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& 11 INTRODUCTION :

Any compound containing atleast one tin—carhon.gf linkage may
bhe called organolin compound, the first reported combound of this
type being contributed by E. Franklan;. Generally the begining of
erganolin chemistry is considered to start with the work of C.
Lﬁwi;. In Lthe next few decades many significant contributions
were made in the field, especially in delermining the accurate
atomic weighls of the group IV metals. This area of chemistry is

P, TO of

further emboldenad with the industrial applicatinnsg
urganatin compounds e.g. as stabiliser of polyvinyl chlarides,
plasties, as rvubber anti-—exidants, Ziegler.type cfatalysts imn  the
polymerisatiun of olefins, agricultural fungicides, active
ingredients in certain vetsrenary medicines. Trans—esterification
reaction mixture coniaining organolin compounds as cétalysts have
recenily been used in the removal of insaluble organotin
compoun:;. The same enthusiasm and interest is prevailing still,

which started with the renaissance of organalin chemistry starting

at about 174%9.

£ 12. PREPARATION OF ORGANOTIN COMPOUNDS — GENERAL PRINCIPLES:

Most of the organolin compounds are the derivaltives of
t1in{IV) and itherefore Lhe relevant lilteratures of tin(IV)
compounds are discussed here in a short review form.

R.S5nCl, , ., alkyltin chlnrides. are prepared by Kocheskov™
cumprnpor;innatiun reaction between tetra—alkyl tin and tin
tetrachloride mixed in their apprapriate propurtioens at about
EOQ“C. The alkylation of tin tetrachloride with an nrgaﬁometallic

reagenl results in Lhe formation of it.



4 number of benzyltin(IV) cumpuqnds (PhCH, ), _,,5nMe, (n= 03},

{PhCH,? SnCl, (n= 0-2) and complexes (PhCH, ) SnC1.DMSO—d, and

4-1n
(PhCH; );8nCl, .DMSO-ds; were studied by Holleck et.al..””

Alkyltin alkuxideé, thiosalkoxides, carboxylates, thisaryloxy
acetates elc. are formed from the reaction of alkyltin chlarides
with apprapriaté nucleophiles. The f{formation and reaction of
carban—tin bond and the tetraunrganntin.cumpaunds are elabeorately
reviewed by Van der Kerk and Luijten' in 1968 and then by M.

L]

Gielen in 1981. The three principal ways are schematically

. depicted below:

a) RM + —;} Sn—-X S

{Organometallic} {Tin halide}
CM= Mg, Li, Al, Ma, K or ZIn 3

b) RX + % Sn—M ——p > Sn~R + MX Eq.(2)

Sn-R + MX Eq.(D¥

(alkyl halide) (Tin—metal compound}
CM= Lil

c} C=(C + —;} Sn—H ¥

{ Alkens) (Tin Hydride)

Sn—C—CH Egq. (3}

The alkylation of tin tetrachloride with a Grignard reagent is of
..
greater industrial use, though there is a difficulty to stop 1he

reaction at the desired partial stage of substitution. then the

presence of excess amount of Grignard reagent being necessary,

when particularly the di—-ethyl-ether is used as The solvent.

Complete alkylation eccurs with THF as sulven: if the reaction is

Egrried gut at 80°C. The vield af R, 5n decreases gradﬁally wilh
(]

the increase in the bulkyness of the R— group.

4 R~MgX + BaCly, ———» R,Sn + 4MgXC1 l Eq.{(4)



Mixed tetra—alkyltiin compounds can similarly be prepared by the
reaction between a Grignard reagent and the alkyltin halide.
Similarly aryl, vinyl and ethenyl tin compounds can also be
prepare:. Synthesis and mass specira of tetra n—butenyltin and tri
n—butenyltin bromides with both double bonds between C1, CZ2 and
€2, C2 was discussed recently in detail by C. A. Dooley, and J.
P.TES:Z.

Alkylation of tin halides with organolithium fompounds gives
a higher yield af the product and the method is especially
applicable in Lhe cases of unavailability of the Grignard reag;;i,
as "alkenyl halides containing a halogen atom adjacent 1o an
ethelynic hond are very unreactive towards magnesium and give the
organo—magnesium derivatives only with greater difficully, sele
known exceplion being E—ary}“vinyl bromides g;gi_ﬂ-brumn—si;r;zz".

The Wurtz reaction is nol readily and widely applied due to
its disadvantage with the .furmatinn of R-R hydrecarbon when

intermediate alkyl-sodium compound react in sity with tin

chloride.

RzSnCl, + 2 RC1 + 4 Na b H;Sn + 4 MaCl Egq.(3)
Alkylvinyl tins, R, Sn(CH=CH,3}_, . . can be synthesised ¥from the
correspunding vinyl or substituted ethenyl magnesium hromide with
tin tetrachloride in‘?H%t‘
The alkenyltin chlorides were prepared by the reaclion of

anhydrous stannic chloride and Grignard reagent with alkenyl

bromide in a required stoichiometric proportions e.qg.

S5nCl, + 4 R,C=CRMgBr [R, C=C(R}1, Sn + 2 MgCl, |+ 2MgBr, | Eq. (&)

SnCl, + 3 R,C=CRMgBr

LR, C=C(R)1, SnC1 + 3MgBrel | Eq.{(7)



The route of syntheses  of a number of alkenyltin(IV)
dithiocarboxylic acids may be the same as in the case of synthesis
of simple dithiocarboxylic acids, using Grignard method except the
facl that here R-Br contains R= an alkenyl group. These
alkenyltin(IV) chlorides will expecte&ly give ithe respeclive ester
on reaction with alkenyl dithiocarbhoxylic acids of the type RCG,R®
where R = R*= same or different alkenyl group(s).

The preparation and characterisation of some o— bonded o-—
unsaturated organic derivatives of 1lin R:Sn, Riﬁng, I§SHC1,
R;E‘mt'lez_, RBSnHa_, and R‘Snl‘leh £R = ~CPh=CMsg, , K = ~-CMg and R =
—CPh=CPh, were feport:: by Cardin et.al.. The interest in
syntheses aof these arise from the puint.uf view of strucltural. and
bonding study as well as from chemical reactivilty. The X—ray study
of hbmolaptic alkenyl of tin was also done by the same group of
aulhors where the structure af (Me,C=CPh), 5n were establishz;;

The direct synthesis of 1lriarganotin compounds had been
reported recently in 1987 by ithe reaction of the tin metal with
.alkyl halides in the presence of a stoichiomelric amount of the
haltide ion in a very good yeiiz. The mechanism of the reaciions
had also been discussed in detail, where tin halide anions acted
as nucleophile. Simiiar mechanism was used toe explain the
farmation of organomagnesium and organozinc halides. |

The methods for the preparation of organotin chlorides are

also useful as starting material en route te the synthesis of the

other aorganotin halides using a suitable metal halide e.g.,

R,EnCl,_,, + (4-n) MX » R,Sn X, + (4-n) MC1 Eq.(8)

(X =F, Br, I s M=K, Na, NH, etc.!}



Besides, the organotin halides may be prepared by numerous
methods, all of which are not so much mention-worthy and relevant

to the present case, and hence not taken for discussion. In brief,
142 ’ 48 -—-47
aorganotin hydrides, organotin oxides, hydroxides, and polymeric
i
diorganotins may alse act as starting materials.

The most important method for the synthesis of urganutiﬁ
carboxylates, and phenu#yacetates is azeolropic dehydrati:; of the
reactants in boiling tbluene using Dean-Stark separator, usually
the reaclion becomes cqmplete within 1-2 hours. The thio—aryloxy

4 &
acetates may also be prepared by the same way.

Rg SnOH + R'COOH ——0p RyBnOCOR® + H,O

(Drganotin hydroxide) Eg.{?}

Ry EROSNR, + ZR*CO0H 2 Ry SnOCOR* + H0
(Organatin oxide) Eqg.(10)
R, Sn0 + Z2R*CO0OH » RSn(OCOR*), + H,0O

(Drganotin axide} ' Eq-(11}
The triphenyltin Icarboxylates, PhyaSnQ,CR (R = Ph, p—MeO-C,;H, etc.)

have been prepared by the reaction of PhySnH wilh appropriate
20 - 28 )
polyfloure carboxylic acid in methanol.

@rganotin chlorides react with alkali wmetal salts of

carboxylic acid , thie—arylexy carboxylic acids as shown below to
24
give the corresponding esters.

R,SnCl,_, + {(4-n)MDCOR® » R,Sn(OCOR*),_, + (4-n} MCI

(M = Ag, Na, K, T1) ' Eq.-{12)



MegSnCl  +  RCODNa b RCOOSnMeg + MaCl

Eg.{13)

FheSnCl + Ar-5-CH,CODNa b Ar-S~CH, COOSNPhy + Natl

£q.(14)

The same esters may alsoe he prepared from tetra—arganotins and
25
carboxylic acids.

R,5n + n R'COOH PR, Sn{OCOR"), + n RH
Eqg.{15)
Organotin hydrides react with carboxylic acids to form the esters
with the evolution of hydregen , though this method is seldom used
A, 47,248
for synthelic purpeses.
The dithiocarboxylic acids date back to The end of Lhe Jlasit

century. Houben el.al.synthesised a numher of dithiocarboxylic

acids. The piperidinium salis of dithioccarboxylic &cids were
2V
isplated +first by  HKato et.al. and thair reacltions witlh
28 , Zzo
arganatin{IV) chlorides had also been reparted .Preferencial

cleavage of Sn—8S bond of the dithie ester formed was observed by
treating di~ and triphenyliin esters of aromatic dithio acids with
primary and secondary aminesaa, in the following way:

ArCS,SnPhy + NHR,—» EAr, S, 3—» ArCS, H +CR, N—~SnPhy 1—»
N/ enph
e

Il
¥ WR,
S ./
" A~ : [
C=5....5nP
Ar“-B nPhg g
S

Kato. gt.al. also reported the synthesis and reaction of some

unsymmetrical acyl-thieacyl sulfides, (R-CS,~COR") using

sodia—salt of the dithia acid RCE,Na with R'COClI or by exchange



reaction between RC(5)5;CCOR* wilh PPhg.4Me—(C H,CS,COMe with a
variety of nucleuphilzz - A number of alkali triphenyl stannane
dithiucérbuxylates and synthesis of their metal carbonyl complexs
were also repurt:;. Savino and Berem:i reported the synthesis of

disedium salt of cyclopentadiehe dithiocarboxylic acid from the

C
H
C
*Na T8 7 “sTNa' . HO
reaction between sodium cyclopentadienide and C5;. the salt being
formed in 451 complex with recrystalising' solvent wiz. THF ar

acetonitrile as bright vellow crystals.

& 13. BONDING iIN ORGANOTIN COMPOUNDS:

Being a member of the group IVA in Lthe perioedic table ,the
Fifty electrons of tin atom are arranged in the fallowing way:
1szf Eszzpdf 3s 23p6 Sﬁiof 4524pﬁ4d‘°/ 5525pa,the ground state of.
which is 3P étate derived from szpa canfiguratinzg. The common
tetravalenl state is derived from Lhe 5;? hybridisétion by
promoling one of the paired *s* electirons to the next higher ‘ﬁ'
level. The tetravalent character accurs most frequently than the
divalent one. The stable nature and relative low reactivity af the
organotin derivatives of group IV metals may be attributed to the
sp? hybridisation. Thus, Me,S5n is unreactive towards air and water
but trimethyl indium and trimethyl antimony have a strong affinity
towards these reagents. The marked increase in slabilities of R 5n
compounds over the R,Sn types are also demonstrative of the

effects of increased hybridisation.



)

Catenation property of tin in organic °compounds are alse
reported by some excellent revisws on Lin~tin campodndﬁ made 1in
the reeent past fe::;g? Comparisons of the catenation properties
among greup IV elementsehave shown Lhat there is a decrease in the
tendencies in catenation in the order: C » S5i > Ge = Sn » Pb.
This , in general, i? not smooth, decreases with the tendency of
the catenation properlies and may be aseribed to the diminished
strength of C-C, 5i-8i, Ge-Ge, Sn—-5n, and Pb—Ph bonds, which are
approximately 83 , 42 , 40 , 37 K.cal/ mole respectivei: -

The ionic nalture of organotin compounds and the effect of
bond polarity upen their reaction are discussed in the fullnwing
section . The electroposiltive character increases with atemic
number in a group, and is also sirikingly pronounced ameng the
metals of group IV . Some properties of the elements are given in

g
table 1 below =

Tahle 4
' Elegtronic I.P.(e.v.)T_ElecirnHE* Tovalent
Element . L. g ®
Structure 1st 2nd gativitly radii(A )
C CHelZs 2p 1.3 24.4| Z2.30 0.77 ##
Si [CNel3s 3p : 8.1 16.2| 1.74 1.47
Ge Earizd'® as® ap 7.9 15.9 | 2.02 1.22
Sn CKri4d “5s%5p° 7.3 14.6 | 1.72 .40
Ph CXe3af*sd®es’ep” | 7.4 15.0 | 1.55 1.54

# According to Alfred Rochow ## Tetrahedral i.e.spgradii

So from table 1, it is evident that due te considerable difference
in electronegativilies hetween carbon and other elements ef graup

iV A, the metal carbon bond should be expectied to be gquite polar.

. In fact Pauling has calculated the ionic character of C-Si, C-Sn,

bonds to be 124 and 15% respectively, which becomes almost

10



jidentical to the Alfred Rochow's electroneg@tivily values of 14.2%
and 14.6%Z . As the eleclronegi@tivity of carhon varies with nature
and number of attéched groups and atoms, the ionic characler of
tin carhon.hond will aiso vary.

The physical as well as chemical properties of the compounds
depend on the bond polarily. In general the bond partners Llhat
carry an appreciable difference of eleclrical charge relative 1lo
each other will serve as an electric dipele that attracts and
orients neighbauring reagenis. Since tin is positlive wilh respect
toe carbon, tlhe rclative polarity of the tin-carhon bond may
formally be represenied as QE:——— Sn6+. Hence, when an orqganotin
compound is expased to water, the OH dipele as expected, would be
attracted to C-5n dipole and would orient in the appropriate
direction as depicted below:

02-— 5n6+
W o~

The approach of dipoles will eontinue, with corresponding
lnss in potential emergy, until the repulsien of the electran
shells is balanted by the attraction. In these circumstances, Lhe
formed attive intermediate may either hreak apart imnte oworiginal
components or realign these bands to form new substances. If this

change in free enerqy favours the later possibililty, the product
C Sn

H aH

will be =

But due to the low polarily of the tin carbon bonds in the tetra

alkyl and aryl derivatives of tin, they are not actually

hydrolysed by water.which may be brought about in high pressure

11



and temperature with the use of catalysts such as acids and
alkalies, which attacks the carbon or tin. A rather unusual
feature of the organslin compounds is the ionisation of some of
the RySnX and R,5nX, compounds in wateiﬂ. The strength of the

5%@1& covalent bonds between graup IVA and other atoms generally

decrease in going down the group, as can bhe seen from Lhe table 2

S
below =
Tahble 2
Flements ' Eneryy of honds , K cal/mole wilh

H ¢ + Cl Br } 4 (8]

c - 99 83 116 | 79 &b &7 a2

Si 70 &7 129 86 &7 51 a8

Ge 74 71 — a5 &8 50 e

Sn 71 &8 — az &5 47 —

A data derivec mainﬂy'ffum MXs fype compounds which are

unstable and non—existent when M = Pb
The polarity of the metal carbon bond increases with
increasing atomic number within the group and the hoﬁd becomes
more sensitive to attack by polar reagents. This is also evident
from the increase in the polar character of 1Lhe haingens in

a3
compounds such as RgMX.

£ 14. STRUCTURE OF ORGANOTIN COMPOUNDS — GEMNERAL FEATURES:

The tetra organotin compounds are usually colourless
thermally stable liquids or solids, though degradable Lo inorganic
tin compounds. Mumerous X—ray and eleclron diffraction studies

40 44
have established teltrahedral stiructure for Lthem .

12



The common organalin halides and pseudo-halides are generally
soluble in water and most of Lhe orgamic solvents. In any series
of halides R, SnX,_ ., (for a g}ven value.uf X and n), the melting
points generally decrease as n—alkyl chain Iength:increases.'Their
structure was established 1o be close to tetrahedral in gaseous
pha;:. The most important structural feature of solid organotin
halides and pseudo halides are their strong tendency 1o increase
the co-ordination number from 4 to 3 for RygSnX compounds or & for
RZSﬁXZ and RBnX, comﬁnu'nds by intermolecular associati::;. Phy SnC1
contains discrete monomeric species with four cu—drdinated t;:.
X-ray study of MeySnCl shows a halogen bridged structure though
tin—-chlorine (&5n—Cl) link is rather weak and break omn dissolution
in oarganic sulvezts while tricycluhexyl tin assumes an
intermediate structure between tetrahedral monomer and non-linear
assymmelric struciure, with S Xeorere SR bridg;Z. With potentially
bidentate ligands, the triorganotin halides still prefer to Fform
penta—coardinafed adducts using one of the donor groups anﬁ
RySnCl with actahedral configuration is unknown.

The diorganotin halides have a tendency 1o ferm polymeric
species threugh intermolecular association and tin atom prefers Lo
increase the coordination number to &, due to greater Lewis
acidity, g.q9. in Me,SnF, each tin is linearly bridged to its four
neighbaurs by one symmetirically disposed flourine atoms as shown
below, the alkyl groups being above and bhelow the planes, making

infinite two dimensional sheelt of tin and halogen atom*®.

13



Sn

“
F Me
-- ' F
Sn’
zl'.
F " F,
Me \Sn

Bul in Me,SnCl,, Me,SnBr, the associatltion is weaker and consisils
of <chains of melecules. Ph,GnCl, has distorted tetrahedral
molecular species in solid state, and any intermelecular
association is weak or abse;z.

R8nX, compounds have both_bridging and terminal halegen with
polymeric structures containing octahedral tin atems in the solid
pha;:. |

In case aof .di— and triphenyl stannyl dithio estars
(ArCS, ),8nPhy , ArCS,SnPhy , the tin atom in di/triorganetin(iIV)
groups Ry8Sn—/R,5n— are co-ordinated by the unidentate carboxylic
group.

In the case of organotin carboxylates, the melling puinté and
boiling peints are generally variable and have a very low
énlubility in organic solvents due to ithe polymeric nature aof it

‘-850

in neat aor solid state, invelving bridging carboxylate groups, as

shown below:

Rl
R I
c R
\ | £/ 0\
0O — Sné¢— 0O 0 = Sn ¢&——
“ N\ /N
R R R R
48,52
and an octahedral trans—R;SnX;, supported by Missbauer and IR

5,58
data , Lthough in solution they bhreak to monomeric unit.

14



Recent X-ray study of a dialkyl chlorotin carboxylate

: LTS
RSn(OCOR"*)Cl with R = R* = Me, confirmed the following structure.
RI
\ .
o ® @=c o
\ | ¥ \p |
} Sn AL 4
-0 i \ o Sn\
R \ 2
¢ =0 l
|
Rr* R

The crystal structure study by X—ray diffraction methed uf- a
number of organotin{(IV} carboxylates have recently been studied,
which have thrown light en the central guestion in the structural
chemistry of teiorganotin carboxylates whether the carboxylato
group will'cheléte to form monomers of five coordinate tin or
bridge through ils carbonyl ﬁxygen to result in +five caordinate
repeat of RySnOCOR® units or instead, will be made up of monomers
with four coordinate tin. - "

Multiple bonds involving pn orbilals are nolt known with 8i,
Gg, Sn or Pb in contrast to carbon. However, %Lhere is good
evidence that d~orbita1§ of the elements, other than carbon, are
used in dm—pe bandinzo. In +fact, dn—~pr bonding 1is partly
responsible for Lhe higher values of Sn—Cl streatching frequencies
in certain tin compounZ: and Sn—0 fregquencies in (PhySn),0. The
study of proton chemical shift and of the shin—spin coupling
constants praovide informations concerning their structure, degree
of *s5* character of the *M' orbital directed tlowards the carhbon
atom. The percentage.‘s’ character of the 5Sn orbital in the
tin—carbon bhond in Me,SnX, compounds Lwhere X = PhCS,, PhC ()5,

S0
BrC,H,CS,, PhCH CS, 1 were derived as 0.36. The change in the

1111090 WD GRRRET
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9 iﬁ% HA24 AT FORETPEE



electronic distribution due to different inductive effects in
éubstituted henzene rings, make the o— ,m— ,p— ,protons of the
phenyl ring differenl.

There is a linear relationship betwsen long range Lin protan
coupling constants and the percentage ‘5" charaﬁter of the 1tin
metal directed towards carbon. Replacements of the twa methyl
groups with X leads toe an increase of % s character in the
tin—carbon bond and in the decrease of the same in the 1tTin—-sulfuar
bhnd, obviously due to hybhridisalion change in Sn-C bond.

The examinatioﬁ af ‘H MMR have shown that aromatic prtons of
the thiocarboxylate ligand are not influenced by alkyl ar aryl
groups bound te Lin, as these groups are separated by atleast five
bunzz. In dithio phenyl acetic acid derivatives, aromatic pratons
are not influenced by Lhe groups directly bonded to tin atom. In
all the compounds investigated long range. strong tin—proten
interactions of Fermi cantazz type are observed. The replacement

of two methyl graupsin the compound Me,S5n with 1tTwe X groups

increases the *s* characcter af Sn—C bond orbital from 0.25 —0.36

Z .

However, from IR and Raman studies of compounds R3SnXSnR3(X=
0,5 ) it was concluded that there was ne n contribution to the
Sn—0 and Sn—é bondz? Similar ideas regarding S5n—0 and Sn—S5 bonds

Gi-469 ,74
in the other compounds were reached by other workers.
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