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CHAPTER .. I

Organot in Carboxylates : A brief review

I. A+ Introduction:

Organot in cérboxylates comprise cne of the.most import ant
class of compounds in the even expanding field of organotin
chemisﬁry. Apart from the theoretical and structursl interests,
organctin carboxylates are finding tremendous importance in
industry and agriculture. Many of these groups of compounds

have already found important uses and new applications are

likely to emerge in the near future.

The coimpounds containing -0COR groups bonded to tin
which may be either monomeric or polymeric are of the three
general types, viz. R3SnoCOR’, RZSn(OCOR’)2 and RSn (OCOR* )4
where R and R' may be same or different groups. Tin tetra-

carboxy lates, Sn(OCOR)4, are not organctin compounds in the

strict sense of the term, but are nevertheless included in
the discussion of organctin carboxylates for the sake of
compariscn and convenience. Many discussions with varying

1.4
degrees of details are available on these compounds and as

such only the more important aspects wWwill be presented here.

I. B. Preparation

A number of methods are employed for the synthesis of
organotin carboxylates, ocne of the most luportant being the
reaction petween organotin oxides (or hydroxides) and carboxy lic

acids or their anhydrides5"13.
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R3Sn0SnR, 4 2R'COCH —— > 2R3S0O0COR'  + H30
R35005nR3  + (R'CO},6 ———> 2R35n0COR’

Ry%n0 + 2R'COOH ———  R,;Sn(OCOR'), + H,0

The water produced in these reactions is reumoved

usually by azeotropic distillation or alternatively by refluxing

at higher temperaturel4 for example i
OH

o
Bu3SnOsnBuz + 2 @COOH 100-110 c}

OH

2 COOSnBu3 + Ho0

A number of organotin thiophene carboxylates

of the type I and II have been prepared from the thiophene

carboxylic acids and R3SnCH or (R3Sn)20

R R' R R
i ;—COZSnR3 RBSnOZCUCOZ%Ra
S 5

(I () .

R & Ph, H; R' = Bu, Me, Cyclo-CgHj}, etc.
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The triphenyltin carboxylates, Ph3Sn0O,CR (R = Ph,
p-MeOCgF4, P-EtOCgF4), p-(Ph3Sn02C)2C5F4 « Hy0 and
O-CPh3SnOZC)ZCGF4H20 have been prepared by the reaction of

Ph35n0H with the appropriate polyfluore carboxylic acids in

MeOHlG-

Organot in carboxy lates have also been prepared by the
reactieon of the corresponding organotin halides with the
alkali metal or silver salts of cerboxylic acids either by

stirring at RT or by refluxing the reactents in a suitable

solvent12’17-19°

RpSnXy_p + (4-n)MOCOR’ ——> RpSn(OCOR'J,_, + (4-n)Mx
(M = Na, ag, K or Tl; X = halogen)

Another method for the preparation of organotin esters

involves the cleavage of one or more organic groups of tetra-

20,21
organotin compounds by carboxylic acids” 7.

RgSn  + nR'COH — Ry_pSn (OCOR'), + nRH

In this acidolysis reaction, the cleavage of organic groups

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

2=24 .
and also on the teaperaturez 24, Vinyl groups are cleaved

more readily than saturated alkyl radicals, but less readily

25

than phenyl and successive groups are lost with increasing

difficulty. Tetralkyltin is wmore reactive than tetravinyltin21°
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A novel method of preparation of tri-alkyltin carboxy-
lates by electrochemical method using the cleavage of organic

groups from R4Sn (R = Me, Et, Pr, Bu)} and Hg(I) carboxylates

have been described by Tagliavini et a126. At roocm temperature

tetramethyltin produces trimethyltin acetate when trested with

Hg(I) acetate in MeOH.

2MegSn  + HgZ(OCOMe)Z—————%a 2Me.Sn0COMe + 2Hg + CgHg

Organotin hydrides react with carboxylic acids to form

27-28

the corresponding orgailotin esters with the evolution of

hydrogen.
R35pH + R'CCCH ——> R35n0COR" +H2

RpSnH, .+ 2R'COCH ——— R,Sn(0COR'), + 2H,

2

The initially formed dicarboxy late equilibrates with unreacted

dihydride as follows> -

R,Sn (OCOR' ), + RySnH,; —==  2R,5n{HJ)OCOR’

2
(III)
With di-n-butyltin dihydride, the intermediate hydride

carboxylate (III, R = n-Bu) decomposes to give distannane

dicarboxy lates (IV, R = n.Bu) when the acid is deficient.



2R,8n (H)OCOR' —> RySn ————— 8aR, + 3H2

OCOR'! OCOR'!

(Iv)
Using similar methods distannane 1,2-di carboxylates have
27,30,31

also been prepared The nature of the products sometimes

depends on the carboxylic acid. Action of benzoyl peroxide on

di n-butyltin dihydride produces l,z-dibenzoate32o
Halocarboxylate derivatives of organotin compounds

are most convenientiy synthesised by heatinglequimolecular

nixture of the diorganotin dicarboxylates and the diorganotin

4
dihalides in an inert solvent33’3 .

BuySnBr, + Bu,Sn(0ac), —> 2 BuySn(Br)oAc

These compounds may also be prepared by the reaction as

follows35’36'

Buzsncl2 + KOoCcOrR' —= BuZSn(Cl)OCOR' + Kcl

At 100°¢ triimethyltin chloride reacts with carboxylic acids
to give diorganochlorotin carboxylates37 which ﬂgy also be
prepared by the exchange reaction between dimethyltin
dichlorides and triorganotin carboxylates in CCly or-csHé

at room temperatur933-
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‘Me35nCl + RCOCH & — MezanOCORJcl + MeH
RySnCly 4 R3SNOCOR* — RySn{OCOR* )Cl  + R3SnCl

A number of dialkylhalotin acetates have been

8
synthesised according to the reaction33 .

(RpC1Sn),0  + 2CH3CC0H —— 2R,ClSnOCOCH3 % H,0

(Ry815n),0 + (CH3C0),0 ——> 2R,ClSnOCOCH,

RySn0  + Cl-C-R -~  R,SnOCOR
t

[ |

Q Cl

Anhydride of an unsaturated acid (e.g., maleic

anhydride) when reacted with hexabutyl distannoxane produces

39
disubstituted organotin esters -

H\\C/ \ ' H\G/COOSnBu3
](|; © +(Bu38n)20-——>°~ H

4.

H'/ \c/' : | H/ \COOSnBu3
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Organotin carboxylates may also be prepared from the

: 40,41
carboxylic esters by the following reactions ' ¢

(R35n),0 + R'COOEt — —> R3SnOCOR' + R3SnoEt
R3SnOH  + R'COOEt ——3> R35NOCOR* 4+ EtCH

Tricarboxylate derivatives of the type RSn(CCOR')jy

are usually prepared from the corresponding organotin tri.

chloride by the action of silver salts of carboxylic acids42.

RSnCly + 3R'COOM ——> RSn(OCOR')3 + 3MCl

I.C. Physical Properties of Organotin Carboxy lates

In organot in carboxy lates the Sn - O bond is essentially
covalent but undergoes polar reactions depending on the solvents
and the attacking groups. This is why the carboxylates with
Small crganic groups are more scoluble in.alcohol, ether etc.
than in water4- The sclubility of triorganotin carboxy lates
is low in common organic scolvents because of their polymeric
associafed-structures. Many of the carboxylates have low welt-
ing points indicating these to be covalent compopnds.

The polyweric stannoic acids are colourless and
infusible. A few of them are soluble in ghloroform and carbon
tetrachloride and are reasonably stable towards hydrolysis.

The melting points (or boiling points) of some common

. . 1,2,4,42-45
organct in esters are listed in Table . 1 .
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Table - 1
I. R35n0CGR'
Ph3500COH 202 -~ 203
Ph45n0COPh 84 - 85.5
B, SnOCCH 120 - 125/0.7
BU.3SHOCOM€ 85
Bu3SnGCOPh 166 - 168/1
{Cy-Hex),SnocoMe _ 62-63
PrBSnOCO(:,F3 88-90/1
, ]
;I. R, Sn (OCOR 32
Bu,Sn (0COMe ), 144 .5-145.5/10
Pn,Sn(ocoMe ), ' 116-117
Bu, Sn (OCOCH = CHMe ), o 34
Bu,Sn (6COC11H, 5 ), 22-24
III. RySnX{OCOR')
Et,Sncl{oCoMe) 94
BUZSHBI‘ (oCOMe ) . ) 67-68.5
IVe RSn{CCOR')J3
BuSn (OCOCH3 )5 . 117-119/1

Et Sn (0COPh) , ' 171.173/1
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I.D. Chemical propertijies of okganotin carboxYlates

Generally triorganotin carboxylates are hydrolytically
stable, whereas the diorganotin derivatives undergo part ial

hydrolysis to produce RoSn(OCOR')O0SnR) (OCOR') and RpSn{OCOR')

2,46
0SnRyCH y

The monoorganbtin tricarboxylates are easily hydrolysed

in EtOH {or benzene) solution to give polymeric monoorganotin
13,42

oxycarboxy lates

| Bt OH
nRSn(OCOR' )3+ mHp®  ———> {RSn(0)OCOR'} |+ 20R*COOH

The most widely studied reactions of organctin
carboxy lates are decarboxylation and disproportionation. The
thermal decarboxylat iocn of triorganotin carboxylates47 has been
used for the preparation of trialkyltin hydrides48-

100-170°C
R38noCCcH = R3an + CO,y

/ R = n-Pr, n-Bu 7

Trialkyltin carboxylates of unsaturated acids give trialkyl-

49,50
alkynyltins on decarboxylation '~ -
60°C
BuySnOCCC==FCPh  —————> BuSnC ==CPh + CO,
- 160°%¢ N
R35nOCOC=3CCOOSNR3 —————> R35nC =CsnRy  + 2C0,

LR = Et, n-Pr, or n-Bu _7
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An interesting triphenylcyanomethyltin (wield 50%) is formed

. : . 51
when triphenyliin cyancacetate is heated under vacuum -«

' 140-150°¢C
Ph35noc00H20N — PhBSnCHZCN + COy

-~

In the aliphatic series this typé of conversion is less
Pronounced, the tribrganbcyanomeﬁhyltins are produced in low
y ield. _

Thermal decomposition of Ph3snOCOR (where R = CgFy,
P-MeCCgF, or p-Et0CgF,) in pboiling pyridine give the corres.
_pénding polyfluofdphényltriphenyltinsl6- This glsb undergoes
disprbportionation react icn resulting in the formatibn of
PhySn and Ph8n{0COR), « Para-{(Ph3Sn0C0),CgF, is readily
decarquylated to produce p-{(Ph3Sn},CgF,.

Seyferth et a1’2 have used successfully the reaction
of triorganotin_garboxylates'of haiogen substituted carboxylic

acids with cyclooctene as a carbene transfer reaction, although

the reaction mechanism is not yet established.

R3500COCX3 + | [] — @cxz + R3SnX + CO,

/" R =Me, Ph; X =CL, Br 7

Diels-Alder type reactions have been carried ocut with

35,39
crganot in carboxylates and dienes™ 7 .
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CHCeOMe COoGMe

- —>

CHCOOSnR3 COOSHR3

(R = Bun or Ph)

With thiols the following equilibrium is established

and the reaction can be driven from left to right by removing

the organic acid from the mixture53-

R35n0COR' + R"SH <——= R35nSR" 4 R'COOH

Action of alkoxy derivatilbes of metals and metalloids

. 54
on okganotin carboxy lates produce metallostannoxanes 135 as

shown below:

Ph3Snoac + PhySi(CEt}, ———> Ph,5i(0SnPh;), + 2 EtOac
Bu,SnOac + Ti(OBu), ———> Bu3SnoTi{oBu),
l(HGCI-!zt}Iz)aN
Bu3SnOTi(0CH ,CH, ) ;N

Organot in carboxylates readily undergo redistribution

with other organotin compounds to form mixed organotin carboxy-

2,56,57
lates -
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Bu3Sn0C0C5H4N-2 + RSnCl3
MeoH ~ RSn{OC0C5H4N—2)c12 + BuBSnCl
é— R = n-Bu, Ph _7

R,Sn (OCOR'), + RySHX; ——> 2R Sn(CCOR' )X

/X = hal., OR, H, etc. _7

In suche cases carboxylate groups may ke exchanged wWith

17,58
other carboxylate groups as shown below ;

ACOBU,SNOSNBU,OAC  + 2 Butcoox
B QButCGOJBuZSnOSnBuzQOCOBut) 4+ 2AcOH

Cligomeric acetate 1is usually formed when a dislkyltin

diacetate and a dialkyltin dialkoxide are heated at 180°%C in

59,60 . . <
Wwater for 2 hrs ' o« Cligomeric o - -diacetoxy stannoxanes

are also obtained by tne reactiomslv

CHoMo
BuySn(OaAc)y; + Hy0 ——>  Ac0{Bu,5n0),5nBu,0Ac

+ MeQac
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Generally the organotin esters are weaker Lewis acids
than organotin halides, sc complex formation by esters is less
extensive than by the halides. This.weaker acidity appears to
be essentially an ihductive effect and may be related to the
lower electron-withdrawing power of the OCOR' group compared

o . .
to chlorine atom 2, The presence of electron-withdrawing

organic groups attached to the tin and/or carboxylate moiety

63
will favour complex formation, €.g., Ph3Sn0COCCl,.MeCH ,

Me 35n0COC5HzN-2. H2064, and (CH, = CH2)25I1(0C0CF3)2-bipy65.
Thermodynamic data (;ﬁHD, K) have been reported for the formation
in benzene solution of 1/1 adducts of Ph,Snl0COMe),,
BUZSH(OCOMe}z and Buzs:;@oc:OEt)z with N-donor ligands like
pyridine, 4-methylpyridine, N,N,N',N’_ tetramethyl-l,2-diamino

62
ethane and l,10-phenanthroline -

I.B. Bioleogical properties of Organotin Carboxylates

In contrast to inorganic tin compounds which are

non-toxic, many organotin compounds are toxic to various

organisms and have a variety of fungicidal, insecticidal and
bacteriostat ic activit ies. These compounds are, therefore, being
used to a Significan; extent biccidal agents in agriculture and
industrye.

The toxicological and biolcgical properties as manifested

in the organotin carboxylates are summarised in Table —296’97’99'
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Table ~ 2

Property . Compounds
Mammalian toxicity R3Sn00C.CHy (R = Me, Et, Pr, i-Pr,
Bu, CgHtjygy CgHp7, Ph)

Anthelmintic Dibutyltindilaurate

Bu,Sn (00C(CH, ), (CH3 ),

Fungicidal
a) Agricultural PhBSnOOC;CH3, BuSn(Ooc.cﬂ3)3
b) Hort icultural Bu3Sn0CO(Naphth)
Phytotoxic.:l.ty Ph3SHOOCOCH3, PhBSHOOCncsﬁs
Bacteriostatic BuzSno0C.CHz, PhySnOOC.CHy
Bu,5n00C. CCH?_ J4.ccosmau3,
Bu3Sno0C. Cglg
Insecticidal Bu,5n00C. (CH, )} (CH 4,
ME3SI'100C-CH201,

Et ,5000C.C (Me) = CH,,

]

Pr,8n00C.C(Me) = CH,,

R,SnGOC.CH3 (R = Me, Et, Bu, Ph)
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I.F, Structures of organotin carboxylates

As early as 1l9ol, it was pointed out by Beattie and

66

Gilson that intermolecular bridging through carboxyl oxygen

atoms was all alternative to the previously postulated ionic

67 68
bonding in organoctin carboxylates by Freemen  and Okawara .,

11%m "
Since then, various physlical methods like IR, 1 Sn Mossbauer

and llgsn NMR spectroscopy have been utilised to deduce

structures of this class of compounds. The subject has been
discussed and reviewed by several authors - + We present below
the important physical methods on the basis of which structures

of organotin carboxylates are deduced.

I. Infrared Spectroscopy:

(i) Carbonyl group absorptionss:

A comparison of the IR spectrs Me3SnOOCCH3 with that
'of Me35100CCH, points to Ehe ?séential different of structures
between these two class of compounds. The trimethyl silyl
derivative possesses norual ester structure as evidenced by
the appearance of asymmetric stretching frequency of the

—118,69 ]

carboxyl group (V_ g0C0) at 1725 cm +« The trimethyl
stannyl acetate, on the other hand, shows 1;SCOC0) at
1576 cmrl, the absorption frequency being similar to 'VES(OCOJ
of 1578 cnrl in NaOOCCH,. Presence of a symoetrical carboxyl

- - < -1
group of the ionised RCOO™ type [~V __{0CO) 1550-1610 cm

L0 4
G671 R
3.5 JAN 1908 P
@ ;*’; LT
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and 'VE(OCO) 1300-1400 cnrl _/ is, therefore, indicatedTO.

Ali carboxy lates of the type R,SnOCCR* and R2Sn(00CR')2

(R = alkyl/aryl group) show such symmetric and asymretric
carbonyl absorptions in solid state. On dissolving the compounds
in non-polar, non-coordinating scolvents, the asymmetric stretch-
ing freguencies are raised to the region 1650-1700 cm-l while
the symmetric frequencies are lowered to a relatively small
_extent indicating that ia soluticn the molecules possess ester-~
like structures. Further, the difference between the asymmetric
and symmetric stretching frequency AV ( V,,0C0 - V) 0CO) is

-1 .
generally found to be less than 200 em ~ 10 Solid state and

greater than 250 cnfl in solution69'7l« This has been inter-

preted in terms of bildentate and an almost Symmetrical carboxyl
groﬁp forming intermolecular bridges in sclid stcate giving rise
to polymeric carboxylates (Va) while in solution depolymeri-

- 30,72-74,85,86
sat ion occurs resulting in ester~like monomeric species (VB)
having a mono dentate carboxyl group. Molecular weights of the
carboxylates in benzene, CCly also supports monomeric structures
(VB) in solution with the exception of trimethyltin formate
which exists as an equilikrium of associated and unassecclated
forms in CHCl372~ On the o;her hand, when the group R bonded

to the tin atom is too bulky or when there is branching at the

carbon astom oL~ to the tin atom (e.g. triphenyltin 2-ethyl
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R
N
c\
0706—0 O*-—Sn-\'—o/
R R R’/ R
(VA)
R\
R ===—'Sn ——0 /~o
o \c/
RI
(VB)

hexoate ) the compounds assume mohomeric ester like structures
in solid state as a result of steric hindrance exerted by the
bulky organic groupslsﬂf’—?g. Thus, tricyclohexyl, tri-
isopropyl-, trineophyl- and tri- oConapthyl tin acetates apsocorb
at 1645 cm_l both in solid state anld in solution confirming
monomeric structures in both phas_gs. Steric interagtion between
the alkyl or aryl groups bonded to tin and “ta:..l“ of the
‘carboxylate group can also prevent polymerlzatlon. For PhBS
derivatiyes, while Ph3Sn00CCHMe, and Ph3SnOOCCH = CH, are

B - —_—

pPenta coordinate polymers, ;| =~ 7 T e e el
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“i- PhySnoocCMe;, Ph3sSnooccMe = CH, and Ph3SnoOCCly are

_ : , N .
tetra coeordinate monomers in the solid state 2, Receetly it

has also been claimed that triphenyltin derivatives of substi-
tuted benzolic acids are always monomeric im solid stateo180,
An analogous situation is also observed in the oxinate-
carboxylstes, e.g. kSn(0XJ),00CR' which alsc have monomecric
structures in seplid statesoo Trllﬂethy.ltlﬂ leCinate also has a
poly meric chain structure in solid state C'L%soco and 'VQOCO
-1 '
are 1630 and 1398 cm respectively), but bridgimg occurs via
81
The structure of dialkyitin dicarboxylates was first
&

suggested for. dimethyltin diformate by Okawara 8 which included

a linear uezsn cation and a formate anion. Further studies have

82,83

been carried out on dialkyltin diacetates which suggest

that in the neat liquid or solid state, those adopt a polymeric
structure (VIA) with intermolecularly bridging carboxylate
groups and an octahedral trans- R,SnX4 tin atom geometry. In

édlution, these compounds are monomeric as evidenced by raising

of m)as(OCOJ frequencies. The molecules have been suggested

' £o be octahedral with intra-sclecularly chelated carboxyl

grﬁups {v13)2. It is, however, eqgually likely that these
compounds assume a non-chelated ester-like structurés in

solution {(VIC). The dialkyl chlorotin carboxylates'stn(OCOR')Cl
are also believed to possess inter-and intra-molecularly chelated

structures in the solid state (VIIA) and solution (VIIB)
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respectively with the tin atoms occupying a trigonal bipyramidal

gis= R,Sn¥Xg geometry38

R
\o o/c\o
PETe o e \'/ Sew
o/i\o | O/]\ \/l\/
7 & \C/
C
V1A) (ViB)
|
R'c—'.——-o\ 0
L N
) (VIC) "
o
R (|; R cl
A RN B '/o

%CR‘

(V1) (VHB)

The structure of the bis (trimethyl stannyl) ester of

a dicarboxylic acid (maleonic acid) has receatly been determined

and shows that in Me3SnOOCCH,COOSnMesz, €ach carbonyl group

links planar Me3zSn moieties intermolecularly to form a three-

dimensional polymeric network84'
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The IR spectra of a number of wmoacorganotin tri-
carboxylates in CCl, show coordinated carbonyl stretching bands,
and, additionally, BusSn(00CMe)3 and BuSn{OOCEt )3 were found to
be monomeric in camphor sclution®?. This is indicative of a

7-coordinated tin atom geoueﬁry for these compounds (VIII).

R
O 0O
R \Jn/ TSR
\O/S\\‘o/
O O
\/
é:
(Vi)

Tin tetra carboxyliates are also associlated in scolid state and
undergo dissociation in sclution to the wmonomeric Speciesz.
Infrared data on carboxyl group frequencies of some tri-

and di-crganotin carboxylates are summarised in Table - 3.



Carbonyl stretching frequen
organoctin carboxylates {(cm™
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Table = 3

i%es in some

Compound Sclid state ———_ . Solution
Vg 0C0) P 0CO) Vg l0CC) g (0CC)
1. Me3SnOOCH 1575 1357 i%gga 1352
2. MezSnoOC.CHjy 1564 1346 1645 1314.
3« Me3SnO0C.CH, I 1581 1383 1655 1320
4. Me3SnOOC.CH,CL 1618 1382 1e87 1339
5. Me3Sn00C.CCly 1647 1348 1701 1295
6. MezSnOOCCFj, 1652 1340 1720 1290
7. BuQSnooc;CH3 1572 1410 1647 1300
8. EtBSnooc.CH3 1572 1412 1655 1302
g. (C-Hex)3Sn00C.CH3 1645 1408 1650 1304
10. (iaPr)BSnOOC.CH3 le4s - 1645 -
1l. Me3Sn00C.CjiHs3 1567 1410 1642 1302
12. Me,Sn(00C.CH3), iggg 1438 1607 1433
13. Bt ;50 (0G0C.CH3 ), 1570 1422 1607 1432
1600
4. prESHQOUC.CH3)2 1570 1432 1609 1425
1605
15. Ph;SnOCCH 1559 1390 1644 1358

Contda. .
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Table - 3 (Contd..}

Compound So0lid state Sclution

V,5$0C0) Pg(0CO) Vas $6C0) -vs(oco)
16. Ph;SnOOCCH 4 1548 1420 1640 1370
17. Ph,Sn0OCC.CyHg 1535 1412 1632 1381
is. Ph;Sn00C «CMe=CHj 1593 1346 1610 1360
19. Ph,Sn00CCH (Et )Bu 1630 1336 1625 1340
20+ Ph;SnO0C.Cheq 1622 1330 1624 1332
21. Ph;5n0CC.CCl, 1700 1305 1700 1292
22+ PhaSn00C.CgHgNHCOCH 1625 1338 1640 1352
23« Ph35n000C.CgH40H 1611 1345 1612 1347
24+ Ph3Sn00C.CgH,CL 1640 1330 1650 1340
25+ Ph3Sn00C.CgHgCHy 1620 1342 1626 1342

(a) both p weric and ﬁonomeric forms are presented in

equlllbrgum in CHCl4

(ii) Tin-carbon stretching frequencies:

The di- and tri- alkyl tin compounds generally show two
bands, 1 ,g{Sn-C) and Vgi{sn-C) modes causing absorption essentially
in the range 500-600 cmrl and 470-530 cm.-l respectivelyBT. The |
intensities of these bands vary considerably and,in some cases, only
very weak absorption is observed. The position of the absorptien

bands depends also on the nature of the alkyl group. For example,

in the compounds
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EuSSnx@_n {X = halogen}, 'V;S(Sn—C) ana 'Vs(SneC)

have been found to occur at 592—60é cnt and 503-522 om " res—
pectively90° In phenyltin derivatives, 7’ ., aid 'V%(Sn-c) appe ar
at 261-382 cm_l and 225-249 cm_l respectivelya?.

However, the organotin carboxylates in sclid state
being polymeric with intermolecularly coordjhated carboxy l groups,
show only the 1és(8n—c) mode confirmingplaner R;Sn or linear
stn residues-. In Sblution these compounds are depolymerised to
tetrahedral stamnyl esters and Loth asymmetric and symmetric Sn-C
stretching vibrations are observed, as expected, for non planar
R35n and non-linear R,5n moleties. Thus, Me3SnOCCH in CHClj shows
both Vos @nd Vg(sn-C) but as pyridine is added to the sclution,
the 'pg(Snuc) band slowly disappears as the Measn group assumes
a planar configuration in the penta-coordinated 1l:1 pyridine

73
complex -

1/(Sn_C)IR spectral data of seme organotin carboxylates

2,30,85,87,88
are shewn in Table - 4 -
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Table — 4

Tin-Carbon stretching frequencies
of some organotin carboxy lates.

Compound 'v(Sn-C)cmfl

Solid Solution
1. Me,SnoocH 554 555,516
2. Me,Sn00CCH 554 548,517
3. Me;SnOOCCH,I 551
4. Me3SnCGOCCH,Br . 551
5. Me3SnOOCCH,Cl 555 548,515
6. Me3Sn00C .C,Hg 552 59,516
7. Me35n00C.Cj1H, 3 . ‘548 548,516
8. Ph3SnOOCCEH 4CH," 228,267
9. Ph3Sn00C. CgHy (CH3) ,° 232,261
10. Ph3Sn00C.CgHgOH® 228,267
11. Ph3snocc.C g, No," 235,270

a) these compounds have been shown to be tetra-coordinate
monomers in solid state (ref. 85)

IT. M&ssbauer Spectroscopy i

M&ssbauver spectroscopy offers an excellent tool for

investigating structures of organotin compounds 1ln terms of nature

of bonding and coordination numoer of the tin atom. The two MAsspbauer
parameters of primary interest are the iscmer shift, ¢ (mm/sec) and

the guadrupole splitting AEq (mm/sec). The isowmer shift values are
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dependent upon the S-electron density at the ll9Sn nucleus, and,

for all tin compounds, fall in the range + 5 mn/sec, with a positive
Scorresponding to an increase in nuclear S-electron demsity at

the tin atow. Since the electren density at the tin nucleus is
related to the S-electron density in the valance shell of the tin
atom, o should vary with the polarity of the tin-ligang bondssg-

For example, for the series of anionic monobutylpentahalogeno
stannate salts ME L BuSnxs_dYn ;7—2, an increase in electronegativity
of the halogen attached to tin produces a steady reduction in the
nuclear S”elgctrbn density, with a cbhcomitaqt drop in 8_, cimilarly
in a serieé.of 6rganqgin derivatives which contain n6 inorganic
radicals, e.g. R4Sn, or in which the anionic group remains constant,
such as R3Sn0H, the iscmer shift l1lncreases with the electron dénating
power of the alkyl group. The strongly electron withdrawing nature

of a phenyl group attached to tin is reflected in the iqomer shift
values Qf the phenyltin derivatives which are usually lower than
their alkyltin.counterparts. A change in coordination number or
steréochemistry at the tin atom will alsc affect the lsomer shift-
paraﬁg@er. If%the coordination number of the tin increases from

four té five ér six or seven, the increased use of the ietal's

5d-orbitals for bonding results in a reduction in the Ss-electron

density at the tin nucleus and a drop in 8, CeJey thsnlz H 8==1.Sl

mm/sec, Ph,SnI, bipy : 8= l.41 mn/sec. For a given coordinst ion
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numper, change of stereocheinistry affects%- Cis—gomplexes have
signif icant ly lower'g than the trans_ébmplexes and this is probably

due to a higher percentage S-character of the sSn-C bonds in the

s 89
trans-isomer .

The§SValues for most organotin (IV) qompounds fall within
the approximate range of ~0.50 mn/sec to + 2.70 mn/sec.

If the tin atom has a perfectly spherical symmetry (Me,sSn,
for example), then o?ly a single line is opserved in the 119Mgn
Mbssbauer spectra. Hﬁwever, any deviation of tﬂe 1195n Duclear
charge from spherical symnmetry results in a two-line quadrupole-
splitting in the speétrum and AEq is the separation between the
two peaks in mm/sec. The principal cause of any asymmetry in the
1195 nucleur charge is an imbalance in the tin atom's Sp valence
elecﬁréns, which in turn is affected mainly by_the spatial arrange-
ments of the organic groups about the metal atom. For regular
tetrahedral R3SnX and stnxz compolnags z&EQ falls within the range
1.00-2.40 mm/éec. Five coordinate triorganotin compounds R3SnXx,

may have various ,gEQ values depending on the stereochemistry.

For the trans- structure X , if both axial Sn-X
R
R—-5n7
| S
X

bond lengths are equal, as in Me3SnOH which consists of chains

of planar Me3Sn groups linked symmetrically by bridging X radicals,

'Aﬁb is close to 3.00 mm/sec. However, an increasing difference
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between the two axial Sn-X bond lengths causes a Wovement of ZSEQ

towards 4.00 mm/saceg- The cis-isomers of R3SnX, give A Ey values

in the range 1.70-2.40 mm/sec while the trans-mer form

[ .
R-*——Sn;%x is expected to have values in the range 3.50-4, 10
[ 7% |

R

mm/seceg' Octahedral R35nX, compounds have ¢5EQ values from

Q.00 mm/seﬁ to ~ 3.50 mn/sec depending on cis- or trans-
stereochemistry. Diorganot in compounds of the type of R;8nX, have
AEq values ~ 4.00 maysec and ~ 2.00 mm/séc for trans- and cis-
isomers respectivelYBQ, The zszo values increase smoocthly with
increasing C-sSn-C angle for octahedral diorganotin complexes, for
example, Mezsn(ox)z 202 mn/sec (C-5n-C = 110.70) and MEZSHCacac)Z
4.02 mm/sec (C-sn-C = 180°)«

Herber et alg? have argued that so long as the range of bond
ionicities in a series of codpounds is not too large, the ratio of
quadrupolelsplitting to isomer shift (AO= ALEQ/S ) can be used to
distinguish between compounds in which the tin atom is penta-
coordinate and those in which it is tetra- coordinaste. They suggest
that (wixlzsrelative’to 500y}, a value of #>2.1 is evidence of
Pent a- coordination about the tin atom, whereas if P{l.8, the tin
atecm is tetra- coordinate.

It is therefore cbhbvious from the foregoing discussions that
119m8n MEssbauer spectroscopy provides a very effective tool for

€lucidating the structural varieties exhibited by organctin carboxy l-

-atess. The two main types, e.g., the intermolecularly carboxyl
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bridged pelymeric mclecules with penta-~ coordinate tin atom and
the normal ester type tetra- coordinate species can be easily dis-
tinguished from the 8 and AEQ values as shown in Table - 5. The
data in Table - 5 have been collected from referencesz’12'18’87’88’9%
BEffect of electronegative substituents attached-to the carboxyl
residue on the density of S-electrons at the tin nucleus and on

the 5Sn-C bond jionicities have also been elucidated from the

Mbssbauver parameterslz’aa’ga'

Table -~ 5

1199, Mdssbauer. parameters of some organoctin

carboxylates.
Compound : nmgsec %ﬁ?sec §§fggt§€§té“

1, (Neophy 1) 38n00CMe 1,35 | 2.45 ' Monomer

Ze BuZSH(OOCMe)Z 1.40 3.45 Pélymer

3. Bu,Sn(0CC.CHis), 1.45 3.50 U

4. BU,SN(00C.CyqH4s ), 1.45 3.30 S

S BupSn(00C.CH5CL), 1.60 3.65 "

6. Bu,5n (00C.CCly), 1.65 3.80 "

Te MeBSnOOC.CH3 l.35 3.68 "

8. Me3SnoCC.CCls l.44 4,15 o

9. Me,SnOCC.CF4 1.38 4.22 "

Contd..
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Table - 5 (Contde-)

Comnpouna o AR Structure in
mn/sec Hmv@ec solld state
1o. Bu35n00C. CH 4 l.486 3.64 Polymer
11. Ph3SnooOCH 1.37 3.58 "
12. Ph3Sn00CMe 1.27 3.40 "
13. Ph3SnOCCEL 1.33 3.42 "
14. Ph3SnOGCnC = G_IZ . l1l.21 226 Monomer
l
Me
15, Ph3SnOCCH(EL )Bu l.21 2:26 "
16+ Ph3SnCOCCMes 1.21 2.40 "
17« Ph3Sno0C.CCla 1.30 291 "

Besides the carboxylates inent ioned in Table 5, there are

. . . . 9
2lso llngn MOssbauer investligations by Harrison et al 2 on the

organbtin complexes of arylazobeﬁzoic acids prepared by Majee

’ 93, 94
and co-wWworkers .

III. X-ray Crystallegraphy:

Single crystal X-ray crystallegraphy has deumonstrated
chain polymeric invelving bridging carboxylate groups and planar

or near planar RzSn moieties (VA), structures for Me3Sn00C.Me,
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98
Me3Sno0C.CFy, Me3SnOOCH, (CgHsCH,),Sn00C.Me and. (CH, = CHYjsnocccci,.

Trimethy lt in glycinate Me3Sn00C.CH,NH, alsc has a polymeric chain
structure but bridging occurs via the NH, groupsga- Although
tricyclohexyltin acetate was éaflier shown to contain discreet
monomer ic molecules, recent more refined XRD analysis has revealed
this compound and the tricyclohexyltin grifluoroacetate to be one-
dimensional chain polymers involving, however, weakly Syn, anti-
bridging carboxylato groupsgz' The first example of a truly
monomer ic carboxy late as demonstrated by X-ray crystallography is
the compound triphenyltin ortho-(2=hydroxy-5~methyl-phenylazo)

92
benzoate *

No X-ray studies are yet available on any dlorganotin

98
dicarboxy lates or menoorganotin tri- carboxylates .

' 118 . '
Iv. Sn NMR Spectroscopy:

1lis
Comparatively recently, Sn NMR spectroscopy has emerged

as yet another iaportant physical wethod for characterisation of

86,87,88
organotin carboxylates .
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