjng chelation less favourable. The relative eluctro-
negaﬁivities of C(2.50), £(2,44) and 0(3.50) vunderlie the second
rationale._lnlé trigonal bipyramid, for exanple, competitdan betweeﬁ
carbon and sulfur for p- or S-dominated orbitals on tin will be
negligiblea.Cohversely; the incréaSEd electrohegativity of oxygen
over carbon directs it into the axial position of the trigonal
bipyramld with the ligand unable to span both axial sites in the same

molecule, bridging was_@bsérved#
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The initial ESR spectra observed for the reactions of O~
guinone with R3SnSnR3 are analogoue to the signals of tin containing

semiguinones formed according to the reaction.

—Nat + RaanI'__’>‘

From the reaction of pyridine-N-oxida with nitratotriphenyl tim

in'dr& acetone under nitrogenjtwo types of crystaly, helohging to the
mohoclinic and tricliﬁic system, r@;p@Cth@lY and having same

ern(cs 5 3(NO ) (CeH SNO) 7 stoichiometry has been reported’®,

Moreover,-a mOIecular adduct of'Nltratophenyl tin with triphenyl- arsenic

oxide /"Sn(CGHS)a(NO )(c H533A80 7 has also been synthesised. The
co=ordination abocut tin is bipyramidal with phenyl ring in the equa-’

torial and oxygenated ligands in the exiallpoeitionsva.

In cases where Ehe anionic grcuﬁe have no co—ordinating
sites e.q, B(céHS)4 p two molecules of a mono-anionic Lewis base viz.,
water ‘can occupy the co=-ordination sphere, giving a planar SnC3

arrangement with a penta co-ordinated tin atom (TypeVIII).

",

Eqn.(2)
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Type YIII

~ Intramclecular coordination oftén_results in many interesting
structural variations when the X group in'RBSnx belongs to a
chelating ligand. -Such structures may be schematically represented

as shown below (Typé.IX).:

Txge I
”Crystal structure of%tribenzyl {2«pyridinethiolato-N-oxide)
tin (IV) : a rare example of square pyramidal organotin (IV) compound

has been reportedlzg..

iribenzyl (2-pyridinethiolato-N-oxide)tin (IV),

[f_csﬁ CH, ),Sn (2-SC .'H4NOJ

5~273 5 _7;-Crystallize§ in space group ﬁz' with



a 9.169( , © ‘0, 498(3) ¢ 13.511(4) Aqu91 54(2) B 104.61(2),
'y 112 4ch) and Z 2. The structure has been refined to R = 0.028
using 4593 cobserved MO- 5£ reflections. The molecule adopts a configuram~
* tion d15placed 91% from trigonal bipyramid to a square pyramid along
the Berry pseudorotation pathway. The basal plane is composed of the
oxygen and sulfur atoms of the chelating 2—pyridinethiolato ligand
~and the carbonatomsof two benZyl grcups /PSn—02 261(2) Sn=S 2.577(1),
Sn=C 2. 189(3) 2.196(3)A_7. The apical tin-carbon bond Z sn—C 2.167(3)
A_7 is shorter than the other two.tin—carbpn boads. The tin atcm
is placed 0.64(1) K from the baeal plane;in the direction of the apical
carbon Zﬁsum of the basal angles = 341.7;4)0 and the C apical - 5n
L basal'angles are in range 100;1(1)—110.1(1)0
The unusual geometry of triﬁeﬁiyl (2=pyridinethiolato~N=
oxide) tin (IV) provides the fifst-examole of polytopal dominance
of the square pyramidal configuration in penta coordinated organotin

c0mpounds.

In contrast to the penta co-ordinated triorganotin compounds,
examples of 6—coordinate trlorganotin compounds are very Vew. The

Mossbauer recoil free fraction ‘and structure of trlorganotin aryl—
82 -

aztbenzoates has been reported

some of these to be 6—coordinated triorganotin compounds,

. Spectral ‘and other studies indicate

The synthesis and X-ray stfuctures of Tris(Pyrazolyl)borate
(Trimethyl)tin : A six coordinate Triaikyltin_complex hae been

reported20,
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-

Reacticn between Me SnCl and K{Tﬁﬁ(PZJa 7 (PZ = 1-pyrazolyl,
c3 3N2) affords ATFB(PZ) 7 SnMa3 which was shown by a full X=ray

- structure determlnation (Trigonal space group P3 a=b =11,722(3)

C = 8, 211(2}A, Y = 120° , 2= 2) to contain six coordinate tin bonded

to three methyl groups and to three pyrazolyl gtoups;

<]

\i/

The iﬂfréfed and mass ppectra of Hpr?)anMe, were fully consistent

with the assumed formulation and the 1H_NMR spectra showed that all
three pyrazolyl rings were equivaléht between~60 and +30°C, 5ugge5tin§
that all thieé were coordinated to the tin étom, or that rapid

,éxchange of the rings of é.partially'co—oréinated ligénd was occurrihg.

. . ' 1 R ) . . . .. .
The invariance of the "H NMR spectrun of HB(pz)BSnMe3 over the
raﬁge’- 60 to +30% suggests thaﬁ a six coordinate structure with

equiValent pyrazolyl rings is maintalned in solution, although a

lower coordination system with rapia exchange of rings cannot be
B I

ruled out. .
/ . Skew-trapezoidal bipyramidal diorganotin (IV) bis chelates.
Crystal structure of dimethyl—bis(2-pyridinethiolato-N-omide)tin(IV}

has been reportedl21

v,
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Dlmethyl bis (2-pyr1dinethiolato-N-oxide)tin (IV)
Me Sn(Z-SPyo)z, crystallizes in space group P2 /c with a 9.877(3),
b 11.980(4), C 13, 577(3JA, B 100, 1(2) and Z = 4. The structure was

refined to Rf = 0.036 for 2263 MO-K,. observed reflections.

The coordination geometry at tin‘is a Skewoﬁrapezoidal
bipyramid, with the oxygen / sn=~0 2.356(3), 2.410(4) 247_and sulphur
ngn-s 2.536(1), 2.566(1) §"7 atoms of thé chelating groups occupying
the trape201dal plane and the methyl groups /FSn-C 2. 106(6), 2.,128(7)
A 4 occupylng the apical positlons. The methyl-tin-methyl skeleton
is bent / C-Sn~C 138.9(2)_ _7. The s-Sn-s angle 13277.8(1) , but the
0-5n-0.angle 1s cpened to 136,7(1)° fo accormodate the intruding

methyl groups. The carbon-tin—carbon angles predicted from gquadrupodle

splitting ( 19m S Mossbauer) and one-bond 119 sn 13c c0upling constant

13

(solutiom ~~C NMR) data agree closely with the experimental value,

~

' In the idealized case of a six coordinated diorganotin bis-

chelate the carbon-tin-carbon angle is 90 for the cis and 180 for the

‘.

'trans isomer. The angle of 138.9(2)° found for the title compound is

close to the average of the two extremes.

‘The geometry of the co-ordination polyhedron around the tim -
in Mg Sn(2-SPyOlzis best described as a Skew—trapezoidal bipyramid

(STB), A schematic representation of this is shown in Fig.



The. first X-ray crystal structure of a diorganotin dicarboxylate
as weli és the. first Xéréy structural study of a 7.-coordinate organotin

anion, a. dlorganotin trlcarboxylate has also been reportedlza

The X-ray crystal and molecular st:ucture of Mezsn(OAc)

= : 2 has |
and-compared with previoua predictions based on other

been reportedlzn

structural methods, The rolecule is fOund to be monomeric and 6 -
coordinate at tinm In the solid state. The Me-Sn—Me angle of 135.9(2)O

is in close agroement with the value predicted from selid-state and

solution NMR studiea.

-

The most striking result of this otudy is the discovery that
_6—coordinate Me'zsn(OAc)2 is capable of adding a third acetate-groop,
“giving rise ﬁo.a diorganotin {(IV) anion with a coordination number of
7._So1otion and solid—state NMR data for Mazsn(OAc);'NMe: provide
evidchce that tﬁe'complox is thermodynamically stable in solution rela-
tive to oiSSociation aﬁd indicate that;.injaddition-to thé well
cho:acterized penta substituted di- and-triorgonotin (IV)Ihalide
aniong, organotin (IV) compounds béé;ing oﬁhe;@'less strongly electron

withdrawing ligaqu can give rise to Stable, isclable anionic complexes,

he
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A clear implication of the results obtained for the reaction of
Mezsn(OAc)z with NMEIOAE is that qucleophilic substitﬁtion reactions
of even 5- and 6= coordinate tin c6mpounds can, and may frequently,
prpceed by assoaiaﬁive mechanisms involving anioﬁic tin imtermediates
-of high coordination number. Such medhanisms méy iﬁ fact be the rule for

many industrially important feactions catalyzed by diorganotin dicarxoy-
lates, |

IE has been repor'ted123 that an analysis of X~ray. data for
seventeen polymeric triorganotin (IV) carboxylates glves a repeat

_: distance of 5. 19 + 0.21 A for the carboxylate-brldged R, 5n0,C(CQ)R'

3
unit that defines the crystal 1attice. The repeat distance 1s insen51tive
to- the organic substituunts on either the tin or carboxylate group.
Tricyclohexyltin acetate and triCydlohexyltin'tr;fluoroacetate are

feclassified as weakly assoclated polymers.

| I S
" In the cyrstal lattice, the Sn-0~C angle 1s generally 120

1T . . 124
bu the C-B;Sn’angle can open up to acg9mmodate more bulky R' groups™ "%,

W
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The reaction of dicycloPenta-diathyi'tin and bié-(méthy1'

cyclo-pentadienyl) tin with some boron, aluminium trihalides give
Icomplexes of the compositionaa.:_l'

S . _ . . I . . . . '
| R,Sn MX (R CSHS’ 333 =_§?3,:BBr3, Alc13, AJTBr3 $
R o= MeCgliy, 10y = AlCh, )

The addition of dicyclopentadien_yltin to THF solution of the

complexas M(COJ 5 THE (M = Cr, Mo, W) produces complexes84 s

finvolving 02,_5,-SO2F32(COJ 86

-

stn 3 M(CO)S (where R = CSHS' M= Cr, Mo, W), R = M;e,(:s

‘M = Cr, W. The evidence for cis-Bis(2 4—pentanedionates) dimethyl
tin (IV) has been found in solutlones"'

'As a result ‘of the enhanced.rant;vity of the éndocyclic'tin-

carbon bohd,ﬁl,l, dimethyl—l-StanﬁacYclopentane (QMSO»S) readily

“undergoes ring. ekpansion*reactiohs with a variety of aubatrates to

;~produce new organotin heterocyclas. A few examples of . ring expans;on

are given beiOW

| Me2 KMnO4 . Me25 + _[rgezs@_(CHz)‘o S Ean(®

ﬁeei-onc ' o

’4

_'MQZS_O o+ Fe, (CO)g—-—————)-Me SQ - Fe(CO) | » 5‘.1.-"‘-(4)



28
' In case of diorganctin derivatives, both penta co-ordinated
and hexa-coordinated tin cocmpounds have been reported.'Pehta co~ordinated
tin is cbserved in dialkyltin dihalide, carboxylates éialkyl tin halide
oxinates and dimethyl {1, 3-dimethyl. triorgasomo) tin ha_lides87

{type -X}

are of

]

6 52
type of penta<c¢o-ordinated di-organotin structure of (type-XIJ.

The 2:1 addition compound of (C.H),Sn(NCO), and bipyridine in another

K R, Sn D D -——> SnR,X,

Type-XI

Ipfréredjspectrdscppié investigatibns have shown that the
addition compoumds of stnxz (X.n halogen) and monodeptate arines in
1}2.moie'ratio Qr_bidentate_amine in i:l_moie_ratio are of the(type—'.
XI11). |
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Many di- organotin bis(chelates) have been isolateds4"59 87,93

-and found to contain hexa co—ordinated tin atom. Some representative
compeunds are acetylacetonates, oxinates and carhoxylates. The alkyl
group_ip.these-compounds exists predominently in the trans:ppsit;ou

(Tyﬁe-é:III). | | |

Type XIIT

For .dlorganotin dioxinatesjsuch a‘convent;onal octahedral
structure. is, however, far from correct as X~-ray investjgation of
dimethyl tin dioxinate shows this molecule may be interpreted in terms

of distorted tetrahedron formed through 3~centre bonds involving 3p3-

Vi



orbital of the tin atom and the valence orbitalie of the donor atoms

(oxygen and nitrogen) of the oxinate groupga.

s The most_asymmetric species 1s the (GH3}25nX22 ‘anion B
(X = F, Cl, NCS) where the structure 1s represented by typeXIV, Tobias

. | | -2

et al have shown that there are analogous species ZE(CH3)2SH(OH)4 4

as well as cationic hydrated species in aqueous solution of dimethyl

tin COmboundsgi—ga;

N
>

X

C

Tm eXIV

An analysis of IR Spectré in the 1200-900 cm-l of the compounds of

l A
the.type_n—BuzsLCH2CHRFCHR"O (R'* = R" = H or Me) have been used to
- - . 94

distinguish between monomers, co-ordination dimers and cyclic pelymers,

~
[N
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BujSn

Monomer = Co-ordinatjion dimer

True dimer

VII _
Polymers

Reports cn mono organotin c@mpounds indicate that some of these

might have hexa-co~crdinated and even hepta co-ordinated tin atoms.

However little work has been done on their detailed configurations;

Mono~organotin, halide bi’suacetylac:eton‘ates95 and bis-—oxinétesg6 as

well as the addltion cowpounds of formula RSnx2 2D97 are examples of
6-co—ord1nated tin compounds.

. In basie@ aqueous media the derivatives of ethyl tin (IV) and

Pallédium-(II)-goﬁs_give two mono organotin complexesi98

(P-.-S;)d
/"c H Snpd(OH) 7

and

(Pv=7)"
[’c HgSnpd, (OH) ., _7
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T} dimeric tetraalkyl distannoxane853 (XstnOSﬁhzx)z and
(XRZSnOSnRQOH)z are unique becauseﬁthey are believed to contain both

tetra-co-ordinated and penta-co-ordinated tin atoms (Type-XVandXxvi)

“"
-

" o o
. . ,.z B 'R;, - ‘T?. |
- ya . | .f . _
X T ~0 - _ Ho: T o
P——8n—x PO——sn—on
X—sn b X~—=6 1
' ‘ Rz g RQ
Ry Ra
" Type-XV .'  . Dype-XV1

A hepta—do-brdinated tin is observed in phenyl tin tris (trépolonaﬁe)
‘and probably in mono organo tin tris (carboxylates).

~ The complex compound [’(acacJXQSnt0cn3};75 obtained by partial
aleocholysis from RXSn(acac}ga‘ is unique. in that it contain§ two

‘briding méthoxy,gr-ups'formihg a four hembéred:Sn;O rihg as shown in

structure(XYII){
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o //,O
(acac) ()R Sm. >sn RO (@cae)
No
Type-XVII
. The mdno—, di- and tri— organotin compounds generally exhibit

a co—ordinaticn number from 4=06, Powever, not many organotin cowpound
have been found to possess hepta—co-ordlnated tin, the geometry of
which 15 expected to be péntagonal bipyramidal one. Phenyl tin trige
ﬁrqpolonate has been reported99 £b be nnhémeric in methylene chlorice,
suggesting a seven co-or@ination around the tin. F.G. Harrison'”“75
have concluded from UV, NMR and IR data thdt n—butyl tin tris-oxinate
may have 7-co-ordinated tin atom, Ruddick and Samslcl, from Mossbauer
SpectroqcoPy, determined the co-ordination number around tin in
BuSh(OX)3 which is consistent with éé%ep-co;ordinatiOn, ﬁith three
Tequivalent bidentate cxine groupse A new structural interpretatibﬁoz,

13

based on solié-state and solution C NMR'data for Me Sn(OAc)2 was

2
- put forth for diorganctin di-carboxylates, The first Xe-ray structural
study of a 7-cocrdinate organotin anion, a diorganotin tri-carboxylate

has been reported122 . : | .

The structure of polymeric mono-organo-stannoic acids and
the crystal structures of their carboxylate derivatives ha¢ been
reporte6103 ,104 where it has been shown that polymeric tin compounds

are most likely to show a Nossbauer effect at ambient temperature.

i
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The synthesls and X-ray crystal structuie of hexameric phenvltin
oxycyclohexanecarboxylate, Ar?hSn(Q)Ozccsﬁll _7% has been reportedl05 .
The x-~ray characterisation shows tin (IV) present in a new structural
environmert appearing as a drum shaped molecule cdntaining hexa

coordinated tin atoms.

The synthesis of hexameric m=butyloxotin benzoate

dfh-ﬂusn{OJO 2CCgHyNO, -2 —7613C6H6 and the dimeric methyloxotin

cyclohexanogte, /”(pesn(o)o CcC H11)2MeSn(0 CCBH11)$ 7 by condensing

the stanpoic acid with the rESpective carboxylic acid as well as

o synthesis'of dimeric n-butyloxotin carbcxylate, by reacting n-butyltin

trichloride with the silver salt of the respective carboxylic acid
have beéh reportedloﬁ._These substanqes;.as'found by X-ray analysis,
form a pew struétﬁral.class of érgqpotin-cémpéunds having "unfol:ded

drum" or “ladder“lstructures.

_Formation'of distaﬁﬁoxane rings seers to be an integral

compouent of . hydrolysis products of many organotin cc:mpoumiil0'7 For

example, monoalkyltin halides hydrolyze to give distannoxanes- of the ;gpg'

, VIII
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whereas diorganctim halides give dimeric distaﬁnOxénea.as,end products,

These possess "1adder"1ov-log or "stair case“llo'lli.structures. Here

the tin atoms are penta-coordinated.

R R R R
) Sn/o SJn/ X
X SL O ———sp——et
SN/
- R R
IX ;

where X = .(.'.'1, IUI'i
R = Ph, alkyl

The synthesis of a soluble drum compound, containing
cyclopenténe u._n:Lts,T £Fh—ﬂu5n(0)ozcésﬁg 4 .Csﬂsﬁand the formation of

a novel chloro derivative-Zﬁ(n—BuSn(0)92CPh}2(p—BuSn(Cl)(Ochh)z _72

having "ladder" or "open drum” structures has been reportedlll,

Interconversion of the drum and laddér'structp#es has been established
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. 1 -
in solution by 195n NMR along with a possible nmechanism of hydrolysis

of a ladder to a drum formulation has been reportedll2

N 11 - o
Chandrasekhar et al Z erployed a varjiation of the original

reacticn by Lambourne113 in explgriﬁg condensation products leading to

the drum ceomposition as well as to a mixed oxocarboxylate—~tricarboxylate

formulation,. ZF(R'Sn)(O)O cR),R'sn {0, CRJ 75. The latter was identi-

10 .
fled as haV1ng an unfolded drum or ladder structure . The reactiom

qonsists_of a condensation of an organostannan@ic acid with a

carboxylic acid.
The sfdnnoic acids are infusible prders for which & polymeric

structure (XJ have been propoéedll4 115. For the partilally dehydrated

1 6
materizl structure(mi)has been pr0posed by Platt et al !

~OH

Ny



’ . - | . . | - . 3 7

[3

In both (X) and (XI) tin atom is 4-co-ord1nated and is enclosed

within the tetrahedra formed by the three oxygen atoms and the organic
group R.

From the values of quadrnupole splitting (EQ = 1,29~1.83 mm/sec)

in organco stannoic acids Davies et al1 7 have suggested a tetrahedral

gecmetry at tin, though the pos*ibility of association has not been
.completely excluded., The isomer shift value (S = 0.40-0.78 mm/sec)

are very ‘small because of the very low 'S’ electrcn density at the tin

atom rQSplting from electron attraction by the surrounding oxygéns.

LY
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