
, I 

J 
I 

I 
CHAPTER -·l; 

A SHORT REVIEW OF ORGANOT JN C~MISTRY 

IA • INTRODUcr ION 

. IB. BOND'ING IN ORGANOTIN COMPOUN~~S 

IC. ORGANOTIN CO!v1PLEXES 

REFERENCES 

. ' 

I 

I, 
·.! 



1 
I 

r.\ 

:¥. 
~-

I n.t~oduction 

Organotin compounds are those which contain at least one tin-:-

carbon bond. The first chemist to re·port an o~ganotin compound seems 

to have been E. Frankland1 '
2

• But·his work appears .. to remain unknat·m 

to ~ost of his contemporaries as well as to later authors. The wo~k 

of c. Lowi~3 in 1852 has ~us~ally been ~onsidered to represent.the 

beglnn~ng of orgariotin chemistry. Apart £rom the. compounds ·described 

by Lewig, many signif.icant contributions were made in this field dt..u. .. ing 

the next few decades. 

The vast.majority of organotin cc.mppunds fall within the four 

classes: 

· Rsnx 
3 

R can be identical or different, substituted or unsubstituted, 

aliphatic or aromatic groups. X can· ·be· negative groups such as 
. / 

,., :-OR, -SR, -OCOR, -osnR3 ,. -NR2 or halogens or some other acid radicals 

or neutral ligands such as -H or e.lectroposi ti ve one such . as Li', or 

Na •. The. three serie·s of organotin hydrides R3SnH, R2SnJi2 , RSn~ have 
.. 4-7 

assumed considerable importanc:e • The acceptor strength of the 

organotin com~ounds. generally follows the sequence; R3 SnX <R2snx:2(· 

RSnX3 •. 

Stannyl metal compounds of th.e type RjSn.M, .. R2s~ ~' 9 , 
10 . . : . . 8 . 

p~3snSiPh3 , Ph
3

SnSi.(GePh3 ), R
3

sn-snR3 , Me3Si~Hg-snR3 , .R3S~-Hg-8nR3 ·, 

}?>n
3
sn-ZnSnPh

3
, Ph3SnCdS~Ph3 , are also know1 n where R may be aliphatic 

or aromatic, M m·ay be Li,· Na or K. 

· ..... 
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The discovery of industrial applications of.organotin compounds 

as 'rubber anti-oxidants, Ziegler type catalysts in the polymerization 

of oiefins, food preservatives~·agricultural fungicides and as active 

·ingredients in certain veterinary ~edicine11 and also an increased 

general scl:entific inte_rest produced a striking renaissance of 

organotin chemistry starting ab6ut 1949 continuing to the present day. 

'i.'he biocidal prG>perties of·organotin compounds have led, over 

·the past decade, to a rapid. increase in the commercial utilization 

of these sp~cies. Organotins are curren.tly in use as agricultural 

fungicides and miticid~s, surface disinfe.ctants, anthelminties and 
. . . 12 

marine·. ·anti~Ouling·· agents • 

One intriguing development is·· the. synthesis of compoUJlds in 

·x 
· ._,-~ whic~ · the organot.in is bonded ·to ligands -~hat exhibit biocidal 

~~ 
I 

.. 

:~(. 

activity, the eff~ctiveness of the product being potentially greater 

·than the su.m of. the components. Altho.ugh· several ligand systenS suggest· 

"-themselves for _study, .the· oxy and· th:f.o pho.sphorus acids are Part~­

cularly amenable. Esters of. dithiophosphoric acids have, for ex~le, 
. . . . . . , .• . .. • .. - c· 

four1d widespread use -in the post ·war years as pesticid~s,· beia_g 

marketed under such trade names Ethion, Malathion and Thimet1~ ~ .· . . .. . . . ' 

J. 
while the importance of phosph.ates ·in in.;.~ivo systems is we'll documented~· 

Moreover/- specific evidence for 1;he acti.vity of m~scellaneo~s org,ano~1:n 
. . . 15 16 

derivatives .of· the ];>hO-spho~s acids is available • and. provides 

e:ricburagement for more detailed stud,fes. In particular,answers to thE! 

important structure -- activity questions demand the availability of 

I . 

. ' 
·' 
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reliable structural data, the colleqtion of whiGh has formed the 

basis of many recent research effprts. · 

Application of fungitoxic organotin'phe~axy-acetates for 

controlling _human dermatomycosis have also been reported17• 

3 

Diorganotin dicarboxylates are wi9ely used ~n·industry as 

homogenous catalysts for po~yurethane and RTV Silicone polymerizatioas 

and ·for trans esterification reactions 125• 

!~B. Bonding in organotin compounds 

The electronic configuration. 'of tin atom is 1 1s2 2s2 2p6 

3s
2 3p~ 3d

10 
4s

2 4~6 4d
10 

Sa
2 

Sp2 , .the ground state being 3p state 
2 2 ' 18 ' 

derived from s p configuration ·• The tetracovalent state is derived 
3 ' 

from the sp hybri.disation by promoting one of the Ss elec.trons to 

t~e Sp level. A large number of organotin compounds consist of 

tetravalent tin·atom beGause of its ~ch more· frequent occurrence 

than the divalent atom. The metals of·. Gr. IvA form organometallic 
~· ' ' 

compounds which are more stable _and less. reactive than those of ·. 

Gr •. .III .or IVB metals. The increased stability may be partly due to 

sp3 hyb~idisat_io~. Thus, tetravalent 'tin is 1.1nreactive towards air 

and water but· ~rimethyl ·indium and triinethyl antimony have a stroag 
' . . 

affinity towards these· reagents.' The significant increase in stabili­

tie&~ of · a
4

s:n compounds. over R2sn 'types also show the -effect of increased : 

hybridisation on the stability. Met.al..;.c~rl:;>on bond strengths have ·been 
/ . . 

. r 
·' 
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reviewed by Skinner19 who observed ~hat mean bond dissociatioa 

ene::r;gies (D) fall as the sub group _is descended so that f5(c-n)) 

D(Si~R~ i5 (Ge-R~ D (Sn-RI;> i5 (Pbo.R). The mean values . of the boao 

4 

· dissociation energies are c-c s 87 ,. ·c-si s 70, C-Ge 1 60, c-sa : so, 

C-Pb 1 31-37 l<.Cal/mole. Moreover, these values are dependent on the 

·nature of the alkyl group i.e., on the stabilisation of the correspond­

ing alkyl radical by hyperconjugation etc. 

6 
The ti~ atom has covalent radius of 1.4A and is independent 

of the nature of the· liganc'ls. There· is some sort of decrease in bond 

lengths_ oniy·when strongiy.negative ligands are accumulated around 

·the tin. The bonding of the tin wculd. thus appear ·to be almost entire~y 

covalent at least in-crystalline solids, in ~he vapour and in aon-
-

po~ar media. However, the electroa~gativity of tin be:!-ng less ~an 

'i: rr.ost of the common ligands,· e.g~ carbon, nitrogen, Qxygen, ha~ogen 

and even.hydroge~, the bonds are exp~cted tope sufficiently pof.a~ 
+S· -S / 

~ 
I 

in the sense sn - X and dipole moments of various sn-X bends have 

also. be.en estimated. The dipole rr.om~nt of ~he alkyl tin bond, mostly 
. 20-22 . 

eatimated as 0.45-0.60 · depends botp in direction and magnitude 
-· 23 on the mature of the alkyl group 

The electronegativities of Gr. IV elements have beeu invest!~· . . . 

gated 24a-d ' by several workers • The results always vary with the method 

of measurement and the _compounds selected. It is not surprisiag since 

the.l3lectronegativity, not being a uniquely defined parameter, depends 

on. the me·thod of .measurement and the environment of the atom in 

:- i .,_ I 
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_question. In. fact, one always wo:r}ts not w:i,.th an electronegativity of 

tin but with a value for tin in a particular canbin.at'ion and aJ..lowance 

will have to be made for the influence of all l~gands. 

'Table - 1 

Electronegativities of Gr. IVA elements 

I 

. \ 

I 

'·, 

·Pauling· sanderso:a Finema:a Allred-Rochow 
Daignault 

. -~- ,. - .... ·- -· 

c .2.5 2.47 '2~ ~7 2.60 

Si 1.8 1~ 74, 1.90 1.90 

Ge -1.8 2.31 ·. 2. 02 2.00 

sn 1 .. 8 2.02 2.4.7 1.93 

Pb 1.8 .., -· 2.45 

Closely related wi:th this is the inductive effect which the 

tin atoms or stannyl groups exert on ·their· surroundings. The boad· 
. . - -S. +8 . . 

·polarisatioa c-- Sn, which.is.there in principle, may be changed by 

substi tut:i.on at c · as well as at sn. NMR . ' ' . . . 
da~a on organotin compounds 25, 2 6 . 

·and Gupta2'7 emphasise this. and semiemperical calculations of.Majee 
' 28 

According-to Eaborn et .al , polarisation is increased by electro• 

donor sUbstit;.uents R1 in· the p-positioa in a phenyl group,, as 

demonstrated by the increase in the-rate of cleavage of c-sn boad by· 

iodine according to the reaction ( 1). ·Thus, thi~ reaction may be 
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marked as electrophillic_aromatic substitution. 

The electron · att:rapting ·group's <:R<-d.iniinish the rate by lowering the 

n~~leoph~_iicity o~·- th~· ri"ri~:-~~~bb~~· ~-t-tached~ to tin. The seq1,1ence of 

relat~~~ reaction rate~ ;i~- for·_~~·-·=_·o~v·--B'.Yi~P~ Rt)Me>~~? 
.F) C~-c.oo~·- _ ' .. --- . : . -. . . · .. · .-~, -__ .:~ .· ·:._. . . . _ : · . 

. . . . ~ . 

· Eiectron donor properties. ·in9rease in the series (R = *) 1 

. SiR3<Ge~3 <Sn~3, .. ~~·.may b~. s~~ri ··f;om .~h~' relati~,. ·rates of aoidolys.ts 

.of f>-R3 M. c~ cli4 - ·sa~3 ~ Th~:s~- ·a~ ·.1 M ~~~ si 1. oo, ae_ ·1 •. 36, sa 3.212.9 ~ ~ 
, ' . ' . 

. A · sirni.;Lar sequence emer9~s. · f rbm 'IR ·-~d NMR meas~~emea£530 · and also 
·., '' 

·from ::IR.. studies ·On esters of~.the· .Mecoome
3

. (M ~ -~~ Si,- ·Ge)31 • 
. · .. ; 

.. 
' , . 

. A. p-roblem which .o_ften -·ar_ise~ .111:: ttte .-_iaves_tig~tiona :to measure 

relative inductive effe'~ts- is that th~-~ ·.may be son'e -rr -character ·ia . . . . . .. . . . . \ . . . 

.. a bond ·bet~een ·tin. ~d._ 'an e_l~~~~t_~-:pqsde.-ssing p-electr~as3~-34. Thus 
. .: . ·. . ... .· .· .· ' ~-·· ' . '2_._. _.: .. --, . '. . ' . . .. 

in a sn-x boad 'where' .x-'is c (sp '• )t~ o,-. s ·or halogen,. it is possible 

'that_,. o~posi~'g·_. the . ind~cti ,;e eled~'ron_. drift *~;~ there may ~ 
--so~ -o~~rl·~p be~we~~ ·.an~-empty_ Sd· ·~r:bi~a.i ·on .sn. and a fille'd p-orbital 

on x ci!lu'sing ·a transfer Qf. e=1ec:b:on. density in the opposite direct:iora. 

·. ·Inspit~ .of. man~. dJ..sputes34.:,J? if ··i~ widely -~~cept~d that. the_re. 

~ignifican~ (p1t-tdJ().contr.ib~,~ions ~;:- the·,~~-N_ .bon~ in c~ouads 
. ' - ' . "~ . ' '• . . . - ' . : .. ~. .are 

' . 

-' . . . . ~ 
. . . . 

I '• 

·,. 

-~ - ' .. 
. ·.":~ , . . 

- .. ~, . 

. .• ~ 
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·' 
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.such ·as the pl~er tri~thyl.amine~B~ ·The;e --1~· ·s·o~_.-~vid~nce that ia 
-~ ·, -- ' . . . ' . ; . . . . 

phenyl-;_~ tin. _co~po~ds,- :interactio4 ·occur~ -betwee~ :._the el~c~ron.s of- · 

'the p~~nyl 9r~up and_-~he- Sd _orbit:~ls. ~f- _.tin •. Thi_~· .con~l~sion ·1~: · 

.. ~-:-_,_based -_on the interpretatlon_··o~- N~3~-~. 4~, m 4·1 ,._ -~41 amf·d.ipole . 

~ · ~ome.nt~4'- of Ph3S~ --~~~~oun.d~---_ ~~- ~~-- ~~~d· st~engths of, the -s~stituted 

-· · _ass.um_ed. tha~ .. other arcm~t±c ·9-roups :pehc:lve ·sirn.iia,rly since the .Pl<a 
' I ' •. ' ~ • . . . , ~ . ._. , , ' ' ... • ' . - . . ~;-' ,; , • . 

' -.,- ~al~~s- ·.f.o~ ·.a _·s~i~es· o~ ,.pyridine.havin~ Me3M <~.;. :c, s1-~ · Ge, -sa>: 
:-:.:. __ --. ·,:_~st~i.t~ents ·.fri :~he: 2";.;p·ostitio~ 'i-ndicated· the ebsence. of p'J(- d,i 

.. ; :' -.. bondi~9 'in- :t~e. :ti~~py;t·di.n~ .:i~n-k4:f .. caic~lation. l;iased upon nuc!~ar 
. '.·· . .. . . . . . . ' . . . . . ··._- . . ' (',_ ' - . -

.... 

•-. ·dipple- moment~· ··of .orgap.ot in chlor~des ·that 'th• . sa~cl· .boad_ ,(,x-Qer · ias 

--~l6·st{~~~ uri.i·t~4!1 •. The~e i~- -~v;!~~c·~ "~or -d7t ... di\" . interactiOn in the . 
;-_bo~~s< formed ~~twee~--:: tin-·-_~d c~rtai~- ~~an~itib~- _:~etal~44~ 45• on ·the 

' . -

. . : _ othe£ hand Majee. -and ~upt~ has., shOWJ1" in.·. a- serie·s C:,f. 'pape·:r'i.? that most. 
• .', • : .J, • ' ' ,• o • ' ' .. I • • 0 • < ' '< ' ' ' •' • ~ ' '• ' - • 

• 'L 
, ( • I , 

-·- · '· ___ .·: o.f 1;hEt properties of·- organot)tl ';¢ompoands ·_may be iaterpreted wi thou:t 
. . . . ' \ . ~ . ~ . . - , . ~ . . 

'•1_\_ .• "' -

as's~rning ·any dlf;.. P.1T int~ractio~~ · '' :-
. . . ' ·- - .. 

··.: 
- ·.· 

•. ·-such' apparentty e6atr~dic::tocy pbsexvatiops amd· l.at~rpretatioas 
. . ,.. - .... _.. . .. ·-

_-, ... 

'.prob,ably -oric;#rH~te ·from the 'fa~t- th~t- ,ffle: .~overall behaviour of tia _ 
. . . ': .... '- ~: ·. _:. -~-' :::··. ~ ~- .··. ,_.-_ ': ' .. _\-- ··_ .: ' . , ...... ~ -~ -.. ·'. : . ·.- ·.- . . ' . 

·compo~d• is --- corirplex .func:tfoa ·of •any.: ·fact()rs, e. g., C!l;t:oms or groups 

~o ~hiQ~·-it -.is ;oined··,- its- .coor~·.t~~ti~~· nmnber, ·i~s oxidati~a sti\t~,-
• ' ~ c ' • .. ' ' • ~ 

tbe phase iri_.:which -the ·-mole~uie . fs found 'aftd- even tempe~ature and 
- • - : -- • • • ; • -. • j • • ~ ,. ' ' • •• • - , : • - :. • l ·' • 

. :: -_ .-ex·~rttal -pressu'~ may: often. ~h~ge ;trn{-:behavi·o~~ c;tramat.ically. ·s,il(lce ..... - . .·- . . . . . ' - . 
. . ·- . .' . ,- -

tin' forms a vert: large~ varie-ty. of_ CODtpouads wi:th ·many diffe.rent atoms, 
- • • • < • ·., • 

;: .-
. . .: ' . ·\ . : .·. . . - :- .~'. . ' . ' . - ' - ' 

:gi'Qups ·and ligan~s;' apy: attempt t~ 'i~.te'r};)r~te :~~e prop~rtie~ ·of all 
. ) .. < ~ - ' 

. ~-- ,. (' ' 

~ .... _..._ . 
. 'i ~ . 

.•' _. . . ,I ~ -- •' - ·,· •, ·:. 

_:_ .·. _:_ . - ,, 0 '. ~ :··--

''{' 
'':<. 

'.,. -. 
-.' i · .. ·• ·.· .· 

.. 
_ .. 

... , . f 

.; 
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·-: ._groupi:i. ·of_-~i~ _ ~om.Poumds in terms of- a partic";lar, -cr.ite~ia is fraught 

. ,_ ~iti1· g~ave aanger a:f·'e:Feating cbnfusion-,>~atheitJ?~ -~y~temati·t;ation • 
. " . 

Notwithstanding .such wide variations;, 'oite may;. however; 

classity ~in (IV·)_ :coirl~ounds~ ~ wh~~~-- coast1 tute. ~e. o~e~he~mingly· 
. major .par~ of organqt.tri.':iit~~-a1:tue';_ i.,;to the foll~iag categori~s4fi:-

,-·:. 

-,' •, '·,' \ 

·--i~· Ionic'-compounds 'in.-"whichtin may be C.ODSidered to be iD 
' . ' . . ' . .· •' . - ,, . 
<· '.· - .. ·' 

+.4. ·oxida:tion'' 'state with elect~onic ·configurati_oa_· 
. ·-.'-: ' 1·0' · .. '0 .· 6 , __ . ' . . . ' 

':. ··;.-: 

.-· 
-.;. .. LKr_7 4d · .Ss - Sp- •... : .; · . ..· " 

• ~ • -1 

-.-; . 

··· 2.· Covalent tetrahedral compouads. ia whi~h .tin may be 
. ·_.. . ...... ·. . . . . 3· ... ·: --_· . _ .. _ _. ,: . ·,. -: . 

~onsi<;'ie:_z:ed to· be sp _·hybridized.·. · 
.I - . ' . "· .. . ·_·; ... 

. in hybridisation_ scl'1eme. to· fb,tm. org_anoti~ compounds witn 
1 • - - •• • - . . -' . - • ' • ~. ', - - - •• ~. ' '. ' - . ;. 

cdordination'-.rt~e-±: of_: s:_to' a~· . 
. ·- •' 

-. _- /-

' ,. ; 

• "-. _. /' .: • > ''' - ' 

• -»--" All compoUBds of_ :the --tY:Pe_.R4~~s~n (R =· <)rgan.ic·. group~ 
I • ~ ' • ' ' • . . • • 

~- ,' 

:•'. 

X.~ mon.odent·~te atom> g_roup" or lianp) tisuaily .belo:ag tQ _.categocy 2 
~ : ' - . ' . . - . . - . ~- ,. . .· ' . . . ' . . 

and characterised· by te~rahe_dral geometcy·~ around the. tin atom eX:cept 

when -.the group. X is capa}:>1e. ·of f ol::ming .· iatra _or ·intermolecular 
: • • • ·; ' : ' • •• • ' - • 4 • ~- - • - • ; • ~ •• ' '. : • • • 

.'. . .. -: coordiri~tion. b~nd• ": ' .. ~:·: -~· :<:--.. ':'_:· ,:; .. :·'~ "_:·::, . · .. 
--~ _· ._: .. ''':· .' . :·: .· '· . . ,:-:- .> 

·, . - : ... ·· :In·· general _tl}~· ~:·:gro~i:i: (_s) .pi~y ~he most -ClQminailt role in 
·,' '• . •, - ' ' . - . ~' ·•. 

deteirnining ·the ·bond_ing,. ·and _structur~ '·9£ org~otin. compa\mds.- Beeause 

o~,.. this•·· the_re ha~. be~~--·-'a:·: _tr~~n~o~s_. ·spuh ·of -~ti~i:ty· _oh the· synthesi~: 
._. · ... . . . . . ... . . _: . . - . . \· . -· .· . .· 

·and structural -studit;.s .-of. organot~~ ,~omplexes~ .Iil the fol.lowiiig ·section 

a b;ief: dlsc~~sio~ on . ~he, 'oo;gal1oti~- ·.cpmp~exes . i·~ "~he~f or~ "pre sen.ted. 
" -. . . . ' . 

.. ''" . '· . ! 
-. . . ~ 

' "' -, . . .-' . ;---· 

.·: .. ,··. ___ .· 

. 
' ' 
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I.e. Organotin Complexes 

Organotin corr~ounas can form various types of.complexes with 

ligands. The structural aspect of these comPounds has been exhaustiv~l¥ 

. ' 8 47 . 48 
.reviewed by Ingham et al , Peller , Gielen and Sprecher and by . . . 

49 ?5C' 51· · 5~ 
Ho, Zucke.rman , P. G. Harrison '·.~, Koten .. , Peli~~i , and latter by 

Zubieta and Zuckerman53~ 

The structural aspects, viz. , coordination number and geometry ·-.. 
' . 

around the tin atom, of or.ganotin complexes derived fro·rn · R
11

SnX4_
8 

type' compounds, depe.nd both on the nuinJ:er of the organic groups o~> 
.. 

around· the. tin atom and the ligamd. As a general J;Ule, R3SnX type 

compolinds tend to. form penta .coordir,tated complexes, while highe;r 

coordination number qan be .rea_lis@P.. with ~s.nX2 an~ RSn,X3 type compou~ds, 

?.1......_ The most in~teresting:. ex~nple is . afforded by R3SnX type comJ;>OUJI:df? 

·~· 

which form various tYPe of. addl,lcts with. L~~is baf:les8 • The.se CQmpOUJl.ds 

~re ~eneraliy penta co-ordinated 54, 5.5 •.. F.or X a Cl, Br, I, Me3snx typ~ 
/ 

J -· - ~2 - -are usually" tetrahedr.al but for X = c-104 , F , co3 , BF 4 , N03 , 

.AsF6, -ocon, ·the compounds· are ftve gp-ord.inate- about tin where tne 

·anions are probably ei t~er bridging or chelate type 5 6, S'J. R
3

SpX 

and H2snX2 com?c~nas can form organotia cnela~es with chelatiag 

agen:te~ ·viz. a7 hydrc)xy .quinoline5 8, 59, . ace·tyl acetol'l~ 60 ' 61 , 1, 10-
. s1 61 . 

phenanthroline ' et9, which may be fiVe or six co-ordinated 

compo~os. 

. . 

, . N-subst.ituted -salicylidineintina~o ~rialkyl till derivatives 
I 

have been prepared by the reactio~ of. ·the trialkyl tin chloride 9r 
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alko:Xio.es with the corresponding Schi££62 bases •. These complexes 

are.pelieved to contain S-ec-ordinate tin atom.·Trimethyl tin deri~ 

vativ~s of sulphur containing Schiff bases. are also known63. $everal 

triorganotin dithiocarbamates ··of the fonnula R
3

S;r:UJtc (R := Ph, 

n-Bu, Bz, Dtc = n-pr, n-Bu, 2-phenyl, dibenzyl etc - dithiocarbamcltes) 
J .-::: 

have been reported by Srivastava64 .. The quaternary phosphoaiurn cations 
+ . .. 

"b C?Pc~sriMe3 _7 .is also knowa65
• Nitrate complex of organotin (IV) -,. 

. G6 
containing triphenyl phosphine oxide .has been reported.·. 

·A series of triorganotin h~lides, Im'SnBr(e-N), and a series 

·of .tet~aorganotin compounds R
3

sn(C-!-'f) have been synthesized8~ in 

which C-N is.either monoanionic 2-Me2NC~H4cH; or novel monoanionic 
. . . ~ 1 13 

2-Me2N.C6 H4CH(SiMe
3

) • H al'l.d. C NMR data indicate tha:t the tift 

center in.the R
3

Sn(C-N) compo~ds is tetra coordinate whereas the 

i, tin.atom in the RR'SnBr(C-N) derivati~~s· is penta coordinate as a 

result of intramolecular Sn-N coordina.tion. Penta coordination in a 
/ 

trigonal bipyramidal manner with axi~l N and Br atoms haa almo been ... - . 

established .by the x-ray struc·ture deterJI·ination of L2"'."Me2~c6H4CH ··,. . 

The existence of an equilibriHF in solu1;:.io~ between two 

possible situ~tions i.e. 'with an.d wi'thout int;-~olecular S{l::Y 

. ~: coordination (A and. B. respectively) could be monito.r;ed i~ many cases 
. ' . . . . 1 

by following the temperature dependence of tl}e H NMR patterns of 

prochiral groupings· pre_Sent in t~e. comp~unds e.g. the ~.~~ an~ NM92 
i 

groups. 
. ' 

' 
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c?nfigurational _stability of. ~riorg~_notip · ha~.ides is.· the ·steric. 

bul.ki~essi ._the hete.roat~m-cont~iping\irc-'~p ·represents whe_n it is~ . 
'not coordi~ated haa·:~een· 'expl~:i·rt~~·~.-- I~ ~n~ c~inp-are$ the s~ei:e~~hemistcy 

~ ..... _-.-.~ _·>. _.: ~. . .... ·._ ... '.• . -::: · ... :. :·: ' .. ~~ ·_.- · .. ·:·· .. __ ~.·"·· _- ' . •·. . . . . : 

of the.~c;oordinate.<l".and: .non -cborC,.inated::·situatiohs A and ·13 _respectively 

fo~·com?.oUnd~l:and 2, bot~-_hav~.n~::'~~-~-:-sp2· c-ato~s in the·:£lve ··: 
. . -~ - . . . . ,. 

-~embet-e·d chelat-e rin9,.-'one'··~-6me~:-::t:6:_:~~~·.c:onclusio~ that--the non . 

. ..... ::· -~-~ord.i:nated.-Q_cH(Z)NMe 2 ·_s~_~t~~ll~~-~-:r~p-r:esents 0 gro~p .w'i:th cons~derable 
7 ... ', • -. .• ' -. • ., " ' • ·• ,: ..... ~- ' ~ • --~ : ~- .: • . . '.- ' ' • ' • ' 

··· · steric bulk-iness. 'This bulki.nesf? 'destabi~izes situati9n B -with respect 
-- -· ,« .. . ', ' -: . .-- '., . ·, . ' ' , '\· •' ' - ' 

-to. tlie:. f.ive~qo~r:dinate- situ9tio~ .. A•· ~,]:~ :1:ne latter situation this 
'; ' ; ' . -. . ., ·:·· • .. / ' ' ~ . ·. : -~- . 

. ' ~- , - ·. 

-.' · bulki~ess has .been, completely remo_vecf by _tile 'sn~N .coqrdiRatic)i1. 
. ... ;': .i-. ~ ·. ' -~ . : ;. : ·,; .. ' .. ·. 

__ :~- . ·_ ·. -- · · · -, · ::-An ·.x-ray .. cryst.ai _-s~ruct~e:·aetE}i·on,i.~atiOJ\ -~~; one dias:tereomer, 
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R ::r R' or R :;/ R 1 

3: Z ::r H 

~;z.::r SiMe
3 

The structure shows tliat the chelate ring conformation is such that , .. ,. 

:tt places the bulky Me3Si su,bstituent both out of the pl~~ of the 

.·aryl ring and. futh~rmore, · at the side: qf the les~ bulky me.thyl 

'ligand. It is suggested that the unusu~l· high configurational 

stab~lity of the RR'S.nB:r(C-N) coipounds arises from the rigidity of 

the2-M.e2Nc6ri4cH(Z)..; ligand whicl1 holds the 2-.Me2N group in close 

:f..__ proxim.:Lty of. the tia .centre •. If Z is the· bulky SiMe3 group .also,. the 

·.~ 

_snR2Br groupiDg is locked in a fixed position with .respect to the 

N ·donor si'!:e., ·. 

The penta co-ordinated orgi:!-notin o.omplexe& may be classified 

into three groups: 

i) Type - I 

to 

/ 

)\ddition complexes, in which ·a.donor molecule is coordinated 

R
3
SnX_molecule to give a trigonal bipyramidal arrangement. 

.•, ·X c, .Y··· 
_A"'sn-c 

cv t ... 
. D 

TyPe .I 

.. 
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.~ 

In these complexes, R~groups occupy the equitorial positions 
' 

while the electronegative g~oup X and the ligand occupy the axial 

.position as would be expected from the isovaient hybridisatioa 

principle. A well lmown example of this st;ructure is the 1:1 addition 

COJT!POund of (CH3 )3snCl and pyridine. 

i~) Type - II ·,, 

.Organotin ·compiexes derived from chelating agents, e. g., 

8-hydt:oxy quinolin~, acetylacetcne, .·1,10-phenanthroline etc., a~ 

. generally intrarnolecularly coordinated. c.::u) 

. X . 

R'----1~ 
R--sr~y 

'R 

Txpe - ~I 

Large number of such·complexes have been synthesised and 

studied. Structural studies using X•ray cry~tallography nave al~o 

been reported in many cases.·· 

·Am X-ray study was reported for (triphenyltia 1,3-diphenyl-. 

propion~te) triphenyl:tin which estal:>l~shed the· occurrence of penta 

co-ordination as a result of intrawolecular co-ordination with the 

100 
li·gand spanniag axial equatoria;l sets • 
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iii) Type -· III. 

In contrast to the intramolecularly.coordinated organotin 

complexes (type II), the intermolecularly coordinated compounas 

are· more abundant in organotin chen:istry. In this case, a polymeric 

.struct~re ~formed by briaging of an anionic g~ou~ to the tin atom 

from either s.;i.de of the plane of R groups (III). 

R R o 

., I· . I 
-- '>.- Sn-x-L.----->)1} Sn~x---· ~) Sn-x-., ~> 

rf ""R r/ "'R ~/ ~ 
Type- III 

The intermolecular associated form of 2•(tri-n-butyl stanny.l) 

t~trazoles67 in .benzene and chloroform is well Jm.Own • 
.' 

The first anionic five co-ordinated_ tin compounds coatainiag 
68 . . 

saturated. ring~ has been reported · to be formed from the reaction 

.of Rsncl3 and Et4N+Cl- with sodium ethane-1, 2-dithiolate and from 

the ~artial hydro+ysis of bis (ethane-1, 2-dithiolato) tin in the 

presence of an ~ine base. x-ray analysis. of the aew stanna~es and the 
. . I 

distannates showed that the geometry of the former in terms of 

distortions from a square or recta.rigular. pyramid, while ge.ornetry of 

the ,la~ter more clos~ly_ approaches· a .trigonal bypyramid. · 

' 68 v.e..- . . 
The authors . haf> reported e~rlier the synthesis aad ~-ray 

study of the first tin coropound having a discrete square-pyramidal 

·.r 

"· 

'I 

I 
.\ 
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geometry. The compound was a .spirocyclic derivative that resulted .. 
·V . 

from the reaction of bis (toluene.:.3. 4-dithiolato) tin (IV) with ·>t::: 

(CH
3

) 
4
N+Cl- at room temperature. -

III 

The first example of polytopal dominaace of ~quare pyramidal 

geometry in organotin penta coordinatfoa· z crystal structure of 

tribe~zyl (2-thiolato pyridine-N-oxiqe) tin (IV). has been reporteC:i118• 

The ·co'ordination geometry about .the central atom in monomeric 

tribenzyl C2~thiolato pyrt"dine-N•oxide) tin (IV) is a unique SCitJ:a.re 
. ' 

pyramidi wi~h. one benzyl carbon atom occupying the apical positioa 

and the base plane containing· the other two benzyl carbon atoms 

along with the oxygen and sulfur atoms of'the chelating ligandi the· 

tin atbm is displaced_out of the-basal. plane in· the direction of 

' 0 " 
the apical carbon atom by 0.64(1) A• 

Many N-substi tuted N- (triphenyl staniiyl) .cyanamides have been 

reported and the tin in these complexes is shown to have a co-ordina-
' 69 

tion No;> :4 by means of I~ and Mossbauer Spectroscopy • 

. 107473 

") 

·. ' 
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· · .. ·several organoti,m (IV). complexes with _quadri · and .. t.etradentate · 

anionic Schif.f· ·.base ·.ligands _have been· prep~ed and: ,investigated .in 
' . . 

the solid ~t-ate70 , 71• · Mo~sbaue~ paz:-a.Jlieters derived froin both zero . :.' ..... : . . . . ' - . . . . . . -' ... -.:. . . . . . ., .. ·.- . . · .. ' . . * 
. ·field ~d ma_cji).~tical~y· pertu~~ed'_· spectra su,ggest that the R2Sn·(SaleJ!) . , 

'. 

.· . - ... ·. . ,' ' :_ . ' -' ': .- . "**· ' . : - . ·. . 
R c Mel Et,. Ph· and Me2s.n. (Sal:d~~-2-~0Hr.· .. compl~es }lave distorted -

trans ·octaheqral· .stru,ctures~:. Howe~r ·i~- Ph2sr1 (H-SaldaP-~--0) _the ligaad 
- ' . . ·. ' '•'. . . . 

awear .to be. 9nly terd~nta:te . .leadi~g t.o' a ·.penta- :co-ordinate structure 

. si_mil~. ·to·- those_-~_£ ~-the R2sn'(~al-~N~2~0C6H4 ) de.r:f,vat'ive~ .(R = Ph, Me). 
-:. 

· . The MC?s~bauer parameter,~-. are-- giv~n iD table 2. · 

-. · compound · 

.· CF:sC~-GO) (CN~NSJ!lPll3. 

C~OC(O) (o;JJNSn~h3 
.. :... : 

POSb2 {~~NSn~h3 

MeC(O)(CN)~SnPh3 . . . 

··,. 

'. 

I . 

~~-------~~------· 

..... 

• .. ~ : 

'- ,-_. 

Table 2 

. ·~. . '(' -·o· . 

-~ '1•', 55 
." ... • 

-1.07 
.. ' .. - .. 

. :~' . 

. . -.· ·.· 

··.·.-

~E/S 

4.54 4.24 -

4.~3. 

2.73 ·. 

* ~2~alen-.~, N • ethylene· bi s_ (S a~ic;yl-a1d:tmil'le) ... 
,. . 

. ** _ ~-Saldap-.2~0H;_N,N 1; (2~hy~o~y· ti-i~~ih:YJene)l;>is <-s~l-:f,.cylald£m.ine) ·~ • 
. . . . .. . ~ 

.. ~ 

.., •J' 

..... 
,• •• !, •• 

'·,·· - ".. .... 

·, .· 

. ( 

··' 
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. Orgariotin c<;)rnplexes :of strongl\ -aciqs of. :the. :tY-Pe. ,Mf!
3

SaTCNQ ~ 

~~P2Sn.?'C~Q; ·_MeCP2~n•nTCNE (~a '1,2) ~and 5~4-.T~!'THF_ ·{X::: Cl, 

Br) ?2.. haY:e be:e~ p~p~ed ·. (TcNQ _.=· Tet~a cyan()-p.~quin.odimethcme, TCNE = 

· . tetracyano ethylene) .• ·The·· infrared. spe~tr.a of .the_ complex· Me
3

sn.TCNQ 

exhibits a single· band. at 5_55 -~m-·.1 in :the' tin-cari?on stretching 

region whic;h. is as·si·~ine.d to the. 'anti~-symmetric JnOde ·Of ·a planar 

Me_3~n moiety, with- brldgJng. TCN,O_ residue.s, resulting in a trigonal 
. ,.. . ; . ' . " ~ 

· .bipyramidal configuration at _'~he tin·. The ·intense colouration· of the 

,compound is. ihdicat~ve of. the form~tion ·of (TCNCf>- rad.:(.~ai anion on 

:~ompl~x~tion. ·The ~omplex· is there_fo~~- best represented by the 

· ,~-an:onical foJ:m _(Me
3
snrt-. (TC~~,-~- an~· __ .thu~· prov.id~:fs the· first exainple .. 

of an ":i."s_olable par~agnetic organc>tin: comple_x .• ' 
.. 

Exanple of. a -~ompound·.~ontairting o~g~ottn ·(II). and organotia 

. ( ;rV) in one J110le,; le, ( Me3s~ lV ~5H5 J2s,.;II • has · also been ~ported 73• A 
. " ·,·. 

-~lat. scn1dwicn t:YPe c_ompo~d, ;:.de.caphe.py~dicycio;Peatadiemy~~tannoce~e, 
_i!l'V'Olving t.il'l (II) st:;,'ctQ.re ("~S .... '<~6H5~ S~!; J 2sn II has been ·. . 

J;ep~~ed 74 •. The triorgan~tia·.q~rivatiye~ 9~ N~~yl.-hyq~oxyl~~e 
·e~g~. ·Me3S~ C.~<Ph)So2c6H4CH~' ·_7,_ .(CH]j 3s~. _C,'ON(Ph)C~J?h.;7, · · 

. . ' -· . 

.Me3 ~n ·z-oo<~Jcot-1e .... 7 h~ve· been !lrepareQ.. The presencE!' of a se~c>nd .. 

. . qo~o:r;.· s·ite, i~ ·th~ N~acylhy~~~ylfuliine .. ligand·perrtlitS 'its pot~nt_i,al. 
·;.~ . . ' - . ,· . .• . '. : ' . ' 

·. _functio~ or a unidentc;tte or ·a. chel~tin.g bidentate ligand, thus~ giving'' 

rise to-,'the possible' four c'~qrdi~ated ~troctl,lre ov) or ::the two 
. . . '~._ ., .... ' .. ··75 _::.. . ' / 

5-co~ordinated structure (:V) and (VI) . · ~- . " .. 
;, .. 

. f • . 

.·. .. "- ·,· 
•• j' • 

·.; 

,·· '.' 

. ' 
·' 
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R .......... 
...... ......, 

-..., . . .. I 

R c-. · - _:::Sn--,.--- ON ( R''}COR -

. . R' 
o~. ·==== ·/ c'\. . } . 

0 

• •• • II 
... 

0 N-R 
. ... ........ ' . J . 

· .·· · · 'Sn-·-__;,-· ...;..__ 0 · 

R/·.·· 

Type :.v 
- '' 

R 
. .·. . I 

0-,R)~'~"-....;._-.. -...---:.. ·ON" 

- ~ Rtt_ 

. I . 

R. · R · 

I I 
c~o >.~~- o " . 

" " " t • ,~ 

Ro R 

, Type - VI-
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Triorganotin dialkyl thi.ophosphates; (Ro)
2

P(=S)SSnR'• {R == Et, 
. 3 

i-Pr, n-Pr or Ph and R1 == Me, ·Et, Bu or Ph) have been· prepared76. An 

ester type structure has bE'en proposed for these .compounds. 

s II i. 
(Ro)

2
p-...;..._ __ s ----sn-· -R• 

I. 
R• 

Type- VII . 

works on oxy and thio phosphorc..us. _acid derivatives of tin­

~trpctural c;:ontrast~ bas been reported by Molloy ~~ a177 • 

The contrast between the chelating of tne dithiopho~horus 
:i:. . acid. groups and the bridging or the corre·sponding oxygenated ligands 

·~ ., 

·.· 77 . .. 
has beefl: reported , where. it has been.-rationaliz~d on 'bio counts~· 

'"0 
Firstly the- sn-0 bond is at least o.2A shorter than the corresponding 

sa-s bond. Thus when chelation occurs, the. angular strain within.the 

re8ulting four-membered SnE 2P (E == o;s) heterocycle is. greater for 

oxygen; renderj_ng chelation less favourable. 'The relative electro­

negativities of C(2.-50), S(2.44). and_0(3.50) underlie the second 

rationale. In a trigonal bipyramid, for·exarrple, compe~itian between 

carbon and sulfur for p- or S•dominated _orbital~ bn tin will be 

negligible• .Conversely~ ·the increased electronegativity ~f oxy_gen 

ove;r carbon directs. it into the axial position of the trigonal 

bipyramid with the· ligand unable to span both ~ial.sites in the same 

molecule bridging was obse-rved. . ) . 
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The initial ESR spectra observed for the reactions of o­

qui:aome with R3snsnR.3 are analogO'!J.S to the signals of tin containing­

semiquinones formed according t9 the reaction. 

Eqn.~) 

+ N~~l. 

,. 

From the reaction of pyridi.ne N-oxide with nitratotriphenyl t~a 

i~· dry acetoae under nitrogenJ two types of crysta.y~ belonging to the 

monoclinic and .triclinic systern, rc~spectively and· havimg ,same 
. / 

csn(C6H5)3 CN03) (CsHsNO) ._7 stoichiometry has been reportea' 8• 

Moreover, . a molecular adduct of Nitratophenyl tin with trip.henyl·.arsenic 

. oxide Csn(c6H5 )3 (N03 ) Cc6H5 ) 3As0 _7 has also been synthesised., The 

co-o~dination ~o~t tin is bipyramidal with phenyl ring in the equa­

torial and oxygenated ligands in. the .axial· po~itions '1'·. 
' . 

In.· cases where the ani·onic grcups have no co-ordinating· 

sites e.g. B(c6H5 ) 4 .' two molecules of a mono~anionic Lewis base viz., 

water ·can occupy the. co-ordination sphere,· giving a planar snc3 

arrangement with a pent a co-ordinated tin atom (TypeVII I). 

. ' 
·' 

. I 
I 
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., . 
c 

D Sn D 

1\ 
c e 

Type 'VIII 

·Intramolecular .coordination ofte.n. results in roany interesting 

·struc:tural variations .when t?e X group in R3SnX beiongs to a 
. . . . 

chelating l.igand~ ·.Such l!Jtructures may be schematically represented 

as shown below {Type IX). 

Type IX 

Crystal structure of;tribenzyl (2-pyridinethiolato-N-oxide) 
. . 

tin. (IV) : a rare example of square pyramidal organotin (IV) compound . . . 

. d119 has been reporte • . 

. . 

Tribenzyl (2-pyr:j..dinethiolato-N~oxide )tin {IV), 

f(C
6

H
5

CH
2 

)
3

Sn (2-SC
5

H4NO) _7,. crystallizes in .space group Pl, with 

·,r 

I 
• I 
'· ' 

.I 

. I 
I 
I 
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a 9.169(_ , b ; 0.498(3)·, c 13.511(4) A,c(91. __ 54(2),p 104.61-(2), 
. 0 y 112. 4S· , '"') and_ Z = 2. The structure has been refined- to R = 0. 028 

using 4593 observed MO-I~-reflections. The molecule ado);lts a configura• 

·. tion displaced 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 carboni't7onisof two bepzyl grcups L.sn-02.261(2), sn;.;.s 2.577(1), 
. . . '9 ' . . 

Sn~c 2.189'(3), 2.196(3)A.;._7. The apical:.tin-carbon bond rsn-c 2.167(3) 
0 . . 
A_7 is shorter than the other two tin-carbpn bonds. The tin atom 

. . 0 
is placed 0.64(1)A from the basal plane. in the direction of the apical 

. . 0 
ci:u:bon C sum of the basal angles = 341.7 ('4) and the c apical - sn 

L bas~I'-angles are In. range 100•1(1)-110;.1(1) 0
• 

The unusual geometry of triberizyl (2.;..pyridiriethiolato-N-

;J,..,_ oxide.r tin (IV) provides the first example of polyt9pal dominance 

~-

of th~ sqUare 'pyra.roidal ccinfi~ration in penta coordinated organotin 

compounds. --

In contrast to the.penta co-ordinated triorganotin compoun~s, 

ex~les of 9-qoordinate triorganotin compounds are very~w. T~e 
Mossbauer recoil free fraction and structure bf triorganotin aryl­

a!. aiobenzoates has been reported • Spectral ·and other studies inc3icate 

some of these to be 6-coordinated triorganotin compounds• 

I 

The synthesis and_X-ray structure~ of Tris(pYrazolyl)borate 

(Tr.i,methyl)tin : A six coordinate Trialkyltim complex h~s been 

120 reported • 

. ' 
·' 
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Reaction between Me 3snCl and K~HB(PZ) 3 _7 (PZ ~ 1-pyrazolyl, 

C3H)N2 ) affords LHB(PZ) 3 _7 SnMe3' which was showil Qy a full x-ray 

structure determination {T~igonal space group PG, a= b =11.722(3) 
. o· . 

C ~ B.211(2)A, Y = 120°, z = 2> to ·contain six coordinate tin bonded 

to three methyl groups and to three p~razolyl groups.· 

H l-f. 
·/B,_ . 

'/ / ~ . 

-011Ji ·. JQ\ . 
N~N- Nw .. 
. \J/' 

·IV 

The infrared and mass J:~pectra of HB(pz))SnMe, were fully_consistent 
1 -· 

with the assumed formulation and the H NMR spectra showed that all 
• >v • 0 .. . 

three pyrazolyl rings were eqtiivalent beeween-60 and +30 c, suggesting 
. . , 

that all three were coordinated to the tip atom, or that rapid 
. . 

, exchange of the rings of a partially co-ordinated ligand was occurring. 

1'·. 
The invariance of the H NMR spectrurr of HB(pz)3SnMe3 over the 

:t 0 . 
range·- 60 to +30.C suggests that a six coordinate structure with 

equi'vai.ent pyra.zolyl rings is maintained in solution, althoygh a 
. . . 

lower coordination system with rapid exchange of rings cannot be 
- l .-.' 

ruled out. 
r - :· _~)!-::·. -~ '- # •• 

/ . Skew-trapezoidal bipyrarnidal · diorganotin ( ~V) bis .. chelates. 

c~stal structure o~ dime.thyl.:.bis ( 2:_pyridi~~thic;>lato.:N:~id.~) tin (IV) 
.. . . 121 

has been reported • 

") 
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'Dimethyl bis (2-pyridinethiolato-N-o~ide)tin (IV), 

Me 2sn(2-SPy0) 2 , crystallizes in sp~~e group P2
1
/c wit~ a 9.877(3), 

b 11 .• 980(4), C 13.,577(3)~, l3 109.1(2) 0 and Z· :::a·4. The structure was 

refined to Rjr = o .• 036 £or 2263 MO-KoC observed reflections. 

The coordination geometry at tin is a Skew-tra~ezoioal 
0 

bipyramid, w·ith the oxygen rsn-0 2.3_56(3), 2.410(4) A_7 _and sulphur 
0 .. 

f:sn-,s 2.536(1), 2•~66(1) A J atoms of the chelating groups occupying 

the ·trapezoidal plane and the methyl groups rsn-C 2.106.(6), 2.128(7) 
0 ·. .. . 

A_7 occ~pying the apical positions. The methyl-tin-methyl skeleton 

is bent.Cc ... s_n:...c 138.9(2) 0 ._7. The· s-sn-s _angle is,77.8(1) 0
,_ but the 

. . . . . . 

o..:.sn-O.angle is· opened to 136.7(1)
0 

to accommodate the intruding . . . 

methyl groups.· The carbon-tin~carbon angles predicted from quadrupo~e 

119m · · · · . · 119 13 · 
splitting ( Sn Mossbauer) and one-bond ... sa C coupling constant 

J.-- (solutio:a 13c NMR) "data agree erosely with the exper~mental val'Qe •. 

\ 

In the ide;3.lized case of a six coordinated .d.;Lorganotin bis-
. .. 

. . . / 0 0 
chelate the carbon-tin-carbon angle i~ 90 · for the cis and 180 for the· 

. 0 . . 
trans isomer. The angle of 138.9{2) found for the title compouad is 

close tq the average of the two extremes. 

-The geometry of the co-ordination polyhedron around the till 

in -~ 2s:a (2-SPyo{
2
is be.st described as ·a Skew~trapezoidal biprramid 

{STB). A schematic representat:ion of this is shown in Fig. 

/ 

'\.I 

I 
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The. first X-ray c:;:rystal structure of a diorganotin dicarboxylate 

as well .as the.;first x..;+ay structural study of a 7-coordinate organotin 

anion, ~ .diorganotin 'tricarboxylate ·.hafl also been reported1.22 • 

. The X-ray crystal and molecul-ar s~r,ucture of Me
2
sn (0Ac) 2 has 

·12~ 
been reporte~ · · and· cqmpared with _previous predictions based on ot:qer 

structural methods. The rrol~cule is found to ·be monomeric aad 6 - · 

coordinate at tin in. ~he solid stat~.- The Me-Sn-Me: angle of 135.9 (2) 0 · 

is ·in .close agre_ement with_ the value predicted from solid-state and 

solution NMR studies. 

The most striking result of this study is the discovery that 

_ 6-coordiriate .Me
2

Sn ( OAc) 
2 

is capable ·of adding a third acetate group, 

·giving rise 

7. ,Solution 

to a diorganotin (IV) anion with a coordination nuni:>er of· 

. . - + 
aad solid-state NMR data ~or ~2sn(OAc) 3 'NMe4 provide 

J evide.nce that the. complex is thermodynamically st;,abl,e .tn sol'ution rela­

tive to di.ssociatiqri and indicate that1 in· add.;L ~ion to the well . 

cha~acterized penta ~ubstituted di~ and·triorganotin (IV) halide 

-~ 
\ 

anions~ organotin (r!) compounds b~~,ing other, ·less strongly electron 

withdrawing liga~ds can_giye rise to st~l~,_ !salable anionic complexes. 
I 

.. ! 

I 

' ! ', : 
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... 
A clear implication of the results obtained for the reaction of 

. . + -
Me 2Sn(OAc) 2 with NMe 40Ac is that nucleophilic substitution reactions . . 

Gf even 5- and 6- COOrdinate tin compounds can, and may frequently, 

prpceed by associ.ative mechanisms involving anionic tin iatermediates 

of high coordination number. Such mechanisms may in fact be the rule for 

many industrially import~nt reactions catalyzed by diorganotin dicarxoy­

lates. 

It has been reportea123 that an analysis of x~ray.data for 

seventeen polymeric triorganotin (IV) carboxylates gives a repeat 
0 

distance ·of· 5 11 19 ± o. 21 A for the. carboxylfite-bridg:ed R3sno.c (O}R' 

un'it that defines the crystal lattice. The repeat distance is .insensitive 
' '• a • ' • 

to· the. organi.c · subs.titu.:;nts on· either the tin. or carboxylate group. 

Tricyclohexyltin acet~te and tricycilohexyltin trifluoroacetate are 

J-· · reclassified as weakly associated polymers. 

X 1 120.0 
In. the. cyrstal lattice, .the Sl'l-0-(;:: angle .is. general Y 

· U 1 / 124 
bu the c-o-sn angle can open up to acqomrrtodate rnore bulky R' g+oups .·cr.· 

I ).Sn' 

1. 
- ·~· 

i 

r-,· vx 
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The reaction c;>f dicyclopenta-diethyi. tin .and. bi·s- {merthyl. 

cycl·o-pen:tadienyl) tin with some boron, ai~initim trihalides give 

complexes .of the . ~omposi tion S.3 •. 

. :-.-.; 

27 

. T~e ·addition of ai·cyclopent~dien:ylti.n to THF. so],.ution of the 

comp~exes. M(COJ5THF (M ~ Cr,. Mo, ~) .prod~ces· complexesS4 : 

. · . . ' . ' 

- · .·R
2

SD ·i M,(CO)S .{where R = c
5

H
5

,, ·M··=-· ·cr·, -_b-16, .W),- R = MeC
5

H
4

, 
. . 

. M_ a, Cr, · W. TJ?e·. evidenc~ for cis-Bis (2, 4..:pentanedioaates) dimethyl 
. . 

tin (IV) ·has been foUnd in ~olu~io~85.~ · · · ·. · . · · 

. As a re_sul t ·of tl'le enhanced re·ac;t~ vity Of· the endocycliC 'tiD­

ca'~oJi bond, .1, 1, dimethyi-.1-stannacyclopentane (DMSO.S) readily 

' underg~·~ . ripg. ex:pansion'· react; ions .wi t.n .a' variety ·of SubStrates to 

' ·p~oduce new org~otin -het~·rocycles. A. few. e.xamples· of· ring expansion 
. . . . . . •. . . . 86 . · .. · .. ·. ' 

··lnvolving 02'- S·~ so2Fe2 (Co) 9 . -~ .given· 'below . 

·/ . -,_ -

- -~ -

.' . .f 
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In case- of diorganotin derivatives, both penta co-ordinated 

28 

and hexa-coordinated tin compounds have been reported. ·Penta co-ordinated 

tin is observed in dialkyltin dihalide, carboxylates dial~l tin halide 

0xinates and dimethyl {1, 3-dimethyl. triorgaseno) tin balides87 are of 

(type-X} 

-~ 
XR

2
Sn Y 

-~. 
Type-x· 

The 2:1 addition compcn.md of· (C6H5 >-2s~ (NC0)2 . and bipyridine in another 

type of penta.i.co-ord.inated di;..organotin st.ructure of {type -XIJ. 

Type-XI 

Infrared· spectro"scopic investigations hciVe shown that the 

addition compoUJids. of R2snx:2 (X = halogen) and monodentate an:ines in 

1:2 rr.ole ratio ar.bidentate amine in 1:1 mole.ratio are of the(type-

xrn. 

·.r 

~ I 
'· I 

! 
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Many di- organot"in bis(chelates) have been isolatea54,5~,$!7,~7 

and found to contain hexa co-ordinated tin atom. Some representative 

compounds are acetylacetonates, oxi:qates .fil.I1d carboxylates. The alkyl 

group .in. these· compound:s exists predomi;nqptly in th~ trans~ppsit~oa 

(Type-~II). 

,. 
c 

.r-\~/ 
X· . Sn · Y 

"'--/'~ 
e .. 

Type XIII 

For- .diorganot in dioxinates suoh a cv.aventional octahedral . J 

stru~ture is,. however, far frorr correct as x-ray· investigat.;ion of 

dimethyl 0 tin dioxinate shows this rrolecule may be interpreted in terms 

3 ot distorted tetrahedron formed through 3~qe~tre.bonds ·involving sp-
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orbital of the tin atom and the valence orbitals of the donor atoms 
' ' 90 

(oxygen and nitrogen) of the oxinate group · • 

} -2 The most asymmetric species is the (CH3 2snX4 ·anion 

··(X= F, Cl, NCS) where the structure is represented by typeXIV. TQbias 
-2 

et al have shown that there are analogous species ~(cH3 > 2sn(OH) 4 ~ 
as well as cationic hydrated species· ih aqueous solution of dimethyl 

. , 91-93 . tin compounds · • 

. c 

c 

/ 

Type XIV 

An analysis of IR spectra in the 
. . I f 

' -1 
1200-900 ·em of the compqunds of 

. ' ' ~ 

= R" = H or Me ) hav-e- been used to the .type. n-Bu2SnCH2 CHR.1 CHR11 0 (R 1 

94 
distinguish betwe_en monomers, co-ordination dimers and cyclic polymers. 
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Monomer Co-ordination dimer 
True dimer 

VII. 1 ~ . 
Polymers 

Reports on mono organotin compounds indicate that some of these 

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

HOWever litt+e work has been done on their detailed configurations; 
. .. 95 . 96 

Mono-9rganot;in. halide bis .. acetylacetonates . and bis-oxinates as 

well as the addition compounds of formula Rsn.x2 .2D
97 

are examplesof 

6-co-ordinated tin compounds • 

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

·98 
~allaoium (II) ions give two mono· organotin complexes • 

(P-5)• 
·L c2H

5
SnPd ( OH) P _7 ' 

and 

. \ 



·-~-

Tl- ?.imeric tetraalkyl distannoxanea 53 (XR
2
snosn.R

2
x>

2 
and 

(XR2Sn0SnR2 0H) 2 are unique be~ause'· they are _believed_ to contain both 

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

. ?-S11--:-X · 
X-Sn ,. I . . .. R2 

R2 

.. ·Q __ ... Sn-OH 

x-· 5( J. 
.j . R2. 
R 2. 

/ 

Type..:xv. Type-XVI 

A hepta-co-ordinated tin is observed in _phenyl tin tris (tropolonate) 
- ........ 

'and probably in mono organo tin tris (carboxylates) ~ 
. . 

... The ~omplex compound ?-(acac)?CRsn (bCH3 >.::72 obtained by partial 
- . 5~ 

alcoholysis from RXSn(~cac) 2 · is ·unique. in that it contain~ two 
. " 

briding methoxy. gr· ups forming a four membered Sn-0 ring as shown in 

structure <X v :tr) • 

'. 
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Type'- XVII 

. The mono-, cii .... and tri~ organotin compounds generally exhibit· 
. 

a co-ordination number from 4-6. However, not many organotin compound 
. ,-)( 

have been found t·o possess hepta-co-ordinated tin, the geometry of 

which ·is expected to be pentagonal bip:y"rarnical one. Phenyl tin tris-
99 ._. 

tropolonate has_ been reported to ~e mQnomeric in methylene chlorice, 

suggesting a seven-- qo-;.ordination ar:ound the tin. P. G. Harri-so~i~~,b 75 
. . . 

- ' 

have concluded from UV,· NMR and IR .data that n-butyl tin tris-oxinate 

may have 7-co-urd.i.nated tin atom.· Ruddick and Sams101 , from Nossbauer 

spectro&copy, determined the co-ordination numbei around tin in 

BuSn(OX)J which i~ consistent with S~Ven· cO.:.ordination, with three 

equivalent b~dentate oxi~e groups~ A new structural interpretatioA02 , 

based on solid-state and solution 13c NMR: data for Me2Sn (OAC )2 w'as 

put forth _for diorganotin c1i-carboxylates. The first X-ray structural 

study ot a 7-coorc'Unate organotin an:f_on, ~ diorganotin tri-carboxylate 
' .. . - . 122 

·~- has been reported • 

The structure of polymeric mono-organo-stannoic acids and 
. ,. ·-· "~ 

the crystal·· st.t:Uctures of. their carboxylate derivatives .ha; been 

.: .. 103,104 1 reported where it has been shown that po ymeric tin compounds 

are most likely to show a Mossbauer effect at ambient· temperature. 
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·The ·synthesis and X-ray c.rystal struct~ of n~ame.J;ic phenyl tin 

oxycyclohexan~carboxylate, ~PhSn(9)o2cc6H1 1 _76 has been re~orted10~ • 

The x-ray characterisation. shows tin (IV) present. in· a new structural 

environment appearing as a drum shaped molecule containing hexa 

coordinated tin atoms. 

The synthesis of hexamE".'ric n~butyloxotin benzoate 

Cn-D~Sn (o)o2cc6H4Nq2-2 _7 6 . ."3c6H6 a~td the dimeric methyloxotin ~ 

cyclohexanoate, L(MeSn(O)o2cc6H11 ) 2MeSn(o2cc6H11 )
3 

_7 by co~densing 

the stanpoic acid with the respective carboxylic acid as well as 

sy'nthesis· of ¢limeric n-butyloxotin·carboxy~ate, b:y reacting·n~butrltin 

·trichloride w'ith the silver salt of ·the r~Sspective carboxylic acid 
J~ . . . 

. . 106 
have bee·n reported ·· • Th~se substances, . as found 1:?¥ x~ray analysis, 

form a pew structural class of org~otin compounds having "unfol:ded 

drum11 or 11 latlcer11 .structures. 

Fonnation. of distanrioxane rings seems to be. an int~gral 
/ 107 component of .hydrolysis products of mai_ly O'rganotin compound • For 

exam,p~e, monoalkyltin halides hyp~olyze to give distannoxanes- of the ~~ 

VIII 

. ' 
·' 
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wheJ;eas diorganotiR. halides give dimeric distannoxan.es .as. end pr()ducts. 

These possess 11 ladderi,lO'l-1<l9 or "stair case 11 llO,lli_ s·tructures. Here 

the tin atoms are penta-coordinated. 

. R R R R 

. ~. 1/ 1/ 
et~sn o---. Sn·---x :·· 

.IX 

where X •· Cl, OH 

R a _Ph, ·alkyl 

The .synthesis of a solub~e drum compo~mda containing 

cyclopent~e ~its, f""n-DuSn(O)o2cc5H9 _76.c6H6 'and the fo~ation of 
; . . 

a nov~l-chloro deriva~ive f: (n-BuSn(O)_o2cPh).2 (n-nusri(cl) (02CPh) 2 _72 
having "ladder" or 11 open drum" structures has been reportea11 ~. . . ',. . . . . 

Interconversion of the drum·~d ladder· structures has been established 

. ' 
·' 



in sol uti on by '119sn NMR along with a possible mechanism 

of a.ladder to a drum formulation has been reported11 ~. 

36 

of hydrolysis 

h 
. 112. . . . 

C andrasekhar et al employed a variation of the original 
113 . 

~action by Lambourne in explp.J:ipg condensq.tion products leading to 

the drum composition as ~ell as to a mixed oxocarboxylate~tricarboxylate 

formulation,. L(R'Sn) {O)o
2
cR}2R 1 Sn(o2CR)

3 
-_72 • Tqe latter·was identi-

. . . . . . 106 
fied as having an unfolded drum or ladder ·structure • The re.actiom 

' . ' 

consists. 'of a condensation of an organostannanOic acid with a 

cqrboxylic acid. 

The stannoic acids are infusible p~ders fgr which a polymeric 
. . ' . . 114',1'15 

structure (X)_ have· been. proposed . .• For the pari:;.,i.ally dehydrated 

. 116 
material structure (lXI> has been· proposed by Platt et a1 • 

X 
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In both 00 and (XD, tin atom is 4-co-ordinated ancl is enclosed 

within the tetrahedra formed by the three oxygen atoms and the organic 

group R. 

From the values of quadrupole splitting (EQ = 1.29-1.83 rnn/sec) . 
117 in organo stannoic acids Davies et al · · have suggested a tetrahedral 

geometry at tin, though the possibility of association has not been 

completely excluded •. The iso~er shift ~alue <b= 0.40-0.78 rrun/sec) 

are ·very.small because of the very low 'S' electrcn density at the tin 

atom res:Ul ting ·from electron· attraction by. the surrounding oxygens. 

\' 

I 
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