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1.4 Introduotion:

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

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

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

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

laoreased hybridisation.

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

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

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

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

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

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

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

hend._pol " g gti
The general feature thot the eleetropositivity chara
luoreases with atonic number in a group, is aleo strikingly pro~
asounced among the metals of group IVA. some propertion of the




i

elemonte are given in table =I (6).

i

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

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

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

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

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

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

g I
¢—38n

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

& &+

¢ - dn

d+ d-
Heo

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

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

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

ontdese



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

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

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

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

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

ather woriers (3 - 4§).

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

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

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

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

RgSn+ Solvent ———= Golvent ——» Sulil,

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

— %&Iuﬂl"ﬂi’ﬂ (where X g Bryl).

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



-12~

213L3288334a21812X

Helfranicland
Gelowing

Re ke N JeDellosenbersg
and He

Selellgore

raP ¥

6. P.A.Cotton and Geiilkinson

Te Tel.Brown and G.L.'organ
8s deVelarrer and MN.i.Skinner
Je Helsllochowy Deleliurd

and R.d.Lowis
10, JeChatt and Adieiilliams
1le ToDelioldfrab and Jesujishi
12, ReVerma, Aetliachiarmid

abige AuneChems, 1
Tay 248 (1880) o0 174 eepe

JeChems500sy 2, 267 (1850)

debige Ann.Chem., 84, 308 (1852)
ChonsRove, 80, B20-520 (1960)

InorgsChomey; 24 706 (1963)
deurgmonetal Chene, 1, 454 (10684)

JoChomeio0oe, 4403 (1954)
JeAmeChameSocey 36, 1679 (1964)
Luorgehene, 3y 1754 ‘*m

Proc.Cheme500.y 456 (1981)

Je lnorge.iiucl «Cheme, 27, 89 (1965) :
Je Inorgeiucl eChome, 24, 5935 (1962)
InorgsCheme, 35 337 (1964) %



17. R.0ulme
18. HeColUlark and Hedeu'Brien

19, M-w.o'm
and Jel

20e ReSelobian and CeZe

1.
e
2o
24

“Da
iL6e

e

m Gefelontes and
e =

Delieh ton and
AsGeDavi
Welislielson and D.F.lartin

leGialen and i Sprecher

Ceunborn

S

29, He.Giolen and J.ldaslelaki

30.
3.
524
3ie

e

Heldoleon and Jeiasieloki
Kelolinoiay and Reiatt

IR on e ——

Ao odawyer, oditod by
HeCololler

v ol o LlOVIMANL

JdeCheme50ce, 1524 (1963)

Inorge.Cheme, 2, 740; 1020 (1963)
JeUheme500s, 2532 (1964)

InorgeCheme, 4y 215 (1965)
JeUhemeioae, 7568 (1961)
Jeurganometal Chenes, 1, 484 (1964)
de oUheme, 27, 1679

i W s 2V,

Cheme Duda, G561 (1961)

Jeurganometal Jheme, 4y 67 (1966)
e tal Chomeilavey, 1y 450
(1966) s

A S T e
Jeurgauometal Cheme, 9y 445 (1967)

J.urgaionotal chame, 1, 173 (1983)
Jeurganonetal Cheme, 7, 275 (1067)

w.l Cheneileve, Ad, 137
omotallle sompounts of the

mzﬂmﬁqﬂu&ﬂ.m’

uum:{thmum
Lagos ‘ress (1970)
The urganic Chemdatry

w- Jehwm “k




=14

36 LeCeiilliamseons and Investigations in the field of
Geds'eVan der Kerk organo lead chenistry EM

s oy
R et b ey

38, 4P Jliounann Angew.Cheme, 75, 285 (1963)

39, W and HeGe JeAmeUhemsiocey 82, 5968 (1960)

40, _ and Hebe d et 279 0 -
W urgeCheme, 27, 610 (1962)

45 LeleAbel and Dedsirmditage ances in

lﬂfﬂkmmm}
dh, B o XY _ H00ey G2, 3409
= - e

ORI SN et chee 0



