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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.
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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
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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.



B

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

—



