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(1)
E AN ARX

The present investigation carried out on organotin compounds,
1is divided into four partes

Part-I of this dissertation deseribes the aatwre of bonding
and other related properties required to explain chemical behaviours
of organotin compounds in a general vay. Specific classes of organo=
tin compounds, related %o the present iavestigation, have bean
reviewed in appropriate parts of this iuvestigations

Part-11 deals with the resotion of triorgaumotin carboxylates
with merouric halidee, mercurio scetate, phanylmerouric acetats and
used vig., triphenyltin fomate, triphenyltin acetate, tripheayltin
proplonate, tribensyliin acetate, tripropyltin acotate, tributyltin
carried out at room temperature .

The action of mercuwric halides on triphenyltin carbox
offers an efficient method of mmtmotmm
In addition to phenylmercurie halides, the other producte isolated
are triphenyltin halides and organotin polymeric compoundse. Three
diotinet types of organctin polymeric products are obtained during




(11)

these reactions. They inelude the following types vASas| Phin(0H)g

O0OR | e [ Ph5a(0)0H],, and [sn(0H)] ocontaining few phenyl
late/halogen groups ocoupying the terminal poeitions nmm
moleoules In order to get an idea about the chain length some oxine
derivatives (oxine z 8~hydrexy quinoline) of the polymers have also
bean prepared. Thus the polymer M-m)‘ on treatment with oxine
mroduces “hin(0l)uxg and (OH)gingOx, as aew oxinates from the
stoichiometry of the resotion products it has been observed that
this polymer probably contain a ohlorine atom in every f£ifth tin
atom of the moleoules |Fhun(Ul)gOCUR], type usually produces bri-
phenyltin oxlaate, ‘hinuxge It i iuteresting o note M-meg

OCUH|, decomposes either thermally or during long storage to pely-
merde rhian(o)on .

The reactions of mereuric chloride with tripropyl and trie-
butyltin acetate are comparatively slow, but produce respeotive
alkylmerewric ohloride, triallyltin chloride and polymerie
[m(m)_,ocau,h (R @ Pry Bu) a8 observed in most of the
resctions of phenyl derivatives, Irioyclohexyltin acetate, on the
other haud, does not practically react with mereuwric chloride in
the same conditions The results of these experiments sugszest the
following sequence of nigration of differeat orgaanic groups from
tin atom to meroury atom:

°n) ey Bu») eyclohexyl
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Dipheayltin diacetate resots with mercuric bromide to pro=
auce sheaylnereuric bromide and polymeric [#hsn(0H)gUCUdlg] e The
solymer | Phsn(OH),0C0CH |, Feacts with mereurie chloride only whea
the reactante are refluxed in bensene to produce phenylmercurie
ohloride and polynerie [sn(uif)y], eontainins a fow pheayl/acetate/
chlorine groups.

Rleactlions of mercuric acetate and phenylmerouric acetate
with triphenyltin scetate are rather intereetings In the former
oase meroury is conpletely arylated to produce diphenyl mercury.
in both of these renctions diphenyl merowry anud polysierie chenyl
stanoic moetate, [Phin(0)0Ae], are the productes By these reactions
ddphenylmeroury may be mrepared quite sasily in quantitetive yielad.
#4%h oxine, the polymer [Phin(0)0Ac], swoduses a new carboxylate
oxinate, pheayltin acetate ddoxinate, rhin(VAe)lxgs Iribenzyltin
acetate reacts with merourie mcetate in a different vay producing
bensylmercuric acetate and a new 1,3 substituted Aistannoxans deri-
vative vis., Besuie(OR)sn0 (UH)OACHS «

Hemotions of triprepyl, tributyl and trioyclohexyltin aceta-
te with merouric acetate have aleo been studied. In all of the oases
practieally mo reactions take place in ordinary conditions.

on the basis of these results the following sequence of the
ease with which orgaunic groups migrate from tin atom to mercury
atom may be suzgested:

Ph) Ba))) Pry Buy oyclohexyl



(iv)

The action of cadnium lodide on triphenyltin formate and
acetate ylelds tetraphenyltin and poly stannoxene of the type
oeven with small amounts of cadnium iodide. Cadmium iodide apparent-

Poasible mechaniema for the different resctlions have aleo
beon discussed.

Zart-111

Part-I1I describes the interaetion betwesn hexaorgano
distannotne, (Rzdnlov (Vhere R w PhyBs, Pry Bw) with nerouric
acetate. Resctions of bie(triphenyltin) sulphide, m,m'a with
nercuric acetate and rhgoind with phenylmercwric acetate have also
been included, ‘hese reactions have usually been carried out as
ordinary temperature excepting for the reaction of PhgSn0 with
PhEgUACs

mmum)wm:’ium with merowric acetate
in 1:1 molar propertion, tripheayltia acetate, diphenylmercury and
equivalent of mercuric acetate produces only dipheaylmercury aand
(triphenyltin) sulphide with mercuric acetate produce the corres-
nonding triorganotin carboxylate and mercuric oxide/merocuric sul-
phide. These quick and clearcut resctions may successfwlly be
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© ubiliced for tho proparation of triorganotin carboxylobos.

Hoxe bonzyl distenmoxene, on tho othor hand, bokaves quito
differently towards mercuric acotato. In this case bonzyl morcuric
acctate ond g pubstituted dlobtannoxeno viZfi., 13 dibonzyl 1y143,3
totraacotoxy, distannozano, Ba(0A6)gBROsN(0A)oBz are producods

Aotion of phenylmerourio acetoto on Phpdn0 in refluxing
. bonzZeno producas'ﬂiphanyl nereury and polymoric phenyl atannsle
acotato, o Teoaction ﬁocs tako ploce at ordimary tonperoturos

Tentativo mcchan_sm of tho above reactions hove clso been

propoaodo
Port-IV

Part=-LV deanls with the pregaration.of so0ne organotin com-
plexcas Sovon new oxinatoe complexes have beoen proﬁared. Theoe in-
clude phenyltin ncetate dloxinate; PhSn(0C0CH3)Oxp, phenyliéin pro-
plonato dloxinnte; Phsn(000CH0H;)0xsy phonyliin monoohloroacetate
dloxinntos Phﬁn(OGOOﬂzﬂl)QKB rhenyltintrifluoroacetate dloxinate;
PhSn{QCo0R;)0xg, diaceiate tin dloxinntes (OHz0C0)o8n0xg, dlpro-
pilonate btin dloxinntog (0CHZ0HR000) ,3n0%, and bis nonochloroncotato
tin aioxinate; (clcnaoco)gsnpxg- Except for phenyltin trifluoro-
acotate dioxinate, PhSn(OGOGE3)0x2 all the oxinate complexes are
prepared by the reactlon of phenyltin chlorodioxinate, PhSn(Gl)ng/
dichlorotin Gioxinate, Cloinidxs with the corrcaponding eilver salt
of carboxylic acide Phon(QCO0Fz)0x, and also PhSn{0CU0ly)0x, ore
prepared very convonlently by ﬁearylating Phpbnlxg wlth the Corros-

4
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ponding shenyl merouric carboxylate.

Attempies have been made to mrepare another carboxylate
oxinate vizs, ’hpin(OAe)Oxy by the reaction of Physn(Ul)ixy with
KOAcs Instead of the formation of PhyinOAcixg, this reaction produces
pn,m.mn.w. The formation of these products have been ex~
plained by assuming the redistribution of the intermediate product
“hgin(Uke)Uxge

Reaoctions of triphenyltin oxinate with mercuric acetate and
phenylmercuric acetate produse phenyltin acetate dioxinate, poly-
meric phenyletaunsic ncetate and diphenyl mercury. lhe later react-
ion always proceeds in 112 molar proportiona.

It 18 intereeting to note that reaction of dliphenyltin
chlorooxinate, Phyoin(01)0x with phenylmerowric acetate not only
mroduces diphenyl meroury but alse phenyl mercuric ohloride. the
other producte are phanyltinacetate dioxinnte and pelymeric phenyl
stannoic acetate, [rhim(0)UAd], .

Dearylation of triphenyltin salicylaldehyde with mercuwrio
ohloride produces triphenyltin chloride, pheayl mercuric ohloride
and an organotin polymer; aporoximately [hﬂiﬂ}‘]‘ containing a
few chlorine/salicylaldehyde/phenyl Zroups. lentative mechaniems
~ for these reactionshave also been sugsested.

Iriphenyltin hydroxide react with alisarin to produce a new
complex compound together with other products. Julnalizarin, on the
other hand, produces a new polymeric organotin complex along with
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~  benzene. lowever, more detailelinvestization is necessary to fina

establish theoe resctions.
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1.4 Introduotion:

Organotin compounds are substances in which at lcast one
tin-garbon bond is presents The firet chemdst to report an organc-
tin compound seems to have beea L./frankland (1,2), Dut his work
appears to have remained unmown to most of hie contemporaries as
well as to later authors. The wori of Ce.lowig. (3) in 1852 has
usually been considered to represent the begiaudag of orgasotin
chemistrys Apart from the compounds deseribed by Lowig , meny eig-
aificaat contributions were made in this field during the next few
decndeas By studying the aliyl derivatives of group IVA metals, the
ascournte atomic weighte of these elenents were deternined. A com-
narison of the orgasometallio derivatives of sillicon, %io and lead
formed part o the bhamis of llendeleeff's famous prediotion of aew
element, oka- siliocon (germanium). The discovery of industrial
anpliontions of orgauotin compounds e.g. ae atabilisers of m
ohloride nlastics, as rubber antioxidauts, Wiegler type oatalyss
in the polymerisatiou of olefinas, agricultwral fungzicides, as active
ingredieats in certain vetorinary medioimas (4) snd an inorsased
general interest have prodused a striking rensissance of orgauotin
cheniatr atarting about 1949 and continuing to the preseat daye.

1.5 Bonding in orgeuotin oompounds:
Hefore golns to describe the orgasotin compounds in detail,
it would be useful %o Qlacuss briefly the aature of bouding in these

compoundo «

|

‘
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Tin ie a menber of group IVA of periodic table. The fifty
mmattnotuatonmwu:mmnu’h oy
50 3420 40” 4p® 4420 56° 5p°, the growna state of wiioh e & 3p
mmmmﬁ”mm(s).mwm
mummmq wm.mmeﬁ
paired 8 eleotrons to the next higher p level. The tetre~oco
atnhammmm“nwthnMoﬂMnﬁuw
amber of organotin compounds coatain tewra valeat tin atom. The
stable asture and reolative low reactivity ol the orguno derivatives
of group IVA motale may be attributed to the op° hybridisation they
possess. Thus, tetramethyltin 1ia unresctive ftowards:alr and water
but trimethrlindium and trimethylaantimony have a sirong affindty

tomarde those reagents. The maried inorense in stablilitles of
Rqdn compounds over Hgin types also demenstrate the efiect of

laoreased hybridisation.

Some excellent roviews ou tim~tis compounds are made hy
various authors iu recent years (Ol=db).

The ditin compounds may be prepared by a aumber of routes
(33), the aliyl derivatives are gensrally liguid whereas aryl com-
pounds tend to be solid at room temperature. A @ood number of com-
pounds with ochain length varying from 2-6 have been described (55).
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Reactions of HegSnClg with sodium in 1icid ammonis produces linear
mmuiu:[m]nuih chaln length o = 12-20 and may be more, as
well as st lonst one oyelle compound, | fiegin |q « There is a0 evi-
dence r branching in chains la these compounds (7§ wWilliamsens

and Van der Zerk (36,57) have reported the furmation of a branshed

chain conpound, (Phgin),Sn by the resotion of PhySaii with Snclg.
W'“O‘wow:w:nmmdmm

compownds is due to the partially branched tin chains (38)« Wi
studles indioate the formation of polytin hydrides during the ther-
mal decomposition of butyltin trihydride (33).

Carboxylate asd halide derivativesof di and polytin com~
pounds have also beea rejcorsed (I0,40).

Comparison of eatanation properties among group IVA slemants
have shown that there 19 a decrease in the tendency %o ocanteantion
in the order ¢3)) 1) Gex dn))) Phe his gonerals if aot smooth,
dooresse in the tendensy %o ontenation may be asoribed to dimind-~
shed strength of the U=, diw=il, te-Ge, dn=in and Pb=Ub bonds,
ihieh are approximately 83, 48, 40 and 37 i.Cal/mole for C-Cp GL=51,
Ge~de and in~in bonde respectively (6).

hend._pol " g gti
The general feature thot the eleetropositivity chara
luoreases with atonic number in a group, is aleo strikingly pro~
asounced among the metals of group IVA. some propertion of the
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elemonte are given in table =I (6).

i

e e i - R ——
Slenent ilectronic ' 2o i |

, BaVe o,
o [ie]ee®ap® 115 2444 2480 0477
st [he]ae’sp” 8ol 1643 1476 1417
o [w]3a % 70 150 2,08 1422
Sn [ﬂ!] “w“a.’g a3 1446 1,72 1.40
1410

b [x-]:::::g Ted 15,0 1496 1.54

a= According to Allred and Rochow; b= tetrahedral Le.es
Ipa radil.

A8 avidenced from table~l, as because there is a considersble
difference in eleatroncgativities bebtweew carbon aud other eleneats
of group IVA, the netalecarbou boads should be expeoted to be guite
polar, In faet, Pauling (9) hne caloulated lonic charaeter of C-3i
and U=3n bonds to be 12/ and 154 respectively. Use of Allred and
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Roghow's eleetronegativity values would meke those values 14.2p
and 14.6/ almost identiocals 3Jince the electronegativity of carbon
varies with the nature nad number of attached atons and groups, the
1mom&mmmmnnnnm.

The physical as vwell as chemical properties of the ocompounds
depend on the bond polaritys In general, bond partners that ocarry
an apprecinble difference of electrical oharge rolstive to each
other will serve as ac eleotrio dipole that attracts and orieats
neighbouring reagente, 3ince tin 1s poaitive with mauitibm
the relative polarity of the C=Ga bhond may be formelly repre
as

g I
¢—38n

Therafore, vhan an orgnwtia conpousd io exnoned to water, the
H=0 dipole, a8 expucted, woulld be attracted to JU=in dipole and
would oriont iu She aspropriate direotion.

& &+

¢ - dn

d+ d-
Heo

The approach of dipoles will continue, with correspoadiang loss of
potential energy, watil the repulsion of the eleotron shells is
active intermodiste may either break apart into the original com=
ponente or reallign its bonds to form new subetances. if the change
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in froe ensrgy favours the lattor posaibility, the produste will
bos

But due %o low polarity of O=ln boads as iu the tetralliyls and
aryl derivatives of $in are mot actunlly hydrolysed by water. lydro-
lyain, however, may be Wrousht about by ifaoressias sresnure and
attaoks tho onrbon or time A rethar wnuwsusl feature of the organe-
tin conpounds ic the lonisation of some of the Aguni sad Apgdaiy
compounds in water (6). The atreasth of siagle covaliest bonds
hetueen Zrowp IVA mad ouher atens generslly dearease in golag dows
the group, a8 ocon be soon from table -I1({G).

iable =41
Slonento(n) EGRSr of hondas K Gal/aols NASH
- P @ w1 0
e 20 33 116 | 79 66 a7 ae
3 | 70 a9 129 36 (3] g1 a8

ontdese



bl = I (Contds)
Alenent (n) Jneray of boadss o tal/mole  with
n o i gL I ) 4 Jv
] 74 7i % 6o o0
sa 7 & e e 47

a = data dorived mainly from lid, type cospounds wideh are unetable
uad or son-existent whea M = b

The nolarity of tho metal ocarbon bond facreases with ineren=
olng atonle aunber within the @oup aad the bund boounes Hore
sencitive to attac: by polar reagoute. Ykio is aleo ovident from
the ineorense in the polar ohnramoter of the halogens in ounpouwnds
suah ao R0 (4),

lede lultinle bos aud _the eliset of avael
Jultiple boads involviag pirorbitale ancu, the motals or to
other eleneats 10 not :nown with Silicon, germaniun, tin or lead

vherroas oarbon had a groat tendenoy to do so. lowever, there is good
ovidenoce that the 4 orbitales of the elononts, other thau carbon are
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used in dw- pibonding (8)s Thus, the consideration of acid
strensth of the four ascide of the type p~RjiCgHCUUH revoals that
the carboa compound whigh would be expected to have the greatest
aoid streusth because of its most electronegative character, l_bn
the lowest aold strength. This ladicates that dwe pr bonding is
umi:sun in the other three compownde (10). Ffowever, it seens
that the tendenoy %o wse 4 orbitals in 1T beading deorenses Ifrom
amm-mmemaagamtmjgu.wmmm
appear 50 be highly beat (11) where as in (UdMy),0 the 34=0-5i
aagle is aroand 180° (18), Relative o the bond lengthn of SieX,
Ge-i bond lengths are less shortened as computed fron the sum of
covalout Yadii of the boad pertaers (13)., Purther ovidenoce of the
lowering, or non oxistence of dme pw bonding in the eleomeuts below
gilicon oomem froum the relstive bame streagths of the asines vis.
(3uieg) My (:m,)su and (Bﬂ,.)il due te hydrogen bundiage The
silicon compound is virtually nom-basic, but the gernanium compow:d
ia as basic a® an orgasic aning, wherea2 the tin compound is wOre
basic than any organic anine (6), However, the poseibility of dw-
pw bonding in $in caunot be completely iguored, at least with ele-
nente of higher atonic aumbors ¢«@s,0L, 5ry I eto. Iu fact, dm= pw
boading 18 partly responsible for higher valucs of du~Cl etretoh-
ing frequeaey in certain tin compounds (14) and on~0 frequency in
(Phgdn),0 (16)s Although, later on, from IX and Ranan studics of
compounds RgSnisnfz (X g 0y 5) 1t was conoluded that there was uo
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Megontribution to the Sn=0 and Sn=-5 bonds (42), similar ideas
regarding Yn=0 and Une~3 bonds in other ovmpounds were reached by

ather woriers (3 - 4§).

Due to the availability of 4 orbitals, tin can extend ite
coordination awmber from 2 to O and 80 orguotia conpouwnds oan
forn various types of complexes with ligande. Thus the mpat lateres-
ting examnle is afforded by RzSni type eumpounds wich forms variou
#7098 of adduste with Lowis bases (4). These Gompounds are generally
penta coordinated (18, 17). Whea X is Cl, ¥r or I in legSnk, they
mmumm.mmx-mi.r'.ow_‘;".nr:.q".
Ag¥g o+ UCOE" the oumpounds are five acordinate about tin, where
the anions are probably either bridging or chelate types (18,19).
The aquo- fon [m(ﬂgo"]*g has & linoar C-Sn=0 @roup, there
torial plane (20). Ia alkaline solution of HeghuCly, there exists
wrans [1opsn(om), [ ton (20)s stetlamly Rgonx aad fgiaxy oom=
pounds ean form orgasotin cholates with ohelating ajents such as
S-hydroxy quinoline (21,22441) acetyl acetone (£5y24), 1,10 phensa-~
throline (22,24) eto. which are gencrs.ly five or alx and sometimes
seven and oisht ocoordinated compounds,

A peante coordinated internediate of the type SSni.i may
be formed wheun a neucleophilic substitution at tin takes place as
followa (26)

S8ak+N  ——> Sl 4X
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daborn (27) has pointed out that iu case of silicon atom such
type of intermediate complex formation may deorease o\ ;
the free emergy of the fransition state. Since m-:mhﬂ.
is much more marited with tin tha: with silicon the faeilitation of
asuoleophilio substitution reactions by this meaus ie W-
ingly more important, This facilitation may be promounced evean if
the intermodinte ias very wea: to be detected (£7).

deuelenphilic assistance iafluences the cleavage of tin
earbon hond by electrophilic attack at oarbon atom (25=30). Thus
in the hnlogen eleavage of Jn-0 boad the presence of a donor 0l-
vent, such as an aloohol or acetic acid, oven though 1t canuot forn
stable adduot with the tin compound can afleot the rate of halogen
gleavase by readeriug meucleophilic asslstanco.

RgSn+ Solvent ———= Golvent ——» Sulil,

R - -
. ! § -
Jolvent _ —R4-Xp ——|%olvent ——jpm- - - L. &
AN y { X
R R

— %&Iuﬂl"ﬂi’ﬂ (where X g Bryl).

The polarity of sn-U bond together with the tendency of
tin aton to fom adducts with Lewis bases (donors) may be suoccess—
fully utilised to explain a aumber of reactions, ©+g.,the cleavaye
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Martin (25) and the reactions of RgSNUOUR', (Rgim)gV aad Sone
ormaaotin oxinates with merowr’y salts otce
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PHENY [ (SROURIC ACETATE AND CATMIUM IODIDE OF
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'



-l G
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),



]

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.
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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
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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),



3=

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



G-
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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Zable-VILL
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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Lable- L&

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
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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’
% S-n/ \A h//Dc'“zo / S I/OCOR’
T B %/ T o/ \oH
°¢oﬁ_ k.

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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introductions

The present state of lknowledge sbout the organostannozenes
and organotin hydroxides is reviewed by a number of authors (1-4).
Some of the important features of their chenistry may be recapi-

tulated here.

Urganotin hydroxides are prepared most convenlently by
shaicing an eotheral eolution of the orgamotin hmlide with an agueous
solutions of potassium, sodiws or awmonium hydroxides (1)

Rglnt + MOH ——» RgSnoH + MX

Rginigt MUK —» Rpin(OH)y ——» Rpdnu + Hgl
-t—
2ix

Rénky + BMOH ——» @ﬁﬂl}s —b REn(0)0H +H,0

The trihydroxiies, Ran(0H)y and the dihydroxides, RginlOH)g
generally uaderge immediate dehydration resulting polymeric organo-

stannolio esclde; Ron(0)OH and polystannoxanes of the type
Rgsn0e The R3InOH compounds are, however, more s table and less
readily dehydrated to (Rzin)g,0 compounds.
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Aryldiasonium salts with stannous chloride (5) mroduce
Argind and ArgSnOH. friaryl tin hydroxides may also be prepared
by the cleavage of tin omrbon bond (8).

The hexa organo distanmoexanes, (izSn)gy compounds are
generally prepared by removing a molecule of water from the corres-
ponding hydroxide. This Behydration can be brought about by two
methods viz,, (1) distilling the orgasotin hydroxide under reduced
preasure wd (2) b heating the organotin hydroxide in a vacuum
degiceator usin; dehydrating agente (6, 7-14). The hexaorgano
distanuoxanes which are not easily hydrolysed may Le prepared by
refluxing the corrosponding halide with aguacus alkaii (15).

Hexaorga:w dlstanoxanes may aloc be obfained by a aumber
of other methods (16-21).

Jome representatives of organotin hydroxides and organo
stannocanes aloag with their ohysical characteristice are glvea

in table I (1-4).

iable-l
Compound Type mspe (%) bp (®c/mm)
e = e ——————————— = —
1. Triphenyltin hydroxide RginUH 119-120 -
2, Tribvutyltin hydroxide " - 156-109/86



organotin hydroxides are generally solid with well defined
syltia hydroxide have shown that, these compounds nre somewhat
asgo clated in refiuxing bensene (17, 22) and the molecular weight
depends on the concentration of the molutions
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The poly stannoxanes, RoSnd, are polymeric solid amd in
most cases do not melt even at higher temperatures. Usually they
are inscluble in common organic solvente and aleo in water.

Cwmine and Duan (235) have made an excelleat survey on the
infrared spectra of a large aumber of organotin compounds. They
have raeported that RgSn0 and (Rzdn)g0 type compounde give a etrong
band nsar 770 en™* which has been ascribed to @ stretching vibre-
tion of dn~0-Sn group as it disappears during any reaction involv-
ing oxysen atoms All the mono and disubstituted stanioxeanes exhi-
bit a atrons band near 530 o™t whioh @dsappears om reaction and
hence must also be associated with a tin oxygen stretoning wode.
riphenyltin hydroxide exhibits a strong band at 5620 on ~ and a
strong doublet near 9 10 o™ and 894 om Y, Deseration shifte
these bande % 2660 om™> and 675 am™l, It geems likely that these
bands are associnted with an -0=i stretehing mode and ~U-H defor-
mation frequency. [his observations are in excellent agreement
with those of Friebe and Felker (24).

Other workers like ReC.Poller (25), Priebe and lelker (24)
‘and Ross et al (26) have studied the structure of triphenyltin
hyaroxide end hexaphenyl distannoxane by infrared techniques. The
strons band at about 570 an™* have been assigned to the Hn-U-Sn
atretching mode which 18 in god agreement with the range 6435~
580 am™ weported by Brown, Okewars and Mochow (27) for methyltia
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comvounds containing Sn-U-in linkages. Sn-0 vibration in certain
xanes occurs at 900-750 u"l‘. FPoller (28) suggested an overlap
between the oxygen 'p'-orbitale and tin 'd' orbitals which increase
the force constant of Jm~0 bond leading to a higher vibrational
frequency for those compounds. The characteristic 777 am™> pand
for hexaphepyldistanwxane and 912 o™, 398 on™ bands of trie
phenyltin hydroxide can be wved % distinguieh thede cumpoundis.
Poller (25) has shows that & band at 828 on™> in hexa O-Phenoxy
phenyl distannoxane can be assigned to un~0-in stretching frequency.

Oumnine (29) has suggested t hat the difference in 4T - pyr
overlap given as a reason by foller for the differences in the
w-mmoﬁ-m,ammmg_umm
are probably insufficient. From a study of spmropriste models, he
ooncluded that wsual p~bonding angle cawwt be accomuodated in
hexaphenyl distannotane and thet an e-p hybridisation of the oxy-
gen atom is Likely. This will inorease the bond angle considerably
and hence the asymetric Un-0-Un stretohing mode will appear at
higher frequenays This appears %o be more r easonable since the Sn=o-
6a viteation in hexa O-phenoxy phenyl distannozane, where the aagle
is expocted to open up still further due to steric reascas, appears
at higher froquenay (829 om™1) compared to that in hexaphenyl
Aatansoxans (777 an t)e
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The mossbauer studies on polystannoxanes (Rpimi) have
suggented a five coordinated rather than a four coordinated
structure (30) and the degree of polymerisation decreaccs as the
size of the alkyl groups incresses (31).

Thermal decouposition of triphenyltin hWdroxide (32) leads
to the formation of tetraphenylting ihgin, volystansoxanej Phgnd
and waters. Schnlts-Dunont (33) also obtained the same producte
and proposed herxaphenyl distannorane as an intermediate:

2hgnol — (Phgln) 0+ Hgl —» Phigdnd + Fhgdn

Thernal decomposition of trimethyltin hylroxide (17), triethyltin
hyavoxide (9,21,54), dlmethyltin oxdde and diethyltin oxide (9,
17) have besa studied by various workers. It has besa found that
the deconmosition of triethyliia hydroxide followe a different
pathe

StgSaull —p  Htging + Ugilg
Sutging —b (Stigsn) 0 + Sulp

Kupohik ot al (38) studied the reaction of triphenyltin

hyaroxide with l=-bwromo euccindmide aud isclated ‘hpsnd, Phgdn
along with other products. The formation of tetraphenyltin has

been explained through the formation of hexashenyl distannoxane
by the hydrofykis of Sn-N bond.



-117-

lMost of the hexaorgano distansoxanes are sensetive toward
basic hydrolysis, forming organotin hydroxides. Trimethyltin
hydroxide reacts with sodium to give hexamethyl ditin in liquid

amnonda (36)
(L)
PilogSnol + 2in ———» legon=iniey - 2iall
Organotin hydrozides and organostannoxsnes react with halo-
sen acide to form the appropriate organotin halides (1)
Rgon0i-+ ML —> RgdaX | Hgo
igSn0 1 23X ——& RgSaky + Hg

vith organdc acids or their amhydeides orguwdtanioxance
and hydroxidss produce soters of the following types (1-4, 37,58)»

Rgdnuli+-R'000H —b HaSaUUOR'+ Hgo
RgSn0 4 (R'00)g0 — - RoSn(UGOR')g
(Rgin) 40 + 2R'COOH —b BRGSRDUOR" T HgO
(n~Bug allyl Sn)g0 resots with acetic soid (39) to produce
[m(u) QL? acconding o the equationt

(n-Dugallyl in)y0-+ Olig00ol ——bn-Bug(Vie)sa, O +
UHg = UHCHg

(where allyl = OHpiCHCH; and OAe = OHgCOQ)
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This reaction is quite feasible because of the much lower stabi=-
11ty of (n~Bug allyl Sa)gv compound.

More recently halo carboxylates have beea prepared by
Okawara et al (39) by the reamction of (Rgin0l).0 and acetic acid,
ROOOH aegs

(R,5a01),0 + 2R000H ——> 2RgHNOL(OCUR) -+ HgO

A few mized compounds such as BugSu(OAc)Oan(Jiie)Buy are
imown (40). In recent years vesotions of hexa organe distannoxane

with thio acids, phosphorous acide (41,42), boric acid and flug-
boric acid (43, 44) have been used to prepare the corresponding
asters.

Organotin hydroxides and oxides also renct with aleohol,

phenol or mercavtan @irectly foming the organotin alkoxides,
phenoxides and mereaptides (1-4)

(Rg5n) 50 + 2R'OH ——& 2RzENOR' - HgO
(Rgtin) 0 + 2R'SH —> BRgSnSR'+H0

Very recently, Faul et al (45) have prepared triorgano aund
diorgano tin chlorides by the reaction of hexa organo distannoxancs
and diorganotin oxides with thionyl chloride. The yields are almost
quantitative,

Rgiomiy |- 001, — 2Rz0l-{- g
Rpn0 + 500l ——>  RpSnllo+-30p
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Datta, Majee and Ghosh (464,47) have studied the reactions
of hexaorganofistanioxanes with mercuric halides, =inc chloride,
halides in most cases prodwce orgasomerowric halides, triorgano-
tin halides nnd polymeric orgamoetannoxanes, ipind.

The Sa=~) bond of stamoxanes could be added o a variety
of reagents such as, isocyamate, isothiocyanate, aldehyde, mitrile,
carbonmonoxide oto. (48-535). A few such reactlons are given below?:

it w0 =0 + (Bugsn)gd — b BugSRNEEOO0SnBUg
GOz + (Bugin)g0 — > BugSnOoH( 001y )osnBug
02020 + (Bugin)yo— > BugbnoOOOSABug

K
The remctions of huqbl distennoxane with diallyl carbo-
nate provide a new route for the preparation of triallyltin alko-
xides ‘“)0

(B0 -+ 19005 ——p BgOR" - G0y

Number of organotin oxinates (oxine = S-hydroxy quinolinel)
have boeen prepared by the reaction of hexa orzanodistannoxenes with

oxine (Hox) (85-858),

(RgSn) 0 + 2M0x ——» 2RgONOX +Hgh
Rotid + 2Hox —b  RpsSnixg+Hol



=120~

dJome of these oxinates are effective fungioides and are used as
wood preservatives.

In view of the faot that hexa aliyl/aryl distamoxanee (46,
47) and triorganotin carboxylates (both containing sn-0 linkages)
underge facile reactions with mercuric halides, it would be ex~
pectod for hexa allyl/aryl distacnoxanss to undergo similar reac—
tions with other covalent meroury salts such as merocurioc acelate.
It may be pointed out hers that merouric acetate produces diphenyl
mmmmum-mmhhnﬂumt@m
triorganotin acetate unlike the corresponding halides whioh Lead
%o the formation of phenylmercuric halides. I[n the present investi-
gation aetion of mercuric acetate on a fow hexn allyl/aryl distas
mwzanes have bsen atudieds The distannoxancs used in these reac—
tions include hexa phenyl/bensyl/propyl/butyl derivatives.

A1 the distannoxanes have been found to remct quite readily
with the mercuric acetate at ordinary tenperature. The course of
reaction is dependent on the matwe of the organic groups. For
exanple, the aotion of mercuric acetate on (mjgo gave diphenyl
nereurys FhgHg, tripheayltin acetate; PhzinOic and polymeric phenyl
stannole acetate; [Phan(0)0Ae],, where as hexa bensyl distannoxens
leads to the formation of a new functionally substituted distamnno-
xane viges 1435 dibensyl &y 1,3,3 tetraacetoxy distannozanel
1z(0Ac) gSnoin(0Ae)gBe together with bensyl mercuric acetate)
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BzlgoAc. The formation of fusotionally substituted distannoxane
fron this reaction can be used as a flew route for the preparation
of such compounde.

It i aleo interesting to note that deallylation dees not
take nlace in the remctions of mercuwric mcetate with (Rgin)goo
(where R = ¥ry Bu) but the products are RginOAc and Hgoy where
as mereuric halides react with (Rgén),0 (R & Pry, Bu) with the for-
mation of RyinCl, RHgUL and RpinO. Since the reactioas of merowric
acetate with (Rydn) 0 (R & Pry Bu) are clear cut and guantitative
yield of RginUAe is obtained, these resctlons may be used as very
convendent route for the preparation of trialkyltin acetates.

The resction of bia(trivhenyltin) sulphide with mercurie
acetate have aleo been investigted %o see whether or mwot bis
(triphenyitin) sulphide behaves similar to the corresponding ste~
nuoxanss Io this case, instead of arylation of mereuwxy omly mercuric
sulphide and triphenyltin acetate are produced according to the
following equations

(W-\-Hcm); — 2PhgSnoAo | Hgs

The difference ian the behaviour of mercuric mcetate towards bis
(triphenyitin) sulphide as compared to hexaphenyldistannoxane may
be attridbuted to the stronger affinity of mercury towards sulfur.
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The formation of diphenyl mercury in the resmctions of
(#hg5n) o0 and Hg(OAo), has been explained by assuning the great
instability of Snvilg bonded system, vis-a-vis, the ease of nigra-
tion of phenyl groups from tin atom to mercury atoms
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All the solveats were purified and dried as deseribed in
Vogel's practical chenistry (61). The petroleum ehher used had its
boiling range 80-80° unless otherwise mentioned. Herewric acetate
(Galte/Neli) and phenylmercuric acetate (Riedel) used in these reao-
tions were dried in vacawm for 12 hr before use. Tripheayltin
chloride, diphenyltin dichloride, hexa propyl and butyl distanno-
xanes all obtained from Fluls A.G., Switserland were used without
further purifications ALl melting pointe were uncorrected.

Hexaphenyl distanuoxcone was mepared by the reaction of
triphenyltin ohloride with sodium hydroxide as described by Van
43 (62). Crude product on repented orystallisation from a mixture
of petroleun other and bensens gave orystals of melting point 122°
[11% (63) mepe ua-xu‘]. It wae dried in air snd finally in vacuun
at room temperature for 12 hr. (Found: C w 80,808, 0 = 44953

Galods for Ogglygingd & O = 60«4lk,y H = 4e426).

2. revaration of tribensyltin chlorides

Tribensyltin chloride was nrepared sccording to the method
of Solmite=Dumont et al (64) and was recrystallised from acetone,
MeDe w!' [lit (64) mupe M‘ﬁ-ﬂ.“'].



Hexabensyl distansoxane wae prepared (65) by shaking an
etheral solution of tribenszyltin chloride with 307 aquecus solu=
tion of potassium hydroxide. The product was recovered from ether
layer and finally crystallised from acetone, meps 118-122°[11% (66)
mepe 120°], (Founds © = 62,91%, H & 6125, Oalods for CgollyoSng0 1
U - 83,000, H o 5.28%).

This sanple of hexabenzyl distannoxane was used as autheantic
sanple for mixed melting point deterauination.

s, Feueation of Wa(Srishenitin) elonide:

To & solution of 25 gm of tripheayltin chloride in 500 ml
of ethanol, 15 ml of pyridine was added and then Hgd 008 wme pase-
od for half an hours The white precipitate obtained was filtered
and erystallised from acetone. rure orystale of bis(triphenyltin)
sulphide mepe 142° [14% (1) meps 14246-245° wae obtatneds (Founds

G w DBLJT0%; H o 4.565) mm%ﬁtﬂ-um. He
4.390),

5. Zremaration of elymerio diohenvitin oxide’

Diphenyltin oxide was prepared by treating etheral solution
of diphenyltin dichloride with agqueous solution of sodium hydroxide
in excess (2)s The white compound was washed throughly with water,
emmmmum'mm for several days. (Found:
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Sn = 40,825 Calods for Ggpllyoind + Sn w 41.11%).

‘_.‘ § " ‘ g £ 2 .

To a solution of 7.1+ @n of hexa phenyl distannoxzsne in 600

®l of ether was added 3,18 gn of mercuwric acetate im 300 ml and was
atirred at room temperature for 8 hr and kept overnights A white
precipitate was formed and was filtered off, The residue 2.89 gm
(6A) wae washed tHPoughly with bensene, ether and was found to be
infusible upto 360°, The residue was found to be slightly soluble
in ehloroform and was recrystallised from this solvent: The fil-
trate was completely evaporated whereby a white solid (7.48 gn),
mepe 100-115° was obtained (8B). The solid, 6B, was fractionally
arystallised from petrolews ether (40-60%) which afforded a solid,
290 g, Wepe 116-118° (60) as Mret frsction snd was ieolateds The
filtrate on further concentration yielded uﬂmmw.
of a white solid (6D)s The mother liguor on complete evaporation
@ave 2,83 gn of vhite orystelline solid, mepe 118-122° (68). The
solid, 6D, on repeated orystallisation from petroleum ether (40-
60°) gave two fraotions of solid (1) 655 1.00 gu, meps 115-118° ana
(11) 6F3 0451 @1, meps 118-120%, The fraotions 6C and 6F were found
to be identical (mem.p) and mixed together which on further orysta-
1lisation from carbon tetrachloride/ether mixture afforded a white
orystalline solid, meps 122-123°, identified as triphenyltin acetate
by mixed melting point determination with an authentic sample of
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triphenyltin acetate. The fractions 6i and 6G were found to be
identical (memep) and nixed togethers un repeated crystallisation
from petroleun ether afforded a needle shaped orystalline compound,

MepDe lsﬂ.alm identified as diphenyl mercury by mixed melting
podint deternination with an authentic sanple of diphenyl merowry.

LdentiSioation of solid GAd

The solid, 8Ay was identified as a polymer from its physie

cal properties and was identified as polymerioc phenyl stamoic
acetate, [’hsn(0)0Ac [, from ite superimposible IR spectrum with an
authentic semple of [Phin(0)OAe[,s preparation of oxine derivative
viZey phonyltin acetate dioxinate, Phon(OAc)Uxy and elemental ana=
lysis. (Founds sn z 484415 Calods for CgilyBnly ¢ Sn w 45.808).

To a solution of 4,81 g of hexa phenyl distmuwxzane in
400 ml ether, was added 4,01 gn of mercwric acetate im 600 ml of
ether was added and the nixture was etirred at rvom btemperature
for 8 hr and kept overnights. After that the wiole solution was
filtered whereby J«36 gn of a white s0lid wae left as residue (7A).
The compound, 7A, was found to be insoluble in almost =ll common
organic solvents but was slightly soluble in chloroforn and was
arystallised from this solvent. This was identified as a polymer
whioh 410 not melt even upto 360°s The filtrate was complotely
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evaporated to dryness whereby a white solid, 4.39 gns; mepe 120-
18¢® was obtained, This compound on repeated cryetallisation from
petrolewn ether afforded diphenyl mercury, mepe 124° which was
ideatifiod by mixed melting point determination with authentie
sample of dipheayl mercury.

The organotin polymer 7A was identified as polymeric phenyl
atannole acetate, | 7hsn(0)oAe |, from IR comparison with authentic
speotrun of pheayl stamioic scetate and preparation of oxine deri-
vative vis., phemyltin acetate dioxinate, Phsn(0Ac)Oxgs

Iree acetic acid was formed during reaction as detected by
gqualitasive chemioal testes

8. Reag

o a suspension of 2,12 gn of diphenyltin ocxide in 500 ml \
bonsane, a sclution of 247 gn of phenyl merocwric acotate in 300 ml
bensone was added and the mixture was refluxed for 7 hr and kept
overnights The whole solution was filtered where by a residue 1,90

-mommm-mm-mamwummaﬁ’
and was insoluble in common organic solvents excepting chloroform.

After reorystallisation from chloroform it was identified as poly~

merie pheayl stamoic acetate, [hsn(0)oAc], by IR comparison with

authentio sample of phenyl stannoic acetate and preparation of

imown oxine derivative i.0., phenyltin acetate dloxinate, PhSn(OAe)ox
The filtrate on concentration afforded a white crystalline

mnd.mnm.wm&ummmmrm

sation from petroleum ether it was ideatified as diphenyl meroury,
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mepe 124%, by mixed melting point determination with an suthentic
sanple of diphenyl meroury.

%o a solution of 5.86 gn of hexa propyl distannoxane in
300 ml ether, 3.68 gm of mercwric acetate in 400 ml of ether was
added. The mixtwre was stirred at room temperature for 7-8 hr and
kept overnight. A yellow precipitate was fomed duwring otirring
mﬁf&mm.mm&a gn, wap identified ap ner-
ourie oxide (yellow variety) by qualitative chemical teetas

The filtrate on complete evaporation gave a wWhite aryste

11ine solid, 7400 g, meps 96-100°, This solid was reerystallised
several times fyom petrolewn ether/ether mixture which then affor-

ded a white needle shaped orystale of mep. 100% This was identi-
fied as tripropyltin acetate | 14t (86) mep. 200° )by nized melting
point determination with an autheatioc sample of tripropyltin ace-
tate prepared from the reaction of tripropyltin chloride (Fluka
AeG) with sodium acetate (2). (Pound: C & 48,985, H = 7,75

50 2 38,48%) Calods for Ogqlo dndy § C = 45,045, H « 7,030, 6a =

38,71%)

10,

A solution of 6.74 g of hexabutyl dletansozene in 300 ml
of ether was mixzed with 560 gn of mercuric acetate in 400 m}
ether. The mixture was stirred at room temperature for 5 hr and
kept overnights A yollow precipitate was formed dwing reaction
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which was filtered off, The yellow residue, 240 gn, was identi-
fied as mercuric oxide by qualitative ohemical teats.

The filtrate oa evaporation yielded a white solid, 7.656 gn,
meps 79-81", This 20144 on repeated orystallisation from petroleun
other had 1ts meps 85° and wae identified as tributyltin acetate
[11t (88) mep. 845 - 86° by mixed melting point detemdination
with an autheatio sample of tributyltin scetate prepared by treat-
ment of sodium acetate on tributyltin chloride (Fluka AsGs) (2)

(Found & ¢ z 47,974, H 5 B.dUN, S0 e 55,7153 Ualeds NO;M!
Gaﬁdﬁ. H.&m m’ “-W)-

Hote: Reamotlions of hexzapropyl/butyl distanwzane with mercuric
agetate in 1:8 preoportions were also ocarried outs The products were
W oA/ /Sutyl dovietes mereurie exids and one eguAvAlent of
unreaated mu;.\o acatate indicating that the reactioans proceeded
in 111 oropvortion.

11. &

3473 gn of hexabenuyl ddetannoxane was dissolved in 400 md
of ethers To that, 2,96 gn of merecwric ascetate im 400 ml other was
added at room temperature and the mixture was stirred for 8 hr and
kept overaight. The solution was then evaporated to drynese and
treated with 100 ml of cold petrolewm ether and f£iltered. The petro-
leun ather soluble fraction afforded 1.70 g of a widte compound
which on reerystallisation from acetone was identified as unreacted
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hexabenzyl distannoxane, m.p. 118° [111: (67) mep. 1-18'-1"860” by
mixed melting point determination with an authentic sample., .

The r esidue was then treated with hot pestroleum ether and
the petroleum ether soluble fraction afforded 2.70 gm of benzyl
mercuric chloride, m.p. 128-129°, identified by mixed melting point
determination with authentic sample. ‘

The petroleum ether inscluble fraction, 140 Zn, meps 220~

228° was reerystallised several times from benzdne to afford a
white crystalline compound meD. 22’?-2280. This compound was iden~
tified as a new distannorane derivative viz., 1,3 dibenzyl 1,1,
8,3 tetra acetoxy distaunoxane on the basis of elemeuiagl analysis
(Founds: O = 39.49%, H = 3.98%, Sn = 35.21%; Caled. for Cogh,dng0g 4
O = 39.51%, H = 5,975, 8n = 35.35%)gMIR spectrum.

This compound on treatment with oxime in refiuxing mecvhanol

did uot afford dibenzyltindioxinate, Bzzsno,xg which indicated tha t

probably no Bz gn- grouping was present in the compound. 30 the
By — s
two benzyl groups have been counsidered to occupy 1,3 poaitions of

the new stannoxane derivative.

Comparison of infrared spectrunmffyd.1) of this compound with
that of tribenzyltin acetate and hexabenzyl distanncxane leads to
assign the following major bands to 0C0 group and Sn-0-8n group

frequencies.
1590 on™*, 1545 om = 000 stretch  (Guymwie)
610 cm™t -

Sn-0-8n stretch (@aymmeteit



To a solution of 3,15 gn of bis (triphenyltin) sulphide in
400 ml of ether, 1.43 gm of mercuric acetate dissolved im 200 ml
of ether was sdded and the suspeasion was stirred for 6 hr at room
temperature. A black precipitate was formed during the stirring
and was filtered off, The residue 1,00 gn was identified a8 mer-
curic sulphide (black vemiedy) by qualitative tests. The filtrate
was evaporated to dryness whereby a white solid, 350 gm, mepe
nB-:-mo was obtained. This solid after several recrystallisation
from petroleunm ether was identified as triphenyltin acetate, m.p.
122° (mimep)s (Founds Sn = 28.89%; Ualod. for Ogoliygdndy ¢ 5n =

29,04%) .
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Hexa alkyl/aryl distamnoxsnes react differently with mer-
ouric ochloride and acetate. In case of mercurie chloride, the reac—
tions 4o not depend upon the nature of the organie groups (except
in case of hexa bensyl distansoxane) and follow the same oyclie
transition state (46, 47) in overy cese as have boen assumed due
to the 4dsolation of asimilar types of reacticon productas Dut in omse
of mercuric acetate, the reaction products are depeadent on the
nature of organic groups. for example, hexaphenyl distamnoxane react-:
with mercuric acetate to produce diphenyl mercury asd polymeric
phenyl stannoic acetate while the corresponding bensyl compound
producea bensylmercuric acetats and a new ocarboxylate derivative of
ddetannoxane vis., B8(0As)gsnoin(VAe)glz. But we cowld only obtain
tripropyl/butyl tin acetate and mercuric oxide from hexa sropyl/
butyl distannoxanes when treated with merowric acetate.

Coneiderians the stoichiometry of the overall reaction, the
reaction of mereuric acetate with hexaphenyl distanuoxane in 1:1
ratio may be formulated as followss

(Phgin) .0 + Hg(OAe)y — > Phgdndie +Phpdnd +Fhiigoie
Phgind + Phigode — & hin(0)0Ae + Vhollg

. —————— " —— e — e -
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(Physn) g0 + Hgl0Ae )y — Phginohc +2hsn(0)0ke 4 Phylig

Since, compounds like tetraorganotin Rgsn (69) are attacked onmly
verly elowly by mercuric ascetate, the ease with which hexa phenyl
distannoxane reacts with mercuric acetate should be associated
with the gresence of = Gn-U-moiety in the molecule. Datta et al
(46) have susgested a oyclic transition state in the reactions of
hexaphenyldistannoxane and mercuric ehloride involving simul taneous
alectrophilioc attack by oxygen aton to meroury and a newcleophilioc
sssigtance at tin atom by chlorine atoms It is highly probable that
the Lewis acid, mercwic scetate would involve a similar transi-
tion state in the first step of the reaction as follown:

hgsn — 0 - ---- :'imrh,

i
i

SR

This transition state ies expected to break as below?
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PhySnOHgOAo, however, could not be isolated from thie reaotion
probably because of its highly unstable nature.

The actual mechanism by whioh PhydndlgoAc decomposes is
uicertain. vhether the intermolecular O— 3nZ interaction (1) or
the intranclecular rearrangement (II) is to be preferrved caniot be
said definitely.

(1) Phgsn 0 —(HgOAe

ACOHgO —3n - Ph

e/n \ op “PMHGOAG . PhgSnommPhoONgvAe
Repetition of the above
process
¢ - Phiigoae)
P‘\'f, gnﬂ( Ph:_SnD)n H1 Ohe
Ph
)  pn an
— + PhilgoAc
\h_;ﬁ;m -

Davics et al (60) have recently reported the formation of
W by the reaction of Bugnd with PhlgCle from the isvlatior

of plln.'n. stanieic acetate; m:m(o)ou and diphenyl mercuryl M
ingtead of PhpSn0 and rhilgoAc in the reaction of (Phgin)g0 with
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Hg(OAo)y, it i likely that PhoSnd and PhHgoAc have reacted to
produce h as an intermediate which may further rearrange

to glve Phglig and Phsn(0)0Ac as shown in (III)e Uince frum the reac-
tions of trialiyl/aryltin earboxylates with mercuric acetate it has
been observed that phenyl group has a greater tendenqy to migrate

from $in aton to meroury, the decomposition of PhpSnbligrh may follow

' VAo
the post.dated routes of either (III) intramolecular or (IV) inter-
melecular rearransements. Of course, the exaet course of veaoction

is unocertain.
(111) JUEL - %
Phy Sm: i Ha Ph s PG S OWg Ph
Al". Ohc
/OAc
h - —p T Phn(0)0A + PhyHg
\Jﬁ Hq Ph o
Polsyvmerisotion
[Ph s'ﬁ-c»::)cmc]
14
Ac
(V) PhoSn— 0 — HgPh
¥ — PhyHg - (oA YPL AL
A N Ok | Rebetition ot the
Aovme  Process
(— P Hy)
Phsr O[Phin(o) om.] " HaPh

OAc
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It is intereating to note that polymarie PhpSud reacts
with Phiiguie in refluxing benzene to produce diphenyl meroury and
volymeric vhenyl stamwic acetate (which reasonably indicates that
hgSn) may be an internediate of the reaction between hexaphenyl
distannoxane and merouric acetate). The formation of these two
producte can be explained invoking any of the two mechacdisens vis,
(IIXI) or (IV) as desoribed earlier, It -has been further observed
that the reaction of PhpSa0 with PhgOAc doss not proceed at room
temperature wheress merouric acetate definitely reascts with
(PhgSn)a0 at room temperature. This is probably due to the faot
that "hpSnd once polymerised needs a rather rigrous condition to
undergo suah resction.

it hae been meutioned thatitriphenyltin acetate is one
of the produsts of the reaction of (Phgin),0 with HglUAe)y in 141
ratio. But if the reaction ia oarried out with two equivaleats
of mercuric acetate, no triphenyl tin acetate could be iluwolated
indicating thet trichenyltin acetate can fwther react with excess
merourio acetate to roduce more diphenyl mercowry and pheayl
stanwoic acetate as desoribed earlier.

That the involvement of the oxygen atom of Sn~U=in bond ia
the oyclic transition state is responsible for the differcnce in
behaviour of mereuric acetate at least towards hexs alkyl/aryl
distanuexenes stuiled, is supported by the reactions of mercuric
acetate with hoxamopyl and hexabutyl distannoxanes. In these cases
only trialkyltia acetate and mercurioc oxides are formeds This rather
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tannoxanes may be attributed to the inductive effect of allyl
groups that would reander the oxygen atom much more negative faci-
litating the donmation of electrons from the oxygea atom to mercury
atom in the oyclic traunsition state producing mercuric oxide and
trialkyltin acetates.

: —> 2RsSn0A0 + Hgo
OAe

Ry W=

Aot

——

L

- —

(R z 2xy Bu).

The reaction of hexabeasyl dletannoxane with mercuric acetate
is rather interesting. In this case quite coatrary to ite phenyl
analome, bensylmerocuric acetate is formed together with a Lfuno-
tionally substituted dietannoxane vis., 58(0Ac)gindun(0sc)pBe
instead of a polyneric products Counsidering the stolchiometry of
the reaction the overall reaction nay be written as follows:

(Bagin) 0 4 4lig(OAe )y —» B8(0A0) S5n0an(0A0) B, +

48slig0A0

This reaction is still under iavestigation and nothing can be said
about the mode of fumation of the moducts at this stage.
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Af£inity of mercury towards sulfur is much greater than
the oxygens This faot has been reflected from the reaction of
bis(triphenyltin) sulphide with merouric acetate which produces
merouric sulphide and triphenyliin acetate probebly according to
the following mechanisni




7.
Je

10,

PE

¢ B

b B

a12LiILL8RAZ3X

Gedeile Vanderkaric and
Jelsliolten

Be Aronhein
Aslnhowrs

Lellarada
‘!m

HeErause and RePohland
Metal ond Thermite Corp.

Pefulmis

e Ty

J.;a;tm. 9y 113 (:vu)

Anne 1943 145 (1878)




-l b
16, GelMeBelis i@ckar

16, Gelahr
17 UsAokraus and R,HeBullard
18, CelAsliraus and VeSessions

19, H.H.Anderson and J.A.Vasta
20, Hedlman and LeAedre Udiat
21, leJllarada

22 Tedeimith and ?SKipping
23s HeAsUumine rud PJunn

24, le¥riabe and Hlelker

26. DJushlefolty, l.Simmons and

27, UaFoliroun, lVkcavara and

5 (1503 S e,

LennorgeCheme 266, 107 (1948)
i Ne0Cey 47, 2361

JelrgeUheme, 19, 1300 (1964)

Leanale Uhame, 192, 267 (1963)

InovgeOheme, 2, 187 (1965)

W, 16, 506

JeUhansicne, 706 (1963)
; 0 JeCheme, 18,

-t — "



364 Gedekupokik and 7,.angien Jeunrge Uhiomae, 27, 5661 (1962)
36, 7<Harada : '

37« HeheCwming and oDunn

38. DeAsipeohking Vel.Vashicov
andl Velf'oTromova

© .

41, Stanffer Chemioal Uo.uer. CheneAbstre, 00, 7796 (1964)
42 Selssleib and b, alther - . Cheney 10,



45e Helelauly leileSonl and
Seleliarula

- A -

47+ DeBatte

48, Aslelaviee and  JHeSymes

404 AeldellBo@worth and AeCelavies
804 AedeMoodworth and A.belDnvies
B1s Aedelloodworth aad Ae.GeDavios

Béy AeCelay PeRePalan and
JeCe

65, I.foldesi snd G, itranor

86. Yure Chemicals Ltd.

ll.;r‘ Lol elooney and
89, U HoAbrahan and P.Le.Grellier
680s AelUelavies md P.G.larrison

61, A«IsVogel

Birey 60,

Jm-‘.l Choney 40, 350
S o

Jelhenebotes 1109 (1957)
deUhetisione, D2I8 (1966)
Jelhnmei00e, 5238 (1965)
JeChomeioce, 0245 (1965)
Jelhameiinc., G358 (1068)
JeChemsSooe(C), 299 (1968)

mmm.e.m

JeChemeione, 7658 (1961)

JeUhomeS00e, 740 (1964)

.{w (11), 1132
ST e

A text book of practical

Tokion (1968) " “onemensy









In this part, preparation of some orgauotin carboxylate
of compounds vise, PhS(UCOR)UXg and (UCUR)gSnuige The compound
n~Bugsn(UCUCH;)0x, reported by Huber and iaiser (1) is probably
the only example of organotin carboxylate oxinate.

Beside the prevaration of orga.wutin carboxylate oxinates,
some other organotin complexes have been prepared aud action of
merguric chloride/merouric acetate/phenyl merouric acetate on these
complexes have been investignted.

A ahort description of lkknown organotin oxinates and related
complexes may be relevant here.

Various types of orgauotia oximates vis., A inux, Rginlxe,
a.aa(x)mm Rinxz, where R x organic group, Ux = oxinate and
X z halogen, isothiooyanate, acetate, altrate are described in
the 1iteratures (1-12).

Rgondx, Apimixg and Ropuxg are generally prepared by one
of the following waye: (a) reaction of orgacotin halides with
oxine (344),(b) reaction of organotin halides with sodium oxinate
(2410,14) and (e¢) renction of organotin oxides with oxine (10,13),
O e,

(a) MeginCl; 1+ 4liux ——» lleySn0xy+ 2Hox . HUL
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(b) n-BuSntlz+- Sialx — n-BuSnlx, - Siacl

(e) (PhgSn),0+2H0x — 2rhgSnox +Hgl
phide with ozine, in a 133 molar ratio, in boiling toluene, while
einilar heatins of butyltin sesquisulphide and oxine in a 1:2 moler
ratio produced (Buinixy)es (15),

Martin and famaieh (16) prepsred tintetracxinate, Sa(ux),
by heating ‘hySndxg with oxine at 500% Tin tetracxinate was formed
by the Sn-U bond fission.

Iif a dihalide and oxine were allowed %o resct in a 131
aelar ratio in the absence of a base, the haloxinates were produced

(1417)s
RginClg 4~ HOx —> RpBn(01)0x+HCL

These may alaso be prepared Slxvugh disproportisnstion of a equi~
nolar mixtures of a dihalide and a dloxinate in refluxing ethamol
or bensene (1,14, 17-19):

RgSudly + Rginuxy —— FMpin(UL)ox
or by reaction between a dioxinste and s eilver halide (1)
Rgfn0xy - AsX ——b RgSn(X)0x +Ag0x

These compounds may underge disproportionation to yield more stable
hexa coordimated RgSnoxg (17)s
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Dialkyltin isocyanste oxiuate and scetate oxinates have
been prepared by disproportionation reactions as in the case with

Rginolox (1)
Huber and hie coworker (1) have aleo wepared dialkyltin

nitrate oxinate and sulphate oxinate by the following methods:

RgiMORg + AGHOZ e R
BRgn(01)0x + Aggiog — B | itgunim 80y NS

In other halogen substitution resctions the product dle-
proportionstes (19).

Rgdn(vl)ox + T ——{n,amaq*of
2[Rgon(1)ox] —— Agemty - Rgsnmy

The oxinate mroup of triphenyltin oxinate may be exohaunged
by a number of acions susch as halide ions, simply by shaking a solu~
tion of tripheayltin oxinate with the avpropriate reagents the halo-
gen atom of venta coordinated tin halo oxinate undergues ready ex-

mu&thm-muhm.mwmdth chelates @sies
| (17, 19) which may dieproportionate into diorganc-

tin mmu. For exampled
(1) Rghn(c1)ox+ BL- 00gHy — o Hgsn(00pls )0x

(2) RgIna(cl)ox + ¥aI ————»  Rgoalllox ——»
RgSnuxy + Rpialy
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(3) Rpun(0l)ox + n-Buii —» Rginla~bu)ox
n.mg—i-b-waﬂ.
(4) 1mgsn(cl)ix 4 T1l-a0a0 — Rgin(adal)ox

I

n.sim,_,—\- igun(avac)y

lonoorgmiotin cliloro dloxinate have generally been prepared
by the reaction of orgasotin trichloride with oxine (17, 20), Phen~
yltin halodioxinates have also been srepared by rescting diphenyl-
tin ddoxinate ith mercuric halides in ether at room temporature
(21).

Dichlorotin dioxinate,Clginuxg (5) wes premred by the
reaction of oxine on .nllg.Clginixg has been found to be thermally
stable upte 360°, insoluble in minoral moids sud alkeli solutions
orange oryetals, having well defined melting vointe. These are
usually soluble in common organic solvents and are monomeric in
beazene solution (12).

Similar to those of varicus chelated metal oxinates which
absorb at 370-430 mp 4y the tin oxinates are charactorised to have
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an eleetronic absorption epectrum in the region 360-430 m m(12)e
This has been cvusidored as an evidence for the presence of chela=
ted ring in the moleoule. The molar extinetlon coefficient depands
on the number of oxinate groups present. ifor exanple, the extine~
tion coefficient of dioxinate complexes are uearly double that of
the monooxinate conplexes and the extinction cefficient of the
tin trioxinate conplexes @efs, R-DuSuuxgs 1s 20 times that of the
monooxinate complexes (2).

ted tin atom by Okawera et al (22), the moncoxinstes and diorgano-
trioxiante has been sucieeted %o have a hepta ccordimated tin atom
(2).

The configwration of the penta coordimated conplexes of the
type Rzbnox and Rgin(Cl)ux has ot yet beea imvestigated. Although
several studive of triphenyltin oxinate have been reported (8,12,
17), there is wicertainfty as to whether this compound has stEwo~
ture (1) or (11) (#ige 1)

L

(1)

(1)



Jrgnaetln complexeg’

51, Ge, dn and Pb can extend their coordination number
beyond fouwr.I,R. Seattie (25) has attributed this fact %t the
availability of empty 'd’' orbitals in these eloments. However,
these orbitals in o slagle atom are too difuse and hence the bond
formation due to effective overlap is only poseible vhen they oon=
tract sufficieatly ia the mresence of highly elecironsgative ligands
(24~86)+ "ronm a number of investigations on boading, it has been
aboerved that an effoctive overlap between ligand 'p' orbitale aud
metal 'd' orbitals takes pluace to form Tl =bonds, in case of sili=
con oumpounds (27). Svideace for such pIT- dMboading ie based
largely on the mnalysis of bond characteristios e«g« bond longthe,
bond angles, eleetrio momants etes The pn ~ 41w woading depends on
the eise of the central motal atom and availability of the 'a'
orbitals as well, In particular, it has been abserved that pw =dvw
bonding is of cvnsldarable 1mrhnﬁoo for Ue= bonds but it is
very small or almost non existent for da-u bonds (locscit)s Since
the moceptor property of tin halides are well kuown (83), the
probability of 1T bonding with atoms other than oxygen may not be

Jeganotin halides form addition corpounds with electron
oadr donors and are usually of the type Hynk, . e2L (when A w 2, 3)
(23) vhere R = Urganic #roup, X = halogen and L = an eleetron pair
donore
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The organotin momnohalides usually fomm 1311 adductsy RgSnXeL.
Por trimethyltin chloride, a colorometric method of calculating
the enthalpy of formation of adducts with Lewis baseca has been
recorted (29).

The stability of the addition compounds depends on the
nmber of organic groups present and for tetrasrganetin compounds
there ie little evidence for lLewis acid behaviour. ‘heu the chloriae
atoms of stanuic chloride are replaced by relatively eleatroposi-

tive organic SPOUDS, tbamptn mroperty of tin declines as
follove Sall, zm Rgbnlly) Riadl (30),#hgSntl) Bugindl (51)
nad m,) Ul3) mm., (u). sith Aifferent dvaating molew

oules, slight variation in the above seguence, hovever, is observed.
Tho sterecchsmistery of some of those complexes have besn
settled receatly, MeginoAe (55), BzSaR' vhere R' ie an unsaturated
organic radical contaiming two alfrogen atons in the 1,3 position
such as imadozol (34) have been proposed to have penta coordinated
tin atoms "he preseuce of five coordinated tin atom in HezinCl. iy
has been established conclusively by i-ray analysie (36) and the
structie has been shown to be trigonal bipyramidal with the three
methyl sroups occupying the equatorial sositions, Hp nigeZh and
RSnXge2L compounds have indicated the presence of hexa coordinsted
tin atoms Very recently <itehing et al (56~38) have prepared a
aunber of complexes with dlorgnmosulphoxides such as dimethyl
sulphonide (150), dibensyleulphoxide (Dbasu) diethylsulphoxide
(DE450) etes A8 because the Sa~0 frequency in these complexes are
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lowered as compared to the free ligaude, coordination throush
oxysen atom have been suszested. Doth the peata and hexe ocoordings
ted environment of tin have been proposed for RztnCl.l end RgSallge
20 reapectively.

In recent yeurs, there have been growing interest for the
preparation of organotin chelates. Complexee with chelating agents
such as A -diketones (19, 59-44), 1,10 phenanthmwoline (22, 45, 46),
bipyridyl (45-43), terpyridyl (47), S-hydroxy quinoline (2-12),
dithéocarbamate (49, 50), ethylene diamine tetracetic acld (51),
tropolene (562), saliocvlaldehyde (44), plecoline (42, 44), phthalo=
cyanine (53), kojates (54) etc. have been reported. si-ilar to
monodentate ligands, both penta and hexas coordinnted complexes
have been isolated with chelating agents. In addition, a few hepta
and oota coordinated tin complexcs are also kuown.

By the oleavage of un~Fh bonds (40), acetylacetons, bensyl
moetons, dibensyl acetone, salisylaldehyde, oxine eto. mroduce
Olgin(Oh)y when reasted with “hgSallg(liCh is the bidentate, mono-
protie chelating sgent). Rpinlhy complexes, where & ia an organie
radioal, may be repared by the reaction of lpbnllp with thalium
(41) or sodium (42) salt of the chelating agents.

kxample of hepta and octa ccordinated complexes of tropolo-
nates and oxinates are known (52,10,14,16). The presence of seven
and eight coordinmated tin in these compounds have been deduced fronm
various physioal measuremeante such as UV. epectra, moleoular weight
deterninations, eleotrical coaduotivity etc.



~158=

tin mixed chelates. iestlake aud lMartin (19) srepared Phgin (CgHg
COCHOUCEHG)OX as & pure compounds Dimethyltin oxiuate tropolonate
(?) has been prepared by the reaction of dinmethyltin dioxinate aud
Aimethyltin ditropolonate aud has boen characterised by IR and X-ray

aneetroscony.
M aho I Lt

As indioated in the begiasing of this part the present
inventimtion deale with the preparation of earboxylste of the type
Phin(0COR)Uxg and (RO0V)gSnix, derdivatives of orgauotin dloxinates.
Frior to this work, ouly reported ounpound of this type was dibutyl-
tinacetate oxisate prepared by liuber and taieer (1).

-=m-(uoon}nn, have been grepared by wsing two ruutes vis,

(1) by reactiang ‘hini{Ul)uxg with & slight exoess of silver salt of
earboxylic acids and (41) by the reaction of Fhpinixy with FhHgOCOR
in 1:1 molar proportions:

(1) Phen(01)oxg+ ABOCOR —% PhSn(000R)oxy + Asll

[#hare R & Oy, -OHg=0t; and =OHa@1 |
(12) hynoxp + higOCUR — v hun(U00R) Uyt Pholl

[#here ® = ~ol5 ana —omy |
‘here as all the (R0C0)ySnUxg compounds have been prepared through
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Clgindxy, -+ 2Ag0C0R —%  (ROCV)gSn0x, -+ 24501

[ = ~tigy ~GligOHy and ~GHg0L |

3ince mercuric or phenylmercuric acetates can dearylate

various orgacotin cuvnpounds, attenpts are made %o prepare carboxy-
late oxinates of tia by the use of these reajgents. the resctions
betveen “hySnox, “hosn(Cl)ix and merouric and phenylmercuric ace-
tatee have beon studied, In all cases Phin(UAc)Uxg 1o one of the
nroducts. B the vreaction of triphenyltia oxinate with merouric
ncetate phnyltin scetate dioxinate, diphenyl mereoury and poly-
meric pheayl etauwic acetate are the sroductel

“hgonox 4 Hgloae)y — —» shen(UAe)Oxg + Yhgls
Phinlo)vae

oa the other haud, the reaction of triphenyltin oxinate and
phenylmerouric acotate in 131 molar usroportion, produses the same
is isolated:
PhgSnix +2rhilgode —» $PhSn(0Ae)0xg + 2Phghg -
brhsnl0)oAe

Dut in case of reaction betucen diphenyltin chlorcoxinate and
vhenylmercuric acetate the renction producte are phenylmercurioc
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chloride, dipheayl mercury, pheuyltin acetate dioxinate and poly-
maric phenyl stamnwic acetate. .
Apart from the above oxinate complexes, few other organctin
Dearylation of triphenyltin salicylaldehyde with merouric
chloride prodwces trivheayltin chloride, phenyl mercuric chloride
and a polymer of the type 3n(OH), containing a very fow chlorine/
pheayl/saliocylaldehyde /roupe in the termiual poeitionss
Remotion of triphenyltin hydroxide with alisarin (1,2
ddihydroxy anthra quinone) produces a sew ocompound which on the
basls of elemontal analyois and IR spectroscopy may b formulated
a8 i’ouj-s.
o—5nPh2

Juinalisarin (1,2,6,8 tetrahydroxy anthra quinons), on the
othey hand, reacts with triphenyltin hydrexide to prodwee a poly-
meric complex compound probably of the following type:



~

hae been observed by isclating sucoessively two equivalents of
vhenyl mercuric ohloride, when treated with merewric chloride ia
refluxing methanole

—
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All the solvents were pwrified aand dried as montioned in
previous sectionas The petroleun other used had ite boiling polnt
80-80°, lercuric ohloride (BeDeH), merouric mcetate (Ha) and
shenylmerouric scetate (Risdel) were dried in an alr ovea at 106°
for about 12 lw and kept in a Weoicoator for use. ‘riphenyltin
ahloride (Flulm Ael)y diphenyltin dichlrodie (Fluka Ael), alisarin
(24i8)y quinaliserin (3:2) and silver ocarboaste (Seil.) were used
vithout further purifications ALl melting polnte were wacorrectad.

The various compounds used ia the mreseat luveatigation
were prepared as follows:

1s ‘riphenyltin oxinate, »hgsaux:

Iripheayltin oxinate was prepared by the resction of hexa-
pheayldistaunozane wvith oxine in warm methanols fhe product was
reoryatallised several times from methanol and dried iu vacoum for
24 hry mape 150° [ 1180 (8, 17) meps 245°-146,8° [(ounds ¢ » 65426%,
H u 4e26, W g 3:05%) Oalods for CppllpySniily C = 65.640 H = 4285,
Nz 24840),

2o Diphenyliin diexinate, PhgSnuxgt

Mphenyltin doxinate wvas prepared follouing the metiod of
deloon and llartin (41). The product was reorystalliced soveral times




1P

from bensene, meps 258° [1it. (41) mepe ﬂﬂo’-ﬂﬂ"]wﬂus 0 = 6443658,
H = 3485%, N = 4.79%) Calods for UyoHpotnlglip 3 C 5 G4eR0%, H o

3e985hy U z 4e99%).

Diphenyl tin chlore oxinate was prepered following the
method of Westlake and Martin (19)s The product was recrystallfsed
soveral tines from beazenme aad drled in vacoum, meps 160" | 144(19)
mepe 165°-157°| (Pounds ¢ u 654675, Il « 34665, H & L8953 Ualods
for gyl gIRHCL + O u BBSTHRy 1 @ 5eOThy U = 3,097)s

4e ma.vmm ddoxinate; Q&a&l

shenyltinchloro@ioxinate wae prepared by the resction of
triphenyltin oxinate with merourio alloride in ether (£1)s lhe pro—
duct after recrystallisation firom hensene had ite melting point
218” [12%s (20422) meps 218°-210°| (oundt G o 554485 1 = 3,05,
§ = Dol mmm%ﬁﬁﬂ I 0z 854008, H g 2308,
How B89,

The silver salts of carboxylic acids viz., acetic acld,
nonochloro acetic moid and proploadc acid vas prepared by treating
silver carbonate with exoess of the appropriate acid, washed through
ly with water and dried in vacoun as described in the literature.
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8+ ‘heaylmercuric triflusroacetate, Pmmgi ]

+hen phenylmercuric hydroxide [prepared from phenylmercuric
acetatey 1ite (50)] was treated with a slight excese of trifiuoro-
acetic acid (Eef.) than re ufwed in eother, phenylmercuric trifluo~
roacetate was formed. ‘he product after recrystallisation from
ether furiished pure products meps 124°-126° (Fouwsd: ¢ = a0
H = 14235 Calods for UglighgugPs * O = 24e6liy K m 14285}

ohenylti -nnwlm was wepared by dissolving
riphenylts i w in msmu (leile)s The green com-
vousd wee voorysteliised from ether, Mepe 170° [ 144 (66) maps
167°-169" | (Younds © = 65,945, H = 427y Gu = 244904 Ualods fov
UggllagoBnly § O = 63,740, 1 » 4e805, in = 20:8350).

8. Dichlorotin dioxinate, w :

Mohlorotin ddoxinate was prepured by treating anhydrous
stanngic chloride (“lukta Asls) with calo ldated amount of oxime ia
bonsenes The product vae thPoushly washed with bensens, methasol
otos (Fownds C 3 44,905, i & Jeldiiy U = 54685, Ol w 14,7955 Calod,
for Oygllygiuughp g ¢ U = 45260y H w 24050y H = 04875 Ol w 144805)



It spectrum of phenyltin acetate dioxinate,

phsn( 0COCHg ) OXge

IR spectr
R g, Barists Whsiseate dlsxiute,
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Juis Preparation of phenyltinacetate dioxinate, PhSn(UCoUig)oxg

1.30 gn of phenyltin chlore dioxinate and 0442 gn of silver
acetate were taken in a swspeasion of 200 ml of methauol ond re=
fluxed for 4 hr. The whole solution was evaporated aud the residue
mas treated ith uarm benvene for several times. 1he bensene solu~
tion afforded a yellow orystalline compound when precipitated with
petroleun sther. ‘he vellow compound on several reerystallisation
fron bensene/petroleun ether mixture had ite melting point 248°-
244, wetating 1404 Sn and wns 1dentifiod as phenyltin sostase
dloxinate, -hon(OAe)Gxp. (Found: 0 = 67:75:, 1l = 4s040; Sn = 21.59%;
Jaleds for OpgHesnlgiy ¢ C = 87,064, Il = 34700 Sn = 21.875).

IR and UV/ Spectra are shown in fig, ded and figes 448, 449
reapoactively.

98, ‘reparation of pheuyltin scetate mmw

2,00 gn of diphenyltindioxinate and 1+20 gm of phenylmercuric
M-ﬁmn.-Wmotmnm-gﬂm
fluxed for 5 hrs The sulvent was evaporated off slowly and the
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yellow solid which remained was treated several times with hot
plt.l'olm ethar. The petroleum ether soluble fraction afforded
120 @n of dipheayl meroury, mepe 124° (memep)e

The petroleum other insoluble solid was recrystallised
several times from beasons/petroleum ether whereby pwre pheayltia
acetate Aloxinate mep. 245 -2’ (memeply 1490 gn vas afforded.

1 GOl

1.00 gn of phenyltin chlore dloxiuate was tacen in a sus-
sension of 0454 gn of eilver proplonate in 200 ml of methanol and
was refluxed for 4 lw. After dompletioa of the resction the metha~
w0l vas svagorated off and the residue was treated with wars ben~
sene for several times. lhe bensene solution aftor concentration
and precipitation by petroleum ether afforded yellow erystalline
a0lid welghing 1.25 gn. This solid after several recrystalliea~
ﬂmimn.mv-w (Founds U u BBe19%1 H m 4e1958, 4 « 4.98%,
3n w 21.007%; Calods for OpyllgoSnlgli, ¢ C 2 68,8058, H w 5:955,

H m 5405%, 5n w 21.32%).
mm-mmummnnmmw/;';itu-u
figa. 4.8y 449,



Pige. 4,4 IR speotrum of phenyltin trifluoroacetate dioxinate,
B &% Pnsa(0coary)oxss | |



1440 2m of pheayltin chloro dioxinate and 0,60 m of silver
monochloroscetate wvas Saken in 200 ml of methamnol aud the suspen=
sion was refluxed Lor 5 hre Lhe nothawl was evaporated and the
s0lid mass left was treated with beasene. The bensene soluble frac~
tion on concentration and preecipitation with petroleoum ether yield-
ed 1,18 g of & yellov compound which on several recrystaliisstion
from benseng/petcoleun ether mixture wae identified as phenyltin
nonoohloroscetate dloxinate, mepe 145°. (Found: O = H&10%; B o
34625, N g 44776y On = 204055 Ualods for Cpgllyginlgligll 3 O
S4By, H e 3,294, § u 48558, Sn g 20.565).

IR and UV/ 8pectia are shown in fige 4e5 and £ig8s 48, 4.9
roapactively.

2 of ohenyvigin riflucroacetata ddoxiinte.
Wl;gwm_waummm, to with
phenyimercuric triflucroscetates

1430 gn of diphenyltin dioxinate and 0490 gm of phenyl
nerourie trifluwroacetate was takeu in 00 ml of methanol and
rofluxed for § hr on a water bath, 'he solution becamne clear yellow
after some time and then a yellow orystalline compound was preoi-
pitated in the solution during the reactions After filtratiou, the
yellow compound (0.80 gn) was reerystallised from a large volume of




/

Pige 4.5 IR spectrum of diacetatetin dloxinate, (mrgooe)_amg.

lge 448 IR spectrum of dipropionatetin dioxinate, (CH3CH000),
ms.



tetrahydro furan/petroleun ether mixture whieh afforded compousd
of melting point 241°-242° and was identified ms phenyliin trifluo-
roacetate dioxinate, (founds C & 52.,36%, H n 34165 U = 4,485,
Sn g 20,0843 Calods for CggHyginOgliph; 1 C = 52430%, H @ 2,854,
H = 44695, in = 19,90%4),

IR and UV 'Sheotra have been shown in £ige 4e4 and figss
4e8,y %449 respectivelye.

13, Prepuration of diacetatetin dloxinate, (UHsuoe)gsnug by the

lorotin

120 sn of dlohlorotin dioxinate and 0490 g of silver
neetate were Saken im SO0 ml of methauol and the suspension wao
refiuxed for § hr. the methawl was completely removed by evapora-
tlion after the resoction and the aolid vas treated with hot bensens.
“he bensene soluble portion snve 1,13 gn of a yellow compound after
gonceatrations Ihis ou repeated recrystaliisation Cfrom benuens/
287% (Founds C « 49,785, N 5 5445%, N » 88154, Sn = 22s81%)
Jaleds for CgollyaSnOgiy # C = 504315, H w 5a43/ U w 54546, n e
22,625%).

IR and UV Speotra have been shown in £ige 446 and fige.
448y 449 respectively.
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1450 gm of dichloridetin dioxinate and 1420 g1 of silver
proplonate were taken in 200 al of methacol and the suspeasion was
refluted for 5 hre The methauol wae evaporated off after the reac-
tion aad the yellow eolid left was treated with hot benszenes The

a yellow compound., This compound on several reevystallisation from
benzene vas i‘entified as dipropionstetin dioxinate, meps 266°-

267% (Foundt 0 z 51,785, H « 5974, 4 = 4835, 5n w 21,0755 Oaled,
for Cpglgsinlghiy & O 5 B2.1Ek, H = 5298/ N 5 04076, on = 214485,

mmw/ﬁom-ottm- compound have beon shows in £ig.
4e6 and £igee. 448, 449 respoctively.

1450 m of dlehlorotia digxiuate aud 1.89 ga of sllver momo
chioroacetate were taken in 400 ml of methanol and the mixture wae
refluxed for 5 hr, The solvent .as the. removed by ovaporation aud
the yellow molid left was treated with hot bensenes The bensene
@olution after counceatration was mixed with sufficient volume of
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petroleum ether vhereby a yellow solid, 1.07 gn was predipitated.
The solid on recrysialilsation several times from beascne/petroleun

tolE .
m_’o (Found: 0 g 44,8000, H & 25995, H = w. dnes ”im! m

for Cgglly gSndgiplly * ¢ = 444465, H 3 2460%, § o 4725, in = 19.99).

IR and w/ﬁ?wmmwmmuag. 4&e7 and fige.
448,y 449 respectively.

16 |

2422 @ of diphenyltin ohloro oxinste and 0466 @ of
potassium acotate vore taken in 400 ml of methanol and waa reofluxe
ed for 6 hr. After complete evaporation of the eolvent, the residue
wao extracted with bensene. The bensene soluble fraction afforded
pure divheayltin dioxinate, ‘hgSnOxgy meps 248° (memep) after sover-
al recrystallisation from beasens/petroleun other mixtures

The bensene iassluble fraction was washed thFoughly with

water and the water insoluble part after .ashing with methasol,
benzens ote, dried in vacuum (0,74 @)« ‘his conpound was identi-
£i0d as polymeric diphenyltin oxide, Phgsn0 on the basis of IR
ocomparison with autheitio spectrum. (Found: Sn = 40,0755 Caled.
for Oyl (B00 1 5n w 41e11%),

The water solution was found to contain potassium chloride,
KUL and excess potassium acetate, K0OUOCHg by qualitative testes



Fig. 4.8 Absorption spectra of the tin oxinates in the
UV reglons

I Phenyltin monochloroacetate dioxinate,
II J‘henyltin acetate dioxianate,

III Pheayltin propionate dioxinate,

IV Phenyltin triflworoacetate dioxinate,
¥V Dipropionatetin dioxinate,
VI Diacetatetin dioxinate,
VII Bis monochloroacetatetin dioxinate,
VIII Phenyltin chlore dioxinate,

X Diphemyltin dioxinate,
X Dichlorotin dioxinate,



2497 gn triphenyltin oxinate was diesolved in 400 ml ether.
o that, 1491 o mereuric acetate in 200 ml of other vas added and
the suspension was stirrved for 5 hxr at ruvom temperature and itept
over night. The solvent was distilled off and the yellow residus
was treated suocessively with petroleum ether and bensenes The
patroleun ether Draction afforded 2.00 gn of a white solid, msp.
120-128° whioh on neveral recrystallisstion from petroleun ether
vas 4dentificd as Aiphenyl mercury, meps 124, by mixed melting
point determiaation with an authentio sample of diphenyl meroury.

The bensene soluble fraction on slow evaporation afforded
1439 gn of a yellow erystalline compounds meps 2306=240°, Thie com-
pound on several rearystallisation from bensene was identified as
phenyltin meetate dioxinate, rhsn(UAe)Uxgy Meps 243=244°, ideati-
fied by IR comparison and mixed meltins point devernination with
autheutic smaple.

The petroleun ethor and benzeme insoluble fraction that
ronained was found to be imsoluble in comon organic solvents nnd
was infusible even upto 360°. This white compound, 0s76 @n, was
identified me polymerie phenyl atamwic acetate on the basis of IR
comparison with autheatic sample and preparation of oxine deriva-
tive, vizs, vhenyltin acetate dioxinate, by the method desoribed
in early chapters.

iiberation of acetic acid was detected during the course
of renction.



Fig. 4.9 Absorption spectra of the tin oxinates ia the visible
regions

I ‘fhenyltin monochloroacetate dioxinmte,
IT Phenyltin acetate dioxinate,
III Phenyltin propionate #floxinate,
IV Phenyltin trifluworoacetate dioxinate,
V  Dipropionatetin dioxinate,
Vi Diacetatetin dioxinate,
VII Bis monochlorvacetatetin dioxinnte,
VIII Phenyltin chloro dioxinate,
X Diphenyltin dioxiaate,

L 4 Dichlorotin dioxinate.



To a solution of 442 gn of triphenyltin oxinate in 600 ml
ether, 5,00 gn of pheayl merouric acetate (1:1) in 200 ml of ether
vas added. The suspension was stirred for 8 hr aud kept over aight.
The solvent was distilled off and the yellow residus was extracted
succensively with petroleum ether and methanol.

The petrolewn ether fraction afforded on slow evaporstion
3«10 gm of diphenyl mercoury identified by nmixed melting point
deternization with an authentic samples

The methanol fraction ou fractional corystallisation ylelded
220 g of uareacted tripheayltin oxinate (memep) and 1,06 g of
phenyltin acetate dioxinate whioh was ideatified by IR comparison
and nmixed melting poiat determiasation with an suthentlc sample.
identifiad as polymerie phenyl stamwic acetate by IR comparison
and mreparation of phenyltinacetate dloxinate by treatment with
oxine.

It has been observed that whean triphenyltin exiunte and
vhenyl mercuriec scetate are reacted in 112 ratio no unrescted tri-
phenyltin oxinate could be isolateds Thus 2.72 gn tripheayltin
5480 gn of diphenyl mercury, 131 gn vhenyltin acetate dioxinate
and 0,72 gn of polymerie phenyl ostaxuwic acetates

In both the reasctions, the formation of acetate lons were
deteoted by qualitative teostss



To a solution of 3,20 gn of diphenyltin chilorc oxiaste
in 400 ml ether, 4.75 gn of phenyl mercuric acetate iu 300 ml of
ather was added, The mixture was atirred for 6 hr and kept over

nights The solvent was distilled off and the residue was first
treated with petroleum ether and then with hot methaucls The petro-
leun ether fraction afforded 2.5 @i of diphenyl meroury (memep)s
@ of sheayl mevewric ohlorida, mep. 251°, identified by mixed
molting point determiuation with an authentic smaple and 1,88 g
of phenyltin scetate dloximate, ideatified by IR comparison and
mixed melting point determination with sutheatio samgles

The petroloun ether sud methanol insoluble fraction was
identified as polymoric phenylstaniolc acetate, 0s89 gu, by the
nrocedure mentioned earliers

The formation of acotate ion during the reaction was deteo-
ted qualitatively.

4470 gn of triphenyltin salieylaldehyde wae dissolved in
400 ml ether. To that, 2,71 @n of mereuric chloride in 200 ml of
ether vas added «ith etirring and the stirring contimued for 7 hr
The whole solution was then filtered whereby a polygeric compownd
1469 1, infusible uste 380° and insoluble in common orga:de sol

veats was left as residue (184).






=168~

bed ia Chapter II ylelded the following compoundss

1. chenylmercuric chloride, 505 @iy mepe 264° (memep)
2, triphenyltin chloride, 2,41 @n; MeDe iﬂ' (memep)

3. anlioylaldehyde- identified by qualitative tests and
its boiling point, bp 197° (67)

The polymeric materiasl from its elemeatal analysis and IR
spcetrum (fige 4410) vae found to be esseatially sa(il)y containing
a fow orgaudc groupss (Founds U g 6465%, I @ 14885, 5n = 58,58%).

21. Sgac

5463 a3 of triphenyltin hydroxide (prepsred from triphenyl-
tin ohloride and sodium hydroxide in ether/uater mixture) and 2,36
@ of alisarin vere mixed together in 400 ml methaaol and refluxe
ed for 6 hr, The whole svlution was then filtered and the residue
was treated with hot bensems, The bensene soluble fraction affor-
ded tetraphenyltin, meps 224° (memep)s The residue (20A) thus
obtained was found to be infusible upto 560°,

The original filtrate was evaporated to dryness and thea
tronted with bensene. The bensene soluble fraction afforded a red
needle shaped orystalline compound (20B), mepe 2322347 after
several reorystallisation from bensene. The benseme insoluble frac
tion was again an infusible compound (R20C).
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The red ocompound 208 was identified as a diphenyltin
alizerin complex havias the following formulas on the beais of
elonmental analyois and IR speotrumi

)

(Pound: ¢ & 004788 H = 3,525 Sn @ 28,74 Ualod. for Cpghygondys
Cm 60,98, Il g 3,506 3n = 28.24).

The infrered speotrum (fige 4e1l) on comparison with she
speotrun of alisarin showed the absence of smy hydroxyl (-0H) band
which signified that the two hydroxyl group of aliserin had heen
utilised in the complex fomuations Beside this a new bend was
appeared at 1530 en™F. Although the origin of thds band caiwt be
aseigned with ocertainity but may be associated with carbomyl fre-

The characterisation of the compounds 204 and 200 were not
rosnible, however, tidis reaction is under further investigations.



3400 gn of tripheayltin hydroxide wam treated with 2.86 gn
of quinalizarin in 400 nml of methanol. The solution was refluxed
for 6 hr and the solvent vwas carefully pumped offs The solid was
then dried in vacwm and welghed 4448 gn. ‘he lose in weight due
to the reaction indicated the formation of a wolatile producte The
volatile jroduct had been ldentified as benzeme by apoetyophoto-
metric techalque desoribed liter ome The 8011 wes washsd thFoughly
with benzenes Tho bensens soluble frmotion ves ldentified as une
reacted quinalisarin (1411 3n)« The bensene insoluble I{raction vas
reerystallised from a large volume of I.M.F, and petroleun cther
and the violet compound whish obtained appeared to be polymer from
its poor solubility in common organic solvents ané infusibllity
upto 360%, "t compound on the basis of IR epeotrum (fige dedR)
following undtes
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(Founds G w 434815, H & 2307, Sn = 19,12/} Calode for CggHyssns0ys
C m 44,69%, H g 2.,15%, Sa = 19.67%).

That the compound contained two phenyl sroups per molecule
was verified by dearylation of the complex with mereurioc ohloride.
Thus the complax ylelded stepwise two eauivalente of phenyl mercus
ric chloride vhen it was refluxed first with one equivalent of
mercuric ohloride in methauol and then with excess of the mercuric

All the appmratus used were heated for 24 hr in an alr
oven. lieBhanol used in this investigmtion was of G.R./3¢M. quality.

ALL materials were sorupdlowsly checked for traces of ban=
sene by ultral violet spectra in the region 280270 m 4 and were
found to be free fiom bensenes A blank experiment was alpo nade
by refluxing 1.00 gn of triphenyltin hydroxide im 100 ml methanal
for 0 hre The distillate was again found to be bentens frxee hy the

1400 gn of triphenyltin hydroxide and 075 gn quinalisarin
was taken in 100 ml of methanol and was refluxed for 8 hr. The meth-
anl was thea distilled off from the mixture completelys After re-
quired dilution with methauol, the absorption apectrum in the re-
glon 230-200 mp was ocarefully measwred with a Docknan DU-2 speotro-
photometer. The speatrum was completely identical with that of Ak



Mg,

4,15 Absorption spectrum of the distillate of thl reaction
of triphenyltin hydroxide and zmmnm? (s011d line).
The spectrum of pure benzene ( line,) in the same
solvent 1s shown for comparisons
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benzene taken in the same solvent (f£ig. 4.13), thus demonetrating
the formation of bensene in the reaction.

deparation of bensene by fractioaal distillation from
methasol was not feaslble because of the very low bensene content.
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The reactlons of ‘hin(Cl)0xp and Clginixy with silver
oarboxylates, AgUCUR may be represeated by the following exchange
reactions: |

PRindloxg 4+ AGVOR ——» Phon(0COR)uxg + ASCL

Olgnixp 2 AgOCOR —» mhﬁ*%._ —m2

—

1t 1s imown that the electrophilic attack at carbon atom
directly bonded to tin atom could cleave the tin carbon bond as
have been demonatrated by the reactions of triergauotin carboxy-
lates with meroury salts deseribed in section II. Hy taking ad-
vantage of sueh type of reactions, organcotin carboxylate oxiuntes
have besn prepared.

%4-1@1;:0@-———» Phisn (GOOR )axg + Phyllg

(vhere R o CHj;, UPg)

The above reaction may be conveniently used as a route for the
preparation of phenyltin carboxylate dioxinates:

duces phenyltin acetate dloxinate; Phin(UCOCHz)Uxg, diphenyl mer—
oury; ’hgig and polymerie phenyl stawiole acetates|[han(0)0Ad]g.e
Considering the stolchiometry o’ the products obtained the follow-
ing mechanism may be proposed’



A  2¢hgSnox-+2ig(OAe), ——> 2Phpin(OAe)0x - 2PHIgOAC
27hgin(0AG)0x — > Phginixy 4 PhpsulOAe),
Phondx, + PhgiAc — > Phin(UAc)dxg - Phglle
hin(0Ae)p tohilgiAc —+ Phan(0Ae); +FholE

rhinone)g—+ He0 ————=> 7han(0)0Ac 4 2400l

2rhginiz 4 2ig(0ac)y ——b Hbu(0Ae)0xg + Phsn(0)0Ae
2rhyilg - SA0OH
Inspite of our beat efforts, it has been observed that the reaction
of diphenyltia chloro oxinate, ~“hpin(Ul)Ox with potassium acetate
oxide, Phyind instea’ of diphenyltin acetate oxinate, “hpin(OAc)ix.

Diphenyltin acetate oxinate is probably wastable and may redis-
tribute as followst

Ehgin( C1)0x +X0000H; ———= hgan(0Ae)ix 4 K01
hgon{0Ae)ax ———>  ihgindxg | kPhginlOde)y

The overall Mnn is, mm,
PhpSa(01)0x4 K000CH; — b §rhginixg + kehgsn(OAe)y

—_ ; —
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Diphenyltin dimcetate, rhpdn(OAc)g thus prodused undergoes hydro-
lysie to form PhgSnds Pormation of Phpinixp is also observed when
silver acetate is used in place of potassium acetate. the postula=

tion of the formation of diphenyltin dloxisnte by the redistribu~
tion of Phyin(OAe)0x in the second step of the mechanisn A may thus
be justified . ‘henyltin triacetate, ‘hSn(0Ae)z hydrolyses to poly-
meric phenyl stawwlo acetate, | “hin(0)0Ae],(58) as indicated in
the laet step of the mechanism Ae

The various pwroducts viss, [ *han(0)0Ae|,s Phin(0ko)Ox, and
“hgilg as well as their relative amocunis obtained from the reaction
of tripheayltin oxinate and phenyl mercuric acetate (1:2) may eimi-
larly be explained by the mmé:mws.mu-mtm in meohn-
nism A« Iu case of the reaction vhen eguimolax propertions of the
above reactants are used, the oroducts are esseatially same axcept
that £ifty percent unreacted triphenyltin oxinate ocould be recover-
ods This indiocates that the albove reaction always proceaeds in 112
nolar proportions of the reactanta.

An interesting feature is observed in the reaction between
diphenyltin chloro oxiuate, Phpsn(Ul)ux and phenyl mercuric acetate,
PhigoAce In this case phenyl mercuric chloride, vhilgil is produced
together with rhollg, Phin(0Ac)Oxg and [Wu)m]‘n Considering
the stoichiometery of the products obtained, the following mechanism
may be proposeds
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27hgSn(01 Jux + 2PhiguAc —> Rihgdn(VAc)Ux+27hllgll
2empin(OAe)ox ————»  PhoInixg 4 Phpin(OAe)g
“hginixg —+ Philgude — —» “hSn{OAc)0xy | Phglly
“hgin(OAc)g + ehliguic —o Phan(OAe)y -+ Phgile

’hin(0ae)g + 2Hg0 ——» Phon(0)0Ae - 2ac0H

e - e

2opgan( 01 )ox + 4¥hilgose + gt —»> PhialOre)ixg +
PhSn(0)0Ac + 2PhlgO. + 2rhglg

A number of reactions are known where Phoin(@l)ux exclasjeschlorise
atom with a vardety of antons (loo, eit). for this roason, to ex-
plain the formation of PhligCl, chlorine-acetate exchonge has beea
nostulated ia frist step of the mechaniem B

UVs Vieible and IR spectra of “hin(U0UR)uxp and (ROGV)gSulmgs

- The electroaic absorption spectra of the four phenyltin
and ClgSnuxp have also been iucluded in the figures for comparisons
ALl these epeotrs are characterised by an intense absorption band
in the reglon 240 mpmto 270 mmand a broad band around 3580 mpme ALL
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the speotra have been measured in methausol solutions. The data are
shown in table-I.

sable-d*

m - A max (lnmm )
"hsa(0C0CH, ) ey E 1‘“;; -(&;ﬂ -
“hsn (0000H,01 ) Uy 29,380 (3.71)
hSn(00V0T) Oy 260,580 (5489)
(0H3000) , nomy 2594380 (5470)
(CrigUHgO00) , e,y 269,380 (5,70)
(CLCHgU00 ) ginix, 259, 380 (3.70)
Phia(01 joxg 20,380 (3.71)
PhyBnoxg 260,380 (3,76)
o1 5n0mg 245,385

* Mgures in the parenthesis indicate log € nax,
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The close similarity in the speotra of the ecarboxylate
dioxinates and diphenyltin dioxinates not only indicates hexa
coordination around tin atom but aleso a general similarity in their
structuwres, The spectra of Clpinixy 1s however, olightly different.
Althoush detailed struotures of PhSndxp and ClgSnOX, are not known,
trans configuration has boen suggested for the fomer on the basis
of IR, MR, Aipole moment aud optical resolution studice (40) and
a ols configuration for the latter from IR gtudies (44). These cone
siderations sugcest trans confisuwration for the phenyltin osrboxy-
late dioxinate, ‘hSn(UCOR)Uxy and ole for the bis carboxylatetin
dioxinate, (RUCO)g3n0xy. However, the axlistenve of rigorously
defined cis and trans frme is probably messingless 1u view of
the recent structurdl determination of leginix, Wy Schgmper (11).
This compound which was believed % have a tramns geonctry Irom
various physico cherdeal studies has been shown %o possess a highly
ddstorted structure where the terms cis and trane have little rele-
vance. In fact, Schlemper (11) has interpreted the structure of
Wﬁa&gmmm.am tetrahedral structures The
mnmnyhummbmmmnmmumh
#roups cawwt be ruled outs Such a variation will alter the extent
of interaction between the two oxinate groupe resulting in slight
changes in the UV and visible spectra.

The IR apectra have been showa in figures 4.1 - 4.7,

V 80(000) frequencies in carbexylate oxinates in solid phase
(aujol mull) together with the corresponding triphenyltin carboxy-
lates are given in table-IL,



e —— T ——— . ———— . ———— et —

Compound V as(0c0)® yas(oco)®

1652

g SVCOUE 17ee
Phan(000CH, Jox,
Mem(000 Ry iy YUy
ehin (000G AL )0xy
“h3n(0000R g )y

(0i5000) 3oy
(011,0Mg000) i,

(20150001

(a) s01id in mmjold
(b) Vas(000) 4n 001y, taken from literatures (58,60).

g B8 § S E B B
o! | !gig
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Vas (000) in triorgauotin carboxylates are usually in the
range 1048-1650 am™> and the ln-h::\)u (000) im a0lid phase
has been attributed to the fomation of intermolecular coordimation
(88) by the carboxylate groupse In contrast to thie Vas(vC0) ia
-onamwmmmmmmzm-nm-“m
are very nearly equal to Qutm-)ummmm
tin carboxylates in UCl, Solution. The large imorease in‘Jas{00Q)
in going from s0ldd to solution phase (by about 100 en™) hae been
wm“orhmnd&utmmm
bonde and consequent formation of molecules with mon bridging (or
aon chelating) earboxylate mroups (ocomparable to ester type carboxy-
late groups) (58,59). The close correspondence betwesn Vas (000)
in earboxylate oxiunates in solid phase and those ia slaple oarboxy-
lates in solution thus indicates the absence of bridglag or chela-
ting carboxylate sroupe in the former. These compounds, therefore,
contain hexacoordimated tia like the corresponding tin halo oxinates
and dichlorotin dloxinate. The reluctance of the carboxylates to
form intermolecular b#idges in these compounds may be attributed to
the comparatively weak donor property of the carbonyl oxygen as
well as the acceptor property of already hexa coordinated tin atom.

The effect of substitution at the « —carbon aton of the
mmmminnnwmu oxinntes ies analogous to that
observed in simple tin carboxylates (59). Thus Vas (000) increases
in the series:
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OHy000 Y OHgOlg000 <  C10Hgooo {CPgE00.
This tread is therefore, due mainly to the inductive effect of
the substituent groupsj inorease in the eleotronegativities of the
mmy?zu?u-wommwﬂum
structure G——Q::' and therefore ralses Vas (000).

The reaction of mercuric chloride with tripheayltin sali-
oylaldehyde complex may be comparable to the corresponding reaction
of wiphenyltin acetate. Hoth of them are qwvn %o have a pents
coordinated tin atom and therefore, likely to behave in a similar
way towards the same reagent, mercuric chloride. “hus the forma~
tion of the products in the resction between mercurie chloride aund

triphenyltin ealioylaldelyde complex may be repreosented by the follo-
wing sequence of reactions!

. Phgomsal |+ Hglly — b Phoan(0l)sal-+ “hilgll

Phgn(01)sal + PhySnial - Phyin0l | Phoin(ial)g
Phgin(Sallg + Hgol, — han(CL)Salg -+Philgl
Phin(01)saly + “hzSnsal —& Ph8acl + Phin(sal)y
Phin(sal )y 4 Hagoly — & Sn(0L)saly + Phiigol
Gn(01)salgt 4HOH ——» SalOH), +38alH +HCL

(vhere sal g -00gHCHO-2),
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Reaction of triphenyl hydroxide with alisarin (1,2 dihydro-
xy anthragquinone) produces a_mong other products a now diphenyltin
alizarin complex. (hereas the reaction between triphenyltin hydroxz-
ide and quinalisarin (1,2,5,8 tetrahydroxy anthraquinons) produces
a polygeric orgasotin complex of gquinalisarin whose formula has
been tentatively aseigned as follows on the basie of elemantal
analysis, chenica. reactions and IR spectroscopy’

Hovever, u-ﬂw quu«nunmm
are under investigation to characterise the moducte asd their mode
of formation with certalaty , Hothing more can be said about these
reactions at this stages
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