
CHAP'XER • IV 

On preparation or organot 1n carbOxylates by the 
reaot1on or organot1n bydro:ddes witb es·ters. 

Q 
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IV A Introduction t 

Despite the tremendous amount ot work already done on orga• 

not1n carboxylates, interest in compounds containing • OCOSnRs 

group still continues. 'rh1s is partly due to the grOWing importance 

of dif'fent types of orgenotin carboxylates in the industry and 

agriculture, and partly due to the variety of structural i'ea.tut"ea 

toun.d in organot1n cerboxyletes •. 

Organotin cerboxyl$te$ are generally prepared by the reaction 

or organotin oxides or hydroxides with oarboxyl1c acids and their 

anhydrides (1•10) 1 

1. 

~SnOSnfb + aRCOOH ~2R3SnOCOR + ~0 

' fiaSti0SoR3 +· (ROO )2 0 -72fl.3 Sn0COR 
I I 

RaSnO + 2 R COOH ~ RaSn( OOOR )g+ ~0 

(l) 

(2) 

(3) 

Tbe water produced in these raact1ons is removed usu~lly be azeo­

tt'Opic distUlation or a.lterna·tively by rerluxing at higher 

temperature 

(II) OH 

B\laSn0SflBu3 + <- 5 COOH 
_,OH 

2QooosnBua (4) 
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R~eently a n:umbar of tin thiophene earbOXJlates (35) of tha t~e I 

and II have b~en vr~pared frQm t~1ophene carboxrl1c acids and n3snOB 
or (RsSn>~. 

R ~ Ph, Bt 
I 

R !!. Bu,Me etc. 

(Ia) (I~) 

Organot in ca:rboxylat_es have also been prepared by the reaction of 

the correspondin~ organot1n halide w1th the alkali metal or silver 

ealt Of carboxylic acids either by $t1rr1ng the reactants 1n mixtures 

o! organic/ aqueous. 'medium at room temperatul.'Je or by Tetluxiog the 

~xture (91 12•14). 1b1s method represented as 

I I 

Sa SoX + B COOM ~ lJaSnOOOB + MX (5) 

M •• Ns, K; Ag; X • Halogen 

is ~req'l.lently usec:i i'or its ~tmpl1c1ty. 

Tba ab1lit7 of carboxYlic aeids to cleave metal carbon 

bonds 1a tbe basis ot yet a not: her method tor. t be pr.eparat ion or 

(6) 
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r.Phe cleavage Of organic groups depends on the acid st reng·th, nature 
I 

:Jf: of the gx~oup3 R and R and also on temperature ( 17 • 19 ). Vinyl 

groups are cleaved more readily than normal alkyl groups but less 

readily than phenyl groups. Pb(OAc)4 bas also been used for acylation 

or RssnH, R2BnH2 ,(RaSn):a , R4Sn and (RaSn)2'> (20) •. 

Kuivila (21) showed ·chat the reaction of organotin hydrides 

with carboxYlic acids produces carboxylates eecord1ng to follO\dng 

equation. 1 

I 

R3Snti + R COOH ~ R3Sn0COR + H3 
I I 

R~nlla + m COOH ~ RgSn( OCOR )2 + aHa 
I I 

R~n( OCOR)e+ RefJnH2~2RgSnH( OCOH) 

(7) 

(8) 

(9) 

with di n • butyl tin d1byd~1de, the intermediate bydride ace·tste 

decomposes to te.tra n - butyl d'laeetate. 

·2 BugS~+ 2 CR 3COOB---?- 2 Bu~nH(OAc) + at2 (10) 

2 Buaf3nH( OAc) > Bu.:l,ln~ snBu2 
r 1 + H2. (11> 
0Ac OAc 

Using similar.metbods l~B dicarbOXYlates have been 

prepared ( 22 • 24) 

I 

2 R2 SnH2 + 2 R coon ~R sn--SnR 
· . · I I + aH2.. 

OCOR OCOR 
. (12) 
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The nature ot t be products sometimes depends on the carboxylic sold. 
1 ' , I , ' 

0 
• I I • 

_. Action of benzoyl peroxic1e on d.i•n•butyl tin dihydrida also prQduc•s 
, I 

the 1,2 dibenzoate (25). 

Halo carboxylate derivatives ot organotin compoun(J.s are moat 

conveniently' prepared by heating eqidmoleeular 'mixture ot the 

dihalide and. the carboxylat·e in an inert solvent (26127) 

(13) 

~btse may be pr~pare4 bY the following reactions also (28,29) 

I I 

Bu~tl~~2 + KOOCR -?B\12SnCl(OCOR) + KCl (14) 

Anhydrides of an unsaturated acid e.g. maleic anhydride forms 

disubs·tituted organotin ·eaters when reacted wi.th hexebutyl distannoxan• 

(30) 

00 . 
HC- oY" . HO • COOSnB\.13 

II )o + <waSn>;;P ---""'+ · II · · · · 
He- c~ ao • coosnau.a 

~0 

(15) 

A novel met~od .Qf prepara.tion- ot trialkyl tin nceta~te b.Y electro• 

chemical mtrtbod using R~.,So (where R !!! .Me, Et, Pr, Bu) and Hg(l) 

acetate have be&n described by Tagliav1n1 and hie co-workers (31). 
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I 
Tricarbo.xylates derivatives of .the type BSn(OCOR)a e~e 

·usually :prepared from. the eorrespond1ng tr.ichl.oride by the action 

of' silver sales of earboxyli.c acids (32). 

Anderson (33) has shown that ·tr1athylt1n carbOxylates can 

be prep~r.ed in good yields by tba fOllowing react1o.n a 

(16) 

clearly, prgenotin hydroxides would undergo similar reaction aceor­

di~g to the .equation; 

I I 

R3SnOB + R COOEt ~ R3SnOCOR + EtOH (17) 

Since the organotin hydr<>xides can ba easily prepared trom 

· ·the corresponding halides by shaking an ethereal solution with 
' 

a~eous ~odium hydroxide, and since no d~ying or the product 11 

necessary unlike (RsSn)~, it. was decided to 1nvestisate the scop• 

and ~uits b1l1ty or the methed tor proparat1on of different tyPes 
; . 

of orgenotin carboxyletes. The resul·ts ot tbts investigation are 

presented 1n this chapter. 

IV D Results and discussion 

~ .ii sum:-naey ot tbe ra~ct1ona studied are given 1n table 1. A8 

ean be seen saturated carboxylates like formate snd acetate are ...._ 

I. 
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obtained in almost quantitat~ve yi~ld. With ~n~t1onally substituted 

~, e~ters like_ClCH2POO~b_eqd CNCB2POOEt: the yield are fairly high. 

FurthGr• no ·s1d~. products or polymeric pro.;iuete are gs~erallY formed. 
' 

The method is. ext~emel.y suitable for t~ pr,eparat~on .or hslt esters 

or ti1carbOxY11c acids ot the type RaSnOOO(CH2)nCOOH. Attempts to 

prepare :PhsSnOC.OCOOR by ·tbe reaction. of tr1pbenyl tin chloride with 
• • • • • ' • _J • 

sodium hydrogen oxalate (mono sodium derivative 1n ltl mole ratio) 

always l':'d _t9 t_he formation of PbgSn(OOC)gBgO. Even, the re~etion ot 

Phasnol witt,l (C00Na)2 in 1:1 mole ratio produoed d1phenyl tin o:mlate 

through. cleavage or sn • Ph bond instead of the desired Phasnooc. 
~ cOONa. However, the halt ester Ph3SnOOC.COOEt could be easily prepared 

in good yield by stirring tr1phenyl tin hydroxide with diethyl oxalate 

with. an el(cess ot the, la!;·ter. Belt etters ot diethyl ma~onate could 

also be obtained s1m1ls.rly. It is worth mentioning here that 

· ~ as(OCO) of the ester, group in ·(tr:!.phenyl ~in) mono ethyl oxalate 
. . . . l ' 

PhsSnOco.coocaas occur• at leBO em.· This val~o is considerablr . . . 

lovser tba!t· that observed in no~mal esters (1720 • 40 cm•1 ), The 

lowar~.ng of. V e.s(OOO) is 1nd!cat1ve of co-ordination b;y the a. C • 0 

group or the ester. As sucb (triphenyl tin) mono ethyl oxala:te is 

moe·t probably intramolecularly co .. ord1natad as shown in structure n. 
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On the contrary, (triphenyl tin) mQno ethyl malunate absorbs at 
~ ~· . ·. . .. 

1730 em and 1650 em indicating the p~esence ot unco-ord1neted 
·. . ...... · /o,J>~ . 

ester group probably 1ntermolecularly bridged Sn C . Sn • 

as in triorganotin fO~IMtes, ~cetates etc. where Vas(OCO) OCCUX'I 
. . ' 

•1 . . 
at abOut 1550 em • The reason for tb11 d1i'ference between the . ' . ' 

molanate and.the oxalate derivat1~es are not clear. However, it may 
' " . . . ' 

be that .tJle &-m~mbereci Sn conta~n1ng ring in strtlcture. lL is probably 

.more stable. than 6-membere4 ring (m) which would be required to be 

formed in tho malonat.e d~rivative it. 1ntremoleoular co-ordination 

takes place, In that ~ase inter molecular co-ordination ma:r be mor• 

favourable in the malonate derivative. 

Ili 

The method however fails with benzoates and substituted 

benaoates. T~s no .orge.notin derivative could 'be- obta.1ned -v1ith 

p .. am1no • or p • nitro b~nzoalia~ This is probably due to the 

·~ f"ac1le hydroly$1S of t:d.phen;yl ·tin ban,zoates by ·the water presnet 

with the·organot1n hydroxides.· 
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It may be said in conclusion that the method seems to b& · 

preferable where pure derivatives are req~ired, partieultu•ly when . 
there is a :tendency for the formation of polymeric prodUcts in· tho 

roa.ct.ion \)ett~een thG organotin halides and the soatum or polass1um 

earboxyla:tes. 

The summary ot the r~aet1ons of orgenic esters \!11th organotin 

hydroxides is given in the table•l 

Triorgano~ 
tin hydroxides 

(l) 

Te,ble • I 
D• - •a...-;1 

Esters Of :·conditions Prod;t.1cts Melting 
c~rboxylic·Of reaction formed point 
acids 0o 

Yield Of the 
pro~cts 

<m c~ <Q <m (6) 

. . . 

St~rred at HCOOSuPha 20~ 
room tempera- . 
ture tor 
eight hours 

Almost 
quantitative 

6tirr•d for CHaCOOSnPh3 Almost 
e1g~ hours 121o qUanticat£ve 
at rdom tem-
peratu,.-e 

.. St. ir:r~d a·~ CHaQOOSnPba . 
room ~e~pera• 0 ture ror 121 
ei Eht\ hours 

I"'"' 
·J r 

Refluxed !or ClCH2C00SnPb3 5 hours in · llS'"'"' 
benzene 

Almost 
quantitative 

Almost 
4.1U ant ita tive 
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Table - I Contd. 

(J.) (2) (3) (4) (5) (6) 

PbaSnOH CNCHBJOOC~5 ftefluxed CNCHgOOOSnPhs 141° 60~ 
f.or i'1ve 
hours in 
benzene 

Ph3Sn0H Oett50COCOOC:A;Refluxed c2B5 0COOOOSnPbsl27° 8~. 
for fS..e 
hours in 
benzene 

Ph3Sn0E CrJ150COCiisOOOCgH5 
Refluxed 
for five 
hours in 
b&nzene 

F'ei'luxed 
for five 
hours 

Refluxed HCOOSnBqs 
t'or :.t'1ve 
hours 

Almost 
quantitative 

Almost 
~ant it at 1 va 

lfn•30°/ Almost 
3mm . ~ant1tat1ve 

Strried et C82•CHC00Sn8us 63° 
J'OOm tem• 

Almost 
quant it at ive 

perature 
tor sight 
hours 

Ph3Sn01l Cf115COOOrJ:I6 . No easter formed 

. PhaSnOH p·!li~dJ4COOC~5 !1o easter !ormed 

PhaSnOR p-rroe:=GI4cooceas No easter formed 

, Ph • Cdls • 1 Bu • C~9 _ • 
~. •: 

(l) P1lr1f1cat1on ot• ethyl formate, ethyl acett~te1 butyl ·acetate, 

d1etbyl oxalate and diethyl ~onate : The esters, ethyl formate 

(b.p.53°), ethyl·"acetate (b.p. 76 • 77°), butyl acetate (b.pa 125°), 
' 0 0 

d1etbyl oxalate (b.p. 182 ) and diethyl malonate (b.p. 198 ) 



·were thoroughl;r ~aahed first wd.~t.h sature .. tfJd sot~iuJ& bicarbonate 

.- solution Sll'ld ·thea repeatedly with water. !:hey ~~are d1:~i0d over 

tdlbyclrous Mg$04 and t1nally distilled. The ~aet two esters ~t~ere 

distilled under reduced prB$SUFa. 

( 2) f'repz;u-~t~on of_ etllYl cbJ.O:t'Q· acetate 1 

~tbyl chloro acetate was preil~ed by reflu.:.dng chlor.oacct:ie aeid 

ilith ethyl f&lcOhol in preeet'I.C& Ot .concenbrst9d· Sl\lph'U~·ie S:1Ci\l. The 

water p¥'0duced 1~1 thiB reaction· was remov~d by az~t:ropie di~t1ll6• 

t ion~; the residue left iitl ·ijb.fi tii1still1ne fla.sk was ~dded to ·water 

\'zhen t~hs est•r separated as av~ o1ly layer. :rne layer war. separated, 

Yash(~d \11th saturated NaHCOa solution, dried over. anhydro~ua l·tg;~o4 
Gild finally d1stUled when pure e~-hyl chl.o:•o a.eetate, b.pe l4l0 , 

(3) P:repa:r~tion ot: ethyl cya.no ~cetDte ; 

J~thyl c:yano oeotat tt was prepared acco:rr:t:l~g. to 'C'bG met; hod described ' 

by V'ogel (34) 

(4)- .f:J:repar~_tion of tr:L phenyl tin hyara:~tid' 1 

1?haSnOH was prepared by shak.ing an Gthere~l solut; ion of tr1 

ph~t~;rJ. tin cblO.'t"'id$ with 2"9 aqueous solution ot' sodiur-11 hydroxide. 

:tne whit~ ,sol.:J.d prec1p1tatl>$d 1'18:$ filte:red anti lia.sh&d thoroughly w1tb. 

~at er to remove sodium hydroxide and then with ether- to r~move any 

~: un.t~htm~edi triphenyl.tir! chloride or bia ('lir1phetlyl ·tin) oxide, whieh 

~":11 bs :rorm~d du:rinf~ the re&ct ion Pbsfhl.Oti WrA.e dried in air~ 



(5) Prepa,ration ot tr1rotyl t1n ~yd:ro%ide a 

BuasnOB Was prnpar~?i' by ·shaking· tribUtyl ·t-in chloride in e·the:real 

solt,tion ·with 2N aqueous rrav'R. 'f.he athers:al solution '"I'IStS w.ashetl · 

thoru1;,ghlt 'llt1th ·water. 'I'hi~ solution wtu~ used tn the reeotio~ with 

ester$ l}l:tt ar · dt"Ying over. anb.ydl"oua calcium chloride· .. 

(6) :R~aetion of ~r1ph$t'!.yl tin h.y(}roxidG wi,t.h ethyl fo:rmats 3.6 ~ 
. .. . ' '- ' 

of tl'iphenyl tin b~droxide wn~ st,~rrQ4 1n 1.0 ml ethyl :fo,:on1~t0· for 
,'•. 

eight hou:t"s. ·Addition. of e:ncez.$ ·of p(Jtr·ol~m ·eth~r to the rolutt.on 

or t::he. smne eompotuld ;on ev:)tporst :ton !learly to dryness· and eoolinmc. 
1 

·• ' • : 'l'he' p~oduet 'was cryst-allised. fro~ petrole~m: 'etb.~r (m~·p. ooi0>~ ~n~ 
1detlt1f19d a.s triphanyl tin formate bY nd.aed melting. po11lt and J~ 

(7) f.'{e~e;r;ion ot trib-\ltyl tin bydrox..1de ~ith ethyl i'Ol~ate : 

s.2 gms ot trtbutyl ~in Chlo:ride w~!!J conve-rted to· trl.butyl tln 

'bydro;!.id~. 1'he ethereal :soiution ot' the latter was refluxed w1th. 15 ml 

at et;hyl :tormnta !or f1v~ hourse ·!Jnreaeted\. ~thyl. formate w~B evaporated 

ott:, tbe retJ1<tutt- ws~ treated ·with petroleum ether snu tilte:red~ Th$ 

paty•oletun G'~ber was'eveporated ott and the liqu1c.l was pur1fietrw 

• I· dist.1J.kt ion under I·t?nucad pr~s~~l"et {.S., ~-' lJ;r.,.arl~/a· m$). "J:he t'i'-!Jt111ate 

wae icl~tlt:it.1.~;Hi. a.s tr1butyl tin .ro:r~te by comparison Of IR spectrum 

,_--:" ·with ·t-h&t or· a.n autb.entie .ss,mple;. _..., 
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(8) Reaction of tripbenyl tin hydroxide with stbyl acetate 1 

3.6 gm.s of t:t~iphetiyl tin ·hydronda was stirre~ in 10 .ml ath;,1. 

scet~1t$ for eight hOU;t"!h l'he G01Ut1<m ·was ev.epOJ:•ated nearly to· d:cynees 

when 3•95 gm. Of a white crystaliine compound separated. Xhe compound 

was pttrified by recry~oall1sation from petroleum ethel~ (rn.p 121°). · 

J!he compound was idenuified as tr1pbem.yl ·tin acetate by miJ<:ed melting 
I 

3.2 gms of tributyl tin chlo:ride wei! cot'l'tl!rtad to ·tri'butyl ~in 

hyd:ro:x1de. The $tbereal solution or ·tbe lat·tet~ ".!!as reflux(1d "\<Jitll 

15 cc $thyl acetate tor five hoursG The solution on evaporution 
. . . . ' 

furnished 3.3 gms of the erude ~roduot. On reo:ry6tal11ettt1.::>n from 
. . ' . 0 

petroleum ethe1• pure trib!ltyl tin aeet;ats, mop• So-81 Wa$ obtained. 

The pr-odt'ict wa~ iaentitied by mixed melting point with ~lu·thentic 

aample. 

( 10) React. ion of tr.ipht.myl tin hydro::t!de with butyl acetate : 

3.6 gms Qf. trtpbenyl tin hydroxide was stirred with 10 ml 'tutyl 

acst0.tee The solution was evaporated to dryness wh~m 3.9 ~s of a 

white solid tt~as obtained which was reorys~allised twice :t•rom. petroleum 

·ether to furnish pure ·triphenyi tin acetate, m.p. J.2l •122°. 

( 11} React ion. of tr1phenyl tin hydroxide w1th etilyl mono chloro 

~, .acetHte. 

3 .. 6 gms Of' tr1phenyl tin hydrOXide was rerlttxad wit;h 8 ml carefully 

pur1.f1ed ethyl mono chl~t·o acetate for 5 hours ii1 is ml dry benaene. 
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3 ... 6 gms of tr1phenyl t1n· hydroxide vas re:t:luxed with 3 m1. ot 

pure ethyl cyano ~cotate in 15 ml benzene for five hours. o.?2 gms 

of a \1lhite polymer-ic solid (m.p >360°) was fil·tered otf. The 

• filtrate on concentration under reduced pressure furnished 1.1 gms 

of $ polymeric compound ( ra.p >aeJ;)) again. The filtrate was mv~pOre• 

tad to dryo.ess under redUced pressure then r~erystall1sed from benzane 
. 0 

when 2.3 gma or. triph·~nyl tin cynno acetate (m.p.l4'1 , no depression 

in mix~d melting point determination) was obtaine~. 

( 13) Reaction o£ tributyl tin hydroxide with methyl acrylate : 

1.5 gms or triou·tyl tin chloride was converted to t:ributyl tin 

hydroxide. Tb~ethereal solution of the latter was stirr.ed with 10 ml 

of methyl ncrylate for ei~ht hours. A small amount or white solid 

formed was filtered off'. The filtrate on conce~trai;ion ga.va. a semi• 

s~lid mass ltlhicb furnished 1.3 gma of. a crystalline solid by eooling 

in ice. 'Ehe solid was crystalJ.1sad twice from petroleum ether when 

pure t:ributyl tin metbaa~ylate (m.p. 63°, lit. value 63°) was obta1nad. : 
I 

! 

.I 
I 
I 
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(14) Heact1on or tripherirl ti:n hydroxide t-;ith .d:te~byl oxalate , . 

;3.6 gms of triphenyl tin hydroxide was refluxed with 4m3. of 
. 1 : ' . 

purified diethyl oxalate in 15 ~1 or penzene for five nours. The 

insoluble polymeric solid (~.p )360°.) was t'i:tl'l~ered orr. 1'he :filt~ate 

wa.s evaporated nearly to dryness··when 3.5 gms ot e wb1t0 compound 
. ' . - .. •. . 

crystallised out. It ;r~as purified b:r recry:stallization tw1ce from 

benzene .. petroleum ther .mix:tur~ (m.p. 12'1'>) 

lde~t.if'ica·t; ion or the compO'I.l!.ld : 

{1) Elemetitaf .analysis corresponds to (triphenyl tin) mono ethyl 

oxalate, c~5ooo.co.osnPb3 1 
i 
I - ' 

Analysis found t 0 • 55~42% ; H • 4.18~ ; Sn • 24.39rl 

Calculated t:o~ 

(ii} ~.rna presence or 'two non equivalent • coo groups in the molecule 

is sho~.:n by v as(OCO) ·absorptions at 1€80 cm·1 snd 1610 em.·1 • 'rhe ! 

l . h •li 1610 em• ··absorption can. be attributed to • C00SnR3 while t, e 1630 em : 

absorption is certainly due to the'Mi;OOEt grot.tp" However, the 

lortering or Vas(OCO) 1n' i;;he ·tin derivative eomp~red to its position in 
, . . •l normtJl esters ( rv 1 .. 120 • 40 em ) is indicativa ot· intramolecular 

co-ordination as shown below : 

I 
I • 
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(15) Reaction of triphenyl tin hydroxiae with d1ethyl malonate: 

3.6 gillS O! tri.phenyl tin ·hydroxide and 4 ral Of d1Gthyl malonate 

wns rei'luxed 1n 15 ml benz.ene :f'or· five hours. The solution waa . ' ' 

heated to evaporat.e ott benze~e snd tbe uqT,eaeted d1ethyl malonate 

was distilled ott.· at 83-SSl under reduced pressure.- The residue . 
r' • ·~ ., 

. 0 
(4.9 gm)was recrystallised fr;om 'ban~ene,when a white so1~4, ~·J?•l39 

. ' . 

we s obt a1ned. 

Identif'1c&.t ion ot the solid • 

(1) Elemental analysis corresponds to (tr.iphenyl tin mono ethyl 

malot'UJte,. Ph3SnOC!O.CHgCOOC~6• 

Calculated tor 

c2:Ji22o4sn ! C • 57.42-J' ; H • 4.~ ; Sn • 24.70% 

(11) IR spectrum Ghows th~ preseru~e or ·• coocl.H!> group ( l730om·1> 
and a carboxy group bOntiti!d to tin (1550 cm-1 ). Unlike the o~alate 

de~ivative, no lowel'ing or v as(OC_O) ot the ester group 1s observed 

hare 1nd1cati·ng the absence of co-ordination by the • 0009~5 g:tOUf.>• 
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