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PREFACE .. 

Along with the tl:'emendous growth in the industrial, 

agricultul:'al and other applicatio~s of ol:'ganotin carboxylates, 

theol:'etical and stl:'uctul:'al intel:'ests in this class of compounds 

ha.ve continr..ted to grow during the la.st few deca.des. It has also 

been suggested that theil:' pl:'actical applications are significantly 

connected \llith their structures and great interest for the study 

\. 
. --...&.· ... of organotin cal:'boxylates has evinced among organotin dhemists. 

In almost all orga.notin carboxylates, unless dictated by 

steric factors, the solid state structure consists of carboxylate 

bridged polymers. However, a. bonding mode alternative to ca.rboxyl 

bridging, leading to either intra- or intermolecularly coordinated 

structure, may become possible if the carboxyl moiety contains a 

substituent carrying a suitably placed donor atom. This 

possibi I ity has, in recent times, gener-ated tremendous interest in 

the solid state structure of organotin derivatives of carboxylic 

acids containing an· additional potential donor site. Among many 

such organotin carboxylates the derivatives of substituted benzoic 

acids, pyridine carboxylic acids and some amino acids have 

received mr..1ch attention. But keto carboxylic acids, though 

apparently capable of forming intramolecularlx chela ted ring 

structure, have not received adequate attention. This has prompted 
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us to attempt the synthesis of the organotin derivatives of 

(;(-keto carboxy 1 ic acids to investig~.te their spectr-al 

properties. 

The methods employed for- the preparation of the organotin 

keto carboxylates are ( i i· reaction of the Na-sal ts of the acids 

1dth orga.notin halides and {iii reaction of the free acids with 

orga.noti11 oxides. While .the reaction ( i) proceeded as expected 

giving organotin carboxylates, the reaction {iii produced a unique 

class of addition compounds, 'in addition to the carboxylates, 

depending on t~e reaction condition. 

The results of these investigations preceded by a. 

comprehensive survey of organotin chemistry, are presented in this 

thesis. 

In Chapter-! a· brief review of the organotin chemistry,with 

special emphasis on. both the donor and acceptor behaviour of the 

organotin compounds has been presented. The formation of addition 

~· camp l exes through donor-acceptor interact ions has been discussed 

in some detai 1. 

The Chapter- II consists of a. review on organotin 

carboxylates, emphas~s being given on the structural aspects. The 

various structural ,possibilities have been highlighted citing 

extensive examples fr6m the literature. 

The synthesis and characterisation of a number of new 
. I 

~-
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or-ganotin c11.- keto carboxylates CR Sn ( OCOCOR' ) 
4-n, 

n = 3. R = n-Bu, 
n 

Ph, PhCH and n 
2 

= 2, R = Me, n-Bu, n-Oct; R' = CH s' Ph, PhCH ) 
2 

constitute the subject matter of Chapter- I 1 I. On the basis of 

spectr-oscopic data the tin atom, in some of the organot.in a-keto 

carboxylates, has been shown to have attained a coordination 

number of silt thr-ough involvement of the car-boxyl moiety in both 

inter- and intramol.ecul.ar coordination. The formation of a few 

carboxylato di6rgan~tin hydroxides [ R S n ( OCOCOR' ~ OH, 
2 

R = Me, n-BU, 

n-Oct, Ph and R' = CH , PhCH J ar-e also repor-ted in this chapter. 
9 2 

In the last chapter, the isolation a.nd tr-ansfor-mation of a 

few carboxylic acid adducts of the general formula R SnOH.R'COCOOH 
9 

CR = n-Bti, Ph, PhCH 
2 

; R • = CH and R = n-Bu, 
9 

R' formed 

with or-ganostannoxanes/ triorganotin hydroxides, are reported. The 

isolation of these unique compounds is the most significant 

feature of this work, since an understanding of U·,, formation· and 

structure of these compounds may pave the way to design new 

carboxyl.ate I igands, with which one can, possibly, isolate the 

inter-mediate complexes believed to be the first step in the 

reaction between the stannoxanes and carboxylic acids. 
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DONOR -ACCEPTOR CHARACTER OF" TIN COMPOUNDS . 

1.1 Zntroduc t ion. : 

During the last three decades the coordination chemistry 

of organotin compounds has experienced tremendous growth and still 

continues to grow, due mainly, to theoretical and structural 

interests as well as due to the role of these coordinated species 

as intermediates in various synthetic reactions and interesting 

-;~:. biocidal properties in many of these compounds. The concept of 

organotin compounds as Lewis acids is of fundamental importance to 

an understanding of many problems of structure and reactivity. 

The acceptor strength of the group IVB elements follows the 

sequence Sn >> Ge >Si. Tin compounds form complexes with Lewis 

bases much more readily, though to a lesser extent in the lower 

oxidation states, than S i and Ge, which behave as acceptors only 

when four strongly electronegative substituents are bonded to the 

o:-j metal atoms. The remarkable Lewis acidity of tin is attributed 

primarily to the availability of d-orbitals of sufficiently low 

energy, compared to the lighter group !VB elements. Addition 

complexes containing both , tetravalent and divalent tin as 

acceptors are well characterised. Some of the important features 

of these compounds are discussed here in brief. Addition complexes 

of tin halides, though not organotin compounds in the strict sense 
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"'-;!. of the term, are also included in the discussion for the shake of 

completeness and comparison. 

Beside the dominating acceptor character, organotin 

compounds of ten behave as interesting donors, an aspect not so 

well recognised. 

In the bivalent state, tin should be. capable of showing 

donor properties, at least in principle, due to the presence of 

the 5s-lone pair. HoweYer, the a-donor strength of the 5s-lone 

-~. pair in Tin <II> should be small, because the ability of an atom, 

possessing a lone pair, to act as donor, decreases with the 

"\.. 

rl. 
·- .J 

increase in atomic number. Tin (IVl, on the other hand, is devoid 

of any lone pair and as such the donor property in Tin( IV> 

compounds arises from M. 0. 's de 1 oca 1 ised over blfo or more atom 

centres. A short review on the donor abilities of organotin 

compounds is also presented hera. 

1.2.1. Ti-rL 1: IV:> Cortt.pounds as Acceptor-s 

I.2.1.A. Relative Acceptor Strength • 

ln the .most familiar t e t r.a v a 1 en t 

invariably behaves as a hard acid or class·A 

state tin almost 

t 
~.2 

accep or because 

of its small size, high positive charge, a.bsence of any outer 

electron-easily excitable to higher states and presence of empty 
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I 

5d orbitals. The d-orbit.als are of sufficiently low ··energy for 

them to be frequently ·used in bondir·,g so that tin can readily 

expand its coordination number above four. Consequently, detailed 

studies regarding the acceptor properties of SnllVJ compounds have 

been made with R SnK _ where, n = 0,1,2,3,4; R = alkyl/aryl 
t"' 4-t"' 

groups, and K = halogen, pseudo halogen, 
I 

AcO, NO etc. 
s 

and a 

large number of their compl.exes with N and 0 containing I igands 

9-15 
are known . 

It is well known that the tin tetrahal ides have a marked 

tendency to fo~m thermodynamically. stable six coordinate adducts. 

As · the halogen atoms are successively replaced by less 

electronegative organic groups the acceptor strength of tin 

decfines·, but in general, the stability of organotin complexes 

seems to indicate that tin retains its class 
9 

A character . Using 

the difference between the dipole mom~nts in dioxan and hexane as 

a measure of complex forming ability, the following sequence for 

acceptor strengths was obtained
11

• 

SnC 1 > PhSnC 1 > Ph SnC 1 > Ph SnC 1 > Bu SnC 1. 
4 9 2 2 9 9 

The same sequence has also been found from both potentiometric and 

conductometric studies of penta-coordinated anionic complexes in 

t . t . l i2 ace .onl r1 e . 

The coordinative bond strength in complexes between several 

alkyl tin chlorides and 2,2'-bipyridyl, as derived from 

- r 
~ 
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thermodynamic data is found to decrease 
:1·1 

in the order 

SnCl > n-BuSnCl 
"' . 9 

> (CH) SnCl ~ <C H ) SnCl > (n-Bu) .. SnCl.,. 
92: 2:.2:52: 2: c. c. 

The acidity constant 
i.i. 

of SnCl on substitution of one chlorine 
4 

by an organic substituent is decreased by a facto~ of 

4x109 (n-Bu> > t.6x109 CMe> > 5x10
2

(Ph>. 

The same trend is observed in the stability of the heKa-coordinate 

t
. . u. 

organa 1n an1ons , where the sequence 

-2 
is observed and there are no reports on the ex is t.ence of R

4 
SnC 1

2 

ions. Anionic chloride or bromide complexes are also obtained more 

easily with PhSn(IV> than with 
H MeSn ( IV> . The quantitative 

relative acceptor strength of three organot.in trichlorides and 

SCI •t• b tt n vs ant 1ne ases was found to be 
4 

SnCl (670) > PhSnCI (12) > MeSnCI <?> > n-BuSnCl (1). 
"" 9 9 9 

For the tintetrachlorides it was found that complexes were formed 

with decreasing strength as the halide changed, :1:1 in t.he sequence 

~) F > Cl > Br > I. The quadrupole splitting in the Mossbaue~ spectra 

of Me SnX compounds with a series of donors was also interpreted 
9 

in terms of the acceptor strength of (he Me SnX moiety and showed 
9 

that the nature of the X-substituent influenced this strength in 

the i1 o.rder F > Cl Br OH • The tendency for complex 

formation by organotin hal ide systems was also studied by paper 

electrophoresis and anion exchange paper chromat~graphy. The 
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7 results indicated decreasing complex ·.stability as a function of 

-:-'-{ 
' ··--.)' 

the halogen subst.it.J..lentsu > Br > > Br > 

On the basis of tha foregoing bbservations, the variation in 

the acceptor strength -of the R SnK compounds can be represented 
1"\ 4-1"'1 

conveniently by the following tabular for~d ; 

Decreasing acceptor strength of R SnX 
4 4-n 

> 
X NCS F >> Cl > Br > I 

R Ph > Me > Et > Pr > Bu 

n· SnX > RSnX > R SnX > R SnX > R Sn 

"' 9 2 2 9 "' 

!.2.1.8. Consequences Of Acceptor Character ;-

( i) Intermolecular association : 

As a manifestation of this remarkable acceptor property, 

tin increases its coordination number above four in so 1 id 

organotin halides and pseudohalides by extensive intermolecular 

associa.tion
17

'
18

• These compounds are monomeric with tetra.hedral 

tin atoms, only in the vapour phase or in dilute solutions in 

non-conducting solvents
17

• 

X-ray and Mossbauer studies have shown that triorganotin 

f 1 uor ides consist of pi anar organic groups and f 1 uor i ne a toms 

arranged alternately, with non-linear asymmetric Sn-F----Sn 

b r i d g e s [ I ] i.d • 
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The lower alkyltin chlorides also have similar structures whereas, 

triphenyltin chloride contains discrete monomeric species with 

four coordinate tin. 
95

Cl NQ.R data suggest tha.t triorganotin 

chlorides with larger alkyl and aryl groups undergo phase change 

to 
. :id 

associated structures at lower temperatures . 

Due to their ~¥eak Lewis acidity and large size of the 

halogen, triorganotin bromides and iodides favour a monomeric 

tetrahedral structure in the so I id state. 
U9 

Sn Moss bauer 

spectroscopy, indicates that at 60°K the lower tr ia.l ky I tin 

bromides and iodides adopt associated structures containing 

t d . t t. i<S pen a-coor 1na e 1n . 

In the so I i d trior ganot in pseudoha 1 ides, the pseudoha 1 ogen 

group bridges planar R Sn units to form infinite linear or zig-zag 
3 

. ·16 
.::ha.1 ns . Even R SnX compounds { where K = C 10 NO BF A sF ) , 

9 4, 9, 4, 6 

which may.be thought as being ionic in the solid state are bridged 

polymers according to I. R. da ta:1z. The ster-ically hindered 

triorganotin halides and pseudohalides having bulky organic groups 

are monomeric with tetrahedral tin atoms. 

Diorganotin difluorides con~ist of infinite two dimensional 
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sheets of tin and fluorine atoms, with each tin linearly bridged 

to its four neighbours and having trans-octahedral 

c on f i g u r a t i o n [ I l ] 
16

. 

- -~ F 

~Sn 

I I 

tin atom 

In other dialkyltin dihalides and pseudohalides the intermolecular 

association is weaker and the tin atom has distorted trans-R SnK 
2 

environment
16

. Ph SnCl contains distorted tetra.hedra! moleculc:1.r z 2 

species with weak or no intermolecular association
19

• 

The l.R. and Raman spectra of methyl tin trifluoride are 

indicative 6f both bridging and terminal halogen and a polymeric 

structure [I Ill containing octahedral 

Me 

2:0 
tin in the sol i d phase • 

F~,,_ I --- F 
'-sn~ 

F ___ , , -,,._ F 

F 

I I I 

3!5 8:1. i<S 
The vibrational and NQ.R { Cl and· Br ) spectra of the other 
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MeSnX 
3 

X= Cl,Br-,I compounds are indicative of similar 

associated strucitures in the solid state. 

(ii) Solvation:-

Addition of solvents to the R SnX compounds 
n 4-n 

usually 

destroy their polymeric struct.\.lres and ·produces solvated 

organometal lie complexes. The ability of the coordinating solvents 

to act as ligands has been studied mainly by PMR and Mossbauer 

spectroscopy. In the NMR data, the increase of the tin-proton 

coupling constan.ts J u.?,':U.9 was thought to be related to 
Sn-C-H 

the changes in the hybridisation around tin on changing from the 

tetrahedral sp9 state in the pure organotin compound to a trigonal 

bipyramidal configuration in t.he pent.a-coordinated t·in complexes 

.a.nd to an octahedral configuration in the hexa-coordinated tin 

:U 
compounds • The relative nucleophilic character for a series thus 

established is DMSO ~ DMF > HOH > Py > MeoH > MeCOMe - MeCOOMe > 

D i oKan > MeCN ~V MeCOOH > t1eNO > PhC l ,.._. CC l . It should be noted 
2 4 

that 0- or N-donor solvents solvate organotin compounds more 

efficiently than S- and P-donors, e. g. , E t S < E t 0 ; DMT A < DMA ; z z 

HMTAPT < HMPTA Bu P < Py etc. This behaviour is typical for hard 
3 

Lewis acids. 

The quadrupole splitting observed 
H9 

in Sn Mossbauer studies 

of the interaction between n-Bu SnCl and a number of organic 
2 2 

coordinating solvents yielded the following sequence for their 
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relative nucleophilicity DMSO > DMF > HMTAP > DME > THF > DEF > 

E t 0-1:1.. 
2 

(iii) Formation of addition complexes :-

The tin tet.rahal ides form both ionic and neutral adducts 

with an enormous range of monodentate I igands and most of these 

have the composition SnX .2L, though 1:1 adducts f-;.3.ve also been 

"' 
reportedu. The 1:2 complexes have octahedral geometry

22
, whereas, 

1:1 complexes are trigonal bipyramidal. With some monodentate 

ligands both 1:2 and 1: 1 complexes may be obtained, e.g. 

SnK .2PBu and SnK .PBu 
29,24 

Bidentate ligands generally form . 
" s "' s 

1 : 1 complexes having octahedral tin atom geometry 2!5-SO 
A . 

bidentate ligand can also act as ·a bridge be tween SnX 

"' 
units 

[ IVJ~u .• 

Cl Cl 

- eN --1 )sn~l---
ci Cl 

NC- <CH l -CN 
2 9 

IV 

Cl Cl 

----1 )sn~~-- NC-
CI Cl 

H 0\.,r ever , s om e b ide n tate l i g and s , e . g . o- am i no benz on i t r i l e 32
, o r 

a.mide derivatives of hydroxybenzoic and anthranilic acids
99

, give 

SnX . 2L camp I exes as we l I as 
4 

SnX . L complexes. Many bidentate 
" 

Schiff-bases act uniformly as monodentate ligands forming SnX .2L 
4 

type 
zob, 94,9!5 

complexes . Transition metal derivatives of 

polydentate Schiff-bases [VJ may act as bidentate ligands and add 

on to tin tetrachloride producing bimetallic complexes as 1:1 
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d d . t . d t 9~,Sd a 1 1 on pro uc s . 

CH-N\ C/N.....CH 
0 M---

X 

[where, M = Cu, Ni 

] 

v 

In the intra molecJ.Jlarly coordinated complex dichloro bis 

(ethyl 3-oxo butanoatoltin{ IV} [Cl Sn<CH COCH COOEtlJ, 
2 9 2 

the [j- keto 

ester acts as a bidentate ligand coordinating thiough ihe carbonyl 

0-atoms and the environment around tin is slightly distorted 

9? 
octahedral • Pyrazole derivatives behaving a.s tridentate 1 igands 

can react \IIi th SnK 
" 

producing compounds of the type Sn<L>X 
3 

[ 

where, L = tris-(3,5 dimethyl poly pyrazolyl }borate ; X = Cl, BrJ 

having hexacoordinated tin atoms98~,b. 

Acetate and haloacetate esters can act as monodentate ligand 

and add on to SnC! giving trigonal bipyramidal as well as 
" 

octahedral (both cis and trans> "" complexes • 

In crown ether derivatives, such as, SnCl {18-crown-6l.2H 0, 
4 2 

X-ray studies have shown that the tin atom environment consists of 
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octahedral SnCl <H Q) units and the ether molecule is only 
4 2 2 

hydrogen bonded to the water 
. 40-42 

molecule . Additional water or 

other -solvent molecules may be associated through hydrogen 

bonding
4
t. However, Atwood et.al. have interpreted X-ray data 

suggesting that the ether acts as a bidentate l igand
43

• 

In ionic adducts the tin:ligand ratio may be other than 1:2 

or 1 .. 1 ' 23,4!5-48 
e. g. ' 2 or where, 

Cp = eye 1 open tad i ana and K = C l, B r >
45

, because these comp 1 exes 

contain both tetrahedral and trigona.l bipyramidal tin moieties, 

one in the cationic and the other in the anionic part [ VI,VI I l. 

+ [SnGl IPBu ) J CSnCl ) 
3 3 !5 

v 1 

The compounds 4X eF • 3SnF 
6 4 

+ 
compounds with both Xe F 

2 u. 

Gp X Cp 

I I I 
Rur-----Sn-----Ru 

I I I 
Cp X Cp 

VI I 

and 3XeF .4SnF 
6 4 

2+ 

",\ 

2 < SnX ) 
!5 

are intermediate 

and 
+ . 4~ 

XeF!5 cations present • 

Mono-organotin compounds, RSnX also show a marked tendency 
9 

to increase their coordination number from 4 · to 6 or even 7, the 

lowering in the acceptor strength of tin becoming striking only 

when weak donors are involved, such as alkyl sulfides, which gives 

adduc ts with SnC 1 but not with PhSnC 1 • IJ i th monoden tate l i gands 
4 3 

there are few examples of five coordinate 1:1 complexes of the 
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containing a trigonal bipyramidal tin 

although these are far less common than the 

<L = monodentate donor ) . 
~t 

are e:<ampl es of 1:1 

complexes having trigonal bipyramidal structure with Me groups 

occupying an equatorial site. A similar geometry was also found in 

the intra molecularly penta coordinate ketiminotin trichloride 

[VI I I J 
52 

and ester tin ,trichlorides, ROCO ( CH ) S nC l <R = 
I z 2

1 
:r 

H,Me,Et,Bu, 

Cl Cl 

'~,,' 
Ct-Sn~ 

VIII 

The· siK-coordinate complexes may be anionic, -z e.g.,RSnK 
5 

or 

neutral,e.g., RSnK ~bipy and are readily formed with a wide range 
!l 

of l igands25
AO,!S.,-C:SZ,c:S4, both mono and bidentate. 

In some intra molecularly coordinated mono organotin complexes, 

such as PhSnT 
9 

67 
f1eSn { SCSNE t ) , z 9 

~ tropolonate) , BuSn{OCORl . 9 

B\.tSn(Ol{) 
9 

{ox = oxinatel and 

{R = Me,Etl 66
, 

68 MeSn<N0
9 

l , 

involving potentially polydentate ligands, the coordination number 

of tin is seven. In intra molecularly coordinated poly pyrazolyl 
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borate derivatives RSn[ <pz) BHJK [where, pz = pyrazolyl moiety 
9 2 

and X = halogen or pseudohalogen J, however, only coordination 
98' d" 

number six is attained the ligand behaving GI.S a tridentate 

one (though, potentially hexadentate in this case). 

No example of mono-organotin trihal ide or pseudohal ide adducts 

with a higher coordination number than six have been demonstrated 

by X- ra.y cr:ys tal 1 og raphy, a 1 though a number of 1:4 adducts , such 

G~.s,MeSnl .4py
8 

or PhSnCl .4Cmorpholinel
70 

have been synthesised. 
3 3 

The R SnX compounds are able to form complexes having 
2 2 

five, six or seven-coordinate tin atoms. Generally, coordination 

saturation at tin is reached at· six, as R SnX • L { L = monoden tate 
2 z 2 

ligand, L = bidentate ligand, 
2 

X = C 1 , B I', 1 , NCS, A cO, CF CO l 
9 2 

forming 

octahedral complexes with a wide range of organic donors, the R 

gr·oups being usually trans· to each th 
2!5,54,<W,?:l-B4 

o er • 

Mossbauer spectroscopy has indicated that certain octahedral 

R SnX adducts, 
2 2 

e. g • , R SnX • bipy z z [whel"e X = Cl,Br, R = 
f u r y 1 , t hie ny 18

'!5 ; X = C 1, R = p- to l y 1 K = NCS, R = J ' 

Ph SnCl (?-amino methYl pyridinel
8

? contain a cis disposition of 2 z' ~ 

the R groups. 

However, the 

proceed via a five 

formation of R SnX .L complexes must a priori 
2 2 2 

coordinate R SnX .L species
08 

and the existence 
2 2 

of a number of penta-coordinated complexes having a cis R SnX . L 
2 2 
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geometry have been demonstrated by X-ray crystallography. The 

anion in quinol inium· dimethyl trichlorostannate 

+ 
<CHHl <MeSnCl l 
. c:S a z s 

contain a distorted trigonal bipyra.midal tin 

. t . 1 "t" 89 
atom with the two Me groups occupy 1ng aqua or 1a pos 1 1ons • 

Salicylaldehyde forms a 1:1 complex with Me SnCl , z z 
where X- ray 

studies revealed a similar tin atom geometry, with two Me groups 

occupying equatorial positions of a trigonal bipyramid [{l{]
90

• 

With some ligands both the penta-coordinated ( 1: 1) and 

hexa-coordinated {1:2) complexes of diorganotin dihalides have 

been isola ted?c:s,9t.-98
. 

Dimethyltin diisothiocyanate forms a 1: 1 adduct with 

terpyridyl, in which the tin atom is occupying a seven coordinate 

pentagonal bipyramidal geometry with trans organic groups ; the 

five nitrogen atoms, two from the NCS groups and three from the 
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tridentate ligand are situated in the equatorial 
94 

plane . K- ra.y 

diffraction studies have shown that Ph Sn<NO l .L.CHCl z 3 z 3 
where, 

L = cis-Ph P(OJCH=CHP<O>Ph z z have a pentagonal bipyramidal 

structure. However, trans-PH P<OlCH=CHP<OlPh acts as a bidentate z z 

bridging ligand .joining two six-coordinate 

CPh Sn<NO ) J .L.2H 09!'l. CPh Sn<NO ){i{)J C 0 z 9 z z z 

Ph AsO, 
3 

) , 
z 3 z z 4 

obtained by the addition of 

tin atoms in 

where, X = 

X ' at room 

temperature under nitrogen, to an acetone-chloroform solution of 

Ph Sn<NO > z 3 z also have been indicated by X-ray studies, to 

contain a seven coordinated tin atom having a slightly distorted 

pentagonal· bipyramidal ge6metry with two Ph rings in axial 

position and the nitrate, oxalate and )( in the equatorial plane 

( X ) '-'d,97. 

X f\ 
X = Ph AsO, Pr SO. 

3 z 

Although the pyrazo l e derived 1 i gands ( RB { pz l J, (where R = H or 
f\ 

a non coordinating substituent, pz = pyrazole or its C-substituted 

derivative and n = 2-4) are potentially polydentate, tetra-, 

hexa- or acta-dentate depending on the value of n l, the tin atom 

in their di organotin derivatives, R S n < L l X 
38 

, 
2 

is only hexa 

NORTH BENGAia 
University Librtry 
Raja Ra,;~;noh.Y..npliJ 
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coordinated. Similar intra molecularly hex a coordinated 

diorganotin complexes are also formed by tr~halo ~-diketones99 • 

Diphenyltin diisocyanate is unusual in that it forms a 2:1 adduct 

(Ph Sn!NCO> J • bipy with bipyridyl. It is believed to contain a 
2 z z 

bridging bipyridyl group and pentacoordinated tin atoms~. 

Although organotin carboxylates unl·ike organotin halides or 

pseudohalides are reluctant to form addition complexes, 

diorganotin dicarboxylates are known to form 1:1 adducts in 

l t
. "100 

so u 1 on • A few well authenticated examples of hydrate adducts 

of diorganotin dicarboxylates have been reported in recent 

:I.Oi,-102 
years Lockhart et.al. have reported an ionic acetate 

adduct of dimethyl tin d i 
:t09 

acetate . In these 
:tO:f.-:1.09 

complexes · 

the tin atom is seven coordinate with pentagona~· bipyramidal 

environment. 

The R SnX compounds show marked difference from their mono-
9 

and di-organotin analogues in that 1:1 adducts are formed. The 

genera I l y weak acceptor strength of R
3

SnX favours an increase in 

coordination number of the tin atom to five, by reaction with a 

monodentate ligand to form a trigonal bipyramidal complex in which 

the three organic groups are situated in the equatorial plane. 

X-ray 

Fh FO, 
9 

studies of several R SnX. L 
3 

X = B r, 

compounds [ where X 

L = Q.uinO, 

= NO L 
9, 

= 
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Cl, L = LutO, <MeN) C0109
'
92 

J have shown the tin atom to have 
z z 

the trigonal bipyra.m~dal geometry [Y. I). The tri organotin pseudo 

halides also behave like their halide analogues, producing 1:1 

·HO 
adducts with monodentate ligands 

With potentially bidentate ligands the tri organotin halides 

s t.i I I prefer to form five coordinate d 
_. t !!j?,BO-B2,B?,ii-1,:1i2 a \..t ltc s · , 

utilising only one of the donor groups as in Ph SnCLPh P(O~CH= 
B Z 

CHP{O)Ph u.9
• 

z However, in some R SnY.. L 
9 

complexes involving 

bidentate ligands X-ray studies suggest chelation and cis-geometry 

(X l I J around the tin 
-1:!4-·H~ 

atom . A third structural possibility 

i.e. the meridional structure Kill has been suggested for the 

cationic complexes 
-+ -

[R Sn<Ch>J [BPh] , 
9 4 

where Ch is a chela.ting 

ligand } on the basis of Mossbauer studies"t. 

X R R 

I /R I R I /X 
K--Sn/ R--Sn R--Sn 

I ~R I ~R I ~L 
L L R 

X l X l l X I I l 

The trior gano tin i socyana tes and i soth i ocyana tes are stronger 

Lewis acids than their hal ide counterparts and the lR spectra of 

Ph
9

SnNCX. DMO { \.,.here X = O,S and DMO = dimet-hyl oxamide )U.B and 

Me SnNCS. ph en U.9 indicative of octahedral tin atom are 
3 

configuration in these complexes. The 1 : 1 adducts of Me SnC 1 with 
g 
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2,2'bipyridyl is also believed to contain 6-coordinate tin on the 

basis of IR 
:U.!P spectra • However, no example of octahedral 

triorgano tin hal i.de or pseudoha I ide complex has yet 

been demonstrated crystallographically. Triethyl tin chloride is 

known to form the unusual 2Et SnCl.L 
3 

complexes with 

dimethyl-,diethyl- and trimethyl amine, though the normal 1:1 

adducts are also formed with the first t\1/o 1 igands:tzo. 

Both mono and bidentate ligands have been reported to form 

five coordinate adducts with triphenyl tin trihalo 

1.Zt.,:t2Z acetates • X-ray data for the polymeric adduct, triphenyl 

tin< IV> 6-quinolyloxyacetate 
:129 

hydrate also suggest a distorted 

trigonal bipyramidal tin atom geometry involving coordinated water 

molecule. 

Tetra l ky I tin compounds show no tendency to increase their 

coordination number owing to their weak Lewis acidity, conferred 

by the four electron releasing alkyl groups. However, Beattie has 

indicated that besides the electronegativity of the groups 

attached to tin other factors may affect the acc~ptor properties4 

and it seems possible that compounds with four perfluoro-organic 

groups joined to tin, would interact with suitable donors, since 

it is known that the electronegativities of the CF and C F 
3 cS !5 

groups are comparab 1 e with that of brom i ne1.24
'U:!5. A coordination 
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stage has been proposed for the abnormal hal ide ;on-catal ised 

hydrolysis of R Sn ( C H > 
4 -n d 5 1"1 

i2:d compounds , as also for the acid 

mediated additions of alkenyl tt'ibutyl stannane to aldehydes. and 

substituted l. d h d :l2?-:t9i a e y es • It has been claimed that 

trimethyl<trifluoro methyl)tin forms a 1:1 adduct with hexamethyl 

phosphoric triamide (HMPTA> and that this may be isolated in the 

so l i d s t a. t e 
192

• The addition of Sn Me to alkenes and alkynes in 
2 d 

the presence of Pd ( PPh ) t.!5B,:t
5

" 
g· "' 

is also most likely to involve 

initial donation fi'om the n-bonding OI'bital of the hydrocat'bons 

followed by cleavage of the Sn-Sn bond. The reactions of R Sn-SnR 
9 3 

\o.•ith Li-metal, alkyllithium, grignard reagents and NaOR are also 

the o(Sn-Snl 

1.2.2. Sn < I l ) CO'(llPQ'U.n.ds· as· Acceptors 

Covalent SnK 
2 

compounds, having essentially z sp 

hybridisation, have an empty p-orbital, of similar energy to those 

used in bonding, at right angles to the plane of the molecule 

[XlVaJ, and should act as monofunctional acceptor LDwards suitable 

monodentate ligands to form compounds of 

overlap of lone pair orbitals on the 

the ·type SnK • L, 
2 

by the 

ligand with the empty 

p-orbi tal of the So-compound, causing a distortion towards 9 sp 

hybridisation [KIVbl. 
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XIVb 

This acceptor tendency makes most Sn( I II compounds polymeric. 

Structures of the oxide, sulfide, selenide, chloride and sulfate 

reveal this
196

• Although many monomeric organotin< ll) compounds 

have been reported in the older literature, the R Sn compounds 
2 

exist only as unstable intermediates which self react to form 

cyclic oligomers, \.In less the R group is rr-cyclopentadienyl 

or strongly sterica.lly h . d . J.<S 1n er1ng . The polymerisa.tion is caused 

by the overlap of the lone pair orbital on a monomer with the 

empty p-orbital of an adjacent tin atom. 

The stannous ion with empty 5p and 5d orbitals can also act 

as an acceptor towards certain 1 i gands. The camp l exes wou 1 d be 

formed· by overlap of lone pair orbitals on the 1 igands with the 

empty hybrid orbitals on tin. ln view of the smal 1 energy 

separation between the sand p orbitals in the stannous ion all 

orbitals' should be included in the hybridisation and the 

p 

:9 
sp 
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hybrid configuration should be very stable. The involvement of 

d-orbital in the hybridisation would appear to be less likely due 

to greater s-d energy separation. 

Most of the available evidence does suggest that the 

stannous ion is a class A acceptor and the order of stability of 

-
the complexes formed with halide ligands is F >> Cl > Br > [ • 

The trifluorostannate< I I) ion has been shown to be a very stable 

• :f.9<S d spec1es , an to be the strongest tinllll ~alida complex. lR and 

Raman spectra suggest that the trihalostannate< I I) ions have a 

pyramidal structure based 
3 

on sp hybridisation ·of the tin< Ill 

b . t l :f.9?,:f.SB or 1 a s . 

For ligands other than hal ides, the order of stability of 

complexes formed by type A acceptors OH > NH > RS 
3 

> H 0 etc. z 

may not be exactly fo J I owed by the stan no us ion, because of the 

b b . 1 . t 13<5 pro a 1 1 y that the lone pair 5s orbital is strongly 

antibonding with respect to certain ligands such as NH 
3 

, H 0, 
2 

and 

the CN ion. A spectroscopic study of the tin< II) thiocyanate 

complexes has shown that the nitrogen atom of thiocyanate ;s the 

donor atom and this provides further evidence for the A type 

acceptor behaviour of the stannous ion.196
, 

A number of addtJcts of tinLII> compounds with monodentate 

oxygen and nitrogen donors, such as, water, acetic acid, dioxan, 

sulfaxides, DMF, NH 
9, 

py, amines, amine-N-oxides etc. are 
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k 
1.36,1.99,1.40 

·nown • Spectroscopic study of dihalo bis-lp-toluidine) 

tin { I I > compounds has suggested that the tin-nitrogen bonds are 

:136 
relatively weak • Beside the usua.l 1~1 addition composJnds, some 

of these 1 igands may form complexes with varying tin to ligand 

ratio, e. g. in NH a.dducts of SnK <X == Cl,Br, I a z the mole ratio 

b h . h 1 •• 91.96
• may e as 1g a.s ln the 1:1 complexes the tin atom acts 

as a man of unc t i anal acceptor making use of the empty p- orb i.ta l in 

its valence shell in complex formation. Often, the first material 

to be precipitated from the solution of a tin( I I l compound in a 

donor solvent is a polysolvated material,from which the 1:1 

l 1 l b b t . d1.36 camp ex can usua y e o a1ne • This suggests that the tin is 

acting primarily as a monofunctional acceptor and that further 

donor molecules are taken up mainly for lattice packing purposes. 

The crystal structue of tin(ll)chloride dihydrate shows that only 

one of the solvent molecules is bonded directly to the tin atom 

havi~g a pyramidal environment [XVJ:1
96 

• 

. . 

XV 

The second water molecule ih the structure forms hydrogen bond 
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with the water molecule bonded to the tin atom and can be removed 

by careful Other 1;1 c.ompl exes are 

139,140 
believed to have similar structures . 

. . 
The only known addition compounds formed with sulfur ligands 

are the thiourea and t.etramethy I thiourea. ad due ts
136

• · From X- ray 

studies, diacetato bis-<thiourea)tin(II> has been shown to have a 

square-pyramidal structure, the tin atom being bonded to two 

thiourea 5 atoms and two carboxylate 0 atoms, whereas, in 

tetrabromo pentathiourea ditin( II )dihydrate, <SnBr ) CS=C<NH ) ) 
2 2 2 2 !S 

.2H 0 both the tin sites have t.rigonal pyramidal configuration
141

• 
2 

A tin< II>fluoride-hydrofluoric acid complex, 

a halogen donoi" is known
136

• 

SnF .2HF, containing 
2 

4 coordinated complexes of the type SnX . L 
2 2 

where L 

monodentate and L = bidentate ligand 
2 

are frequently formed by 

Sn(SO Cl l 
142

, 
9 2 

tin halides and - t h - t 104b,:t.40,143-:l.46 1so . 1ocyana e _ 1 ; 1 

complexes with many bidentate Schiff's bases, semicarbazones and 

thiosemicarbazones with SnCl are also known
147

-
149

• But their 
2 

structures are not very well authenticated. 

In the 2:1 addition product of SnC l with 
2 

18-crown-6 ether 

formulated as [SnCl{L)JCSnCl] and in [SnCl(L)JL'ClO 3150
, X-ray 

3 4 

crystallography has revealed that the tin in the cationi.c moiety 

occupies a hexagonal pyramidal site, being bonded to all six crown 

ether oxygens and the chlorine atom in an axial position. 
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In the pyruvic acid thiosemicarbazone <HL> derivative. 

the tin atom is five coordinat~ due to intra 

molecular· coordination by· the tetradentate 1 igand. The tin( I I) 

poly(1-pyrazolyl }berates ( (pz} BRJ SnCl 
4-n rn 2-rn 

where, Hpz = 

pyrazole or its C-substituted derivative R = non coordinating 

substituent ; n = 0-2 and m = 1,2 )
1.52 

are interest:ng due to the 

fact that in these compounds the effective coordination number of 

·-~ Sn (I I l, 1. 
assigned on the basis of H NMR data, can be five, six or 

even sev.en, obviously through the involvement in intra molecular 

coordination, of the N atoms of the pyrazolyl moiety. 

1.3 Donor Proper-t.y Of Tin. Cam.pourv::ls 

From the forgoing discussion it is apparent that tin 

compounds almost universally behave as acceptors, unless the 

subst i tuen ts bonded to tin a tom are donors themse 1 ves. As for 

e1cample, the n-orbital of the cyclopentadienyl part in 

bis- (cyclopentadienyl) tin( ll )1.59 acts ·as donor, forming charge-

transfer complexes with acceptors like TCNE = 

tetracyano ethylene) and TCNQ = tetracyano quinodimethanel, the 

complexes being similar to those of iron cyclopentadienyls1.
54

• 

Organotin bases such as tetrakis-(2-cyanoethyl)tinCIV) (l(VIJ, or 

triphenyl(2-(4'-pyridyl )ethylltin( IV) [XVIll have been used to 

form adducts with compounds of tin and other metals. Thus, XV I 
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foJ:'ms 1;1 complexes ~1/ith stannic chloJ:'ide and bJ:'omide, S n K • L i.!S!S 

"' 
and XVII forms stable adducts with organotin and other hal ides, 

e.g.' PhSnCI .2L, 
2: 2: 

C uC 1 • L :t!S6
• 

Ph SnCl.L, 
9 

CNGCH CH.) Sn 
2: 2 "' 

X V I 

A Ni-complex of structure XVIII 

ZnCl .2L, 
z 

CoG l • 4L, z 

Ph SnCH cH-{)N 
9 z ~ 
XV I I 

N iC 1 • 4L and 
z 

is also 
:1!S6 

known • But the donor 

abilities of such compounds are almost solely the property of the 

-~ organic moiety, because the tin atom is too far apart from the 

donor atom to modify their donor strenith in any way. 

These compounds are, therefore, of very 1 ittle interest in the 

discussion of the donor properties of organotin compounds. 

However, not only quite a few Sn( I I) molecules and complex ions 

containing sterically active lone pairs behave 
:136 

as donors , but 

also, a number of tin<IV) compounds, notably the tin tetraalkyls 

are known to form complexes with acceptors, although the analogous 

unsubstituted alkanes do not show any such tendency. In the latter 

compounds, the donor activity of the molecules is a direct 

consequence of substitution by tin, although tin( IV> itself, is 

not the donor. The donor properties of Sn< I IJ and Sn( IV) compounds 

aJ:'e now di,scussed separately, because of the totally different 

role of the tin atoms in the two cases. 

X VITI 
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1.3.1. S n ( I I I Carttpo'U.nds· as Dar~.ar-s- : 

In Sn( III compounds the donor property is masked because 

of the predominating acceptor tendency of the vacant hybrid 

orbital. These compounds exhibit donor property only when the 

vacant orbitals have been used in forming dative bonds with Lewis 

bases such as halide ions and the anionic halogen complexes of the 

type SnK possess sufficient donor strength to form a variety of 
3 

complexes with suitable acc•ptors, particularly the platinum metal 

i36 
acceptors . The lone pa.i r orbita.l of the pyramidal 

trihalostannate<ll) ion must be responsible for the a-donor 

properties of the group. The donor ability of the SnX 
3 

ions, in 

contrast to the other Sn < I I l comp I exes is presumably due to the 

lowering of Ss ionisation potential in the anionic species. This 

is supported by the absence of donor tendency . + 
1 n SnF , 

+ 
SnC 1 and 

+ 
SnBr , whare the 5s lone pair is expected to be more difficult to 

• . 1.96 
10n1se Similar donation by a pyramidal monosolvated tin( 11) 

hal ide results in the formation of neutral complexes in some 

nonaqueous Examples where SnX ions act as donors 
9 

include P tc I < s nC 1 I ; z 3 2 
where 

Pt Sn C l 
3 B 20 

Pd Cl <SnCl ) -•; 
2 2 3 "' 

-· lr Cl <SnCl I ; 
2 6 9 4 

-z 
Rue 1 < SnC 1 l ; z 9 z 

RhCl <COl <SnCl I -z etc. '1.
96

. 
9 z 

-3' 
Rh ( SnC 1 ) ; 

9 4 

Evidence for the 

trichloi:'ostannate<IIl ligand in PtSnCI -• ion 
9 8 20 

X = Cl,Brl; 

-4 
OsCl <SnCl I ; 

2 9 "' 

Rh Cl <SnCl l - 4
; z z 9 ... 

presence of the 

comes from the 
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strong IR band in its spectrum at 330 
-:1 

em \>lhich is 

characteristic of et-bond&d SnCl 
3 

The best confirmatory 

evidence for the existence of tin< II l donor atoms in the complexes 

formed with the platinum metals comes from ligand replacement 

reaction involving the tin( I l) species. The SnCl.
3 

ion can be 

replaced from anions containing it by strong n-bonding 1 igands 

such as py, p-toluidine, PPh and CO, e.g., 
3 

RuCl <SnCl l -z + 4py 
z 3 2 

-----> <py> RuCI ------[11 
4 2 

Similarly the trichlorostannate( Ill ion ·can replace weaker 

n-bonding l~gands such as chloride, mesityl oxide etc. 

PtCl -z + 2SnCl -----> PtCl <SnCl l -
2 

-----[21 
4 3 2 3 2 

Many such replacement reactions in organic solvents result in the 

formation of neutral complexes crystal iisable from solution, e.g., 

<Ph Pl Pt<SnCl ) 
3 2 3 

<Ph Pl Pt <SnCI ) 
9 9 3 3 2 

:i96 
etc. . 

Though · SnX 
3 

ion is a weak et-donor, it exhibits a large 

trans-effect because of its ability to form strang dn-dn bonds 

with Pt-group metals. The n-acceptor property of SnX ion 
3 

is in 

fact compa,rable to those ·of the two. most pm>~erful n-acceptor 

1 igands NCS and CN 
13'6 

The SnC 1 
9 

ion appears to have empty 

d orbitals of the correct size and symmetry to form strong n-bonds 

with the filled d orbitals on th~ platinum metals. 

The trichlorostannate ion in <Et
9

NHl<SnC1
9

) acts as et-donor 

towards acceptor molecules such as TCNE and TCNQ forming 1:1 
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complexes. The formation of the complexes of tinll!l halides with 

TCNE and TCBQ = tetrachloro benzoqt.t i none and of 

bis-(~-ketoenolatoltin< Ill with TCNE, TCNQ and TCBQ, also involves 

~-donation from the tin( Ill atom. But in the process TCNE and TCBQ 

completely oxidise the metal in the tin< Ill halide and 

bis- 1/1-ketoenolatol tin{ II) to the quadrivalent state. The TCNQ 

complexes of bis-1~-ketoenolatoltin{IIl exhibited resonance due to 

both Sn<tll and SN11Vl
159

• Similar oxidative additions a.re also 

f 1 "' d . 1 :l.!S8,:t!S9 undergone by Sn< I Il derivatives o .~- 10 s • 

Although the n-acceptor properties of SnX 
9 

ion p 1 ay an 

important part in its donor ability, the BK complexes can only 
a 

involve the ~-donor properties of the ion. The formation of 

Cl
3

SnBF
9 

and Cl
9
SnBCl

9 
has been accounted .for by ~-donation from 

the lone pair of 

the BK t.60. 
3 

the SnC 1 
3 

ion to the empty acceptor orbital of 

Electron diffraction and X-ray crystallography has shown 

that the two rings in bis-(cyclopentadienyl}tin< [f) are non 

parallel [)(IX J and the bonding can be described in terms of 

spz-hybridised tin with two orbitals involved in bonding to the 

cyclopentadienyl rings and the third containing unshared pair of 

. :l6-i-t<S9 
electrons • This 1.ms.ha.red pair can coordinate to a Lewis 

acid such as BF • 
3 
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rt?is~ 
~n~ 

XIX 

The addition of BF -etherate to a THF solution of stannocene [KIKl s 

precipitated the complex 
5 ~~ <n -c H > Sn :->BF . Stannocene a I so 

!5 !5 2 9 

forms 1:1 complexes with Lewis acids such as A 1 C l and 
9 

A I Br 16~ 
9 

The Mossbauer spectra of these adducts are very simil~r to that of 

stannocene indicating that the complexation of the tin lone pair 

does not significantly affect the 5s electron d~nsity at the tin 

atom. However, the stannocene 

recently been shown to contain 

complex 
5 <·r, -C H ) Sn:->BF has 

!5 !5 2 !'i 

the units CBF J 
4 

!5 <·r1 -c H 1 Sn, 
!5 !5 2" 

!5 + 
[·fl -C H SnJ and THF by Zuckerman 

!5 !5 
et. al. from X-ray 

crystallographic meas\.tremants
166

• 

The bonding in organostannylene · complexes 

CCH(SiMe > J Sn.MCCO) s z z !5 
M = Cr, Mo orCpSn.M<CO> z !5 

W >1<S!5b ,to?, :t<SO and bis-naphthyl Snu .IJ <CO) 16
" 

!5 
can be 

such as 

M = Cr,Mo, 

interpreted 

as involving ~-donation from the lone pair of the tin atom to the 

transition metal and back donation from the later to the empty p 
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or d orbitals of the former. Base stabilised terminal complexes 

such as R Sn(Bl.Cr<CO} 
2 5 

( R = CH 
9, 

t-Bu; B = py, THF }1?0 in"'olve 

coordination of the tin to only one metal atom but the vacant p 

orbital on Sn additionally coordinates a molecule of the base. 

1.3.2. Tin(ZV~ con~unds as Donors : 

As already mentioned, the donor property of Sn( IV} 

compounds arises from delocalised M.D.'s involving the metal atom 

and its neighbours. Bond polarity and inductive effect play 

important role in the ability of tin atom to modify the donor 

activity of the substituent bonded to it. The Sn-K bonds in 

mo 1 ecu 1 es of the type R SnX 
n· 4-n 

group, such as H, OH, OR, NR, 
2 

where X = a monovalent atom or 

halogen; n = 1-4 acquire a large 

polarlty due to the low electronegativity of tin as compared to 

the common ligands. Addition reactions of alkyltins to aldehydes 

and ketones demonstrate the polarity of Sn--C bond. 

Closely related with this is the inductive effect which the 

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

polarisation, o+ o­sn -X , which is there in principle, may be 

changed by substitution at X as well as at tin. NHR data on 

organotin 
:l ?:l,:l?2 

compounds and semi empirical calculations of 

1.?9 
Majee and Gupta emphasise this. Studies of the relative rates 

of acid cleavage of the compounds p-Me MCH C H
4

SnMe ( M = Si, Ge, 
3 2 (S 3 



-31-

Sn 
,, ..... 

and the rates of a.ll<al ine hydrolysis of R M(CH ) COOEt (R 
9 2 n 

:: Me, Et; n = 1-3; M :: s i, Ge, Sn ~175' as ~I so, IR and NMR 

meass.1rements on ( Me
9

S i ) 
2

N ( MMe
9 

) <M :: s i' Ge, Sn, Pb )'176 and IR 

studies on esters of the type MeCOOMMe 
9 

M = C,Si,Ge )'1
77 have 

established that the R M groups have a +I effect and the order of 
9 

electron release is Me Pb > Me Sn > Me Ge > Me S i. 
9 3 3 3 

The drift of 

electrons from the metal to its partner in the Sn--X bond, 

therefore, makes the atom X quite rich in electron density. Unless 

there is back bonding between the filled orbitals of X and empty 

5d orbitals of Sn, a possibility of electron donation through X 

arises. AI though there are controversies regarding the extent of 

drr--prr back bonding in Sn(IV) compounds, it is now broadly agreed 

that such bonding is genera I 1 y absent except in compounds having 

sp
2 

C--Sn bonds:l.
78 

There is evidence that the n-character in the 

M--X bonds decreases as we go dO\"n the group I VB. Thus S i--0 or 

Si--N bonds have apprec iab I e rz- character, whereas, I R and Raman 

studies of compounds R SnXSnR C X = O,S ) indicated that there is 
9 9 

:1?8 
no rz-contribution to the Sn--0 and Sn--S bonds • It is expected 

that the much diffused nature of 5d orbitals on Sn as compared 

to the 3d orbitals on Si would be unsuitable for back bonding 

with filled prr orbitals on the more electronegative a~oms. 

Depending on the nature of the substituents two types of 

donors may be encountered: 
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< i l Type A Compounds in which the substituent X is not an 

electron pair donor, e. g. , tetraalkyl tin compounds. The 

comparatively low energy of the o-11.0. corresponding to the Sn-X 

bond and its polarity makes this class of compounds weak donors. 

( i i l Type B Compounds in \V"hich the sbstituent is an electron 

pair donor , e. g • , <R Snl 0. Although the donor orbital is almost 
3 2 . 

localised on the substituent in these compounds, the adjacent tin 

atom oft~n profoudly modifies their donor strength through 

inductive effect and in some .case even through a-. n conjugation. 

In addition some triorgano tin(arylazolbenzoates have been 

shown to form 1:1 molecular complexes of weak donor acceptor type 

with almost any type of molecules including unsubstituted 

17'9 a 1 kanes . Electronic absorption spectral studies show the 

organotin molecules to be the donor. However, the rdle of the tin 

atom in these case is not yet fully understood and these compounds 

have been excluded from the purview of the present discussion. The 

above two types of Sn( IVl donors are now discussed in some 

details. 

I.3.2.A. Type A Tin (IV) Donors 

The unsubstituted alkanes do not usually possess any 

donor or acceptor property, presumably, due to the absence of any 

low lying M.D. in them. However, substitution of a hydrogen by tin 
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results in a relatively high energy HOMO I ow I. P. ) and because 

of this lowering in -LP., the b~traalkyl tin compounds can act as 

1.80 
weak o-donors • Group !VB metal alkyls have been found by Kechi 

t I 
1-Bt-tB<S 

e . a . to form weak cha.rge-transfer complexes with 

acceptors such as TCNE, in CCI and CH C I . These 
4 z z 

authors have interpreted the iodinolysis of R Sn as 
4 

involving 

electron transfer within t~~ charge-transfer complex as shown 

tB~ 
below • 

R Sn -t I .., z ;;::==~£R Sn I J 
4 z ---->CR Sn 

4 

-t 
I z 

In CT complexes of benzyl organotin derivatives, e. g., PhCH SnPh 
2 3, 

PhCH SnMe C H (CH ) SnPh etc. with TCHE
107

'
188

, z 9, <S 4 z 2 2 
the organotin 

group is found to exert a large activity on the aromatic ring 

throug~ er-n conjuga.tion. The magnits..tde of the decrease of the CT 

frequency in the s tanny 1 derivatives compared to that in the 

corresponding carbon compounds show that the donor ability of the 

' ~ --Sn--CH ~ group is comparable to that of --NR group 
/ 2 2 

The metal alkyls ha<,•e also been found to undergo electron 

transfer reactions with oxidants like IrCI -z 
<S 

Fe(dipy) +3 and 
9 

+g 
Fe<Phen) In molecular conta.ct complexes, reporte .. : to eKist in 

3 
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solutions of NbF MoF WF and WF OMe in the tetraalkyls of Ge, 
5, <S, <S 5 

Sn and Pb~89 , electron transition from the 0'-M.O. of the M-C bond 

in R M to the empty antibonding M.O. of the penta/hexavalent metal 
4 

is believed to take place. 

The cleavage of Sn--C bonds of R Sn · compounds 
4 

by metal 

halides such as ShX
2

, SnX
4

, BX 3 , PX CuX PdX and HgX are \~ell 
5' 2, 2 2 

k 
:190,:19t nown . The disproporti·onation between R Sn a.nd SnCI is the 

4 4 

basis of the Kocfieshkov preparation of alkyltin chlorides, 

R SnCl . These reactions involve donation from the o-M.O. of the 
n 4-n 

Sn--C bond to the electrophiles, nucleophilic assistance being 

provided at the tin centre • 

. . AI though homopolar, the a{Sn-Sn) bond in hexaorgano 

distannanes can act as a-donor due to its low energy. Thus 

o:-cidative cleavage R
9
SnSnR

9
, by various n-acceptors, e.g., TCNE 

TCNQ., TCBQ., 1,4-Benzoquinone etc. gives CT complexes 

'+ CR SnSnR J £TCNE 
9 9 

J and l a.s we I 1 as 

radicals R Sn-TCNE., R Sn-TCNQ., 
3 . 9 . 

[R Sn-(1,4-benzoquinone). ), 
9 

l i. ke 

free 

as 

shm"n by ESR studies:t"2,:t99
• Stable free radicals like R Sn-TCNQ. 

3 

( R = Me, "-Pr, n-Bu ) and Me Sn ( TCNQ. ) are a 1 so .0btai ned by the 
2 2 

reactions of the Li-sal t of TCNQ. with organotin( IV) chlorides~92 • 

Oxidative cleavage of the Sn-Sn bond by electrophiles, e. g., 

halogens, 0 etc. 
2 

has also been studied~35 , These cleavage 

reactions take place through electron transfer from the a(Sn-Sn) 
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bond. Complexes of polysilanes, hexamethyl disilanes and 

hexamethyl germane with TCNE and TCNQ also form in a similar way 

. . d 194,19!) 
through a-electron transfer to the n-acl-s . 

I.3.2.B. Type B Tin<IVl Donors 

The Lewis basicity of compounds such as i't"X Ml X, where X 
9 1"1 

is an electron donor such as N, 0, S etc. 

element,have been evaluated from· the shift 

to C-D ----X hydrogen bonding, in their 

and M is a group IVB 

caused in V(C-Dl, due 

IR spectra in CDC 1 • 
9 

Values for the donor strength of some of these 

organometa J J i c bases measured as l.l.v 
-:t (em ) for vIC-D) of 'free' 

and 'H-bonded' states in CDCl, are illustrated in the table-l.l. 
9 

:LC16 be 1 OW t 

The 

M 

c 
Si 

Ge 

Sn 

Tab 1 e :- I . 1. 

-1. 
Relative Donor Strength of (R f1l X. [ as l.l.v em ]. 

9 n ---------------------------------------------------
(Me M l N CMe M l 0 (Me M l s 

3 9 9 2 9 z 

100 33 40 

0 13 29 

72 55 38 

106 84 43 

data in the table reflect differences both in the inductive 

effects of the group IVB eleme~ts and also their capacity to form 
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prz-drz bonds \" i th N, 0 or S. The absence of interaction be tween 

.(Me Sit N and CDC!.,. implies complete involvement of. t.he nitrogen 
9 a .,. 

lone pair in rz-bonding in contrast.. to the strongly basic 

which is pyramidal, and in which N->Sn mt.il t.ipl e 

bonding, if present at all, does 1 ittle to offset the electron 

releasing properties of the Me Sn group. 
9 

As a result, the 

trimethyl stannyl amine is found to be more basic than the organic 

. 197 
am1ne The proton acceptor abilities of the chlorine o.tom in 

group I VB organome ta I I i c ch 1 or ides as measured by the shift of 

v<OH) of phenol in CCl in presence of the chlorides
198 

also 
4 

indicate the same trend. Organotin azides and organotin acylates 

< R SnGOR 4 

3 
also have been found to be stronger bases than their 

199-201 
carbon analogues . 

1 n compounds such as R MOMR and R M (OR • ) (where n = 1-3, · 
3 9 n 4-n 

f1 = Group l VB meta 1 ) , the fo l lowing sequence of basicity for the 

oxygen atom has been assigned on the basis of IR frequency shifts 

·' 
ll.v<OH) of methanol or Av(NH) of pyrole due .to hydrogen bonding 

with the oKygen atoms of these compounds in methanol or pyrole 

1 t . 202 
so u 1 on • 

increasing basicity 

.-------------------~-------------------> 

increasing SiOSi < s i ( oc) < s i ( oc) < SiOC 
9 z 

basicity Ge(QC) < Ge<OC) < GeOC < GeOGe 
9 2 

Sn<OC) < SnOC < SnOSn z 
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The increased basicity of the oxygen atom in alkyl or a.ryl 

st.annoxanes has been confirmed by the isolation of 1:1 and 1:2 

adducts of ~-t-oxo-bis[triphenyl tin{ IV> J with TiCl 

R n-Pr, n-Bu with 

~-t-oxo-bis[triphenyltin<IY>J 

TiC! and 
4 

SnC1 
4 

and 

with SbC l a.s ~.>.'e l} 
~. 

4 
of R SnOSnR 

9 9 

1:1 adducts of 

as, a.dducts of 

di n-buty 1 tin oxide with TiC! SnCl and SbC 1 Z09a.,204. 
!5 4, 4 

J.l-oxo-bis[ti'i n-butyltin(IV>J also t'eact with 

-
Cu!ll>, Mn!II>,Ni!ll), Co!II>; X= Cl, Br, 

to form ~ompounds of general composition MX
2
.L

4 

f1)( where M = 
2 

NCS and N0
9 

Compounds of the 

type M(CI0 .. >
2

.L<S also have been reported fat' M::: Ni<ll), Cu<Il> 

R = .... -Pr, n-Bu, Ph 

of stoichiometries NiCl .L.EtOH 
2 

and N i C l • L. 3E tOH 
2 " 

absolute 
209b 

alcohol . Amongst these oxoorganotin 

donor strength varies as -

( Ph ·S n ) 0 < ( P r S n ) 0 < ( B u S n > 0 . 
9 2 9 2 .9 2 

forms complexes 

with NiCl in 
2 

compounds the 

The J R spectra of a 1 l these addition products show that the 

v < SnOSn) band of 
•.:X.S. 

the f rea s tannoxane which appears ai'ound 780 

cm-t suffers considerable negative shift, thet'eby indicating tha.t, 

in all these products the organa stannoxane is coordinated to the 

metal 
209a.,20!5,20<S 

through oxygen atom . 

Beside these .adducts with mE!tal halides, organotin oxides 

and hydroxides at'e known to combine with organotin halides, 

R SnlOH and R Sn<OAC> to form a large number of addition 
2 2 2 
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products in which the ox ides or hydro:< ides donate through the 

oxygen t 
5, 209•::t. 

a.om . Some of these compounds a.re listed .in 

tab I e- l. 2. 

The nucleophilicity of the oxygen bonded to tin is important 

in t.he addition reactions of the Sn-0 bond. Trialkyltin oxides 

and alkoxides CXXJ, <X = SnR and R' 
g 

respectively often combine 

with a variety of multiply-bonded acceptors <A=B> to give 1:1 

adducts. 

R Sn-OK s 

XX 

+ A=B 
3{a) 

3(b) 
R Sn-A-8-0X 

9 
-----[33 

Tributyltin oxide and methoxide which are regarded as model 

compounds for their respective classes, add on to acceptors, such 

as, aldehydes and ketones, co carbodi imide·s <RN=C=NRl, z, 

isocyanates ( RNCO) , cs 
2, 

isothiocyanates ( RNCS), so 
2, 

sulfodiimides <RNSNR>, sulfinylamines <RNSOl, imines <RNCR>, 

nitriles <RCN), ketenes <CH
2

=C0) etc. to give 1:1 adducts207
'
208

, 

examples of which are shown in the table-1.3. 

Most of the addittons shown in the table-1.3. occur 

exothermally at room temperature. The reactions are reversible and 

the adducts dissociate upon heating. However, the decomposition 

can proceed by a route other than simple retrogression [eqn. 3(b)] 

particularly, where oxide adducts are concerned. 
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~~~!~!9~-~9~P9~~~!_9f_9!g!~9~!~ __ 9!!~!! __ !D~ __ bl~!9!!~!! 

~!~b-9!g!~9~!~_b!l!~!!_!~~-~9!~~~!!1 

Compound type R R' X 
·--· 

R SnO.R'SnX Me Et,n-Pr Br, 
2 2 2 

Et Me 

Et Cl,Br, 

n-Pr Br 

n-Pr Et Br 
~ n-Pr C l, B r ....__-

<R SnO) .R'SnX Me Me Cl 
2 2 2 2 

R SnO.R'SniOH Me, Et, R'=R 
2 2 

lso-P r, . , 
lso-Bu, , , 
i.so-Pent , , 

R SnO.R'Sn<OAC) Me Me 
2 2 2 

H<R SnQ) OH. R' SnX Me Me Br, 
2 9 2 2 

Et Me 

Et Cl.Br, 

~ n-Pr n-Pr 
R' ( R SnO) OR'. R SnX Me Me, E t, Br, 2 9 2 2 

n-Pr,n-Bu 

Et Et Cl,Br, 

n-Pr •;,'tt 
Et,l"'I-Pr · 

<R Sn) O.R'SnX 
3 2 9 

Me Me B r, 
(R Sn} O.R'SnX ·n-Bu Et Cl 9 2 2 2 

<R Sn) O.R'SnX n-Bu Et Cl 9 z s 
R SnOH.R'SnX.H 0 Me Me Cl,Br, 

9 9 2 

. ~~~ (R SnOH) • R' SnX Me Me Cl,Br, 
3 2 9 

Et Et Br 
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R Sn.O.SnR + A=B 
9 9 

R Sn.A.B.OSnR 
9 9 

R Sn.A.SnR + O=B 
9 9 

X X I -----[4) 

Clearly, the product XX l formed by addition of R Sn. 0. SnR to 
3 9 

A=B could equallv arise from addition of R Sn.A.SnR to O=B. 
- 9 9 

The multiple bond of the acceptor being polar, the 

tributyltin group is attached to the negative end of the dipole 

&- 6+ 
A = B • Hence, structural a.ltera.tions within a. given cla.ss of 

acceptors which increase the electrophilicity of B increase their 

reactivity~ Thus, for carbonyl compounds the acceptor strength 

changes in the sequence-

GC1
3

CHO > GBr
9

CHO > MaCHO > PrCHO ~ ~sc-BuCHO >> PhCHO etc. 

The relative power of tin-oxygen bonded compounds to act as 

addenda by equation 3(a) above, decreases in the sequence-

R SnOMe > R SnOSnR > R SnOPh etc. 
3 9 9 9 

these suggest that the p"rincipal process governing the reactivity 

is the nuc 1 eoph i I i c at tack by the oxygen bonded to tin upon the 

positive end of the dipole and that the electrophil ic attack of 

t . t h t . d . 1 t . l . t ZO? 1n upon . e nega .1ve en 1s re a .1ve y \.tnlmpor .a. t • 

Dialkyltin dialkoxidas · undergo similar 
. . 20? 

react1ons . 

6ialkyltin oxide and alkyltin trialkoxides are expected to undergo 

similar reaction, but have not yet been investigated. 

in 

Liq\.lid SO in a 

dichloromethane 

CC1
4 

reacts with ~-oxo-bisltriphenyl 

at -20°c to give a 1:1 adduct. In 

tin< IV)] 

the IR 

spectrum of 
.. 20" 

the adduct the v (SnOSn) 
o.s 

appears at 650 and 630 
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Table:-1.3. 

Products of the reaction between Bu SnOX and A=B : 
·g 

X - Me 

Bu Sn.A.B.OX 
9 

X - SnBu 
3 

Bu Sn.O.CH<CCl ).OMe Bu Sn.O.CH<CCl l.OSnBu 
3' 3' 3 9 3 

O=C:O 

NpN=C :NNp 

,}( MeN=C :0 ...__-

Bu Sn. 0. CO. OMe 
3' 

B u S n. N • N p. C < : N N p l • OM e a 
Bu Sn.NMe.CO.OMe 

3' 

Bu Sn. 0. CO. OSnBu 
9 9 

Bu Sn.NNp.C<·:NNpl.OSnBu 
9 3 

Bu Sn.NMe.CO.OSnBu 
3 9 

O=S:O 

Tol.N=S:N.Tol 

Ar.N=S:O 

Bu Sn. 0. SO. Of1e 
9 

No reaction 

CBu Sn.NAr.SO.OMeJa 
9 

Bu Sn.O.SO.OSnBu 
3 9 

CBu Sn.NTol.SO<=NTol l.SnBu 3 
9 9 

b 

S=C:S 

S=C;NPh 

£Bu Sn.S.CS.OMeJ 
9 

Bu Sn. S. C ( :NPh l. OMe 
9 

d. 

SO TolN=CHCCl [Bu Sn.N<SO Tol lCH<CCl lOMe CBu SnN<SO Tol lCH<CCl lOSnBu 
2 9 9 2 9 9 2 9 9 

N C.CCI 

H C=C:O z 

9 
[Bu Sn.N:C<CCl lOMe 

3 9 

[Bu Sn.CH .CD.OMeJ 
9 z 

Bu Sn.N:C(CCI ).OSnBu 
3 a a 

[ 8u
9
Sn, CH

2
• CO. 0SnBu

9
] 

Notes: Np = 1-naphthyl, Tol = p-tolyl, Ar =. p-NO C H. 
z 6 " 

a- The 1:1 adduct only exist in equilibrium with its precursors. 

b- A 1:1 mixture of Bu Sn.O.SO.OSnBu ·and Bu Sn.NAr.SO.NAr.SnBu 
9 9 9 9 

is obtained. 

c- Bu Sn~S.SnBu and Bu Sn.O.CO.OSnBu are obtained. 
9 9 9 9 

d- oxygen-sulfur exchange occurs giving Bu Sn.S.SnBu and 
3 9 

Bu Sn. NPh. CO. OSnBU . 
9 9 

[ ]Compounds in parenthesis have not been obtained analytically 

pure. 
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-t 
em thereby suggesting that it is formed by donor-acceptor 

interaction between the 0 atom of the stannoxane and the S atom of 

SO the former being the donor. Subsequently, on being reflr..1xed 
9, 

in dry GCl 
4 

for 1-2 hours the adduct undergoes imtramolecular 

rearrangement to give bis[triphenyl t.in.<!V)Jsulfate20~ [eqn. 5 3, 

which can also be prepared by reacting eithe~ the organotin halide 

'" i t h A S 0 
210 

or the ox i de w i t h H S 0 
16 

• g2 4 2 4 

'..Lndet' N 
2: ' -----,> 

eel 
(Ph Sn l 0 + S0

9 9 2 0 
o.t -zo c 

<Fh Snl 0:->SO 
9 z 9 ·!-Z hOt..LL' S, 

4 > 

<Ph Sn1 SO ----(5J 
9 2 4 

.. ~ J .• 

There fora, it is evident that the add1.1ot is formed as an 

intermediate in the forma.tion of bis-[triphenyl tin( rv~J sulfa.te 

from the reaction of <Ph Snl 0 
9 2 

\.,rith so . 
9 

However, no such 

intermediate could be detected when <R Sn) 0 (where R = n-Pr and 
9 2 

n-Bu) a.nd di-n-butyltin oxide reacted with liquid SO and 
9 

the 

corresponding sulfates were obtained clirectty20~'2u. 

It should be stressed that the formation of an 1ntermediate 

may help a reaction by substantially decreasing the energy of the 

transition state, even if the intermediate is too unstable to be 

212: 
det.ect8d . 

The reaction between organotin oxides/hydroxides and organic 

or inorganic acids, universally used for the preparation of 
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organotin esters, is also believed to proceed t.hrough an 

intermediate donor-acceptor transition state, similar to tKKliJ 

proposed for the reaction of s i 1 c•xanes 

r- Sn--0--i: l 
I I 

J 
I I 
I I 
I I 

L I I 
I_ I+ 

A H 

K K I I 

with A l C l 
212 

9 
and the 

The transition state involving organotin oxides/hydroxides and 

carboxylic acids in non-ionising solvents may be represented by 

--Sn 0----X 
I I 
I I 
I I 
I I 

0 ~ '\ ---0 c 
I 

XX I I'l 

K = SnR H. 
9, 

Such a cyclic intermediate is expected to be most favourable, 

because the nucleophilic attack of the oxygen bonded to tin upon 

the H-atom and the electrophilic attack by the tin centre upon the 

0-atom of the carboxylic acid assist each other. AI though no 

evidence in favour of such an intermediate, is available so far, 

its stability <if it does exist at all) is likely to be enhanced 

with the increase in the electronegativity of RC02 group of the 
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acid. Thus, if the reaction is assumed to proceed through the 

formation of the cyclic intermediate, the presence of strongly 

electron withd.rawing group and additional potential donor atom 

capable of forming a chelate ring, both most effective if present 

on the ~-carbon atom within R, can create a situation conducive to 

the realisation of •uch intermediate Jn the Isolated s·tate. 
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0RGANOTIN CARBOXVLA TES A BRIEF REVIEW 

Il.1 In.t..r-oduc t. ion. : 

Organotin carboxylates constitute one of the most 

important classes of compounds in the ever expanding field of 

organotin chemistry. Theoretical and struct,Jral interests in this 

class of compounds continue to grow along with the- tremendous 

j._ growth in their industrial, agricul tura.l and other applications. 
·~ ~ 

These compounds are derivatives of tin( IV l and may be of 

three general types, viz. R SnOCOR', s 
R Sn ( OCOR' ) 

2 2 
and 

RSn(OCOR' l ,where, the groups R and R' may either be the same or 
3 

different. Many discussions on the chemistry of this group of 

organotin compounds with varying degrees of details are 

'1-5 
available and as such only the more impor ta.nt a.spects a.re 

presented here. 

II.2. Prepar-a.t.ion 

Organotin carboxylates are prepa.red through a number 

of routes, of which the most common and convenient one involves 

the reaction between organotin oxides ( or hydroxides) 

6-14 
carboxylic acids or their anhydrides as shown below : 

R SnOSnR + 2R'COOH 
3 9 

--------> 2R SnOCOR' + H 0 ------- (1l a z 

R SnO -t 2R'COOH 
2 

--------> R Sn (QCOR' l + H 0 ------(2] 

R SnOSnR + (R'COJ 0 s s 2 

2 2 2 

------> 2R SnOCOR'------------[3] 
9 

and 

The water produced in these reactions i~ removed, usually by 



.. -
~-

) 

-62-

azeotropic distillation using a Dean and Stark separator 

:t!:S 
alternatively by reflu~ing at higher temperature f9r example 

Bu SnOSnBu 
a s 

0 

·L_o_o_-_:U._o_c_, 2 rQ:c OH + H • 0 

COO Sn Bu3 ___ [ 
4 

J 

or 

Triphenyl tin carboxylates, such as, p-ROC F COOSnPh' where, R 
<S 4 - 9, 

= Me, Et ) ' p-<Ph SnOCO> C F .H 0 
.'9 2<S4 2 

and o-(Ph SnOCO> C F .H 0 
9 264 2 

have been prepared by the reaction of Ph SnOH with the appropriate 
3 

polyiluoro carboxyli~ acids in MeOH
16

• 

Organotin carboxylates have also been prepared by the 

reaction of the corresponding organotin hal ides with the alkali 
I. 

metal or silver salts of carboxylic acids either by stirring at 

room temperature or~ by reflwcing the reactants in a suitable 

1 t
:19,17-:19 

so ven • 

R SnX -+ (4-n) MOCO~R'---> R SnCOCOR' > + (4-n> MX ----[5J 
n 4-n n 4-n 

CM = Na, K, Ag or Tl ;, X = halogen) 

Another 'method for the preparation of organotin esters involves 

the cleavage of one or more organic groups of tetraorganotin 

b b 1 
_ . d to, 2:t 

compounds y car oxy 1c ac1 s . 

R Sn -+ n R'COOH 
4 

-i------> R Sn(OCOR') -t rr RH ------[6] 
4-n n 

In this acidolysis reaction, the cleavage of organic groups 

' depends on the acid strength, nature of the groups R and R' and 

also on the 
; Z2-24 

temperature . Vinyl groups are cleaved more 

readily than satura~ed alkyl radicals, but less r~adily than 

phenyl Z!:S groups and successive groups are lost with increasing 
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difficulty. Tetraalkyltin is more reactive than tetravinyltin 2
•. 

A novel ~lectrochemical method of preparation of trialkyltin 

carbo~ylates involving the cleavage of organic groups from R~Sn <R 

= Me, Et, Pr, Bu> by Hg< 1 > carboKylates, has been described by 

Tagliavini et al
26

• Thus, tetramethyttin produces trimethyltin 

acetate when treated with Hg(J) acetate in MeOH at room 

temperature. 

2Me Sn + Hg (OCOMe) 
4 2 2 

----------> 2Me SnOCOMe + 2Hg + C H ------[73 
9 2 d 

Organotin hydrides react _with carboxylic acids t~ form the 

d - t" t 27
'

28 "th 1 t" correspon 1ng organo .xn es ers WI evo u 1on of hydrogen. 

R SnH + R'COOH a 
------------[8) 

R ~ H + ?R'COOH z"" n 2 -
----~-----> R Sn<OCOR•) + 2H ---------(9] z 2 2 

The initially formed dicarboxylate equilibrates with unreacted 

29 
dihydride as follows • 

R
2

Sn{OCOR' J
2 

+ R
2

SnH
2 

With di-n-butyltin dihydride the 

Bu Sn(H)OCOR• 
2 

decomposes 

_ b 1 t Z?,so.s• -dlcar oxy a es . Using 

------------[10) 

intermediate hydride carboxyl"ate 

to give d i s tan nan e 1 , 2-

similar methods the a.ceta.to 

92 
bridged compounds shown below have been prepared . 

+ 2 X CCOOH 
9 

--------> + 3H 
2: 

<X = H, Ct) 

-------[11) 
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Halocarboxylate derivatives of organotin compounds are most 

conveniently synthesised by heating equimolecular mixtures of the 

diorganotin dicarboxylates and the diorganotin dihalides in 

- . 99,94 
1nert solvent • 

Bu SnBr ~ Bu Sn<OAc) z z z z ------> 2Bu Sn<BdOAc ---------[121 z 

an 

These compounds can also be prepared by the reaction of R'COOM 

(M = Na, K) with diorganotin dihalide as shown below9 ~' 96 • 

Bu SnCl ~ KOCOR' z z ------> Bu Sn<Cl )QCOR' + KCl ------------[133 z 

At 100°C trimethyltin chloride reacts with carboxylic acids to 

97 
give dimethylchlorotin carboxylate which may also be prepared by 

the exchange reaction between dimethyltin dichloride and a 

triorganotin carboxylate 99 in CCI or C H at room temperature . as 
4 d d 

shown below. 

Me SnCl + R'COOH 
3 

---------> Me Sn<Cl )OCOR' + MeH -----------[143 z 

R SnCl + R• SnOCOR' ----> R Sn<Cl )QCOR' + R• SnCl --------[153 z 2 9 2 9 

A number of dialkylhalotin ac~tates have been synthesised using 

the following reactions
98 

CR SnCl) 0 + 2CH COOH z z 9 
-------> 2R CCI)SnOCOCH + H 0 ------[163 

2 2 

<R SnCI) 0 + <CH CO) 0 
2 z ' 9 z ------> 2R <ClJSnOCOCH ------------(173 z 9 

R SnO + ClCOR' z ------------> R
2

Sn(Cl)OCOR' -------------[183 

Anhydride of an unsaturated a.cid (e. g., maleic anhydride) when 

reacted with hexabutyl 

. 99 
organotin esters . 

dis tannoxa.ne produces disubstituted 

Organotin carboxylates may also be prepared from the esters of 

carboxylic acids by the reactions [203 and [213 40 ' 4 ~, below. 



~­
·-"!' 

0 

II 

He_/ c"---
!l 0 + 

HC"' / 
. c 

II 
0 

<R Snl 0 + R'COOEt 
9 2 

Bu Sn 
S' 

) 0 
2 

> 
HC- COOSnBu 

9 
I! 

HC- COOSnBu 
3 

---~----(19] 

'---------[20) 

R SnOH + R'COOEt 
s 

---'------> R SnOCOR' + EtOH 
9 

------------[21) 

Tricarboxylate deri~ati~es of the type RSn(OCOR' l 
3 

are usua i l y 

~repared from the cottesponding trichlorides by the action of the 

. . . 1. . d 42 silver salts .of the carboxy 1c ac1 s . 

RSnCl + 3R'COOAg 
3 

~-'-----> RSn < COCOR' ) 
9 

+ AgC I ------...;--- ( 22') 

IL3 ?hysical. ?r-opert.ies of Or·e;anoti..-r~ c:m·boxyl.ates 

The Sn- o· bond in organotin c·arboxvlates is essentially 

covalent, but undergoes polar reactions depending on the sol~ents 

and a.ttacking groups. This is why the carboxylates with sma.l1 

organic groups are more soluble in alcohol, ether etc. than in 

water
2

• The solub-ility of triorga.notin carboxyla.tes is low in 

common organic solvents because of their polymeric structur·es. 

Many of the carboxylates have low ~elting points indicating thes~ 

to be covalent compounds. 

The polymeric stannoic acids are colorless and infusible. A 

few of them are soluble in chloroform and carbon tetrachloride and 

are fairly stable tO\ ... ards hydrolysis. The melting/boiling points 

of some common or·ganotin esters are ·listed in 
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tab 1 e- I I • 1. 1 
' 

2
' 

4
' !5' 

4 9 
• 

Table:-11.1. 

Gompound 

Me SnOCOMe 
3 

Ph SnOCOH 
9 

Ph SnOCOPh 
3 

Bu SnOCOH 
9 

Bu SnOCOMe 
3 

Bu SnOCOPh 
9 

(Cy-he:<) SnOGOMe 
3 

Ph SnOCOMe 
3 

Pr SnOCOMe 
3 

Pr SnOCOCF 
3 9 

Et SnOCOMe 
3 

.. 0 
Mp. < c l 

. 0 
Bp. ( clmm Hg} 

196.5-197.5 

202-203 

84-85.5 

120-12510.7 

85 

166-168/1 

62-63 

i21-122 

99-100 

88-90/1 

134-135 

Compound 
0 t1p. ( c} 

Bp. {0 clriun Hgl 

Bu Sri<OCOMe} 144.5-145;5/10 
2 2 

PhSn<OCOt1el 116-117 
2 2 

Bu Sn(OCOGH=GHMel 34 2 . 2 

Bu Sn<OCOC H n 
2 :H. 29 

BuSn(QCOMe} 
9 

EtSn(OCbPhl 
s· 

PhSn(OCOMel 
3 

Et Sn<Cl lOCOMe 
2 

Bu Sn<BriOCOMe 
2 

22-24 

46 

185-188 

76 

94 

67-68.5 

II.4- Cherrd.cal. pr-oper·{ tes of Oi-~Sano t. tn Carboxyl.at.es· 

Most triorganotin carboxylates are hydrolytically stable, 

whereas the diorganotin derivatives undergo ~artial hydrolysis to 

R Sn(OGOR' lOSnR (OCOR• l 
2 2 

and produce the dimeric distannoxanes 

R Sn<OCOR' lOSnR OH
4

'
44

• 
2 2 

tricarboxylates are The monoorganotin 

readily hydrolysed; in ethanol to form the monoorganotin 

oxyca.rboxyla.tes 42 \1/hich exist as polymers or olygomers in the 

solid state with Sn- 0- Sn bridges and chelating carboxyl 
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:L8,45 
groups . R R 

r 1 

ElOH 
-o-Sn-o -Sn -o-

/ "' I ~ o, ~0 0" -'/0 c c 
n RSniOCOR') + n H 0 

s z· -----> 

j I / R/ R 

+ 2n R'COOH ~---~[231 

The most widely studied reactions of organotin ca~boxy1ates 

are decarboxylation an~ disproportionations; The the I' ma.l 

decarboxylation df triorganotin carboxylat••46 ha~ been used for 

the preparation of trialkyltin • • 4'f' h1drtdes (equation 24), 

trialkyl-alkynyltin~ (equations triorgano 

cyanomethyltins (equa.tion 27)49 and polyfluorophenyl 

t - h It" ( t" 26) 16
• rtp eny xns equa ~on 

R SnOCHO 
3 

0 
100-170 ·.:: ----"----------> R SnH + CO -------------[241 · 

R = Pr ,Bu } 9 2 

0 

R SnOCOC 
9 

= COCOSnR ____ 16_o_c _________ > R SnC 
9 

= CSnR 
9 

Bu SnOCOC =CPh 
9 

R SnOCOCH CN 
3 2 

9 <R = E t, P1•,B•..i. } 

0 
60 c ---------> Bu SnC = CPh + CO 

3 2 

0 
140~:t50 c 

--~--.....,.-------> R S nCH CN + CO 
<R =· B•.t,Ph } 3 2 2 

Boiling Py 

+ 2CO --- [ 25 l . 2 

---------[26] 

------(27] 

Ph SnOCOR > Ph SnR + CO ----[26J 
3 <R = C F C F 0Me-4,C F OEl-4> 9 2 

6 !:5, 6 4 . 

The Ph SnOCOR { R = C F C F 0Me-4,C F OEt-4) 
3 6 !:5, 6 4 6 4 

disproportionation 

Ph Sn
16 

4 
Seyfarth 

reactions 

5() 
et.al. 

also, to form 

have successfully 

compounds undergo 

Ph Sn<OCORl and 
2 2 

used the reaction 

of triorganotin carboxylates of halogen substituted carboxylic 
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acids with cyclooctene as a carbene transfer react ion, although 

the reaction mechanism is not yet established. 

<R =Me, Ph; X= Cl, Br> 

Diels-Alder type reactions have been carried out with 

organotin carboxylates and dienes3 ~' 99 • 

CHC 0 OMt;2 
+ II 

CH COOSLR3 

(R = Bu,Ph l 

---[30) 

With thiols the. following e q u i I i b r i u m i s e s tab l i s he d and the 

reactions can be driven from left to ~ight by removing the organic 

'd t t' - t ~~ ac1 from he reac 1on mlK ures . 

R SnOCOR' + R8 SH 
3 

R SnSR 8 + R'COOH --~------------[31] 
3 

Action of alkoxy derivatives of metals a.nd metalloids on 

organot. in carboxy 1 a tes produce 
~2.~3 

metallostannoxanes as shown 

below : 

Ph SnOAc + Ph SUOEU 
3 2: 2 

--------> Ph Si(OSnPh l - + 2Et0Ac ----(32) 
2 9' 2: 

Bu SnOAc + TilOBul 
9 4 

-------> Bu SnOTi <OBu> + BuOAc ----------[331 
9 9 

Organotin carboxylates readily undergo redistribution with 

other organotin compounds to form mixed organotin carboxylate 

3 
4.~4.~~ 

derivatives (equations 10,12,15, 4) . 
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-------'--> 2R Sn<OCOR' IX ----~-----(341 
z 

In some cases carboxylate groups of the organotin ester may 

be exchanged with that o~ a free acid as 

t AcOBu SnOSnBu OAc + 2Bu COOH 
. z z 

___ .:....__) 

:17,~6 
shO\o~n bel ow 

l. t <Bu COOJBu SnOSnBu <OOCBu I + 2AcOH ---.--[35) 
2 z 

O)igomeric acetate is usually formed when a dialkyltin 

diacetate and a dialkyltin dialkoxid~ are heated at 1B0°C in water 

for 2 hours~ 7 -~ 8 • Ol_igomeric ot-w diacetoxy stannoxanes ·are also 

bt - -l b t- ~ 0 o .a1neu y the reac Ion 

Bu SniOAc) .+ H 0 
CH N 

__ 2_2 __ > 
AcOIBu SnQ) SnBu OAc + Me0Ac----[36J z z 2 2 " 2 

(n = 1,3,7,151 

Some tr i organo t. in 
60,6i 

esters ,most commonly the triorganotin 

acrylates or methacrylates, undergo polymerisation or 

copolymerisation under the influerice of heat or free radical 

initiators. 

n CH ===CR' 
z I 

CO SnR 
2 3 

----> 

<R' = H or Me 

[ -cH2-c~·- . ] 
CO SnR z 9 n 

----[37) 

Generally, the organotin esters are weaker Lewis acids 

organotin halides,. so complex formation by esters is 

than 

less 

extensive than by the halides. This weaker acidity appears to be 

essentially an inducti\•e effect and may be related to the lower 

electr>:Jn withdrawing power of t.he ROCO group compared to the 
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The pra~enaa of alaotron withdrawing groups 

attached to the tin an91or the ROCO • t <SS mo1a y increases the Lewis 

acidi·ty at tin and is expected to favour complex formation by the 

carboxylates. This explains why in the majority Df the adducts of 

the di- and tri-organotin carboxylates with ~. 0 and S containing 

ligands, d f 
9,62, <So&-? 9 

raporte so ar , the organotin carboxylates are 

derivatives of halo carboxylic acids 

II.5. Struc tu:r-e Of OrBa.n.ot in Ca.rboxy"La.tes 

such as Cf COOH 
9 

or 

The commercial viability of organotin carboxylates has 

necessitated unders tand_i ng of the bonding in these compounds to 

establish the relationship between their biocidal as well as 

non-biocidal activity with structure. Consequently, in recent 

years there has been an upsurge in the synthesis and structural 

elucidations of various organotin esters of well known carboxylic 

acids. 

As early as 1961, Beattie and Gilson74 
suggested the 

structure involving intermolecular bridging through carboxyl 

oxygen atom, as an alternative to the ionic 

postulated by 

physical methods 

7!5 Freeman and 

l i l<e I. R., 

Okawara76
• 

bonding previously 

Since then various 

NMR 

spectroscopy and X-ray diffraction studies have been utilised to 

deduce the structures of this class of compounds. The subject has 

been discussed and rev i awed by seve I' a l 
:1-!5 

authors . The salient 
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features of the structures df the three type of organotin 

carboxylates are discussed below. 

Il.5.A .. Triorganotin carboxyla.tes [ R SnOCOR') 
9 

The triorganotin caboxylates are rich in structural 

possibilities. Generally, their solubilities in organic solvents 

are poor , because of t"h e i r p o 1 y me r i c a :s s o c i ate d .s t r u c t u r a [ I J. I n 

the solid state the structure of trialkyltin carboxylates .are 

polymeric involving bridging carboxylate groups and planner and 

near pla.n~er .R
9

Sn moieties 4
, the geometry a.t the meta.! a.tom being· 

trigonal bipyramidal [I]. 

R' 
·I o R . . c I' 

1 ~"' I ""o-sn~O o-sQ.~o 
j ··.. / -~ 

R ~R R ... R 

I II 

Thus IR spectrum of trimethylstannyl acetate in the solid state 

consist of v lOCO) and v lOCO) stretching frequencies at 
•.:X.S S 

1576 

respectively, indicating the presence of 

symmetrical carboxyl group as in 

single Sn-C stretching band in 

77 NaOCOCH . 
3 

Me SnOCOMe is 
a 

Appearance 

consistent 

planner trimethyltin grou~. The associated polym~ric 

of a 

with 
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structure [ IJ has been demonstrated crystallographicaily for 

Me Sn0C011e, 
3 

CHl OGOCCl 
80 

3 3 

Me SnOCOCF 78 

9 9 

and Me SnOCOC H S 
9 4 9 

Bi 

III 

On dissolving the compounds 

iCH = 
2 

in nonpolar, noncoordina.ting 

so I vents, the carboxylate absorption bands Cv COCO) and v <OGOJl 
•::LS g 

are shifted to around 1650 cm- 1 and 
-i 

1300 em respect.i\•ely, with 

the appearance of both v (Sn-Cl and v (Sn-Cl bands indicating the 
•::LS g 

breakdown of polymeric structure [ IJ into monomers. [l!J with 

essentially tetrahedral tin atoms having. ester-! ike carboxylate 

groups bonded to it. Molecular- \!feights of the carboxylates in 

benzene and CCI
4
also ~upport monomeric structure [!!J i.n solution 

with the exception of trimethyltin formate. The insoluble form of 

the latter, when heated with cyclohexane in a sealed tube at 

0 
90 c, is. converted into a soluble form, which exists as an 

equilibrium of associated and unassociated forms in CCI, but 

monomeric in ethanol 8 ~ 

However, when the group R and/or R' is bulky or when there 

is branching at the carbon atom C( to the tin atom e. g., 

triphenyltin 2-ethyl hexoate the compounds assume monomeric 
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ester-! ike structure [I I] in the so 1 id state, as a result of 

t . h" d 18,63-87 s .er lC 1n ranee . Thus, X-ray study on Cy SnOCOMe 
3 

showed 

the presence of discrete molecules, with the tin atom occupying a 

distorted tetrahedral 
. . 8!5 

geometry , although Majee et.al. have 

doubted such a t
o :t.08 

representa 1on . Crystallographically 

authenticated claim in favour of structure [ll] has also. been made 

for tricyclohexylstannyl 1,3-indolyl acetate by Zuckerman 

68 et. al. . Similar monomeric structures have been. suggested for" 

the sterically hinde~ed trineophyltin ~armata and acetate en the 

b~sis of Mossbauer and I.R. spect~~scopy86 ' 87 . 

In t.he structure of the bis-{trimethyl stannyl )ester" of a 

. 89 
dicarboxylic acid Me SnOCOCH OCOSnMe , each carboxyl g~oup links 

9 z s 

planar Me Sn 
3 

moieties intermolecularly to form a three 

dimensional polymeric network. In the derivatives of 2,6-pyridine 

dicarboxyl ic acids, structures 149 with trigonal bipyramidal tin 

atom environment involving unidentate carboxylate groups linking 

two different tin centres have been established recently. 

Among the triphenyltin derivatives, Ph SnOCOCHMe 
s z 

and 

Ph SnOCOCH=CH are s z penta-coordinate one dimensional polymers 

possessing structure [ I J in the solid state, whereas, 

Ph SnOCOCMe , .·Ph SnOCOCCMel=CH , 
9 s s z 

Ph SnOCOCCl 66
'
69

'
73 and 

9 9 

. 90 
{p-tolyl) SnOCOCCl are said to 

~ s 
be tetra-coor"dinate monomers 

{structure [11]) in the solid s.tate as well as in solution. The 

v <OCOi band in the I.R. spectra of all these latter compounds 
a. a 

appear above 1600 - ·1. em both in the solid and solution state. Whi.le 

·I 
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trans-C SnO 
3 z chain structure of 

triphenyltin carboxylates have been adequetly supported by K- ray 

. 9L-9!5 ana.ly:<;u.; • the tetrahedra. I monomeric strY.lcture has been 

auth~nticat~d crystallograpMically only fOr a few compounds, such 

as the triphenyltin esters of anthranilic and salicylic acids
96

'
97 

and the triphenyltin derivative of thiophene 2-carboxylic acid 

98 
(Ph SnOCOC H S) . However, triphenyltin acetate, on ~ar~ful X-ray 

9 4 9 

analysis appears to have a 'dis tor ted six coordinate mer- Ph SnO 
9 3 

geometry at tin as shown below
99

. 

IV 

The intra molecularly chelated structure [llll involving 

bidentate carboxylic group has been assigned to some triorganotin 

esters of carboxylic acids,- especially Ph So-derivatives 9 . of 

substituted benzoic acids, on the basis of l.R.,. NMR and Mossbauer 

The v { oco) 
a a 

triphenyltin benzoate is found at 1620 

mode 

-'1 
em 

in 

i04 

solid 

and in 



-75-'-

tri-n-propyl and tx·i-n-butyl tin benzoates, which are liquids, at 

1565 em -i. and 1640 
-i_ i.05,i.06 

em respectively. Since the t> ( oco) 
.:t.a 

mode is not shifted towards higher frequencies in solution, it is 

likely that, structures· adopted in both states 'contain chelated 

benzoate 

trialkyl 

38 
groups However, 

t . t iOO,iOi tn as .ers · are 

exa.mp l es 

extremely 

of this geometry among 

rare, due probably, to 

the lower electronegativity of the alkyl than the phenyl group, 

which disfavours. axial occupancy of· the alkyl group in the 

~ trigonal bipyramidal structure. 

Data for Ph SnOCOC H X ( where X = 2-NH 4-NH 2-NMe 
3 6 4 2, 2, 2, 

2-0H, 4-SMe 3 have all bean interpreted in terms of 5 c~ordinated 

t t [ I I I ] 1 th h th . h b t. di.O? F :U.~S s rue ura , a oug 1s as ean quas tone . rom n 

NMR and Mossbauer studies of Ph SnOCOC H X [ . where K = H, 2-Me, 
9 6 4 

2-NH 2-NMe· 2-C 1, 3-C 1, 4-C l, 2-0H, 4-0H, 4-SMe, 2- OMe l in 
2, 2, 

solution and in solid phases, Mo~loy et.al. have assigned a 

coordination number of four at tin in alI the compounds in 

~1( solution as wall as in solid state with the exception of 2-Cl and 

? OH d 
.. t. t07 

~- er1va 1ves . The 2-Cl and 2-0H derivatives are said to 

exhibit carboxylate/hydroxyl bridged polymeric structure. 

On the basis of crystallographic data Holmes et.al assigned 

the intramolecularly five coordinate structure [I·IIJ to the 

4-chloro- d~rivative~, but Molloy et.al continues to prefer the 

tetrahedra 1 monomeric structure
69

• The tetrahedral arrangement 

around tin in these compounds is supported by the X-ray 

diffraction studies on t.riphenyl tin esters of anti1rani 1 ic and 
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salicylic . d 90,9? ac 1 s , in which the carbonyl oxygen is only 

hydrogen bonded'with th~ su~sti.tuent at the ortho position of the 

benzene ring as shown below : 

v 

However,· in the triphenyltin anthranilate and salicylate the 

geometry is distorted towards trigonal bipyramidal, because of 

the approach of oxygen of the RCOO moiety at a tetrahedral face 

opposite one of the tin-phenyl groups and the Sn---0 (carbonyl) 

distances (. 2.823 A
0 

in the anthranilate and 3.071 A
0 in the 

I . I t ' . d . t . f k . t t . 9<S,V7 sa 1cy a .e1 are In xca 1ve o wea In erac 1ons . 

The only yet undisputed struc·ture of type [Ill) has been 

demonstrated crystallographically for 

o-(2-hydroxy-5-methyl phenyl 108 
azo ) benzoate . 

It should be noted here that among 

triphenyl tin 

the R SnOCOC H X 
9 d 4 

compounds {where K is a donor group), there is no convincing 

evidence in favour of the involvement of the substituent X on the 

benzene ring in intramolecular coordination leading to chelate 

rings. On the other hand, there is evidence that the X group may 

be linked to a tin centre which is not at all carboxylated. Such 
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examples are provided by triorganotin derivatives of mercapto 

carboxylic • :14!:5 a.c 1ds • How a v e r , examples of monomeric carboxylates 

in which the carboxylate group is part of a chelated ring formed 

by intramolecular coordination of N->Sn have been provided by·, 

Ma.je~ et. al 10s:o-tu., for tri- a.nd di-organotin derivatives of 

arylazo benzoic acids and arylazo phenoxy acetic acids. 

Unlike the triorganotin carboxylates cited so far, the 

structure of trimethyl tin glycinate is unique in having lone pair 

donation through nitrogen giving a one dimensional amino bridged 

polymer and trigonal bipyramidal geometry at tin. 

hydrogen bonding between carbonyl oxygen and ami no 

. • :U.2 
between ~he cha1ns . 

-~­
~ . . 
• 

VI 

There is 

N- H 
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This structure seems unusu~l since the affinity of tin for oxygen 

is greater, but the structure has been demonstrated 

. 1..12: 
crystallographically • Similar has a! so been 

demonstrated for di-t-butyl tin glycylglycinate 14<S r:;J•:Jnohydrate , 

with the exception that, the equatorial plane is composed of two 

Bu groups and one N · atom of the tridentate ligand. The water 

molecule present contributes to the H-bonding net work. 

From the above observations it is apparent that in spite of 

accumulation of large amount of structural information on 

triorganotin carboxylates it is still not clear what properties of 

the R and R' groups determine which of the structures I, I I, I I I is 

adopted in the solid state. 

ll.5.B. Diorganotin Dicarboxylates CR Sn(OCOR') J 
2 2 

The structure of dialkyltin dicanboxylates was first 

suggested for dimethyltin diformate by Okawara76 as consisting of 

a linear Me Sn cation and formate anion. 
2; 

M b 
:U.9,U.4 oss auer and 

I.R.
4

,:t:t!li stud1"e-= on a number f d" lk lt· d" b l t t - o 1a. y 1n 1car oxy a es sugges, 

that in the neat I iquid or solid states, these adopt a polymeric 

structure [VIIJ with intermolecularly bridging carboxylate groups 

and an octahedral trans-R SnK 
2 4 

tin 

crystallographic evidences in favour of 

atom geometry. X-ray 

this structure are, 

however, lacking. In solution, these compounds are monomeric and 

probably possess an octahedral intramolecularly chelated structure 

[ V I I I J 4 ,t:t!S • 
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VII VIII 

Recently, some dialkyltin dicarboxylates ha\•e been shown 

from crystal~ographic studies, to have monomeric structure in the 

solid stateH<:S-Hs:>_ Thus from ){-ray studies the mono nuclear 

Me SnCOCOC H -p-NH ) 
2 <S 4 2 2 

has been assigned a distorted octahedral 

cis-R SnX ~eometry 
:U.<S . 

around·tin as shown in structure I X. The 
2 4 

structures of 
n ~~? 

Bu Sn(OCOCH SC
6

H l 
2 2 !5 2 

Et Sn { OCOC H S) 
147 

and 
148 

Pr Sn<OCOCH SPhl 
2 4 9 2 2 2 2 

nBu Sn<OCOC H -p-Br) 
118 

2 <S 4 2 

have been described 

as having a skew trapezoidal bipyramidal geometry at tin, also 

in figure with a cis-R SnX disposition as 
2 4. 

shown [X]. The 

nBu Sn(OCOC H -o-Br I has, hm11ever, been shown
120 

to have, in the 
2 6 4 2 

solid state, a distorted pentagonal bipyramidal geometry with 

trans Bu groups, due to dimerisation through weak interaction 

between a tin a tom and a carboxy 1 a te-O a tom linked to the other 

tin atom [){I). In solution the dimer dissociates. 

I n polymeric dimethyl tin dipicol inate, where both 

carboxylate groups bridge successive atoms, tin is formally seven 
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-~ IX 

o-c 
: \ 

Bu~ ':/0 
Sn 

fQSBr 

Bu/ i ~0 
: I o __ c, 

0 
Br 

X 

coordinate due to the formation of intramolecular tin-nitrogen 

bond 142
. Sandhu et.aL also have suggested the involvement of the 

N atom in intramolecular coordination in derivatives of picolinic 

acid [ R Sn(pic> z 2 
where, R = Me, n-Bu, n-Oct and Bz. J on the 

basis of Mossbauer studies
149

• A distorted trans octahedral 

structure involving unidentate carboxylate groups has been 

suggested for these compounds. However, a weak C=O----Sn bridging 

interaction has not been ruled out in some compounds. 

On the basis of I R, NMR, and 

intramolecularly chelated octahedral 

119 . 
Sn Mossbauer studies, the 

trans-R SnX geometry around 
2 4 
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tin [IJIIIJ has been suggested for the diorganotin derivatives 

. "d$)9 of 3-Benzoyl propiontc a.ct , 2-Benzoyl benz a i c ac i ./ 2
:1 and some 

. d :122-:124 
N-substituted amino ac1 s . 

XI 
The amino;'icid derivatives dimerise due to H-bonding through the 

functional substituents on the amino N atom as shown below 

However, from X-ray studies, Sandhu et.al. have shown that 

-~ £Bu
2
Sn(A) 3 ( where, HA = monochloro acetyi-L-phenyl alanine ) has 

a monomeric .structure with skew trapezoidal planar geometry around 

t . ·1!50 
, 1 n , instead. of the octahedral geometry shown above [X IIJ. 

.In addition to the 1:2 complexes shown above the aminoacids 

form similarly hydrogen bonded carboKy diorgano stannoxanes of the 

type R tL}Sn-0-SniL>R 
2 2, 

where, the geometry around tin atom is 

trigonal bipyramidal trans-R SnX 
2 3, 

involving chelating carboxylate 

:122-:124 ':1!50 
groups . 

In the diorganotin derivatives of mercapto carboxylic acids 
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XII 

also, 
t~t 1~2 

f1ossba.uer and X-ray data. indicate that the tin atom 

geometry is trigonal bipyramidal, nonlinear polymeric compounds 

being formed through the in-.•ol\•ement of the S atom and bridging 

bidentate carboxylate groups. 

The reaction between diorganotin oxides and carboxylic acids 

of ten I eads to the format ion of carboxy d i organa s tannoxanes, 

which are hydrolysed "derivatives of the diorganotin carboxylates. 

A survey of the l i tara ture reveals that, d i organot in esters in 

genera I, and carboxy d i or gano s tannoxanes carrying l i gands with 

functional substituents in particular, have not received attention 

commensurate with their struct.ural _ b . l . t . H<S,t2~--t28 
pOSSl 1 1 1es . As 

~-
far back as in 1977, Tagliavini et.al. suggested the following 

dimeric str1.1cture (){I I IJ involving both monodentate and bidentate 
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carboxylate groups for tetrabutyl-1,3-trichloroacetoxy 

distannoxane [(nBu SnOCOCCl ) 03 and similar z 9 2 2 

the solid state, as well as in CCI solution, ... 

i2!S,i29 
compounds 

on the basis of 

in 

IR 

spectra and X-ray studies. In more polar solvents 1 ike CHC I the 
9 

weak Sn----0 bonds shown in structure XIII are broken and partial 

depo1ymerisation occurs and structure XIV and XV ar~ supposed to 

i.Z!S 
be present 

R' 
I R _,..R' 

'lc ·R I o,.......c 
0 \ ' / \ . o ......... Sn o 

R "-.. 1 / " J /R Sn -o o-sn 
R~( "./ t"R 

o sn .......... o o 
"c ..-o/ I 'R ' '/ 
I R C 

R, I 
R" 

XIII 

The distinctive features of these structures are the presence, in 

each, of two different tin atom geometries and twci types of unique 

carboxy 1 ate groups, one of which bridges two tin cent res, though 

weakly, \' ia one oxygen a tom only, the carbonyl oxygen remaining 

free. Further experimental support for the above structure. X l l I 

wit.h a planar four membered Sn 0 
2 2 

ring, of te.traa 1 k.Y I dicarboxy 

• 
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XV 

distannoxane has only recently been provided from crystallographic 

studies of 
•' 1:16 

[ C Me SnOCOC H -o-NH ) 0) , 
2 6 4 2 2 2 

C ( n8\.l
2

SnOGOCcsH
4 
-o~OMe )

2
0 J

2
-u.9 

:t.48 compounds • 

However, the structure assigned to these compounds CXVIl differs 

slightly from structure XI II due to the involvement of the 

carbonyl oxygen' in weak Sn----0 interaction, thus rendering both 

the endocyclic and exocyclic tin atoms six-coordinate
116

• 

The tetraorgano stannoxane structure suggested for 

(Me SnOCOC H -p-NH ) OJ u.6 

2 6 4 2 2 2 
differs considerably from both 

structures XIII and XVI in having two different tin atom 

geometries, but only one type of essentially monodentate 

carboxylate group, one oxygen atom of which bridges two tin 

centres through weak Sn----0 interaction CXVIIl The other oxygen 
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atom is also involved in weak Sn----0 interaction. 

XVI 

CI""ysta t st.I""ucture determination of [ Bu SnOCOC H N > 0 J 
130 

reveals 
2 5 "' 2 2 

that the 2-pyridine carboxylate ligand introduces a major change 

in the dicarboxylato tetraorgano stannoxane structure as a result 

of the forrna.t ion of Sn--N bond [XV I I I J. The centrosymrnetr ic 

dimer features two unique carboxylate groups, one of which bridges 

two tin centres via one oxygen atom (the pendant oxygen atom is 

not ~oordinated but the N atom is weakly associated to tin ). 

The other carboxylate functions essentially in the monodentate 

mode (the carboxylate oxygen atom is involved in weak br-idging 

interaction) and a chelate ring is formed through the formation 

of Sn--N bond. One tin atom is six coordinate and the other is 

seven cool'"dinate by virtue of weak but significant intramolecular 
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interactions. 

HzN . ..ONH2 

·Q Me 
0
..-c 

-~ MQ I .· I c-........ , ...- o I 0 ......... ··Sn~ ' u 
0 r \ rr~e 
•,,, / · \ . \ / Ma 

Mcz--Sn-o o s' / 
I ' n . ' \1 ,., 

M \ 'o 
Q 'o __ sn ... I 

~ ... 0 
I ..... J"Mcz ... 'C 

JO}c-o· Me b 
H2N ~NH2 

XVII 

The dial kyl halotin carboxylates R Sn(OCOCR' )){ are believed 
2: 

XVII! 
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to possess intermolecularly bridging and intramolecularly chelated 

st.ructul·es XIX and XX, in solid state and soltttion respectively, 

with the tin atoms occupying a trigonal bipyramidal cis-R SnX 
2 s 

sa geometry . These structures are quite similar to the structures I 

and III of the triorganotin carboxylates, the halogen atom of the 

former occupying the position of a R group of the latter. 

~ 

R R R 
I t · I 

-s~~o~ "'o-sn..of-o~ 
/ c.~ j "'%. <I ~ ;:;: 

R CL R C! 
XIX 

XX 

X-ray studies of polymeric dimethyl chlorotin acetate~~. however, 

reveals that the tin atom is in a distorted trigonal bipyramidal 

environment, the distortion being attributed to a weak but 

X XI 
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significant carbonyl 0---Sn interaction resulting in the tin atom 

becoming six coordinate CKKlJ, 

triphenyltin acetate [ IVJ. 

ll.5.C. Monoorganotin Tricarbox:ylates 

resembling the structu~e of 

[RSn{OCOR') ] 
9 

The structure of this type of organotin carboxylates have 

not been adequately elucidated. No X-ray studies are yet available 

on any monoorganotin tricarboxylatB. The IR spectra ~f a number of 

monoorganotin esters in CCl solution show coordinated carbonyl 
4 

stretching bands, and additionally, BuSniOCOMel and BuSn<OCOEtJ 
' g g 

. were found to be monomeric in camphor soiution
42 

• This is 

indicative of seven coordinated tin atom geometry for these 

compounds in solution £XXIIJ. 

X XIl 

II.6. 

Although triorganotin{ IV) carboxylates are mostly five 

coordinate carboxylate-bridged polymers whose repeat units are 
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propa.gated in zig-zag or he! ical ma.nne r in the crysta.l 

I i: i: 
. !92: 

a .. lee , a. bonding mode altet'na.tive to cai"boxyl b r i d g i n g ma.y 

become possible if the carboxylate group contains a substituent 

carrying a donor atom. The involvement of the additional donoi' 

atom in bonding may result in either a intramolecularly chelated 

ring structure or intermolecularly bridging polymeric 

structure. This latter 6ption is adopted in trimethyltin glycinate 

[ V I ) , w he r e b I' i d g i n g occur s a·x i a 1 l y at t i n a l on g the c h a i n t h rough 

. . i: i: :U.2 the am1no n1.rogen a.om . This seems unusual, since the affinity 

of tin for oxygen coordination is believ~d to be greater, and has 

generated tremendous interest in the solid state structure of 

organotin carboxylates containing an additional potential donor 

atom in the carboxylate moiety. Among many such compounds 

organotin esters of su.bst.i tuted benzoic acids and some amino acid 

derivatives have rece.ived much attention in recent years. 

Keto carboxylic acids, though potentially polydentate, and 

apparently capable of forming a chelate ring, have not received 

adequate attention. KumarDas et.al. have investigated the tri-

and diorganotin esters of some y-keto carbokylic acids, viz, 

hipp1..1ric acid, succinanil ic acid,\ le·vu.l inic acid:199 and 3-benzoyl 

. . "d99 prop1 on 1 c. ac-1 . Qn the basis of IR and 
:U.9 

Sn Mossbauer spectra. 

the diorganotin compounds have been shown to adopt iri the solid 

state, trans-R SnX octahedral geometries and the triorganotin 
2 4 

compounds, trans-R SnX trigonal bipyramidal geometries, 
3 2 . in which 

the carboxyl oxygen, rather than the ketonic oxygen, participates 
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in intermolecular coordination .to tin. X-ray studies on the 

t~iphenyltin ester of 3-benzoyl "d93 propionic ac1 h;-.; ·- (.~on firmed a. 

carbo~ylate bridged rigid polymeric structure. The ketonic oxygen 

is not involved in coordination. The tri- and diorganotin esters 

of 2-benzoyl benzoic acid, which also has two carbon atoms 

separating the carboxyl and ketonic carbons, are also reported to 

have identical carboxylate bridged trans-R SnX and six coordinate 
3 z 

trans-R SnX z 4 
s truct.ur·es t . l 1Z:1 respec 1ve y . The triorganotin 

acetylacetates (~-keto carboxylates) m~ght be expected to be more 

rigid than the le\•ul inates but their ·reported IR 
·!34 

spectra are 

rather similar to tho.se of the levulinates. However, the organotin 

de r i v a t i v e s of ~- k e t o car boxy l i c a c i d s a r e y e t to be i n v e s t i gated 

thoroughly. 

AI though metal complexes, especially mixed ligand complexes 

of pyruvic ·acid, the first member of the c.~t-J.:eto carboxylic acid 

series a.re well k 
:tS!S-140 

nown , reports on the i:JI' ga.not in esters of 

a-keto acids are scanty. Only sketchy reports on the preparation
6 

a.nd lR 
:106 

spectra of Bu So-derivatives 
9 

and !'loss bauer spectra of 

Ph Sn-derivative
14

:t of pyruvic a.cid have a.ppea.red so ·far. The ea.se 
s 

with which the c.~t- and (3'-keto carboxylic ac'ids, as well as their 

metal derivatives undergo polymerisation .. decarboxylation and 

decarbony I at ion may be one of the main reasons for the apparent 

lack of interest in organotin derivatives of keto carboxylic 

acids. 

In comparison to the r-keto acids studied so f 
99,193 

ar the 
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keto group in the a-keto acids is more suitably placed for being 

involved in a chelate ring in their organotin d~rivatives as shown 

below: 

I -----o--c =o 
-Sn I 
· I ~ o:::::::==:-c--R' 

However, formation of such a chelate ring does not, in any 

way, preclude polymerisation, as the carboxyl C=O may be involved 

in bridging. interaction as shown below 

The high electronegativity of the R'COGOO moiety is likely to 

increase the Lewis acidity of the tin a tom, thereby helping the 

nucleophilic attack on it by the carboxyl C=O of another 

ring, leading to polymeric structure. 

Besides, irrespective of the role of the keto group, 

polymerisation is likely to proceed through the involvement of 

carboxyl group in intermolecular bridging mode,·which is a general 

feature of all compounds incorporating strongly electronegative 

. d l. d 63 
.3.cl 1g<:~.n s , resu·l ting into one dimension&.! rigid polymeric 

structures, such as, 
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R' 0 
---c-;::::::::-

1' 
R R 

I I 
~Sn---0~ .#0-->Sn-
/"- c~ /\ . I 

c 
0~ ""R' 

R C R 
"--.1 o~ -...._o I 
Sn~ ----snY 

? I ----....o .o~ I " 
R ----C~ R 

I 
~c ·o ~ ----_R' 

etc. 

The ultimate demonstration of whether or not a ketonic group 

in the organotin esters of keto carboxylic a.cids is involved in 

coordination must await further investigation. 
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CHAPTER-I l 1 

0RGANOTIN DERlVA TlVES OF 0: -KETO CARBOXYLIC ACIDS. 
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-~ 0RGANOTlN DERIVATIVES OF 0:-KETO CARBOXYLIC ACIDS : 

<Preparation, Properties and Spectroscopic Studies). 

III.1. lntradv.c t. ian 

A survey of 1 i terature shows that a! though tremendous 

amount of work has already been done on the synthesis and 

structure of organotin carboxylates with almost all conceivable 

type of substituenta on both the tin atom and the carboxyl moiety, 

the organotin esters of a-keto acids [IJ are yet to be adequately 

i 
Only a few reports on the preparation and spectral investigated. 

studies 2 on the triphenyl and tributyl tin esters· of pyruvic acid 

have appeared so far. Organot in dar iva t i ves of a-keto carboxy 1 i c 

acids would be of interest in two respects : 

(i) Organotin carboxylates, unlike organotin halides, are somewhat 

reluctant to form addition CQmplexes with Lewis bases, although a 

number of their adducts with N,· 0 and S containing ligands have, 

recently, 
S-t.9 

been reported • Apart from the hydrate add1..1c ts of d i 

and tri organotin carbox:ylatest.d-t.B and the anionic acetate adduct 

19 
of Me2Sn<OAc\~ , the organotin ca.rboxylate moiety, in majority of 

these complexes reported so far, is 

trihalocarboxylic acid such as CF
9

COOH 

a 

or 

derivative of a 

CC l COOHd,7,tO,ts-t5. 
9 

Most obviously, the electronegativity of the RCOO moiety in these 

y carboxylates profoundly influences the Lewi.s acidity of the tin 

1.5 atom , thereby making it susceptible to nucleophilic attack. The 
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~-keto acids, possessing a suitably placed keto group and high 

acid strength <electronegativity) appear to be suitable for the 

realisation of organotin carboxylates of the type II, in which the 

carboxylate group is part of a chelated ring structure, formed as 

a result of intra molecular nucleophilic attack. It is therefore, 

of great interest to know whether, such coordination wou 1 d occur 

in organotin derivatives of a-keto carboxylic acids, or not. 

0 0 

II II 
R'--C--C--OH 

It should be pointed out here, 

R 
I /o--c~o 

R-Sn · I 
I ~o~c--R' 
R 

I I 

that the formation .. of such ~ 

chelate ring does not necessarily e~clude the possibility of 

intermolecular coordination in these organotin derivatives of the 

a-keto acids.- The enhanced Lewis acidity of the tin atom due to 

high electronegativity of the R'COCOO moiety makes it equally 

susceptible to intra molecular as well as intermolecular 

nucleophilic attack, Thus, favourable electro~ie and steric 

factors are· 1 ike 1 y to introduce in termo 1 e'cu 1 ar coordination 

leading to either of the following structures I I I or IV, without 

regard to the role of the keto group in the complex. 

{ii) Pyruvic acid, the first member of the a-keto acid series, is 

very important biologically since it is an intermediate product 
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'· I ./o--c=o~ I .,.,. 
~s ~ 1 ,.........sn 
/ln~o=c--R, I " 

I I 
->Sn--0--c ~o ~ Sn /\ ,=--- /\ 

o=C-:--R' 

I I I IV 

in the metabolism of carbohydrates and proteins. Recently, 

Pt-complexes of pyruvic'acid have been found to possess remarkable 

t t
. . t 21-24 anti- umour ac 1v1 y • Therefore, synthesis and study of the 

tin complexes of pyruvic acid and its homologues are important 

from the biological. point of view as well .. 

Moreover, it is also interesting to know the various factors 

which influence the course of the reaction between the keto acids 

and organostannoxanes. 

These considerations 1 ed us to investigate the or ganot in 

derivatives of a-keto carboxylic acids. The keto acids used in the 

present investigation have been named and abbreviated as shown 

below . 

S 1 • no. Structure 

0 0 
II II 

1. CH --C...:.......C--OH 
9 

0 0 
II II 

2. PhCH --C--C--OH 
2 

0 0 
II II 

3. Ph--C--C--OH 

Name Abbreviation 

Pyruvic acid 

(2-0xo-Propanoic acid) 

Phenyl Pyruvic acid 

l2-0xo-3-Phenyl Propanoic acid) 

Benzoyl Formic acid 

<2-0xo-2-Phenyl Acetic acid) 

PvH 

PPvH 

BFH 
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111.2. Experimental. : 

The organot in compounds used were purchased from F 1 uka 

<Switzerland) and Aldrich <USA) and were used without further 

purification except Ph
9
SnCl, which was purified by repeated 

ether <Bp. 60-80°c) until the recrystallisation from petroleum 

product attained tqe mp. 
0 106 c. Ph SnC 1 was a 1 so prepared from 

9 

Ph
4
Sn by standard method2~ and purified in the same manner. 

<PhCH ) SnCl was prepared by the method described by Sisido z 9 

26 et.al. and recrysta}lised from ethyl acetate. 

. Z? 
All solvents were purified by standard methods as and when 

necessary. Unless otherwise stated, petroleum ether used refers to 

the frac~ion boiling at 60-80°c. All melting points were observed 

by open capillary method and are uncorrected. 

III.2.A. Preparation Of The Ligands 

(i) Pyruvic acid <PvH) 

Pyruvic acid was prepar~d according to the method 

described by Gilman and Blatt28
a, and purified by fractional 

distillation. The fraction boiling at 75-80°CI25 mm was collected. 

<ii) Phenyl Pyruvic acid <PPvH) 

Phenyl pyruvic acid was prepared according to the method 

28b described by Gilman and Blatt , and dried in a vacuum desiccator 

over CaCl and KOH. Mp. 156-158°C . 
. 2 
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(iii) B•nzoyl Formic acid <BFH> 

Benzoyl· formic acid was purchased from Fluka <Switzerland) 

0 
and used without further purification. Mp. 62-64 C. 

Ill.2.B. 

1. 

Preparation of t.he Organot in Dar iva t i.ves 

Reaction of NaPv with Ph SnCl 
9 

0. 77 g < 0. 002 mo 1 e) of Ph SnC 1 
3 

was stirred with large 

~ 
., eKcess of NaPv <0.5 g,0.005 mole) in dry ether containing some 

:~ 
-.I 

methanol at room temperature for 8 hours~ The solvent was 

completely removed at room temperature/ und@r vacuum and the 

resultant mass extracted with hot pet.ether. The pet.ether extract 

was allowed to stand and the first fraction of product was 

repeatedly recrystallised from .Pet.ether. 

Yield :0.085 g (ca. 10%. ). 

Analysis 

Mp. 114-6°C. 

Found 

Calculated for Ph SnPv 
9 ' 

2. Reaction of PvH with <Ph Sn) 0 : 
3 2 

"J'Sn 

26.1 

27.06 

"c 
58.8 

57.7 

"H 
4.6 
4. 13 

(i) 1.79 g (0.0025 mole) of <Ph Sn) 0 was dissolved in 40 ml dry 
9 2 

dry ether, 0.44 g <0.005 mole) of PvH was added and refluxed using 

Dean and Stark water sep~rator for about 1 hour and filtered. The 

filtrate was .evaporated to dryness at room ,temperature and the 
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resulting mass extracted with pet.ether. The pat.ether extract on 

evaporation and recrystallisation from the same solvent ·gave 0.065 

g (3%) white solid melting at 114-6°C. 

Analysis 

Found 

Calculated for Ph SnPv : 
9 

'N.Sn 

25.8 

27.06 

'N.C 

59.1 

57.7 

'N.H 

4.8 

4. 13 

The residue obtained after reflux and after. extraction with 

pet.ether were repeatedly washed with benzene and ether and dried. 

Both were found to be identical on the basis of IR and analytical 

data. The combined mass of the residue was 1.75 g (80%) and it did 

not melt. 

Analysis 

Found : 

Calculated for Ph
2
Sn<Pv>OH 

% Sn 

30.1 

31.36 

% c 

48.1 

47.67 

" H 

3.8 

3.72 

(ii) The same amount of <Ph Sn) 0 and PvH as above were taken in 
9 z 

benzene~free solvent ether and refluxed under the same condition 

and the solyent ether was ca~efully distilled out completely. The 

UV· spectrum of the distillate was recorded in the 280-230 nm 

reg ion using a Shimadzu UV240 spectrophotometre. The UV spec·trum 

showed the presence of beQzene in the distillate indicating that 

one of the reaction products is benzene. 

<iii) The same amount of <Ph Sn> 0 and PvH as above were taken in 
3 2 

40 ml dry benzene and refluxed using water separator for 12 

hours. Filtered and the residue washed with ether. On 
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r@orystalllsatlon from methanol o.a i of ye 1 low solid, 

which decomposed above 260°C without melting, was obtained. 

Analysis % Sn % c % H 

Found 36.5 34.8 2.8 

Calculated for [PhSn<Pv>OJ 39.6 36.2 2.7 
n 

The filtrate was evaporated to dryness and extracted with 

hot benzene-pet. ether mixture ( 80:20). The solution was 

concentrated and a 11 owed to crystall is~. On repeated 

recrystallisation from the same solvent 0.19 g of crystalline 

solid, me 1 t i ng at 0 227-8 c, were obtained. This was found to be 

Ph Sn from analytical data and mixed melting point determination 
4 

with an authentic sample of Ph Sn. 

" 
The residue after extraction with benzene-pet.ether mixture 

was washed with ether and dried. The yellow solid weighed 0.5 g 

and did not melt. 

Analysis 

Found 

Calculated for Ph Sn<Pv>OH 
2 

3. Reaction of NaPv with Bu SnCl 
3 

% Sn 

30.9 

31.38 

" c 
49.3 

47.87 

% H 

3.4 

3.72 

0.32 g (0.001 mole) of Bu
9
SnCl was added to a suspension 

of excess NaPv <0.2 g, - 0.002 mole) in 20 ml ether and stirred 

for 8 hours using magnetic stirrer. The sol vent was· then removed 

at room temperature and the residue was extracted· with pet.ether. 
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The pet.ether solution waa evaporated and the resulting mass 

recrystallised from the same solvent. 

Y i e 1 d : 0. 04 g (ca. 11") • 

Analysis 

4. 

Found 

Calculated for Bu
9
SnPv 

Reaction of PvH with <Bu Sn) 0 : 
9 2 

" Sn 
31.02 

31.38 

" c 
49.0 

47.9 

% H 

8.5 

7.98 

1.49 g of (8u
3
Sn)

2
0 C.0.0025 mole) was dissolved in 40 ml dry 

benzene and· ref 1 uxed with 0. 46 g >0.005 mole) of PvH for' 16 

hours using water separator. The yellow solution was filtered and 

shaken vigorou~ly with NaHCO • F i 1 tered and the filtrate was 
9 

evaporated to very small volume (3-4 ml ), diluted with 5 ml 

pet.ether and stored at S°C.' A viscous dark yellow liquid settled 

at the. bottom. The clear supernatant liquid was decanted and 

further diluted with little pet.ether and. kept at S°C. The same 

process was repeated till no more viscous liquid separated. The 

supernatant liquid on evaporation at room temperature gave 

yell ow ish crystals which were recrystall ised fJ;'Om pet. ether and 

dried under vacuum over CaCl • 
2 

Yield : 0.36 g ( ca. 20'l(,). 0 Mp. 60-62 C. 

Analysis 

Found : 

Calculated for Bu SnPv : . 9 

% Sn 

31. 1 

31.38 

'l(, c 
48.6 

47.9 

'*- H 
8.4 

7.98 
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5. (i) Reaction of NaPv with <PhCH
2

)
9
SnCl 

0.426 g (0,001 mole) of (PhCH
2

)
3
SnCl ~as stirred with eKcess 

NaPv {0.27 g, - 0.003 mole) in dry ether containing some methanol 

at room temperature for 6 hours. The solvent was completely 

·removed at room temperature and the residue ext rae ted with cold 

ether and allowed to stand. The first crop of product ~as rejected 

and the second crop recrystallised from ether. 

Yield :0.04 g (ca. 8%), 

Analysis 

Found 

Calculated for <PhCH ) SnPv : 
2: 9 

{ii) Reaction of PvH' with [(PhCH ) Snl 0 
2 9 2 

% Sn 

24.69 

% c 
61.3 

60.25 

" H 
4.8 

5.02 

1.0 g (0.00125 mole) oxide was dissolved in 40 ml dry 

benzene and refluxed with 0.22 g <<0.0025 mole> PvH for io hours. 

The light yellow soli"d deposited was filtered out, washed with 

ether and recrystallised from methanol. The product weighed 0.55 g 

and did not melt. 

Analysis 

Found 

Calculated for [BzSn(Pv)Ol :· 
n 

6. Reaction of PvH with Oct
2
Sn0 : 

" Sn 
36.26 

37.82 

" c 
39.'2 

38.46 

" H 
3.5 

3.2 

(i) 0.45 g (0.00125 mole) of Oct SnO was suspended in about 15 
2 

~-" ml dry benzene, warmed and 0.22 g <0.0025 mole> of PvH added 
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drop wise with shaking. The o~ide went into ~elution. All owed to 

stand for 1-2 .minutes and the solution was carefully decanted 

leaving behind unreacted substances. Precipitation was completed 

by addition of pet.ether and allowed to settle. The supernatant 

1 i quid decanted off and the residue washed with benzene. It was 

then dissolved in ether and reprecipitated with pet.ether.The 

light yell ow precipitate was filtered washed with 

ether-pet.ether mixture.· It was dried first in air and then in 

vacuum over CaC l . 
2 

Yield : 0.47 g (ca. 80%). 

Analysis 

Found 

Did not melt (decomposed above 150°C). 

Calculated for Oct Sn<Pv>OH : 
2· 

% Sn 

25.2 

26.34 

% c 
51.6 

50.89 

% H 

7.5 

8.48 

<ii) 0.45 g of Oct SnO and 0.22 g of PvH were taken in 40 ml dry 
2 

benzene and refluxed for 10 hours using water separator. The 

yellow solution was filtered and the filtrate shaken vigourously 

with NaHCO. Filtered and the filtrate evaporated to a small 
3 

. 0 
volume, diluted with equal volume of pet.ether and stored at 5 C. 

The first fraction of precipitate {a small amount of yellow solid) 

was discarded and the clear solution on cooling for several days 

gave a white product. It was recrys ta I 1 i sed from benzene- pet. ether 

mixture. 

Yield : 0.25 g (ca. 40~>. 
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Analysis 

Found 

Calculated for Oct·Sn<Pv) 
2 2 

7. Reaction of PvH with Bu SnO 
·2 

% Sn 

23.72 

22.78 

% c 
51.7 

50~96 

% H 

6.02 

7.72 

(i) 0.62 g (0.0025 mole) of Bu SnO was suspended in 15 ml 
2 

benzene-ether mixture (80:20), warmed and shaken with 0.44 g 

(0.005 mole). of PvH added drop wise. Shaking. continued for 2-3 

~ minutes, when the oxide went into solution. Allowed to stand for 
' ' 

. ~ 

1-2 minutes and the solution carefully decanted leaving behind 

traces of unreacted substances. Pet. ether was then added to the 

solution and the precipita·te formed allowed to settle. The 

supernat~nt l'iquid was decanted off and the residue washed 

repeatedly with ether. The yellowish white residue was dried first 

in air and then under vacuum over CaCl . 
2 

Yield : 0.8·2 g (ca. 84%) • Decomposed above 234°C. 

Analysis 

Found 

Calculated for Bu Sn<Pv)OH : z 

% Sn 

34.64 

35.1 

" c 
40.45 

39.3 

% H 

6. 1 

6.54 

( i i) 0. 62 g of Bu SnO and 0. 44 g of PvH were taken i'n 40 ml dry 
2 

benzene and refluxed for 20 hours using water separator. The 

yellow solution was filtered and shaken vigourously with NaHC0
8

• 

Filtered and the filtrate evaporated to a small volume and diluted 

with equal volume of pet.ethe~ and stored at 5°C, when a viscous 

dark yellow 1 iquid settled at the bottom. The clear upper layer 
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0 was decanted and again kept at 5 C. The same process was repeated 

till no more viscous llquld separated. The supernatant l.lquld an 

dilution with more pet.ether and cooling gave a white product •. 

This was recrystallised from benzene-pet.ether mixture. 

Yield : 0.22 g {ca~ 23%). 

Analysis 

Found 

0 
Mp. 157 C 

Calculated for Bu Sn<Pv) z z 

8. React ion of PvH with Me SnO : 
2 

" Sn 
30.82 

29.06 

" c 
42.1 

41.4 

% H 

6.5 

5.9 

( i) 0. 41 g ·(0.0025 mole) of Me SnO was suspended in 15 ml hot z 

benzene-ether mixture (80:20) and reacted with 0.44 g (0.005 mole) 

of PvH, fo 1 1 owing the same procedure used for the react ion 7 ( i) 

above.The pr~duct was collected and dried in the same manner. 

Yield : 0.63 g (ca. 80% ). Did not melt. 

Analysis 

Found 

Calculated for Me2 Sn<Pv>OH : 

% Sn 

46. 16 

46.82 

" c 
23.3 

23.81 

% H 

4.4 

3.97 

(ii) 0.41 g of Me SnO and 0.44 g of PvH were refluxed in 40 ml 
2 

dry benzene for 16" hours using water separator. The ben~ene 

solution was f i 1 tered and shaken vigourously with NaHCO . 
!I 

Filtered, the filtrate concentrated and a II OW$d to stand 

overnight. The yellowish white solid deposited was filtered and 

washed with benzene and ether,then dried. 
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Yield : 0.15 g (ca. 18%). Did not melt. 

Analysis 

Found 

·Calculated for Me Sn<Pv> 
2 2 

9. Reaction of PvH with Ph
2
Sn0 : 

% Sn 

34.9 

36.64 

" c 
29.28 

29.8 

% H 

3.8 

3.7 

(i) 0.72 g <0.0025 mo.le) of Ph
2
Sn0 was reacted with 0.44 g of 

PvH following the same procedure as for the reaction 7(i) above 

and 0.8 g <ca. 78%) of a yellowish white product, which did not 

melt, was obtained. 

Analysis 

Found 

Calculated for Ph Sn<Pv>OH : z 

% Sn 

30.47 

31.38 

" c 
49.85 

47.87 

% H 

3.9 

3.72 

(ii) 0.72 g Ph
2
Sn0 and 0.44 g PvH were refluxed in 40 ml dry 

benzene for 8 hours using water separator. The yellow solid 
. . 

deposited was filtered, washed with ether and recrystallised from 

methanol and dried. 0.62 g of yellow solid which decomposed above 

280°C were obtained. 

Analysis : % Sn " c 
35.7 

% H 

10. 

Found 

Calculated for CPhSn<Pv>OJ 
" 

Reaction of NaPPv with Ph SnCl 
3 

38.1 

39.6 

2.9 

36.2 2.7 

0.38 g ( - 0.001 mole> of Ph SnCl and 0.28 g () 0.001 mole) 
3 

of NaPPv were taken in dry ether containing small amount of 



..... 

·:~ 
. · . ··. 

..... 

-117-

methanol and stirred at room temperature for 6 hours. Evaporated 

to dryness at r. t. and extracted with cold ether and allowed to 

stand overnight at 5°C. First crop of products rejected and the 

second crop was recrystallised from ether. 

Yield : 0.35 g {68%). 

Analysis 

Found 

Calculated for Ph SnPPv 
9 

11. Reacti'on of PPvH with <Ph Sn) 0 : 
9 2 

% Sn 

22.9 

23.0 

% c 
63.8 

63. 15 

% H 

3.7 

4.28 

( i ) 0.35 g < - 0.0005 mole) of <Ph Sn) 0 was dissolved in 5 ml 
9 2 

dry benzene<or ether) and shaken with 0.16 g <0.001 mole) of PPvH 

for 2-3 .minutes. The faint yellow solution obtained was diluted 

with 2-3 ml pet.ether and allowed to stand at 5°C. The first crop 

of product was rejected and the second crop washed with cold ether 

and dried, first in air and then under 

Yield :0.375 g (70%). Mp. 139-140°C • 

Analysis 

Found 

Calculated for Ph SnPPv 
9 

vacuum over C:aCl 

% Sn 

22.9 

23.0 

' . z 

% c 
63.79 

63.15 

% H 

3.65 

4.28 

{i i) 1. 4 g - 0.002 mole) of <Ph Sn) 0 was dissolved in 20 ml 
9 2 

dry benzene and 0. 65 g 0. 004 mole) PPvH added. the light 

ye l 1 ow so I uti on was then ref l uxed using water separator for 12 

hours. ·The ye 1 low sol id separated was filtered and washed with 
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ether. The solid weighed .0.96 g on drying and did not melt. 

Found 

Calculated for [PhSn<PPv)OJ 
1"\ 

% Sn 

32.6 

31..55 

" c 
.47. 3 

48. 12 

~ H 
3.7 

3.2 

The filtrate was evaporated at room temperature, washed with 

cold ether and e~tracted with hot benzene-pet.ether mixture 

<80:20}. The solution was concentrated and allowed to crystallise. 

On repeated recrystallisation from benzene-pet.ether mixture 0.17 

g of crystalline solid melting at 227-8°C were. obtained. This was 

found to be Ph Sn from analytical data and mixed melting point 

"' 
determination. 

The residue after extraction with benzene-pet.~ther mixture 

weighed 0.43 g on drying and did not melt. 

Analysis 

Found 

Calculated for Ph Sn<PPv)QH z 

" Sn 
27.56 

26. 1 

% c 
57.4 

55.75 

" H. 

3. 7. 

3.98 

When the reaction 11. (ii) was carried out in solvent ether 

and the solvent was carefully distilled out, benzene could be 

spectroscopically detected in the distillate, indicating that 

benzene was one of the products of the reaction. 

12. Reaction of NaPPv with Bu SnCl 
9 

0.32 g (0.001 mole) of Bu
9
SnCl and 0.27 g ( > 0. 00 1 M o 1 e ) of 

' 

NaPPv were taken in dry ether containing I ittle methanol and 

stirred at room temperature for 8 hours.Filtered, evaporated at 
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r. t. and extracted with cold pet. ether. The pet. ether extract on 

evaporation gave a colorless liquid product weiihing 0.44 g 

{98~) containing no halogen. 

Analysis 

13. 

Found 

Calculated for Bu SnPPv 
3 

Reaction of PPvH with <Bu Sn) 0 : 
3 2 

% Sn 

26.84 

26.1 

" c 
56.65 

55.75 

% H 
5.8 

7.52 

0.6 g ( - 0.001 mole) of (Bti
3
Sn)

2
0 and o.4 g ( >0.002 mole) 

of PPvH were taken in 20 ml dry benzene and refluxed for 10 hours 

using Dean and Stark water separator. The yello~ solution obtained 

was shaken with NaHCO 
3 

and filtered. The filtrate was 

concentrated, diluted with pet.ether and kept at 5°C overnight. 

Pasty yerlow· mass settled down and the clear upper layer decanted. 

The decant .was all owed to evaporate at room temperature to a 

semisolid mass and then extracted with cold .pet. ether .. The 

pet. ether extract on evap·oration gave a colorless viscous 

weighing 0.49 g (55~). 

Analysis ~ Sn ~ c 
Found 26.65 56.6 

Calculated for Bu SnPPv . 26.1 55.75 . 
3 

14 • Reaction of NaPPv with <PhCH ) SnCl z 9 

0.42 g ( - 0.001 mole) of <PhCH ) SnCl and 0.27 g z 9 

liquid 

" H 

5.7 

7.52 

>0.001 
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mole) of NaPPv we~e taken in d~y ethe~ containing little methanol 

and s t i ~ ~ed at ~oom tempe~a tu~e for 7 hours and f i 1 tered. The 

filtrate was evaporated to dryness at r.t. and extracted with cold 

ether. The ether so 1 ut ion was stored' at S°C. The first crop of 

products was rejected and the second crop, recrystall ised from 

ether, weighed 0.24 g <44%~ on drying and melts at 134°C. 

Analysis % Sn % c % H 

Found : 21.86 64.25 S.6 

Calculated for Bz SnPPv 21.3 64.98 5.0S 
9 

1S. Reaction of PPvH with [ <PhCH ) SnJ 0 
2 3 2 

0.4 g (0.0005 mole~ of the oxide was dissolved in 10 ml 

benzene-e.ther mixture <S0:50~ and 0.17 g 0.001 mole) acid 

added. Warmed and shaken for 2-3 minutes. The clear solution 

obtained was diluted with pet.ether and kept over~i~ht at S°C. The 

solid deposited was recrystallised from cold ether and dried . 

Yield : 0.42 g (78%). 

Analysis 

Found 

Calculated for Bz SnPPv 
9 

16. Reaction of PPvH with Bu SnO : 
2 

'X> Sn 

22.1 

21.3 

( i } 0. 2S g ( 0. 00 1 mole ~ of Bu SnO and 0. 33 g z 

"' c 
64.56 

64.98 

% H 

S.4 

s.os 

(0.002 mole} of 

PPvH were shaken in 10 ml warm benzene-ether mixture (50:50) for 

10 minute~ and filtered. The filtrate was diluted with pet.ether 
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and a 1 1 o\~ed to stand at The solid deposited was 

recrystallised from benzene-pet.et~er mixture and the product 

obtained was washed with cold ether and dried. 

Yield : 0.4 g (ca. 72%). Decomposed above 170°C. 

Analysis 

Found 

Calculated for Bu Sn<PPv) 

{ i i) 0.25 g Bu SnO z 

2 2 

and 0.33 g 

% Sn 

22.49 

21. 15 

PPvH were 

·'}{. c 
54.8 

55. 91, 

ref 1 Ul<ed in 

% H 

5.6 

5.73 

20 ml 

benzene-ether mixture (50:50) for 8 hOUI'S, The residue was 

filtered and recrystallised from acetone and dried under vacuum. 

Yield : 0.14 g (ca. 25%). Mp. 191°C. 

Analysis 

Found 

Calculated for Bu Sn(PPv>OH : 
2 

% Sn 

30. 15 

28.64 

% c 
48.8 

49.51 

% H 

5.4 

6.3 

The f i 1 trate was shaken with NaHCO f i 1 tered, concenti'ated 
9, 

and diluted with pet.et~er and allowed to stand at 5°C. The first 

crop of products was rejected and the second crop recrystallised 

from benzene-pet.ether mixture. 

Yield : 0.3~ g.(ca.· 68%). Decomposed above 170°C. 

Analytical data identical with that of Bu Sn<PPv) • 
2 2 

17. Reaction of PPvH with Oct SnO : z 

< i) 0.18 g (0.0005 mole) of Oct SnO was suspended in 10 ml hot 
2 

ether and shaken with 0.16 g (0.001 mole) of PPvH for 5 minutes. 

The solution was filtered, diluted with 5 ml pet.ether and stored 
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The white product obtained was recrystallised from 

ether-pet. ether miKture and dried under vacuum, over CaC1
2

• 

Yield ; 0.2 g (ca. 60%). 

Analysis 

Found 

0 Mp. 74-6 C. 

Calculated for Oct Sn<PPvl ; 
2. 2 

'J' Sn 

18.65 

17. 61 

"" c 
59.02 

60.89 

'J' H 

6.85 

7.13 

( i i) 0.36 g_ {0.001 mole) of Oct
2
Sn0 and 0.35 g {)0.002 mole) of 

PPvH were taken in 20 ml benzene-ether mixture {50:50) and 

refluxed for 9 hours. Filtered and the residue recrystallised from 

acetone. The solid on dryin( weighed 0.37 g (ca. 55%). Mp. 124°C. 

Analysis 'J' Sn " c '.t' H 

Found 23.76 58.74 7.5 

Calculated for Oct
2
Sn(PPv>OH ; 22.52 57.25 8.01 

The filtrate was shaken with NaHCO concentt"~.ted, diluted 
9, 

0 with pet.ether and kept at 5 C. The first crop was discarded and 

tne second crop was recrystallised from ether-pet.ether mixture. 

The product was found to be identical with Oct Sn<PPvl on the 
2 2 

basis of melting point, analytical data and IR spectra. 

Yield 

18. 

(i) 

0. 1 g (ca. 15 "). 

Reaction of PPvH with Me SnO 
2 

o. 16 g 0. 001 mol e) of Me SnO was suspended 
2 

in hot 

benzene-ether mixture (50;50) and shaken with 0.32 g ,<0.002 mole) 

of PPvH for 2-3 minutes. The clear supernatant solution was 
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decanted and allowed to stand. The solid precipitated from the 

solution was washed with ether and dried. 

Yield : 0.225 g (ca. 46 ~). 

Analysis 

Found : 

0 Decomposes above 200 C. 

% Sn 

26.2 
" c 
49.85 

Calculated for Me Sn<PPvl 24.89 50.63 z z 

~ H 

4.1 

4.22 

(iii 0.16 g of Me
2
Sn0 and 0.32 g PPvH were refluxed in bez-ether 

mixture for 8 hours and. filtered. The f i 1 t rate was shaken with 

NaHCO f i l te.red, concen trat.ed, diluted ·with pet. ether and stored 
3, 

0 at 5 C. The yellowish white precipitate obtained was washed with 

ether and dried. Yield : 0.05 g <ca. 16%1. Mp. 172°C. 

Analysis 

19. 

Found 

Calculated for Me
2
Sn<PPvlOH 

Reaction of PPvH with Ph SnO : z 

% Sn 

35.97 

~ c 
41.07 

40.24 

% H 

3.8 

4.26 

0.28 g - 0.001 mole) of Ph SnO and 0.32 g ( - 0.002 mole) 
2 

of PPvH were refluxed in benzene-ether mixture (50:501 for 1 hour 

and filtered. The f i 1 trate was shaken with NaHCO concentrated 9, ,• 

and allowed to stand. The precipitate obtained was washed with 

ether and dried. 

Yield : 0.055 g <ca. 12%). Does not melt. 

Analysis 

Found 

Calculated for Ph Sn<PPviOH z 

% Sn 

26. 1 

" c 
57. 16 

55.75 

% H 

4.3 

3.98 
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Reaction of NaBF with Ph SnCl 
9 

o. 19 g 0.0005 mole) of Ph
9
SnCl and 0.095 g <>0.0005 

mole) of NaBF were stirred at room temperature for 6 hours in dry 

ether containing I ittle methanol. The resultant suspension was 

evaporated at room temperatura, extracted with cold baz-pat.ether 

0 I 

mixture <50,50) and stored at 5 C. The first crop of products was 

rejected and the second 

benzene-pet. ether. 

Yield : 0.1 g (ca. 42 %)·. 

Analysis 

Found 

Calculated for Ph SnBF 
9 

crop 

21. Reaction of BFH with <Ph Snl 0 : 
3 z 

was 

% Sn 

23.1 

recrystallised 

" c 
61.8 

23.69 62.65 

from 

% H 

4.5 

4.02 

0. 35 g - 0:0005 mole) <Ph Snl 0 was dissolved in 10 ml 
9 z 

benzene-ether mixture (50:50) by warming and the solution shaken 

with 0.15 g - 0.001 mole) BFH for 5 minutes.The clear solution 

0 
was diluted with pet.ethar and stored at 5 C. The white product 

obtained was recrystall ised from cold benzene-pet. ether mixture 

and dried under vacuum over CaCl • The product was identified z 

with Ph SnBF on the basi~ of melting point, analytical data and IR 
9 

spectra. 

Yield : 0.45 g {ca. 90%). 
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22. Reaction of NaBF with Bu SnC l 
9 

0.32 g ( - 0.001 mole) of Bu SnC l was added to a sus pens ion 
a 

of excess NaBF (0.3 g, - 0.002 mole) in 20 ml ether and stirred 

for 10 hours . using a magnetic ·stirrer and filtered. The solvent 

was evaporated to a sma 1 1 vo 1 ume "" 5 ml ), diluted with equal 

l f t th d Stored at 5°C. for vo ume o pe .a er an several days. No 

precipitati~n occurred and, the solvent was removed at room 

temperature. The colorless viscous liquid obtained, after drying 

under vacuum, weighed 0.43 g (ca. 100 %). 

Analysis 

Found 

Calculated for Bu SnBF : 
9 

23. Reaction of BFH with <Bu Snl 0 : 
9 z 

% Sn 

26.5 

26.94 

" c 
55 .. 3 

54.79 

% H 
7.6 

7.3 

0.3 g < - 0.0005 mole) -of <Bu Sn) 0 and 0.2 g 00.001 mole) 
9 z 

of BFH·were refluxed in 20 ml dry benzene for 4 hours using water 

sa para tor. The solution was shaken vigourously with NaHCO 
B, 

filtered, concentrated to about 5 ml, diluted with pet.ether and 

stored at 5°C for a week. The slight turbidity formed was removed 

by filtration and evaporated at room temp~ratu,l-e. The colorless 

viscous liquid was dried unde~ vacuum. Yield : 0.38 g (ca. 96 %) • 

Analysis " Sn % c " H 

Found 26.6 55.1 7.7 

Calculated for Bu
9

SnBF 26.94 54.79 7.3 
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24. Reaction of NaBF witn Bz
9
SnCl 

0.42 g < ~ 0.001 mole) of Bz
9
SnCl was added to a suspension 

of excess NaBF <0.3 g - 0.002 mole) in 20 ml ether and stirr'ed 

magneti?ally for 6 hours. The solvent was removed at room 

temperature and the residue extracted with bez-pet.ether mixture. 

The extract was concentrated and stored at 5°C. The first crop of 

solids on recrystallisation from benzene-pet.ether mixture and 

0 
drying gave 0.24 g (ca. 45%) of product melting at 152-4 C. 

Analysis 

Found 

Calculated for Bz SnBF 
9 

25. Reaction of BFH with <Bz Sn) 0 : 9 z . 

% Sn 

20.96 

21.85 

% c 
64.68 

64.4 

% H 

5.0 

4.8 

0.4 g < - 0.0005 mole) of <Bz
9
Sn)z0 and O.f5 g - o. 001 

mole)of BFH were refluxed in benzene for 15-20 minutes. The faint 

ye I low solution was shaken with NaHCO filtered and a 11 owed to 
9, 

stand when slight ~urbidity appeared.Turbidity was removed by 

filtration, diluted with pet.ether and stored at 5°C overnight. 

The first crop of product was recrystall ised from bez-pet. ether 

mixture and was identified as Bz
9
SnBF on the basis of mixed 

melting point, IR and analytical data. Yiela 0. 3 g (ca. 55 %) • 

26. Reaction of BFH with Bu SnO : 
Z, 

0.26 g <>0.001 mole> of Bu SnO and 0.3 g (0.002 mole) of BFH z 
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were shaken for 5 minutes in 10 ml warm benzene-ether mixture 

<50:50t and filtered. The filtrate was diluted with pet.ether and 

allowed to stand at 5°C. The white precipitate obtained was 

recrystallised from benzene-pet.ether mixture and dried. 

Yield 

Analysis 

0.44 g <ca. 82 %). 

Found . . . 
Calculated for Bu Sn<BF> 

2: z 

27. Reaction of BFH with Oct SnO . 
2: 

% Sn 

20.86 

22.26 

% c 
54.9 

54.34 

% H 

5.4 

5.28 

0.18 g (0.0005 mole) of Oct SnO and 0.15 g (0.001 mole) of 
2: 

BFH were shaken for 5 minutes in 10 ml warm benzene-ether mixture 

{50:50). The clear solution was diluted with pet.ether and stored 

0 at . 5 C. The white solid obtained was 

benzene-pet.ether mixture and dried. 

Yield : 0.25 g <ca. 80 %). 

Analysis 

Found 

Calculated for Oct Sn<BF> 
2 z 

28. Reaction of BFH with Me
2
Sn0 : 

% Sn 

18.72 

18.38 

recrystal lised 

')(, c 
59.2 

59.81 

from 

% H 

5.9 

6.85 

0.08 g ( - 0.0005 mole> of Me SnO and 0.15 g ( - 0.001 mole) 
2 

of BFH were taken in 5ml benzene-ether mixture (50:50) and shaken 

for 5 minutes. Filtered and the filtrate allowed to stand at 5°C. 
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The white solid separated was recrystallised from ether and dried. 

Yield : 0.155 g (ca. 70 %). 

Analysis 

Found 

Calculated for Me SnlBF) 
2 2 

29. Reaction of BFH with Ph SnO : z 

% Sn 

26.46 

% c 
48.75 

48.43 

% H 

3.5 

3.59 

0.15 ~ ( - 0.0005 mole) of Ph
2
Sn0 and 0.15 g {0.001 mole) of 

BFH were reacted following the same method as for reaction 28 

above and the product collected in the same way. 

Yield 0.18 g {ca. 64%). Mp. 
(J 

117 c. 

Analysis % Sn 

Found 

Calculated for Ph SnlBF> 20.7 z 2 

III.2.C. Physical measurements : 

% c 
59.4 

58.95 

% H 

4. 15 

3.5 

All analytical \llork were carried out at C.D.R.I.,Lucknow, 

India. The IR spectra were recorded in KBr discs using PERKIN 

ELMER 983 and 783 spectrophotometers at R.S. I.e., NEHU and 

I.A.C.S. Jadavpur, India., respectively. IR spectra in Nujol mull 

were recorded using a PYE UNICAM SP3-:-300S spectrophotometer at 

North Bengal University, Dist. Darjeeling , India. 

A l 1 uv spectra were recorded with a SHIMAD2U UV240-

spectrophotometer using 1· em quartz cells at North Bengal 

~ University. 
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:f.H ·NMR. spectra were recorded with VARIAN XL-200 and EM-390 

spectrometers at l.A.C.S., Jadavpur and R.S.I.C., NEHU and JEOL 

GSX 400 NB at I. I. T., Madras, India. 

III.3. Resul. ts and discussion : 

In order to prepare the.organotin ~-keto carboxylates the 

following two methods were used : 

til Rea~tion of the Na -salt of the a-keto acid with the 

triorganotin halides in ether or methanol, 

0 0 
II 

R'-C-COONa + R SnCl 
3 

-----> 2 R SnOCO~-R' + H 0 ------[1) 
3 2: 

and { i i ) rea c t ion of the a- keto a c i d ( H L ) w i t h the appro p r i ate 

organostannoxane in dry benzene/solvent ether, 

0 0 
II R9Sn0CO~-R' 2 R'-C-COOH + ( R Sn) 0 > 2 + H 0 -----[2) 

9 z z 
.. 
0 0 
II II 

2 R'-C-COOH + R SnO > R Sn<OCOC-R') + H 0 -----[3) z z z z 

While the reaction between triorganotin halides and the 

Na-salts of the acids proceeded as expected giving triorganotin 

carboxylates, the reaction between the acids and organotin oxides 

yielded a variety of apparently unexpected products in addition 

to the carboxylates, depending on the reactants and reaction 

conditions used. In fact, the yield of the triorganotin 
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carboxylates were almost negligible ( <10 %) in some of the latter 

case indicating a profound influence of the or.~keto group on the 

reaction. In order to understand the rather surprising results of 

these reactions, it is n~cessary to first discuss the different 

products obtained. 

The most interesting feature of these reactions is the 

formation of addition complexes of the type RSnOH.HL. 
3 

The 

reactions of CH COCOOH < PvH) and PhCH COCOOH ( PPvH) with some 
3 2 

hexaorgano distannoxanes under very mild conditions, leading to 

the addition products, deserve special attention. ~or example, 

when a solution of <Ph Sn) 0 in benzene/ether is 
3 z stirred with PvH 

in 1:2 proportion for 2-3 minutes a white solid is precipitated 

immediately. This product has an empirical formu 1 a of Ph SnOH. PvH 
9 

on the basis of elemental analysis and possesses very interesting 

P.T.o. 
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chemical and spectroscopic properties. Because of the uniqueness 

of these compounds their prepa~ation and characterisation will be 

discussed separately. 

These acids also produce other interesting compounds of the 

type R Sn<LlOH, z 

dicarboxylates. 

which are 

Incidentally, 

hydrolysates of the diorganotin 

Ph Sn ( L) OH type of compounds have 
z 

also been formed during the reaction of <Ph Sn) a· with the acids, 
3 z 

.. "Jt presumab 1 y, through the c I eavage of Ph-Sn bonds. 

Interestingly, the reaction of PhCOCOOH <BFH) with the 

stannoxanes has produced only the carboxylate derivatives of the 

type R Sn(OCOCOR') ( n = 2, 3). 
n ~-n 

''. 

In the present chapter, characterisation of the t r i- and 

diorganotin keto carboxylates and the hydrolysates of the 

d i or ganot in derivatives are being pres en ted. A summary of the 

reaction conditions used for the preparation of the keto 

·~ carboxylates, their yields and melting points are given in 

table-111.1. Analytical data and the solubilities of the compounds 

are recorded in table-11[.2. 

III.3.1. Characterisation Of The Products : 

A reference to the table-111.3 .. would reveal that the 

reaction of triorganotin halides with the Na-salts of benzoyl 

formic acid <BFH> and phenyl pyruvic acid <PPvH) gives moderately 
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Table:-Ill.l. 

Summary of reaction conditions and oroducts. 
-----------------------------------~--------

51. Reactants and Reaction conditons 
no. mole ratio 

Time Product 

1. Ph SnCl Stirred in ether containi-

2. 

(i) 

3 

+ NaPv ng little methanol and ex-

( 1: 1} 

<Ph Snl 0 
3 z 

+ PvH 

( 1:2) 

cess NaPv. Evaporated to 

dryness and extracted with 

pet.ether. Solid obtained 

from the extract recrystal-

1 ised from same solvent. 

Refluxed in ether.Filtered, 

and filtrate evaporated at 

r.t.The resultant mass ext­

racted with pet.ether.Pet. 

ether extract on evaporati­

on and recrystallisation 

from the same solvent gave 

(a> 

The residue after reflux 

and that from the pet.ether 

extract on wa.shing with bez. 

and ether gave identical pr­

oducts {bl 

When the ether w~s distilled 

out completely after the reac­

tion, the distillate was fou­

nd to contain benzene in eth­

er {c). 

8 Ph SnPv 

hrs. 

1 

hr. 

3 

{a) 

Ph SnPv 
3 

( b ) 

Ph Sn<Pv)OH 
2 

(c) 

C H 
<S <S 

% yield 
' Mp. 

10, 

114-6°C 

3, 

114-s"c 



·~2. <Ph Snl 0 
3 z 

( i. i ) . + PvH 

3. 

:~~ 4. 

( 1 :2) 

Bu SnCl 
3 

+ NaPv 

1 1 : 1 r 

( Bu Sn) 0 
3 z 

+ PvH 

( 1 :2) 
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I~el~:lll~1~~~~~9~l~ 

Refluxed in bez. Filtered, 

residue washed with bez. and 

ether gave <a> 

Filtrate evaporated at r. t. 

and washed with cold ether. 

The remaining solid was ext­

racted with hot bez .• conce­

ntrated and allowed to crys­

tal lise. Product recrystall­

ised with bez-pet.ether (b). 

The residue from the bez.­

extract on washing with eth­

er and recrystallisation fr­

om methanol .gave ( c}. 

Stirred in ether with excess 

HaPv. Evaporated to dryness 

at r.t. and extracted with 

pet.ether. Solid separated 

from the extract was recryst­

all ised. 

Refluxed in dry bez. Solution 

shaken with NaHCO and filte-s 
red. Filtrate concentrated to 

a smal I volume, diluted with 

pet.ether and stored at 5°C. 

Thick yellow I iquid separated. 

Upper pet.ether-bez layer 

crysta.l l ised. 

12 

hrs. 

(a) 

[PhSn\PvlOJ 

( b ) 

Ph Sn 
4 

{c) 

Ph Sn<PvlOH z 

8 Bu SnPv 
3 

hrs. 

16 Bu SnPv 
g 

hrs. 

n 

20, 

B0-2°C 



5. Bz SnC 1 
3 

(i) + NaPv 

( 1: 1) 

5. (Bz Sn) 0 
g 2 

< i i) + PvH 

( 1:2) 

6. Oct SnO 
2 

(i) + PvH 

6. 

( i i ) 

7. 

( i ) 

( 1:2) 

, , 

Bu SnO 
2 

+ PvH 

{ 1 :2) 
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T ab 1 e- l l l . 1 (con td. ) . 

Stirred in ether containing 

little methanol with excess 

NaPv. Evaporated to dryness 

6 Bz SnPv 

at r. t. and extracted with 

cold ether and allowed to 

crystal lise. The second crop 

recrystal lised from cold 

ether. 

hrs. 
3 

Refluxed in bez. and filter- 10 (BzSn<Pv>OJ 
n 

ed. Residue washed with eth- hrs. 

er and recrystal lised from 

me thano 1. 

Oxide and acid shaken in bez. 5 Oct Sn<Pv>OH 80, 
2 

Decanted and precipitated 

with pet.ether. Solid disso­

lved in ether and reprecipi­

tated with pet.ether. 

min. Decomp. 

Refluxed in bez. Solution 10 OctSn(Pv> 

shaken with NaHCO concen-
s, 

trated, diluted with pet.et-

her. Product recrystallised 

from bez.-pet.ether. 

hrs. 

Organotin and acid shaken in 2-3 

warm bez-ether (1;1) mixture. min. 

Solution decanted and precip­

itated with pet.ether. Solid 

washed with ether. 

2 z 

Bu Sn<Pv~OH 
2 

>150°C 

84, 

Decomp. 

;•234°C 
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Table- I I I. l<contd.). --------------------

y 7. Refluxed in dry bez. Solution 14 Bu Sn ( Pv) 23, z 2 

{ i i ) . ' shaken with NaHCO concentra- hrs. 157°C s, 
ted, diluted with pet. ether 

0 
Thick and stored at 5 c. ye-

I low liquid sepa.rated. lJ ppe r 

pet. -bez layer crystal! ised. 

8. Me SnO Organotin and acid shaken in 2-3 Me Sn ( Pv) OH 80, 
2 2 

(i) + PvH warm bez-ether mixture. Solu- min. 

( 1 :2) tion decanted a1_1d precipitat-

ed with pet. ether. So 1 id was-

~ 
hed w it.h ether 

8. Refluxed in bez. Solution sh- 8 Me Sn<Pv) 18, 
2 2: 

( ii) • • a ken wi'th NaHCO and 
3, 

concent- hrs . 

rated. 

9. Ph SnO Organotin and acid shaken in 2-3 Ph Sn<Pv>OH 78, z z 
{i) + PvH warm bez'-ether ( 1: 11 mixture. min. 

( 1 :2) Solution decanted, precipita-

ted with pet. ether. So 1 id 

. .. washed with ether . .. 

:·~ 
. · . ....._ 

9. Refluxed in bez. Residue was- 8 [PhSn<Pv)OJ 
n 

{ i i ) . ' hed with ether and recrystal- hrs . 

lised from methane 1. 

10. Ph SnC l Stirred in ether containing 6 Ph SnPPv 68, 
3 3 

+ NaPPv little methanol. Evaporated hrs. 139-40°C 

( 1: 1) and extracted with cold eth-

e r. Recrystallised from bez-

~ pet. ether. 



11. 

.:· y, i) 

<Ph Sn l 0 
9 :1: 

+ PPvH 

-~ 
--

( 1 :2) 

11. <Ph Snl 0 
3 z 

(iil + PPvH 

12. 

13. 

( 1:2) 

Bu SnC l a 
+ NaPPv 

( 1: 1l 

<Bu Snl 0 a z 
+ PPvH 

( 1 :2) 
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Table-IIl.l(-contd. ),. 

Solution of stannoxane in bez/ 5 

ether shaken with acid, dilut- min. 

ed with pet.ether, allowed to 
0 

stand at 5 C for several hrs. 

Product washed with cold ether. 

Ph SnPPv 
9 

12 · (a l 

hrs. [PhSn<PPvlOJ 

{b) 

Ph Sn 
4 

{c) 

70, 

139-40°C 

Refluxed in bez. Filtered, re­

sidue washed with ether, gave 

{a). Filtrate eva~orated at 

r.t. and washed with cold eth­

er and residue extracted with 

hot bez. Bez. extract gave {b) 

on recrystallisation from bez. 

-pet.ether. Re~aining residue 

(c) was recrystal lised from 

methane l. Ph Sn<PPvlOH z 
When refluxed .in ether, 

the above reaction [ 11. { i i l J 

gave C H as one of the produ­
<S 6 

cts, along with (a) and {c). 

Stirred in ether containing 

little methanol with excess 

of NaPPv. Filtered, evaporat­

ed at r.t. and extracted with 

pet.ether and evaporated. 

Refluxed in bez. with excess 

acid. Solution shaken with 

NaHCO and filter~d. Evaporat-
3 

ed at r.t. and extracted with 

cold pet.ether and the solvent 

allowed to evaporate. 

8 Bu SnPPv a 
hrs. 

10 Bu SnPPv 
3 

hrs. 

98, 

L iq. 

55, 

L iq. 
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14. 

15. 

Bz SnCl 
9 

+ NaPPv 

( 1: 1) 

<Bz Sn} 0 
3 2 

+ PFvH 

( 1 :2} 
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Table-I I I.Ucontd .. ). 

Stirred in ether containing 

MeOH. Filtered, Evaporated at 

r.t. and extracted with ether. 

The extract stored at 5°C. 

Shaken in Bez.-ether mixture. 
0 

Solution kept at 5 C. The 

solid product obtained was 

washed with cold ether. 

7 

hrs. 

Bz SnPPv 
3 

5 Bz SnPPv 
3 

min. 

16. Bu SnO Shaken in warm bez.-ether mix. 10 Bu Sn<PPvl 72, 
2 z z 

(i} + PPvH Filtered, diluted with ether min. Decamp 

>170°C 

16. 

( i i} 

17. 

( i ) 

17. 

( i i ) 

(1;2} and allowed to stand at 5°C. 

', 

Oct SnO 
2 

+ PPvH 

( 1 :2) 

'' 

Refluxed in bez.-ether mixture 8 

and filtered. Residue recryst- hrs. 

allised from acetone, gave (a). 

Filtrate shaken with NaHCO, 
3 

filtered, concentrated, dilut-

<a} 25, 

(b) 68, 

ed with pet.ether and stored at 

5°C. First crop of products 

rejected and the second crop 

recryst~llised from bez.-pet.­

ether (b) • 

Bu Sn < PPv l Decamp z 2 

>170°C 

Shaken in hot ether, f i 1 tered, 5 

concentrated, diluted with pet min. 

-ether and kept in freeze. Pr-

OctSn<PPv> 60, 
2 2 

oduct recrystallised from eth­

er-pet.ether mix. 

Refluxed in bez.-ether mixtu­

re and filtered. Residue rec-

9 {a) .. 

hrs. Oct Sn(PPvJOH 
2 

74-6°C 
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18. Me
2
Sn0 

< i l + PPvH 

( 1:2) 

18. , , 
{ i i ) 

19. Ph SnO 
2 

+ PPvH 

( 1 :2) 

20. Ph SnCl 
!l 

+ NaBF 

( 1: 1) 
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Tab 1 e- l l I. 1 {con td. ) . 

rystal lised from acetone {a}. 

Filtrate shaken with NaHCO , 
9 

concentrated, diluted with pet. 

-ether and stored at S°C. Fi­

rst orop reorystal lised from 

acetone (a) and the second 

crop (b) recrystallised from 

ether-pet.ether mix. 

Stannoxane and acid shaken in 

bez~-ether mix. Solution dec-

anted and allowed to stand. 

Ppt. washed with ether. 

Refluxed in bez.-ether mix. 

filtered, shaken with NaHCO, 
3 

concentrpted, diluted with 

pet.ether and stored at S°C. 

Refluxed in bez.-ether mix. 

(b) 15, 

Oct Sn<PPvl 74-6°C 
2 2 

2-3 Me S'n { PPv l z 2 

min. 

8 Me Sn(PPvlOH 
z 

hrs. 

1 Ph Sn < PPv WH 
2 

46, 

Decamp 

>200°C 

12, 

So 1 uti on shaken with NaHCO , hr. 
3 

and allowed to stand. Ppt. 

washed with ether . 

Stirred in ether containing 

little MeOH, with excess Na­

salt. Evaporated at r. t. and 

extracted with bez.-pet.ether 

mix., concentrated and allow­

ed to crystallise. 2nd crop 

of products recrystal lised 

from bez.-pet.ether. 

6 Ph SnBF 
3 

hrs. 
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r. ·I~~l~:Jl1~1l~9~~~~2~ 
21. (Ph Sn l 0 Solution of stannoxane in bez. 5 Ph SnBF 90, 

9 z 9 

+ BFH -ether mix. shaken with acid. min. 14-9-SOaC 

( -1:2) Diluted with pet. ether and 

kept at sac. product rec-

rystallised from cold bez.-

pet. ether. 

22. Bu SnCl Stirred in ether ~ith excess 10 Bu SnBF 100, 
9 9 

+ NaBF NaBF and filtered. Solvent hrs. Liq. 

( 1 : 1 ) evaporated at r. t. Redissol-

-~ ved in pet. ether, filtered 

and again evaporated at r. t. 

23. ( Bu Sn J 0 Refluxed in bez. with excess 4 Bu SnBF 96, 
9 2 3 

+ BFH acid. Shaken with NaHCO s' co- hrs. L iq. 

( 1 :2) ncentrated, diluted with pet. 

ether and stored at sac. 

s 1 i gh t turbidity formed was 

removed by filtration. Solv-
'". ent removed from the filtra-

. / te at r. t. 

-~ 
24. Bz SnCl Stirred in ether with excess 6 Bz SnBF 45, 

9 9 

+ NaBF NaBF and solvent removed at h~s. 152-4°C 

( 1: 1) r. t. Extracted with bez.- pet. 

ether mixture, concentrated 

and a 1 1 owed to crystallise. 

First crop recrystallised 

from bez. -pet. ether. 

-~ 25. ( Bz Sn) 0 Refluxed in bez.-ether mixture. ·zo Bz SnBF 55, 3 2 3 

+ BFH Shaken with NaHCO 
9' 

concentra- min. 152-4°C 
( 1 :2) ted and a 1 1 owed to stand. S I i-
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26. 

27. 

28. 

29. 

Bu SnO 
2 

-t BFH 

( 1 :2) 

Oct SnO z 
-t BFH 

( 1:2) 

Me SnO 
2 

-t BFH 

( 1 :2) 

Ph SnO 
2 

-t BFH 

( 1 :2) 
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!~~l~:lll~1l9~~~9~2~ 

ght turbidity appeared, remov­

ed by filtration. Diluted with 
0 

pet.ether and stored at 5 C. 

First crop of products recrys­

llised from bez.-pet.ether mix. 

Shaken in hot bez.-ether mix., 

with smaJ I excess of oxide, 

filtered, diluted with pet.­

ether and stored at 5°C. Pro­

duct recrystallised from bez.­

pet.ether miKture. 

' . 

Shaken in hot bez.-ether mix., 

with small excess of oxide. 

Filtered and allowed to stand 
0 

at 5 C. Product recrystallised 

from ether. 

' , 

5 Bu SnlBF> z z 
min. 

5 Oct Sn{BF) z 2 

min. 

5 Me Sn ( BF) z z 
min. 

5 Ph Sn<BF> 
2 2 

min. 
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Sl. Compound 
No. 

1. Ph SnPv 
3 

2. Bu SnPv 
9 

.3. Bz SnPv 
3 

4. Bu Sn<Pvl z 2 

5. Me Sn<Pvl 
2 z 

6. Oct Sn < P v ) 
2 z 

7. Bu Sn ( Pv) OH 
2 

8. Me Sn(PviOH z 

9. Oct Sn(PviOH 
2 

10; Ph Sn{PviOH 
z 

11. £ PhSn ( P vI 0 l 

12. (BzSn(Pv)O] 

13. Ph SnPPv 
3 

14. Bu SnPPv 
3 

f'l 
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Table:-III.2. 

% Found I (Calculated) 

Sn 

26.1 

(27.061 

31.02 

( 31. 38 I 

(24.691 

. 30.82 

(29.061 

34.9 

(36.641 

23.72 

(22.78) 

34.64 

( 35. 1 ) ' 

46. 16 

(46.82) 

25.2 

{ 26. 341. 

30.1 

( 31. 38) 

38.5 

(39.6) 

36.26 

(37.82) 

22.9 

(23.01 

26.84 

( 26. 1) 

c 

58.8 

{57.8) 

49.0 

(47.9) 

61.3 

(60.25) 

42. 1 

(41.4) 

29.28 

(29.8) 

51.7 

(50.96) 

40.45 

(39.3) 

23.3 

(23.81) 

51.6 

(50.891 

48. 1 

(47.87) 

34.8 

(36.2) 

39.2 

(38.46) 

63.8 

(·63. 15) 

56.65 

(55.751 

H 

4.6 

( 4. 13 I 

8.5 

(7.98) 

4.8 

(5.021 

6.5 

( 5. 9) 

3.8 

{ 3. 7 I 

8.02 

(7.721 

6. 1 

(6.54) 

4.4 

(3.971 

7.5 

{8.481 

3.8 

(3.721 

2.8 

{ 2. 7 I 

3.48 

( 3. 2) 

3.7 

(4.281 

5.6 

(7.52) 

Solubilities 

Bez., P.eth., CHCl 
9 

E t 0, Ace. , A l c. 
. 2 

' , 

, , 

' , 

Ale.; slightly soluble 

in Et 0, Bez., Ace. 
2 

Bez., P.eth., CHCI 
s, 

Et 0, Ace., Ale. 
2 

A l c. 

, , 

Ale., Et 0., Ace. 
2 

Ale. 

' ' 

' , 

Ale., Ace., Et 0, Bez., 
2 

S 1. so 1. in CHC 1 <hI. 
3 

Bez., P.eth, CHC1
9

, 

Et 0, Ace., Ale. 
2 
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Tab1e-1Il.2(contd. I. --------------------
·y 15. Bz SnPPv 22.1 64.56 

3 
5.4 A 1 c., Ace,, Et

2
0. Berz, , 

<21.3) (64.98) (5.051 Sl.so1.in CHCl (h) . 
s 

16. Bu Sn ( PPv I z 2 
22.49 54.8 5.6 A 1 c. , Ace. , Et

2
0, Bez., 

(21.15) (55.91) (5.73) Sl.sol.in CHCl (h) . 
3 

17. Oct SnCPPvl 18.65 59.02 6.85 :t :t z z 
{17.61> (60.89) (7. 13) 

18. Me Sn<PPv > 26.2 49.85 4. 1 A 1 c. , Sl.sol. in Ace., 
z z 

(24.89) (50.63) (4.221 Et 0, Bez. 
z 

19. Bu Sn<PPvlOH 30. 15 48.8 5.4 . 41 c •• Ace., Et 0 . z 2 

(28.64) (49.51) ( 6. 3) 

20. Oct Sn<PPv>OH 23.76 58.74 7.5 ' ' 2 

· .. ~ {22.52) (57.25) {8.01) 
.... · --

21. Me Sn<PPv >OH 41.07 3.8 Ale. z 
{35.97) {40.24) { 4. 26) 

22. Ph Sn<PPv>OH 27.56 57.4 3.7 
' ' z 

( 26. 1) (55.75) {3.98) 

23. £PhSn<PPv>Ol 32.6 47.3 3.7 ' ' n 

( 31.55) ( 48. 12) { 3. 2) 

24. Ph SnBF 23.1 61.8 4.5 Bez., CHCl CCl {h)' 
3 s, "' (23.69) (62.65) (4.02) Et 0, Ace., A 1 c. 

z 
25. Bu SnBF 26.6 55. 1 7.7 

' ' 3 

~ 
<26.94) {54.79) ( 7. 3) 

26. Bz SnBF 20.96 64.68 5.0 ' ' 3 

( 21. 85) (64.4) ( 4. 8) 

27. Bu Sn ( BF > 20.86 54.9 5.4 ' ' z 2 

(22.26) (54.34) <5.28) 

28. Me Sn ( BF) 48.75 3.5 Bez. (h), CHCl s' Et 0, 
2 2 2 

{26.46) (48.43) (3.59) 

29. Oct Sn<BF) 18.72 59.2 5.9 Bez., P. eth., CCl 
2 2 "'· (16.381 (59.811 (6.851 CHCl Et 0, Ace., Ale. s, 2 

30. Ph Sn < BF) 59.4 4. 15 Bez., CHCl Et O, 

. ·.·tf 
2 2 s, 2 

(20.7) (58.95) (3.5) Ace., A 1 c. 
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good yields of the triorganotin keto carboxylates, but with the 

Na-salt of pyruvic acid <PvHl the yields are very poor. Although 

no expla~ation for this observation is readily forthcoming one 

of the probable reasons may be the fact that the pyruvate ion is 

susceptible to extensive polymerisation, catalysed by 
29 

base , 

traces of which are produced due to absorption of moisture, by the 

extremely hygroscopic ~a-pyruvate, during handling. 

This method of reacting organotin halides with the Na-salts, 

has however, not been found to be suitable for the preparation of 

Table-111.3. 

Reaction of R SnCI with R'COCOONa producing R SnOCOCOR': 
3 9 -------------------------------------------------------

.R SnC l 
"9 

R'COCOONa 

R'= CH 
3 

R'= PhCH z 

R'= Ph 

% yield of products . 

R = n-:-Bu R = Ph 

11 10 

98 68 

100 42 

R = PhCH 
2 

8 

44 

45 

diorganotin derivatives of the keto acids, due to the formation of 

highly polymeric insoluble products, which are difficult to 

characterise. 
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The reaction between appropriate organos tannoxanes and the 

'keto acids, carried out by heating them in dry benzene/solvent 

ether in 1:2 mole ratio, on the other hand, have produced both 

tri- and diorganotin ketocarboxylates. While the carboxylate 

·derivatives of benzoyl formic. acid (BFH) and phenyl pyruvic acid 

<PPvHl were obtained in good yields under mild conditions, ·those 

of pyruvic ( PvH l were obtained under comparatively drastic 

conditions and the yields were also very poor (table-111.1.). The 

percentage yields of the triorganotin ketocarboxylates obtained 

from the reaction of triorga~o stannoxanes with the keto acids are 

shown in table-111.4. 

Tab 1 e:- I I I. 4. 

Reaction of <R Sn) 0 with R'COCOOH producing R SnOCOCOR'. 
:9 z :9 --------------------------------------------------------

R 

R' 
<Taft's constant) 

CH
3 

(-0.05) 

PhCH z 
(0.04) 

Ph 
( 0. 1) 

% yield of products. 

n-Bu Ph 

20 3 

55 70 

90 90 

PhCH z 

78 

55 
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From the dat~ in tables !II.3 and III.4 it is seen that both 

the methods give very high yields of the triorganotin derivatives 

of PhCOCOOH { BFH) and vary low yields for the derivatives of 

CH COCOOH < PvH) 
9 

This clearly displays a distinct pattern and if 

we look at the values of the Taft's constant of the R' groups 

< table- I I I • 4. ) , we find that the yield of the carboxylates 

increases with increasing Taft's constant. This would suggest that 

electronic and other factors are responsible for the exceptionally 

poor yields of the triorganotin pyruvates. 

These observations coupled with the fact, that pyruvic acid 

t'eacts with some bis<triot'ganotin) oxides giving very high yield 

of the addition product, whereas, benzoyl formic acid forms no 

such compound, s·hows that these acids differ remarkably in their 

reactions with organostannoxanes. This difference in the role of 

the ligand in relation to the formation of the ketocarboxylates or 

the addition products will be discussed latter. 

The characteristics of the tri- and . diorganotin 

ke tocarboxy l a tes and the carboxyl a to d iorganot in hydroxides are 

now discussed separately. 

IIL3.1.A. Triorganotin Keto Carboxylates <R SnOCOCOR') s 

Reference to tables- I I I. 1 and I I I. 2 reveals that the 

~ triorganotin ketocarboxylates have low melting points and are 
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fairly soluble in nonpolar organic solvents like typical organotin 

carboxylates. Analytical and spectroscopic data <tables 111.2 and 

lli.6, 111.8, 111.9) nave provided valuable-information regarding 

their composition and structure. 

Before undertaking to discuss the spectroscopic properties 

of the triorganotin ke~ocarboxylates, it will be relevant as well 

as instructive to have a close look at the IR spectra and the 

molecular geometry of the free acids. 

< i) IR spec-tra ot' the free acids : 

The I R spectra of the ot-l<e to acids used in t:he present 

investigation are shown in figures III.1-III.3 and the spectral 

data given in table-111.6~. 

In free pyruvic acid <PvH> and benzoyl formic acid <BFH> 

there are very broad bands in the region 3600-2900 cm-t indicating 

the presence of hydrogen bonded d i mers. In CC 1
4 

so 1 uti on of PvH 

this band, however, becomes sharp and absorbs moderately at 3420 

em --t 1 ike monomers. The v . .1.aOCO and vC=O frequencies, which over 1 ap 
. --t 

into a strong broad band in the region 1750-1720 em in neat PvH 

also get split into two strong sharp bands at 

in CCI 
" 

solution. The 1790 
-:1. 

em band in 

1790 and 1725 

solution 

-t 
em 

may 

reasonably be attributed to the carboxyl C=O stretch of the 

monomeric form of the ac id30
• Therefore, it is apparent that PvH 

is monomeric in CCI solution and occurs as a dimeric species in 
4 
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the neat liquid. The band occurring at 1725 
-1. 

em in CCI 
"' 

solution 

may be assigned to ketonic C=O, from the comparison of the I R 

spectra of the acid and its ethyl ester. 

ln BFH the v.~oco and vC=O frequencies appear as broad bands 

-1 
at 1740 and 1685 em respectively, in the solid phase. The vC=O 

band occurs at a lower frequency compared to PvH due to 

conjugation with the pheny 1 ring. Because of the presence of a 

very broad OH stretching ·band centering near 3000 
-:1, 

em and 

medium intensity, slightly broad, out of plane OH deformation band 

at 975 
-t 

em it may be inferred that this acid exists primarily as 

carboxyl dimer in the solid state. 

On the other hand, the presence of a medium intensity sharp 

band at 3460 
-t 

em in the ca.se of phenyl pyruvic acid (PPvH), 

indicates the absence of dimeric form even in the solid state. 

However, t~e carboxyl stretch occurs as a broad band in the region 

-1 
1690-1680 em showing a lowering of vo.eOCO This is;· presumably, 

due to i ntramo 1 ecu l ar hydrogen bonding as shown in s tructure-V. 

This is supported by the spectrum of the sodium sa 1 t where the 

(keto) is found at 1700 em -
1 

and the v•.1SOCO and veOCO are 

found in the normal region for salts. 

There are medium intensity bands in the 700-600 cm-1 which 

may be assigned to C=O wag in a 1 1· these acids. In PvH and BFH this 

band 
-'! 

occurs at 615 and 660 em respectively, whereas;, in PPvH the 
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same band occurs at still higher frequency at 695 
-t, 

em This also 

suggest the involvement of t~e ketonic C=O grou~ in intramolecular 

H-bonding in PPvH . 

The e~istence of the intramolecularly H-bonded monomeric 

structure CVl for PPvH requires the trans form of the acid to be 

more stable. Although, for PvH and BFH also, the more symmetrical 

trans form may be assumed to be more stable, no such inference can 

be drawn on the bas is of IR spectra. A study of the computer 

generated molecular models of these acids and calculation of their 

energies, using Desk Top Molecular Modeller: Version 1.29
:t, have 

shown that for all the free acids the trans-geometry offers the 

energetically more stable form (table-111.5). Thus, it is evident 

Table-111.5. 

Molecule E in KJ/Mole. 
Cis-form Trans-form 

CH COCOOH 1 .. 432 1.244 
3 

PhCH COCOOH -4.511 -4.741 
z 

PhCOCOOH 10.769 7.784 
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that in these acids the pot~ntial donor 0-atom of the keto group 

is suitably oriented for intramolecular coordination in their 

organotin derivatives. 

( i i ) IR spectra of triorganotin ketocarboxylates 

The lR spectral data of the organotin keto carboxylates are 

presented in table- III.6A, and some typical spectra are shown in 

figures IIL4-III.9. 

Although complete assignment of the absorption bands in the 

IR spectra of the triorganotin compounds is not possible due to 

the presence of strong l,igand vibrations in all the relevant 

regions, important structural information may be obtained from a. 

qualitative assignment of bands to v 0 H, v . 
a.sOCO, 

'V 
C=O, vsOCO and 

v vibrations. The main features of the IR spectra. are noted 
Sn-0 

below. 

All the triorganotin derivatives are characterised by the 

presence of a number of strong intensity bands in the 1700-1500 

-t 
em reg ion, where the vC=O and v a..aOCO frequencies occur. These 

frequencies in these compounds have been identified by comparing 

their spectra with, those of the free acids, their esters and 

Na-sal ts. However, in some cases these two frequencies over 1 ap 

resulting into a broad band similar to that of the free acids, but 

at a lower frequen~Y· In such cases the assignments are not 

precise·. 
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Tab 1 e :- I I I • 6. A. ---------------
2b!~!£~!~!!~!2_!g_fr!9~!~£!!!!!~-~~=~l_gf_~:~!!9_!g!~! 
~-~b~!~-~~~~~~~!~-q~~!~~~!~~~~ 

SL. Compound. 
no. 

Solid Phase(in Nujol/KBrl Soln.Phaselin CCI /CHCI) 

1. PvH 

2. PvEt 

3. PvNa 

VOH VC=O 

3600- 1726 

2900b 

1745 

vasOCO vsOCO vC=O 
(wag> 

1740 615 

1755 618 

625 

vOH 

4320 1725 1790 

-~ 4. 
I 

Ph SnPv 
9 

1710 

1572 

1625 

1542 

1535 

1567b 

1567b 

1585•3. 

1285 

1160 

1370 

1300 

1405 

1410 665 1612 1635 

5. 

6. 

7. 

8. 

9. 

Bu SnPv 
9 

Bz SnF'v 
9 

BuSn(Pvl 
2 2 

Oct Sn ( F'v) 
2 2 

Me Sn(F'vl 
2 2 

10. PPvH 

11. PPvNa 

12. Ph SnPPv 
9 

· 13. Bu SnPPv 
9 

·14. Bz SnPPv 
3 

15. BuSn(PPvl 
2 2 

1584 

1580 

1585•3. 

1580'3. 

16288 h 

1595 

1580a. 

1560 

3460 1688a. 1688a. 

1702 

1583 

1620 

1565 

1547 

1592a. 1592a. 

1614a. 1614a. 

1562 

1580 1550 

1384 

1403 

1392 

1395 

1356 

1248 

1195 

1395 

1400 

1394 

1386 

1406 

665 

665 

680 

680 

670 

695 

1635a. 1635 

1608 1680 

1610 1678 

1610 1650 

1610 1650 

-----------------------------------------------------------------
very broad band, probably due to overlap of v•.:x.aOCO and v..aC=O" 

b - broad ; sh - shoulder. 

4 9 

1280 

1200 

1370 

1340 

1370 

1370 

1370 

1345 
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SL. Compound. 
no. 

Solid Phase{in Nujol/KBrt Soln.Phase( in CCl /CHCl } 

16. Oct Sn < PPv l z z 

18. BFH 

19. BFNa 

20. Ph SnBF 
3 

21. Bu SnBF 
3 

22. Bz SnBF 
3 

23. BuSn<BFl 
2 2 

24. Oct Sn<BFt 
2 2: 

25. Me SnlBFt 
2 2 

26. Ph Sn<BFt 
2 2 

vOH v 
C.=O 

16278 h 

v 
asOCO 

1577'.1. 1577a. 

1628sh 

1575c:r. 1575c:r. 

3400- 1686 

2800b 

1742 

1670 

1686 

1648 

1678 

1686 

1686 

1686 

1686 

1570 

1575 

1550 

1582 

1550 

1583 

1625b 

1620b 

1647 

1635 

vsOCO vC=O 
(wag) 

1394 

1410 

1215b 660 

1180 

1412 

1405 680 

1405 670 

1405 680 

1375b 680 

1375b 675 

1363 680 

1375b 678 

VOH 

1690 1655 

1670 1610 

1688 1645 

1680 1640 

-~---------------------------------------------------------------

very broad band, probably due to overlap of v,,.~oco and v . 
~~ aC.=O 

b - broad ; ah - shoulder. 

"' 3 

1360 

1360 

1365 

1370 
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In most of the derivatives of PvH and PPvH both the vC=O and 

v a.sOCO frequencies appear below 1600 
--t 

em the lowest being for 

the triphenyltin deriv"atives, as expected. In the derivatives of 

BFH, however, the ketonic stretching frequency is either unchanged 

or shows only marginal -ve shift relative to the free acid and 

occurs as an unambiguously iden t if iab 1 e sharp band around 1680 

-:1. 
em 

The symmetric carboxyl stretching vibrations in these 

compounds appear in the 'region 1410-1380 
-t 

em which are we 1 l 

above the corresponding frequencies in the free acid·s or their 

esters, but close to their Na-salts. However, identification of 

the vaOCO is not always unambiguous due to the presence of various 

other strong absorptions. 

Thus, data from table-III.6A shows that both the asymmetric 

and symmetric carboxyl stretching vibrational bands of the parent 

acids, appearing in the region 1740-1688 
-:t 

em and 
-t 

1280-1215 em 

respectively, get cons ide·rab l y shifted in the triorganotin 

ketocar~oxylates, indicating organos tanny 1 at i on92
• Like 

triorganotin acetates, 99 formates .etc. , the v aaOCO and v sOCO bands 

of all the triorganotin ketocarboxylates appear in the 1590-1535 

-:t 
em and 1410-1380 

In CHCl solution, 
9 

-t 
em regions 

the former 

respectively, in the solid state. 

band is raised to 1655-1610 
-t 

em 

region and the latter is lowered to around 1370-1340 
-t 

em It can 



·· .. ~ 

-~-
/-' 

-153-

also be seen from table-lll.GA that the difference between v~oco 
-t . 

and v,.oco is always l.ess than 200 em in the so 1 id state and mora 

than 250 cm-
1 

in solution. 

These observations may be interpreted in terms of bidentate 

and almost symmetrical carboxyl group forming intermolecular 

bridges in the solid state giving rise t·o polymeric keto 

S4 
carboxylates , wh i I e in solution dapolymerisation occurs 

resulting into ester like monomeric species. 

A 1 I the triorganotin derivatives show weak ·· to medium 

intensity bands in 600-400 
-1. 

em region. These bands may be 

assigned to v 
Sn-:0, 

since comparison with ligand spectra showed· no 

band attributable to v 
Sn-C, 

which is expected to occur further 

down the scale. 

In the light of the above observations it is apparent 

that, the derivatives of BFH differ from the derivatives of the 

other acids in having the vC=O frequencies almost unaltered (at 

1680 
-t 

em ) , both in the solid and solution phase relative to the 

free acid, but having the carboxylic stretching frequencies in the 

same regions. Thus it may be inferred that, in the triorganotin 

benzoylformates, while the carbo~yl group acts as intermolecular 

bridge giving rise to polymeric structure with trigonal 

bipyramidal geometry around tin in the solid state, the keto gr.oup 

remains free as shown in structure VI below : 
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R 
r 

R 
I 

0...--+Sn-o . 0 
/""- 'c~ 

~sn -o o~ 
l " 'c~ 

R R I he 
0/ 'Ph 

~ ~ . 

R R I 
....-:C ..... 

0., 'Ph 

VI 

In the derivatives of PvH and PPvH, how~ver, the ketonic 

stretching bands appear below 1600 
--t 

em in the solid state, 

. --t 
although the same bands in the free acids appear at 1728 em and 

--t 
1688 em respectively. Such a laq~e negative shift can only be 

explained by assuming the involvement of the keto group in 

intramolecular coordination, as the carboxyl group is less likely 

to act intra~olecularly because of its sma l 1 
95 

bite angle . Thus, 

in the solid state the triorganotin esters of PvH and PPvH have 

polymeric structure, involving chelating C=O group and bridging 

carboKylic group, the tin atom geometry, presumably, being 

octahedral as shown in structure VII below. 

This conclusion is supported by the fact that in CHCl solution of 
!I 

thes~ compounds, while the vo.sOCO frequency undergoes vary large 

-+ve shift due to depolymerisation, the is raised only 

slightly. In spite of the fact "that in so·lution the .ketonic C=O 

group remains intramolecularly coordinated, the small rise in vC=O 
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VII 
R' = CH 

3, 

R = n-Bu, 

PhCH 
2 

Ph, PhCH 
2 

frequency may not be_quite unlikely because of the change in the 

environment of the tin atom and its geometry from octahedral to 

trigonal bipyramidal . 

Although in the -tiV state tin is known to utilise its 5d 

orbital, hybridised with 5s and 5p orbitals, frequently in 

increasing its coordination number above four, the energy 

difference between the s or p orbital and the d orbital is such 

that the hybrid orbitals have relatively low d-character. In the 

trigonal bipyramidal geometry involving sp
3

d hybrid orbitals, in 

complexes of the type RSnX.L {L =ligand), .the three orbitals in 
9 

the equatorial plane around tin,can be regarded as primarily sp
2 

in character and are expected to form three strong covalent bonds 

with the R groups. The two apical orbitp,ls may be regarded as 
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consisting of the and the d orbitals, having predominant 

p-character and are most likely to overlap with the. more 

electronegative X 
4i,<&2 

gro'.JP and the donor a.tom of the complexing 

agent. .The bonds between tin and the axially placed 

electronegative atoms are, therefore, expected to be relatively 

weak. K-ray crystallographic studies by several authors on a 

number of B<S-98 compounds , having trigonal bipyramidal 

geometry with cis-disposition of the R groups, support this 

contention. Tin-oxygen bond data for a few such complexes 

tabulated below (table-III.7J shows the weakness of the tin-axial 

oxygen bond. 

Table:- II I. 7. 

Sl. 
no. 

1. 

2. 

3. 

4. 

5. 

Compound. 

Ph S n [ 0 CC H < N R ) - o J 
9 2 6 4 2 

IR = 2-hdroxy 5-methyl 

pheny 1 ) 

Ph Sn l ONPhCOPh) 
9 

Me Sn { ONPhCOPh) 
3 

Ph Sn < OCPhCHPhO.) 
3 

lmol-1) 

{mol-2) 

Ph S n [ 0 CC H ( X R ) I ( N R ) J 
3 2 64 2 

XR = OMe<-·~) 

= NH l-o) 
2 

Equator ia I. 

Sn--0 

2.070 

2.091 

2.064 

2. 152 

2.094 

2.054 

2.043 

Axial. 

Sn----0 

2.463 

2.308 

2.392 

2.263 

2.276 

2.781 

2.823 

Ref. 

36 

' ' 
' ' 

' ' 

37 

38 
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On the bas is of analogous line of reasoning, it may be 

infe~~ed that in the monome~~c .fo~ms of the t~iorganotin esters of 

PvH and PPvH in solution phase, the change in hybridisation from 

3d2 sp (octahedral) 

reorientation of 

to 

the 

9 
sp d (trigonal 

groups in 

bipyramidal) brings in. a 

such a way that the 

intramolecularly donating ketonic oxygen atom and a R group occupy 

axial positions. The resulting structure, with cis-disposition of 

R groups, in the solution phase, is shown below. 

R' 
I 

0 -:;::::.C .........._ 
J c=o 

R ,,,,,,,,, S n - o1 

R~ I 
R 

VIII 

This change is e:xpected to l 0\1/er the strength of the Sn <-0 

Cketo) bond, which is reflected in the rise of the vC=O frequency 

in going from solid phase {octahedral geometry) to solution 

<trigonal. bipyramidal geometry). 

From the f o~ego i ng discuss ion it is clear th.:i't the keto 

·group in BFH is not involyed in intramolecular coordination and 

thus behave differently from that of the other acids. This may, 
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probably, be due to steric as well as electronic reasons arising 

out of the presence, on the ketonic carbon a tom in BFH, of a 

phenyl group. The delocalisation of the n electrons of C==O with 

the phenyl group 'is certain to diminish the electron density at 

the oxygen atom compared to that in the other cases, thereby, 

making intramolecular coordination unfavouable. 

The values of the field effect <Taft's) constants for the 

three R' groups, CCH
9 

<-0.05), PhCH (0.04), and Ph (0.1>3 of the 
2 

carboxylic acids R'COCOOH used, clearly. indicates that the 

basicity of the keto group is highest in CH
3

COCOOH (PvH) and 

lowest in PhCOCOOH <BFH>. While the Ph group acts as an electron 

withdrawing group in PhCOCOOH, the electron releasing CH group 
9 

sufficiently enhances electron density at the ketonic oxygen atom 

in CH
9

COCOOH making it capable of coordinating to suitable 

electrophiles. 

(6 +) ft {6- > ./0-H 
H c.---C---C / 

a ~o· 

IX 
This is in agreement with the observation that PvH can form not 

only intramolecularly coordinated carboxylates, but ·also, addition 

complexes. For PPvH the situation is expected to be intermediate 

between that of PvH and BFH. This is reflected in the fact that 

PPvH, in addition to forming intramolecularly coordinated 



-159-

carboxylates, forms an addition complex with (Bu Sn) 0, 
9 z whose 

donor strength is the highest among the oxo-organot in compounds 

used. 

(iii) Electronic Absorption Spectra : 

The a- keto acids, being d icarbony 1 sys terns, are expected to 

* show n-n transition at wavelengths well above 300 nm, in addition 

to the * n-n band which is expected to occur a.t much lower 

wavelength. As discussed earlier, the CO group in these acids 

plays an extremely important role in the formation of their 

organotin derivatives. Any irivolvement of the CO group must result 

in appreciable cha~ges in either the ·position or intensity or 

'll 
both, of the n-rr band in these compounds. Wh i I e in the simple 

carboxylate compounds like organotin formate or acetate etc., the 

* n-n transition occurs at a much lower wavelength, approximately 

at around 200 nm, and is, therefore, of little help in the 

elucidation of the structure of the organotin carboxylate, the 

present g ro.up of l i gands of fer a scope for studying the * n-rr 

spectra of the free acids and their organotin ··derivatives 

vis-a-vis the role of the CO group in determining the structure of 

the carboxylates. 

The electronic spectra of the keto acids in CCI shows a 
4 

weak band (& - 10-90) at around 350-390 nm in addition to strong 

a.bso r pt ions be 1 ow 260 nm. T.he 1 arge hypsochromic shift of this 
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band in polar solvent, e.g., methanol, its low molar absorbance 

and the presence of vibrational structures {n' the spectra in 

* due to n-n non-polar solvents help to identify this band as 

transition. The position of the n-n* band in the different acids 

are shown in table-111.8. and some of the spectra are presented in 

figures III.15-III.26. 

In the organotin esters of pyruvic acid <PvH) and phenyl 

pyruvic acid <PPvH) the * n-n transition ba.nds suffer. very large 

hypsochromic shift, .indicating the stabilisation of the n-orbital 

on stannylation (cf. hypsochromic shift in MeOH). This, clearly 

indicates the participation of the carbonyl group in 

intramolecular coord.i nation, which stabilises the lone pair 

thereby increasing * the n-n transition energy. The magnitude of 

the blue shift could be used as a measure of the strength of 

binding by the carbonyl group. 

the organotin esters often 

Unfortunately, the * n-n 

get superimposed with 

bands in 

* the n-n 

transition bands making it difficult to determine the position of 

the * n-n transition precisely in the organotin· derivatives. 

In the triorganotin esters of benzoyl formic acid (BFH), 

however, there is practically no change i~ the position, as well 

as, molar extinction of the * n-n transition band in comparison to 

the free acid. This shows the presence of non-interacting keto 

group· in these compounds, corroborating the inference already 
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Table :- I I I . 8. 

* * ( nm) Compounds. n-n peaks <nm) (£' n-rz peaks Remarks 
in CCl So 1. ma.x in MeOH Sol. 

" 
CH COCOOH 370, 350, 9, 13 330 

9 

335(shl 

Ph SnOCOCOCH No peak above 300 290(sh), 275 Carbonyl g ['. 
9 g 

nm. Inflection at interacts. 

290nm. 

Bu SnOCOCOCH No peak above 300 <2.80 ' ' -+ 9 9 

nm. 

Bz SnOCOCOCH Inflection at 326 280 , . 
9 9 

.... . nm . .. 

PhCH COCOOH 385, 368 16.5, 
2 

23 345, 330, 300 

306 

Ph SnOCOCOCH Ph 310, 296 320 ( sh), 304 •• 9 z 
Bu SnOCOCOCH Ph 320(sh), 

g z 
320(sh), 302 ' ' 

306, 294 288 

Bz SnOCOCOCH Ph 330, 310 280 ' , 3 z 
PhCOCOOH 393, 375 86, 93 346, 336, 292(sh) 

·.~ 
.Ph SnOCOCOPh 395, 375, 58, 71 345, 335 ? No co 

9 
·. . ;. 360 75 280· interaction 

Bu SnOCOCOPh 395, 375 345, 335? •• 3 

280,. 270 

Bz
9
SnOCOCOPh 395, 375 345, 335 ' ' 

sh-shou I der. 
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The * .n-n transitions 

-162-

of the 

or~anotin esters, occurring below 

carbonyl group in these 

260 nm, are mas ked by the 

absorption bands of the Ph-ring , and therefore, provides 1 ittle 

structural information. 

{ iv) 
1H NMR spectra : 

The tH· NMR spectra of the orga.notin keto ca.rboxylates in 

CDC1
9 

against the internal standard TMS· <table-111.9.) are 

consistent with the strtictu~es assigned to them on the basis of lR 

and electronic spectral data. All the keto carboxylates exhibited 

el<pected peak multiplicities and intensities. Some of the spectra 

are shown in figures 111.34-111.39. 

Data from table-111.9. shows that the CH prutons in free 
a 

pyruvic acid <CH
9

COCOOH) appearing at 6 2.56~pm is only slightly 

shielded in ethyl pyruvate. But in the organotin pyruvates the 

CH protons are considerably shielded due to the essentially polar 
3 

nature of the Sn--0 bond. T.he deshielding of the CH protons by 
9 

the adjacent C=O group is lowered due to the participation of the 

C=O group in intramolecular coordination. Hence, in all these 

compounds the CH protons appear at sufficiently high field. 
3 

The signals for the resonances of the methyl and the 

methylene protons of the alkyl groups attached to tin appear in 

the same regions as reported for similar organotin 
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Compounds. 

CH~COCOQH 

<PvHl 

PvEt 

Ph SnPv 
9 

Bu SnPv 
3 

BuSn<Pvl 
2 2 

PhCOCOOH 

IBFH> 

Ph SnBF 
3 

Bu Sn < BF) 
z 2 

Me Sn<BFl 
2 2: 

Oct SnCBFI z z 

-163-

Tab I e :- I I I . 9 ------------

Peak position <6 ppm) and assignments 

2.56, (sl, CH
0

; 8.64, lsi, COOH. 

. 1. 22-1.49, 

4.13-4 .• 5, 

< t l , CH ( E t > ; 2. 5, a . 
< q I , CH < E t > • . 2 

( s ) ' 

2. 13, (s), 3H, CH Cf'vl; 7.42-7.5, 
9 

7.68, Cml, 15H, aromatic. 

<.ml and 

0.843-0.916, ( t)' <J 7.2Hzl, 9H, CH <Bul; 
9 

l. 142-1..355, < m I, 15H, CH (Bul and CH <Pvl; 
2: 3 

1. 526-1.619, ( m)' 

0.834-0.906, ( t) ' 

1. 203-1.382, < m l' 

6H, Sn-CH • 
z 

(J 7.2Hzl, 6H, CH <Bul; 
3 

(J 7 Hz), 8H, CH <Bul; 
2 

1. 61' (s), 6H, CH (f'vl; 2.415-2.917, 
3 

4H, Sn-CH . 
2 

7.34-7.64, Cml and 8.04-8.12, (m}, 5H, aromatic; 

10.98, <sl, COOH. 

7.35-7.41, (m), 7.5-7.58, (m) and 7.79-7.86, <ml 

aromatic. 

0.89-0.96, 

1. 38-1.5, 

1.68-1.92, 

7.7-7.78, 

( t) ' { J 7 H z l , 6 H , CH < B u l ; 
3 

<ml, <J 8 Hzl, 4H, Sn-CH ; 
z 

<ml, 8H, CH <Bul; 7.52-7.62, <ml, 
2 

(m) and 8.28-8.4, (dl, 10H, aromatic. 

1. 18, (s), 6H, CH <Mel; 7.52-7.G2, 
9 

( m) , 

7.7-7.78, (m) and 8.28-8.4, (d), 10H, aroma·tic. 

0.8-0.92, ( t) ' CJ 7Hz>, 6H, CH COctl; a 
1.1-1.48, <ml•, 24H, CH

2
; 1.72-1.9, <m>, 4H, Sn-CH

2
; 

7.52-7.62, <ml, 7.7-7.78, <m> and 8.28-8.4, 10H, 

aromatic. 
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"'9'"'"' carboxylates . 

In the derivatives of benzoyl formic acid <PhCOCOOHJ, due to 

the combined effect o~ the ring current and diamagnetic anisotropy 

of the C=O group, which remains free, the ring protons are 

slightly deshielded and appear as three separate groups of signals 

(meta, para, ortho). in the region 6 7.36-8.4 ppm. 

III.3.1.8. Diorganotin Di-keto carboxylates [R Sn<OCOCOR' J J 
2 2 

The diorg.anotin derivati\•es of the ot-keto acids are 

similar to their triorganotin analogues in 'their solubilities, 

< tab 1 e- I I I. 2) melting points ( tab 1 e- I I I • 1 J and spectroscopic 

properties.· For these compounds also the IR <table-111.6A) IJV 

(table-Ill. 10) and ~H NMR (table-III.9) spectral data suggest 

intramolecular involvement of the keto group in the derivatives of 

PvH and PPvH, while in the derivatives of BFH the keto group 

remains free. Representative IR, IJV and 1 H NMR spectra of these 

compounds are shown in figures I 1 I. 10- I 1 1. 14, lll.27-III.33 and 

111.37-111.39. respectively. 

{ i) lR spectra : 

In the IR spectra of the diorganotin pyruvates the ~C=O and 

v a..aOCO appear a. t around 

1400 -~ em in the solid 

-t 1580 em , 

state. For 

wh i 1 e v,.0 (;0 appears at around 

the derivatives of PPvH the 

-t 
vC=O band occurs at slightly higher frequencies around 1620 em • 
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In CHC1
9 

solution of the pyruvates the v~oco and vC=O are raised 

-t 
to around 1680 and 1610 em respectively, while vsOCO is slightly 

lowered. 

These may be interpreted in terms of the· involvement of th~ 

keto group in coordination and a seven coordinate tin atom having 

a distorted pentagonal bipyramidal geometry in the solid state, 

similar to 'the polymeric dimethyl tin dipicol ihate89
• 

This structure requires each molecular unit to be linked to 

three adjacent units through the carboxylate groups, which are 

most likely to function in the bridging mode, as their bite angle 

( ,..~o· 
--....~·a is sma 1 l (ca. S5° ) 85

• Hence, the ketonic C=O group 

should be involved as ~epicted below. 

X 
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In solution depolymeri~ation is likely to occur leading to 

structure XI, involving monodentate carboxylate groups. 

)(1 

In the d iorganot in der iva t i vas of BFH tha vC=O frequency 

appears at 1686 cm-1
, i.e., the same as in the free acid, whereas, 

the va.sOCO. an~ vsOCO appear in the regions 1645-1620 cm-
1 

and 

1375-1365 
-t 

em respectively. Therefore, the keto group is not 

involved in coordination and this may be due to steric as well as 

electronic reasons as envisaged for the tri?rganotin benzoyl 

fermatas in section lll.3.1.A. The structures of these compounds 

may then be represented as-

XII 
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In solution the v·=OCO and vsOCO fr-equencies are only slightly 

changed and it is 1 ikely that chelated car-boxylate gr-oups ar-e 

present, the keto group remaining free. 

XIII 

( i i ) Electronic Absorption Spectra 

The electronic spectral data for- the dior-ganotin ester-s of 

PvH and PPvH, shown in table-111.10, indicate that the * n-n bands 

of these acids have undergone considerable blue shift on 

stannylation· and appear in the region 300-330 nm in CCl 
4 

solution. As discussed for the triorganotin derivatives this shows 

the involvement of the keto group in coordination. Likewise, in 

the derivatives of BFH the * n-n transition bands remain 

practically unchanged compared to the free acid, indicating the 

presence of non-interacting CO group. 

From these observations it can be. inferred that the 

electronic spectra further support the structures assigned to the 

diorganotin ketocarboxyl'ates on the basis of IR spectra. 
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T~Pl!J:JJJ:..!-9.:. 

§1~~~£g~J~_!P~~~!~l-~~~~-gf_Qjg£S§~9~l~-~!~9_f~!~9!ll~!!!J 

* Compounds. n-n peaks (nm} * n-n peaks <nm) 
in CCI Sol. in MeOH Sol. 

4 

PvH 370, 350, 335 ( sh} 330 

BuSn<Pv) 340b 280 
2 2 

PPvH 385, 368, 306 345, 330, 300 

BuSn<PPv) 320, 310, 296 305, 294{sh), 234 
2 2 

Oct Sn<PPv} 320, 290 278 
2 2 

BFH ·393, 375, 360 346, 336, 292{sh) 

Bu Sn ( BF) 393, 375,·360 360, 280{sh) 
2 z 

Oct Sn<BF) , ' ' ' 2 z 
Me Sn<BF) 

' ' 344, .280{ sh) 
2 z 

Ph Sn ( BF) ' ' ' ' 2 2 

sh-shoulder. 

III.3.1.C. Carboxylate Diorganotin Hydroxides [R Sn<OCOCOR' )QHJ 
2 

This group ef of orttllnotin 

. ~ derivatives of PvH and PPvH, which are hydrolysates of diorganotin 

dicarb.oxylates. These highly polymeric products are obtained by 

'\ 

.··4 
. /--:, 

heating, in benzene ot solvent ether, stoichiom~tric amounts {1:1) 

of diorganotin oxide and acid for a few minutes to several hours. 

When oxide and acid are taken in 1:2 ratio these products are 

obtained along with the dicarboxylates. 

On the bas is of analytical data {tab 1 e- 1 I I. 2) these 

compounds can be formulated as R Sn<OCOCOR' )OH. 
2 

Only a few of 
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these compounds have well defined melting points, others decompose 

at high temperature. They are soluble· in polar. solvents 1 ike 

acetone or alcohol and therefore, ar~ highly polar in nature. 

Their IR spectra (table-111.681 are characterised by the 

presence of broad bands 
-:t 

be 1 ow 3420 em , which are we 11 below 

similar bands in the free acids. This bands should be attributed 

to OH groups which are either strongly hydrogen bonded or involved 

in intermolecular coordination. (Some typical IR spectra are given 

in figures 111.40-111.44.). 

Tab 1 e:- 1 1 I. 6 B. 

9~~!~2~~!~~~~2_J~_!!~9~~~g~~~-l9~=~l-9!_~9~~-~~~9 
f~!~9~l1~!9_Q!j~~9!~~-~l~!9~~~~~-l~~-~~J91!~~!2~ 

51. Compound VOH VC=O v 
Q.QQCO vaOCO 

no, 

1. BuSn<PvlOH 3420-3380 1770 1605b 1412 z 
2. Oct Sn(Pv lOH ' ' 1775 1604b 1412 

2 

3. Me
2
Sn ( Fv) OH 3400-3300 1780 1660° 1385 

4. Fh
2
Sn ( Pv l OH 1770 1600b 1452 , , 

5. Bu
2
Sn ( PPv) OH 3260b' 1684 1652 1432 

1630 

6. Oct Sn { PF'v l OH 3254° 1700 1653 1400 
2 

1585 

7. Me SnlPPv>OH 
2 

3260b 1745b 1670 1405 

1605 

8. PhSn<PPvlOH 3375b 1676 1612 1408 
2: 

----------------------------------------------------------------
b-broad. 
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Another peculiarity ~f these compounds is the occurrence of 

the vC=O bands at much elevated freque-ncy compared to the free 

' -~ -t acids, viz., around 1770 ern and 1700 em for the derivatives of 

' 
PvH and PPvH respectively. These indicate the presence of free 

keto group comparable to the triorganotin derivatives of r-keto 

40 ' 
carboxylic acids investigated by KumarDas et.al .. The asymmetric 

and symmetric carboxyl stretching bands of these compounds appear 

in the region 1660-1600 cm-1 and 1430-1400 
-t 

em respectively, in 

the solid state. These can be interpreted by assuming the presence 

of either, (a) hydrogen bonded carboxylate groups, involving 

trigonal bipyramidal. tin atom geometry having the R groups above 

and bel ow the equator ia 1 plane of three 0 atoms as shown in 

structure )( [V/XV below- or, (b) a bidentate carboxylate group 

involving 6-coordinate tin atoms as shown in structure XVl below, 

with the R groups occupying meridional positions as in the 

H-bonded structure XV. 

R R 
' I /0-H.. . I ·0-H R 

0-Sn _ ... _ .. b 0 _ 5 / ·~ I./ 
I "'c/ r · · · ·. o o-Sn ..... . 
R ·, R ~c"' I 

C t R 

R'/ ~o , c~ 
R/ "O 

XIV 
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XV 

The structures XV and XVI differ only slightly becau~e one can be 

easily converted into the other by the simple ro~ation of the 

carboxylate moiety through 180° about the Sn--0 <ester) bond. 

XVI 
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The probable course of the reaction bet~een diorganotin 

oxides and keto acids leading to the formation of the carbox~lato 

diorganotin h~droxides may be represented as follows: 

-zHOH +HOH 
2 R SnO + 4 HOCOCOR 1 

z ----> 2 R S n {QCOCOR 1 
) > 

2 Z -z R'COCOOH 

+HOH 
<R 1 COC00)R SnOSnR <OCOCOR 1

) 
z z 

2 R Sn<OCOCOR 1 )OH 
2: 

-HOH 

It is also possible that the oxide and acid react directly to 

produce R Sn{OCOCOR' >OH 
z 

R SnO + HOCOCOR 1 

2: 
---------> R Sn<OCOCOR 1 >OH 

2 

Apart from their reactions with Ph SnO, z the keto acids produced 

Ph <OCOCOR 1 )QH from their reaction with <Ph Sn) 0 also, probably z 9 2: 

through the c 1 eavage of Ph-Sn bond, to be discussed in the ne:< t 

chapter. 

III.3.2. Cone l.·usion. : 

On the basis of spectroscopic evidences it can be 

inferred that the course of reaction between the ~-keto acids and 

organostannoxanes is determined primarily by the nature of the 

R'COCOO moiety ·a.nd dependin·g on the R' group, intra. molec,Jia.rly 

coordinated organotin carboxylate derivatives may be formed in 

some cases. 
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Spectroscopic data suggest that, in some of the keto 

carboxylates, the tin atom has apparently attained a coordination 

number of six through invoJvement of the carboxyl moiety in both 

inter and intra molecular coordination. 
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CARBOXYLIC ACID ADDUCTS 

IV.1. Zn.t.r·od:u.c t. ioi't : 

The reactions between or ganos tannoxanes and organic and 

inorganic acids, universally used for the preparation of organotin 

esters are believed to p·roceed through the intermediate 

donor-acceptor transition state 

I 
Sn--0--X X = Sn I H : . 
' . . . 
:,:;- :,:; ... 
A H 

Pr~sumably, the intermediate complexes have very low ~tability and 

undergo intramolecular rearrangement leading to the final 

products, making it difficult to isolate the in termed ia.te 

complexes in most cases. An· evidence in . favour of S\.sch an 

intermediate has been provided by Narula et.al.~, who isolated the 

-:t adduct <Ph Sn) 0->SO from the J:"eaction of {Ph Sn> 0 and SO in 
9 2 9 9 2 9 

CCI at -20°C. <Ph Sn> 0->SO converts into <Ph Sn> 50 on being 
4 9 2 9 9 24 

refluxed in the same solvent. 

In the reaction between organotin oxides and carboxylic 

acids in non-ionising solvents, although there is no direct 

evidence, the follm.sing eye! ic intermediate is expected to be 

formed through a H-bond bet\.reen the Sn-0 a tom and the acidic 
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H-atom, assisted by a nucleophilic attack by the carbonyl 0-atom 

at the tin. atom. 

II 

This. is quite similat· ·to the transition state proposed for the 

reaction of s i I oxan'es with AIC! ' and 
9 

the reaction of 

with HgX 9
, a.nd does not seem very unlikely in view of the known 

2 

donor property of the stannoxanes, discussed in chapter-1. 

Normal !y, such an intermediate [II J should undergo instantaneous 

electron shifts as shown below, leading to the organotin 

carboxylates. 
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Obviously, the stabilisation of the intermediate I I, if at all 

formed, wi 11 depend not only upon the donor-·acceptor property of 

the oxo-organotin compounds, but also upon the presence of other 

potential donor sites in the R'COO moiety, electronegativity 

and steric factors. 

In this context the a-keto carboxylic a.cids, , .. used in the 

present investigation, seem to be suitable for the isolation of 

the intermediate addition product, since they have the right 

acidity <pK <3.0) and suitably placed additional donor group. 
(1. 

Since the nucleophi l icity of the. oxygen 'bonded to tin in the 

stannoxanes, is also important in the formation of the 

intermediate, bis(triorgariotin> oxide are most likely to be the 

right choice for realisation of such addition products. In fact, 

stirring of a mixture of bis(triorganotin) oxide /hydroxide and 

r.>t-keto acids led to the precipitation of compounds corresponding 

to addition complexes in a few cases. The intermediate involving 

the bis{triorganotinl oxides /hydroxide and ct-keto acids may be 

represented by either of the structures IliA or I I 18, where the 

nucleophilic and electrophilic interactions are mutually 

supportive, as shown below. 

It may be noted that the proposed structures I I IA and II IB 

of the transition state, involve the trans form of the keto acids . 

Altho,.lgh, the cis form of the acid can be utilised to draw a 



R 

R'""'- +- .. - /X 
' Sn -- / 

R~-T----.-~ 

0 H 
11 o/ 

R ... c/ 
'c/ 

II 
0 

IIIA 
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IIIB 

structure analogous to ll lA, no structure similar to I I IB can be 

visualised using the cis form, because that would involve 

excessive steric strain making the structure improbable. Moreover, 

molec'l..tlar modelling and energy aalcul~tions [see section 

111.3.1.A{i)J have shown that the cis form of the keto acids are 

less stable than the trans forms. 

lf the intermediate is I'epresented by structure lilA its 

stability should not differ much from that of structure II, 

because fol' structure I I lA, neither the additional donor group, 

nor the ·field effects originating at the R' group, can influence 

the electromeric effects leading to the immediate conversion into 

the carboxylate derivative as shown below. 

On the other hand, the formation arid stability of structul'e I I IB 

will be greatly influenced by the electl'onic and steric factors 
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dependent on the R' group. Moreover, rearrangement leading to the 

formation of the carboxylate derivative is not likely in IIIB. The 

latter is thus, expected to behave differently and its 

rearrange~ent will lead to different products. Therefore, although 

the product represented by structure I I IB m3:y be. isolable, it 

should not be regarded as the intermediate in the reaction between 

organostannoxanes and carboxylic acids leading to t11e formation of 

the organotin carboxylates, rather, it should be termed as 

carboxylic acid adduct of organostannoxanes/organo~in hydroxides. 

IV.2. Experimental. : 

The organotin compounds and the ~-keto acids were 

prepat"ed according to methods described in chapter- I I [. A l l the 

solvents were purified 4 by standard methods • The methods 

preparation of the addition products at"e described below 

for the 
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Reaction of PvH with <Ph Snl 0 : 
3 2 

1.79 g <0.0025 mole) of <Ph Snl 0 was dissolved in about 10 
3 2 

ml. dry benzene/solvent ether by warming. To the clear, warm 

solution 0.44 g l0.005 mo.le) of PvH was a.dded drop wise with 

shaking. Allowed to stand for 1-2 minutes, when solid began to 

separate. The benzene/ ether solution was ca. ref u l l y poured into 

another flask containing 5 ml pet.ether. Allowed to stand for 

10-20 minutes and the supernatant liquid decanted leaving the 

solid behind. The· solid was then washed re'peatedly with cold 

benzene and ether and dried, first in air and then under vacuum 

over CaC 1 • 
2 

Yield : 2.01 g {90 %). 

Analysis 

Found 

Mp. 146°c < d >. 

Calculated.for .Ph SnOH.PvH 
9 

2. Reaction of PvH with Ph SnOH : 
3 

% Sn 

25.86 

25.99 

% c 
56.5 

55.5 

% H 

4.5 

4.4 

0.35 g {{0.001 mole) of freshly prepared and air dried 

Ph SnOH was suspended in 10 ml ether and 0.09 g 
3 

0.001 mole) 

PvH added d.rop wise and stirred for about 10 minutes using a 

magnetic stirrer, when Ph
9

Sn0H gradually went into solution, 

Stirring was continued and within a few minutes precipitation of 

product started. Precipitation was complete in about another 15 

minutes. Al.lowed to settle for a while and the supernatant liquid 
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decanted. The solid was washed several times with ether and dried. 

o. 425 g 96 %) of a white product, melting at 146°C(d), were 

obtained. It was identified with Ph SnOH.PvH by mixed melting 
9 

point and comparison of IR spectra and analytical dat~. 

3. Reaction of PvH with (Bu Snl 0 : 
9 z 

1. 49 g (0. 0025 mole) of <Bu Snl 0 was dissolved in 10 ml 
3' z 

pet.ether and 0.44 g (0.005 mole) of PvH was added drop wise with 

shaking. 2 drops more of PvH were added and. shaking continued for 

another 5 minutes. The pet. ether solution was then carefully 

decanted, leaving the .unreacted PvH behind, into a. large watch 

glass and solvent removed by blowing hot air gently. The watch 

glass containing the semisolid mass was then placed in a vacuum 

desiccator and dried under pump for 2-3 minutes. The wax-1 il<e 

white solid was then transferred to a small conical flask and 

dried further under vacuum over CaClz. 

Yield 1.93 g l98 %1. Mp. 72-74°C {d). 

Analysis 

Found 

Calculated for Bu SnOH.PvH 
9 

4. Reaction of PvH with [(PhCH > SnJ 0 z 3' z 

~ Sn 

30.8 

29.94 

% c 
47.69 

46.69 

% H 

7.9 

8. 1 

1 g (0.00125 mole) of {Bz Snl 0 was 
3 z 

dissolved, in 10 ml dry 

benzene and to the w~rm solution 0.24 g {)0.0025 mole) of PvH was 
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added drop wise with shaking. Shaking continued for·· 2-3 minutes 

more, when solid began to separate. The solution was decanted into 

another flask leaving the unreacted PvH behind. Precipitation was 

completed by addition of pet.ether and allowed to settle. The 

clear supernatant liquid was decanted and the residue was washed 

with benzene. The yello\"ish white residue was dissolved in ether 

and reprecipitated with pet.ether, filtered and dried. 

Yield : 0.9 g (75 %). Did not melt. 

Analysis 

Found 

Calculated for Bz SnOH.PvH 
3 

5. .Reaction of PPvH with (Bu Sn) 0 
s z 

% Sn 

23.2 

23.79 

% c 
58.36 

58.06 

% H 

4.6 

5.24 

0. 3 g 0.0005 mole) of (Bu Sn) 0 was dissolved in 5 ml 
3 2 

pet. ether and shaken with 0. 18 g ( >O. 001 mole) of PPvH for 5-6 

minutes. The light yellow solution was filtered and kept overnight 

at 5°C. The slight precipita.te formed was r'emoved by filtration 

0 
and the filtrate stored at 5 C for several days. The.white product 

0 
obtained melts at 88 C and weighed 0.28 g { 

Analysis 

Found 

Calculated for Bu
8
SnOH.PPvH 

% Sn 

25.3 

25. 1 

60 % i ·' 

% c 
54.6 

53.61 

% H 

7.5 

7.66 
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6. Treatment of R SnOH.R'COCOOH with dil NaOH solution 
9. 

<Estimation of organotin to acid ratio) .. 

{i) An accurately weighed mass of the triorganotin compound was 

dissolved in methanol and titrated against a dilute NaOH {aql 

so 1 u t i on h a v i n g accurate 1 y known s t r eng t h o f N I 100 .. order us i n g 

phenolphthalein as indicator. The burette. reading <V ) was noted. 
:f. 

A blank titration of the bis{triorganotin) oxide vs. NaOH was then 

carried out and on its basis the volume of NaOH consumed by the 

amount of stannoxane, expected to be present in the triorganotin 

compound taken, was ca 1 cu 1 a ted. This volume was deducted from V 
:f. 

to get the volume of NaOH <V ) apparently consumed by acid present 
2 

in the triorganotin compound. From V the amount of acid was 
2 

calculated and was found to agree well with the formulation 

R SnOH.HL <where, HL = R'COCOOH>. 
3 

{ i i ) A benzene solution of an accurately known amount of the 

triorganotin compound Ph SnOH. F'vH 
3 . 

shaken with calculated 

volume <required for complete hydrolysis of the complex) of N/50 

NaOH <aql solution. and the aqueous layer was separated. The 

concentration of NaPv in the aqueous solution was calculated on 

the basis of the above formulation. Another aqueous solution of 

NaPv, having exactly the same concentration, was prepared by 

neutralising PvH with N/50 NaOH solution. The absorption spectrum 

of the two solutions in the uv region were recorded using a 
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Shimadzu UV240 spectrophotometer and were found to be reasonably 

matching. 

IV.3. Res·u.l. ts- and Dis-c'U.Ssion : 

Perhaps, the most interesting results of the present 

study is the separation of addition prod~cts of the type 

R SnOH. HL, \1/here HL denotes the keto acids. These products are 
El 

obtained simply by mixing the keto acid with l R Sn r 0 
3 2 

lor R5n0H) 
9 

in appropriate proportion in benzene or solvent ether under very 

mild conditions. Pyruvic acid lPvHl exothermally adds on to 

( Bu Sn l 0 at room temperature, even when the two 1 i qui ds are just 
El z 

mixed in appropriate ratio .in the absence of any solvent, to give 

a ,.,,axy solid product. The reaction conditions and other details 

for the preparation of the addition products are given in the 

table- IV. 1. 

A reference to the table-1V.2., showing the percentage yield 

of the products, reveal that their formation depends both on the 

nature of the keto acid and the organic group R on the stannoxane. 

The data from table-IV.2. also show that the Taft's constant value 

of t_he substituent R', which gives a measure of thei.r abi I ity to 

influence the electron flow to the adjacent atoms in R'COCOOH, 

strongly effects the yield of the addition prod.ucts. Increasing 

Taft's constant decreases the possibility of formation of these 
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Table:-IV.L 

Sl. Reactants and Reaction Conditions 
no. mole ratio. 

1. 

2. 

3. 

4. 

5. 

6. 

<Ph Snl 0 
3 2 

+ PvH 

( 1 :2) 

Ph SnOH 
3 

+ PvH 

l1: 1) 

<Bu Snl 0 
3 2 

+ PvH 

{ 1:2) 

lBz Snl 0 
9 2 

+ PvH 

{ 1:2) 

lBu Snl 0 
9 2 

+ PPvH 

( 1 :2) 

Ph SnOH 
3 

+ BFH 

l 1: 1) 

Solution of stannoxane in 

etherlbez. shaken with ad-

id. Soln. diluted with pet. 

ether. Product washed with 

ether. 

Stirred in cold ether with 

slight excess acid. Product 

washed with cold ether. 

Shaken in pet.ether with 

slight excess acid. Pet.et­

her layer decanted and eva­

porated. 

Benzene soln. of stannoxane 

shaken with slight e~cess 

acid. Bez. layer decanted 

into pet.ether. Solid diss­

olved in ethe~ and repreci~ 

pitated -with pet. ether .. 

Stannoxane and acid shaken 

in warm pet.ether, filtered 

and stored at 5°C.Product 

washed with cold pet.ether~ 

Stirred in cold ether with 

slight excess acid. Product 

washed with cold ether. 

Time Product 

2-3 Ph SnOH~PvH 
3 

min. 

30 Ph SnOH. PvH 
3 

min. 

5 Bu SnOH. PvH 
3 

min. 

5 Bz SnOH. PvH 
3 

min. 

5 Bu Sn. PPvH 3 . 

min. 

30 Ph SnBF 
3 

min. 

% Yield 
' Mp. 

75, 
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products. This is quite reasonable, since the formation of 

addition product is expected to be facilitated by electron 

releasing groups (low Taft's constant). 

With the same keto acid, the yield depends on the organic 

group attached to tin and decreases in the series n-Bu >Ph >PhCH . 
2 

This pattern is not related to the electronic factors, e. g., 

inductive or mesomeric effect of the group. On the other hand, 

this clearly reflects a correl~tion between the iize of the group 

and the ease of formation of the addition complex. Thus, both 

steric factors and electronic factors govern the formation of 

these products. High Taft's constant values combined with the 

presence of b\.tlky group at the tin atom, as can be seen from 

t~ble-IV.2., prevents the formation of such complex. 

Table-IV.2. 

-Reaction of <R Snl 0 with R'COCOOH producing R SnOH.R'COCOOH 
3 2 3 

~ yeild of product. 

R' R n-Bu Ph 

<Taft's canst. 
CH 

3 

(-0.05) 98 90 75 

PhCH 
2 

(0.04) 60 

Ph 

(0. 1) 
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Significantly, the keto acid where the substituent has high 

Taft's constant, e.g., PhCOCOOH (benzoyl formic acid> gives high 

yield of the carboxylate of the type R SnOCOCOR', by reacting with 
El 

either <R Snl 0 or R SnOH, even under very mild condition. 
3 z 3 . 

IV.3.1. Characterisation of the Products 

A l l these compounds differ considerably from the 

ketocarboxylates and their hydrolysates in their stability, 

solubility, chemical and spectroscopic properties and have been 

characterised on the basis of analytical data, their IR, UV and 

1. H-NMR spectra and reactivities. 

Although these compounds have been obtained by the reaction 

of <R Snl 0 and HL <HL = R'COCOOH> in 1:2 ratio, they should be 
El z 

·formulated as R SnOH.HL 
El 

on the basis of 

(table-lV.3. l and other evidences discussed below. 

analytical data 

<il Titrimetric deter•ination of acid to organotin ratio in the 

addition product 

These camp l exes are highly susceptible to c 1 eavage by OH 

ions. The reaction between the triarganatin derivatives and very 

dilute alkali solution, such as O.OUN> NaOH, {eqn-1) leading to 

the organastannoxane and alkali metal salt of the acid is sa fast 

and complete that this reaction can be uti I ised in quantitative 

estimation of the acid present in the complex. 
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!~91~.::1~!3.! 

~~~~~~!~~1-~~~~-~~~-~~~~~!l!~!~~-~f-~~~~P£~~~~~~-! 

Compounds. % Found I <Calculated>. Solubilities. 
Sn C H 

Ph SnOH.PvH 
g 

56.5 4.5 Ace., A 1 c •. 25.86 

(25.99) (55.5) (4.4) Sl.sol. in B.e .z. , E t 0, z 
CHCl 9 •. 

Bu SnOH. PvH 30.8 
3 

47.69 7.9 Bez. ,Pet. eth. ,CCI ,CHCI , 4 . g 

(29.94) (45.69) ( 8. 1) Et 0, Ace. , A l c. 
2 

B.z SnOH. PvH 23.2 
3 

58.36 4.6 Et 0, Ace., 
2 

(23.79) (58.06) <5.24> 

Bu SnOH. PPvH 25.3 
9 

55.6 7.5 Bez., CHCl 
9' 

( 25. 1) (53.61) <7.66) Ale. 

R SnOH. HL + MOH 
3 

---------> R SnOH + ML +HOH -------[1) 
3 

Ale. 

Et 0, 
2 

Ace., 

Thus, a methanolic solution of triphenyl/tributyl tin derivative 

·of PvH was titrated against a standard NaOH <aq) solution of 

O.Ol<N> order using p~enolphthalein indicator. Even a benzene 

solution of the tributyl derivative could be titrated in the same 

manner with vigorous shaking. Results o·f typical titrations are 

presented in· the table-IV.4. below. The equivalence point of these 

titrations corresponds to 1:1 mole ratio of organotin to acid, 

which agrees well with analytical data. 

These results are further supported by the. reasonable 

identity of the absorption spectrum {fig-IV.l) of an aqueous NaPv 
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S 1. Addition 
no. product. 

1. 

2. 

<Bu Sn) 0 
3 ' 2 

+ PvH 

tPh Sn> 0 
3 2 

+ PvH 
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Table :-IV. 4. 

Amount in Vol.& Strength 
grams. of NaOH Sol n. 

consumed. 

21.0 cc 

Amt.of PvH 
found lg) 

0.086803 1.111525 N/100 0.02054 

21.3 cc 

o. 101113 1.111525 N/100 0;020824 

Amt.of PvH {g) 
calculated for 
R SnOH.PvH. 

9 

0.019387 

0.019599 

solution, obtained by shaking a benzene solution of a known amount 

of Ph SnOH.PvH with calculated volume (calculated on the basis of 
~ 

the aforesaid formulation) of 0.021N> NaOH (aq) solution, with 

that of another aqueous solution of NaPv, having the same 

concentration, prepared by neutralising PvH with 0.02lN) NaOH 

solution. 

(ii.) Solubility 

The formulation, viz. R SnOH. HL, a arrived at on the basis of 

analytical data and t.he above titrimetric estimation of organotin 

to acid ratio, implies that the compounds should be highly polar 

in nature, which is reflected in their solubilities. Of the four 

compounds isola ted the. two t r i buty 1 compounds are soluble i ri both 

polar and nonpolar solvents, but the triphenyl and tribenzyl 

.. ¥ derivatives of pyruvic acid <PvH) have very poor solubility in 
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nonpolar solvents <table-IV.3.). But in all cases the solubility 

in polar solvents is much higher indicating the presence of highly 

polar structure in these compounds. 

(iii) Spectroscopic evidence : 

Spectroscopic data supper t the formulation of the addition 

complexes as R SnOH.HL and provides an insight into the structure 
3 

of these compounds. 

(a) IR spectra : 

The IR spectra of the ligands have been discussed and 

assignments for the various absorption bands made in section 

lll.3.1.A. IR spectral data for the addition complexes are 

presented in table-IV.S., along with relevant data for the free 

acids. Some typical IR spectra are given in figures IV.2.-li 1.7. 

It can be seen from table-IV.S. that in free PvH there is a 

very broad band in the region 3600-2900 em-~ and in FPvH a sharp 

medium intensity band at 3460 
-t 

em In the addition camp I exes a 

broad band, indicative of the presence of hydrogen bonded OH group 

occurs in 
-t 

the region 3425-3400 em In Ph SnOH.PvH there is a low 
3 

intensity band at 3620 cm-t which is characteristic of, the -Sn-OH 

grouping. This band is slightly broadened in. the complex compared 

to the same band in Ph SnOH. 
3 

~ 

As may be seen from·the table, PvH shows two vC=O'stretches 

at 1728 and 1740 
-t 

em respectively, of which the former may be 
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.~ Table:-lV.5. ------------
~~~!~£!~!l~!l9_l~_!!!9Y!~~l~~-J~~~~l-~!-~~~!-~99l!l~~-99~Pl~~~~-1 

S I . Compounds. Solid Phase (in Nujoi/KBrl So In. Phase (in CCI ) 
4 

no. 

vOH VC=O v 
a.aOCO vsOCO VC=O VOH VC=O v <l.Qoco vaOCO 

<wag) 

1. pr .. H 3600- 1728 1740 1285 615 3420 1725 1790 1280 

2900b 1160 1200 

2. PvEt 1745 1755 1370 618 

1300 

.,.,-: 3. PvNa 1710 1625 1405 625 

4. Ph
3
SnOH.PvH 3620 1612 1715 1428. 635 3400b 1620 1710 1398 

3400b 1410 

5. Bu SnOH. PvH 3425b 1620 1722 1415 625 162.0 1735 1398 a 
1395 

.... 
6. Bz SnOH. PvH 3400 1610 1715 1408 632 

a 
7. PPvH 3460 1688b 1688b 1248 695 

1195 

8. Bu
3
SnOH. PPvH 3425 162.0 1725 1402 680 

635 

~ 
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assigned to the ketonic C=O and the latta~ to the C=O g~oup of the 

carboKylate moiety from a comparison of the spectra of the neat-

acid, i t s CC 1 so 1 u t i on , 

"' 
its Et-este~ and that of its Na-salt 

(figu~es-IIJ.1,1a,1b, and 1c). In PPvH these bands merge into a 

broad band a~ound 1688 cm-t because of int~amolecular H-bonding. 

In each of the addition complexes there is an intense sharp 

band at 1722-15 
-:t . 

em . ~eg1on and sever-al strong peaks near 1600 

-t 
em Thus the formation of ~he addition complex has resulted in a 

small change in one of th~ two carbonyl stretch frequencies and a 

considerably large cha~ge in the other compared to the free acid. 

Of these two frequencies the one undergoing large negative shift 

should be assigned to vC=O, because the addition comple1< can not 

be stable. wi-thout the involvement of the ketonic C=O gr-oup as 

pointed out in section IV .• l., and if involved, vC=O would be 

expected to be considerably lowe~ed. ln the event of 

nonparticipation of the ketonic C=O group the vC=O ~hould remain 

unaltered relative to the free acid, as has been found in the case 

of the carboxylate derivatives of benzoyl formic acid lBFH) 

[section II 1.3.1.A( ill l and may even be shifted to higher 

frequencies as observed for·the carboKylato diorganotin hydroKides 

discussed in section III~3.1.C. Such +ve shift of vC=O, where the 

C=O group is nonparticipatingJ has also been reported by KumarDas 

et.al.~ for the triorganotin derivatives of some y-keto acids. 
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The pand at al:'ound 1720 is, therefore, assigned to 

v•.:t>aOCO and the vsOCO band in these compolJnds shows at around 1400 

cm-t in the solid state. In CHCl ICCt sollJtior:t all these pea.ks s 4 

remain almost unaltered. 

Thus the IR spectra of these derivatives of PvH and PPvH 

differ from· those of the corresponding organotin ketocarboxylates 

for which both vC=O and v~oco appear well below 1600 cm-t in the 

solid state and both are considerably raised in solution. It may 

~ be mentioned here that in th~ derivatives of BFH, although one of 

the carbonyl frequencies remains unaltered compared to the free 

acid, a comparison with its Na-salt re\•eals that it is the vC=O 

that remains unchanged and the va:iiOCO gets sufficiently lowered. 

Therefore, the derivatives of BFH are regard~d to be normal 

carboxylates and not addit.ion products. This conclusion is al·so 

supported by their stability, solubility and chemical reactivity. 

The addition compounds also differ from the carboxylate 

diorgarotin hydroxides in that, the v 
G=O 

frequency is 

substantially lowered ·in the former but considerably raised in the 

latter compounds in comparison to the respective free acids. 

The addition complexes also she\'/ a strong band around 630 

-:t 
em which may be assicned to out of plane C=O wag. This is also 

indicative of the involvement of the keto group in coordination. 

For Bu SnOH.PPvH the apparent lowering in this frequency is due to s 
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the fact that in the free acid the C=O group is involved in 

intramolecular H-bonding and the carbonyl wag appears at 

considerably higher frequency (690 
-t. 

em ) compared to 

noninteracting C=O group • 

Thus, on the basis of IR spectra it can be said that both 

the ketonic C=O and the acidic hydrogen of the ligands interact 

with the organostannoxane in forming the a.ddition complex. It is 

also interesting to note that the IR frequency, characteristic of 

the Sn-0-Sn linkage in the stannoxanes, occurring around 780 em 
-·.t. 

is absent in a 1 I these derivatives, thereby suggesting the 

cleavage of this bond during the formation of the addition 

complexes. Therefore, IR spectra also sugges~ that the addition 

complex should be formulated as R SnOH.HL and not as (R Sn) 0.2HL. 
9 9 2 

(b) Electronic spectra : 

The electronic spectral data of PvH and PPvH shown in 

table-IV.6. reveal that for both the acids very weak transition 

10-25) occur in the region 350-385 nm in CCl solution. 
4 

bands {e 

As pointed out in section III.3.1.A<iii) these bands have been 

identified as due * to n-n transition of the C=O gro1..1p, from a 

comparison of the spectra in polar (MeOH) and nonpolar <CCl ) 

" 
solvents. 

It can be seen from the table-IV.6. that in the addition 

complexes the * n-n bands have undergone considerable hypsochromic 



Compounds. 

CH COCOOH 
3 

{PvHl 

Ph SnOH. PvH 3 . 

Bu SnOH. PvH 
3 

PhCH COCOOH z 
( PPvH ). 

Bu SnOH. PPvH 
3 
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Table:-IV.6. 

* n-n peaks (nm) 
in CCI Sol. 

4 

370, 350, 

335(shl 

335 

345 

385, 368, 

306, 293 

360,306,293 

9, 13 

22.5 

59.5 

16.5, 23 

* n-rt peaks {nm) 
in MeOH So 1. 

330 

310 

305 

a4o 

shift and appear in the region 335-345 nm. This can be accounted 

for only by assuming the involvement of the C=O group in binding, 

which stabilises the n-:orbital. This suggests that the addition 

complexe~ are formed through a nucleophilic attack by the carbonyl 

oxygen on a tin centre of the stannoxane. Thus, electronic spectra 

also support the inference drawn on the basis of IR spectral data. 

* It should also be noted that the blue shift of the n-rt band 

in an addition complex, though large, is not as large as in the 

corresponding keto carboxylate (section I I I. 3. 1. A { iii ) 3. 

Therefore, it may be inferred that· the Sn-0 (car bony I) bond in an 

~ addition com~ound is weaker than the same bond in the keto 
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carboxylate and may be cleaved during the transformation of the 

former intri more stable compounds. 

In the addition compounds also, the short wave length bands 

* originating from the n-n transition of the carbonyl group and 

* n-n transition of the acid get superimposed among themselves as 

well as with the vibrational fine structures of the Ph-ring and 

are of little diagnostic value. 

Absorption spectra in the UV region of the ligands and some 

of their derivatives are given in figures IV.B.-IV. 11. 

(c) PMR Spectra : 

The PMR s pee t ra; recorded for the two addition complexes 

Ph SnOH. P·vH and Bu SnOH.PvH, provide further. supporting evidence 
3 3 

for the inferences already drawn. 

In the 
1
H NMR spectra of Ph SnOH. PvH 

3 
[fig-IV.12] the COOH 

proton appears at 6 7.132ppm as a sharp singlet. Although in the 

uncomplexed acid this proton appears at 6 8.64ppm, the JR spectra 

of the acid and its ethyl ester clearly show that the acid exists 

as a hydrogen bonded dimer and the proton signal is expected to 

appear at low field. These data suggest that in the addition 

complex t~e acidic proton is relatively weakly hydrogen bonded to 

the Sn--D oxygen. 

In the case of the tributyl tin adduct o.f pyruvic acid a 

sharp peak at 6 = 2.43ppm (1H) is observed which can. be assigned 
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to the COOH proton. It is well known that, the electr-onegativity 

of the oxygen in tributyltin oxide lower than that of 

tripheny_lti~J oxide. The former is, therefore, expected to form 

weaker hydrogen bonding than the latter, in its adduct and the 

appearance of the COOH proton at high field agrees well with this. 

It can be seen from table-1 1;.7. that tr_iphenyltin hydroxide 

in CDCl IDMSO-d shows a NMR absorption 
9 6 

at 6 3. 6ppm 

corresponding to one proton. On deuterium exchange, this peak 

vanishes, confirming the peak to be due to OH proton. The adduct 

Ph SnOH. PvH shows a peak due to single proton at 6 1. 582ppm. 
3 

Although this peak is at considerably higher field. compared to 

t.hat of Ph SnOH, this could reasonably be assigned to the Sn-OH 
3 

in the adduct. The reason for such upward shift may be attributed 

to the following factors. 

Due to the low solubility of Ph SnOH 
9 

in GDC 1 the NMR 
9 

spectra was taken in CDC! /DMSO-d mixture. 
9 6 

Without doubt, there 

would be interaction between DMSO and Ph SnOH. DMSO can coordinate 
9 

to Sn-atom and also it is almost certain to form H-bond with the 

Sn--OH proton. lt is well known that H-bond formation shifts the 

signal considerably downfield. The adduct, on "the other hand, is 

not expected to form any such H-bond, fir-stly because, the solvent 

was CDC! and secondly, the proposed structure precludes the 
3 

pass i b il i ty of H- bond without a s true tura 1 change. The ref ore, the 
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peak at 6 1.582ppm, ·~orresponding to a single proton, is 

reasonably assigned to Sn-QH. This is also consistent with the 

evidenc~s abtained through IR and UV spectra as well as chemical 

reactivities of the adducts, presented earlier. 

A I though the position of t.he Sn-OH proton in the tr i buty 1 

tin adduct of PvH cannot be precisely ascertained, the relative 

intensity of the peaks in the methylene region (6 1.3-

1.566ppm, 19Hl shows the presence of an extra proton. This may be 

attributed to the Sn--DH by comparison with the position of the 

same proton in the triphenyl tin complex. 

The CH proton of the ligand part in the tributyl and 
3 

triphenyl complexes appear at 6 1.03 and 2.34-ppm respectively. 

Although the chemical shifts of the CH <ligand) 
3 

protons in these 

complexes are large, they are significantly different from those 

of the corresponding keto carboxylates C6 1.14Z-1.355ppm for the 

tributyl and 6 2.13ppm for the triphenyl tin pyruvatei. This is 

presumably, d'-le to the larger polarity of the Sn-0 bond in the 

carboxylates than in the ~ddition complexes. In both the cases 

the ability of the adjacent C=O group to deshield the CH protons 
9 

is lowered due to the involvement of the carbonyl group in 

coordination and cannot drastically influence the peak positions. 
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Ph SnOH. PvH 
3 

Bu SnOH. PvH 
3 

PvH 

Ph SnOH 
3 
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Tab 1 e :- IV. 7. _..,.,E:Id:allel- ... ~----

Peak position (6 ppm) and assignments. 

1. 582, ( s ) , 1H, Sn-OH; 2.34, ( s), 3H, CH ( PvH) 
3 

7.132, (s), lH, COOH; 7.34-7.37, (m), and 

7.6-7.65, {m), 15H, aromatic. 

0.967, ( t) , 9H, CH ( Bu) ; 1. 03, ( s) • 3H, CH (f'v) 
9 3 

1. 3- 1. 56, { m) , {18+UH, CH { Bu) and Sn-OH 
2 

2. 43, ( s ) , 1H, COOH. 

2,56, { s ) ' 3H, CH 3; 8 64, ( s)' lH, COOH 

3. 60., { s) , 1H, Sn-OH; 7.2-7.85, 15H, a.roma.t ic. 

a.-concentration dependent. 

<iv) Reaction of Ph SnOH with CH COCOOH lPvHl 
3 3 

·· .. · 4 In view of the aforesaid formulation of the addition complex 
.... · 

)t 

one would eKpect that the compounds should be produced from the 

.. 
reaction of R'COCOOH tHL) with R SnOH as well as with <R Sn) 0. We 

have observed exactly 

react with f'h SnOH. 
9 

the same 

3 9 2 

by a l lowing CH COCOOH 
9 

(f'vH> to 

When Ph
9
Sn0H and pyruvic acid in 1:1 ratio were stirred in 

cold ether for about· 30 minutes, the product was found to be 

identical with the product obtained from <Ph Sn) 0 and f'vH, on the s 2 
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basis of mixed melting point, elemental analysis and IR data. The 

formation of.the same compound through the two r~utes and absence 

of any Sn-0- Sn band in the 1 R s pee t rum of the said compound 

suggest that it should be formulated as Ph
9
SnOH.PvH. This is also 

supported by the presence of Sn- OH 

spectrum of this compound. 

_,._ 
band at 3620 em in the IR 

This reaction, therefore, corroborates the IR spectral 

evidence that the Sn-0-Sn bond of the stannoxane must have been 

broken during the electrophi l ic atta:.:k on it by the carboxylic 

acid as shown below, without regard to the role played by the keto 

group. 

-- Sn 
/ 

+ 
/ 

HO-Sn-

" 

The water necessary for such a cleavage becomes readily available 

.because pyruvic acid invariably remains associated with some water 

and the reactions could not be carried out under anaerobic 

conditions.' 
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Although the nature and stability of the product is not 

determined solely by the aforesaid electrophil ic atta.ck, as has 

already been pointed out in section IV.1, the above r-eaction 

clearly shows the role played by the acidic H-atom in initiating 

the process. The importance of the presence of the acidic H-atom 

and its involvement in the reaction is also brought out by the 

following observation. 

( v ) Treatment of CH COCOOEt with Ph SnOH /(Ph Sn) 0 
3 g, 3 2 

A well known method for the preparatio~ of organotin 

carboxylates involves the reaction of either the organotin 

hydroxide or oxide with the esters of carboxylic 

according to the following equations : 

R SnOH + R'COOEt 
3 

---------> R SnOCOR' + EtOH -------[21 
3 

(R Sn) 0 + R'COOEt 
3 z ------> R SnOC.OR' + R SnOEt -----£31 

3 3 

Accordingly, ethyl. pyruvate was allowed to react with organotin 

hydroxides or oxides either by stirring or by refluxing in 

benzene/solvent ether. But neithe~ the carboxylate nor the 

addition product was obtained in any case. The not so well-defined 

products obtained in some cases gave the organotin oxides back on 

recrystallisatJon from benzene. 

The failure of these reactions suggest that the OH group of 

the carboxYlic function mu~t be involved in the formation of the 

addition. complex. 
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In the light of the spectroscopic and other evidences cited 

so far, one must be inclined to infer that these derivatives of 

PvH and PPvH are a unique class of addition compounds of the 

organostannoxanes and keto acids and the only probable structure 

that can explain all the observations is shown in III.B. 

III B 

However, such a structure is not expected to be highly 

stable, because of unfavourable ring size and high affinity of tin 

for oxygen. This is reflected in the fact that the addition 

complexes are particularly unstable towards heat and when refluxed 

in benzene or solvent ether undergo gradual transformation giving 

several products, accompanied by Sn--c bond. cleavage. 

( v i ) Transformation of the addition prDduct when refluxed 

The transformation reactions for the most typical of the 

lf.· addition products, the triphenyl tin derivative of PvH, has been 



; .. J. 

. '"" -206-

investigated in some deta i I and the cleavage products have been 

identified, For the other addition products the separation and 

characterisation of the cleavage products could not be achieved. 

Thus, when the triphenyl tin derivative of PvH was refluxed 

in dry ether for· about an hour, a white solid, which could be 

formulated as Ph Sn{Pv)OH on the basis of elemental analysis and z· 

IR spectrum, separated. When the solvent was carefully distilled 

off, the distillate was found to contain benzene,· which was 

identified spectrophotometrically. When heating under reflux was 

continued for long periods, the separated light yellow solid could 

be formulated as [PhS~(Pv)O] . The same sequence of reactions was 
·" 

also observed when (Ph Sn) 0 and PvH, in 1:2 mole ratio, were 
9 z 

ref l uxed in benzene or solvent ether under the same conditions. 

Minute quantities of another product, viz. , Ph SnPv was arso 
9 

obtained, when after refl~xing for about half an hour the 

supernatant liquid was evaporated at room temperature and 

extracted with petroleum ether. When prolonged heating was done in 

benzene sma l l amount of Ph Sn was ·obtai ned in addition to the 
4 

other products, but Ph SnPv could not be obtained. 
3 

From these observations it may be inferred that the 

principal mode of interaction between (Ph
9
Sn)

2
0 and PvH always 

leads to the formation of the addition product, which transforms 

into the other compounds through cleavage . reaction, under more 
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. . 
drastic condition. The direct reaction between the stannoxane and 

PvH leading to Ph SnPv seems to be less favoured. 
9 

The structure Ili.B, proposed for the addition product, 

accounts for its high susceptibility to cleavage and suggest that 

it would behave as a precursor to more stab 1 e compounds such as 

Ph Sn<PvlOH or the keto carboxylate. The formation of Ph Sn<PvlOH, z 2 

which is the principal mode of transformation of the addition 

product, requires the cleavage of the Sn-Ph bond, largely known 

to be induced by 
. 8-i.:l t2 

prot1c and chelating agents. The loosely 

bound keto acid molecule in the addition complex is most likely to 

provide an ideal protic agent, which causes phenyl-tin cleavage, 

that accounts for the production of 

reflu:<ed. 

benzene when Ph SnOH. PvH 
9 

is 

The formation of Ph Sn from prolonged heating under reflux 
4 

in benzene, of the addition complex, may be attr~buted to thermal 

disproportionation of Ph SnPv, 
9 

formed in the course of the 

reaction. Considering the very low yield of this product it can be 

concluded that only a small fraction of the ad~ition complex pass 

through these 

availability of 

changes. This would 

Ph SnPv when heating 
3 

also explain the non 

is continued for 1 ong. 

Although thermal disproportionation of triorgano tin carboxylates 

k t t th - 1 t - - t i.S d h f 1 d are ·nown o occur a e1r me 1ng po1n s an w en re uxe in 

pyr-idine { Bp. a definite comment on the thermal 



disproportionation of 

investigation. 
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Ph SnPv 
9 

would require more detailed 

Considering all the -above fad~s the formation and the 

subsequent transformations of the typical addition 

Ph SnOH.PvH may be represented by the following scheme. 
3 

Ph SnOH 
9 

+ PvH 

! 

<Ph Snl 0 
3 2 

+ 2 PvH 

Ph SnOH. PvH -HOH --------> Ph SnPv 
9 

Ph-.SI\ 

c lea.va.goe by 

C<U' boKyli..c 

o.ci..d <PvHl ' 

-PhH 

IV.3.2. 

Ph Sn(Pv)OH <------+ ___ H_o_H __ __ 
2 

~ Hea.l 

£PhSn(Pv)OJ 
1\ 

-t PhH 

Co nc l. us ion : 

·!i I Thermal 
~ di..sproporli.ol\o.li..ol\ 

Ph Sn < Pv) + Ph Sn 
2 2 ... !+ HOH 

[Ph
2
Sn<Pv)J

2
0 + PvH 

complex 

On the basis of the foregoing discussions·· it can be 

concluded that some at-keto carboxylic acids react with triorgano 

tin oxides and hydroxides forming a unique class of addition 

complexes, which may be represented by structure III,B, and that 

their formation is. governed predominantly, among various factors, 

by the basicity of the ketonic oxygen atom, which is profoundly 



·.·: .. · 

t. 
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influenced by the electronic and steric factors originating at the 

R' group. 

Since these complexes are inberently unstable and are 

transformed into more stable products when heated, probably in 

several different ways, understanding their structures may help in 

designing new carboxylate ligands, which can possibly be helpful 

in the isolation of intermediate complexes, believed to be the 

first step in the reaction betw~en the stannoxanes and carbo~yJic 

acids. 
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