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Abstract

Organotin(IV) compounds are being used for many applications, e.g., as stabilizers in PVC, in anti-fouling paints and coatings

for the protection of ship hulls and as precursors for SnO2-coatings on glass. Tetraorganotins and especially organotin(IV) halides

often serve as synthetic precursors. A wide range of methods for the synthetic preparation of these compounds has been developed

since the 1940s. This review gives an overview of the available routes for the preparation of organotin(IV) compounds and discusses

their selectivity and yield. In particular, monoorganotin trihalides are often not accessible in high yield.

� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The synthesis of the first organotin compound, di-

ethyltin diiodide, was reported by Frankland in 1849 [1].

From the 1940s onwards, organotin compounds became

commercially relevant when the production of polyvinyl

chloride (PVC) began to expand. Addition of di- and
trimercaptides such as dialkyltin di(isooctylthioglyco-

late) (R2Sn(SCH2COOC8H
i
17)2; R¼Me, n-Bu, n-Oct)

and alkyltin tris(isooctylthioglycolate) (RSn(SCH2CO

OC8H
i
17)3; R¼Me, n-Bu, n-Oct) inhibit the dehydro-

chlorination reaction by exchanging their anionic SR�

group with the allylic Cl atoms in the polymer [2].

Furthermore, they scavenge the liberated HCl. As a

result, the photolytic and thermal degradation of PVC is
slowed down [3]. The use of these compounds as PVC

stabilizer is still the largest application of organotins

today.

The biocidal properties of organotins in general and

triorganotins in particular were discovered by Van der

Kerk at the TNO Institute, Utrecht in the late 1950s [4].
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The first biocidal application was the use of bis(tribu-

tyltin) oxide (TBTO) as timber preservative [5]. Wood

impregnated with TBTO is effectively protected against

fungi and insects. Because of the very low solubility of

TBTO in water, wood preservation was carried out with

TBTO dissolved in organic solvents such as kerosene.

The use of water as solvent became possible by the ad-
dition of quaternary ammonium salts and by the de-

velopment of water soluble biocides such as trialkyltin

methanesulphonates [6] and tributyl mesylimide [7]. The

second major biocidal application of triorganotins has

been in anti-fouling paints and coatings for the protec-

tion of ship hulls from aquatic organisms. Growth of

aquatic organisms on vessel hulls creates roughness

which causes an increase in the fuel consumption [8].
For example, it was estimated that the use of anti-

fouling paints saved the US Navy an estimated 150

million US dollars of fuel annually and maybe more

importantly, reduces CO2 emission and consumption of

our fossil fuel feedstock [9]. Most often applied are

tributyltin (TBT) based antifouling systems which have

an acute toxicity to target organisms. Due to the

worldwide use of TBT, high concentrations of TBTO
are found in different compartments of aquatic
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Table 1

LD50 value (mg kg�1, oral rat) of several organotins [18]

R Methyl Butyl Octyl

R4Sn 195–331 >4000 50,000

R3SnCl 13 60 n.a.a

R2SnCl2 74 129 5500

RSnCl3 1370 2140 2400–3800

a n.a., not available.
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environments such as sea-water (10�6 to 10�3 mg kg�1),

sediment (10�3 to 101 mg kg�1) and mussels (10�1 to 102

mg kg�1) [10]. The distribution [10d,11] and effects of

organotins on marine and fresh-water environments

[10d,12] have been studied extensively. These studies
have revealed that tributyltin species at concentrations

of 1 ng l�1 can induce ‘‘imposex’’ in sea snails [10d]. As a

result, reproduction fails and the population of snails in

dogwhelks declined dramatically [13]. This adverse effect

has resulted in a world-wide ban on the application of

TBT by January 2003 by the International Maritime

Organization (IMO) [14]. Meanwhile, alternative anti-

fouling systems based on metallic copper and organic
boosters have been developed [9]. However, their fate

and toxic effects on the marine environment as well as

their antifouling effectiveness are not well studied yet.

An important application of monoalkyltins like n-
butyltin trichloride, is their use as precursor for the

deposition of thin tin(IV) oxide layers (up to 100 nm

thick) on glass bottles. The coating is formed from the

precursor by chemical vapor deposition (CVD) at
the hot glass surface (typically 500–600 �C) where the

precursor pyrolyses to tin(IV) oxide. The coating in-

creases the impact resistance, so that lighter and

cheaper glass bottles can be produced. The tin(IV)
Table 2

Synthesis of symmetric tetraorganotins R4Sn

Method R Cond

SnCl4 + 4RMgCl Me, Et, n-Pr, n-Bu,
n- Pent, n-Hex, n-Oct

Et2O

n-Pr ’’

Me n-Bu
Et Et2O

Allyl ’’

Ph ’’

i-Bu NaC

n-Oct Et2O

Vinyl THF

SnCl4 + 2R2Mg n-Bu, n-Oct hepta

SnCl4 + 2R2Zn Ph Et2O

3SnCl4 + 4R3Al Me, Et, n-Bu, i-Bu, n-Oct Et2O

Et ’’

Et, n-Bu NaC

n-Bu, n-Oct n-Bu
i-Bu CH2C

Et KCl

i-Bu NaC

SnCl4 + 4Na[AlRCl3] Me

SnCl4 + 4RCl n-Bu Na, p

n-Oct ’’

Ph Na, b

R2SnCl2 + 2RCl n-Bu Na, x

R2SnCl2 +Zn n-Bu Zn, E

R2SnCl2 + 2Ph5Sb Ph Tolu
oxide layer also improves the adherence of a lubricant

film which is applied to reduce the scuff resistance of

the glassware. Thicker tin(IV) oxide layers (100–1000

nm) cause iridescent appearance on the glass surface

and are used for decorative purposes [15]. Layers
thicker than 1 lm are being applied as conductive films

for electronics [16].

In addition to the applications discussed so far, or-

ganotins are also used as catalysts for the production of

polyurethanes and silicones, as potential anti tumour

agents and as disinfectants [16,17].

Organotin compounds differ widely in their acute

toxicity. Some of them are highly toxic while others
show hardly any toxic effects (Table 1).
itions Yield References

, toluene 83–98 [30]

81 [33]

2O 82–91 [27,29,37]

85–96 [31,32]

53–85 [28,39]

75–81 [42,43]

l, n-Bu2O 87 [57]

, heptane 88 [36]

82 [38]

ne 83–95 [35]

, toluene 91 [52]

90–98 [55]

97 [54]

l, CH2Cl2 94–97 [59]

2O 90–92 [54,55]

l2 92 [53]

94 [60]

l, n-Bu2O 87 [57]

95 [61,62]

etroleum 91 [48]

71 [47]

enzene 80 [50]

ylene 87 [46]

t3N 35 [63]

ene 95 [64]



Table 3

Synthesis of mixed tetraorganotins R3 SnR0 and R2SnR
0
2
a

Method R R0 Conditions Yield References

R2SnX2 + 2R0MgX Me, X¼Br n-Pent Et2O 95 [68]

Me n-Dec THF 98 [71]

Me n-C18H37 ’’ 96 [71]

n-Bu Vinyl ’’ 85–89 [72,73]

Ph Allyl ’’ 98 [71]

R2SnCl2 + 2R0
5Sb Me Ph Toluene 93 [64]

Et Ph ’’ 93 [64]

Bu Ph ’’ 87 [64]

Bu p-Tol ’’ 94 [64]

R2SnCl2 +R0Li Bz Ph Et2O 83 [66]

R3SnCl+R0MgX Me n-Oct Et2O 98 [70]

n-Bu Vinyl ’’ 85 [72]

Cy m-MeC6H4 ’’ 88 [65]

Cy p-ButC6H4 ’’ 90 [65]

R3SnCl+R0
5Sb Me Ph Toluene 92 [64]

Me p-Tol ’’ 90 [64]

Et p-Tol ’’ 91 [64]

Pr Ph ’’ 90 [64]

n-Bu Ph ’’ 94 [64]

RSnCl3 + 3HR0 n-Bu SPMb EtOH, KOH 85 [67]

a In all cases X¼Cl if not stated otherwise.
b SPM, monoanion of 2-mercaptopyrimidine.

Table 4

Synthesis of triorganotin halides R3SnX
a

Method R Conditions Yield References

3R4Sn+SnX4 Me 93–99 [37,81]

Et, X¼Cl, Br 86–91 [84]

n-Pr 88 [33]

n-Bu 95 [83]

Et, Ph AlCl3 87–89 [79]

Ph 72–87 [79–81]

Me, X¼Br 89 [29]

R4Sn+GeCl4 Et, n-Bu >99 [86]

n-Bu 81 [85]

R4Sn+Co(TPP)Cl Et, n-Bu CHCl3/MeCN >99 [91]

R4Sn+X2 Ph, X¼Br Pyridine 95 [87]

Ph, X¼ I CCl4 75 [88]

R4Sn+SnX2 Et 78 [68]

Et, X¼ I 71 [68]

R2SnR
0
2 +BR2 !R2SnR

0Br R¼Ph; R0 ¼ n-Bu, n-Hex, allyl, vinyl CCl4 91–99 [71]

R2SnCl2 + 2Sn n-Bu BuCl, pyridine 74 [63]

SnX4 +R3Al/R3Al2Cl3 Et Et2O 93 [54,55]

Et, X¼ I 83 [54b]

Et, X¼ I Et2O 87 [55]

Et, X¼Br Et2O 82 [55]

SnX4 +3RCu Ph Et2O 92 [92]

2Sn+ 3RCl Bz H2O 85 [93,94]

a In all cases X¼Cl if not stated otherwise.
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Table 5

Synthesis of diorganotin dihalides R2SnX2
a

Method R Conditions Yield References

R4Sn+SnCl4 Me 85–91 [37,98]

Me, Et, n-Pr X¼Br 85–99 [84]

n-Bu 95 [46]

n-Hex 88 [47]

n-Oct 84 [47]

Ph 80–90 [49,50,96,97]

Vinyl 70 [72]

Allyl 99 [39,40]

n-Bu SnF2 90 [99]

Ph SnF2 93 [99]

R4Sn+SbCl5 Me CH2Cl2 >95 [100]

R4Sn+ 2SOCl2 Me, Et, n-Pr, Bz 90–98 [105]

SnCl4 + 2RLi Mes THF 21 [103]

3SnCl4 + 2R3Al2Cl3 Et NaCl 93 [60]

3SnCl4 + 2R3Al Et Et3N, Et2O 88–92 [54,55]

SnCl4 +AlR2Cl n-Bu 95 [54]

SnCl4 + 2[CuR]5(toluene) Mes Toluene 97 [102]

SnCl2 +RCl Me HMPT/NaI (cat) 89–94 [111,112]

SnX2 +R2Hg p-ClC6H4; X¼Br, I EtOH 92–99 [115]

Sn+ 2RX Me Mg, BuI, n-butanol 92 [108]

n-Bu Dicyclohexyl-18-crown-6, DMF >99 [114]

n-Oct Dibenzo-18-crown-6, DMF 95 [114]

Benzyl Toluene 81 [94]

n-Bu, X¼ I Mg, n-butanol 95 [108]

n-Bu, X¼ I Mg, Zn, n-butanol 95 [109]

Allyl, X¼Br HgCl2, Et3N, toluene 84 [110]

a In all cases X¼Cl if not stated otherwise.
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The acute toxicity of an organotin depends on the

number of organic groups bound to tin. In general, the

maximum toxicological effect is found for the tri-

substituted compounds R3SnX. The nature of the X

group has almost no effect whereas the chain length of

alkyl groups has a considerable impact on toxicity.

Methyltins are highly toxic while octyltins are essentially

non-toxic, allowing their application as stabilizers in
PVC for food packaging materials [19].

The today’s worldwide production of organotin

chemicals is about 50 kilotons annually [20]. The com-

mercial production process of organotins starts with the

conversion of metallic tin into SnCl4 by a reaction with

chlorine gas [21]. Next, SnCl4 is converted into R4Sn by

alkylation with R3Al or RMgX (R¼ alkyl group;

X¼Cl, Br) [17]. Finally, R4Sn serves as starting mate-
rial for the synthesis of other organotin halides that can

be generated through redistribution with SnCl4 [16]. In a

final step, the remaining chloride anion(s) can then be

substituted by the desired anion(s) (e.g., oxide, hydrox-

ide, thioglycolate, carboxylate, triazolide, etc.).

The selective synthesis of the desired organotin

compound has become more relevant because of envi-
ronmental issues related to toxicity of some triorgano-

tins and the more general demand for selective chemical

processes (so-called green chemistry). During the last

five decades, methods have been developed for the

synthesis of organotin halides. These methods, which

are often not selective enough to fulfil today’s require-

ments and result in mixtures of different organotin

products, have been discussed in earlier reviews [22–24]
and monographs [17,25,26]. This review will focus on

methods which give selective formation of the desired

mono-, di-, tri or tetra-organotin halide.

Tables at the end of every section give a summary of

available methods for the selective preparation of sym-

metric tetraorganotins (Table 2), mixed tetraorganotins

(Table 3), triorganotin halides (Table 4), diorganotin di-

halides (Table 5) andmonoorganotin trihalides (Table 6).
2. Symmetric tetraorganotins R4Sn

The most widely used route for the synthesis of te-

traorganotin compounds, is the reaction of an appro-

priate Grignard reagent RMgX (R¼ organic group;



Table 6

Synthesis of monoorganotin trihalides RSnX3
a

Method R Conditions Yield References

R4Sn+3SnCl4 Et 94 [116]

Vinyl 77 [72]

Ph 78 [117]

R2SnCl2 + SnCl4 Me NR4Cl, MeCl 98 [120]

Me DMSO >90 [119]

Et POCl3/P2O5 92 [116]

Ph 80 [96]

p-ClC6H4 >99 [115]

n-BuOCOCH2CH2 >99 [118]

MeOCOCH2CH2 >99 [118]

Me, n-Bu, n-Hex PtCl2(PPh3)2 67–87 [121]

R2SnCl2 + SbCl5 Me CH2Cl2 >95 [100]

SnCl4 +R4Ge Et, n-Bu >99 [86]

n-Bu 94 [85]

2SnCl4 +R2Al(Oi-Pr) n-Oct n-Bu2O 97 [122]

3SnCl4 +R3Al(n-Bu)2O n-Oct n- Bu2O 90 [123]

SnCl4 + [CuR]5(toluene) Mes Toluene 97 [102]

SnCl4 + alkene+CpZr(H)Cl n-Oct Benzene 81 [136]

SnCl2 +RX Me I2, Mg, THF, toluene 95 [126]

n-Bu, n-Oct; X¼Br R3Sb 84–96 [124]

SnCl2 +HCl+CH2@CHCOOR H, Me, n-Bu, Ph (MeOCH2)2 89–98 [128,129]

SnCl2 +HCl+ROC(O)CH@CHCH2C(O)OR Me, Et, n-Bu (MeOCH2)2 98–99 [127]

a In all cases X¼Cl if not stated otherwise.
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X¼Cl, Br, I) with a tin(IV) halide, usually SnCl4 (Eq.

(1)) [24,27–37].

4RM=2R2M
0 þ SnX4

������������������!
M¼MgX0 ðX0¼Cl;Br;IÞ;Na;Li;M0¼Zn

X¼Cl;Br;I

R4Snþ 4MX=2M0X2 ð1Þ

This reaction is usually carried out in coordinating sol-

vents like diethyl ether (Et2O), dibutyl ether (Bu2O) or
tetrahydrofuran (THF). In order to promote full sub-

stitution of SnCl4, an excess of Grignard reagent is used.

With this method, tetravinyl [38], tetraallyl [39–41],

tetraalkyl [30–36] and tetraaryl tins [42–45] can be ob-

tained in yields higher than 90%. Since most Grignard

reagents are commercially available or easy to prepare,

this method is commonly used for the preparation of

tetraorganotins.
For the tetraalkyltins with alkyl groups longer than

R¼Bu, a substantial excess of Grignard reagent is of-

ten required to obtain full conversion. In that case, a

Wurtz-type reaction of SnCl4 with an in situ prepared

organosodium can be more efficient (Eq. (1), M¼Na)

[46–50]. In this way, tetrahexyltin and even tetraoctyltin

can be prepared in yields up to 80%. Disadvantages of

the latter approach are the difficulty to control the re-
action conditions and to prevent the formation of dist-

annanes (R3SnSnR3).
Also organolithiums can be used. This reagent is

suitable for the synthesis of tetraaryltins [24] and Me4Sn

[51]. Also in this case, yields are generally rather low due

to the formation of significant amounts of distannanes.

For the preparation of tetraaryltins, diarylzinc reagents

have proven to be more useful since in these transaryl-

lation reactions no distannanes are formed (Eq. (1),

M0 ¼Zn). For example, diphenylzinc gives Ph4Sn in
yields higher than 90% and in high purity [52].

The organometallic reagents discussed so far have the

disadvantage that they either have to be applied in ex-

cess or result in substantial distannane formation. Like

the diarylzinc compounds, triorganoaluminium reagents

(R3Al) do not give distannanes and under some condi-

tions, even an excess of R3Al is not necessary [55,56].

Nowadays, R3Al is generally used as alkylating agent
for the industrial preparation of tetraalkyltins (Eq. (2))

4R3Alþ 3SnX4 ����!
ðX¼Cl;BrÞ

3R4Snþ 4AlX3 ð2Þ

When the reaction is carried out with stoichiometric
amounts of SnCl4 and R3Al, R4Sn is obtained in less

than 10% yield owing to the formation of stable

R2SnCl2(AlCl3) and R3SnCl(AlCl3) complexes. Conse-

quently, an excess of R3Al is necessary to reach full al-

kylation of SnCl4. Upon addition of ethers [55,57] or

NaCl/KCl [57–60], the R4� ySnCly(AlCl3) complexes are
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converted into the more stable complexes AlCl3(R
0
2O)

and Na[AlCl4]/K[AlCl4], respectively, and the respective

tetraalkyltins (Eqs. (3) and (4)). As a result, full alkyl-

ation is reached without an excess of R3Al

4R3Alþ 3SnCl4 þ 4R0
2O ! 3R4Snþ 4AlCl3ðR0

2OÞ ð3Þ

4R3Alþ 3SnCl4 þ 4NaCl ! 3R4Snþ 4Na½AlCl4� ð4Þ

A modification of this method is the procedure de-
scribed by Sundermeyer and Verbeek [61,62]. He pre-

pared the alkylating agent Na[AlMeCl3] in one step by

electrolysis of a NaCl/AlCl3 melt followed by a reaction

with MeCl. Next, the Na[AlMeCl3] formed reacts

quantitatively with SnCl4 to afford SnMe4 in 95% yield.

The methods described so far, all make use of SnCl4
as starting compound. But also organotin halides can be

applied. For example, Sisido and Kozima [63] demon-
strated that n-Bu2SnCl2 can be converted into a mixture

of n-Bu4Sn and n-Bu3SnCl by reaction with a metal (Fe,

Zn, Al, Mg, Na) in the presence of an organic base as

solvent/catalyst. When the reaction was carried out us-

ing a zinc-triethylamine mixture, n-Bu4Sn was obtained

in 58% yield.

n-Bu2SnCl2 ���!Zn;Et3N n-Bu4Sn ð5Þ
More recently, Sharutin et al. [64] prepared tetraphe-

nyltin by reacting diphenyltin dichloride with pentaph-

enylantimony (Eq. (6)) affording the desired product in a

95% yield

Ph2SnCl2 þ 2Ph5Sb ! Ph4Snþ 2Ph4SbCl ð6Þ
This method was also applicable for the synthesis of

unsymmetric tetraorganotins (see Section 3). However,

both procedures are less relevant for the synthesis of
tetraorganotins, because the tetraorganotins themselves

are generally used as starting materials, e.g., for the

preparation of diorganotin dihalides.
R2SnX2
2 R'MgX

R2SnR'2
X2 R2R'SnX

R''MgX
R2R'R''Sn  

Scheme 1. Reaction sequence for the synthesis of mixed tetraorgano-

tins from diorganotin dihalides with R¼ alkyl, R0 ¼ aryl, acyl, vinyl

and R00 ¼ alkyl, aryl, acyl, vinyl; X¼Cl, Br, I.

R4Sn      Ar2SnCl2   NpAr2MeSn

NpArMeSnCl  NpArMeSnH

Sn*

Np

Ar

Me

SnCH2CH2C(O)OMen*

SnCl4 1. MeMgI

2. NpMgBr

HCl

LiAlH4

[ ]α D -24

1. H2C=CHCO2Men*

2. separation

Scheme 2. Np, 1-naphtyl; Men*, ())-menthyl, Ar¼ p-MeOC6H
�
4 .
3. Mixed tetraorganotins R2R
0
2Sn, R3R

0Sn, R2R
0R00Sn

and chiral RR0R00R000Sn

Like symmetric tetraorganotins, mixed tetraorgano-

tins are prepared by alkylation of a tin halide. In this

case not a tin tetrahalide, but a di- or triorganotin halide

is used. Alkylation of the organotin halide occurs by

reaction with an excess of Grignard reagent R0MgX

(Eqs. (7), (8); R 6¼ R0 ¼ organic group; X¼Cl) [64–73].

In this way, mixed tetraorganotins of the type R2R
0
2Sn

and R3R
0Sn can be obtained in high yields

R2SnX2 þ 2R0MgX ������!ether or THF
R2R

0
2Snþ 2MgX2 ð7Þ

R3SnXþR0MgX ������!ether or THF
R3R

0SnþMgX2 ð8Þ
For the functionalization of organotin halides with aryl

groups, pentaarylantimony has proven to be an useful
reagent [64]. An advantage of this reagent over a Grig-

nard reagent is the high reactivity of pentaarylantimony,

which makes an excess of reagent not necessary.

Except for organtins with bulky organic groups such

as neophyl [74], successful stepwise addition of two
different groups to R2SnCl2 to yield R2R

0R00Sn with the

successive use of two different Grignard reagents in a

row, is almost impossible (Eq. (9); X¼Cl, Br)

R2SnX2 þ ���!R0MgX
R2R

0Sn ���!R00MgX þR2R
0R00Sn ð9Þ

Therefore the following reaction sequence has been

developed for the selective preparation of these types of

compounds (Scheme 1) [69–71].

At first, the dialkyltin dihalide (R2SnX2) is fully

converted into the mixed tetraorganotin R2 R0
2Sn by a

reaction with two equivalents of R0MgX. Addition of

one equivalent of dihalogen results in the selective
cleavage of one of the organic groups with formation of

R2R
0SnX. Reaction with the second Grignard reagent

then affords the desired mixed R2R
0R00Sn compound.

Sharutin et al. [64] demonstrated that this procedure can

be shortened for R0 ¼ aryl by preparing R2R
0SnX in one

step from the reaction of R2SnX2 with one equivalent of

R0
5Sb. In this case, selective aryl transfer from antimony

to tin occurs and R2R
0SnX is formed exclusively.

A further extension of this approach has opened up

the way to chiral tetraorganotins RR0R00R000Sn that have

found limited practical application compared to their

carbon-based counterparts. Addition of racemic stann-

ane NpArMeSnH to ())-menthyl acrylate followed by

separation of the diastereomeric adducts afforded one of

the pure diastereomers [75] (Scheme 2).

Enantioenriched tetraorganotins have also been pre-
pared through enantioselective substitution of the alk-

oxide group by a Grignard reagent in diastereomeric

triorganotin alkoxides R1R2R3SnOR� (R*¼ chinconyl)

[76]. Chiral tetraorganotins can undergo facile racemi-

zation, especially in polar solvent and/or higher

concentration through involvement of pentacoordinate

tin intermediates.



Scheme 3. Conversion of R3SnBr into R3SnX (X¼Cl, I).
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4. Triorganotin halides R3SnX

The usual way to prepare triorganotin halides is the

Kocheshkov redistribution reaction of three equivalents

of tetraorganotin with one equivalent of tin tetrahalide
(Eq. (10); M¼ Sn; X¼Cl, Br) [24,77]

3R4SnþMX4 ! 4R3SnX ð10Þ
With this method triallyl [28,39,40], triphenyl [78–81]

and trialkyltin halides [29,33,37,82–84] can be prepared

in good yields. The reaction is commonly carried out

without solvent at temperatures between 100 and 200

�C. Banks [79] claimed that upon addition of AlCl3, this

conversion required shorter reaction times and lower

reaction temperatures. This was indeed found to be

the case for ethyltins, but does not apply for other
organotins.

This redistribution reaction, can also be carried out

using another group IV metal halide like GeCl4 (Eq.

(10), M¼Ge, X¼Cl) instead of SnCl4. In a fast reac-

tion (1 h) an equimolar mixture of R3SnCl and RGeCl3,

respectively, is obtained [85,86]. Using this reaction,

Bu3SnCl and Et3SnCl can be prepared in quantitative

yield. The side-product RGeCl3 can be removed by
fractional distillation of the reaction mixture. Forma-

tion of other organotin halides is not observed, which

makes this method highly selective for R3SnCl.

In addition to the use of a tin(IV) halide in the Ko-

cheshkov redistribution reaction, also a tin(II) halide

can be used (Eq. (11); X¼Cl, Br, I) [68]

2R4Snþ SnX2 ! 2R3SnXþ SnþR–R ð11Þ
The starting tetraorganotin reacts with the tin(II)

halide to give R3SnX, metallic tin and the C–C coupled
product R–R. This reaction was found to be highly se-

lective for the formation of triethyltin halides. For the

different halides, Cl, Br and I, no formation of diethyltin

dihalide was observed at all.

The selective cleavage of one tin–carbon bond in

R4Sn can also be achieved by the use dihalogens like

Cl2, Br2 and I2. They react with R4Sn by cleavage of tin–

carbon bonds under formation of an organic halide and
an organotin halide [24]. When this reaction is per-

formed in a 1:1 molar ratio at )50 �C, selective cleavage
of one of the tin–carbon bonds is possible to give R3SnX

and the organic halide RX (Eq. (12), X¼Cl, Br, I)

[71,87,88]

R4SnþX2 ��!
�50�C

R3SnXþRX ð12Þ

Generally, this reaction is performed with Br2 as it reacts

more promptly than I2 and is more easy to handle than
Cl2. If the triorganotin chloride or iodide are desired, a

procedure can be used which makes use of the triorg-

anotin bromide (Scheme 3) [87].

Hydrolysis of the tin bromide under basic conditions

results in the formation of the trialkyltin oxide in 90–
95% yield. This oxide then provides a convenient start-

ing material for the reaction with HX to give the cor-

responding triorganotin halide with high selectivity.

In addition to a dihalogen, HX (X¼Cl, Br, I) can be

used to cleave tin–carbon bonds under formation of an

alkane as side-product [89,90] However, this reaction is

somewhat more difficult to control than the reaction

with X2 as it makes use of gaseous HX, which is more
difficult to dose. Furthermore, dry HX has to be used.

Otherwise the formation of undesired tin hydroxides can

occur [17].

Trialkyltin chlorides are formed as side-products in

the reaction of equimolar amounts of tetraorganotins

with Co(TPP)Cl (TPP¼ dianion of tetraphenylporhy-

rin). In this reaction, R4Sn is used as a mild alkylating

agent (Eq. (13)) [91]

R4Snþ CoðTPPÞCl �������!
CH3Cl=CH3CN

R3SnClþ CoðTPPÞR

ð13Þ
The reaction is facile when the least hindered tetra-
alkyltin, i.e., Me4Sn is used. In that case, the reaction

goes to completion at room temperature within 10 min.

When a more sterically hindered tetraalkyltin like n-
Bu4Sn is used, the reaction time increases to 180 min.

Unfortunately, it was not reported whether the co-

balt complex could be separated from the trialkyltin

chloride.

In addition to selective carbon–tin bond cleavage,
selective carbon–tin bond formation is also possible.

Addition of one equivalent of an alkylating aluminum

reagent (R3Al, R3Al2Cl3) to one equivalent of SnCl4 in

the presence of triethylamine or diethyl ether results in

the selective formation of R3SnCl in yields higher than

90% (Eq. (14); X¼Cl, I) [54,55]

SnX4 þR3Al or R3Al2Cl3

�����!
Et2O=Et3N

R3SnX þAlX3 or 2AlX3�nCln ð14Þ

With this method, only the preparation of Et3SnCl and

Et3SnI was described. The scope of this reaction is not

clear because no further examples were given in the

patent application.
Triphenyltin chloride can be prepared by selective tri-

substitution of tin tetrachloride with phenylcopper in

diethyl ether (Eq. (15)) [92]. The phenylcopper reagent

was prepared from the reaction of phenyllithium with

cuprous bromide. After filtration of the reaction mix-

ture, pure triphenyltin chloride is obtained in 92% yield

SnCl4����!
PhCu

Et2O;0 �C
Ph3SnCl ð15Þ



n-Bu2SnCl2
H2O, -HCl

n-Bu2SnCl(OH)

(n-Bu2SnCl)2O

Sn n-Bu3SnCl

Scheme 4. Conversion of in situ formed bis-oxide into the triorganotin

halide by reduction with metallic tin.
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In addition to tin tetrahalides and tetraalkyltins, diorg-

anotin dihalides can be used for the preparation of

triorganotin halides. For example, n-Bu2SnCl2 can be

converted by metallic tin powder into n-Bu3SnCl with

high selectivity [63]. The reaction is carried out in water

at high temperatures (160 �C). In the absence of metallic

tin, hydrolysis of n-Bu2SnCl2 occurs to give (n-
Bu2SnCl)2O. In the presence of both metallic tin and

water, this oxide converts at high temperatures into n-
Bu3SnCl in 45% yield. It was proposed that metallic tin

acts as reducing agent in the conversion of the bis-oxide

into n-Bu3SnCl (Scheme 4).

However, when the reaction medium was changed

from water to butyl chloride and pyridine was added to

the reaction mixture, full conversion of n-Bu2SnCl2 into
n-Bu3SnCl was possible. The formation of (n-
Bu2SnCl)2O as a side-product was not observed. Instead

of Sn, also other metals such as iron and zinc could be

employed in this reaction, however, in these cases the

yields of n-Bu3SnCl were always lower.

A final route for the preparation of triorganotin ha-

lides discussed in this section involves the direct reaction

of benzyl chloride with metallic tin [93,94]. When this
reaction is carried out in organic solvents such as tolu-

ene, dibenzyltin dichloride is formed. By changing the

solvent to a more polar solvent like water, selective

formation of tribenzyltin chloride is observed (Eq. (16)).

Also ortho, meta and para substituted benzyl chlorides

were used in this reaction. Yields of the substituted

tribenzyltin chlorides were significant lower, however

3BzClþ 2Sn!
H2O

Bz3SnClþ SnCl2 ð16Þ

Sisido et al. [93] suggested that metallic tin reacts ini-

tially with benzyl chloride to give dibenzyltin dichloride

which subsequently reacts in water in the presence of

metallic tin to give tribenzyltin chloride.

Asymetrically substituted triorganotin halides RR0

R00SnX are generally not configurationally stable enough
to afford chiral complexes, unless a chelating R group

such as ortho-(dimethylaminomethyl)phenyl with an

intramolecularly-coordinating Lewis base is used [95].
5. Diorganotin dihalides R2SnX2

The most convenient way to prepare diorganotin di-
halides is by a Kocheshkov redistribution reaction of
R4Sn with SnX4 in stoichiometric amounts carried out

without solvent at a temperature of 150–200 �C (Eq.

(17); X¼Cl, Br)

R4Snþ SnX4 ! 2R2SnX2 ð17Þ
With this method, diallyltin- [28,39,40], diphenyltin-

[49,50,96,97], divinyltin- [72] and dialkyltin dihalides

[37,46,47,84,98] can be prepared in 80–90% yield. For
R¼ allyl, vinyl, phenyl and alkyls up to propyl, this

reaction goes to completion within a few hours. Ac-

cording to Buschhoff, SnF2 acts as a catalyst for redis-

tribution reactions of organotin compounds with tin

halides [99]. However, no indisputable proof was given

for the catalytic activity of SnF2.

Other Lewis acids than SnCl4 can be employed in the

Kocheshkov redistribution reaction with tetraorgano-
tins. For example, SbCl5 and BCl3 are useful for the

conversion of Me4Sn into Me2SnCl2[100]. In the case of

BCl3, an excess of this reagent can be used since the

desired product Me2SnCl2 does not react any further

with BCl3. However, organotins with rather weak Sn–C

bonds like Ph2SnCl2 cannot be prepared with these

Lewis acids while all phenyl groups are easily transferred

from tin(IV) to antimony or boron resulting in SnCl4
and Ph2SbCl3 or a mixture of PhBCl2 and Ph2BCl,

respectively.

Selective dialkylation of SnCl4 is possible with

alkylaluminum reagents like R3Al [55], R2AlCl [54] (in

the presence of R3N, R2O or KCl) and R3Al2Cl3 [60].

Especially the latter reagent is very suitable for the

synthesis of diethyltin dihalides in high yields. More-

over, with this reagent no addition of R3N, R2O or KCl
is required. Ethylaluminium sesquihalides, Et3Al2X3

(X¼Cl, Br) are readily available and are prepared in-

dustrially by reacting metallic alumina with ethyl halide

[101]. The use of Et3Al2X3 makes it possible to alkylate

under milder conditions (e.g., temperature range 50–70

�C) as compared with those required in the case of R3Al

(120–140 �C).
Also organo-copper and -lithium compounds can be

used to synthesize diorganotin dihalides starting from

SnCl4. However, this method is only suitable for a

limited group of substituents. One example is the use of

[CuMes]5(toluene), which is able to substitute SnCl4 in a

selective way [102]. When two equivalents of this reagent

are reacted with SnCl4, Mes2SnCl2 is obtained in 87%

yield and 97% purity. In contrast to this selective ary-

lation, the reaction of MesLi with SnCl4 was less suc-
cessful and yielded Mes2SnCl2 in a low yield (21%) [103].

Another possible route to diorganotin dichlorides

involves the reaction of tetraorganotins with HCl

[90,104] or SOCl2 [105] resulting in the selective cleavage

of two Sn–C bonds (Eq. (18)).

R4Snþ 2HCl or SOCl2

! R2SnCl2 þ 2RH or RSOCl ð18Þ
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The order of reactivity of different tetraorganotins R4Sn

towards SOCl2 decreases in the series R¼ n-C4H9 > n-

C3H7 >C2H5 >CH3 >C6H5CH2 �C6H4CH3 [105].

The first diorganotin dihalide reported in the litera-

ture, Et2SnI2, was prepared by a direct reaction of EtI
with tin foil (Eq. (19); R¼Et, X¼ I) [1,106]

Snþ 2RX �����!160–180 �C
R2SnX2 ð19Þ

In general, the order in reactivity decreases in the

series R¼Me > Et > Pr and X¼ I>Br>Cl. Only in

the case of RI this reaction takes place at relatively low

temperatures [107]. Moreover, the direct reaction of
organic chlorides and bromides with metallic tin re-

quires catalysts like magnesium [108,109], HgCl2 [110],

hexamethyl phosphoric triamide (HMPT) [111,112],

copper powder [113] or crown ethers [114]. An exception

is benzyl chloride which can be reacted directly with Sn0

[94]. In particular the reaction mediated by copper

powder and crown ethers (dicyclohexyl-18-crown-6

and dibenzo-18-crown-6) give high yields and high
selectivities.

Smith and Rochow [113] demonstrated that a con-

tinuous flow of methyl chloride gas through a reactor

charged with metallic tin and the copper powder catalyst

at 315 �C afforded pure Me2SnCl2 upon cooling of the

output gas. The proposed mechanism for this copper

catalyzed reaction consists of the steps depicted in

Scheme 5.
This reaction continues until tetra-substitution has

occurred. Rearrangement of the methyl and chlorine

groups at the reaction temperature (315 �C) then leads

to the formation of dimethyltin dichloride almost

exclusively.

For the synthesis of dialkyltin dichlorides with longer

alkyl chains like n-butyl or n-octyl, crown ethers like

dicyclohexyl-18-crown-6 and dibenzo-18-crown-6 have
to be used as catalyst [114]. The reaction of metallic tin

with RX (R¼ n-Bu, n-Oct; X¼Cl, Br) is carried out in

DMF with butyl iodide as co-catalyst at a temperature

range of 100–160 �C. The selectivity of the reactions is

excellent (95–99%), even for the reactions carried out at

160 �C. It was suggested that butyl iodide and the crown

ether assist in the nucleophilic reactions Eqs. (20) and

(21) (X¼Cl, Br)
CuCl + CuMe

(SnCl) + Cu

Cu + Me
.

(MeSnCl), or

(MeSnCl) + Cu

2Cu + MeCl

Sn + CuCl

CuMe

(SnCl) + Me
.

(SnCl) + CuMe

ca. 300 oC

Scheme 5. Proposed steps for the copper catalyzed reaction of metallic

tin with methyl chloride.
RXþ I� ! RIþX� ð20Þ

R2SnI2 þ 2X� ! R2SnX2 þ 2I� ð21Þ
The alkyl iodide formed by the first nucleophilic sub-

stitution reaction of RX with I� (Eq. (20)), reacts readily

in a direct reaction with metallic tin to yield R2SnI2. The

second nucleophile substitution of R2SnI2 with X� (Eq.
(21)) results in the formation of the desired R2SnX2.

Finally, Kocheshkov [115] demonstrated that tin(II)

halides react with (p-XC6H4)2Hg to give the aromatic

tin dihalides (p-XC6H4)2SnX2 and metallic mercury (Eq.

(22); X¼Cl, Br)

SnX2 þR2Hg ! R2SnX2 þHg ð22Þ
The yields vary between 75% and 99%, depending on the

halide (X) used. Despite the good yields and selectivities,

the use and the formation of toxic mercury compounds
makes this method less attractive.
6. Monoorganotin trihalides RSnX3

Among the group of organotin halides, the mono-

organotin trihalides are the most difficult ones to syn-

thesize in a selective way. Since monoorganotin
trihalides undergo a facile second substitution, reactions

of SnX4 (X¼Cl (preferred), Br or I) with an organo-

metallic reagent like RMgX or RLi, are not suitable.

More selective methods for the synthesis of monoorg-

anotin trihalides have therefore been developed. Most of

these methods are specific for the organic group con-

nected to tin.

One of the first methods reported is the Kocheshkov
redistribution reaction of a tetraorganotin with a tin

tetrahalide (Eq. (23); X¼Cl, Br)

R4Snþ 3SnX4 ! 4RSnX3 ð23Þ
This reaction consists of three consecutive redistribution

steps (Eqs. (24)–(26)) [116].

R4Snþ SnX4 ! R3SnXþRSnX3 ð24Þ

R3SnXþ SnX4 ! R2SnX2 þRSnX3 ð25Þ

R2SnX2 þ SnX4 ! 2RSnX3 ð26Þ
The use of this reaction is limited to R¼ vinyl [72,73],

phenyl [97,117], mesityl [103], allyl [39–41] and acryl

ester [118]. The third step (Eq. (26)) fails for R¼ alkyl.

In practice, monoalkyltin trihalides are therefore pre-

pared by a slightly modified version of the Kocheshkov
redistribution resulting in the formation of R2SnX2 and

RSnX3 in a one to two molar ratio (Eq. (27))

R4Snþ 2SnX4 ! 2RSnX3 þR2SnX2 ð27Þ
Similarly to tetraorganotins, tetraorganogermanium

compounds can react with one equivalent of SnCl4 un-

der formation of R3GeCl and RSnCl3, respectively
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[85,86]. Using this method, EtSnCl3 and n-BuSnCl3 can
be prepared in situ and in a quantitative yield. Unfor-

tunately, the isolation and purification of the pure or-

ganotin trichlorides was not described. The reasonably

large difference in boiling point between R3GeCl
(R¼Et: 176 �C; n-Bu: 269 �C) and RSnCl3 (R¼Et: 197

�C, n-Bu: 218 �C) suggests that isolation of pure RSnCl3
by fractional distillation is possible.

In a somewhat related redistribution reaction,

MeSnCl3 can be prepared from Me2SnCl2 and SbCl5
(Eq. (28)) [100]

R2SnCl2 þ SbCl5 ! RSnCl3 þRSbCl4 ð28Þ
However, for R¼Ph, SbCl5 was found to be a too

strong Lewis acid and as a result all phenyl groups were

transferred from tin to antimony to give Ph2SbCl3 and
SnCl4. For this substituent, the weaker Lewis acidic

BCl3 was found to be more useful [100].

There are a number of studies which were directed to

find suitable catalysts for the Kocheshkov redistribution

reaction in Eq. (23) as well as for the redistribution re-

action of R2SnX2 with SnX4 to give RSnX3(Eq. (26)).

Neumann and Burkhardt [116] reported the reaction of

Et2SnCl2 with SnCl4 at 120–130 �C catalyzed by a
POCl3/P2O5 mixture. At this temperature, no decom-

position of EtSnCl3 takes place and after distillation,

EtSnCl3 is obtained in 92% yield. The POCl3/P2O5

catalyst was also tested in the reaction of Et4Sn with

three equivalents of SnCl4 (Eq. (23)) which resulted in

full conversion of Et4Sn into EtSnCl3. However, in both

reactions, a fivefold excess of SnCl4 is required to obtain

good conversions. Moreover, a disadvantage of this
method is the large amount of catalyst required (four-

fold excess to Et2SnCl2). In fact, in these conversions the

POCl3/P2O5 mixture can hardly be seen as a catalyst.

A few years later, Langer [119] demonstrated that

Me2SnCl2 reacts with SnCl4 in polar reaction media

like DMSO (dimethyl sulfoxide) affording MeSn-

Cl3(DMSO)2 in >90% yield. Under these conditions

Me2SnCl2 presumably dissociates into [Me2Sn-
(DMSO)x]

2þ cations and Cl� anions resulting in [Me2-

Sn(DMSO)x][SnCl6], which subsequently rearranges to

[MeSnCl3(DMSO)2] (Scheme 6).

Through use of quaternary ammonium salts, Kugele

and Parker [120] was able to catalyze the reaction of

Me2SnCl2 with SnCl4 to give MeSnCl3 in almost quan-

titative yield. However, when dialkyltin dichlorides with

longer alkyl chains were used, the yield ofmonoorganotin
trichloride decreased dramatically. This is caused by de-

composition of the desired product into SnCl2 andRCl at

the high reaction temperatures required (200 �C).
Me2SnCl2 + SnCl4 [Me2Sn(DMSO
DMSO

Scheme 6. Postulated steps for the conversion of M
Recently, we ourselves demonstrated the catalytic

activity of cis-platinumdichloride bis(triarylphosphine)

complexes in the reaction of dialkyltin dichlorides with

tin tetrachloride affording monoorganotin halides in

67% (R¼ n-Hex) to 88% (R¼Me, Bu) yield. Eq. (26)
[121]. With 0.1 mol% of platinum catalyst, it was pos-

sible to obtain full conversion within 16 h at 110 �C in

non-coordinating solvents like toluene or xylene. For

dialkyltin dichlorides possessing b-H atoms, also 10–

21% of SnCl2 was obtained as side product. However,

the monoorganotin trichloride could be easily isolated

by filtration (to remove the SnCl2) and subsequent

evaporation of the solvent. The platinum-catalyzed
Kocheshkov redistribution reaction is the first example

of a method which is suitable for the selective prepara-

tion of monoalkyltin trichlorides in reasonably high

yields.

In addition to R4Sn also other mild alkylation agents

such as R4Ge, R3Al(OR0
2), R3Al(NR0

3) and mesityl-

copper have been used as alkyl or aryl source.

As already discussed for the synthesis of R4Sn, alu-
minum trialkyls (R3Al) can be used to substitute the

halides in SnCl4. Buschhoff and M€uller [122] showed

that this reagent is also suitable for the selective

monoalkylation of SnCl4. In this reaction, stoichiome-

tric amounts of an ether complex R3Al(OR0
2) or a ter-

tiary amine complex R3Al(NR0
3) were used to reduce

the alkylating power of the aluminum reagent (Eq. (29))

3SnCl4 þR3AlðOR0
2Þ or R3AlðNR0

3Þ
! 3RSnCl3 þAlCl3ðOR0

2Þ or AlCl3ðNR0
3Þ ð29Þ

This reaction is performed under rather mild conditions
(20–70 �C) affording, for example, n-BuSnCl3 and n-
OctylSnCl3 in a 85–90% yield. The yields can be slightly

improved by using aluminum alcoholates [R2Al(OR0)]x
instead of R3Al(OR0

2) (Eq. (30)) [123].

2SnCl4 þ 1=x½R2AlðOR0Þ�x
! 2RSnCl3 þ 1=y½AlCl2ðOR0Þ�y ð30Þ

From an economical point of view, the latter reactions is

less interesting because only two alkyl groups per mol-
ecule of [R2Al(OR0)]x-reagent are transferred.

The use of mesitylcopper was investigated by J€akle
and Manners [102] as an alternative for the less selective

organolithium and Grignard reagents or organo-mer-

cury, -tin and -zinc compounds. [CuMes]5(toluene) re-

acts easily with SnCl4 to yield MesSnCl3 in a 92%

isolated yield. Without any further purification, this

compound is already obtained in 97% purity underlining
the high selectivity of this reagent.
)x][SnCl6] 2 [MeSnCl3(DMSO)2]
 

e2SnCl2 into MeSnCl3 promoted by DMSO.
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The direct reaction or oxidative addition reaction of a

tin(II) halide with an organic halide, in principle, pro-

vides an efficient and selective one-step synthesis for

monoorganotin trihalides (Eq. (31))

SnX2 þRX ! RSnX3 ð31Þ

This reaction does not proceed selectively without a

catalyst. Organic disulfides, primary amines, quaternary
ammonium halides, phosphonium halides and trialky-

lantimony have been employed as catalysts to obtain

reasonable yields of RSnCl3 [124]. Especially trialky-

lantimony catalysts were found to give good results in

the case of alkyltin tribromides; n-OctSnBr3 and n-
BuSnBr3 were obtained in 85% yield. This method was

found to be less suitable for the preparation of alkyltin

trichlorides as both the rate of the reaction and the yield
decreased dramatically. In practice, this approach is also

less useful for large scale application because of the high

loading of a highly toxic trialkylantimony catalyst and

the fact that this conversion is limited to monoorganotin

bromides.

The direct reaction of allyl chloride with SnCl2 is

catalyzed by phenantroline palladium dichloride or di-

methyl complexes affording allyltin trichloride in up to
83% yield [125].

Matsuda and co-workers prepared MeSnCl3 in 95%

yield by reacting SnCl2 with MeCl in the presence of

catalytic amounts of I2 and magnesium (Eq. (32)) [126].

An excess of MeCl was necessary to prevent formation

of side-products like Me2SnCl2. The patent application

did not mention the scope of the method

SnCl2 þMeCl ��!Mg;I2
MeSnCl3 ð32Þ

Subsequent to the work on the direct reaction, several

researchers investigated the hydrostannation of alkenes

with trihalostannanes HSnX3 [127–130]. HSnCl3, which

itself is unstable, was prepared in situ from HCl with

SnCl2 in a polar solvent like Et2O, THF, DME or
methanol (Eq. (33)) [131].

SnCl2 þHCl �
solvent

HSnCl3ðsolventÞ2 ð33Þ
HCl δ+

δ-

R OMe

O

R

O

H

Cl

R OM

Cl3Sn O

H

Scheme 7. Proposed mechanism for the reaction of HCl and SnCl2
More recently, Nakahira et al. [132] demonstrated that

stable and pure HSnCl3(Et2O)2 can be prepared from

SnCl2 with Me3SiCl in Et2O.

Addition of a-olefins, such as 1-octene, to a solution

of HSnCl3(Et2O)2 at 15 �C results in the formation of
traces of octyltin trichloride [129]. Similar results are

obtained for other a-olefins like propene and butene.

ROCðOÞCH@CH2 þHClþ SnCl2

�!
Et2O

ROCðOÞCH2CH2SnCl3 ð34Þ

However, with a,b-unsaturated carbonyl compounds

such as methyl acrylate [128,129] and itaconic acid esters

[127] in which the C@C double bond is activated, full

conversion to the monoorganotin trichloride is possible

within 3.5 h at room temperature (Eq. (34)). Depending
on the type of acrylic ester, the yield varies between 60%

and 99%.

Mechanistic studies performed with DCl, resulted in

the postulation of the mechanism depicted in Scheme 7.

The first steps in this mechanism involves the for-

mation of the HCl adduct of the a,b-unsaturated car-

bonyl compound. and the interaction with SnCl2 to give

the HSnCl3 adduct. This intermediate rearranges by
attack of Cl3Sn

� at the b-carbon. Spectroscopic data

(IR and NMR) [129,130] and an X-ray crystallographic

structure of (4-ethoxy-4-oxobutyl)tin trichloride [133]

showed a strong interaction between the carbonyl lone-

pair electrons and the tin center. a,b-Unsaturated ke-

tones and aldehydes react in a similar way to yield the

corresponding b-trichlorostannyltins which serve as

starting material for the preparation of b-trialkylstannyl
ketones [132] and other a-methylene-substituted ketones

and aldehydes [134].

As already mentioned, the reaction of HSnCl3 with a-
olefins, affords rather poor yields (<10%) of monoorg-

anotin trichlorides. Motivated by this and other work

[135], Chee started to investigate the use of [g5-

Cp2Zr(H)Cl] in the reaction of 1-octene with SnCl4
[136]. The hydrido zirconocene chloride is known to
react with olefins to form alkylzirconium(IV) complexes

(Eq. (35)) [135b,135c,135d]. They found that in situ
SnCl2

OMe

R OMe

SnCl3 OH

δ+

δ-

R OMe

O

H

Cl3Sn

e

with a,b-unsaturated carbonyl compounds according to [129].
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prepared [g5-Cp2Zr(octyl)Cl] reacts with SnCl4 under

formation of n-OctylSnCl3 and [g5-Cp2ZrCl2] (Eq. (36))

½ðg5-C2H5Þ2ZrHCl� þ 1-octene

! ½ðg5-C2H5Þ2Zrð1-octylÞCl� ð35Þ

½ðg5-C2H5Þ2Zrð1-octylÞCl� þ SnCl4

! ½ðg5-C2H5Þ2ZrCl2� þ n-Octyl SnCl3 ð36Þ

In this way, n-OctSnCl3 could be prepared in 81% yield
and only trace amounts of n-Oct2SnCl2 were detected by

TLC analysis.
7. Concluding remarks

Most tetraorganotins are prepared in high yields and

with good selectivity by a reaction of a Grignard reagent
with SnCl4. They are the commonly used startingmaterial

for the synthesis of organotin halides through a Ko-

cheshkov redistribution reaction with a suitable tin(IV)

halide. This reaction affords diorgano- or triorganotin

halides in high yields. For high yield synthesis of mono-

organotin halides, which are relevant because of their use

for the deposition of tin oxide coatings on glass, this re-

action is limited to allyl, vinyl and phenyltins. Mono-
alkyltin trihalides with long alkyl groups like n-butyl and
n-octyl are more challenging to prepare. In recent years,

several alternative methods for preparation of these al-

kyltin trihalides such as, the alkylation of SnCl4 with

R3Al(n-Bu2O), the trialkylantimony-catalyzed reaction

of organic halides with tin(II) halides and the platinum-

catalyzed Kocheshkov redistribution reaction of dial-

kyltin dichlorides with tin tetrachloride, have become
available. Of these methods, the platinum-catalyzed re-

action appears to be the most attractive because of its

scope, low catalyst loading, facile product separation and

the mild condition under which it can be operated.
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