A DRIZP DIZCUSSTION UF ORGANOTIN
CO-OTDTHARION COUPOUIDE.



Iintroduction

'%gamm researeh gotivitles in recenlt yosvs are belng
nobiced throughout the world ia the £icld of Orsanontin Compounds,
as a vesult of an uniguo %‘zrmhmwisiw of theix physicaly Sheimiﬂali
structural and biocldal propertlos. Eﬁj\h@fmiti@a ca:ﬁ‘-i #iman
et al. (1) @z*gmmﬁia Compounts must contadn at least one tine

aarbon bondas Ag theroe is oo hoown noturally Geconrring Organotin
Coupound. -y the fivst Urgasotin Compound was reported by Prankland
{243) in 1849 thoush he cowld nrot charactorise it properly uabil
188%, towig (4) in 1652 isolatced an Organotln Compound by the
reaction of sedium~tin alloy upon ethyl iodide. These worie mavied

the besinning of cheniotny of orgenotin compsundas Aftor them, &

numbor of sigaificont contributions followed during the next fow
doondes, .

Guite o fov reviewn in this areco have heon publisheds The
Liret oajor review work covering the litersture upto aboub 1935 was

wly Hosenbers and
¢ilman (1) exbonded the litersturc through 1950, An exhaustive
1ist of Urgeuotin Compounds was ocomplled by Uelpe (6) covering
the literature ﬁi’ﬂﬁ 1957 to 1964, Fronm 19064, the litsrature of
Grganotin %h@m&xtw ie being ,‘g’ﬁ!&ﬁl‘,ﬁ»iﬁhéé in sanusl .wwf:as'a (7=16),
fhe tin annual survoy coverlag the yesr 1976 has beon published
(17)e Another rovicw of orgain dorivatives of Hin and lead with ‘

. that of Frause and Von Urosse (B). Iagh
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464 reforonnes has beon published by Horricon (18). Apart from
those review articlos soveral books have yecently been pubilished
(1922} |

in the recent veors Urpenotin Chenisliny appoars to ba
on the throahold of Zar{sga*azéale wmémial devolopents Urgpnobin
Compounds have booh sucessofully utilised in the etabilisation of
polyvingl chlaside @1&@%&'; an rubbor antioxldanto,s ﬁi-&glar type
eatalyats in the polymoricablon of olefinp, asricultural mw;i-e
weredionts in serbain wveteorinary medicine

ciden and no active !

2t (23}!

Before going to dogeribe the Orgonotin Compounds in detail,
4% would be portinent b5 dloccnes E@ﬁ@ﬁ;f" the natury of bonding
in theoe compounis.

?in, tho clonsnt of obonle mamber 50, io & nenbor of
gepun IVA of the pordodic tablo. The cloctronie configuretion (24)
of tin @ﬁfﬁ?}éﬁim 5@2’5?% ) s the sground otate is & 3p ptabe
with two wapalired cleotvons fn the p-subeshell available for
bonding resulting in & two-covalent tins The common our-covalent
| atate of tin i derived Lfrom the .@pﬁ' bybridisation by prouoting
ong of the palved g ,glﬁmﬁtma “%_;c:' the next hipgher » levels Covalene
ges of two snd four would thon be exgzwté& for this clenment in

-asutral molesuleods However four-~covalent state occurs fay more
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frequently than the two covalont state and tho grest majority
of Organotin Compounds poeseas a fourscovaleat tin atom. The
movied ineresse in otablliitiep of R,Sn conpounds ovor Byt types
desonobrates the effeet of incroaned hybridisations Hetal-carbon
bond stronzths hove been rovicwed by skinner (20)s Ths values of
moan bond dissoclation oncrgics of group IV netals asd carbon
ave 0-0 3 §7, Cwl 3 70, C-Goi 60, U-Sns 60y G-Fb: 31 K.Col/moles
hus the woan bo nd dlosceiation @ﬁﬁ}zﬁgi{l} doorense in desccnfing
the group. IFurthormore the velues of the meen bond discholation

INAC &9 e

enorglon ore of codrse dependent on the nature of org
| The covalent radiup 6f tin atom im 1.400° and ig often
independent of the naturs of the Tigendes Only when theve Lo an
scowmlabion of o tronsly no mﬁ%, ligands nround the dia uton
there ic oome decrcase in bond lengthse Thus the bondiug of tin
appenrs o be olucst onbirvely covalent in thege compounda &t
least in orystalline soliGo, in non=polaP medis and in the vapowr
stato. Hovever the electroncgativity of tim ic loss than thot of
the cost comnon ligendg, @«ge, tarbon, ﬂi‘&m@m oxygen, bhalogen -
and evon hydrogen and honee tho bonds are exosobed %o be ouffi-
ciontly polars Ulosoly commoctod with thin s the inductive oitect
which tin ghono op stapnyl groupe exort ob thelr surproundingse. The
bond polarisabion 6o~ @i° are dopendent wpon tho #mbaﬂt@@& 8%
carbon oo well as o tin. Hulde date on organotia compousds (26~
27) oleo emphasize thies hecording to Eabora ot al (38) pelari-
sation 1a in@@a@@:& by elogtron donor substitucnts in the pave
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position of a phenyl group bonded to tin aud as expocted, oleotron
atbtracting group ﬂ@ﬁxeméw the polarisatlon.

Thoro are maay controvevcies (89-32) about the existeuce
of the 7T ~chavacter of the bond formeod between tin and othoy
slementos Avcording to Voot {(29) and Dragoe ot al .{30) thore may
be some 71 -character in & bond between tin end an elonent possecs-
mg o~clogbrons. Thus in o Ss;.*}i bond vhere £ is s(sgg}, Mg 0 &
or halogengy 1t id possible that, opposing the infuctive eleotron
ﬁmf‘é, thers ney be some overlsp betweon a £illed p-oyrbital on X
and an améty 54 orbitcl on tin cousing o tvancfer of elcotyon
deneity in the opposite Qircotions, NIR (31-32), infrared mﬁ'},
ultraviolets (54) ond dipole moment data (34) of phonyl tin conme
pounds and the acid a%r&nﬁhh of \az&bs*:;ﬁut@&‘ benzolic acid,
g;,megimﬁﬁ@mm {01 = Oy 8, Goy &0}y give some evidones of inter-
action botueen the cloctrons 6f the phoayl group snd the 8d
orbitale of tin in those eompounds. snderson ob al.(38) hove
cohoun that therpe ds no 4 prr bondiag in the tin-pyridine
linkapes Evidonces of 47« p 7 intorselion between tin and certain
transition metals hre elss avadlable (36-3%), That dm - pr bonding
iz pporative ig ovident fyom tho higher valucs of Su-Ul styetoh-
ing froquonsics in cortaln bin compounds (30 nnd tin-oxyoen
froquency in (Fhgii) 0 (89)s

It is -exgx@am{i that the prescuce @5;:7; the lone palr {&rgzg)
in the low oxidation otate £ Sa(iI)/ would rosult in lowey

N




eo~ordination nunbop compnred to the higher oxidetion state of
the cloment /£ on(IV} 7/« Dut thoro is no definite corrolation
betueen valency state nnd the maxiowm co~oydinstion munbere Tin
{IV} con show co=ordination numbor greater than four and Okawire
ot ol,(40=41) have veviewed the structares of organotin compounds
that ﬁisplay' & co~ordinntion nunber greator than fours In the
progent Qlocuspionts only the Organic Conmpounds of tobtravalent
tin would be congldereds

$acy the gamsxémz m'véatig@*is‘im i3 ak the wegzairﬁmag and
Cobhor eiudics of orsavotin dithisonates and related compounds,
we believe that it would bo most spyropriate to have a prioe
dioouvgaion of the mothods of fbh@ reoparoblonos proportios and
stractursl aopocts of organotin %ﬁ@rﬁimti@n compounds before
 preseating ouy findings.
The @z*gam'%m co~ardination mmigmm@s}: range {ron sone
“unstabls adducts to obable complez conpounds with the nature of

fih@ Liganda,

Organotin Compounds ean ach as o Lewis acide rescting with
certain cleotron poir donors i.0s,Lewis bases to fomn oddition
componndo. . In mony cages wiatable and 41 defined organotin ¢om=
- pownis have boen @'mmai;qmsm& i‘;i‘mmz@h ‘ﬁhé- forpotion of their
sliable cryatalling adductos ALl tho threo types of ovgano {(nond=
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81~ and tri-} tin compounds oan fora adducte with mm;o_-' dd~
angd. g:élg&anmté 1igandss Tho ecesptor streagth of Organotin
cotzpounds is deternined by the nature nf 1izend, noturs a£ organic
group aad the subsbitucnis bonded o tins And as expoctody the -
ability of organotin halides to i’ox‘é& adducts incrensen in the
savies Ra9m%< RpBnkg < RS&K& (42-43), The acceptor otrensth of

a sories of UesBnX compounde iz found to be proportionsl to the
oleetronegativity of the substitucat bonded on tin (44)+ The
stronger the elestron a%mef:ing pover of the oubstituent, the
less the electron denolty ammm tm and the ncceptor strength
increases acoordinglys Thuo the order of sccoptor atvength of
the Hezund molely ig |

FTyery BTy 1T
Thege gimple rules ara, however, éamm?.f;aﬁeﬁ by the fact
that appavent acceptor strongth depends almo on the naturo of the_

donox (43}; Por instance the utabiuw af the demmeceptar
camplaxw with nitrasgiiings yiem the aeammm

Hew P-nbly >q9-r-'£snm:3> G~ P =500z Ph~ P ~Snlly
.mhereaﬁ the aequencs with nitrophenylensdisnines 'im

.
Q- P «—E:n'_.ﬁi3> P-snbly ) te= P -."553;3113> Ehe P m3nGly




131 Complexes of hexenothyl phosphovio triomide (1MPS)
with Phgink (X = Oy Bry Xy Ngs Cl) have beon prepawsd (45-46),
the gencPal vemotion being | ‘

PhaSak + Higs _ 18 chlovofora . pp.any ¢ mipas
"' or pot-ethor

Kunay Das (47) has prepared complestes of the fype
| RBnkeb (uhere R = Hey Phi X.z Gy N0y and b o HiPhy DiSO,
g&xam em;. ﬁawavw, he was not able o prapaye the 118 aﬂauet
;,f 9!:3&3&31’595 with Eaiﬁszl ns reported eariier (48)s Hegetion of
PhgSnCle HIPA couplex with I~ and liy gives the correcponding
PhaSaXJEIs (X = Ty Nyl m&plems (45} The PhySnidgeh (L » R4,
S0 and Phen, ).' aomploxes agga&:w to be mmtimlsr Band elodiros
Iytes in absslute aleﬁmh }ssﬁggw&ing the niteote molety Yo be
only weakly t_aé-wﬁim@e& to tm. Byidensce foy cowordinetod .z;i.tmte
- groups in these complexes comes yon ?.Rt ﬁézta and those thros |
conploxon hn.va baon - mgg@ﬂi;@ﬁ % bo ;mnm co=ordinated from the
| lomabauer cpeotra (47)a

A Lorge nunber of 331 adducte of wlphmyl tin chloride
with subﬁmmuﬁeﬁ py'ﬂz.dmﬂ*aﬁdm am known (49} :mﬁ the stabie
44ty conotants of aaﬂplamgs k.laaam;l: (L = substitutod prridins.
H=oxide) have beel deasursd (80)e P yridine gives stable adducts
aiih g;%mu, These compounda sre prepeved ly nixing solutions




sonboining epulmolevular amounts of the two Yenotants in pete

gii!fmxig when the complexen vrecipitate (51)s |
iRamples of cosprdi natlon aampamﬁa gontaining the .

triphanyl ;}S;wﬁnhm oride and triphenylareine oxide ligands aPe

ﬁ*zg Snfeli,whorve B & Hoy Phf X 2 Oly By L and L & i’h@&?ﬁ and
?ﬁ@(&ﬁﬁ (55.,»533; The complex ﬁagmﬂhﬂ??ka was also mmm& o

ha iﬁ:ﬁ‘ﬁi@& during an mtezfm%ﬁ complex mz*mtim babwosn '%ha
-&mubs‘h:&&ma yiideld} and ﬁ%mﬁl (547

-  Heg#n0Le0pPhy + PhO== 0.C0gle

The complexation oi %ﬁi&aﬁwz tin -,zaaliaéa in domor sol=
vente ofs, acetoncy dloxang Glncthylother, pyridine; DuFy, DHSD,




WD and tetramothyl ethylene dianins have boen stulled by menas
of 13! HallaHe spocivoncopy and epuilibrina constants evaluated for
+he g;z%fmx;m comploxen (56}, | | »

lihile early workers £avourcd pyridine csuplexes for the
charaetarioation of triorgeanotin halides, to=day %ma nost stable
adducta dorived from the ma»;maw ligands 2,8'-bipyridyl or
1510-phonanthroline ere proferred. These derivatives are fendlly
node by mlzing solnbions contanining egudmolar emm%s 3£ the two
venctants in an inerd solvont, such as bensone, when the compleoxes
preoinitate (56,57:88),

Suith and Niengne (BY) veported the formation of 143,
conplexes of triorganotin chlerdden and thiocysnnbes with triden~
tate cholating agents 84 2-(1,10-phenanthrolyl) 7-5,6~dsphenyl-
1,8,d=tricuine (I) and 5= / iﬁu(l,:iﬁﬁ;@h@?&*ﬁhﬂélyl)Jﬂﬁ;ﬁ*ﬁiﬁl&tmlm
148y G=triczine (IL}. The ﬂ@é@lﬁ:&@a isolpntbed vore (szz?,}aﬁn{)l o1}
(Ogls )5 n0LL (L = T ond 1XJand (Cglylgtnllos) L (L = 1), These
eompleges are sbtello oryobtailine 0lide which behave as nonw
elaci’;rely%eel in nitrobonzenoe

with diorgesnetin Gihakides, pyridine, b;wrie‘iyl; phenan-
throline and torpyridyl form adducts which vary in compositions

Thue the Leolnted eomplexes havo the compomitions: Me€zSnCls » 202y§

’fmgs‘snﬁlgu Phon (B1,60); ﬁ%m%mpy {51,50) (X = Oly B2y 1)
2RoSEyeTorpy (88} (R = oy Phy X = Oly Bry L}e Although with
diorganotin dihalido ond ﬁiim%&;z}\wym&am 131 sdducts nre forned
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but by treating &ﬁ;@h&ﬂglﬁiﬁ diisooyanate with 8-2 L mmmﬁ ‘the
23 edduot gf%hﬁsngﬁﬁaagg7,‘bi§y wes obtained (61). Theee con-
plexes weve precipit am& a},ﬁm}biﬁ&%w@w fmm p@t-at&wr or bonzens
hy mixing ‘the rosulved regobonto. %’ym@im {62} ana trizsyriégl—
onine {(63) oppevently function as bidentate ligando glving stable
131 sdducts with organotin dihalideg. Hplnllps 2{?@@1&1)‘.3&3
{uhore R = Uo or vh) and Rpinkpel (I » Bipylgy diphosly CfCe

R = Ho, Ph) complezes have sleo boon regorted (47} iith dimethyl
\"@mmm@ (DMB)y 4P g,wn}iz formed complaxes of the type Avpiililigs
.‘am B AT & *h, Umy Pe=tolyly bomsyl ond L = Cl, Bry 1)s These were

prepered by mizing the veaotent in any nols ar ratio (64)s The
mwmm;g@g gf gm ;;ms}m:l ‘{zmwg wi%;ﬁ sthayr i.eawia bases stronger
.“&m HIP ouch oo Ly 1{?-p£m;mﬁwalim, 2,2 '=blpyridine, TiS) and
Hy Hedimethyl acotomide reaulted in complote substitubtlon of the
Zz;g's.ggaha wgif.‘;rmg the woak doner ability of the DIF compaved to

the ligand exaninod (64)s Uontion may elao be mede of tho adducts:
HogTnP1ye (PhzP0Y, (65) and DupbnigePhons ().

. Jaura et al.(66) have prepared compounds of the type
@i?h;}nﬂlgg& (vhove B = Hop Bty n-Bu, bonsyl and L & zwipyrmm

and phonsnthroeline) by progipiiating bipyridyl adducts in pote
gthor md phononthroline adducts in carbon éist&fi,&eza Lhese
a&@u@% were nopmeloctrolyton in altrvobonfone, An ottahcdral

. arrengenent with clg-chlorine atens ayound tin hog been suggested.
By the dlreck mm-m ction of disnylbin dichloxides in scetoplsrile

with nono-, 4i- and tri-cothanolionmines adduets of the general
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foramla ArpinClgenls (whore AP w Phy Oy D=y p~tolyls B = 1 Jor
HEA and BEd; and B = 2 for TEA) have ‘been igolated. by Srivastava
et al.(67)s AlL thuse complexes sre white erystalline solids
with thernal otability and inert. to atnosphores A cis=oryl-trane-
halogon arrangenent about octahedral tin hao boen sugsecteds Both
MBA and DUA function as ‘Mémﬁaﬁe ligondn, boading through both
oRysen ond nitmg@z‘a gtoms while TEA mets as & wvoidentate ligaad
vie the oxysen ateon.

- Complexes of REnCly (I = Me, n=Bu, Ph) with avomatic
bases such ag 1;3=dianine-4 nitrobengene and 1,4-dloming G-
nitrobenzens wore investigated by UsVe absorption Epec’céam@;@y(éﬁ) s
-Fho- compounds have abﬁarpﬁién bands ot 398 nm ond 398 nm reoapecs
4ively which suggaé‘a; that only tho aning .*mxg: in para cmé, mota
positions are participating in the co-ordinative bond to tia

{gtructure A and Bl

NOs, | NH, ~ NO,
M "
- i TN,
N, NH, NH \Z
] 1 ™3 SnCl,
RSnCl, RSnCl, a
@

(A) (B) )




Thege 131 ﬁampiexe‘i:-s‘ thus form exomples of five co-ordination
around tins In 1,8-dianino-4-nitrobonzene, however both orgho-
anino ggmm,éss co=ordinate with tin forning a chelate sonpound
with hoxa go-ordingte tin (structure C).

131 complexes are algo reported botween some nitroanilines
and nitrophenylens diamines ond 4echlovophenyl ting 4-tolyltin-
end q..b:,pnggwi tin-trichloriden (45)s Phinllg aloco .far;as addition
‘ egmgomxaé; %ﬁth diph@@l@&ﬁwasaﬂa' {68} apd perinspthenone (6D}

© A number of butyl tin trichloride adducts with different
z.aw ia boges have besn prepared by Davies et 81.{70)s Thess gon~
plexes were BuSnGlsefh (g, = PhePO, Pys IS0y otce)s The 181
~ gomplexes of BuSnlly uith bipyridyl (B6) and phenanthroling (71)
are also roporteds 151 adducto have slso -bem.mgoz‘te(’i {68) t6 be
forned from ieSa, (X = Br or 1) and bipyridyls But terpyridyl
conplexes reported (58) are of variable compositions es+ge,
‘3%u$n013g2 TorDny » fﬁ&ﬁaﬂng,q‘l@i‘?y » &i'g;zwaiﬁggi‘exwa. Clavis et al.(72)
have reported some 131 pdducts of Rinis (B = fle, Bty Bu and X
Bry I ) with phemuthralm@ and bin;ymﬁyl. 'l‘hese were propared
'by mixing anproxinately eq&iml@aumr ‘benzens solution of the
éeaatants wﬁere an zﬁe*&nﬁlga»‘?l?y,' Hebnllze bipy md- HelinClgephen
have been pmcmﬁ.ﬁaﬁﬂd by mixing the reaemnts in u‘ﬁ.g (Lop oy
and biny) mnad 052 (for phon) €51}. In spoe cages thess cmzpomﬁa
havga beon supggosted -to be wtaauowmimteﬁa _

- Apart from these organotin aﬁauc’ba, gome of which are

- guite eﬁahla, we would 1ike ﬁo diogousn nmrAsarsa more stable
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‘ ] Comprise of o
organobin ém—-oraimtim oonplexes. which give 8 lorge numbsy

of utable coinylozes. Ovganctin moities form differont types of
sompounds with sultable liﬁand;a lik:e e.cetglwsﬁam &mi other
3 ~dikotonesy oximes and hydroxanic ncld, oxlace, troglones

¥olle scidy Dithiocorbanic acid, Zanthate (Aryl age) beavole

avids and Schiff bascos

One of the nost impovbant olaso of b;i.{iaﬂﬁaﬁe oxy&en donors
ave the 8 -dikotoness The mbility of organotin moleties to Teact
with /3 ~dilkotones to form stable ovésnotin complenes of high co- -
ordination ig well ostablisheds

‘ mh@ am@mﬁn aceﬁyiaeét@ﬁates ara nfimipally of the
%5*@9@ ﬁ;s&n(emsaa), Ramiacm}m Bsn (acee)qs Run}i(aeao)z,
Renx (JR’} (neac) aad Ranlacae), (QR }3__ « Othor 8 ~dikctonates

" con be m.assi&ieﬁ sinilarlys

riergamt £ aaeﬁylaeetonabea. ‘Eﬁmﬁacaa) (acec =
‘@ﬁgﬁﬂﬁﬂ@dbﬁs) are obtainod by the reaction of triorganotin
émiariﬁa and -thaif@um aeeﬁyla}ca%nme (33,?3;’?4); Othor trim'gane-r
0 8 ~diketonaten Rgsnh L wkere L = benzoylacotons (base) and
" dibenzoyl methane {bubz) 7 have ol 50 been prepared in o einilar
ways Thooe conmpowads have boen charaet;er‘iseﬁ by IsRey HeilsRe ond
'mﬂabauer a;;aatmm@py (7}

Ry SnCl + 71 {acac)——) Rginlacac) + 2101
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Rgonp-Br 0gll, COCHEOCH,,) {whore R g Moy, Bty Pxy Buy Phi

have heen prepored by refluxing a sixbure of sguimplecular auans

titico of triorganotin chleride and sodive sulb of 4“;&&1@ P=bromnd=

pensoyl avetone in dry mothanol (76).
Morganotin-bis-aoetylacctonates, Retnlacae), (acsc =

Ol COCHOO0H ) (77) have been propered by the reaction of ddorgens-

tin dichloride ond sodium nothoxide in methanol, followed by the

addision of acotylacotons.

. g A0 GHOH o e goo) L BGH.OH
Hptn{oclis), 1 Bacach 3 b Rg¥n(acae) .+ SCHy
Dimethyl tin-bla-neetylacetonate is alzo prepared by refluziag

dimethyl tin oxzide In scetylamcctone for several hours (10U}

Hogind + ZHacac—— Heginlacae) o+ Hyl

Uther alalkyl tin 4’bﬁ.5«m%‘jmeé¥mﬁaﬁaa and substituted /3 -».éﬁ.;iée?;ﬂ-
aptos have similorly been obbained (74=76)s These dlorganctin
ms/z ~3iketonates con nloy be obdained by the roasction gf
Glorgonotian dleloride and T1(1} shelate orF by the dirccd
vegotion of Qiorganotin dichloride and & f -dikctone in progonce

of o base (58, 74)s.
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RSNl + 2810 —— pRoGACK, + 20LCL

RySnl, -+ R0nH PRo#aCh, + 2HCL

(vhers OhNl = acetylocotoney benuaylaaevb@m etcels
ﬂr&amhalﬂwm%w bis-acotyl acotonatens Rink{acac)y
{% = Cly Bpr) have boen prepored by the resction of ncelylacetons
- wibh gx-gmatm trihaltde 4n vater (77).
The lodidesy {Cli;}Isn(acaclyy ven be prepared w the
ronetion of mothyl tfm %mieaiée with soddun &Q@tyl acctonate

in chloroform {77,81).

Renky+ 2gcacll 10 I Ranx(acae),+ 2K

CHgfnly -+ 2a0n0la in Oy . (onmz)1on(acac); 28al.

Ozidative-addition reactions of tin (IXI)-bis-( /$ ~idiketonatae)
" with obganic halides have beon spplied to obitaln organd halogenotin-
bis-( 3 ~diketonatos) (78-80) eegs,for acetylacotons:

Spﬁimaﬁ)g + RK __b RS“X( Bﬁ&a)a

(vhere i = Hel, BroHlH = Lﬂzs @hbﬁgﬂr)- '

lichrotra ot al.(116) imva ‘prapared com pounds of the type
ﬁm{ﬂ'cmmaﬂ“) (039:1)3‘ (whore R = Bty R' = OHge R* = Cgls

13909
2 - s
2 5 g”l;}ioq: 19 81 ';i
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~1.8=. |
ond n e 25 B e Buy RY s B g Oligy RY = Clgy B% = Oglls » R' = R =
gl zma n . 1 and 2) by the refluz of a mtm of alkyl 1;1:1«
tris-isopropoxide and p -Aiketonos in benzense Allyltin mongws
. bige and trie~ S véﬁmet;-amt@a&m@ vosulted when the alkyl $in
trig icopropoxide and [ -diketoncw were token in 1siy 132 and -
133 mlar rotio regpectivelys ALl these compounds are brown
viscous liquide and are decomposed on attenpted distiliation under
reduced prossures Tholr molecular weights suggost that Bugn %3&5‘}2

(neac) cnd Bubn( @5?:4)2( bzae) in the neat forn are ;pr&bably r&iméria.
the tri- and diorganctin derivatives are sll mounomoric in benzene
solution and nre non=-lonic in xai‘hmbm%gé (82,76)s ,

- Enwnsakl ot ol. (88} hove synthesized albyl ¢in mlma
({oHe} (deae), and suggestod tha
aamgiam& to be dimoplc t?zzmﬁgh rothoxy bridgess A mixture of
ﬂuaim(aam)q and Bm,un( &5@)2 dieproportionatos in iw:;aue f@ming
a diner (¥4)s

mothexy acotylacobonatosy Rin

Bngm(ema )g+ Dugiinl o) y—» £ Buginlacac)(ale) 7,

Bachlas and Jalo (85) have prepared trie and diorsanotin

conploxes of 2«thenoyl triflusroutetons of the type RySu(294)

(uhove R z Olgy Gollgy Oglly ond Cglly) end Hpn(IPA), (where R &

GHzs Colige C4fy cnd HRTA » B-thenoyl trifluore ncetosne)s These

mpamﬁs have hoen grmm‘aeﬁ by the £allowing reactionst .
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CR,O% + HEA —— > Na' (20A7) + CHgOH
| RgSNCL + Na (PIAT)——>RHn(TEA) + Mall

(Rn00), + ERIETA —— >xREER(TIA), + K06

These compounds ave moaoneric in bensone solubion and non-ionic

in nltrobenzZenss

dgime. aadl hydreayianing: 'ﬁﬁzﬁim%iwa of organotin a@m;
pounds have boen voviewed by llehrotra ond his co-wprikors (86},
Urgenotin oximates hoave @;-emrﬁly been prepaved githor by the
action of codiua or 1ithiua salts of oxincs uith orgnwtin
holides (07-89) or by ascotvopic dlstillatlon of wator fros &
Ry P0G, + wia (T4)ON == OR'RY —— 7
Ry pSnlol = OR R4+ Ball (nic1)

sizture of organotin ozide or hydroxide with oximos in benzene
of tolusns (105, 86-83y O0-24} and reaction of alkyltin

(Hgin) g@ + BHON =—— CR'R" — Rilz®n0l == CR'BY + 1,0

| BgONOH + HON=——CR'R" — 5 Ryin0H ==CR'R"+Hg0

alkoxides with oxines (105, 86, 87, 90, 95).



Ry_p5nl0R? )rf AR ———= GRYR"_> aR'OH erQ__nm(cm =
CRUR®Y )y

loohlor ot al.(96) hove prepared diorgesctin derivatives
of a dicyane ilormaldshyde oximes by reacting Gilorganotin diohlo-
ride with the silver salt of the oxime. Various types of ‘butyliin
derivatives of allanolanines have been oblained by llehrotra
ot a1, (97) during the iuvestipgation of the zjaac'&ioﬂ of butyl tin
trig-{isopropoxide} wuith allwwlammaé in different mslar raticsg.
Orsanotin derivatives of oximen react with acyl or bonzoyl
halides Zowning orgunotin halides epd O-acyl er U-benzoyl oximes
(86) |
| Rg_p3n(0N = GR'RY )ﬁ+ arR*reox ———’}R@_aszﬂ:a‘i'

nRIBYY = HOCORMY o

Organotin derivwabtives of oxzimes are genevally volaotile

and readily hydrolyesed by water o give porent oximes (86487).
Ry 38{0N = CR'RY),+ oHp0—— Ry 90 O +
nRYEAG = NaOH

The orgonotin hydrogylamine dordivabtives have beon gynthe-

slsed by Harrison (98,997 by the asgotrople removal of water fron
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the pixture of ag:sympriata wﬁroxﬂamim and the prganotin oxide
oy iwdm:sides

A RgI0)g0 4 HOMRIR® — N2 R SnOHR'R"

or
3 . N »on i Q . £3 e Pz
RgOn0H  + HONR'R® g > R HNORRRY

- (chops R = He; RY = BY = 858 R = E%ﬁia R* = Phy RY = ¢4  H
"R = n-Pry B' m Phy B = 3@01’!}3 H = Phy RY = 2hy R® = COuPhg
R w.lley RY = ﬁy R @ w 0s0h3 R = H-F Py RY & 5; RY gﬂif?h)a

However, Harpison in 1972 (22) reported few triorsanctin
dorivatives of Hegubstituted asd unsubstituted benzohy drozanio
acids. Hxtensive w@xska have boen done in this field by Ghosh and
%‘mﬁhm' {100}« They hove beon abls to synth@as.wé five types of
orgoanctin H-substituted’ benzohydroxsmate dorivatives Ry untly
| RySnligy Bptnkly RSBALy ond A‘?ﬁﬁ-xﬁi-&zag)njé .

(thore R = 2Phy Buy L = H-phomyl bcmeabyﬂmmmic aaid,
f&nphenyi para ehlarabmmhydmmic acidy Hephenyl pars nitro~
bonzohydroxanic acid, I%-aa:'t,_h@ tol&l ben&:ahydraga&a acidy N-para
chlorophenyl benzohydroxamic neidy X = Cly Bry I, 0N).

Triphenylsin NHeoubstituted bensohydroxamates and diorgano~
tm biawﬁéaabatmmm ﬁémamﬁmmmt@s bave been premewe& by the
o methodn (99, 100). I |

Azestropic distillation of water from 8 mixture of organotin
oxide and Heoubstituted bensohyaroxanic acid in 132 nolsr ratlo




in bonzenes
(p%@g;)g@ 4 SR*WCO SQEER"—A hasniR" “i;.gonf')»rxz,,
Bp000 + ER*4C0HOMRY — 5 PhoBn{R' (004 H0R"} o+ HBQ
and r@ac't;i@sz of one mole of organcyin éhmriﬁa with one or two
motes of H-substltuted Mx;mhyﬁmxamiq’aai&m The liborated
zéhgéxzm 4 RGO, HOHRN — 5 Phy Sn{R'COLHORY) + HOL
38:33@12 + 3}4'Q{)gﬁﬁﬁﬁ”-————_%,Rgﬁﬂ(@'@ﬁgﬁ@ﬁ”)g"b 2HCL,

hydrochloric acld wns noubvallsed with 257 aguesus annonia and

mywveﬁ ng preaipitoted amnoniws chioride.

J.ﬁ has b@em raported (101) that the triphenyltin Hephenyl

‘b@nﬁanyﬁmxm&te ig molature s‘s@mea,, crystalline aclld vhich is
monamerice in bezhzz-ema. fhe orxyetal structure of this eompoud has
boen detoriined (101). The PhySnCHPhGOPh possesces o trigonsl
bipyranidal ayranzenont of groupe sbout Sa, with two ctuntorisl
and one axinl phonyl groups The hydrozylanine regidue is covaw
lently bound ot aa éﬂ_{&aﬁax‘im pites and th& earbouyl group cg-
ordinatos intramsleculerly to the tin atom vie %m'z‘-ﬁe’;m&niﬂg
azinl oite. |

Phenyitdn haiide oiea—»».i-ghemg;rl bensohydroxamatos have been

. preparod by the reaction of triphsnyl tin Sephenyl benzohydrozamate -

with moreuric chlorides morourie bromide or mercuric iodide (100).
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Phenyl tin thicoyanato bis-Hi=phenyl benzohydroxamate haa
hosn, pmpama {100} frun the correaponding chloride by the diee
plaaemsnt m. ehleriﬁe by %:htl.wymtm

PhinGy, (PBHA }2‘ + ECNS —— > phin(808) (PBHEA 2.3 +RGY

" Uiorganotin halide-Hephenyl henzobydroxamates, Hponi(eBiA)
have @199 boen propaved by Ghosh and Fradhan (300) (where R =
ohy X = Gy Iy SCN and It o Buy X o 80H), through the digpropor-

- %ion ronctions .

npfin%y + RoSa(CRIA),——> 2RoIX(PBHA )

 Dut phpSnlson) (PDIAY has been prepared by the resction.of -c@rz-es%

ponding chioride complex \"{i‘tii zwuss {100},

PhoSACL(EBIAY-+ KION— > PhySn(SCH) (PBHA) 4+ K61

Ghosh nnd Predhan (100} have shown that penta co-srdinated
dorganotin halide-~fi~phenyl benzoly drexsnstes dlsproprtionate to |

the more stuble hexa co-prdinsted tin compounds when rofluxed in
ndnpolar golvent like bensens for & Long tines

| 2PhpSnX{rBlA) >PhEnR{FBHA) o + Phyind
(whore X = Cl, 50N).

Hmsa?ax', in polar spilvent like metkmml, choSnX(PBHA) vas
£oun€i mt %o g:hre any 'bri;ghewl tin halide and ?hﬁa&(?ﬁﬁ&)gg




jnotend onother hexs co-prdinstod compound phenyl tin holide
nethoxy He-phenyl hmaahyc%r@mm@e was formed slong with the libora-
tion of one cquivalent of benmome (100), This mothoxzy ecompound

wag alag obtained when phenylitin halide bis-H=phenyl benzohydro=
zamate was rofluted in fothanol with the Liberetion of one nole

of ligand (160)s

phini(veEe) — 38 008 o oysnx(oomy ) (2BHM) ¥ Callg

rhsnx(eomn), — 0 M o pnonx(oi;) (pe) + DM

Srgpnotin Uxinatog
upganotin derivatives of Oe-hydroxy quinoline {(ozine) have
oxtensively boon studieds. They are otable, well defined conpounds
which have given & grent impotus in the studies of organotin com=
plex compoundn. Those organotin oxinates ars principaliy of the
Sypos Rgin(0x)s BgBu(0x)yy Bpin(Ux)X, RSn(0X)gl and RSA(0%)y
whers R = organio group, OxH = S-hydroxyaulnoline and £ = halogen
oy isothiceyanate, ‘
“he simple organotin exinatoes of the type iiéﬂaﬁ%ﬂﬁzcﬁ
(R = ovganic groupy OxH = S-~hydroiyquinoline; n = 1y2,3) are
prepared eithor frem tho organotin halides and sodins oxinate
" {402) |
| RS8Ol + Rlladx — > Rpinllg)y -+ EHall
neBuSnClz+ 98a0k 5 n-Busn(0z),-+ SUacl
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or oxine itself is used, the hydropen halide formed boing removed

by trestnont with & bage pich g anmonis (103) ond orgenetin

iéﬂégl

Rganglg o+ S0xI —+ Eﬁﬁa-——% R&ﬁ"'(ex)g_’— &
oxide with oxine (10‘%;: 105}

(Phytin) 0 + 20x ——> R2Phginbx + HyU

Bied{pente fluprophonyl) tin bie oxinstes have boen pre-
pared from o mixture of tetrakis(pents £luwrephsnyl) tia or tris-
{ponta fiuworephenyl) tin chloride and pn 6xoeas 612* oxine in
gthanol under vefiux (106} itlorganctin oxinates have also boen
prepaved hy roaeting %rias*gaxiatm bh}.mrme with & mixture of
oxine and soddun mothoxide (L08).

Diphenyl tin dichioride ond oxine react in boncone in the
abzonce of & base to give diphonyl tin dioxinate, If & diholide
pnd oxing ave allowed to resct im a 151 mlé;r ratio in the aboeonce
of & base tho halo-ozinate 1o formed (107, ie:a)._»

Rgénllg + 0H ———> RpBnCl0e ~+ HOL

’;E*lfmse compounds can aloo be obteinsd through dioproportionation
of a dihallde and a dloxinate in refluxing bensene or cthanol
(108, 102),

Rptntlp + Rgtnlik)y — Robnl1{0x)

or by roaction betueen & dioxinatc snd silver halide '(10’."‘)..-.



Bgon(0x)y + MGk — RotnX(0x) + Ag(0x)

Uotrady ot 281.{109) have prepared dimethyl tin chloride
oxinate throuzh the digproportionation of dimethyl tin dichieride
and dimethyl tin di~ozinate in rofluzing benzene. Dialkyl tin
ioothiooyanate oxinate ma acetate oxinate have gioilarly heen
prepared (107). Dialkyl ti,xfz nitrate oxinnte and suliate oxinate
are propered by the f@llosaim, nothoda {10?). |
1 OligOH | RBS_:;(B%)-(‘@I{) +g( 0x)

Y{gﬁn( 0% )2 + Aglmg

ARQENCL(0%) + Aggan, 1B WO /hooa(ox), 780, +

Eagll

In ei;her halogen aubatimtmn recction the product dise

proporti c;mf;ea (110).
Rgt%nﬁl(@x)--fr 1Ty Lipeai(os) 7+ o1
8L Rosnt{ox)_J — 5 Rafinlp + Roin(0x)y

The halogen atom of ponta co-ordinpted tin halo oxinate
underge ready oxchonge with groups such as butyl, allkoxy or oven
with chelales osge,acotyl acctonntes (102, 110) which may diepro-
ys:mtiom to into ﬁiﬁrgamam ciimimtes, aB ,

RpInCL{0x) + 72001l > Rg¥nd Ot ) (0x) -+
- T10L.
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Ro900LA0K) + n-Buld — Rodnin=Ba)(0x) + LiClL
Raﬁfd O )‘ ) —+ (B“Bu) 2&&&2

RotnCL(0x). + Pl-nong —> Rpinlacac){ox)

Rotn{0x) 5+ Ro¥nlacac)y

Upganotin halide bipsoxinates, Rond{0xjy (R 5 CHzs L-Duy
i X = ULy Dr) hove been proparsd by reaciing organotin tvis
nalides with ozine (152 mole) in ethaneld followed by noutralisaw

tion with squoous amonia or vodium acebate (102, 11ile

nSnky + 20=l ————> Ronk(Ug)y + BlHK,

' '.@imnyltin ml@ Aioxinatos have aleo been preoparved by
reacting dipheayl tin dioxinste with murcuric halides in ether
at room domporature (112}

\ :gmy {113) hos preopored phonyl tin ccotate diozinate by
tho dloplacement of chlorine atom from phonyl tin ohloro ozinate
with OHz000Na. To nlso hae propefed 2hon(ovogglpl(Oxlp v -
onin(0C0CHaC1)Y (0n)p nnd Phin(0CO0N;)0xy complezes by similow
nethods & novel ammmﬂ, [ﬂ*-ﬁé_l’ig;ﬁ@(@ﬂ)-gj iy has been propored
£rom n=butyl tin sesguisulfide @a oxine in bolling toluene (114).
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A few organotin trigoxinates have boen preparod (104, 115),
good yielde werc obtainsd by using cither of the fo-llming rone=
ti@ﬂﬁa

' bolling
Rpingls + €00~ ponzone 7

2R3n(9x) 5+ SH0

ROBCL,+ Dhioox ————> Roun({ o) 5+ SBal

Hethyl tin tris exinnte has aleso been prepercd by prolonssd
heating of nothyl tin semmimﬂi’idé with oxine, in a 133 nolar
ratioy in boiling toluene (314).

Dutyl din igopropoxy ozinatos of the fornula Dudn
(oprd)y (0x), have beon prepared by tehrotra ot al.(116) by
roacting | butyl tin tris maz::m;mxme with cxdne and renoving
fsoproponral by azooitropic Lractionation with rofiuxing bensene;
the products dopond uppn the nole ratic of the roactanto uced.
Thus £65n(0%), hao been obtained by the reaction of Ftsa(orrt),
with oxine in 139 molar vabios '

Urganctin dorivatives of subgtituted oxines have nleso
boon mg}érte&g z;“arﬁrmtam ot 81 .{(116) have pré@araﬁ somc dlaryltin
bis oxinabos/R=nothyl-orninntos ond laryl sin ebloride ozinate/
2enothyl~oxinatens Son ot a1.{(117,;118) have synthesised and
chavactorioef sovoral diorgenotin bis-(monp- and di<oubsbtituted-

-oxinates}s Those compounds have been prepavred by the reaction of



dlorganntin dichloride with Aigond in 132 molar ratio in DUP
or ethanols

4Uf the threo ﬁypéﬁ of ozinntes, the diexzinste dorivatives
appear to he aignificantly mors ohable than the mono and tri
exinate depivativess for ezamnploy u-Busn{lz)s is cawily hydrolysed
to n&ﬁmﬁn{@x)gsﬁ which ig resistant to further hydrvolysis (41,
Similarly, %hé solvolysis of Phyini0x) hag beon shown 0 be quite
faciles )

Chooh mad hip co=workers (119} have ¢xanined the action
of mircuric halides on organctin oxinntes and §rebabie poghaniens
of these renotions hove boen givens Ghore as the penba co=
ordinated compound triphonyl tin oxinate hag been shown 6 renot
vendily ith Mgk, (£ = Chy Ipy I} ot soom tYenperatures the hexa
I@@ﬂ@?ﬁiﬂﬁ%@& compound divhenyl ﬁia(&iaxin&ﬁé i atiocked by
Helo only wh§ﬂ~y@£1a366 &&°bengsé§ or sthovs In both the cases
' guan%ieaﬁiva amount of $hin{oz).X io ebialned. It hao nlso been

&

shovn by then that PhyoRtl{0z) can react with murcuric chloride

- with the eomploto cleavass of the Pine-phonyl bond producing
snlOx) gclgg- Prfigll and i’ﬂgﬁﬂﬁlggw

A mumbar.aﬁ'@rsaﬁg%ia tropolonnte comploXes are kKaown
ouch ae PhgS Py HeaIniT, gﬁﬁaﬁgg Ronily (8 = allyl or phonyls
K = Uly Bry I; 9H = tropolenc) whore the tropolone pete as a
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bidontate chelating agenl bsmmg through both ozygen atonss
Difiothyl $4n bin tropolonats (120) (Olly)gSn(optslglys 18 oblained
by the recaction of dimetbyltin dichloride and sodiun tropolonate
(mole rotio 182) iun methanol.

HenSndlg + 2Na® —> INeghnity + 2Halls

Phenyltin trichloride in bonsens edded 4o a splution of
tropolone in atﬁax*@. followsd by addition ef dincthoxyethane gives
phenyltin chloride Bie-tropolonate (121)s Reflux of a nixture of
Ogligint) (eéx&sﬁg)z, t—sﬁéium tropolonato au%l acaﬁem%ila fellowad
by the nddition of water and mothanol yields phenyl tin tris -
trcpalmam, 061&’5»321(673503) (121

&o.;ia acid oan forn wmplexw with ergauotm compounda,
Thua treatment of an oaneous solution of dimethyl tin dishleride
and kojie acid in o 122 rnolay ratio by agueous aamonia gives
dimethyl *m-biaoha.]ate\ﬁmﬁa}; Hothyl tin chlaride and mothyl tin
bronide bis-kojates kave been prepared upon addition of kojic
npold to a molution Of cethyl tin axma and elther asgueous hydro=
chloric or hydrobromnic ae'id? \(1223 . '

Urganotin dithiocarbanaton ave fregueatly prepared by the
reactlon of orgnnotin chloride and podium dithiocorbanate (1823,
1824). | |

Rgfiac) + agiceSlia ———> —>  RgfnECoiRy +Dacl

Rganu12+ 2R2ﬁ€3 uSHa ——> Ry9n(S00HRS),+ ENaCL




R e
' They oan akso be propaved by the following reactions (123,
(1248, |
(Hvsn),,@ + 2RI +208y ——> 2R S0SCSHRE +Ha0

aune —+ 3&%% -+ 2301? -> ﬁgﬁn{ 3(3&3‘3?%) 2 -+ Hgg

xmén Phin 3 and zagcﬁm;g {135 molar ratio) were reacted

in methanoly calowmm eryotels of ﬁhuncu%e&mﬁa) Here
obtained (126). when Ph,SnlS.CN8 hz) waes hogted in aix* one of

the products was diphenyl tin oxide (1847 .
Organotin Xenthates ave frauuently prepared by. troatmeat
of oreanotin haliten and potassiun znnbhate (126} '

o

RySnCLy+ R'OC(BISK ——> ngsnfzsc(amﬁ'jé—h K0

They can oloo he propared by the rosction of argenotin
alloxiden and ‘amiégaa with carbon dlculphide (126)s |

RgSa00H, + 0%y —> %ﬁ@n&@(s}@mxﬁ

Tri=organotin derivatives ol some (arylataa) bamam scide
hawa been gremreﬁ by ﬂagcm aud ’Banaz*.;ae {127)s Thooe compounds

N
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have boen propared either by (a) obirring the organotin halide
54n the sodiwn sals of the oarboxyliec acid in neothansl eor
athanol or (b) refluxing the hexa organo distanmoxenes vith the
carboxylic acid in benzends ,

The tri organntin (U-aryliaZo) benzonteo are fenerally
ponta co-ordinated, but those cantaining a hydroxyl group in the
Zeposition o»gs,trlorganotin Qe Repydroxy ~benetbhy 1 bﬁ@@ﬁ@ ago)
bensoate, are hoxa co-ordinatods The totva carbosyl derivatives
contalin ﬁvia diffevent typon of tin-carboxylate bonds, ag showa
by I.E« absorptions |

Orgenotin holide or oxide ,fésgcﬁ with bldentate, iridentete
and tstmdenmts ochifl booss to LoPn comnplex, |

RanCl, reacts with HOC «QGH@M‘ (vhera R = %, =D, ond
Phy R! = ile, 5t ond Ph )} fo forn 132 adducte in cyclohoxane (123).
olar conductance neasursment in pltrobendene indlegte that the
adduets aro non~sloctralybess In the haol 8 of infyared ond
Hossbauer opcctral studlieg, these addacta have been apsipned
aoiahaedral structnrog.

(Ul )oinlly Teaots uith tridontate 3chiff bases H-(8-

hydroxy pheryl) salicylel dimines OH.CgH,OH = He Celige Vil or
o derivative to form peats co~oxdinaoted complexes (128}

Triphenyl tin hy@roxide alsp react with H(-Z hydroxy
phenyl) salioyialdimine to form hexa co-prdinated conplex.
Dlorgonotin oxide react with guard®identabe {(GHID) gchir?

bases to yicld Rpin (Salen), Rptn{acoto=salen) and HpSn(benzosalen)



wdle

where R 'z nebrtyl, R-petyly, ond benzyls sz:aim = bis-{salicylde~
hyde) ethylens dlamine, agetosalen n bis-(2=hydroxy-G-nethyl .
.a@eﬁoéh@mma) ethylene dianins; benZosalen z blo {2y droky-5~
nethyl benzoe phenoks) ethylons dininss The compound By6n (acetos
salen) and Rysn (benzosalen) exist in trane form in 801dd and as
#ell as in solution wherens RgSn(esslen) exist both in ois and
transform (130}« | ‘

z}ltheugﬁ neny arggmmm chelates have bewn well ctudied, -
thers are few poports on mized chelate, 4n which two kinde of

’ .lﬁé.«:;naa ca=ardinate Yo one tin ator. westlake a&ﬁﬂa&:’tm {110}

- tried to propare m&*mu&z Giorganotin mixed cholates using
ghallfun /3 ~dilotonates end they could ascuns only § Cglgl ot
(i) (C4tizBOCHDOCENS) ag a purs compounds Fomura ot al.have
aynthesiced o mixed chelate . dimothyl oxinate tropolonste (131)
by refluring & solution of dinothyl tin bissoxinats and dinethyl
tin bies-tropolonate in ethansl for ¥ houres The éx‘sfﬁ%&?..s‘ are alr
gtoble and ';mmbz.@gm. éomman organic oolventss The infrared spece
frwn in Bnjol, the Xeray- powder gam;emj,; and the. shayp nelting
moint of thia Igmo&uet are quite diffevont from that of the reac-
tente. Thus it is shows that the product 18 not a-mlzture of the
veoetante in the s0lid stato. @m existence of the nixed chelate
-An polubion iz_a- also eupported by the fﬁ,i},:&%‘; gtuldiens

\
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- BAmethyl tin kojate ‘sra_z;olaﬂéxz;b {138) haé boen obbaived
by the renction of methaunl solutions of dimethyl tin dichioride
and dimethyl tin bls-kojate with sodium tropolonate :iiri nethanols
The com;énund obtainsd differs from the origlnal remctants 2o shown ,
by ts IeR. spectrmn, k-vay powder pattern and sharp molting points

- m,& *iz'g the évailammty of d=orbitaloy srganotin compounds
can forn varisus types of gomploxes with ligmnds. The oboracs
chenlatry of sone of these éamplex@é have alsy been egbtablished.
A mviaw of the m@@eﬁurﬁ of those prganctin complexed have been
published by Osawara ond Gads (40)y Bokid ot 8l {133), Ingham .
et al.(1}, Joller (154}, Giolen and Sprechor (138): Ho and
Suckernan (156) have oriticully r&vié&e;@' the érggm«u:m conpoundo
studded by microusve and diffraction teohnigues covering the.
1iteraturs upto middle of 1978, Horrieom (Lew-cit) hag reviewed
game stractural aspscha of organotin conpounds covering the year
1972-74. a o

T 1o oxpsatod that the proscace of. the lome psir (Gpf).
i the low oxidabion atate, £ Ba(11).7 would result in lower oo~
ordinntion numbers compared to the higher oxidabtlon state of the
olemant 4 6n(1v).7s But there ie no dofinite correlation between




valence state and the oaximum co=ovdination mumber. Co-ordination
numbey greator than four (in moot cases penln or hexs co-ordimation)
are ugually displayed by organosin (IV) compoundss In the prosont
dlsoussions, only the orgmilc compounds of tetravalent tin wnidd
be considereds -

She mest dnberesting ozample is afforded by RgSnX (X =
¢1, Or, I, Hge O} type compounds which form 11 adducte with

various lowls bagess Those are apparently five co=ordinated

trigonal bipyramidal moloculen. Thus the complex formed Lyon ;
trinothyl tin chlordde snd pyridine provided one of the Liret |
conolusive gsiructural evidences for Live aowréimticxi ot tia in

1562 (197, 145) and the structure has boen shown to bo trigonal
bipyramidal with the three methyl group occcupying the eguadorial
positions as shown in £ig. {1a). 5
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The MR and UV spoetra of (CHglgBnXesy (138, 139) in solution

ghow ovidence for dlsgociation, ftskzus suggesting that the donove
asceoplor bond etrongth fe rabthor low. Solution of the compound
Ry5a01 in pyridine (140), D150, D and DIP (141) reopoctively,

ngy which proves thet the molecula? comploxés

arg non=opnducti
progent do not hove an ionle struchture. These date oan only be -
mgalémwﬂ W aecsuming & co=oxdination ounber of five avound tine
The relationship botween the AR cowpling counsbants J ng HasOe

of o compleox {G%}Swmz s B ond forapbion entholpy (1425143) of

the complex allowed Dolles and Drago (144) %o derive the following

gohomas

\

CH5 : - CH3

C% ) ‘ 'l \\\
B__S_n hc| E + NeakB S‘n_ —-Cl | 4 S'h'cO’n ' \

doemnon

Gy Vew, CH, \C“z, . HEFTRCh,

A& otrons donor cAusos o profound hybridisstion of the

tin nton end the structure of the complex approaches & trigonal



' appeara sad the frequency of the un~U1 vibration is drastically

bipyrenid with o CHy=0n-GL angle of about 907 4 wesk donor
nowever forms an addition conpound wherein the Gﬁgv‘:?aﬁt}l angle in
about equsl to the tetrahedral angle of 108°28's As & Tesult, it is
obwmaﬁi that generally, with weak donors in the systen steric hin-
s:irama occurs beotusen the nebhyl gmu:z bonded to tin and the donor
mux.mule. This theovy 16 supported by o seriss of exgerimemal
observations, ¥n the IR speotre of the ayoten (ax;s)awml.m

- wemarksble differcnces sye to be noted when compared with the
apectrd of the fres Wﬁg) Sn1 coleocule; the ﬁbmmmﬂn band
correbpbnrding to the symmwical el stystehing vﬁ)ratian die-

deorenseds A trigonal bipyrenidal etvucturs with a planar (CH;)sSn
. group with the bage rfolecwle D and the chlorins atom both in
axial positdons perpendicular to this plane; explain those

4ate fairly wells loreover detailod X=rey wuslysias {(148) has
evmirmm& this geonetrys The hybrid orbitels in the tyrigonsl

plas should then be neoarly Bg@z .Wm oibitala. On the other hand
the axial bonds nre supposed to result either by using bybrdd

£in orbitals of the type (.f:?.ngdg;E‘*} or by using three-conter, four
eloatron molscular orbital heving escentislly P, chevactews The
nogt gsneral ﬁéa’f:wa of the Rzink type compounds which ore penta
eo=ordinated about tin is the polymeric nature which is an appro-
sindte trigondl Bipyrenidal structuve with plsnar sguatorisl
.ammze @;z;mpé; the uore vealaégrémgatzve group foming bridagen

in the apical position ma shown in £ig. (1b)s Bsenplos ave
?I’QVS,&G& by trimethyl tin nitrate monohydrate (146), tvimsthyl $in




w3

nirrﬂmxma (147} trimetlyd tin cyanide (148}, trimethyl tin
isothiocyanate (149), trimethyl tin dicyananide (160}, tribensyl
#in acetate (181}

R R R R.
N/
— Sn —|, \g«./ L

I

R R

L

Fio. 1 ,
o |

The Infraved specive of timethyl vin carboxzylete in the
a014d state consist of two O-0 stvotohing bands at about 1570 em™t
and 1410 ma"j‘ indicating o symactricnl 000 group (154). Appear-

- anee of & single Sn-C strotohing fveguency in HezSulClle is 4‘
oonsiotent vith o planay trincthyl tin provps Aliock ond Tiams
{151) have otudied the ctructure of tribenzyl and tricyclohoayltin
aoetate by Feray diffrnction mothods Fhis sbady conlirmo that the
| najority of orgencotin @a&ﬁ&:@@hﬁ&sh&?& oplyneric gbructure in the
palid state. Bub with larger organic groups, the structure may
bacone lenn p@mwm ond wltinetely become monomorig,



Ag;am 1%332% Wype aemmm& when X o &1, Isr, I tim emmm&e

afe oimple tetrahedpal but when X = U105 ©» G'% s BI "y HOG o
.&ﬁ% the compounds ave five comor@ianted about tin where the

mam ai;*s‘ elther bridging or chelate Ly peg. {1523’»3;53)@
I.n. msse & Emm the andonlc groups hove 0o gow=grdinating
pitosy Doy zzxm;;l&, 33(@6353 4t two moletules of mna‘-mmum

Leuis %zma such am mﬁe& enn gecupy the co~ordination sphovey
5&13 ax‘magm&m with & @aam comordinated tin

a—iz.ém (fige 1o}

B—n

' : 'Fig— 1)

1

‘”‘hig fmamgs mgz woLl bo &mnia& to inteprpret the gtructurs
- 6f 1:2 a8dition couppunds of fezmule Ry S0l ED (1) ap that

ocontaining & bipyranidal A“Qg,mg] and X~ onlon, snd may preclude




wBe

the existence of hexa r‘:w&t&imﬁe& *qin atong in ouch trie
organotin complexnss Thug ﬁrimeﬁm:fl $in amﬁ-x’iéa and—!&réama'
give uzmtable dimoniates that lose ong ammzzia maleem.e spanta-
muusly. In thma mmpoum‘is the IR abmmtzmn carf.‘wpanamg to the
s aymmaﬁrieal sﬁreteh:w,f, vﬂ.bmﬁmn in ot ohgerved, so that

me ddommonintoen ara to be £armulaf;eﬁ a.a ionls compounds
[’(mga; 3ﬁn(mra) a_f& and the mong ammoniatos as moleculay come

pounis (Gﬂg)‘ uﬁqﬁﬁs (154}» |

' }?or 151 emnlegea of trimethyl tin ond %riphenyl 'bm
ch’l.arwe wﬁ;h D80, 4% vas fonnd that the S = U atretchmg ‘
vibeation frequoncy in their spectrum is lowered with z?aspwt to
free D503 an observation which hag boen interproted as indicating
ﬁm sa&ordimﬁian' vrocesds with the ozyden atonm inctend of sulphur
~atom (165)s | | ;

 The £ia*t;‘t&md totrahelron structure f£ig (1d4) with an open
‘angle to aecept a potentinl domor is & feature for the triorgasotia
conpoundas conteining s bidendate lisand and which in favourable
condltions can gooune & more noarly trigoaal b,ipymmiéal zskaae.
2ig (Lo), Thug Dleottoned Letrahedyon structurs which approzinstes
%o & trigonal bipyrenidsl onss with intraselecular copbonyl tin
co~ordination have boen proposed (93) for Heacyl substituted
,hv&réxﬁmamg derivatives of triorganotin molety. Fall &eﬁi}.s\
of oryotal struoture of PhytniiiPhsCO.Ph bave been publiched (101)
in which ?si:i atont has hoon Shown to be five cosordinated vith o
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distorted ols-Ph,ind, contiguration vith Hwo pheuyl groups
ocoupying equatorial sites and the third ap oxial site at o
longer distance, The hydroxyl amine renidue is covalently bound
at an equatorial alte, and the cavrbonyl group co*sﬁihates intra=
moleoularly to the tin sbon via me/mmmm axial site. i’f;ia in
conointant with the lowerins of the IR carbonyl stretching fre=
quoncy from 1620 en in pavent hydroxsnio sséid to 1540 em‘a‘ in
the ﬁriwhﬁnyl tin derivative (L86).

e -alae*aromjm speotra (157) of the triphenyl tin oxinate

~are characterised by the proscnoe of an absorption band ab aboub



sl
360 nm in cyclohesane, benzene, carbon totvachloride ond ether
. which corvesoconds to thoss of various chelated metal ozinates at
370-430 nme This has been vonsidored as m gvidonce for the
iamaem}e of chelated oxinate ring in the molecule in ék@a& H01=
vente, while in 95/ pgueous ethanol snd oven in dry methanol
triphenyl tin oxinate undergo solvolyais (158). huddiek and
gang (169) hove shown from magnetically perturbed Hossbausr
apostrogtony that triphanyl tin oxinatc and teiphenyl tin acetate
10 é@mﬁa intrémolecular five t:waraimmm shareochenistyys They
have sleo ahom that BySa01{0x) (R = He, Vhy HOX = oxine) and the
HesSn (%&1‘-*&@20%%) have pents co-ordinsted etructurss HIR, IR
and UV studies of R,8nX(0x) typs compounds in general have been
interpreted (102, 107, 110) ap indicating momomer in solution
containing & ‘penta comordinated tin aton Having & proboble tei-
£onal bwymmidai configuration with the 8 groups in trans posis
tion (fige 1£)y though Phip¥nX(0x) { X = 0Ly G0N) howe becn sugsese
ted to have & trigonal mz}ymmﬂaz struoture (116) with eiaa

’x-——-sﬂ/ )L " AN |

R Y

Fig-15)  Fig- 1),
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arrangement of tho phenyl groupe (160} ao revealed ly dipole
m@mem: data on the thiocyanate compound in beonsene solubion. The
all~cisestructure has boen confirmed for Phyin(bsbs) (bsbs «
dibenzovl mothane anion) by o single eryetal X-roy Aiffraction
gtudy; the co~owdination about tho tin atom belag easentially
'a digtorted i:riggaml' bipyranlids The pheayl groups ocoupy one
axizl and two cgumbomial do-ordination olites with the éh,elaﬁmg'
| lipand bonded to ons aguatorial and one axial site (75). Lorberth
and Longe (161) Lrom IR, Homsn and loaabauer date heve indicated
the proesence of teigonal pyramidally co-ordinated ’éanlwi't;h
bridging M.g;mﬂa for the type of conpound Elaﬁnﬂmii'ﬁ“a

The dimerie totrallyl distanuoxanes (g{:ﬁgﬁn@mﬁgmg and
(AR gsnﬁﬁxmg@m n GYC unicue in that they are believed to contain

both tetra co-ordinated cad peonta co-ordinated btin atong (162).
another interesting exsmple is the torpyridyl adduct of dimethyl

tin diohloride, uhich crystellises o a double salt £7(oB, ) #nCl.
{.sarg;y] VA {c,m) dnﬁlJ » This compound containg & five ec;»-

~ordinated, axially most ¢l cotronozabive trigonal bipyranidal
anion (fiz. 1) nnd 8 oix co-ordinated distorbed ootabedral
eation (163,164), Organotin comploxes of elvong , -acids o g_:.,
HegSne 20NQ (PCHQ = Tetracyano P-guinodimothane) exhibite o
gingle band ot 868 cm"l in tho tin-.carbon ﬂtratehing riagian in
the IR spectrum, which ls agsigned o the sutisymastrie mode of
nlanay Heostn modebys with bridging TG rosidue rosulting in a
trigonal bipyramidal configuration m the tin otem (165). The
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intense @alaam‘@@& of the compousd lo indiontive of the formation
af (Tonq)” radiesl snion on complozabion. The conplex is therefore
beot ‘voprosented by a canondoal fovm (Mesn)' . (708Q)" ond thus
provides the first oxamsle of an isolable parausgnetic orgenotin
aomploXs g
& mmbey of dlorganotin bla chelates i'zavvsa boon igclated
(575 109, 103, 166171} and found to combaln hexa co-ordinmbed
4in atoms fome represcatetive compounds ave acetyl acetonates,
oxipotde ead porboxyiateds Sinee Hegin{acac), ia the oimplosh
of ail of the complex structurally, it is @iém%@@ in detail.

in the Heman speebras 1inss are obperved ad @6’? e‘gflb in the erysml

spactrun and at BGH ot in tho solution spactrun, but theze
Lnos are tentatively asssimod €o e orb éi‘ glém vibration of
the 1igmad, No 1imo attribulable o the antisyauetric Sn-Gp
atreteh vag %@ar@mﬁ& obosrveds The gymnetrical stretch is
 pboervod so & oironsg mi&zﬂae&lm;ﬁ‘; at 814 .-Qﬁ}“z in tho opys
'mzaimm eaaple and at 518 ot in the solutions Sxanination of
the IR spectya shows thet all of tho dimethyl tin c@mg}.@ﬁm have
é band ot 570 4o 578 gm“g‘ which i abesnt in diphenyl din Qh@léte,
and thie is aosigned to the antisymmetrical tin covbom :zrbm*é:ah;
In additions the ligand out of plone vibration gives & band at
BHO to HCO em"i in tho spectra of acetylacotone comploxes., Thore
ig no bond which can be ass igned Ipiically to the gymnetricsl
stret6h. The Homan pad I gpaectra thus indicate that (ﬁﬁg}gﬁg

_ ia@a@,}g has trong grrongemont of mothyl groupss The MR gpeatrn



of 'iﬂagfziniage;e)g and PhpSuinene), show cnly o single methyl
sl indicating thot these eamg;lexgs have the trang configura= |
tion and thot the phenyl grouss probably are mﬁw&i&g freelys
Por the diorgsmotin t%iézt:@;m:ﬁ:mg g treas-gctahedral confiw~
| guration wos faveurved by Golrady and Dobias (109) Lrom their IR,
Raman ond MR otudice. Holson ond lartin (88) attenpted rosolus
| jz:iméi‘ aorie Eatn{0x), type conpounde into optically eetive |
isomers. Since opticelly sotive sablpodes would be ‘expected for
& elgeociahedral conflsurations The Lailure te x’éﬁvé@ive ‘such
" conpounds %z‘as smggge?szrﬁeé to be an ovidense foR the trans geomebrys '
Ghe' -awnmﬁm of Uegin{Ox)p has bosn determined complotely by -
throe dimencional Y~ray %m;ﬁiﬁﬁwa by Soklcaper (172) veventiy.
This conpound has o highly distertod octohedral aﬁmm*bm_ {fig.
2a), The bond sngles in tho ootahedron Teage Srom T.4° o 110.70°,

IR R

L(>S|n'>\\ ', L(,\s{n'/ )

| |
| R R

Fig-— 2(a) : Fig- 2 (b)), '
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?haugh the tin atom in msgwn(ﬂxiz is six aanoraznatea, the
C—ﬂnﬁs angle i nearly tetrehedrals. The tetrahedrsl éisgeaition
of the two methyl groups around the tin etom has been considered
by Schlemper (172) $o indicate the involvement of two ﬂpg.hybrid
orbitals of tin to the carbon atoms. This is also supported by
the value of tin proton spla=spin coupling censtaﬁma Qf-G?;chps
(J3a7 m«-@-—ﬂ y,and 7142 €ps (Jy19 specn ) (109)s The remaining
two gpﬁ pbrid orbitals may then be involved to form two three
center bonds to the oxinate groupss Althouzh no other tim sxinate
has been investigated by ﬁwray‘sa,far, a highly distorted octa=
hedral struciure may be a general fealure of six co~ordinated
- organotin oxinate derivative. Dimetbhyl tin aiﬁiﬁra%é (175, 174)
i an octahedral complex with trans-methyl sroups snd uneymmebnie
cal bidentate chelating nitrate groups (£ig. 2b)s Diphenyl tin
his-(ﬁ{ﬁ'»diethylaithiaeaxbamate) poasensos a distorted éig -
ootahodral geometvy (175). The angle subtended at the bin sbonm
by the group is 1015@£6}0, with the two 3n~C bond distances
eyual (2@176(17}59}5 The Gn~5 bord distances of one ligand are
appraximaﬁgly equol but differ sigaifieanﬁly in the other,
RoBnCly and RSnlly (R = CHg, Uplls) fora 131 addition
compouiids with 1,10 phenenthroline snd 2,2'-=bipyradyl (56,57)
bub yleld 132 adducts with pyridige (139,176), 3:&13@(1‘?7-.-1'?9); The
$n=01 sbretching absorption bande in the IR for the iegSnlly
complexea ave shifted to below 250 em™t; in the ﬁé&n@lg comploxes

the corresponding frequancies gre found at aboub 320 and
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280 cmfl {1?9}, A wtudy @fﬁﬁhé iR aboorption gpectra gf’a series
02 aﬁduets'betweam glkyl tin dichlerides with either 1,10 phenan-
throline or 2,2 -blpyridyl ghowed that the Sn-Cl ﬁt&@%chia@ vibras
tion Lreguency vas lowersd by about 80-100 eﬁ“m with reapect to
the free dichloride (183)@ 4 coroful examination of these results
yicided the conciupion thab 1 all these addivion c@méaum&a the
co~ordination number of tin ies increased from 4 to 8. Absorpiion
banda due to aymurdrical otretehing LB~0 vibration are it found
4n the IR opeotra of the HBeotnlly complexesy wuggesting that the
nothyl sroups should be procent in an oehghedral trans position

- {B1)e The dipole moment, UV and [ossbauer spectral data confirued
"the above structure (103, 181, 182}, The IR spectre of & scries
of complozes Regﬁnﬁlgcﬁﬁ'ﬁfh,u.Qyﬁﬁﬁiam; ﬁmﬁﬁ‘@tqg7 QeQ 2180 be

interproted in ferng of nolnhedrsl oiructures around tin uhore

- methyl groups are ia trans positions abd the other lissnds in

cio pooitiohas Ih (Gﬂg}ggaﬁlg,gﬁﬁﬁﬁg’ihe'valuam of the 350
stretohing freguencies obasrved in IR spectra Bagﬁﬁﬁﬁ‘ﬁh&t the
oxygen atom io the donor im IS0 (155), cnd the single Sn-Ul
@ﬁreﬁching vibration nhmgs evidence for a traas arrenscoent {(183).
levortholeos the data of a far IR spsotrosoopic obudy 5f the

™50 (184) complexes of Hpbng (R = Uey &ty Ph end X = Gy Br)

are conalsbent with & cis-arrangencnt for all except for

(0l15) 550Brpa 2001500 The tuo dineneional latties of Almothyl tia
bio-Lluorosuliphate cryotols contnin ﬂ@iym@ric sheete with
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fluworosulphate groups acting as Bﬁi&g&a botween linesy (trane)
dinothyl tin units so that the $4n atoms are co~ordinated cete-
hedrally (185)e The dimethyl dlcyame compounds of gromp IVh are
all assaaiateﬁ in tho solid otabe (186). In the tAn compounds
astronger brideing gives rice to @mm shoete in vhieh the mole-
cules are distorted to a nearly ovtnhedrsl srrangenent with trang-
g%ﬁ:éaﬂ;ﬂ. tin groups pewpendiculor to the ohestes Uossbauer spectra
- of Dugtn(CNS)0x is consictent wiith the stiucture of & hexa co«
orainatel tin (115)+ She dipole moment indicates & 0is sPanges
 mont of the hydroesrbon groups for she compound in benzene
polution (160)s %he ovystal and mploonlar a'bmr:‘&am of %h&nﬁl

' (8pWiBty), hao been dotornined (125)s The tin atono ave hoxs

- eo=ordinated in g digtortsd octahedral feshlon by the phonyl
groupsy chlorine atomg, and two 'ﬁmﬁgaﬂhmg diethyldithiocarbanate
rosiduesy the phenyl mmp -Gtk -'ﬁﬁ.e; chlorine aton occupying
putually cle-position (£ige 26)+ The MAR spoct¥a of Phin(acac)y
{X = C1, Bn) eemgaamﬂa indiented an octahedral confisucation at
Bin with phenyl and halegm above and below the gl&n& 0f asotyl
aestonate rince (figs E&) mcﬁ}»

OIS

R.
: x>/i“> - ( S'n \>L

I>C

Fig- 2  Fig- 26,
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The novel typs of eompounds xzi‘s:*amw' {acatylavetonato) tin
dihalide were shown to be dimeric and their configurations have
peon interpreted (183) £mm IN stulles in which esch tin aton io
hoxa 'aaf—émina%uﬁ {fige RBe)s Dibutyltin bigmothoxide and dibutyl

4,

"t;m big-acetylacetonate amﬁma%gwwmta in hexane end fozﬁﬁz,:' & |
dimers(84)y whichsve believed to have - édwfiwaiims@&l%ﬂus .
%6 Bugin(SON)OX aimer (fige Ze) with hexa co-ordinated tin atome
: Rﬁ%ﬁiﬂkﬂ and Sema (159) have ouggested from Mossbauer speotin for
 Ren01(0x}e gonpounds cipeRonils octahedral structure vhich bad
beon ascumed by Pavagiia et 81,(111). sinilar hexa co=ordingted
- $4n atom has beon assumed for meso-organotin halide bis-acetyl-
acetonates (77). Bio-(Pentans 2,d=iionnte) ainethyl tin 48 o
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vemular ootahedron vith linear GeiineG grouping, which oonoloty
of diserete ronomerie wadt (189)s -

| Hot many organotin compounds have been found %a'paﬁaﬁs& ‘
hepts cosprdinated tin, the geonctiy of which would be petagonal
bipyranidal ons (£1g. 3)s Phenyl tin tris-tropolonate has besn
voported (121) to be momouerie in methylens chloride, whioch

Fig-3 .

~ ﬁﬂ&sésﬁeﬁ & goven co-ordination apound tin. Kawakand of o1 (41)
have concluded from UVy MR sad IR dotd that nebutyltin tric-
. Gxinnte noy have hepte co-ordinated tin aton. ‘Ruddick and Sumg
{159} from ﬁasam&eﬁ spestroscopy deternined the m*ﬂﬁdﬁwtﬁ@n

ﬁumbsr'ar@uaa tin in Busn(0z)y which is consiotent with a seven
so~ordination with three squivelent bidentate oxine groupd.
mﬁmm} methyl %in tﬁm%mm ewﬂ%ﬁllmea with three cholsting
altrate sroupo forning o pentagonal blpyremid about tin (190,




son s

Trio={dinethyl oulfoxide)} nitratodiphenyl-tin-nitrate hog boen
characterised as & hepia m—@ﬁ.m%ﬁ organstin complex fyom IR
and X<iny crystal structure of the compound (i91)s The staucture
conniota of momomoric hepiasmco-ordinated cotion L inl Colls ) oiag,
{(z;% )ga@} 5_7 +m1a HU3 anlons Co-ordinstion avound tin is pente-
gonal blyyranid with the bidentete nitrate group and the thres
dinothyl sulfoxide noleculosin the émmﬁwm posltions ond the
+ww phonyl f:i.ﬁggﬁx at the @@ieem





