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Organotin cal:bo:)<;.ylates coriprise one of th~ mos·t · irnportani:. 

0~-~ class of compounds in the ever e>.."Panding field of organotin 

chemistry. Apaxt from the ·t.heoret.:Lcal and st.:cuotura.l interests,. 

organotin carboxylates are finding importance in industey qmd 

agricult\lre* many of these groups of compound have all:eady find 

-+-
·.-.! 

. . . 

.important uses and new applications are lil~ely to ~merge in the 

near future. 

The compounds containing -OCOR groups bonded to tin tr~hich 

may b$ either r.tono.meric or polymeric are of the three general 

types~ viz• R3SnOCOR',. RaSn(C:.)COR' ) 2 and RSn(CCOR' )3 ~rhexe R end 

R1 :may be same or different g~oups. 'l'!n tetra carboxylates 

sn(OCOR)4, are not organotin ec~ounds in the strict sense of the 

ter.mi but are neve~~~less included in the discussion of organotin 

ca~lates :for the sake of OOJl!t?arison end conveniez;ce. t•lany 

discussion with varying deg~e of details are available on tbes$ 

ccrrpotmd~ (1•4) and as such only some ~rrportent q.spects will be 

presented here. 

Preparative Methods of Organotin Carboxylate$ 

~he organotin carboxylates are readily prepared by a number 

of methode. One of the most. i!lportont being reaction bet.\'IYGen organotin 

oxides (or hydroxides) and carb~yl.:tc Gcids or anhydrides (5·1·2>.·. 

R SnOSnR + (R1 CO) 0 1> 2R SnOOOR' 3 . 3 . 2 . 3 

R~_ SnO + 2RiCOOH £) R ·sn(OCOR0 ' + H 0 
e;. 2 > • 

1 2 2 
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The water produced in these reactions was usually removed 

~eot;-opically, £or example a nurriber of carbC»tylat.es containing 

·oxime resiaues ~:] have been made for biological testing by 

distilling a benzene solution of the reactions (13,20}. 

{Su,gSn)2o + RR'G.~ WOCH
2

COOH £> 

2BUsSnOCOCfi20N = Cl~IV + 1~0 

Alternatively th~ reactants are hea~ed in suitable solvent 

until there is no further liberation of water (14) ~ 

. 0 
100-110 c £!!> 

Another major prepare1tive method is reaction bea-1een organotin 

halides and alkali metal or, less comnonly, silver salt.~ of 

carboxylic acids (15)• 

. R
3
snCl + R•COOM ·---a.~R3SnOCOR' + Mel 

(!4 = N~~ I<, Ag) 

By heating organosilicon ¢at.boxylate$ with diphenyltin 

oxide, caib~Jlate grcups are readily transferred from silicon 

to tin (16 •. 17) 41 

(R = Me, Et) 
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Organot.in hyclr.:tdes react trli th cax:boxyli<:: acids t'li th the 

~-- evolution of hydrogen,. 

'·,_ 

. I 
. I 

when dihycrtdes react with carboxylic acids the initially fo~d 
. I 

diea.z:boxylate equilibriates t-li th unreacted d.1.hydride as folla~~. (l.8) • 

' '\ 
;~ 

' \ 
' 

' I 

I 

1:.", '[I 
',i . !' 

" \ 
!.:1 x Dibutyltindihyd1d.de in the presence of e:t:cess acid~ g~f:~n the 

dicatboxylate, Bu.2sn (OCOR' >2 but~ with a deficie:ncy of acid,J~~he 
f•) 

hydride cat.boxylates· (;r,, R = Bu) are formed t'lhi~h then sl~tl~\ 1 

dec~ose to 'qiVEl hydrogen ana the di~>t.annane d:!.c:arbaxyla'f;e~> ''~:~:, 
R = Su). When diphenyltin dihyd~ide L~acts with carboxylic aci~ 

' \. 

the dist.enna.na dicarboxylate~ (Il,• R ::; Ph) are. effectif:!r€~ the· ~lY' 

II 

. \' 
1\ 

,;\- \ 
t~l \'~ 
IJ \ · .. 

:, \ \ \ l\ "\ 
\Ji' \. 

products· irrespec~ive o£ the ccnditions used (SSh .)1 , ' 
. ~-

Organotin, baloeamoxyli;rte~, ~sn(X)ocon•~ are most con.Jen.:t.~ntly 

made by heating together, in an inert. ·solvent, equimolar propo.rl:;ions 

of a. dihalide and dic~oxylate (2,.7h 
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Other w~thode include reaction be~~een a dihalide and a 

metal caiboxy~ate (19,20); 

Bu..... SnCl + I<OCOR1 --~D> 13\L.Sn(Cl )OCOR1 + I<Cl ~~ . 2 . ~·;e: 

or from a aihalodi~t.anoxane and a c:arbe»;ylic acid or anhydride (21). 

Dibutyltin derivative of mal.e.ic acid was prepared by 

reaction bett-1~en dibut.yl tin oxid~ and ,q:n alkyl byclro9Sn males.t.a 

(3.9.,22}, Dibutyl tin meleate l1aG isolated as a monohydrate and 

also in anbydrou$ trirneric· and tetr~er:ld forms U.9) by the rt~action 

of d.ibutylt:in ox:l.de totith male,ic acid or rnaleie anhydrioe (19;~23 ). 

From· the rn::thod of rnanufaet~ and ~ts physical propert:ies it 

ap~ars· that the dibutyltin maleate made commerc~elly for the 

stabilisation of poly ·vinyl chloride, is a miXture. of oligomeric' 

-~ and probably polymeric :forms, 
·. ' 

f.t'hough it is rarely used as a preparative method# esters can 

be rnade by the cleavage of orgc;u"lic groups (usually vinyl or phenyl) 

from tin by carboxylic acidS (24)~ 

Roy ano Ghosh ( 29) gave &nether reaction potht.fay for the· 

$~SiS of organotin caiboXylate by deroetallation reactions Of 

trio.rganotin c::a:cboxylates torith mercuey salts. 
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Org&"'lot.in carboXy-late~? have been revietied by OJ~at-1ara and 

~j..- _ 'Vlada (25)o The· series of triorganotin catboxylates investigated were 

of the fcll<:it·ting type e., R3SnOOCR' ; where R = c~, c2a5, n-c3H7~ 

n-c4a9, R 0 = H"'C.i-13411 CH:?Cl, CHCl2 end CCl~• 

From the diffe~nt features of the infrared spectra of 

various trialkyltin carbowJlates in the ~olid state and in carbal 

tetrachlorid<? solution as shown in table., and from the result of 

the t4?mperature dependence of the absorption ir.rt.ensities, Jansen 

et ~. (26) and Cummins a.'ld Dunn (27 ). have concluded that triall.."Yltin 

·~ carboxYlate£? are polymeric in the solid state with planar trialley-ltin 

group and bridging acyloxy groups and are ester.like monome:r;s in 

~' 

-+-.. _,. 

· ,dilute ~elution. 

Table 

--'--------------------------------~----~----------------------
Conpounds 

-· 
(CH ) · sno cc~ 3 3 2· 

< c2Iis) 3sno2 CH3 

(n-C4.'1:I9 ) 3sno~CCH3 
(c6a13 )3sn02CCH3 

<CH:; )ssno2c1ai-I23 

-Ill 

.... 1 
co2 :frequ~c.ies em 

· Solid state Solution 

1565.1412 -
1572~1412 1655~1302 

1572,1410 1647,1300 

1570#1408 1650.,1304 

1567,1410 1642#1302 

sn¢3 frequenci;f 
· . .em 
Solid Solution 
st.a.te 

547 

_S4S 548 • 516 



90 

The'diorganotin'dicarbaKylates Of the type R2Sn(OCOR')a 

are ~"'lot-.rn for many year$~ ~he structure ·of . diorga110tin dicarbo..'tylates 

was f~rst suggested for qimethYl tin difor.mat~ by Oka~ara et al '(25)i 

which included a linear ~methylthl cation and a formate anion. 

Details of IR $Pectral analysis of diorganotin car~oxylates have 

been d:i.scussetl.&. 

Organotin tri carboxy.lates e,g. c2I-I5snco2cc6a5 >3 t·1as \ 

prepared and (')haracteri~ed by Razuvaev afld et. al (29)" Hot'ITever 

these compounds have only been reported t<11ith a:nbig' • .:dties or 

-+ . discretely n...:autyltin ·ana pheriYl. tin tri ca1:boxyl9-te.s have b-~n 

prepared from their t.richlor.ides,. of wtAich n ... butylti.."l triacetate 

and t.ripropionat.e a..l"\9 f!lonomarie in ca.rr(t?hDr so.luticn,, ""'· nu~e:ir of 

( -----._ . -, 

--+··-

co~ounds of tricarboxylates vthich have been studied,: e. 9• 

n-c4a9snKo2cca3 ,>3". n.-c4J:I9sn (e2cc2a5 >s*· n-c4a9sn <o2C..n-c3l-I7 >3 , 
- . ,. . ' '( . 

n-C~H9sn ( o2C•i•Cs~ ).3, nti!>C4HgSJ?. (~C•n•C4tH9 )S # C0H5sn (o2cca, ) 3 ,. 

c6a5sn(o2cc~H$.)3 , c6H5Sn.J~~c-n .. c3a,)3 and c6H5Sn(o2~i~c3~)3 ., 

Diorgsnotin mono c~o~"Ylates of the general formula 

n2snX(o2cR~) flA--e known.· ~he compc·und of this tYPe t,ras fit"st repoJ;teo 

by Okat-~ara end Rcc;:hO&-t (SO)~" 'l?he co:npOunds of this serie$ hav5.ng 

. genereil fomrula R2Snx~ alreadlf b~.!ng p.repal!ed are g:J.ven. in the 

tabl.~ •. 
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Table 
\ 

·, 

R2 SnXY compoundf) ~I 
,rl 

>-- R X y Ref. ~·:.\\ 
n-G4H9 H o2cCH3 31,:i2 

. ~. 

CH 3 Cl o2CH 33-

CH3 Cl o2cca3 33,34 \ ' ·, ·. 

\ \ 

Gl o2cc2H
5 35 ' ca3 '·I 

/!:\ . 
j\\ ' 

CH · B): o2ccH
3 35 ,,., ' 

i\\' 3 ; \, \ 
' ~~ • 1 

I o2cca3 35 
I \'!\ 

CH3 '•'\ \ ---* 1\ .\\ 
C2H5 Cl 0 CHa 36 i ,, 

2 i'j 

C2H5 Cl o2cCH3 36 \ 
n-c3H7 Cl 0 CHa 

2 36 

n'!'oCJH? Cl o2cc:a:
3 36 ' 

n-c4H9 
Cl 0 CHa 

2 36 

n-c4H9 
Cl o2cCH~ 36.37,38 

~-, n-C4H9 Br 0 CCH 2 - ~~ 
39,40 

n-c4a9 I o2ccHa 37 

n-c4a9 Cl nethyl maley:loxy ~1 

n~c4H9 OCH 
3 

0 CCH.-'Clh,. 2. 2 42 

n-c4H9 
OCH 

3 
0 CCH . 2 3 37 

I n-c4H OCH
3 02CC11H23 37 9 

~ach compound has one molecule o£ water 

bDenoted as (n-c4a9 )
2

sn(OCH
3 

)2 • (n-c
4
H

9
)
2
sn(o

2
ccH2Cl)

2
· 

in the original paper~ 
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Cazboxylate derivatives of o.rganotin dista.t'4'1oxane compounds 

~ ru:e al~o lmct-m (33.34,37 .. 39.,43-47 ). 'the follOt-!ing dimeric structures 

for th~se compounds have been suggested~ 

/Sn (02(R') R2 
, -R2( R'co2) Sn---Q 

. r1''\ 
"} .• 

-----'--- 91 (o2 c~ R2 

ATlothe:v organotin oarbcxylates, 'hexaaa~toxy ditin 

sn2 Co
2

cCH
3

)
6 

(49) has been prepared a.t;~ white fi11e crystals by 

heating hexaphenylditin ~rith glacial acetic acid at 120°c. 

· Khoo and Smith (49) have been prepared soma cazboxyiate 

cerivatives of amino substituted benzoic acid41 ~hese are 

(O..am.inoben~oat.o) triphenyl t.in~ Ph3snCo-·CH2N)C6H4co2 J and 



.~~ 
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• F"P-*· (l'JH )C H CO J • 
(p-a~1noben~oato) tr~phenyltinf Ph3sn, - ~ 6 4 2 
Reaction of ~ (triphenyltin)oxice -v;~·t:h c-amino :benzoic acid in· 

refluxing benzene solution gave Co-amino benzoate) tripn~nyl tin~ 

Simil~rly when p-amino benzoic acid was used as a ~actant the 

(D-~ino benzoate) triphenyl tin-derivative obtained. Folla~ing the 

above rrethod another compound Co- (dimethylamino)benzoato J 
triphenyl tin bas been dbtainted (50). The ~riphenyl tin esters of 

f. 
hydrC*Y substituted benzoic acid have been report;ed (51) (a-Hydroxy 

benzoato) t.r.iphenyl tin, Pb3sn t:~(OH)c6a4co2 J has been prepared 

in .refluxing benzene. In a similar fashion (o-1net.hoxy benzoato) 

-+ triphenyl tin; PhsSn Co•(CHaO)c6u4co2 J; _fp•(methylthio)benzoat.o_7 

triphenyltin, Ph3sn['"p-(CI-fgS )C6H4co2 J; (o-thicbc~mzoato) diphc:myl·tin, 

Ph2snCo-<s>c6H4co~ J have been prepared. 'rhe nuclear magnetic 

' 

resonance spectral studies and x~ray crystallographic studies h~ve 

been made thoroughly on these compounds. 

Physical properties of Organotin Carboxylates 

In organotin c~beh;rlates the sn-c bond is essentially 

-...,_..... covalent but undergoes polar .t'eactions depending on ·che solvents 

and the attacking groups. This i~ why the carboxylate~ with . small 

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

The soltibi11ty of triorganotin cat.boxylates is l~i in common organic 

solvents because of their polymeric associated_ structure. Many of 

the carboxylatee have low nelting points indicating covalent nature 

of the compounds •. 

The polymeric stanoic acids are colourless and infusible but 

a fe'ti of th?rn are soluble in CI··K:!l3 and cc14 and ~ reasonably stable 

t~1ards hydrolysis~ 
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Structural aspects 

I I '"-!·- / / Freeman (52) suggested "che ionic nature of bending for 

/ jorganotm cru:baxylate, t<hich >ras also supported by Ck,.,tara et al 

;:'} ; frcm the investigation of infrared spectra of ~orne msthyl tin 

'.·. / 
I . 

'l. 

l 
i 

' . , 
/ /; 

I 

•'I 
lr 

1/ ., 

--..;..--
. I 
·~ 

acetates and formates (30). Hoi.-Teveri Beattie and Gilson po~ted 

out that the spectrosccpic evi<lence mi9ht be interpreted in terms 

of either bridging carbcxylat~ groups or simple acetate ion (S3) • 

From viscosity measurerr.ents, Jansen et al supported the bridging 

structure (54) •. More refined infrared and molecular weight studies 

(54...o56} indicate that in general,. ccropounds of the formula 

R3SnOOCR • exist as linear polymers in the solid and even in con­

cent.rated solutions of non polar solvents but are monomeric in 

dilute solutions. 

Infrared Spectroscopy 

Cat.bonyl group absorptiOn: 

A comparison of the IR spectra ~~3snoocc~3 with that of 

~~3siOOCCf~ points to the' essential difference of stru9tures between 

these ~flo class of compounds. The tri~thyl silyl derivative possess 

normal ester st:ructure as evidenced by the appearance of assymme.tric 

stretching frequency of the carbonyl group ( tfa6~c.'CO) at 1725 cm-1 

(57 • 68). The ·trirnethyl stannyl acetate. on· the other hand, show 

'fas (OCO) at 1576 cm-l, the absorption fz.-equency being similar to 

.... r -1 .Yas ( 000) of 1578 em in N aOOCCI-1:3.. Presence of a syrcmatrical carbonyl 



95 

group of t.l}e ionised RCOO- type. C ))"as (ceo) 1550-1610 .em-~. and 

)!
9

(oCO) 1:300-1400 cm•1J is,· therefoZ"e indicated. ;,ll cafb~ylates 
f ·' • 

of the type R3snoocn• and n2sn(ooc&• )~ (R = al.l~yl/ar.rl gr~u~_>. shat'l1 ..: 
' i \ \. 

such syrrmetric and assymmetr.ic:: carbonyl absorption· in solid sr-a:ce. 

On dissolving the compounds in .non polar non-coordinating ·~olv\n·cs, 
the ass~tric stretching frequencies axe raised to the mgion~1 

\ i\' 

1650-1700 em -l t-rhile the symmetric ~r~quencies are la,rered t~\ a ·\, 
~t 

"'\.. relatively small extent indicating that in solt:rtion the molecules .,\ 

possess ester like strUctures. Further, the difference between the\' 

asyrrmetric and symnet.ric stretching f1.--equency ~-v ( v s OCO - If oco) \ 
a s ·· . . . ·-1 \ \. 

is generaLly found to be less than 200 em in solid state and :\ 
l 

greater than 250 crio-l in scluti<>n (58,5!1). This has been interp.re1 

in terms of hi dentate and an almost syrnn;etrical carbonyl group \\, 

forming intermolecul~ bridges in solid state giving rise to i\ 

polymeric ca.rboxylates (VA) t'l1hile in solution depolymerisation 

occurs resulting in ester like monomeric species · (VB) ( 60-65) 

having a rnonodentate carb~l· group. Molecular w·eights of the ,. 

carboxylates also support~s monomeric structure (VB) in solut-ion 

with the exception of trimethyl tin formate which exists as an 

equilibrium of associated and unassociated forms in Cr~l3 (61). On 

the other · JlbP~ vihen the group R bonded to the tin· atom is too bulky 

or when the.te is branching at the carbon atom ~.tp the tin atom 

I'· 

\ 
I 

(e •. g. triphenyl tin 2-ethyl hexoate) the compounds assume monomeric 

ester like structure$ in solio state as a result of steric hindrance 

exerted by the bulky organic g~oups (57~66-70)~ Thus. tricyclohexyl, 

. ! 

' / 
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R 
I c 

' f / ""' ··~ ' ~ 0--Sn*-0 0-Sn·--r--o 
~ \,, " '-, 
R R R R ! ' 

I 

(VA) 

R 

""' R.___Sn- o o 
/~ ' ~ / 

R C 

I 
R 

(v B) 

triisopropyl., trineopentyl and tri- c< -napthyl tin acetates absorb at 

1645 cm-1 both ·in solid state and in solution eonfinning monomeric 

structures in both phases. Ster!c interaction be~teen the alkyl or 

---.:i_ aryl groups bcnded to tin and nt.ail $' of the carboxylate group can 
· ... -..... 

also prevent polymerisation. For Pn3sn derivatives while Ph3snoooc~~2 
and Ph3 snOOCH = CH2 a~ penta coordinated po~ymers~ Phs snOO.::C1!t's3 .. 

Ph3snooccr,~ = c112 and PhaSnOOCCl3 are. tetra coordinate monomers in 

the solic1 state (71 ) ~ Recently it has also been claimed that 

triphenyl tin derivatives of chlorobe~oic acid; .salicyclic· acid 

and a-anisic acid .are d;t:s~,r,~te five coordinated form in the solid 
~ - ., 

state (64,65;72). In contrast# trimathyl tin Qerivatives of these 
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c~boxylic acids a_re in the intermolecular chain structures (72). 

:rntrmnolecular carbonyl coordination takes place in case of triphenyl 

tin derivatives (Fig. Po) T:;hereas intermolec1.1lar ca..Ybonyl coordination · 

occurs in case of trim;t.hyl tin derivatives (:t'ig. B). An analogous 

(A) 
(B) 

R = Ci 1 OH,. . NI~ 

situation i£? also observed in the oxinate carboxyla.tes e.g. 

RSn(~)20CCR" t·.rhich alf?o have monomeric: structures in solid state 

(73). 'l'rimethyl tin glycinate ·also has a polymeric chain structure 

~--- in solid state ( -J 
68

oco and t58 0CO are 1630 and 1398 cm"""1 .respectively) .. 

but .bri.dging occurs via the NH2 group$ (74). 

The structure of ~ialkyltin dicarbaxylate was first suggested 
. . 

for dimethyl tin diformate by OJtawara (33) \-rhich included a linear 

Me2sn cation anc.1 a foz;roate aniono Further studies have been carried 

out on dialkyltin diacetates (75, 35} which suggest that in the 

neat 11-,qu.id or solid state, those adopt a polymeric structure (VIA) 

~'lith _ intermolecularly bridging carboxylate groups and an octahedral 

trans R2snx4 tin atom geometry., In solution,. these conpounds are 
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monomaric on evidenced by raising of '\! as'(OCO) frequencieso The 

molecules have been suggested to be oc:rtehedra.l t-J'ith intramoleculat:ly 

chelated carbonyl groups (VIB) ( 2) "' :tt is, ho-v-reve:r:, equally l. ikely 

that these compound$ assume a non-chelateo ester lil~e st.ructy.re in 

solutic.n (VIC). The dialh-yl chlorotin carboxyla.tes n2sn(OCORa )Cl 

are alL3o believed. to possess int.e~ and intra molecularly che~at<s~~ 

s·tructures irL the solid stai;.e (VI~) and solution (V!IB) respecti-u·ely 

t1i·i;h the tin atom oCcupying a trigonal bipyra:midal g,_§. R2SnX3 

geomertry (J6) • 

(VI A) 
R 

0 0 

/~~~R' 
Rf~ 0/91~/ 

R 

(vr B) 
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; 

R 

Rrr- o""l 
0 . Sn 0 

~he structure of bis 

o-cR· l "" II / 

(VIC) 

(VII A) 

CL 0 
R,,, I /j 

~sn r 
R/J9"" CR' 

(VII 8) 
(trimethyl stan~yl) ester 0'$! a 
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dicarboxylic acid .(malonic acid) has been determined a11d $hm1s that 

in ~ze3snooca-l2coosnMs3 , each carbonyl group links planar r·)S3sn 

moieties intermolecularly to form a three dimensional po~ymeric 

net. work -(77) • 

The lR spectra. of a number of mono organotin tricarboxylates 

in cc14 shm-1 coordinated carbonyl stretching bands, and additionally 

I 
I 

I 
I 
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BuSn(OOCMe)3 and EuSn(OOCEt) 3 were found to be monomeric in 

-J---~ Cali(p~Or solut~on (79 ).~ '!'his is indicative o-.f a 7-coordina~d t;in 

atom geo~try for these compounds ,(VIII) • 

,~ 

(vnp 
Tin tetra carboxylates'are also as$0Ciated in solid state 

and undergo dissociation in solution to the mono~ric species (2l. 

' 

The infrared spectrum of (cH3 >2sn (OOCI·I)2 shot-1s bands associated 

t'ITith the coo grcup at 1588 cm-1 (antisym. strJ and 1390 cm-1 (SY!rl• 

str~ ). The freqUencie:iJ are quite similar to ·thO$e observed for 

NaOOOH~ Further, the spectrum reveals only one band in the KBr 

region# indicating a linear arrangement of snc2 moiety. The spectra , 

of (n~c3H?>2sn(OOCa13 >2 and (n-c4a9 >2sn(oocca3}2 sh~~bends due to 

the coo stretching vibrati~ at 1610 cni-1 and 1380 cm-1 (79). The'se 

bands .are observed at the sane f requenoies even in cyclohexane 
' solution, in which the diacetate exist as monomers. These Observa-

tions suggest a trans-.E.!f! (chelate) configuration :for this type of 

compound. 
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The infrared ~ectrurn of ClR2snooc~ in the solid state 

sh~1S one of the characteristic bands associated with the anti­

syrmnet.ric stretching v:!br~tion. of the coo group at 1540..1565 cm-1 • 

Zn carbon tetrachloride or benzene solution the band shifts to 

near 1600 cm-1 
!OJ This indicates that sone structural changes have 

occurred on solution. but still su_g(jest:· a non ester type of a.cetoxy 

group. Nole.cul.ar t·reight. determinations shet-t that these compounds 

ate· moncf"eric in benzene. ~\Tith these observations, a chelate 

. struc;ture has been proposed for the compounds in solution (36). 

The infrared spectra of Cl~SnOOCH.H2o in the solid state 

indicates the existence of formaxy groups of the ionic type• and 

it may be assumed that a hexa coordinated tin atom is involved in 

these mo~ohyerates. 

In eluc:iding the structure of orge.notin Cqrboxylates,. the 

role o£ 119sn and 13c N'MR spectrosQopy, tin 119m .Nossbauer . 

spectroscopy alone t>li th the single crystal x-ray analysis have sig­

nificantly contributed t~~ards scrne definite conclusions. The 

--1...: 119sn chemical shift indicateE,J the coordination nUmber around 
•, ' 

-~-

tin atom in an organotin compound.. It particularly produces a 

large upfield shift of <119sn) with the change of coordination 

n'l11liber from four to five or sb: or eveln higher. 

Examination of the tin 119m MosSbauer quadruple splitting 

parameters can help in identifying the nature of bridging carboxylate 

groups and also from discrete intramolecular monomsria structures~ 
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~he role of 13c NMR spectra was exploited by Lycka et al (651 80) 

for elucidation of structures of some tr.iorganotin carb~Jlates. 

Finally the single crystal x~ray analysis has settled the 

structures of soma organotin carboxylates conclusively,_ 

· ·Utilising the above tools, Holmes et a1 (50,51,72,82)i 

has established the structures of a nuriiber of organotin carboxylates~ 

They studied the structures of the foll~Ting cozqpcunds a 

1. Co-(Dimethyl arnino)oonzoat~_7 triphenyltin 

2. (o-Arnino benzoato)triphenyl tin 

~- 3. , (p-.Aroino benzoato)triphenyl tin 

41 (o~Hydraxybenzoato)triphenyl tin 

s,. ( o-r-1ethoxy 'benzo~to) triphenyl t.i.n 

6.. cp-(!-1ethylthio}benzoat:;o J triphenyltin 

~~. ( o•thiobenzoato) diphenyl tin 

e. (o-chlorobenzoato)triphenyltin 

9 •. . (p-chlorobenzoat.o) triphenyl tin 

10• (o-r"letheoty benzoa·to)trimethyl tin 

·C G-Hydr~'Y · ·benzoai:o) tr.imethyl tino 

Tt'll'o· stru.ctural . t:ypef3 have been found in these conpounds. 

Penta coordinated discrete molecules (A) in which intramolecular 

coordination occurs and penta.coordinated polymer~c chain struotures 

(B) in ;-ihi.ah iVlte..,....olcClJ!ar coordination occurs., vle will discuss . 

here one of ~ach ~·of compounds as examples. 
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Me Me-

(A) (.B) 

Let us discuss first one of the (A) type compound; 

(o-hydroiy benzoato)triph~nyl tin. Examination of the infrared 

spectra of tb$s compound in Nujol mull and in carbon tetra chloride 

revealed ver.y similar carbonyl stretching frequency,. at 1625-1630 cm-1, 

relative to those of the uncomplexed acids (1660-1670 crn-1 ). The 
·f'. 

latter shift ·is re.lat.ed to the carbcnyl group coordination. As 

indicated earlier the eat.bonyl band exhibits same frequency both 

in solid and in solution phase. So their structures are same in . 

both solid and solution phase. 

The basic structure of (0 -hydroxy benzoate) triph$nyl tin 

ester6 results frvm a distortion from tetrahedral georr.etry induced 

by the opproach C)f an oxygen atom.,. 62 or of the carb~..rlate group 

at a tetra.")edral face opposite one of the tin phenyl groups. Tl)e 

distortion is ta-1ard ~rigona;I. bipyramid that contains 02 and the 

latter phenyl group at .. rocial.· sites. The axial sn .. 02 lengths are 

considerably longer than tl1e equi torial Sn -- Ol bond lent;;zth •. Tin 
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119m Mossb~ue~ data give quadrupler splittings witi~ and addi~ional 

t-veak bonding .url:eraction. to the tin atom involving 03 'f~om a\·tr-glide 

related molecule, sn-03 1 c 3,05 A0
, in tihich 03 approaches t~ 

tetrahedral face opposi:t;e that approached by 02 41 sn-02 = 3.07A' 
\ 
\ 
'\ 

and having the edge defined~.! CA 1 and cc 1 in comnon 

H03 

1\ 

1, 
\\ 
\ t' 

/~\ 
I(\ 
i, 
I \ 

I 

li 
t· 

) 

r 

The intrsmolecu.lar hydrogen bond formed from the orthohydroxy 
' 

group of salicyclic acid C . 02 ..... : . a3 · = 1. 93 A 0 J contributes in 

causing the longer sn .. 02 bond length •. 

. Now "t-'le will diseuss with the ~ase of (B) type of CO!t\Pounds. 

As tvith othe.r trimethyl tin esters of cat.boxylic acids~ both the 

anisic acid.derivative and the_salicylate reside in a chain polymeric 

form in the solid state~ However, unlike anisic acid derivative ~ 

t-rhioh has a form (B} with the carboxyl oxygen atom responsible for 

intermalecular bridging, the saliQylate sh~qs the oat.boxyl oxygen 

involved in hydrogen bonding with the a-hydroxyl group. Here the 

oxygen atom of the ortho hydroxy grcup serves as the intermolecular 
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bridging ligand (C) • 

·~ Me C 
o I /~. ~Sn- o "'ri 

~~ 
H 

/\ 
Me Me 

Cc) 

Thie coordination difference is reminiscent of that which 

occurs in the t.rimathyl tin g!ycina·te (74} i.e. inte.rmolecular 
'· 

cooroination taltes plaoe via the amine 

nitrogen atom rather th~n the acyl ~ygen atom of the carb~yl 

group •. !"~.gain hydrogen bonaing ;Ls p~sent. 

The infr~ed data are most instructive in comparing solid 

and solution state st.ru6·tures-. For the anis.:tc ·acid detoivative; . 

. --{._ changes in the carbonyl group stretch '\1 coot and an increase .1n 
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the n~er· o:E ~in methyl group stretches. 'Vsnc ,. on going from 
. 3 

the solid to a chloroform solution imply a~ greater structural 

change eonpared to that occurring vtith the· salicylate derivative#· 

. which sh~is relative invariance in thes~ quantities.., 'l'he as~etric 
. -1 . 

stretch -v coo appeari?g at 1630 em is in the ra..11ge associated 

\..rith the discrete form (A) structure and represent a la,rering fro~ 

that found in the free acids (81) • 'l'he implication is t...l1at the 
- ' 

polymer form (B) found for th~ solid state of o-a.nisic acid deriva·~ive 
I 

is disrupted in solution. In the case of salicylate cerivative 'Vlhich 

is represented in texms of hydrogen bonded chain in solid state (B) • 

solution apparently causes little structural change., Holecular ·\ 

weight data in solution for both th~ CO!r!Pounda imply the presence 

of a- monomer 't'lhi.le t!0H :for second is msel'ls.:U:ive to oilution and 

. is extrenely broad, suggesting .retention of the intramolecular 
' 

hydrogen bonding foun:d for the solid• The principal occurrence on 

solution of salicylate compound is the rt.."Pture of ~"'le v30a'k. inter.. 

molecular sn-o "bond" • 

The single ab:;;cu:pt:ton for (1} in the sol,1.d cor~sponoing 
. -1 

to the . v sn-c stretch ~t 545 om - qnd the tt·.ro absorptions in solu-
-1 -1 . . tion# at 540 em and 510 em · 6 al:'e consis·::ent ~-1itn a planar r-1e3sn 

arrangemsnt,. as found for the solid, whtch becomes non planar,. i.e. 

more tetrahedz-al in e monomeric form in solution~ Solution 1H NMR 

o£ these compounds al~o supports the monomBric form in solution.· 

Both ca.xbon and tin chemical shift~ are ver-:1 · similar t.o those 

reported for analogous rnonoma.ric:: tributyl tin carbox~.rlates •. 
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The diorganotin derivatives of (;:atboxylic acids are less in 

nur.rer, there is only one reported ccmpouna, (o•thiobenzoato) 

diphenyltin (51) withcut any structural details. 
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Oxaanotin carboxvlates nave been studied quite extens~velyo 
"' . -. I 

~bese ccmoounds consist of friorga~otin mono carboxylate, Diorganot±n 
- . . I 

dicarboxylate a-nd mono organctin t.ri carboxylates. Detailed 

structural studies indicate that ·:triorganotin mono carboxylatcs 

R 
''\ 

R-Sn-0- C____... R" 

I ll 
R or, 

(A) (B) 

~he former is intramolecularly coordinated while the later 

is inter molecularly coordinated~ 

Detailed structural investigations on di org~otin 
-

carboxylate derivative have not carried out. ~o far, though a soma 

ciorganotin dicarboAylates have been reported. Hydr~ carbcxylic 

acia esters also have not been studied ext~nsively so far._The -

Triphenyl tin-e-hydroxy bcinzoate have been studied and th~ foll~1ing 

structure h~ve been assigned by Holmes et al (SO). 
) 

o~~Sn/\,CJQJ. 
, / "'a/ oH 

Ph . 
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Holrres et al (SO) also reported l?~sn.Cc-(S)C6H4co2 _7 

though no strnctural detail '\-tas giveno In absenc~ of paucity of data 

on diorganotin mono carboxylates, particularly with hydrQKY carboxylic 

acids. it was considered interesting to investigate the organotin 

derivativ~ of hydroxy carboxylic acid such as diphenyl glycolic 

acid i.tl the present investigation. such an acid ce:ntain two 
.( 

repiacable protons in near proximities, The intention of tha 

pre~ent investigation ,..,as to replace both these protons. This t-Jaa 

~ealised during current investigation~ Triorganotin compcunas are 

unliKely to replace both these protcns possibly due to steric 

reasons. Therefore. it m~ lose one cr.ganic group to yield 

diorganotin derivatives~ During the present. investigation the 

triorganotin compounds did not yieid triorganotin aiphenyl glycolate 

inst¢ad they yielded diorga~o~in diphenyl glycolate. !t would be 

interesting to explore some structural aspects of these diorganotin 

mono hydroxy carbaxylates by IR, 1a, 13c and 119sn N~~ studies to 

suggest their structures at .least tentatively. 
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Tin was estimated gravimetrically as described earlier. 

Analtsis of the compounds for carbcn and hydrogen. 1r1ere carried out 
l 

at Cfntral Drug Research Ins~itute~ Lucknow. 
!! ; 

;f :/d ' C<.ndUctance values hav~ :peen rreasured in P'i"E tJNIG.ru·1 
It j ' 

gt·Q.Buctiv.:l.ty meter .(J?W 9505) using D!i'tSO as sclvent. 
/' 1 
;I -'/ . 

,1, i' 
/' :1;: i' The Infrared spectra. have been recorded in the range of 

/ / I 

/' 4rioo~600 cm-1 for most of the . compc~nd.s u~ing Beckman IR 20~ Pe~J 
IR spectra also have been taken at ns:rc North East Hill university, 

Shillongi!' 

i . 

'·The follOtving abbreviations have been used for the intensity 

of the tR absorption bCilnds 

.f
j 

.·. v.s. ::: vory strcng, s ::: strong~ m::: rcediurn, ~iT = ~'leak, 
b = broad, sh = shoulder,. h ::::: hurf!P~ 

nujol had pew~s at 3000-2800 cm-1 Cvs), 1460 crn-1 (s), 

1376 om-1 (rn)" 

I<Br had characteristic abso~tion ·in the range 3600-

3400 crn-1 (b). 

The 1H Niv'lR spectra have been recorded in VJ'.\-EM-390, 90 rmz, 

N~m spectrophotometer at PSIC Ncrth Ea~t Hill University# Shillong 

using Dr-n.so d6 as solvent. 

The 13c 1 
119sn N~~ spectral data for few compounds have 

been obtained t..rith Broker ~..gp 80 sy r'lultinuclear 90 r-J-Iz· FT NMR 

spectrophotomater and JEOL PNX 60 SI Ct·J 1H spectrophotometer at the 

Depart~ent o£ Cherndstr,r and Biological Chemistry, University of 
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Et:>sex., Colchester, Uo·f"'O d 6 
DMSO t•1as used at the solv-ent tmd 

119 
~MS as reference ~nless othe~Jise ~entionedo For ~ sn NI~ spectra 

tetra.methyl tin have been use~ as reference. 

Apparent molecular weight of scme of the compounds have been 

determined folla.,ying r~ast.• s method., Camphor hnp 17S0 q) used as 

solvent, Crzoscop.:tc constant for Ca!"lphor, I<f .::;: 39 •. 7°c41 

Preparation of starting materials 

All the solvents required in this experiment have been 
' ' 

purified and oried accordingly as described earlier,... 

1, Diphenyl glycolic Acid 

Piphenyl glycclic acid (np 149~150°c, ~~rck) was used 

'L'l.ithcut further purification. 

Important !nfrarea ~pectral dai:a (cm-1 ) 

3400(s)( 2650(t'IT)~ 17l.S(s)i l380{m)1 l340(m), 1250(s), 

1205 (t-J), 1180 (s), 1090 (t..r), lOSS (s}, 1045 (v1), 985 (ro), 9SO(rn), 

900(8;), SSO(t\1)_. 780(s}, 745{m) 1 725(m) 41 700(s) 1 665(s,,; .630(h) 1 

600 (t'l) # 550 (b ) .. 
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2e DibU~Jl tin oiphenyl glycolate 

(A) Tr.ibutyl tin chloride (:! .• 09 grn# A./ 4m. moles) and diphenyi 

gly~olic acid (913 mg'a /""./ 4 m. moles) t'.Teze talten in a round bottom 
. / 

.flask.: 150 rnl chloroform 't'.ra.a poured in the flask 't>Iith ocnstant 

st~rring. The. mixture t·tas t-larmed for 15 minutes on a 'i;.Ya.ter bath~ 

The liberated hyo~ochloric acid was just neutralised with drops of 

liquor ammonia~ The reaction m~cture was cooled in refrigerator for 

15 minut~s~ end ammonium chloride was removed from the reaction 

mixture. The. oleer fil·trate 't-las then refluxed for 3 hours. After 

----t- reaction it "'11a's allatred to cool., filtered and the filtrate 't'1as 

concentrated to about 15 ml. A 't!Thite product appeared on standing. 

The c~otind was washed with methanoi and then vacuum dried. 

· ... : Q 
The corrpound Ir:elted at. 31S· c. 

Found ~ 

Calcd : 

c 57.49 

c 57.51 H 6~10 

sn 26.02 

sn 25 41 92 

I!r[)orta'l'lt Infaared spectral da·t.a (em -l ) 

1590(s), 1565(s), 1490(1.'1), l400(s), ll90·13.80(ml., r;;;;:::;;(j}g 
1100(m), 1070(s), 1035(w), 920(w), 890(w), 825(rn), 780(m), 720(rn), 

700 (rn),, 600 (t·t), 545 (w)., 4~0 {-vt), 380 (m). 
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(El) Dibutyl tin oxide (996 mg. r--- 4 rn. r:·.oles) and diphenyl glycolic 

acid (913 :mg~ ..--v-4 m. moles) ~..,ere talren in a 250 ml rcund bottom 

f.laslco 150 ml of benzene was added to the mi:ttu.reo This reaction 

mixture -v;as refluxed for 3 hour$ fitted v-Tith a 't'lfater separator • 

.t>.fter the completion of reaction, the. reection miXture '!f18$ 

allor...red to cool and filteredo The filtrate t'las concentrated to about 

10 rnl and was allowed to stand for overnight.· A white pa~aery 

cc~nwound appeared. It 't"tas · t-1ashed t-vi·th t·1arm methal'lol and dried in 

vacuum. 

('Yield w 62%) 

· The compound ~ras found ·to melt ·at~"'312°c• 

% Analysis for c22a28o3sn • • 

Found : c 56.86 I-I 5.92 sn 24.90 

Calqd I ·c 57,51 H 6.10 Sn 25.,92 

Irnpo.r.tant Infrared spec!'i::ral data (cm-1 ): 

1590(s}, 1570(s). 1500(w), l400(s), 1180(m), ll.OO(m), 

1090 (a)$ l015(t-1), 910(t-;), S90(t-¥), 820(m)~ 790(m), 720(m), 700(m)
41 

600(rn), 540('t..r) 41 5l.O(tvo); SOO('V.r)~ 450(tv-), 380(m) 4 280(h). 

M.:ixed melting point of the compouncs of reaction (A) and 

(B) was found to be 311-12°c. 

so these tv1c compounds are sene. 

/ 
~ 
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3. Diphenyl tin aiphenyl glycclate 

(A) Triphenyl :tin chloride ( l. 54 grn_, 1'/ 4 mo moles) t-Jas dissol '\l~d 

in. 200. ml chloroform in a round bottcm flask" Diphenyl .glycolic 

ac.t~a (913 mg,rv'4 rn. moles) ~-1as added '!.-lith shaking~ The mL"'tture "t..ras 

"t-Tarrned for 15 minutes on a steam bath. 'J:he hydrochloric acid 

J.iberated in ·the reaction mixture tV"as . just neutralised 'f:li th drc.ps 

of liqt1or ammonia~ The reaction mtxture was then refrigerated for 

another 15 rrinutes"' The deposited axrmon.:l.um chloride t-1as separated by 

filtration. The reacticn was then carried out by reflm{ing for 3 

---+-- hcurs 9 It t·laS then cooled a."ld then concen:l:.rated to abcut 15 rnl­

i.>Thite. pot·1decy produc:t. appeared on standing for fet1 hcurs. 

. -

The compound t~as reccystallised from me·thanol and dried in 

vacuum desiccator. 

The compound decomposed after 28~0c. 

Found c 

Calcd • .. 

c 61.69 

c 62.52 

sn 23.22 

sn 23.,84 

lrnpor.tan·l:. :U1frarod spectral data· (em -l) 

1578(s). 1555(s) 11 l390(s), l180(m), llOO(m), 1040(mJ, 

950(tV"), 940(~'1), 840(m), 760(m), 740{s), 700(s)4' 680(:m), 655(s)" 

570 {w), 450 ('<\')., 



.l .... . . 

--~..-~ -o ...... .s ~ 
m..S 
..-1 
0 
0 
~ 

..-1 
Ol 

.-t 
~ 

l .a 
.... ··:· ., ~ 

A 
·roi 
'0 

a 1 o,.j ..., 
..-1 
:>.. a 
4) 

-& 
"r1 
A 
4-1 
0 

e ..!. 
..., 1 0 
4) 
~ 
Ill 

~ 
' 

I ,·--
'Ji .. 

~ 0. • ... 



'• 115 
!I 
I 

(B) J Diphenyl tin dichloride (1. 38 gm, .1"\/.:l rn. moles) and dfphenyl 
I A · . -

g_~~?:f,f,:ic acid (913 mg-./V'4 rn.n:oles) t"l~taken in a round bottom flask .. 
4 r 

20q" :ml- chloroform ~vas added to ito The ·miXture was sha1~en and ~rarrned 
I . 

f~r half an hour. The liberated hydrochloric acicl was neutralised 
f ./Y drops o£ liquor ammonia. It t-1as cooled in refrigere:t.or for 15 

/ minute$ and filtered off. The clear solution t'las reflu."<ed for .3 
I 

11 hcurs. 

}J\ 
/ 

!k'\ 
·. 

The miXture was alla11ed to cool and then filtered. The filtrate 
"· I I 

~<; / . ! t'J'aS concentrateo to about lO mlo Kept overnight, 't'Thite crystalline 
! 

~~·;: 
/ ' l 

i I 
/ I 

I ( 
'I 

product appew:ed. 

(Yield = IV' 5$~) • 

The compound ;,.ras purified by repeated c~jstallisat.:ton from 
' methanol and dried in vacuun1. 

Found :1 

Calcd : 

0 61.~1 

c 62!t52 

- H 3_,80 

H 4.00 sn 23.84 

Iw1?ort.ant Infrared spectral data (em -l) 

1575 <s>, 1sso (s), · 1·3ao (m), 1175(t.,. >. 1100 ft1 >, 106o' <ni>, 
1040(t·d, 1000(~·.d., 900(t'1), 820(~1), 760(t-1), 725(m),700(s). 6~0(t'1), 

470 (m). 
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The rriXea rr.el ting pcint of prooucts of reaction (A) and (B) 

-j._ t\Tas found"'-"2B0°c. (deconposed)~ so., diphenyl tin diphenyl glycolate 

was obtained·in both the cases. 
·\ :'. 

K Dibenzyl tin diphenyl glycolate 

A ndxt.ure of 1.27 gm (rv4YI1·mcles) of diben~yl tin oxide 

and 913 mg (/'V 4 m. moles) cf diphenyl glycolic acid ~vas taken in 

a round bottom :Elasl<. 150 rnl benzene was poured . .:t.n the mixture with 

stirring. '.rhe ini:.."'tture. was refluxed for 4 hc.urs vtith a t~ater 

·--t- separator. After refluxing~ the reaction' mixture· 1.vas cooled and 

filtered. The :filtrate \rtas concentrated to about 3.5 ml'" t·Jhite 

crystaline product appeared on standing for overnight~ 

Purification have been done by wqshing several t±mes with 

warm chloroform. · 

The compound melted at 226°0 and ceccrrq;>osed after this 

temperatv.re. 

%.O.nalysis for c28~4o3sn : 

Found • c 63.82 H, 3.41 sn 22·.42 • 

Calcd • c 64.24 I-l 3.82 sn 22-.75 .. 
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. 1 '\ 
Import.ant Infrw:ed spectral Data (em- ) e ·:·\ 

1558 (sl, 1400(m), 1380 (s), 12l<i(m), 1175 (w) • llOO (m~. :.;"- \ 

1070(m), 1040(w), 1010(>r), 9lO(w), B20(m), 760(s), 740(>r),• .I\ '\ 
700(s), 620 ('t-1) .. · 570 {vv.r), 470 (v-J), 400(h}, 350 (h). · \ <\····-.,, 

,\\ 
,1 :,·~ 

I ,,. 
I \'

' 
.: I 

Dimethyl tin bis · (diphenyl glycolate) I s. -
A mixture of dimethyl tin C'Xide (660 mg, . .-v 4 m. moles) and 

' . 

diphenyl glycolic acid (1.83 gm.:VS m. moles) was tar.en in_ a round 

bottom flask. 200 ml benzen~ was added to the ~iXture with stirring. 

The reaction miXture was refluxed fer 4 hours fitted with a water 

separator. 

The reacticn mixture t-tas _cocled and filtered cut the suspended 

unreacted mass. The clear solution was concGntrated to abcut 20 ml 

and kept overnight. A white powdery product appeared. 

('!(ield = rv 55%) • 

The compound was purified by repe9ted crystallisation from 

~ chloroform and finally dried in vecuum. 

The cornl;;ound wa$ found to rrelt at 197-9B0c. 
The same compound was found., -v1hen the reactants were used 

j.n l:l molar proport.ion., thcugh the yield t~aa r<;tthel! poor,. 

% Analysis for c30a26o6sn • .. 

Found ~ c 59.26 H 4.14 sn 20.19 

---+- Calcd ~ c 59 • .90 H 4.32 sn 19!'80 
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Important lnfrared Spectral Data (cl't!~l) 

1650(sL 1340(rn) 41 1190.(vl), 1055(m), lOOO(~t)" 950(w), 9~0(t.f)~ 

830(m), 760(m)# 7SO(m), 700(s), 680(~·1) 1 6lS(m), 5SO(tcr), SlO(t-1~, 

460 (l'1), 250 (w ), 

A mixture of tricyclohexyl tin hydr~:icle 1.54 gm (~4 mQ moles) 

and 913 mg (~ m. moles) of ciphenyl glycolic acid was taken in a 

round bottcm flask. 200 ml ben~ene \·las poured in it• ~he reaction 

-r- miXture was reflm{e:d for three hours -vtith. t"lat.er separator. 

I 
t 
I 
/ 

2\ft,e:r ·reaction the m~ure -v1as c9cled and £iltere~ .of£ the 

unreacted suspensions. The clean solution was concGntratea to about 

15 rnl and J.cep·t overni_ght. A vlhite crystalline product appeared. Puri­

fied by washing with hot chlorofor-m and then dried in vacuum. 

(Yield = /V.52%)~ 

·Found : 

Calcd : 

c 60.84 

c 61.05 sn 23.28 
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- · (cm-1 ) ., :tmporf:ant Infrared Spec·tral Data 
:ll 

~ ; ~~ 

~ i 

;i,;,, 1600(s)(f 1570(::d,, -1500(w)f 1420,(s), 1400(s), 1220(tv). 
<:;;) 

' 
l2·op{t-r), l190(m), llOO(m)., 1090(m), l.010(tr.;), lOOO(m)., 910(tr1), 

I' /" ' 

~90~w)~ 810(m), 780(nl), 700(m), 6lO(m),. S90(t'l'), 500(w), 440(\,r), 

1. Dipropyl tin diphenyl glycolate 

Tr1 n-prcpyl tin chloride (1.13 gm. ,......-4 m~ moles) and diphenyl 

glycolic acid (91~ mg~ /'-/ 4 m. moles) t'lere talten in ;200 ml- chloroform. 
' ' ' 

t'larrned it on q. water bath for 15 m.ir~:t.1tes.; The J.iberated hydrochloric 

ac.id 'tfa:3 neutralised "tith the d~1ise addition of liquor ammonia, 

~he miXture was refr.ige~ated for another 15 minutes and then d~posited 

a~~nium chlorid~ was separated by filtration~ The clea~ fil~rate 

was xefluxed for four.hourso After rea~~ion~ the solution was con­

centrated to about 15 ml and kept overnight in refrigerator. A t..rhite 

pa1dery product appeat$d. 

~he compound was purified:by rePeated washing with hot 

chloro£oxm .. 

(Yield =A/ 50%) 

The compoun(l\ deCOrr(posed after 23 o0c~ 

Founa ~ 

Calcd i 

c 56~83 

c ss.6s-
H 6c.06 

1-1 s.s6 
Sn 26o28 

Sn 27u60 
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120 

1590(m) 1 1565(s) 1 1500(l-r), l380(rn)., l340(tf), ll90(t-r}, · 

1180(\'r}, 1100(t1), 1070(m}, l040(t.r), 825hz),. 780-760(t-r}, 720(m), 

710(rn), 610(~), SSO(w), 470(w). 

Reactions of oiphenyl glyqolic acid have also bGen carried 

out t-rith tribenzyl tin chloride, (l\teCC~CI-12 >2sncl2 and 

c6a5cH{SnCl3 )crz2coc6H5• But a gummy product t'laS obtained in each 

case, from t-7h.:Lch !Jure COIT[>Ound cculd not be isolated .. 
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TABLE I 

Molar Conauetance ( ?\ ) 
1·'1ho cm2 .. 

DibUtyl tin diphenyl glycolate 

Dibenzyl tin diphenyl glycolate 

+-- Diphenyl tin diphenyl glycolat~ 

Dicyclohexyl tin diphenyl glycolate 

Dirr.ethyl tin bis (diphenyl glycolate) 31"27 

-+ 
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TABLE IZ 

,, 

Chemical shift ( 6. ) · I 
Corpound 

tl ' ' 
(f 

Aromatic protons All<:yl protons others 

Diphenyl glycolic 
acid 

Dibutyl ti..'l 
diphenyl glycolate 

Diphenyl tin 
diphenyl glycolate 

7-.26•7.,68(m) s .. 6S(cornp) 

7.2-7.72{c~) 0.62-l~OO(t) 

7.25.;.7.80 
(coup)· 

l.02-1.9(ecnp) 

Dimethyl tin 7.02-7.5 (c:onp) 
~(diphenyl glycolate) 

0.42 (s) 

Diben~yl tin 6.9-7.4(co.mp) 
diphenyl glycolate 

s = singlet, d = doublet. 
.1-l 

complex: ,), m = rnul tip let~ 
'1' 

t = triplet, 

2.90(d) 

2.8S(d) 
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---,!--------------------------------------------------------------.Cornbound Chemical shift ( ~ ) r 
1 Aromatic Allqrl 
I: 

i 

Diphenyl 

glycolic acid 

Dibutyl t.in 

diphenyl glycolate 

Dimethyl -(;in 
~ (diphenyl 
glycolate) 

Dicyclohexyl tin 
diphenyl glycolate 

carbons carbons 

·128.41 
128.30 

127.87 
127.35 

127.0$ 

126.87 
126.;08 

126.58 

126.34 
125.53 

1~7.l0 

126.94 
126,.40 

126.17. 

26.38 

25.-26 
21~78-

13.29 

16 •. 9 

Other 
carbons 

152.37 

141.72 

145.74 
134.74 

, .. 

147.52 
30.90 

29;.50 

28,.58 

27 .. 95 
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•I 
1

:
1119s:n NUC~ r~GNETIC RESCt'!l\NCE SPECTRAl:, DATA 
\' 

Chemical shift ( & ) 

Dibutyl tin diphenyl glycolate 

Dicyclohexyl tin aiphenyl glycolate 

+- Dimethyl tin !?.!!!?. (diphenyl glyciblate) -123.oa. 

I 

~ 
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An attem,pt have been made to deter.mine the apparent molecular 

·~- v-.reight. .. of the compot1nds by· Ras·c method. But in scm!: cases Ra.st 

rret~~ _could _not be foll~red because t.Y).ese compounds trJere insoluble 

+-

I 

~ 

·, 
in Q,anphor. 

r 
:!, ln the experimant carrpho:r (ii\P l7S°C) having Cl"iJOSCOpiC 

·I 

,}J 0 
co~:st~t 39.7 c have been used, 

!i 
,p' 

'l'ABLE. V 

APPARENT MOLECU.W\R iiBIG~~ DATA -
Compound 

D!butyl tin diphenyl 
glycol, ate 

Dibenzyl tin diphenyl 
glycolate 

Dicyclohexyl tin 
diphenyl glycolate 

Dipropyl tin diphenyl 
glycolate 

Dimethyl tin ~~ {diphenyl 
glycolate) 

Mclecular.weicrht 
Founca Calcd 

(for monomer) 

42S 459 

488 523 

547 511 

453 431 

590 601 
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TABLE VI 

SO~!.E INFRARED SPECTPAL DATA IN SOLt.".rlON 

--------------------------·-4~-------------~----~~---r•--·---------------
Compound 

Dibutyl tin 
diphenyl glycolate 

Dibenzyl tin 

diphenyl glycolate 

Solvent 

D.imat.'tlyl tin ~ ( d.ipheny(~{7 
glycolate) THF 

1·1ajor IR abso~tion 
frequency (em--) 

29SO(m}~ l600(s); 15~0(vs)~ 

1450(~)_, 1410(s), l180(t-lh 

lllO(t-1), 1020(m), .2.040(~·1), 

81S(m)~ 770(m). 705(m), 
7lO(m)# 605(h), 580~;) 
_520(t-1) 11 320(m) 

3080 (m), 3060 (m),. 1585 (sh}., 

1560(vs), 1490(s), 1420(s), 
l410(s), 1320(w), 1220(m)1 

1190(rn), l100(m), l065(s), 
ll40(rn}, lOlO(t·d-' 9l5(m)~ 

820 (m), 760 (s )_1 740 (t-1) ,. 

760(s), 630u~), 555"~), 50S(vow}, 
460(m), 360(t·l), 320(t·d. 

3080(m), 1650(s), :}..585(v.s.), 

1500(m), 1430(rn)• 1410(s~. 
1340(s), llSO(m}~ l160(m), 
l070(s), 1040(t'l), 820{~.r), 

770(s), 700(s)# 680('!r1) 6 

615(t·.r), S70{t'l), SlS(t-1)., 

370 (t'!) 

-.---- A broad };:'<::al-.: or a hunp w·as obtained/"'-../ 3500 cm-1 perhaps cue to 
the solvent used. 
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TABLE VII 
··- .. .,..... . .7• 

Solid state Solution state 

1570 1565 

1650 1643 

a sse 1553 
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During the current investigation, scme organotin dip~~nyl 

glycolates have been preparedo The triorganotin derivative~ \\. 
hm11ever, could not be isolated, though reac:;tions t-Yere carried'\\ 

out with triorganotin ccmpouncs -v.l'it.~ diphenyl glyco:t'ic acid.· •Jrri\\ 
organotin compounds on reaction with diphenyl glycolic acid yie1d~d, 

\' \ 
corresponding diorganotin derivatives$ llotV"ever, few moJ:t? di~rgano- \, 

tin diphenyl glyce:lates tt7ere isolated and chara.c1:eri~ea• ~h~\ .\ 
~ 

diorganotin derivatives cc.uld be obtained from the following ~ype 

. . \ of reactions 

(R = Bu, Ph, B~, Cy, ~r) 

OH 
I 

t-v.ith (CH~ >2sno, ho'tV'ever the reaction proceeded as £ollo: .. rsc 

.. ~ 

' \ 
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All these reactions liberated water molecule~, which was 

separated by Dean S·tarl\: ·water separator. On t•Jcrldng up the reaction. 
i 

mixture, the organotin derivatives were Obtained in crystalline 

state or as powdery solios. 

The elemental analyses gave satisfactory data for the 

suggested molecular COff!Position of th~se corrpounds~ The infrared 

spectra of the compounds ~1ere reco.rded 111 

Infrared s11ectra 

The .Y -OH peak of diphenyl glycolic acid iiJ'as fcund absent 

in all these organotin derivatives~ suggesting replacement· of both 

of the hydroxyl and carboxyl protons o~ the ligand. Several IR 

~ spectra of the derivatives have been recorded upto 200 cm-1 in' 

Nujol, I<Br and in T.,H.F. There are nunber of peaks in the region 
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of 300-600 cm'""1 , some of ~1hich could possibly due to -Ysn-c and 

"Vsn-o frequencies but due to some confusing nature of these pealw, 

·we refrain from unambiguous assignments of Vsn-c and ~sn-o pe~~s 

in these organotin d~rivative~. ~hese spectra certainly indi9-~te 
\l \ 

. C::haracteristic peaks :from some ligand and organotin moieties ·'~ut 
\ 

t-Ie t-rould like to ccncentrate on the pea'l{s clue to carbonyl grcub$ 
'I'{ 

of th~ ligand and organotin derivative~. 
\· I\ 
·\\ 

\Jco peaks of the ligand and o~ganotin der:l vatives (cm-1 ~ \\\ 
' . ~ 

Diphenyl glycolic acid 

Dibutyl tin diphenyl glycolate 

Dibenzyl tin diphenyl glycolate 

Diphenyl tin diphenyl glycolate 

Dicyclohexyl tin diphenyl glycolate 

Di•n-prcpyl tin oiphenyl glycolate 

Din~thyl tin ~ (diphenyl glycolate) 

1715 

~595, 1570 (nujol) 
1595, 1570 (KEr) 

I · 1\ . \\ 
kf 
·1/ ~. 
i: '• .. 
i' . 
II 
\ 
I ·.\ 

1600, 1560 ('I'. H. F. I 
solution)\[· 

l 
1558 (nuj ol) ~ 

1585(sh), l560{T.H.Ft~ ~1 
solutio~\) 

1/.1 
1575~ 1550 (nujol) '·:\. 

1600, .1570 (KBr) .\ 

II' 15901 1560(nujol) 
i' 1650 ( nujol) 1 

1650,. 1585 ('f.H.F. 
(mid solution) 
po:lnt 
of three 
Peak) 
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'' I. 
·'' r:.; Compared to_ oarbcnyl peak of Diphenyl ~lycclic acic11 the 

cafbpnyl. peaks ~f the ~rganot.:ln derivatives were shifted considerably 

itidice:t;ing the . fol;'mation 0f t,he esters. licr.-1ever in most cases, 'tti'C 
I . . 

I· ' . . -1 
peaks appeared# one in the ran~e of 1585-1600 em tihile the ether 

.. -1 b 
::O.and appeared f".-/ 1560-1570 em •. The latter and~ are more intense 

1chan the form.~r ones~· In case of ·pimethyl tin bt@ <diphenyl 
; ' . . . 

l . -1 
glycolate># only one band appeared at 1650 em in nujol# but ill 

. -1 . . 
T.tt;~. solution the! sane compound gave a peal<: at :1650 em - and a 

group of three bands. a~und--1570 cm-1.~ -The shifting. of. carbonyl 

bands from 1715 cm-1 to aro~d 1570 cm"'"1 ·for JYIO~t o£ .the ccnrpourics 
' . ~ - . " ... . ' 

may be due tc .:coo~dination of . C == 0 gr. up to tin atom, ·in addition 

to 'l:'.h~ re~lacement o; the proton of 'ft-OH group. The 119sn spectre. 
0 

'V'lhic:h will be discussed later, support such 6'Ugges·t.ion for most of 
,. 

t1-:e organotin derivat,i..ves except for the dimethyltin derivative~ 

The infr~d spectra do not show any significant spec~ral changes 

be~een the sclid and soluticn state for most of diorg~otin 

derivatives. 

. Before p~~ceeding on further discussions of the diorgqnotin 
-diphenyl glycolates, it may be relevant to discu~s so~ ~tructural 

aspects of scms known orga'lotin carboxyle:tes., 

In 1960 Oltat.,ara et al (30) investigatfad the infrared sp~ctra 

of scma methyltin acetates and formates. Theyinterpreted the spectra 

of trimsthyl tin carboxylate~ e~~· (ca3.>3snooca• (R' =.H, ca3 > 

in terms of ionic structures~ since the spectra shot-rea the e~stence 
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c.f a planar trirnethyl tin g:rGup and .indicated an ionic type 

car~oxylate group~ However· Beattie ana Gilson pcinted cut that the 

sp$ctrosc~ic evidence might also be interpreted in terms of either 
' ' 

bridging carb~tylate g~oups or simple acetate ions (53). Viscosity 
1 

m~asuren ents by Jensen et aJ. (54) supported the bridging struct.uxe. 
l 

)i'he x-ray diffraction o:t trirne·thyltin formate indicated that tbe 
I ' 

( EJtructure consisted a planar trimethyl ·~in and u. :Eormoxy group 

arranged a1 te.rnately along a helix chain~ The ·tin atoms are 

:penta coordinated by three carbon atcw$ and ~~o oxygen atoms (25)v 

Recently, a number of woL1kers have studied c~fferent types of 

+ organotin carboxylateE; by IR. 13c and 119sn N~ and x_.ray diffractiott 

studies. F~9m their resuJ. ts, it may be concluded that organot.in 

carboxylates can be class.ifietl into two rnaj or groups.; These may be 

monomeriQ discrete intramolecular chelated carbo~yl~ces (82} 

. R 

0=? 
R~l I 

S~r--o 
,/ R . 

(A) 

R = alkyl or aryl 

.R 1 = acyl 

associated arrangements containing five coordinated 
R 
I 

R R c· 
0-+\:_ 0~ ~'O-+ 

I I 
-C 

l R 

(B) 

tin atoms. 
0 
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The inte.tplay among various factors are responsible for the 

preferen·t.ial appearance of one of the five coordinated represents .. 

tions A and E~ 
I 

f Holmes and his c~.;orkers (51) also studied. the triphenyl 

tin esters of salicyclic acid and suggested the following sche~tie 

representation of the structural form 

Similar type of intramolecular chelated st~ctures are 

present with a nurr;oer of organotin carboxyla·tes. 

Under the above context,. the phy$icochemica1 data obtained 

for Piorganotin diphenyl glycolates may be oiecussed• 

1 . ' . -a NMR spectra \ 

The 1a N~~~·sp~ctrum of free diphenyl glycplic acid in 

coc13 gave a com,ple~ peak centered-atd5.65 (carboxyl and hydroxyl 

protons 2H) and aflother co~lex patternd'7.26 ... 7.,6G (ll.rH= lOI-i)o 
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Dibutyl tin diphenyl glycolate (in d 6 DI~O) 

Carboxyl and hydroxyl protons were found to be completely 

absent and th~ alkyl protons appeared as triplet at d 0. 62-1., 00 

(butyl methyl ... 6H) and methelene protons appea~d as. complex 

pattern in be"bieen o 1. 02-1" 9 (butyl methylene protons 12H) ~ The 

aromatic pr<;>·tons appeared as complex pat·~ern in bebreend" 7.2-7~72 

(ArH = l.OI-1) • 

£~phenyl tin diphenyl glycolate 

Li1ce the butyl derivati-ve, the ca:cboxyl and hydroxyl protons 

\V'ere totally absent, the aromatic prot~~ , gave three groups of 
.. 

complex pattern peaks in between 6 7,15-7.80 in d 6 DMSO., It was not 

possible to assign unambiguously for different types of aromatic 

protons of ·this compounds. 

Dibenzyl tin diphenyl glycolate 

Carboxyl and hydrexyl ·protons were_ found to be absent •. T.he 

benzylic methylene protons appeared at 6 2.-9 (2H) as doublet 

(~B, J = 27 Hz.) and 6 3 .as (2H) (H_AA •) as doublets (J = 27 I-Iz} .. 

~he benzylic n~thylene protons Splitted (82). 
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The aromatic protons appeared -at S 6.9•7.4 (ArH = 20H) a13 

com,plex pattern. Here also it was not possible to assign individual 

type of aromatic protons. 

Dimethyl tinE!§ (diphenyl'glycolate) 

Here also carbonyl and hydrcocyl protons t>J'ere absent. The 

dimethyl tin protons appeared as singlet at60.42 (methylene 

protons -6H), suggesting tr~ disposition of the methyl groups. 

The aromatic protons appeared ·as complex pattern in bett<Jeen & 7 • 02·· 

7~5 (ArH = 20H)~ The ratio of arom~tic a..?ld aliphatic protons in 

t.his cornpotmd ind~oate.~ ester.type compound- unlike the earlier 

compounds. 

13 The - c wr.m spectra vJeJ."e .recorded for only three organotin 

derivatives. The 13c.NMR spectrum for Diphenyl glycolic acid gav~ 
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f~ilu: peaks at·6 127.35 (c5, c5., c7 & c7 , >., 127~87 Cc4 , c4 o .. c8 & 

c~, )1 128.,30 cc3 & c3 • > and 126.41 cc·6 & c6 ,) aromatic carbon 
i 

~toms. 

r 
.I 

C-· -OH 
1 II 

0 

The c1 carbon atom appeared at,} 152.37, tlhilo c2 carbon 

atom appeared at 6 141.22. 

Dimethyl tin.~ (d~phenyl glycolate) 

l'he 13c NNR spectrum gavo a nunlber of characteristic peaks. 

The .methyl carbon atoms appeared as a single peak at d 16.9 t·lhile 
I I ·-? ... OH carbon atom appeared at 6 134• 74 . and 0 c:: c ... OH carbon atom 

· I I 
appeared at J 145.74. Tho ~hielding of = C-.OH and 0 = C - OH carbon 

peaks, strongly suggest the fomation ·.of an ester t::n:e organ~tin 
Cl.erivative. The ~omatic can:,on atoms gave onlJr three peaks at 

dl25.53, 126.34 and 3.26.58 ,instead of four peaks ~hibit.ed by the 

free ligand~ ·The fou~h peak may be merged on any of these above 

three peaks. 
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Dibutyltin diphenyl glycolate 

, ~he C:lliphatic peal'"~ appeared in be·cwaen 6 l3 .• 290D26.38 and 

may be assigned (SO) as follOTtts $ 
. : ' 

I 

I 

! ; 
10 

·' :j 
i . 

d 13~29 c4~c4,. 

cf 21,78 cl, cl, 

cf 25.26 . c3, cs• 
0 26.38 c2 • c2* 

The c5 carbon atom appeared at 6147 e40 t'IThile due. to poor 

mtens.1.t:.y of. the spectrum the c 6 carbon atom peak could not be 
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unawbiguously assigned. Compared to ligand, the c5 carbon atom 

pe~{ shot"~~d considerable ehield.ing. 

The aromatic caJ;>bon atoms gave three peaks like ·C:he dimethyl 

t:.tn derivative at d 126.08, l-26.87, 127.05 .. ' 
. \ 

; \ 

Dic~clohexyltin oip~enyl_glycolate 

13 . . ~ 
~he c Nt.m spectrum gave four peaks at o 27.95, 28.58• 

29.50 and 30.90 for cyclohexyl ring carbon atoms. For them assign-. ~ 

rt10nt. may be made as follows; 

;0
3' A' 

l(S',. CL_O :, 
~ ~ b. 

m o Sn........._ 102 

~.., "" 3 
7 //' c-o/" 4 

II //~ 6 5 
/ 

0"' 

6 27.95 ·• C4vC4 i 

cf 2e.sa - c1 9 cl, 

d 29.50 - c3, C3o .. cs•- cs, 

cf 30.90 - c2, c2'' c6't q6, 



··~ 

-..-
' 

0 
_,;.:)-

0 
.J 



The c8 ~arbo~ signal could not be detected due to poor intensity of 

the . $pectrum,. while c7 carbon gave a signal at tS 147 e52o The spectrum 

recorded signals for aromatic carbon atoms which may be as~igned 

(84) as follor:.rs: 

6126.17 (m) 

6126~40 (p) 
' ,. 
\I, 

6126.94 (o) 

d 127,.10 (!) 

Due to certain limitations.,· it. t..ras poss.lil.?le to J:eco.rd 

119sn spectra only for three compounds~ Even t.hese three spectra 
. 13 .. 

along 'tt1i th ZR and · C spectra gave some incications about the nature 

of sorre diorganotin diphenyl glycolate~. 

Coro,pound Ohew.ical shift. ( 6 ) 

~~~--------~---------------------------------------------------
Dibutyl tix.l C!;.tphenyl glycolate 

Dicyclohsxyl tin diphenyl glycolate 

Dimethyl tin ~ (diphenyl glycolate) 

--------------------------------------------------------------~ 
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1 
The ~ibutyl tin diphenyl glycolate had 119sn signal at 

I , 

Ji-- d 142.12 ilo<licat:\ng penta coOrdinating nature. . 

· N advomilt. Hoodlir and Lycka (;~0) reported that the chemical 
r• . . . 

sl~if't c)99.4 to 152.8 ppm are i;ypical of a quasi te-t~rahedral e::range-

ment of a s.imple t.rialkyltin compound tiith a tetra coordinate t.;tn. 
' 

atoma On changing from te·i;ra coordinate ·tin to pent.a coordinate till, 

an upfield shift of ~ <119sn) by 100-190 ppm usually takes place" 
. 119 

·The expected ·.range 6 { Sn)Bu ppm may be given by follov1ing figure 

five- coordinate> 

so-

-120 -200 -280 
(119Sn) ( ppm) 

Correlation of 119sn chemical shifts in tri n-butyl 
119 tin (IV) compounds with Sn chemical shifts in 

triphenyltin (IV) analogues. 
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On comparing, the Dibutyl tin Biphenyl glycolate has a 

value (J 119sn peak value of -142~12 ppm~ which may also indicate 

~. heXa coordinating tin atom. But. it should be born~ ~ mtnd,_{;~~~: 
') . 

-+· ·' 

the spectra ~"la$ .recorded in coordinating solvent a.6 
Dl'lSO; hence it 

is quite expected that Dibutyl "tin diph~nyl glycolate can register 

more ~pfield shift for 119sn ~ak,. than expected for a penta 

co~rdinated t.in atom. The com.9cn.md was sparingly sol~le in coc13 , 

hence the speetrum 'ita:;J recorctk;)d in d6 Dl'JSO. On the basis of molecular 

fomula Qnd molecular l'teight (~ast method) we may suggest the follQ1-

ing co~sition £or Dibutyl tin diphenyl glycolate. 

~he co2 absorption f req\.tency in lR spectra shot'J'ed an unusually 

strong shift from :t 715 cm-1 to "" 1570 cm""1 iridi~at.ing str~g coord.tna­

tiol1 from )C = 0 group of the carboxylate ion1 which support$ 

J (119 
.Sn) valueiil 

The 119sn spectra of dioyclo~xyl tin diphenyl glycolate 

t1ns.s also recorded 1n d6 
Dt-150 solvent• The 119sn pe~l-t . appeared at 

d -199$37 indicai;:!ng a similar structure l.il\:e the above oibutyl 
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deriv~tives. The ~ sh~ft is.also similar here for co2 g~oup. Hence 
'. 

we· nj~y: tentativ~ly suggest· the structure· of Dicyclohe~Jl tin diphenyl 

glycolate as follow~ 
'I 

; . ..,. 

i i; 

I ' 

' 
I 

r 
,f 
' / 

l 
/ 

o' 

/ 
' / 

/ 
/ 

Though detailed data are . lacking for othe~ diorgti.nbtin dipheny]. 

glycolates. These may .hav~ similar structure·s like dibutyl or 

dicyclohexyl tin derivatives. 
'' 

The Dimethyl ti~ deriv~tj.ve j,.s sorrewl\ta~ different from the 

--:( other diorganotin derivative~_,; havi~g two diphenyl glycolic: acid 
. . ' . 1 

residuee~. Ji;lemental analyses,; _molecular 'trJ"eight. and H NMR spectra 

strol)gly support the formation of. Dimetrlyl tin ~- (diphenyl 

glycolate). The 119sn peak for this corripound appeared atcf ..-1:?3 •. 02 .•. 

This may be due to bexa coordin:ated tin atom of the following 

type: 
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Q-
cl~. _o~J/O c-Q 

Sn · \ 

--·-·----'· C 0/ ~D-- c-
1\ II 
0 CH3 0 

In this oompound, . coordination from the carbonyl oxygen of 

either hepta or octa coordinating. In that case~ t~. would expect 

much higher. upfield shift of 1l 9sn signal. ~~reover~ the co2 shift 

is nmoh smaller,. COI'@ared to etber diorgcmot:in derivatives;. !t 
' > -· 

~ ~ . ~ 
sh:.tfts £rom 1715 em to 1650 em only compared t.o.v1570 c::m as 

i . 
( in other diorganotin d¢rivatives. 

!:\ 
In absence of X•ra.y ·data (for which we had no access) all 

structu~~ may he ·considered somen,yhat. tentative in natures 
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