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TRIORGANOPIN OCARBOXYLATES AND REUATED OGMPOUNDS.



Latroduction’

During recent years interest$ ia the field of orgauotin
compounds is growing in a very rapid rate. The progress in this
area is reflected by mrowing mumber of contributionsin different
jouwrnale and from the publication of several booika aud roview
articlos by a number of suthors (1-5), Urguuotin corboxylates,
otides nad hydroxides constituse some major areas inm the atudy of
organotin conpounds. Apart from the theoretical iaterest iuvolved
in sueh investigations, the conpounds containiag —sn = 0 bonds
could furuish voteuntial areas of important polymers, insecotieides,
peatioldes and other commerelal products.

The oarboxylatan are of the fullowing genersl typees widigh
nay either be monomerio or polymerioc: RzSmUCOR', RgSn(UCUR'), and
RSn(OGUR' )5 where R and A' nay be same or differont organic groups.

A brief reviow on the preparations, propertise and atract-
ures of organotin carboxylatea is proseated here.

A variety of methods have been avpliecd for the prepsration
ezmm-mum. These are generally prepared by the
reactions between organotin oxides (hydroxides) ul carboxylic

acide or their anhydrides (6-156).
73854
2 4 KiL 198




RgonOSaRgt 2R1000N ———>  2RgEAOCOR' —+ g

RySn0taRgt (R'00)g0 ——»  ERgSAOGOR!
RpSn0 —+ 2'000H —b  RoSa(VUOR' ), +Hg0

The water produced in these reactions is removed usually by
aseotroplo distillation or altermatively be resoved by refluxing

the reaction at higher tenperatwres (16).
+ g

Asiilkha snd his oo workers (17) and . . Soms ot al (14,
12) have prepared orgasotin carboxylates by the reactions of iri-
organotin halides with alimli metal or silver (17) sulte of carbo-
xylic acide either by shakiang or stirring the reactants in nixtures
of-wmnto/qﬂumam temperature. This method is used
frequently for its eimplicity.

RgSmX 4 R 000N —p RgUn0COR® + MX

vhere Il = Nay, K, AZ; X = halogen
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It has been recorted that moylation of RySnll, RpSnlip,
(RgSn)ps Rgdn and (RgSn),0 Lwhere R w Ogly 7 may be achieved
with lead tetracetate, Pb (0re), (19).

The ability of carboxylie acide to cleave metal earbon
bonds can be used for the preparation of orgasotin cerboxylates (20,
21).

Rg9m -+ 1 G00H —P iSno0uR" —+ RH

The oleavage of orgmulc groups depeads on the acld strength,
nature of groups R aand X' and aleo on tesperature (EZ-24). vinyl
roadily than chenyl groupd.

NeGeiudvila (25) showed that the reaotion of orgasetin
hvdrides with carboxylic acids produges carboxylates, the dihy-
drides yleld hydride oarboxylates.

Rgdnl - R'000H ————H Ry Su000R - Hy

Rpiinllg 4 ZR*0UUH ———>  RgSn(0AUR"' )g +EHp
Rgin(0GOR" )p +Rainlly — > 2RgaH(VOUR')
By using similar methods 1,2, dicarboxylates are also pre-
pared (26-28). The nature of the products, however, sometimes de-
ARpsnily +2R7000H —» Ry -ihl = fang +38ig
OCOR' QOOR'
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Jith a1 n-butyltin dihydride, the intermediate hydride carboxylate
deconposes w_idlh n~butyl 1,2 diacetatc.

2Bugtiniip + 20HgU00H ———> Zbugsuii(Ohe) +2 Iy

JUAe JAc

Aation of bensay) peroxide on @i a~butyltin dihydride

nroduces the 1,2, dibensoate (29).
Shugially -+ (0gigO0)y ——o Bugie = fiabug g

‘alo carboxylate derivatives of organotiu compounds are
noat convenlently prepared by heating equimoleoular propertioa of
dihalide and a dloarboxylate in an ‘aert solvent (50, &1)

Wg-l—wcuig ——5 2Bugsnir(vae)

These are nlso e prepared by the remction batween a dihalide and
a metal ocarboxylate (52, 33),.

BugSally-X00CR' — 5 HugSnCL(0C0R') +XAL

i/

Anhydride of an unsaturated acid vise naleic anhydride fomms
a disubstituted orguwtin ester vhen reacted with hexabutyl dista=
nnoxane (34),
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H ﬁ_o\/n + (Bugsn),0 —» l? Cuvaniug
a——% - Cousniiug

A novel method of preparation of trialiyltin acetate by

electroghenionl method using igSn (where R = Me, 5%, Pr, Hu) and
Hg(l) acetate have been desceribed very recently by G.lagliavial
ond his co workers (86).

pared from the correspoading trichloride by the action of silver
salte of carboxylic acids (36).

Buiinily + SAgose ——b Busn(OAe)y -+ 3ag0d

in orguwtin carboxylates the dn-0 bond ie essentially cova-
lent but mainly under;pes polar reactions depending on the solveats
and the attaciking groups. This is why the earboxyletes with amall
organic groups are noere soluble in aleohol, ether ete. thau in
water (2). Many of the carboxylatee have low melting poiate.

The polymeric stannolo acids are ovlourless, iufusible,
fow of them are soluble in chloroform, carbon tetrachloride and
reasonably stable to hydrolysis.

Some of the physical properties of few represeatative car-
boxylates are given in table 1 (1=3,6),
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Oonpound Type BaP o (20/mm) HePe(®0)
e . -
Trimethyltin acetate R35n0C0OR' - 19648 =197.5
“riphenyltin formate . - 208203
Trioyolohexyltin acetate " - 02=63
Tripropyltin trifluoroacetate " 30=-90/1 5
Dibutyltin dimcatate RpSn(UCUR' )y 142-145/10 v
Mphenyltin dlaoetnte " = 116-117
Dethyl chlorotin acetate R,uni(00UR') - 94
Dibutyloromotin acetate o - G67=065 45
Sutyltin triascetote 25a(000R" ),  117=119/4 L
Bthyltin tribensomte " 171-173/1 -

Some of the organotin carboxylateos have boon used as
stabiliser of poly (vinyl chloride), fungloides, inveoticldes and
baotericides which have been disoussed in great detall by JeGeAs

atjten (3) aud ReCoPollor (1)e

The strusture of orgasotin carboxylates have bsen studlied

extonnively by Okawara aud iada (44)., The possibility of chelation
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or bridging through weal co-ordination of oxygen atoms of carboxy-
late groups to tin atons was pointed out by Beattie and Gilson (45)
againet the postulation of ionio nature of bonding by Fresnan (46)
and the loaie structure with a planar trimethyltin cation and &
formate anion iu trimethyltia formate as proposed by Jiawara and
hie co workers (47).

dtudying various features of iafra red espectra of trialkyl-
tin carboxylates in the solid as well as ia the solutlon phase,
Janseen ot al (48) and Cwmine and Dunn (49) have coacluded that
trinlikyltin carboxylatea are polymerie ia the solid state with
planar trialiyltin groups ead ridging carboxylate groups and are
move like monomerio esters in non polar solvents (fige I).
Sans ot al (14,18,60,61) have provided sigaificant data %o cota-
blias this viow.

. v sh P * i

in solid phase (A)

P W
!

Ia solution phase (3)
Mg X
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Iafrared spectra of trimethyltin carboxylates, iiezSauCOR'
(52) showed in the solid state two O-0 stretehing bands at about
~1670 an™' and~1410 e indieating & symmetrical OGO iroupe The
aboeace of.a 510 an" - band for MegSmoCole indicated & planar twi=
nethyltin group. In carbon tetrachloride solution the carboxylate
absorption bands shifted to~ 1650 om™* and ~ 1300 om © respectively.
Horeover the Vas (Sn=0) andVe (8a0-0) bande were observed, indi-
catiag that in molution the polymerie structure (4)  Fige 1.7 is
aplitted %o (ive astor type oarboxyl Sroups and pyramidal units as
shown in (8) [ 7g. 17+ This has been supported by K.S.ileater (26)
and GeTagliavial (53).

Vkgwara ~ad vhara (B4, 50) fyom speotrosgopic studics and
moleoular woight dotermiuations ia oyolohexsne by oryoscopic method
congluded that trialkyltin formates formed LLinite lincar polyner
through bridging formoxy groupe L.y by co~ord aation of oxygen to
tin atoms in e0lid or Ligq.dd state. la liguid, lowever, the lafi-
aite polymer broke down %o lower polymers haviag both bridglag sad
terninal formoxy groups (Figs II).

H
*A* S -
fu the #01id gtate or in neat u:lqn

Pige 11 - In solution
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Irioyclohexy1ltin acetate, trineophyltin formate and acetate,
monomers probably due to steric hindrance arising from the bulky
orgacic groups (68-55).

“ama et al (15) have pointed out that the brasching at
«-oarbon atom in the carboxylates prevented polymerisation.

Trialkyl aud aryitin carboxylates (14,69-61) have been shown
%o have mononerio strusctures aad they become nore like orgacic es~-
ters as the number of substituted halogen stom inereased in the
carboxylio acid.

Ukawara et al (47) iavestigeted dimethyltin diformate speo-
troscoploally and mrwposed a structwre with a linear dinethyltia
ontion and a formate anion.

dymmetrical structure of dimethyltin adliformate (fig. IiI)
was proposed on the basis of infrafed speotral studies by lis,sate
and Rt Ukavara (62). ‘rom infrared spectra and moleoular weight
deterninations i bensene (63,64) dialkyltin diacetate was shown
to have a non symnetrical chelated coufiuration (fige IV). However,

CHz
]
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dus to the prosence of an additional band at ~ 1560 o - and as
the intensity of the band at 1400-1440 en™ = inoressed in neat 1i- -
quid or ia the oryetalline state, the structure (£igs V) haviang
the partial bridging acetoxy sroups have also been proposed.
A monomerio penta coordinated siructure (fig. VI) had been
nroposed for dialkyl chlorotin formates and acetates by Uksowara

et al (65),
|
R
figs VI

Allock and Timme (53) have studied the structwre of tri-
bensyl and trigyclohexyltiu acetate through il-ray defrsotion. un
the basis of this study there is no doubt that the majority of
ergacotin carboxylates have polymerle strusture in the solid state.
But with larger organic groups, the structure may become lees poly-
meric and ultimately become mouomeric.

The structure of polymerie monoorgano stannoic aclds (43)
and their carboxylate derivatives (14,15,18) have recently been
studied through elevental analysis, IR aud mossbauer 9peetroscopy.
Herber and his oo worikers (66) have shown that polymerictin com-
pounds are nost likely to show a mossbauer effect at anbient tem~
pnaerature.
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The stannoic acide are infusible powders for which a poly-
merie structure (figs VII)} have boen proposed (67,68). ind for a
partially dehydrated material a structure as in fig. VIII wae
susgesated by Pahiyaliovaskaya aand hie co workers (69).

P\OH
4

FELS S
A _“)\/

Fg. wmr fig. v

HO

In both of the strustures, tin atoms are tetra cooyrdiantad in s
tetrahedral enviromment of the Riaig [1. 0]4

~ .Davies ot al (43) susgested from the low observed qua-
drupole splitting[AR, s 1429 = 1,83 my/seo, table II (43)]of organc-
stmuodie nolds, that the tia atom had a tetrahedral geometmy, though
they have @t excluded the pessibility of assccolations The iscmer
anift values (J = 0sd0 = 0470 mm/sec) are very small because of the
very low 'e' electron dessity at the tin atom resulting from elec~
tron attraction by the surrousding oxygens.

The carboxylic soid derivatives | Rsn(0)OCuR'|, of he

stanioic soids [Hun(v)ul], showed larger quadrupole splitting



values (A B = 2400 = 2464 nm/sec) (15418) which indicated a
structure where the tin atoms ocoupy a trigonal bipyranidal ocon-
figuration such as £1g.IX and which would be expooted to show a
quadrupole splitting of about A By = 2+26 mn/see (69).

Zable~il
liogabauer parameters lfor orgawstanwio aclde:

Jompound 4 mn/see A 5, my/see
[esncojon], 0440 1429
[=tsn(o)on |, 0.76 = 0.70 1e61 = 1,70
[Pusn(o)on], 0486 = 0470 1,62 - 1,7
[0gHygsntodon] 0466 1462
[pm(a)ml_ 0478 1485

(vhere A 5, = Quadrupole eplittiug,ds lsomer abift)

dams ot al (18) and R.0sFoller and his oo workers (18)
have studied some of the carboxylio zoid derivatives of organo=
stansoic acids by IR and mossbauer Spectroscopy. The nossbauer
parameters have been tabulated in table~III (18,43).
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Jlossbauer paramcters for organcstananic earboxylates.

——

m. S mm/sec A By mny/sec
*hsn(0) [000(Ciig) 0N = M | 0457 2431
2hsn(0) [000(cHg), e | 0456 2432
*hisn(0)[0000(0ltg) ; 0459 2400
ehsn(o) [ 100001, ] 0472 2488
#han(0) [0coor; | 0466 2004
Busn(0) [ voute | 0470 2426
Basnlo)0H 0485 .71

(AR, and d have their usual eigaificsnce)

The quadrupole eplitting for Busn(0)OAc ie essentially the same

as those for phenyl stamuoic carboxylates but that for Busu(0)OK
is appreciably lower. As because Busn(0)UH is mown to have a
tetra coordinated tin atom, the inoressed large splitting may be
atiributed to peata coordinstion about tin atom for the carboxylate
derivatives.



L8~

U the basis of mossbauer data J.R.5ams and his co workers
(18) suggested n oycliec t#imeric structure as in figs VIII, but
they have not excluded the probability of linear polymeric stru-
eture involviag bridging oxygen atoms. . “oller et al (15),
ture mosabauer offeet an ahown by these compounds preferred to
suzzest a linear polymeric atructure with bridglag oxygen atons.

Iafrared absorstion of impure phenyltin undecenonte and
pure phenyltin stoarate have been studied in detail by - lame
ot al (18), They have sssigied ~ 1536 on™> ana ~1412 on " bands
%o carboxylate sroup vilrations and have iaferred that the carboxy-
late group to be eithaer chelating or iounic. The positions of the
bands, however, have not boen shifted in solutioas. laterpretation
o!nbmtlm“b&-bﬁou-"hudmuWMOm
of Sn=-O-dn bond accords well with the V) as (Sn-U-in) stretohing
in mono aad dialkyl poly etanaoxanes (70=72). Assigmment of the
Yas (Sn~0-tn) band virtually led them to propose a structure as
suggested in fige VIII although possibility of a2 linear polymeric

structure was not excluded.

The moet widely studied reactions of orgasotin carboxylates
are decarboxylation aud dieproportionation. An interest .ng coyano-
methyl derivative (yleld §0%) le formed whea triphenyltin cyano~
agetate is heated under vaouum (73).



-2 D=
(Ogig) 5300000, —=—o (CgHly) SnCH0H —+ 00g

But in case of aliphatic series, this type of conversion is less
pronounced, the organotin cyanomethyl compound is produced in low
yield. _

Trialkyltin carboxylates of uasaturated acide give tetra
substituted organotin compounds after decarboxylation (74,75).

HgBAUCUOS GR! —2 > R baC= GR'+ GO,

[dhﬂlR'nO‘ﬂ’M%]

Tharmal deconpoaition of triorguwtin formnte yielda the
corresponding hydride and this reaction is wsed sometines for the
proparation of hydrides (76).

g0 uH 0 Rgdal -+ 00p
[2en - ogiigy n - oy |

sayferth et al (77) used successfully the reaction of
with eycloocten @ as a carbeue transfer reaction, although the

W,+O———b Qm+w +-00g
B

(vhere R = OHz, Gghgi % = G1,

R Sa—
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Dielo-Alder type reactions havo been carried out by A.S.

ufti and R.CsPollor (32) with orgenotin corboxylatos cnd dlencn.

i
HO - COOCHz "\ -c000

O+ N — 5 | oo
| chl - CO0Snlz @ (

[: R = n-C4lli Cgll }

TC008NR

An equilibrivm 19 ostabliched whon triallyltin carboxylates
and thiolo. are mixod togothor (78).

RgSnOQUR' - RUSH —— RzSnSRY+R'000H

The reaction can bo driven fron left to rigﬁt 1f tho orgnnic geold
formed is volatile and ean ongily be removed from the cequilibrium
nizturo.

In recont years somoe metallo stannoXenes have becn isolated
atarting £ron organotin carhoxylatcéJ Thua ailyl sﬁannaxﬁnae nay bo
preparocd by heating triphenyliin acetato with dphonyl diothoxy.
silicon at 170° for 20 hrs (79).

PhsSn0AC+PhyB1 (0Bt )y ——» PhpBl(08nPhy ) +-REt0AC



w3l-

Un condensation of tributyltin acetate with alkoxytitanium,
titanostannoxanes are formed (80).

BugSnOAe + 11(0Bu), — b BuginoTi(0Bu)y
J'(mu,a.z,l
Bugsnoid (D0l g ) 54

Dergasotin dicarboxylates underge rediastribution with
oarbox;lates of the type Redni(UOUR'), where L =0l, Nr, I, OCHg,
R (3).

A mixed ecarboxylate vis., dibutyltin mothoxide acetate
reaotes with chloral %o fomm a new carboxylate derivative. The same
BupSn(0As)p and BugSn[00H(0CL;)0Me], (8)s

Bugsn(Uile)UAe  CCLz0HO
T Bugln(VAc)uoH( 00l ) Oile
sugiacona)y +iugia [oatoaglase]

1,9 tetrabutyl 1,3 diacetoxy distannoxane reacts with
‘Busito sive ('mo)wa-hgcm') (17481)..
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Ae0Bugia0sRlugUAe + 2iB00R —( ¥Bud0)BugSnosnBbug
(0omu®)

Oligoneric acetate is usually formed when s dialikyltin
dtacetate and a dlalkyltin dlalloxide are heated at 120° in water
for 2 hre (82,83)

(% + 1)BugBn(oae) s 4 (x + 1 )Buginlibu)y ——
Bu0(Bugind ) o, 4 SINZ0A0+-(2x+1) Budie

Algoneric - diagetoxy staniorancs have also beou prepared by
the hydrolysis of dibutyltin diacetate in acetone. The produced
acotic acld is reoved by methylating with diasomethane (24).

Bugin(one)y 10— 2R b AeO(Bugng ) SuiugOse
+ Helie
(vhore x g 133,7,18).

urguotin tricarboxylates may easily be hydrolysed in
benzene solution to give polymeric orgauwtin carboxylates ae sugs-
ested by ReUsPoller and his oo workers (15).

| RSR(O0URY ) - Tig0 —ofian(0)000R" |, +2R* 000K

Recent studieca on polymeric organgstanwie ncide have
arisen counsiderable interest about the nature of these iateresting



elass of compounds. The organostamncic seids, Rin(0)UH are generally
arepared by alikaline hydrolysis of an orgawtin trichloride (2).

Romky — 0N syex + Ren(oH), — 22, Rsn(o)on

[wm:.m]

The hydrolysis of %Sai; prooseds through various inter-
mediate etagos. :ith aliphatic trihalide, RéaClyg, the producte are
Rn{oM)g0L, Hou(OR)OLgs Mgl Wn(OH)OLy or [Rén(o)al], depending
on the resction sondition and nature of the aliphatio sroupss A¥ yi-
tin trichlorides, on the othexr hand, ylelds ao properly defined
intermediate produste (57). The hydroiyeis may alse be induced by
water alone.

The reactions of povassiua or sodium stamndte and aliyl-
halides in cold allmli (38-43) providee aucther nource of organo-
stannolic sold derivatives.

el +-lagSndpy —b HeS5(0)0 Na + lial

An interestins type of compounds is formed when stannoie
acids, [R9n(0)oH]y ave treated with carboxylic aoids. Thus on treat-
nont of [lesn(0)Ul]; with acetioc aoid, peata asyl staniozane is
produced (39),
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OAs VAe VAe
[nm(o}m]_,+m,ooon-_+m—ll - ; o=n
He e 1l

Recently Seme et al (18) have identified phenyltin stearate
and phenyltin undecemonte as the decomposition producte of the
respective triphenyltin oarboxylates during long storage. They were
unable to repeat the work and 4id mot suggest any definite reason
for sueh decompositions However, they proposed that some sort of
trpurity aight have eleaved the tin carbon bond resulting the poly-
mers.

ReUel0ller and hie oo workerm (10) have poinved out that
such type of cleavage is probable if eatalytic amouant of water
together with free carboxylic agid is present because atrong
carboxylic acide may cleave tin carbon boads. in support of the
above statement they reportod the formation of three polymers of
the same type vis. Phsn(U)OuoR|,[whore R = CULg, ORy and O(CHy), |
when triphenyltin hydroxide and the corresponding oarboxylic acid

In view of the fact that the hexaalkyl/aryl distannoxanes
have been shown to resct quite readily with covalent halides (85,86),
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it is reasonnble to expeot for organctin onrboxylates (which aleo
contain tin oxygen linkage) would, therefore, underge a variety of
renctions with covalent metal halides and carboxylates. In the
present investigation, action of mercuric haliides, merouric ace—
tate, ohenyl mereuric mcetate aud caduiws lodide on triorgasotia
carboxylates have been studied. Triorgacotin ocarboxyl tes wused in
this investigation ineclude mome aryl, u:.mmmm
mmmuu in which the oarbox;late groups have varied nature.
The renctions of triphsarltin carboxylates huve been studied in
detall mailaly beocause of their promounced reactivity towards the
above reasents.

Tpipheayltin earbox-lates react gquite readily with mereurie
halides at room teuperature produeing vhenyl merourio haildes, wrl-
phenyltin halides aad orgauotin polymers. Tlhe ocuvmposition of $iu
polyners depends on the nature ol the carboxylate groups and also
on the narticular nare.ric halide used. For exanple, the reastion
of triphedyltin ncetate and proplonate with mereuric chloride pro-
duces a polymer wiich contains a very few pheayl groups iadicating
that an extensive migration of pheayl groups from the tin atom to
merowry atom has taken place. /hereas, in case of the correspond-
ing formate, the polymer obtained coatains at least one phenyl
group pertin atom even after the gquantitative conversion of the
mereuric chloride added to phenyl mereuric chloride.
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un the other hand, the conversion of mercurie chloride is
ouly about fifty percent in case of reactions of tripropyl and
acetate practically does not react with mercuric chloride under
similar conditions. It has been further obmerved that the remoti-
vity of triorganotin carboxylates towards merouric chloride varies
in the followins sequences

Ph) ey Wmm

Reoasetions of triphenyltin carboxylates with mercuric bwo-
nide snd iodide produce polymerie compounds wiloh contains at least
one phenyl mroup pertin aton. The reactions involving merourie
igdide are slower aad uareascted morourlic iodide hapn slwaye boen
recovered under the similay reaction conditions, 'hus a depends
of the reactions on the halogen antums have alwo bean observeds

Zhe present iavestigation yielded o aumber of mone organntin
polymers from the reactions of triorgasotin carboxylates with mer-
ouriec salta. It has been found that when twlorganotin compounds
organic groups takes place easily from tia ntom to mercury atom
resulting the formation of various types of organotin polymeric com-
pounde. By varving the nature of oarboxylate groups of triorganc-
tin carboxylates and halogen atoms of mercury a aumber of polymerie
compounds with the approximate composition of |ian(0H)gOCOR' |,
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[mtom]*. [sa,(om‘ L have been obtained, Dus %o the lack of
faeility, moussbauer speotroscopy studies of these compounds were
not poseible. In order to get an idea about the mbtwre of these
with chenical analysis and infrared spectroscopy have been utili-
sed.

Some polymeric momo orgaiotin oarbox lates have recently
been reported by Jams et al (19) and ReUskoller aud his o0
workers (40). As neationed earlier Same et al, lowever; could aot
repeat their work but have su gested the preseace ol some impurity
a® u causs of suoh degradation of the parast triorgssotin earboxy-
lotess The present studles show comolusively that a dogradation of
triorgaaotin carboxylates to momo orgauwtin devivativee is quite
feasible by merouric salts aud nmay be used as a coavenlant route
for the preparation of these compounds.

Renct'ons of meroa'ie acetate and phenyl mercuric acetate
with triphenyltin acetate produce diphenyl mercury and polymerie
shenyl stensole acetate, [Phia(0)oss |, « But in the resetion of
tribenzyltin noetate with merewric acetate bensyl merouric acetate
is one of the produgts 1denmm!mm
howaver, produces mo polyumeric product but a aew onrb J '
vative of stannoxanes vige 13 umxmwmwm
distannoxane. lercuric acetate does mot practically react with
tripropyl,; tributyl and tricyclohexyltia acetate in the same ocondi-
tlones
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It is interesting to wote that cadmium iodide behaves
entirely in a different way. It transforms triphenyltin formate
and acetate into poly stannoxanes such as PhySny and tetrapheayltin
without 1tself being taling part in the over all resctions. Cadmiun
iodide, thus, catalytically iluduces transformation of triphenyltin
carboxyvlaten.
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All the solvents used in these experimeates were purified
and a@ried as described in Vogel's practical organic chendstry (87).
points 80°=80° unlese otherwise mentioned. lerourie chloride (B.D.
He )y meromio bromide (B.f.), mereurie iodide (¥.M.), merouric
acetate (D44.), phenylmereuric acetate (Riedel) and oadnium iodide

(BaDalls) wore dried in an air ovenat 108° for 12 hours aad kept
in & vaouum desiocecator for use. ALl melting points were uncorrected.

Triphenyltin ohloride (Vlulm A.Gs Switzerland) was recrysta-
liised from petrolews ether, mepe 105-108° [11t, (83), mepe 108" |
winioh was theu used for the prevaration of the triphenyltin carbo-
zylates. ‘rieyclohexyltin hromide (carrel products, dow Tork); Mmepe.
v’ [M.t (65)y mepe 'l"?olnl used without further purifications “ri-
butyltin acetate mepe 83-84" [:m (83), meps m"'l(nﬂl Aelie
Switseriand) was used in those reactions without further purifica-
tione Dipheayltin dichloride, meps 42° [14% (8) meps 42°]ontatnca
from Fluka A+Ge was used for the preparation of polystannoxans
such as Phpdnl,

Triphenyltin fornate was prepared by following the method
of Sams ot al (18). It was then wemrystallised from bensene/
potroleun ehter nixture and dried in vacuum for 12 hry, meps 201~
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mil"[nt (18) 5 meps WJ(?DMC Sn = 29,9955 Oalod. for
Oyglly gindy | 50 m 304075)s '

B. .1' ‘ Arl=TN

Triphenyltis acetate was prepared by refiuc iag nethamol
solution of triphenyltin chloride with a slight excess of pota~
seium acetate for 4 hr. After evaporating the solveat, triphenyl-
tin acetate was extraeted with petroleun ether and on concentration
of petroleun shter solution, pure tripheayltin acetate was obtained,
meps 121° [ 144 (89); meps 120-122° | (Younds un @ 2941045 Calods
for Ggglly9n0p + Ga = R90&H)

Triphenyltin propicaate was prepared hy shalting, etheral
solution of triphanyltin clloride with an ajqueous molution of a
olizht excess of potassium acetate (18). The product was washed

sugcensively with water and ether and was dried in vacuun for 12
by meps 122°[13% (18) mepe 122-125° | (Younds on = 284124 Caloed.

for Ogyly,9n0p ¢ Sn 3 20.084).

By renoting hexapropyl dletamoxane (Fluke A.G.) with mer-
curioc acetate (1s1) in ether solution at room temperature, tri-
aropyltin acetate was obtalned from the ether filtrate. After
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recrvetallisation from ether, pure tripropyltin acetate was obtain-
od Mepe 99° [m; (89) mepe 1000] (Pound 3 C g 42,9053 H w 7.71%
9n w 3846155 Caled. for UygHy,Sn0p § O w 43,045, 1 w 74835 Snw
38,71%).

5. ireparatios

ribensyltin ehloride was prepared according %o the method
of Sohimits-Dusont et al (90) and was reerystallised from acetose,
neps 242° (188 (90) meps 142444°]|(Pounds Sn o 27.6%% Calods for
aﬁhm 5 Un w BVY95).

.I " P@DATATION C

By stirring tribensyltin ohloride with sodius acetate in
ather (858), tribonsyltin acetate was prepared. Rearystallisation
from acetone afforded pure tribensyltin scetate,msps 119° [14%
(89), mepe 127-118° | (Pounds Sn = 26,18%; Caleds for Upgiy,sudg’
Sn g 26,345).

7« Ireparatio

Tfrieyclohaxyltin acetate was prepared by reflucing tri-
oyelohexyltin bronide with a slisht excess of potassium scetate
in methauol, removing the solvent and extraeting the product with
bensene. Crystallisation from beunsense/petroleun ether mixture
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afforded pure Tricyclohexyltin acetates mepe 62° | 11t (5) meps
62+637 | (Found: S w 27,68%; Oaleds for Ogollsgindy  5n = 27.83%).

Mohenyltin dichloride on hydrolysis with 105 methanolie
potassiun hydroxide yields diphenyltin oxide after washing though-
Ly with water, methasol, beasens aud drying at 100° in vecwum for
12 hr (5). IR spectrum of $his compound was identical with the
speotrun of diphenyltin oxide reported by Gummins et al (91) (FPound:
R = AR,51%; Calods for UggH im0 S0 = 42.60%).

Mpheayltin diacesate was prepared by treating diphenmyltin
oxide with acetio acid in hexane (92). The hexane solutlon afford-
ed owre diphenyltin dimcetute after several reerystallisation, mep.
116° 145 (92) meps 126-327° | (Founds Sn w 304174 Calode for
Cyglly gy * 90 = 30,385).

A1l those prepared sanples wers used in the subseguent
reaotions and also used as autheatic samples for mixed melting
point determinations.

Authentie sanples of phenylmercuric chloride, bromide and
iodidey propylmercurioc chloride, tripheayltin bromide and igdide,
sripropyliin fluoride, tetraphlnyltin, diphenyl mercury, pheayltin
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chloro dioxinate and phenyltin lododioxinate were prepared pre-
viously in this laboratory and have been used for mixed melting
point deterninations.

He24 gn of triphenyltin formate was dissolved in 250 ml
of bonsene in a litre flasks o it 3460 gn of merouwrio chloride
diesolved ia 500 ml of ether was added slowly with stirring. A
white proeipitate vas fomed after a while but the stirring con=
tinued for 5 hr at room temperature aud the whole solution was
ikopt overaight to easurs complete reaction. Ihe mixture was thea
flltered aud the residus, 3492 gn, digeeted in a coxilet with ben~
sene for about 12 hr. 1482 gn of soldd (104), meps 270°(4) wae
found inasoluble. The bensene soluble fraotion was svaporated and
2400 gn of solid material (108), meps 247-249° was obtaineds the
filtrate was alowly coucentrated asd the following fractions were
obtained:

1) Shining leafy orystals, 100 gn, meps w-w’em;
2) Urystalline 00lidy 1485 gny mepe M. (10D)
3) Oryetalline solid, 206 gn, meps 100-202° (10%)

The Sractions (10B) and (100) were fouad %o be ideatical (mixed
seiting point deterninetion showed no Aspression) and henes nixed
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together (107). The fractions (10D) and (10L) were treated with
petroleun ether in cold and the petroleun ether soluble fractione
were mixed togother, fwom widoh 2,60 gn of eryetalline solid (10G),
feps 101-106° was obtainede The petroleun ether insoluble fract-
lone from (107) and (108) had idestical melting poiat aud henge
and cooleds un filtration 1.16 gn of white leafy orystal, mepe
249-281° jaeutical with fraction (10F) (memep®) was obbeined and
ware nixed together (10M). .

letm ether to fur:ish a orystalline solid, meps 106° and Ldestified
as triphenyitin chloride by mized melting poimt determinstion with
an authentiec sanple of triphaayltin chloride, [ut (88) meps 106‘].

The solid (107) on reorystallisation several times fvom

benzens vielded leafy ovyetals, meps 251°, It was identified to be
pheayl merouric chloride by mixed melting point determination with

* nixed nelting point deternination which showed no depressions
]



Pig. 241 IR apsotrum of polymeric compound phenyltin dihydro
formate, Phin(OH)oUCOH obtained from the reaotion o?

triphenyltin formate and mercuric chloride.
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an authentic sanple of phenylmercurie chloride, [ 11t (89) meps

au'] -

The solid (10A) was identified as a polymeric orgasotin
compound from the following observations:
1) Iasolubility ia almoat all common crmml.o solvente"
2) Decomposes at 270°,
3) The IR speotrum (fige 2.1) showed the following
major bands.

V(o) = 3540 an™; 3570 ou™t
V000) = 1578 ea™; 1860 em”t
Vel Bn-0-6n) = 560 op™t
on the basis of the clemeatal anslyeis and IR speotrum the
polymarie conmpound was identified as

1 °%w§° g B g M“??"wﬂ—_

" :: £ '"W,u“wm serives ow
i Ww n w‘ m; ’g

llnt cloum



Pige 2.2 IR speectrum of vhenyltin trioxinate, Phin(0x) 5.

P18+ 2.2A Absorption spectrum of pheayltin trioxinate, Phan(ox)g
in the visible region.
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(Pounds C w 31.99%, Il = 2.65%, Sn = 42,10% Calods for CanllypngUgg
O # 314726, 1 w 24865, In w 42.39%) with esveatially the[OgHgsn

(OH) 000N | wattes

The 80lid polymerie materisl gave an oxine (8=hydroxyquino-
line) derivative. Thus on treatment of 0.50 gn of the polymer with
an excess (1.50 gn) of oxine in refluxing methasel for 4 hr, affor-
ded & methanol insoluble yellow erystalline compound (1.10 gn)s Thie
compound was washed thoroughly with methasol, bensene and reerysta-
oure oryatalline compound, meps 302-303°, fdentifioed ss phenylitin
trioxinate (IR spectrun £igs Ze2) was obtained [fowsd & U w6R.60%,
Hm 5u615y 4 w 7,075 30 = 18,86/ Oslods for Ogglipali Ogsn ¢
0 = 634085, H = 54608, N » 64095, on w 184965 [» The filirate and
washings allorded only uareascted oxine.

Although the solubility of Phunuxy in methsuol is very low
but ies suffielent esough %o allow measwrement of oleotrounic tran~
sition mpeotrun in that sulvent. The visible spectrun in methancl
showe & broad band at about 3890 mu (fige 242A) siuilar to that of
BuSnoxgs The observed molar extinotion coefficlent (646 x 10%) 14
aleo typieal of the orgauotin trioxiastes (114).

That the yellow cumpound which was ideatified a® phenylf
trioxinate contained one equivaleat of phenyl @roup has beem obser-
ved by the reaction of 050 gn of phenyltin trioxinate with an




Bige 248 Ik speotras of polymeric phenyl stawwic acld, ‘homlv)uil.
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excess of merouric chloride in refluxing beusene for 6 lw. The
quantitative isolation of 0424 gn of phenyl nerc.ric chloride
(memep) showed the presence of one equivelent of pheayl @roup per-
tin atom in the eompounde

This samnple of pheayltin trioximate was used as authentio
samples

When the resoction of tripheayltin formate and merourie
ohloride was carried out in not so dried solvente (benseuns/ether)
the nature of polymer was found to be different. The produot was
identified as pheayl stanwic aoid,|Cgligsn(0)u| by elemental
aualysis and IR spectroscopy (fige 2.5). (Founds C = 51.00%,
U ® 24805, Sn = 514238 Calod. for Ogiginlg ¢ C = Sl.dds, H e
2460%, 3n w 51,90%)s The IR speotrun of this polymer wss very
siniler to that reporfed by Cummins et al (91)e

During long @torage of the polymerie mmﬂh

um].maumaymm-msm-uwuamm
1t decomposed to polymeric [UgHgdn(0)oN |, we identified from IR
The polymere from the above resctiona were found mot to
contain any halogen me tested according to Vogel (93),
It was found that the solution after the origlinal reaction
contained chloride and formate ion, To test for theose lous, the
solvent after a separate run of reaction nmixtwre was distilled
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onutiously in a clear, clean flask and the presence of chloride
and fomate ions were detected in the distilate qualitatively+(93)

To a suspension of 4«81 gn of merowic bromide in 400 ml
ether, a solution of 5406 gn of tripheayltin formate in 400 ml of
benzens was added slowly with vigorous atirriasg at room tenpera-
tures The mixture was atirred for 7 hr and kept overaight. A white
pregipitate appeared in the solution and filtered. 3.76 g of
residue (114) wae obtained and was digested with hot bensene in
a soxheet for 12 hr. The resldue 178 gn (118) obtained after ai-
gestion was found to be insoluble in other commonr orgauic solvente
and decomposed at 270°, The benzene solution was evaporated to
dryness and 2,00 ga of Ry erysvale (110), meps 270-276° was
obtained. The original filtrate on oconcentration to about 30 ml
of volume gave 287 gn of flaky orystals (11D), meps 270-278°, the
fraotions (110) and (11D) were found to b identical (memep) acd
were mixed together. The mixture was rogrrstallised several times
fron benzens, which furiished pure orystale, mepe 276° and was
charagterised as phenylmarcuric bromide by nixed melting point

———— - -~

* The same procodure have been adopted to deteot the formation
of carboxylate/halide ifons during the latter reactions.
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deternination with an autheatic sample [nt (89) mepe M’]n
The filtrate after separation of (11D) was evaporated to drynese
whareby a widte S0lid 2,70 ga, mepe 120° (118) wao obtained wideh
on recrystallisation from petroleum ether afforded a orystal, mep.
122° ana was 1dentified as triphenyltin bronide by mixed melting
point deternination with an authentie sample [nt (94) mepe M .

Ldeatification of the aplid ALy

The solid (110) was ldentifiod as & polymeric produst from
its physieal properties as meationsd before. From clemental analy-
ais and ideatical IR spectrum with fig. 2.1 1t was identified as
polymeric phonyitin dLiydrexy fomate, [Ogllgsaldil)y0ool], sad has

(6H5 OH %OH (6H5
HOCO— ;n< \] Teg — ocom
| e \ /s“

CgHs .' (Hs 3 OCOH

(Younds U & 51,087 i = 24815, Jn g 48.20%, Ualods for Cypllggduglag:
csu&m, n.g:lm 'dnnﬂ.m)o

. This polymer was found 0ot to cuntain any halogen as teat-
ad qualitatively. lowever, the liberation of hydrogen bromide and
fornic aclid was obaserved duriang the resotion.



n 2,4 IR spectrum of the compound |Sn(OH) ] cont
by boiling ; .

3 g g
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Jn treatment with oxine by the method desoribed earlier,
this polymer also afforded phenyltin trioxinate, mepe 302-303°

(meman).
The thermal decomposition of this polymer vise|Cglgsa(OH)y

V00K |, was followed by IR spectroscopy nad chemical testos About
0420 @n of the polymer was takes iu a flase tube aud was heated ou
& sulphuric aoid bath at 280° for five minutes., The colour of the
white material was changed to pale yellows The gas ovolved wase
jdentified as carbon monoxide aad water by gualitative teoste (93).
"hin(0)oH by IR gomparison (£igs 2.54) with etandard speotrum (91).
It may be mentioned here that Sn=H band 1s produced by heating
trialiyitin fornates (76). We could uot deteot any Sn-il bond im
our oase but,on the other hand the SneO-in stretoh beodensd and
also there was convlete absence of UCU growp vibrations.

The plymerie [0giig3n(OH)5000R | when diesolved in botling
dimethyl formamide, concentrated and precipitated with petroleum
ether yielded a dilferent polymeric material which by eleseuntal
eaalyeis and IR spectrum (£igs 244) was ideatified as essentially
perceatage of carbon may be due to the presence of & very few phen-
¥yl group acting as a termimal group (Found : C g 5.005, H = 2.165,
Sn = 62,80%; Caled. for Mgsnoy ¢ H e 2,145 ine 634591) .



To a solutioa of 2,60 gn of triphenyltin formsto in 200 ml
of benzeine, a solution of 3409 gn of mereuric lodide in 800 ml of
ether was added slowly with stirring at reoom tempersture for 0 hr
and ket overnight . During stirring a white precipitate wes formed
aad 1t was filtered off. 1.62 gn of white residue was obtained and
was digested in a soxhlet with benzeue for 12 hr. The residue,
1402 gn (124) obtained after digestion was found to be iasoluble
1a coma orgasic solvents and decomposed at 276°, The benzens eolu-
tion on concentration ylelded 060 gn of white solid,; mep. 266~
268° (123).

The original filtrate on slow evaporation gave the follow-
ing freactions:

1) Shining orystals, 0420 ga, mep, 267-268° (120)

2) Shining oryotalo, 0.30 gn, mepe 2062-267° (12D)

3) A orude nixture comSainiug red and white materiais,

415 o (128).

The fractions (128)y (12C) and (1£0) were Lound to be

ddentiocal (menmep) and mixed together. The mixtwe was reerystalli-

dmmuaummwm.mm.mmm'-
identified by mixed melting point deternination with an authentio

sanple [11% (39) m.p. 266° |,



1g. 2,6 IR gpectirum of polymeric compound phenyltin IRy
foruate, Phin(0H)p0C0H obtained from the reaction of
triphenyltin formate and mereuric iodide.
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The fraction (128) was treated with 25 ml of petrolewm
ether and then filtered. the filirate on evaporstion afforded
0464 gn of a white orystalline solid, mepe 114=116° (127) which
point 120° and was ldentified as tripheayltin lodide by mixed mel-
ting point deternination with an authe:tio eanple [11t (39) meps
M']'. The residus aiter the above process was troated with
76 ml of hot beasene sad £iltered. The residue, ls50 gn, wideh
renained iasoluble wae identified as uareacted mereuwrie lodide
by ehemioal tests aceording to A«L.Vogel (98), The beasens solution
on evaporation ylslded a white orystalline solid, 1030 guy fepe
196=199°, whioh on Peorystallisation from bensens had its meltiag
point 200-201" and was identified ns unreacted tripheayltin formate
hl’).

Ldenuification o7 solid 124s

The s0li1d wae identified as a polymer from ite general
phyaieal oroportics. It showed the presence of lodide ion by qua~
1itative chenical teste. ‘rom the elemental auslyels and IR spec~
trun (fige 246) this polymeric compound was identified essentially
haviag the following ocouposition.

Hs OH[_ (gHs _OM GHs
HOCO — / / \tl

g —0coM

' OCOH 3"{ <'nu ’



w5 O

(Founds C w 274047, H @ 2,40%; I = 84125, S0 » 3963% Calods for
"M"ux ' O m 28,300, Hg 2.680 1 » 8,060 5n = 59,998).

The liveration of lodide and formate ilon wevealso deteated
duriag the course of reagtion.

13.

o a solution of 5416 gn of triphenyltin acetate in 300 ml
of @ther, a solution of mercuric chloride, 2.09 gn, in 500 ml of
other was added with cvastant atirriug at room temperature. A white
pragipitate was formed irmedintely, hovever, the stirriag conti-
nued for 8 hr and the solution kept over uight to cusure the con-
slete reaotion, Ihe nizture was theu filtered aud & #hite residus,
170 gn, wan obtatunod (154). This solid (1UA) wae thea digested i
a soxhlet with beusens for 12 hr whereby a solid material 0,70 gn
was left (138). “his material wae insoluble in comnon orgade sol-
veuts aad infusibdle upto 360°, The 7iltrate on evaporation gave a
white flaky eryetal, mep. 246=-280° weighing 1400 gu (18C)s

The original filtrate on slow evaporation gave the follow-
ing fraotions:

1) Maky shiaing orystals, 130 gn, mepe 248=249° (13D)

2) “hite solid, 2403 gn, mep. 85-93° (138)

The fraetion (132) was treated with 50 ml of petrolewm ether and
filtered, whereby a white flaky 80144 0410 gn, meps 245-248° (138)
was left. The filtrate on evaporation yielded whlite opystals, 190



Fige 2.6 IR spectrum of polymeric compound [Mm) " .

a few halogen/orgmnic sroups obtained from lﬁm
of trivhenyltin mcetate and mercuric chloride.

f

"'II"_F

Mge 2.7 IR gpectrum of (EO).M
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@y Meps 108-204° which on further recrystallisation from petro-
loum ether afforded pure triphenyltin chloride, meps 106° (memep).
The fractions (13C), (13D) and (13F) were found to be identieal
(memep) and mized togother,Bn further reorystallisation fiom ben-
sene it afforded pure phenyl mereuric chloride, meps 251° (memep).

The solid (13B) was found o be & polymeric cumpouad from
ite general phvaeical sroperties. Chlorine wae detected in thie
polymer by qualitative cheniosl teste (93). From elmmental analy-
a8y TR spectrun (£1ge 246)[V(oH) = 3400 ™2, ) (sn-0-0st) = 850
ei™ | and oreparation of oxine durivativos this compewnd was idea-
tified essentinlly as polymeric [mm‘l_ with chlorize atom sad
vheayl groups probably aoting ns terniasl groups of the polymer
as suigested below:

on M —\Oﬂ/m— OH
i
3

(Pound * C @ 70008, Il w 2194y 5n w 58,685, Ul g 5,405 Calede. for
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Menm $ 0w Tolly H 2 1,785, n = 58486, 0L = 34515).

liberation of echloride and acetate ions have been deteo-
ted qualitatively during the reaction.

The polymer gave, on treatment with oxine, two oxinates
viZey phenylitin ohloro diexinate aud a new orgasotin oxinate.
whilch has beon formulated as Sng(0H)g0xge 0450 gn of the polymer
was troated with 0450 gn of oxine in methanol solution. The mix-
ture was refluxed for 4 hr vhereby a methanol ilasoluble yellow
produet was fommed. ‘he solution wam then filtered and the resi-
duey 0460 gn (15G), was washod sucoessively with hot methanol,
benseue snd tetrahydrofuran. it was fouud that the compound (136G)
wvas iseoluble in comnon orgacie solvents aud iafusibdle upto 380°,
The original filtrate and the washings were mixed together sud was
then evaporated to drynees. The dried yellow solid was then washed
shoroughly vith hot petroleum ether wnmi"m:.m. fraction
(1370) wolghing 0425 gn, Mepe 208-216° remaineds “he potrolewn ether
solution afforded only uareacted ox’ine (memep). The yellow com-
pound (131) was reorystallised severs) times from bensene whieh
afforded & yollow orystalline osmpowid, Mepe 217-218° aud was
identified ss phanyltinehlorodioxinate by m ixsd melting point
deternination with an autheatio mh[utt (98)y mepe W°]

The other product (13¢) ou the basis of elemental analysis
and IR 8peetroscopy (£ige 247) was identified as dimeric sng(OH)g0xp
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with bridging hydroxyl groups as followss

UH OH
l om |
x0— Sn/ ~>in — Ox
I on” |
oH OH

(Pounds ¢ o 329985, H » 2:73%, N u 4430, Sn & .49 Ualeds for
Ggallpingialy ! O & 340835, K » 24874, U & 4:40%, Sn = 3eS38).

mm.mm,wa«mmnwlf ;
wes added aad the suspeasian GALESSN Do & I eh Fo empetbere
and keot over aight. A white preocipitiewas formed sud ves filtered
off whareby 3.54 ga of a residus (14A) was obtoined., ‘he residue
was A4mested with bemsene in a soxhlet for 12 he and a white solid
(148), weighing 1.64 gn was left. Chis solid wos found to be iaso-
lubls in cormon organio solvents and was infusible upto 360°, The
bensene soluble fraction on evaporation, yielded 1.20 ga, meps
269-273°, of a flaky wiite naterial (140).

The original flltrate on fractlonal orystallisution gave
a flaky white 801id, mep. 268-274°, weighing 2,12 gn (14D) and a
white 801idy 1.74 gn, mepe 115-120° (148), The solid (145) when
treated with 50 ml of oold petroleun other loft a residue weighing
0410 31, mepe 266-269" (147), “he filtrate on evaporation afforded



Mg, 2,8 IR gpectrum m,r-u-.lu compound phenyltin dihydroxy
acetate, Phsn(0H)g0 obtained from the reaction of
triphenyltin acetate mercuwric bromide.

Fige 2.9 IR specirum of
propionate, ghﬂnw ““ﬂ%

of triphenyltin prop merouric bromide.
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a white orystalline compound (1.60 gn), meps W"g which on
reorystallisation from petroleun ether alfforded pure tripheayltin
bronide, meps 122° (memep)s The fractions (14¢), (14D) and (149)
vere identical (memep) and were mixed together. After recryste-
llsation Crom bensene it gave pure phenyl merouric bromide, mep.
3'5. (memepn)e

The s0lid was ideutified as a polymeéric compound from ite
infusdbility and insolubility in common orgaute solveato. The plly-
mer 414 not contain any halogen. rom elomental analysis and IR
apestrun (18, 2.3)the 9011d was identified as polymeric phenylbin
ashydvoxyacetate, |OgHgIn(uif)gooudiiy |

(Pounds O w 33,597, H @ 3,864, In = 40.78% Ualods fov UgllygSnigd
O m 35,8005, H g 3:46%, Sn w 41115 ).

The liveration of Wwronide and acetate loas was detected
in the golution duriung the reaotion.

To & solution of 4469 gu of triphenyltin acetate in 400 ml
of ether, a solution of 5.21 gn of mercuric iodide in 1200 ml of
ether was added slovly with constent stirring at room temperature.
The stirring was ocontinued for 2 hr and kept over aight. After the
filtration of the whole solution, 144 gn of a solid residue was
obtained (15A)s This solid after digestion with benzene in a
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soxhlet for 12 he afforded a white solidy 1430 gn (16B) which was
found to be insoluble in conmon orgacic solveants and was infusible
upto 360°, The filtrate after digestion was evaporeted to dryness,
afforded a white flsky solid, 1s10 @1, meps 266-269° (160)s
20144 obtained was firet treated with 100 ml of esld petroleum
ether while a portion of the eolid went into solutions The petro-
loum ether solution on fragtional erystallisation yiclded two
produstes, one of which was identified me unresoted triphenylitin
acetate, mepe 120-121° (memep), 0.99 gn and the other fraction
was identified as triphoayltin fodide, mep. 120° (nemeply 2615 gm.
The petroleun ethor insoluble portion was thea trenfed with 160 md
of hot bensena. The beusene freaotion on evaporation gave s flaky
80144, meps 264-267", 2,50 gn, was isentioal with (150) (memep) and
were mixed together. After reaerystallisation from bensene it was
identified as phenyl mere.ric bromide, meps 269° (memep)s The bea-
sene inecluble fraction was found to be unronoted nercurie iodide
(1420 gm) by qualitative tests.

The polymeric compound (158) showed the preseunce of iodine
by qualitative tests. un the basis of elemenial analysis, IR spec-

troscopy (similar spootrum with fige Re8) it was identified having
eagentially the following formula.
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(Pound ¢ O z 29407%, H u 2.65%, I & 5,38, in « 39:3/4 Calod.
: mosal“au’u&,t 0 m 2040890, I g 54066y I w 0«04, Sn @ 404880).

This solymerdie compownd on trentmont with oxine by the
arocedure desoribed earlier, afforded phenyltiniode dloxinate and
phenyltin tMoxinates Thus 0.50 ga of the polymer whea treated with
an exeess of oxine (0«70 ga) in refluxing methasol yielded 0.19 ga
of phenyltialodo Gloximate, Phinluxgs mepe 208° (memep) [ 14t (86)
MeDe nﬁ']m 0,20 gn of phenyltin trioxinate, Chinity, meps 308~
305° (mynen).

The formation of ilodide and mcetate ions during the react-

16, dea

5457 gn of triphenyltin propionate was dissolved in 400 ml
of benzene. 2o it a solution of 2,23 gm of mercuriec chloride was
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added with stirring for 8 hr at room temperature aad kept overaight.
A white precipiste wam formed and was filtered off. The residue,
2430 gn (16A) was soxhieted with bensene for 12 hy wherehy a white
90144 04,50 gn,y (168) was left. This white compound was identified
28 a polymeric compound fomm ite insolubility in common orgaudoc
solvents acd infusibility upto 360° as welle The benseme solution
obtained after digestion was evaporated to dryaess whereby a white
conpouisd 1480 @m, meps 248261 wna obtained (160). The original
filtrate after complote evaporabtlon .as treeted with 100 ml of cold
petroewn ether. 'he petroleun ether selution after evaporation yield-
od o wihite arystalline compound, &umwmﬁ"m-n
identified as tripheuyltin chloride after several recryotallisatioa
from petroleuwn other, mepe 106° (memep). The petrolew: other ineslu-
ble fraction, 040 g, meps 248-260" was mized with (160) (memep)
and after recryotallisation ‘ron bencene ldentifiod as phouyl mer-
ourio ohlorids, meps 261° (memep)e

The polymeric compound (163), from the elemental aualyeis
and IR conparison with £ige 2.6 appeared to be a very similar com-
pound as obtained from the resction of tripheayltin acetate with
mereuric chloride (experiment ios 13, polymerio compouad 138). Ia
thie compound the mmount of pheayl groups sresent was, however,
much lower as observed from the lower carbon coanteat of the polymer:
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On this basis, the polymeric gcompound has been ideatified cosen~
$tally 8 polmarte[sn(ui)y] with a fouw phear)/ prosonate an
terninal groupde (Found ! O = 1479/, H = 1.675, Sn e 62,005 Calod.
for HgSnd, ' 0 m 63.09%). Mo ohloride lom, could be detected in
the polymer by qualitative tests. Liberation of ciloride and pro-
plonate ions ware, however, detected dur ag the course of reaction.

1% |

o & solution of 2.60 ga of twriphenyltin proplonate ia 300
nl of benseus, 2421 gn of mercuric bromide im 400 nl of ether was
added and the suspension was etirrsd for 5 M at room tesperature
and kept overuiht. A white progipinte was fomed &uwrlng reaction
and was Tiltered off. The residus, 2.00 gn (174}, was digested with
benzene in & sechlet for 12 hr whereby a widte compound, 0490 g
(178) wae loft. This oompound, ideatifed as polymer, vas found to
be infusible upto 360° mnd was fnesluble in conuon orgasdo salvente.
The bouseme solution after Aigzestion, when evaporated afforded
1410 ga of white leafy orystals, meps 288-271° (17¢). The origial
filtrate vas svaporated tc drynees and the dried white asse mas
troated with 756 nl of ould petrolewn ether. fhe potrolown ether
soluble fraction after evaporatioa gave a white arystalline com-
ooundy 130 g1, meps 116-180° which was identificd o trishenyl®i
bronide after several recryotallisation from petroleus othery M)
122% (memep). The petrolews ether insoluble fraction, 1.02 g%y o
266-270" wna 1dentical with fraction (17C) (memep) snd were mixs
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from bensene when a crystalline compound, mep. 276, was isolated
and was ildentified as pheayl mercuric bromide (memep)e

This polymerio compound (178) was ou the basis of el enental
analyeis and IR speotrum (fige 249) could be nseigned the followiag
Lomula.

W, | s ]
el
‘lm el — a(m

= i3

(Pound ¢+ 0 z 9628y K = 5,378 in z 40,855 Caleds for
OaallsaisOyg * C m 34s435, H m 34840, Sn = 40,76).
Absonce of bromide lon was noted in the polymer by qualitative
tenta.

The formation of bromide and proplonate lous weve detected
during the course of the reaction by gqualitative chenical tests.

To a solution of 6408 gu of triphenyltin propionate in 500
ml bensene, 64860 gn of mercurie iodide in 900 ml of ether was added
and the suspension stirred for 7 hr at room tempsrature and kept
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overnights A white precipinte was formed and was filtercd off, The
residue, 1495 @1 (154), was digested with bensene in a soxhlet for
12 hr whereby a white bensene insolube compound, 100 g1 was obtaln-
ed (188). This was found to be a polymeric ocompound fron ite infu-
sible nature upto 360° and insolubility in common ormaic solventss
The bhensene solution on evaporation yielded 095 gn of a erystalline
compound, mepe 264-268" (180).

The origisal filtrate was then eveporated to dryuess and was
treated with 250 ml of warm petroleun ether. The pelcleun ether
solution on fractional eryetallisation afforded J0O g of uareac-
tad teiphenyltin proplonste, meps 122% (memep) aud 2490 gu of tri-
oheayltin 158ds, mepe 120° (memep)s The petroleun other imsoluble
frmotion on treatment with bensene afforded from the bensene soludle
fragtion, 0.78 g of u orystalliae sompound, mepe S04=268° which was
identieal wish (180) (memep) and were mixed tosethor. ihis then on
meps 269° (memyp)s The bonsens insolublo frechion, however, wes
ideatifiad as unrenoted morouric iodide, J+20 gn from qualitative

This polymeric compound on the basis of elemenial analysis
and IR oomparison with fig 2.9 was fouud to bs the sane compound
as obtained from the reagtion of tripheuyltin propionate with
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mercuriec bromide (experiment No-17; compound~175) and has been
formulnted as below:

ol

o= — Ol
on omu.mg d’“

(Pound » O » 34,700, Il @ S.31%, un w W07 Galods Sor
Ogaliggiilgieg * U = S4ed0fy H w 34845 Sn m 404760),

Iodine was absent in thds polymer however the formation of
iodide and proplonate lons, were detected after the romotion.

19, Heasct:

387 gn of tributyltin acetate was dissolved in 200 ml of
ethers To that a solubion of 2477 ga of mercuric chlorife im 500
nl of ether wae added with stirriag for 7-8 hr aud kept overnight.
amum-ndam:nmmm-ummam
all comaon orgaile solvents and infusible upte 500°, un tids basie
1t »ne identified &s a polymeric conpounds

The filtrate was evaporated to dryness and the whole mase
was treated with 20 ml of ice cold petroleum ether (hM’)uﬂ
filtered vapidly. Un evanorating the petroloun ehher scolution and
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repeatin; .he same proocess 0.76 gt of a liguid (198) was obtained.
The insoluble fraction wae thea treated with 100 mi of hot petro-
wWlean-MMWw’m
on gsevoral reerystellisation from petroleun other was ideatified
a8 butyl merouric ohloride, msps 129-128° [ 11t (89) mepe 127-230° |
(foundi 0 = 16+32%, H a2 2,89% Calod. MM P 0w 16s4150,

B @ 3408%)y and 1.88 gu of wnreacted tributyltin coetate, mep.

34 (namep)s Unvonoted mereuric ehloride, 1.40 gn, ideati@ied by
gualitative teats, was left se petrolemm ether inocluble part.

The liguid (19%) was tdeatified me tributyltin chloride on
the bagis of IR camnarison with standard speotrum (91) and alss by
converting the liquid (tributyltin chloride) to its sulid fluoride
derivative.

The liquid tributyltin chloride (0476 gm) wae treated with
20 ml of 204 ethanolic solution ol potasalum fluworide aud then
heated on & water bath for 1 hr. The nixture wae Shes poured imbo
a large vilume of ould water aund mmmmm 074
@ of a white s0lid, mepe 205-212°, On repeated orystallisation from
othanol, pure tributyltin fluorides meps 216° [11% (1) mepe 218-219°]
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vas obtalned. (Found: C e 46.43%, H & 3,61%, Sn = 38.15%; Calecds
mwrlﬂ.“gm How 347905 S0 u S8:4055) «

Ldeatdsioation of the solid LA

The polymeric compound (194) on the basis of clemental
analyeis and IR spectrum (£1g. 2410) was identifiod as polymerie
butyltin dihydroxy acesabes|win(Ul)guie] (Found: C =z 26,675 X =
HelSfly, N @ 45.90%) Ualods for Ughyesnl, + C = 26,750, H w 5e315,
Gn e 44,16%). i

Ohloride fon ond acetate lon were deteoted by qualitative
tants during the reaction, |

20, Rosob:

$:60 g of tripropyltin aootute wan asde iato solut:on in
300 ml of ethars 0o that a solution of 410 gn of mereo.ric chloride
in 800 ml of ethor was addeds The avlution was stirred for 7-8 hr
at room temperature aud kept over ailght. A white precipifite was
formed and filtered off, The residue, o.ufism). vas washod thpow-
ghly with hot benzene, ether aud tetrahydrofuran, nay be considered
to be & polymer boomuse it @ld not melt even et 560 nnd insoluble
in common orgaiic solvente.

~ The filtrate wae worked up adopting the senc srocedure as

deseribed in experiment llos 19 Tho fHlloviag producto were obtained:

1. Propyl mevouric chloride ¢ 2440 gmy mepe 144° (memep)

[nt (8) mepe Iﬂ’]
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Z¢ tripropyltin chlorides 1.00 gn
Ss unrencted mercuric chloride: 2,00 ga
4, unrescted tripropyltin scetate: 2,30 g
mepe 99° (memsp) [11¢ (89) meps 200° ]
to ita =01id flworide derivative by treatment with potassium fluo-

ride as described before. The tripropyltin fluoride had its melting
point 274° (memep) [116 (6) meps 2’ ].

o —
un the basis of elemental amalysis and IX speotrum( V(0H) e

5400 om TV (000) = 1560 an2, V., (Gum0=5n) = 550 o™ ) the polymerte

compound (20A) was identified as polymeric propyltin dihydroxy ace-

satey [Eren(oM)goie | | (Fownd: n w 4642185 Galods for CgllygSaby ¢

on m 48.605),

and soetate ions after the reaction.

4.27 m of trioyolohexyltin acetate was dissolved in 200
ml of ethars To that,2.71 @i of merourio ohlordde in 400 ml of ether
wan added, The solut on was stirred for 6 hw and kept overaights Mo
preoiniite was fommed Auring the stirriang. The solution was complete
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evaporated and treated with 100 ml of benzene. ‘he benzene solu-
tion afforded 4.20 gn of umnreacted tricyclohexyltin acetate, meps
6263° (mamsp)s 7he bensens imsoluble fraction, 2.69 gn, was iden~
tified as unreacted mercuric chloride. o other produste could be
iaolated.

22, Beao

o a solution of £.30 gn of diphenyltin discetate in 200
nl of ether, 2.,16 gn of merowric bromide in 400 ml of other was
added with stirring., After 8 hr, the etirriag was discontinned and
the nixture kept overnight. A white precipiate was formed whioh
was filtersd to give 2.81 @1 of a white residue (22A). The residus
was dlgested in a soxhlet for 12 hr with benzene. The benzene
insoluble fraction, 1.70 gn (22B), was identified as a polymeric
compownd firom its infusibility upto 360° and imsolubility in common
organie solvents. The bensene solution on cvncentration afforded
1411 on of & white flaky orystalline compound, meps 268-267° (220),

The origlaal filtrate on concentration yieldod 1.99 gn
of & compound, mepe 266=270° which was found to be idemtical with
the compound (220) (memep) and were mixed together. Jeveral recry-
stallisation of this mixture from benzene afforded a white cryeta-
lline compound, identified me phenyl mercurie bromide, meps 276°
(memep) e



identifiocation of the solid 221:

The solid (22B), from superimpossible IR spectrum with that
of the compound 148 obtained from the reaction of triphenyltin
acetate with mercuric bromide (experiment lo 14) was fHund to be

dihyaroxy acetate [Cgliyin(OH) 0000,/ = (Founds Sn = 40,968
Caleds for Ggiljoindy ' 30 = 41.115).

In tide case also the formmtion of bromide ion and acetate
ion were detected after reaction by .ualitative teats.

asreuric bromide:

- It was foun? that the remction of polymeric phenyliin
dihydroxy acetate (obtzined from the experiment No. 14) with mer-
ouriec Wromide 4id not take place at room temperatures But when
1.20 @u of the polymer was treated with 1,58 gn of mercuric bWro~
mide in 200 m)l of refluxing benzens for 8 hr, the reaction took
slace yielding 1.60 gn of phenyl merowric bromide (mesmep) and a
polymaric groduct 0,76 gas ‘he pelymer on the basis of IR compari=
son with the product 138 obtained from the reaction of triphenyltin
acetate with merouric chloride (experiment do. 13) was found to be
almost an identical product having the chenical composition essen—
tially as Sa(0H), . (Found: in = 62,625 Calod. for Hyind, ¢ Sns
83,39%).



#ige 2211 IR spectrum of pheayl stannoic acetate, PhSn(0)0COCH.

Pige 2,12 IR apeotrum of Phenyltin acetate dioxinate,
Phan(0COCHg ) Oxp.
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Liveration of hydrogen halide and acetic aeld during the reaction

was detected.
24, R

To a solution of 2,67 gn of triphenyltin scetate in 400 ml
of ether, 2.01 gn of mereuric acetate in 200 mL of etlvr vwas added
and the suspension stirred at room temperature for 7 hr and keps
overmight, A white precipiite was formed which wae filtered off.
The residue, 1:76 @ (244) influsible upto 560° wes washed HHPoWSHLy
with ether, bensene and tetvahydrofuram, It was fowid that the
80114:(244) was aparingly celuble ia chloreform aad wed reeryste-
1lised from this solvents

The Filtrete on concentration afforded 2.285 g of a neodle
shaped wiite ovystalo, mepe 122-126°. After several orystallica~-
tion from petroleum other this oryetalline cvmpound was Ldentified
as diphenyl meroury, mepe 124° [11% (89) mepe ‘Ml.']w nixed melting
point determination with an autheatic sample of diphenyl meroury.

On the basias of Jencral phyesical propertises, elenental
-lnll.ntt and IR speotrum (fiz. 2.11) the solid (244) was Ldentified
io phenyl stannolc acetate, [PM(O)MI‘ (Found: C =

u.mit..sam.an-a.mm Galods for CglgSads ¢ U w S5446K,
He B.m‘ on = “‘ﬂ)‘)o




0460 gn of the polymeric phenyl stamwic acetate was talken
in 200 ml of methanol. To that, 0485 gn of oxine (8 hydroxy quino-
1ine)y in 26 ml of methanol wae added nnd the suepension was re-
fluxed for 8 hr. The solution became olear yellows The solvent was
then completely evanorated on a water bath and the excese oxine was
resoved by washing with hot petroleum ether. The yellow eolid 1.15

ture afforded a yellow crystalline compound, mepe 243-244%, The
mm i.mmulun-mommm:yhhmum.

phenyltin acetete dioxinate, ‘hin(0Ae)Ux, on the besis of IR speo-
trum (£ige 2412) and elemental anslyeis. (Yound ¢ C = 55,088, H e
4:045%, i u 4,044, Sn g 21,06%; m.mww‘aomm
How 3,708, § = 5,168, in o 21,67%).

“he same oxiante was also obtained b the exohasge reaction
botween phenyltin chlorodioxinate aud silver scetate in refiuxing
methauol. The isolated oxinante compound had a supepimposible IR
spectrun with that of the oxinate obtained firom the polymer 24A
and oxine. The nixed melting point deternination showed no depre-
ssion in melting point indicating both the compound to be sames

preaent thesis.
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leate for acetate ion in the solut on after the reaction
of triphenyltin acetate with mercuric acetate were performed qua-
litatively which gave positive results.

To a solution of 0498 gnm of tripheayltin acetate in 150 ml
of ether, 1.62 gn of phenyl mercwric acetate (132) im 200 ml of
ether was added and the nixtwre was stirred at room temperature for
7 hr and kept overnights The whole solution wae filtered whereby
a recidue (25A) weighing 0.66 gn was obiained. The reaidue wae
found %o be insoluble in common organic solvents and was wvmohed
thiroughly with benseae, ether eto. It, however, was found %o have
a little solubility in chloroform and was orystallised from chloro=-

forme This was found to be 1afusible upto aao".
the £iltrate on svaporation afforded a wiilte orystalline

compound, 180 @u, mepe 120=124% whioh was identifiod as @iphenyl
meroury, meps 124° by mixed melting poilnt determimation with an
authentic saple after several reorystallisation from petroleum

This 0014d on the basis of IR comparison with authentic
speaotrum of polymeric phenyl stanaoic acetate and preparation of
oxine derivative vise, phenyltin acetate dloxinate was identified
as phenyl stamwic acetate polymery [Phan(0)ose |, »

The fornation of acetic meid during the reaction was deteo-

ted by qualitative testss
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The reaction of triphenyltin ncetate with phenyl mercuwrio
agetate in 151 ratio was also carried out in the similar condition
as stated above. The mroducts obtained are essentially seme except-
ing that in this case fifty percent wireccted tripheayltin acetate
was isolated. This indicated that this reaction alec proceeded in
132 ratio of the reactants, |

26w 1

2480 gn of tribensyltin acetate was diosolved in 500 ml of
ether. Merguric acetate 3495 gn (1:2) in 400 wl of ether was added
%0 the etheral solution of tribensyltin acetate. The muspengion
was stirred for O hr at room temperatwre and kept overaight. The
solution was clear and evaporated to Arynesss ‘he dried nass wes
then trested with petroleun ether. The petroleum ether solution
was then slowly evaporated whereby 4.30 gm of a avystalline white
80114 meps 122-128° yag obtained. This was then reerystallised
several times frum petroleun ether and was identified as benayl
merowmie acotate, mep, 128-120° (fige 2.15). (Yound 3 O = 304995,
H @ 2,908 Oalods for Uglygfigly # C u 30,860, i = 2e865).

‘ The petroleun ether inscluble fraction, 1480 @1, meps 135~
140° was oryetallised several times from benzene which afforded a
“hite erystalline compound meps 142-143° (264).

Jn the basis of elemental analysis and IR speotrum the solid



P8« 2413 IR spgetrum of 1,5 dibenzyl 1,8 dthydrox
diacetoxy distannoxane, BsAcO(OH)Sn(D!

4ge 2416 IR spectrum of bensylmercuric acetate, B&E
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had been characterised as 1,3 dibenzyl. 1,3 dihydroxy 1,3 diace-

toxy distannoxane, Bz(0H)OAcSnOSnOAc(OH)Bz. (Found: C = 36.33%,
H w 3,47%, Sn = 40.23%; Calcd. for CygHpoSngl, ¢ C = 56.78%, H =

3.74’, Sn - 40.&1*).

On the basis of the comparison of IR spectra of tribenzyl-
tin acetate, hexabenzyl distannoxane and this new compound 26A
(fig. 2.13), the following assignments of the major bands were

made $
3520 o™ —  OH stretohing
-1 - >
1590 cm™ ", 1540 om - = Q00 stretching (i mekric)
605 om™t = Sn-0=Sn stretching. @n\ammetr'm)

Since this compound d4id aot sf-&d dibenzyltin dioxinate on

treatment with oxine, 1t may be reasonable to believe that Bz. g, -

Bz
grouping possibly was not present in this compoud.

Pormation of acetic acid during the reaction was observed

by qualitative tests as described earlier.

To a 300 ml etheral solution of 3.08 gm of tripropyltin
acetate, 3.20 gn of mercuric acetate in 400 ml of ether was added
and stirred for 6 hr at room temperature and kept overnight. After
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that the whole solution was evaporated on a water bath aand the
solid thus obtained was treatod with 200 ml of hot petroleum ether.
The patroleum ether molution yielded 3.06 gn of unrescted tripropyl-
tin acetate (memep)s The petroleun ether insoluble fraction was
found to be unreacted merouric acetate, 5,18 gn, by qualitative
tests and melting polnt deterniontion. Hence it was observed that
practically no renation took place.

Tributyltin acetate and merouric acetate in etheral sus-
poneion was stirred for 8 br in 131 proportion at room tenperature.
By workiang up the reaction mixtwre by the same procedure se desori-
bed in exporiment Wos 27, tributyltin acetate mad mercuric acetate §
ouould be wecovered in original guantities.

- 3
:. 101

Quantitative anount of unreacted tricyclohexyliin acetate
and merouric acetate were recovered after a 13l proportion of eth-
eral solution of tricyclohexyltin acetate and mercuric acetate was
stirred for 8 hr at yoom Senperature.

30, 2

2463 gn of triphenyliin acetate was dissolved in 400 ml of
obtheres To that,2,36 gn of s0lid eadnium lodide was added and the
suspension vas stirred for 3 hr at room teuperature and kept over-



PiE. 2414 IR spectrum of diphenyltin oxide, PhgSnls
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night. The whole solution was evaporated to dryness and the solid
mass was treated with 150 ml of methamnol and filtered. The methanol
solution on conceatration afforded 2.30 gn of uarescted osdniun
iodide identified by qualitative chenical teste. Lhe methanol in-
soluble fraction was then treated with 100 ml of hot bensene and
the bensene solution on concentration afforded a white oxystalline
s01id, 1423 gn, meps 218-222° whioh on repeated crystallisation
from benzene afforded & white orystalline compound, meps 224°,
ideatified as tmmmwmwm noint determination
with authentic sansle of tetrashenyltin 14t (88)y meps 226°[. The
bensene insoluble fraetion,0«85 Zu,was found to be insoluble ia all
aommon orgaiic solvents and was infusible wpto 360°, This solid
was identifiod ae polymeric staxunoxane of the type hgSal on the
basis of IR comparison (fige 2.14) with standard -M'(ﬁ} and

preparation of oxine derivative, diphenyltindioxinates.

The oxine derivative was prapered scoordiny to Xupehik
ot al (115)s The solid was treated with hot alooholic selution of
oxines A yellow crystelline product was isolated which on further
orystallication fron beazene afforded Aiphenyltin &1oXinate, mepe
248-249°[14¢ (135) nepe 254-256° and 11t (116) mepe 248° |, 1denti-
oal (memep) with an autheatie sample of Adphenyltin dioxinates
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The same products vis., tetraphenyltin and polymerie di-
phenyltin oxide aould be isolated even if a very emall amount of
cadnium iodide was used. This indicated that cadnium iodide did
not take part in the overall reaction but acted as a catalysts

Teet for mcetic ncid gave a pooitive reeult in the solution
after the completion of the reaction.

a“' s

3440 gn of triphenyltin fornate was stirred with 3.21 gn
of cadniun lodide in 300 ml of tetrahydrofuran fox 8 hr and kept
overnight. The solveat was evaporated and the solid was worked up
following the method as desoribed in experiment Hoes e 1.46 @
of tetraphenyltin (memsp) and 1,24 gn of polystamwxase of the
type Phyind (identified by 1L epmparison aad nreparation of oxine
derivative) were lgolated.

Formation of formiec acid was deteoted guallitiatively in the
solution after reaction adopting the prooedure mentioned sarlier.




Infrared spectral data for different polymeric coumpounds
are preseanted here in tabular form. Nujol mull have been used in all

@ = strong
2 = nedium
W = weal

Vv = very

b = broad
6h = ghoulder
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Zable - IV

Speotral date (in om™>) of the Folymeric Compounds of the
type Phin(OH)p0C0H:

Profucts obtained from the reactions of
W i’m E'W
+Hgllg +Hghrg +HgL,
3540 wyb 3540 wyb 3540 wyb
} -UH etreteh
3370 wed 3370 webd 3370 web
16785 vye 1680 ven 1680 vys
1860 1550 » lﬂl-f \)“‘W)
1500 w 1500 w 1300 w
1180 w 1160 w 1180 Cei in
1078 m 1076 m 1070m
1086 w 1020 w mm-f
1000 w 1000 w 1000 w
7268 725 o 726 s
690 & 690 s m--j
660 w 660 w G660 m
560 syvh 560 ayv, b b60 syb
500 vw 500 sh 5600 vw
480 wvw 430 sh 480 ww
440 n 440 n 440 n \)B;

Contdees



; w 340 n W n
280 w 285 w 280 w W gl UneH)
sable-y

Speotral data (in m"’") of the polymeriec compoundis of the

type PhSa(0H)g0000,,

—————

Produsts obtained from the reactions of

“RgBn000CH PhgSnoCoCHy pate
w = e
3640 web 3640 web } < el
3370 wyb 3380 wyb '
1560 ve,b 1560 ve,b Vg 900)
- wer  BEar
1076 n 1080 m { GeH 4in

10286 m 1030 m defoma '

sontdes
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e i ~——— . ——————

Products obtained from the resotions of

S— . —
1006 w 1010 m Ring vibration

690 o 6898 o f M

666 m 470 ww

560 a,b 570 ayb V gl S0050)

500 w 5056 ww

47 w 480 w

445 n 440 w Vg

340 m 336 =

270 ww 276 ww Vgloneh)
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Zable- VI
Spectral data (in em ) of the polymerie compounds of the
type Phin(OH)g000CHCHy ¢

Produots obtained fron the reactions of

W PW Sugimate

_‘_“ +EE asgigments

3660 web “ub} P

3370 wyb 3570 web

1880 wvw 1880 ww

1820 vw 1620 vw

1680 s 1580 ¢

1640 s 1560 o f V g 909)

1160 vw 1160 w Ce=H in
deforna

1080 m 1080 m Gell in plen

1020 w 1026 w f bbm‘g

1008 w 1010 w Ring vibration

800 w 810 w -0 aym streteh

726 m 730 n U=H out of plane

890 o 690 o deformation

860 vw 860 vw

560 8yb 570 84b Vaa(snosn)

6500 m 8500 m

450 450 w Ve,

840 n 540 w

270 vw 275 vw Ja(s5nPh)
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Lable- VIL

dpectral data (in on™>) of the polymeric compound, PhSn(0)OHs

-y

—— -

Produots obtained from the reactions of

Phgfnogome g

3400 s,vh 3400 ayzvhd -Vl atreteh

1626 w 1620 w

1300 vw 1800 ww

1170 vw 1170 vw =K in plane
N iy { dofornation
1000 « 1000 « Ring vibration
W0 wwyeb 960 wvwyd

735 o 725 m O=il out of plane
880 o 6956 m f deformation
560 s4vb 560 s4vb Vi (8n030)

315 web 300 mb

- - et —————

* Desoribed in experiment Hos 10
#% Desoribed in experiment Nos 11
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Spectral data (in en™) of the polymeric compound [uwna_

200 wwed

850 syvb 570 syvb 560 syvd ) (En0d)
300 whb 300 wh 300 wh

* Deseribed in experiment lioe ile
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spmmtun"") of the polymeric compound of the
type RSn(0H)o0C0CHgs

e — e i b e e e e e et e e e e e e R et

froducts obtained fronm the reactions of

I, 51000, PgInICOCH,

+Hgllp + Hgllg

3450 wyb 3470 wgb

1560 s,b 1660 ayd

1215 m

1150 w 11650 w

1020 w 1010 w

890 w 800 m

760 w

750 w

700 m 690 w

650 w 880 w

570 m 560 wyb Vas( inosa)
470 w

440 w 380 m mm
330 w 336 w
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The reactions of mercuric halides with triorganotin car-
with hexa alkyl/aryl dietannoxanes (85,86). Hexa alkyl/aryl dis-
tanwxanes react with merowric halides in the following sauners

e (Rgon)0 + Mgk, —o RyinX + Reoa +[RoSn0 | + Rk
[#nere R = #hy Prs X = G2y Bry 1]
: r
2o (Rgin)y0 +Hgk, —> RgnmO~duRy —+ RigK + Dakl

[whove % 2 883 X g @0 |

on the other hand, the reactiocuns of triorganotin carboxylates with
merouric halidee nay be desoribed as followas

3s RgIn000R'+ Ngky —o Rgbnk + [Ra(OH) 000R' |+ Wik
[Mlppn, ry Bui X g 01y Bry Ij R' = Hy Cligy °l'l]

44 RgSMOCOR’ + Hgky —+ RydnX + [ﬂl‘ﬂ)‘]"t-m

[Where R = Phs X = OLi R' = Gl CgHg |
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It is interesting to mote that in case of triorganotin carboxylates
dealkyl/arylation leads to the formation of polymerie producte
containing one phenyl @roup pertin atom except for = very few ocases
s8¢y tho reactions of triphenyltin acetate aud propionate with
mercurie chloride, where the dearylation ie almost completes

The producte and stoichiometry of the reactions of trie-
organotin earboxylates with merouric halides may be explained by
the following stepss |

As
1e Rg9n000R"+ Hgly —» RpSai(000R" ) -+ REgL

2 R INK(UCOR) +  RgINOOOR' > Rgin(OOUR' ), + R onk
3s  RgSn(0COR"), + Hgky —> RSNX(OCOR' )+ RHgK

4 W(m'):-l- 2HOM — b Rau(nn)gum' +HK + RYCO0H

The overall reaction is RgSnOCOR'+ ZHgig+ SHg0-pRgiax +
REn(0H) ,000R * +- BRHgX + HX + R'COOH

[When R w2hy R' z M5 X = 01, Bry I
R = Phy B' = OHgs X w Bry I
R=Pry Buj R' = Uligi L = 01
Rw Phy &' = Cplig) X = Bry I |
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3.
1. RgSNOCOR'-+Hgke ——» RoSnX(OCOR') — RigX

2e n,ﬂ(m‘)-rwm' ——bw‘ml)'_‘_ RgSnX
3s RgIN(OCOR' )y + Hegke —> RSMX(0G0R" ), —+ RHgX

4, RSAX(OCOR'), +RgSMOCOR ' —» RSn(OUOR" ), + Rgbnk
Ss RSn(0COR')g+ Haky — > SuK(QCOR' )y + RHgX

Ge m(m*)a + 4R — Mw$‘+u+ 3R" COOH

e

The overall reaction ie therefore,

SRASn000R ' + SHaklo+ 4Hg0 — SRgSak + Hm‘-fm-}- HX+ 3R'COOH

Linere 2 w vnp 0" 5 Gy, Ogllgs Xw @ ]

earboxylate-halogen exchange, shown in second (mechaniem A and B)
and fourth (mechaniam B) steps, have been postulatod to acoount

for the formation of trierganotia halides. Similar exchan e reac-
tions are lmown %o ocour in the reactions of mercuric halides with
triorgasotin oxigates (86) where the following meohanism has been

8.
le Phgindx + Hglg — PhgSn(X)ax + PhigK
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2e  Phgin(X)0x i Hgky —» Phin(X) 0x + PhigX
3s PhSn(X),0x + Pheindx —» PhSn(L)0xg + Phgsnk

2Phginox + BHaky —o YhgSnX + Fhin(X)oxg + 2PhigX
[here Ox = B-hydroxy quinolineto, XwGly Bry I |

dince, the triorganotin carboxylates are peata coordiiated like
triorguwtin oxinates, a sinilar course qrrmtm is, therefore,
expected for both types of compounds. Thus the similarity between
the mechanimn A and ¢ is obvious. However, the final oroducts ia
the reactions of oxinates L.es, R5n(X)0xg are guite stable and can
be isolated. but the curresponding carboxylates are expected %o be
easily hydrolysed liike Wa(0C00R')y (16) so that the final producte
in these reactions are R3a(UH)gUOUR' type polymers, iustead of
RSnA(OCOR' )ge The extent of hydrolysie appears to be dependent on
the water content of the solventss Jince the complete hydrolysis
leadins %o the formation of R3n(U)UH has been found to take place
in ordinary ether/bensene mixtures which were not dried before use.
It nay, however, be noted even iu freshly dried solvente partial
present which can not be excluded in our reaction conditions. Por,
reactions of triphenyltin acetate and propionate with mercurie
chlorides it proceeds probdably upto Smi(OCUR'); before the hydre-
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lysio to take place to produce polymeric Sn(OH), me shown in
mechaniem (B)e Such type of preferential hydrolysis may be attri-
buted to the difference in aclid strength of the carboxylic acids
of the respective carboxylates. ilth the inorease ia the polarity
of the Su~0 bond of the carboxylate the contraction of 9" orbitals
of tin atom would be more proacunced. This may result into a nucheo-
ohilie attaock at tin atom by a muwoleophile asiey wator; hydrolysing
the carboxylate groups. Thus formic aocld being the atrongest among
the series studied, in easily hydrolysed st third step of mesoha~
nism A So sroduce the polymerdc product. It has becn observed that
this polymer once formed, does :0% react further with merouric
halides at room tenperature. Henoe the competition betwesn mer-
cwrie halides aud moisture %o react with Rini(0C0R'), would deter-
mine the final step of the resction. from the polymeric produst
obtained from the reactions of triphenyltin acetate mud nropionate
with mercurie ehloride, it is more likely that the reaction of mer-
ourie ohloride is faster than the hydrolysis resction, at least in
these two oases. |

Reaction of diphenyltin diacetate with mercuric bromide
provides a eignificant clue to the course of the reactions. From
the above reaction, phenyl mereuric bromide and polymeric phenyltin
dithydroxy acetate have been isolated. The isolation of same poly-
mer from the reaction of tripheayliin scetate with mercuric bromide
sugsests that diphenyltin diacetate is an intermediate in this rea-
otion) in agreement with the postulated mechanism. Isolation of
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phenylmercuric bromide and polymeric pheayltin dihydroxy acetate
omly; eiguifies a straight out reaction involving migration of
phenyl group fron tia atom to mercury atom hns taken place in the
third step (neohaniem A and B). Similar path of reactions could
have been followed in case of other carboxylates.

It has been observed that for a given triorgaaotin ocarboxy-
late the renction is much more slower with merowric iodide in com-
parigson with corresponding ochloride and bwromlde.
acotate with merouric chloride are ilncomplete mud proceed only upto
£i8%y percent conversion of mercury to the respective allyl mer-
curic chloride. The reanction of tricyolohexyltin neatate is still
slower aasd practioally does wot reasct with mercuric chlloride in
our resotion cunditions. Although these experinente have not beea
designed to study the kinetice or the reactions, the resulte sugs-
est the fllowing probable sequence showing the relative ease with
which the above organic mroups migrate from tin atom to merowry:

) Pry Bu)))  eyclohexyl

This sequence is common to all metal carbon bond cleavage reactions
in polar solvente (96-100) which are believed to proceed through
eleotrophilic substitution at the carbon atoms The same sequance



~91~

is predicted for eleotrophilic subatitution reactions by the reac-
tivity indices recently proposed (101-103). The present reactions
are,therefore, essentially eleetrophilic substitutions at the car-
bon atom of Sn=C bond, though nueleophilic assistance by the halo-
gen atom can not be completely ruled out.

It is interesting to mote that reaction of triphenyltin
acetate with merouric scetate produces polymeric phenyl stanwic
agetate and diphenylmerourys. va the basis of the anature of the pro~
ducts aud stoiolometry obtained in the reaction, the following
mechasien may be proposed:

nl
1« PhginOe |+ Hgloae), — Mwa - #hiigose

2 Phodn(0Ae),+ Phiigorc —» PhIn(UAC), +PhgHe

5. ?hon(0ae)y+ MOH — —» PHSR(0)0AC + 2AcOH

= R——— e — e ey

PhgBnose + Tg(0Ae) g+ HOK —>PhSn(0)0A + PhgliG +BACOR

Comparison of reactions of most of the triorgecotin carboxylates
with mercuric halides and that of tripheayltia acetate with aercuric
tions mercuric halides are converted to the corresponding orgauo
nerourie halides whereas in the later case diphenyl mercury is pro-
duced inatead of phenyl mercuric acetate. ithis is probably due to
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the greater reactivity of pheayl mercuric acetate with organotin
carboxylates than the corresponding organo mersuric halides. It
has been observed that phenyl mercuric acetate reacts roadily with
oury and pheayl stamwle acetate polymer. Secondly, the polymeric
producte (except for triphenyltin scetate and propilonate with mer-
ouric chloride) obtained 1a the former reactions are mostly of the
tyve R3a(OH)p000R' while that obteined from the later reaction ie
of the type ’hin(0)U0U0Hg. These two polymers probably owe their
formation to the hydwolysis of R&nX(OCUR'), and uu{m.)' res-
pectively as susgested iu the mechanieme. One posaible vessons for
this difference 16 in hydrolysis behaviour may be the diZference
in coordination numbers of tia atom in two intermediates. Thue in
case of REaX(OOOR'), (very 1ikely to contain a heixa coordinated
tin atom Aue to the presence of two ochelated/bridgzing carboxylate
@oups) hydrolysis of one of the carboxylate groups will lead to
the formation of pent® ocordinated RmI(OCOR')0Ms In this edtus
tion, the hydroxyl goup may further coordinate etr.ugly with the
tin atom of auwther such molecule. This process would gtroagly po-
larise the Jn-X bond rendering the displacement of the halogen atom
by -0H group more facile according to the following scheme:

RSnX(000R® )+ HOH —» RInX(OCOR')UH +
CH5COuH



o’
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On the other hand, hydrolyeis of rhin(OAe), would initially lesd

to “hin(0OAc)gOH which, mwtm‘)uu sw
unlikely. In such a situation intermolecular condensation would be
preferable due to the fomation of more stable polystasoxancs as

indicated below:
PhSn(0000k) ; + HOH — > Phin{0C00H;) OH - CllzC00H

i‘h ﬂ

—— -.._-_.-—.---—--—--1

50000 — ﬂ---—'°- g m—ox—> 7 ¥h+ asigooon

| | oy
0000, 0COCH;; n,m'-n.?-

Reaction of tribensenyltin acetate with mercuric acetate is
different from the cormesponiing reaction of triphenyltin acetate,
for it produces benzylmercuric acetate and 1,5 dibensyl 1,3 dihydro-
xy 143 diacetoxy distanioxane. Considering stoichiometry of the
reactiony the fullowing mechasism has been postulated:
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1. BagSnOie + Hg(Oae)y — Bagin(Ohe ), -+ BaligOAe
2. Bagin(0Ae)y+Hg(0Ae), — Basn(OAe),+ BaHguie

3e DBaSn(0Ac);+HUH — o #Be(0Ac)OHSNBS(0A)OH + ACOH

—.- | e——— —— - S ———

Baginoe 1 2Hg(OAe) o+ HOH —p e (OAe) OHiaBz (OAe ) OK + 2BsHgOAe + ASUH

Isolation of bensylmerewrie ascetate, lslgiic, sigdifice that this
compound is atabler than it%e vheayl analogwe. ¥or the same reason

as with the hydrolysis of Phin(OAc)gs BaSn(OAc)y as postulated in the
mechardam 2, will then probably be converted to the distanoxane
isolated. Tew dimeric bensyl steannoxanes with halogen and { =altroso
8 -naphthol mroups have been isolated (86,104). These compounds
probably have a ladder structure where further condsnsation ia not
posaible,

Reaetions of tripropyltin acetate, tributyltin acetate and
trieyelohexyltin acetate with merouric acetate are axtremely slow
and practically uno reactions take place at ordinary temperature.

Since the following sequence of reacitivity of the triorganc-
tin carboxylates with merouric acetate is observed, electrophilic
attack at carbon bonded to tin atom probably has taken place, though
a neucleophilic assistance by the asvetate group may not be ruled out:

?h) Ba))) Pr> Bu eyclohexyl.
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Cadniun iodide induces a disproportionation reasetion on
triphenyltin acetate and formate produeing tetraphenyltin and
diphenyltin oxide (polymerie). Similar disproportionation is knowa
in case of tetramethyl silicon and aluminium tribromide (106). Same
tyve of nechanisn may be provosed in these casess

R\-.. _,,{_9,\ /R' "3
B N {l SRS - R—SL—Q e R, S (OCOR),
X s 5
car, [\ R
1nv R
w

Diphenyltin discetate may then undergo hydrolysis due %o the pre-
sance of moistwre to produce the polymerie stawwzanes of the type

[Phgand |ne

smmwmmmmum

Three dlatinet tyves of organotin polymeric products have
been isolated during the investigation of the reactions of trior-
ganotin carboxylates with merouric halides. These polymeric pro=
duots on the basis of chemical composition and physical properties
have boen formulated as | Phin(0)OH|n, | Ren(0M)gocoR*], (where
R = Phy Pr, mmn'.&%aﬁ)“[um)‘]‘w
a fow phonyl/halogen/earboxylzte groupss It is to be moted that
whenever merouric halides react with triorganotin carboxylatesy
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it produces one of theee typesof polymer and may be used as a
very convenient route for the preparation of these polymeric com-
pounds in good yield.

Herouric acetate and phenylmercurie acetate, on the other
hand, react with tripheayltin acetate to produce polymeric phenyl
atanioic acetate, | ~hin(0)0Ae s

A discussion of some of the structural aspects on the basis
be worthwhile. The molecular weight determination of these polymers
gould not be possible because of their general insolubility in
comuon organde solveats and infusibility upto 360%. It may be men-
tioned that 1t is uot poseible to charscterise each of the IR bands,
the charaseterisation is wsually based on the known epeotral data
and sonmetinmes tentative assignments have baen made.

Ae Sn(0H)y type polyners contalulng a few pheuyl/halogen/carboxy-
iate sroupg?

These polymers have beon isolated in the reactions of mex-
curic chloride with triphenyltin acetate and mMmm.
The infra red speotral study revenls that this type of compound has
a 8trong and broad band at 5600-3300 en™d (fig. 246) wideh may be
attributed to -OH stretohing frequessys This type of absorption in
the above meationsd region is indicative of the presence of

OH e e
%(ﬂ)&n group (104).
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Comparison of IR speotrum of this compound with that of
triphenyltin acetate leads us to conclude that the medium and
broad band at 600<500 on™ > owe its origin to the Su-0-Sn stretoh
and is in @od agreement with the range 643-580 om™ - reported for
polymeric mone and dlorgane stanoxanes by bBrown, Okawara and
fochow (106).

Beoause of the mode of preparstion of tide tyhe of polymer,
there remains a probability that a few phenyl/acetate/chlowine
group to be used as terminal aroups of the large polymer. This is
aupported by the mresence of a mﬂmmmmm"
(000 stretoh) and very weak absorption at 7256 an™ which may be
assigned %o out of plans CO-H vibration of vhenyl ing. he Sn-~C}
stretahing band gemerally appears at B65-318 em™) (107, 109), though
there is some weak absorption at this regioan, the exaot sn-Ul
astretohing frequency, however, wdﬂmtbmm“-m
ity in this polymer. ‘he eclemantal analysie of this polymer also
suggests the presence of a few phenyl/acetate/chlorine groups.

It 18 interesting to mote that treatmeat of this polymer
with oxine (8-hydroxy gquinoline) produces two dietinot type of

compound vize, ppenyltin chlore dioxinate, hSnUluxp and
o I oM
l S!v.——m.!n 112 proportion. The isolation of rhinCluxp

e
reasonably indicates the mooorélmim group in the polymere
The stolchiometry of the products obtained signifies that every
fifth tin atom contalns a phenyl and chlorine group which might aet o
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terminal groups of the polymer. Thus the polymer probably involve
five tin atoms per molecule and the probable structure may be wrie-
tten as below:

O e
o i :5".',\ / cu?\ / o

Be Ran(UH)gUC0R' type of polymers

This type of polymer has been isolated in the resctions of
triorganotin corboxylates (organic group w 7h, Du, Pr mnd ocarboxy-
except for the reaction of ftriphenyltin acetate and proplonate with
merecurie chloride. Infrared spectrun of this type of polymerio
compounds gives an idea about the gesneral matwre of the polymeric
conpounda. Comparison of IR speotrum of these polymers vith the
corresponding triorganctin carboxylate reveals some important fea-
mmmmmm.mmtmmaﬂ
on™ and 3370 ™ and are charnoterestics of the Ol stretohing
uuat—nkwm (m)mmh(%mam
mmM(MMh

The two strong bends at~575 on > and~1560 an™ may be
assimed to the 000 stretehing mode which oclearly indicates that
those vibrations are not due to free carboxylate groups rather than
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chelating or ionie carboxvliates. The presence of two such stretoh-
ing frequency of 000 group iandicates that probably twoe types of
000 group are present in these polymers, though the exaoct nature
of these groups is not knowns

feCullonry and JeGelioltos have ascigned the 1080 aa — band
to the C-H in plane defommation mode and to be the characteristic
of thenyl group bonded to $in atome The presence of & 1080 am ©
band indiecates the presence of such group in these polymers.

ReCaPollor (109) assigned the ~450 mi™® pand in teipheaylsin
compounds to the substituent sensetive 16b (By) mode of a momo
substituent bensene. In this polymeric compound the nppesrance of
& sligitly shifted~ 450 an™ pand may be taken as a further evidence
of a phenyltin Toup in these compounds.

Jeveral workers (110-112) have identified the gy (Sn-~0-ia)
vitration at about 776 en > in hexaphenyldistemmoxancss As nentioned

1s found in the range of 643 -546 an >, So the strons broad bands
at 580520 an™* present in this type of molymer may be assigned to
Vas(3n~0~3n) vibration as because no other strong absorption is
expected %o ocour in this regions The lowering of (Sn-U-in) fre-
qum“mhﬁyu.nth.mﬂ@“w“a
suggeated by Okawara (113).
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It may be mentioned that there is a medlum to strong band
at 540 ™} in these nolymaric compounds obtained from different
sources. The in-0l stretohing vibration usually oceuwrs in this
region. But 1% is highly unlikely this band to be assigned to Gn-
mmummu-mummm
of polymeric compound. Comparison of IR speotrum of this type of
polymer with that of sn(0M), type and RSn(0)OOUR' type of poly-
merie compounds leads us to teatatively mseisn this 340 am™> pana
% be assoclated with Gn-Ph vibration.

un the Beoias of the above mentioned ilnibruation together
with chenieal cemponition and isolation of phenyltin trioxinate
(which provides an evidence for the presence of one nhenyl growp
pertin atom) the basle structure of the nhenyl derivatives may be
sugnested as follows!

GRS T e
sr‘t\ou/ e o &;tb\w/ M

The terminal groups may be UHs halogen or carboxylate groups.

vn the basies of the similar arguments the butyl and progyl
derivatives of this type of polymers may be suggested to have the
above type of structure.



Ce ZhEn(Q)OAc tyve polymeR’

This type of plymers have been isolated in the reactions
of triphenyltin acetate with merouric acetate and phenyl merouric
The IR speotrum of this polymerie compound have been
interoreted on the basis of comparison with the spectrum of trie
phenyltin acctate. The bande st 1670 om™ and 1540 on * may be
aseigned to the asgmaetrie 000 stretehing which arises either from
chelating or ioale carboxyiate groups. The same type of carboxyla te
streteohing vibrations have sleo been reported by Je.licvems and his
co=worikers (18). These two bands eignify probably the prescnce of
two difforent type of carBexylate groups.

The 1070 ai™? band may be assigned to the U-H in plane
deformation mode of phenyl group (108) aud establishoes the presence

of phenyl group in this polymer.

the strong band at 610 @a * may be sssiged % the Vas(Sn-0-
Sn) stretohing frequency as because no such etrong band should
appear in thie region (110-112). The presence of (un-U-un) stretoh-
ing vibration mininises the probabllity of carboxylate group to
aet as bridge between tin atoms (18).

As mentioned earlier, the presence of 440 cn™* band fur-
nishes further proef of phenyltin group in this compound.

A medium absorption at 280 ™) may be assigaed to Vas(sn-Ph)
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vitration as has been suguested by ReU.Poller (109).

Jxine derivative, that obtained from the reaction of this
polymer with oxine has been characterised as phenylilu acetate
diominate, Phin(0Ac)umgs 2hin obviously sugsesto the presence of
3h'<:.mmwm.

on the basie of the above informetions we, like Poller (18),
feol that this polimeric compound is probably liuear with bridging

oxygen atoms with londc or chelsting carboxyldle groupes
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