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- Chapter 1 Synthetic Aspects of Tetraorganotins and Organotin(IV)
Halides

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 Chapter 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.

Sander H. L. Thoonen, Berth-Jan Deelman and Gerard van Koten, J. Organomet. Chem., submitted.
Dedicated to Prof. dr. G. J. M. van der Kerk on the occasion of his 90th birthday in recognition of his great and
pioneering contributions to organotin chemistry and applications.
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1.1 Introduction
Organotin compounds are those compounds containing at least one bond between tin and
carbon. The synthesis of the first organotin compound, diethyltin diiode, was reported by
Edward 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(isooctylthioglycolate)
(R2Sn(SCH2COOC8H17i)2; R = Me, n-Bu, n-Oct) and alkyltin tris(isooctylthioglycolate)
(RSn(SCH2COOC8H17i)3; R = Me, n-Bu, n-Oct) inhibit the dehydrochlorination 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 The first biocidal
application was the use of bis(tributyltin) 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 addition of quaternary ammonium salts and by the development of water soluble
biocides such as trialkyltin methanesulphonates6 and tributyl mesylimide.7 The second major
biocidal application of triorganotins has been in anti-fouling paints and coatings for the
protection 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 environments
such as sea-water (10-6 – 10-3 mg kg-1), sediment (10-3 – 101 mg kg-1) and mussels (10-1 – 102
mg kg-1).10 The distribution10d,11 and effects of organotins on marine and fresh-water
environments10d,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 declined dramatically. This adverse effect has
resulted in a world-wide ban on the application of TBT by January 2003 by the International
Maritime Organization (IMO).13
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Meanwhile, alternative antifouling 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 precursor is vaporized and applied on the hot glass surface (typically 500 – 600 ºC)
where it pyrolyses to tin(IV) oxide. The coating increases the impact resistance, so that lighter
and cheaper glass bottles can be produced. The tin(IV) 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.14 Layers thicker than 1 µm thick are being applied as
conductive films for electronics.16
Next to the applications discussed so far, organotins are also used as catalysts for the
production of polyurethanes and silicones, as potential antitumor agents and as
disinfectants.15,16
Organotin compounds differ widely in their acute toxicity. Some of them are highly
toxic while others show hardly any toxic effects (Table 1).
Table 1. LD50 value (mg kg-1, oral rat) of several organotins.17
R
R4Sn
R3SnCl
R2SnCl2
RSnCl3
a

Methyl

Butyl

Octyl

195 – 331

> 4000

50000

13
74
1370

60
129
2140

n.a. a
5500
2400-3800

n.a. = not available.

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.18
The today’s worldwide production of organotin chemicals is about 50 kiloton
annually. The commercial production process of organotins starts with the conversion of
metallic tin into SnCl4 by a reaction with chlorine gas.19 Next, SnCl4 is converted into R4Sn
by alkylation with R3Al or RMgX (R = alkyl group; X = Cl, Br).15 Finally, R4Sn serves as
starting material 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
3
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substituted by the desired anion(s) (e.g. oxide, hydroxide, thioglycolate, carboxylate,
triazolide etc.).
The selective synthesis of the desired organotin compound has become more relevant
because of environmental issues related to toxicity of some triorganotins 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 requirements and result in mixtures of
different organotin products, have been discussed in earlier reviews20-22 and
monographs.15,23,24 This Chapter 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 symmetric tetraorganotins (Table 2), mixed tetraorganotins (Table 3),
triorganotin halides (Table 4), diorganotin dihalides (Table 5) and monoorganotin trihalides
(Table 6).

1.2 Symmetric Tetraorganotins R4Sn
The most widely used route for the synthesis of tetraorganotin compounds, is the reaction of
an appropriate Grignard reagent RMgX (R = organic group; X = Cl, Br, I) with a tin(IV)
halide, usually SnCl4 (Eq. 1).22,25-34

This reaction is usually carried out in coordinating solvents like diethyl ether (Et2O),
dibutyl ether (Bu2O) or tetrahydrofuran (THF). In order to promote full substitution of SnCl4,
an excess of Grignard reagent is used. With this method, tetravinyl,35 tetraallyl,107-109
tetraalkyl28-34 and tetraaryltins36-39 can be obtained 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 R = Bu, a substantial excess of
Grignard reagent is often 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, M =
Na).40-44 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 reaction conditions and to
prevent the formation of distannanes (R3SnSnR3).
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Also organolithiums can be used. This reagent is suitable for the synthesis of
tetraaryltins22 and Me4Sn.45 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 transaryllation reactions no
distannanes are formed (Eq. 1, M’ = Zn). For example, diphenylzinc gives Ph4Sn in yields
higher than 90% and in high purity.46
The organometallic reagents discussed so far have the disadvantage that they either
have to be applied in excess or result in substantial distannane formation. Like the diarylzinc
compounds, triorganoaluminium reagents (R3Al) do not give formation of distannanes and
under some conditions, even an excess of R3Al is not necessary.47-50 Nowadays, R3Al is
generally used as alkylating agent for the industrial preparation of tetraalkyltins (Eq. 2).

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. Consequently, an excess of R3Al is necessary to reach full
alkylation of SnCl4. Upon addition of ethers49,51 or NaCl/KCl,51-54 the R4-ySnCly(AlCl3)
complexes are converted into the more stable complexes AlCl3(R’2O) and
Na[AlCl4]/K[AlCl4], respectively, and the respective tetraalkyltins (Eq. 3, 4). As a result, full
alkylation is reached without excess of R3Al.

A modification of this method is the procedure described by Sundermeyer.55,56 He
prepared 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 co-workers57 demonstrated that nBu2SnCl2 can be converted in a metal catalyzed reaction (Fe, Zn, Al, Mg, Na) with an organic
base into a mixture of n-Bu4Sn and n-Bu3SnCl. When the reaction is carried out using a zinc
triethylamine mixture, selective formation of n-Bu4Sn in 58% yield occurs.
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More recently, Sharutin and co-workers prepared tetraphenyltin by reacting
diphenyltin dichloride with pentaphenylantimony (Eq. 6) affording the desired product in a
95% yield.58

This method was also applicable for the synthesis of unsymmetric tetraorganotins. (see
Section 1.3). 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.
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Table 2. Synthesis of symmetric tetraorganotins R4Sn.
Method

R

Conditions

Yield

[Ref.]

SnCl4 + 4 RMgCl

Me, Et, n-Pr, n-Bu,
n-Pent, n-Hex, n-Oct

Et2O, toluene
”
”

83 – 98

[28]
[31]
[25,27,83]
[29,30]
[26,107]
[36,37]
[51]
[34]
[35]

n-Pr
Me
Et
Allyl
Ph
i-Bu
n-Oct
Vinyl

n-Bu2O
Et2O
”
”
NaCl, n-Bu2O
Et2O, heptane
THF

81
82 – 91
85 – 96
53 – 85
75 – 81
87
88
82

SnCl4 + 2 R2Mg

n-Bu, n-Oct

heptane

83 – 95

[33]

SnCl4 + 2 R2Zn

Ph

Et2O, toluene

91

[46]

3 SnCl4 + 4 R3Al

Me, Et, n-Bu, i-Bu,
n-Oct
Et
Et, n-Bu
n-Bu, n-Oct
i-Bu
Et
i-Bu

Et2O
”
”
NaCl, CH2Cl2
n-Bu2O
CH2Cl2
KCl
NaCl, n-Bu2O

90 – 98

[49]

97
94 – 97
90 – 92
92
94
87

[48]
[53]
[48,49]
[47]
[54]
[51]

95

[55,56]

SnCl4 + 4 Na[AlRCl3]

Me

SnCl4 + 4 RCl

n-Bu
n-Oct
Ph

Na, petroleum
”
Na, benzene

91
71
80

[42]
[41]
[44]

R2SnCl2 + 2 RCl

n-Bu

Na, xylene

87

[40]

R2SnCl2 + Zn

n-Bu

Zn, Et3N

35

[57]

R2SnCl2 + 2 Ph5Sb

Ph

toluene

95

[58]

7

Synthetic Aspects of Tetraorganotins and Organotin(IV) Halides

1.3 Mixed Tetraorganotins R2R’2Sn and R3R’Sn
Like symmetric tetraorganotins, mixed tetraorganotins 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 R’MgX (Eq. 7, 8;
R ≠ R’ = organic group; X = Cl).58-64,74,102 In this way, mixed tetraorganotins of the type
R2R’2Sn and R3R’Sn can be obtained in high yields.

For the functionalization of organotin halides with aryl groups, pentaarylantimony has
proven to be an useful reagent.58 A advantage of this reagent over a Grignard 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,65 successful stepwise
addition of two different groups to R2SnCl2 to yield R2R’R”Sn with the successive use of two
different Grignard reagents in a row, is almost impossible (Eq. 9; X = Cl, Br).

Therefore the following reaction sequence has been de0veloped for the selective
preparation of these type of compounds (Scheme 1).63,64,74

Scheme 1. Reaction sequence for the synthesis of mixed tetraorganotins from diorganotin dihalides with
R = alkyl, R’= aryl, acyl, vinyl and R’’ = alkyl, aryl, acyl, vinyl; X = Cl, Br, I.

At first, the dialkyltin dihalide (R2SnX2) is fully converted into the mixed
tetraorganotin R2R’2Sn by a reaction with two equivalents of R’MgX. Addition of one
equivalent of dihalogen results in the selective cleavage of one of the organic groups with
formation of R2R’SnX. Reaction with the second Grignard reagent then affords the desired
mixed R2R’R’’Sn compound. Sharutin et al. demonstrated that this procedure can be
shortened for R’ = aryl by preparing R2R’SnX in one step from the reaction of R2SnX2 with
one equivalent of R’5Sb.58 In this case, selective aryl transfer from antimony to tin occurs and
R2R’SnX is formed exclusively.
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Table 3. Synthesis of mixed tetraorganotins R3SnR’ and R2SnR’2.a

a

Method

R

R’

Conditions

Yield

[Ref.]

R2SnX2 + 2 R’MgX

Me, X = Br

n-Pent

Et2O

95

[62]

Me
Me
n-Bu
Ph

n-Dec
n-C18H37
Vinyl
Allyl

THF
”
”
”

98
96
85 – 89
98

[74]
[74]
[102,103]
[74]

R2SnCl2 + 2 R’5Sb

Me
Et
Bu
Bu

Ph
Ph
Ph
p-Tol

toluene
”
”
”

93
93
87
94

[58]
[58]
[58]
[58]

R2SnCl2 + R’Li

Bz

Ph

Et2O

83

[60]

R3SnCl + R’MgX

Me
n-Bu
Cy
Cy

n-Oct
Et2O
Vinyl
”
m-MeC6H4
”
t
p-Bu C6H4
”

98
85
88
90

[64]
[102]
[59]
[59]

R3SnCl + R’5Sb

Me
Me
Et
Pr
n-Bu

Ph
p-Tol
p-Tol
Ph
Ph

toluene
”
”
”
”

92
90
91
90
94

[58]
[58]
[58]
[58]
[58]

RSnCl3 + 3 HR’

n-Bu

SPM

EtOH, KOH 85

[61]

In all cases X = Cl if not stated otherwise. SPM = monoanion of 2-mercaptopyrimidine.

1.4 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; M = Sn; X =
Cl, Br).22,66

With this method triallyl,26,107,108 triphenyl,67-70 and trialkyltin halides27,31,71,72,82,83 can
be prepared in good yields. The reaction is commonly carried out without solvent at
temperatures between 100 and 200 °C. Banks et al. claimed that upon addition of AlCl3, this
9
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conversion required shorter reaction times and lower reaction temperatures.68 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 an other group IV metal
halide like GeCl4 (Eq. 10, M = Ge, X = Cl) instead of SnCl4. In a fast reaction (one hour) an
equimolar mixture of R3SnCl and RGeCl3, respectively, is obtained.73,111 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. Formation of other organotin
halides is not observed, which makes this method highly selective for R3SnCl.
Next to the use of a tin(IV) halide in the Kocheshkov redistribution reaction, also a
tin(II) halide can be used (Eq. 11; X = Cl, Br, I).62

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 selective 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.22 When this reaction is performed 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, X = Cl, Br, I).74-76

Generally, this reaction is performed with Br2 as it reacts more promptly than I2 and is
more easily to handle than Cl2. If the triorganotin chloride or iodide are desired, a procedure
can be used which makes use of the triorganotin bromide (Scheme 2).75

Scheme 2. Conversion of R3SnBr into R3SnX (X = Cl, I).
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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 starting material for
the reaction with HX to give the corresponding triorganotin halide with high selectivity.
Next to a dihalogen, HX (X = Cl, Br, I) can be used to cleave tin-carbon bonds under
formation of an alkane as side-product.77,87 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.15
Trialkyltin chlorides are formed as side-product in the reaction of equimolar amounts
of tetraorganotins with Co(TPP)Cl (TPP = dianion of tetraphenylporhyrin). In this reaction,
R4Sn is used as a mild alkylating agent (Eq. 13).78

The reaction is facile when the least hindered tetraalkyltin, i.e., Me4Sn is used. In that
case, the reaction goes to completion at room temperature within ten minutes. When a more
sterically hindered tetraalkyltin like n-Bu4Sn is used, the reaction time increases to 180
minutes. Unfortunately, it was not reported whether the cobalt complex could be separated
from the trialkyltin chloride.
Next 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; X = Cl, I).48,49

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).79 The phenylcopper reagent was prepared from
the reaction of phenyllithium with cuprous bromide. After filtration of the reaction mixture,
pure triphenyltin chloride is obtained in 92% yield.

11
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Next to tin tetrahalides and tetraalkyltins, diorganotin 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.57 The reaction is carried out in water at high
temperatures (160 °C). In absence of metallic tin, hydrolysis of n-Bu2SnCl2 occurs to give (nBu2SnCl)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 3).

Scheme 3. Conversion of in situ formed bis-oxide into the triorganotin chloride by reduction with
metallic tin.

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 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 halides discussed in this section
involves the direct reaction of benzyl chloride with metallic tin.80,99 When this reaction is
carried out in organic solvents such as toluene, dibenzyltin dichloride is formed. By changing
the solvent to a more polar solvent like water, selective formation of tribenzyl 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.

Sisido suggested that metallic tin reacts initially with benzyl chloride to give
dibenzyltin dichloride which subsequently reacts in water in the presence of metallic tin into
tribenzyltin chloride.80

12
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Table 4. Synthesis of triorganotin halides R3SnX.a

a

Method

R

3 R4Sn + SnX4

Conditions

Yield

[Ref.]

Me

93 – 99

[83,70]

Et
n-Pr
n-Bu
Et, Ph
Ph
Me, X = Br
Et, X = Br

86
88
95
87 – 89
72 – 87
89
91

[82]
[31]
[72]
[68]
[68-70,91]
[27]
[82]

> 99
81

[111]
[73]

AlCl3

R4Sn + GeCl4

Et, n-Bu
n-Bu

R4Sn + Co(TPP)Cl

Et, n-Bu

CHCl3/MeCN

> 99

[78]

R4Sn + X2

Ph, X = Br
Ph, X = I

pyridine
CCl4

95
75

[75]
[76]

R4Sn + SnX2

Et
Et, X = I

78
71

[62]
[62]

R2SnR’2 + Br2 → R2SnR’Br

R = Ph; R’= n-Bu, CCl4
n-Hex, allyl, vinyl

91 – 99

[74]

R2SnCl2 + 2 Sn

n-Bu

BuCl, pyridine

74

[57]

SnX4 + R3Al/R3Al2Cl3

Et
Et, X = I
Et, X = I
Et, X = Br

Et2O
Et2O
Et2O

93
83
87
82

[48,49]
[48b]
[49]
[49]

SnX4 + 3 RCu

Ph

Et2O

92

[79]

2 Sn + 3 RCl

Bz

H2O

85

[80,99]

In all cases X = Cl if not stated otherwise.
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1.5 Diorganotin Dihalides R2SnX2
The most convenient way to prepare diorganotin dihalides 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; X = Cl, Br).

With this method, diallyltin-,26,107,108 diphenyltin-,43,44,81,105 divinyltin-,102 and
dialkyltin dihalides40,41,82-84 can be prepared in 80 − 90 % yield. For R = allyl, vinyl, phenyl
and alkyls up to propyl, this reaction goes to completion within a few hours. According to
Buschhoff, SnF2 acts as a catalyst for redistribution reactions of organotin compounds with tin
halides.85 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 tetraorganotins. For example, SbCl5 and BCl3 are useful for the conversion of
Me4Sn into Me2SnCl2.112 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 can not 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,49
R2AlCl 48 (in the presence of R3N, R2O or KCl) and R3Al2Cl3.54 Especially the latter reagent
is very suitable for the synthesis of diethyltin dihalides in high yields. Moreover, with this
reagent no addition of R3N, R2O or KCl is required. Ethylaluminium sesquihalides, Et3Al2X3
(X = Cl, Br) are readily available and are prepared industrially by reacting metallic alumina
with ethyl halide.86 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.117 When two equivalents of this reagent are reacted with SnCl4, Mes2SnCl2
is obtained in 87% yield and 97% purity. In contrast to this selective arylation, the reaction of
MesLi with SnCl4 was less successful and yielded Mes2SnCl2 in a low yield (21%).106
Another possible route to diorganotin dichlorides involves the reaction of
tetraorganotins with HCl87,88or SOCl2 89 resulting in the selective cleavage of two Sn-C bonds
(Eq. 18).
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The order of reactivity of different tetraorganotins R4Sn towards SOCl2 decreases in
the series R = n-C4H9 > n-C3H7 > C2H5 > CH3 > C6H5CH2 >> C6H4CH3.89
The first diorganotin dihalide reported in the literature, Et2SnI2, was prepared by a
direct reaction of EtI with tin foil (Eq. 19; R =Et, X = I).1,90

In general, the order in reactivity decreases in the series R = Me > Et > Pr and X = I >
Br > Cl. Only in the case of RI this reactions takes place at relatively low temperatures.91
Moreover, the direct reaction of organic chlorides and bromides with metallic tin requires
catalysts like magnesium,92,93 HgCl2, 94 hexamethyl phosphoric triamide (HMPT), 95,96 copper
powder 97 or crown ethers.98 An exception is benzyl chloride which can be reacted directly
with Sn0.99 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 et al.97 demonstrated that a continuous flow of methyl chloride gas trough 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 4.

Scheme 4. Proposed steps for the copper catalyzed reaction of metallic tin with methyl chloride.

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 noctyl, crown ethers like dicyclohexyl-18-crown-6 and dibenzo-18-crown-6 have to be used as
catalyst.98 The reaction of metallic tin with RX (R = n-Bu, n-Oct; X = Cl, Br) is carried out in
DMF with butyl iodide as co-catalyst at a temperature range of 100 − 160 °C. The selectivity
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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 Eq. 20 and
21 (X = Cl, Br).

The alkyl iodide formed by the first nucleophilic substitution 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, Kocheshkov100 demonstrated that tin(II) halides react with (p-XC6H5)2Hg to
give the aromatic tin dihalides (p-XC6H5)2SnX2 and metallic mercury (Eq. 22; X = Cl, Br).

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.
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Table 5. Synthesis of diorganotin dihalides R2SnX2 a
Method

R

R4Sn + SnCl4

Conditions

Yield

[Ref.]

Me

85 – 91

[83,84]

Et
n-Bu
n-Hex
n-Oct
Ph

> 99
95
88
84
80 – 90

Vinyl
Allyl
n-Bu
SnF2
Ph
SnF2
Me, Et, n-Pr X = Br

70
99
90
93
85- 99

[82]
[40]
[41]
[41]
[43,44,
105,81]
[102]
[107,108]
[85]
[85]
[82]

R4Sn + SbCl5

Me

> 95

[112]

R4Sn + 2 SOCl2

Me, Et, n-Pr, Bz

90 – 98

[89]

SnCl4 + 2 RLi

Mes

THF

21

[106]

3 SnCl4 + 2 R3Al2Cl3

Et

NaCl

93

[54]

3 SnCl4 + 2 R3Al

Et

Et3N, Et2O

88 – 92

[48,49]

SnCl4 + AlR2Cl

n-Bu

95

[48]

CH2Cl2

SnCl4 + 2 [CuR]5(toluene) Mes

toluene

97

[117]

SnCl2 + RCl

Me

HMPT/NaI (cat)

89 – 94

[95,96]

SnX2 + R2Hg

p-ClC6H4; X = Br, I EtOH

92 – 99

[100]

Sn + 2 RX

Me
n-Bu

92
> 99

[92]
[98]

95

[98]

81
95
95
84

[99]
[92]
[93]
[94]

Mg, BuI, n-butanol
dicyclohexyl-18crown-6, DMF
dibenzo-18-crown6, DMF
Toluene
Mg, n-butanol
Mg, Zn, n-butanol
HgCl2, Et3N,
toluene

n-Oct
Benzyl
n-Bu, X = I
n-Bu, X = I
Allyl, X = Br
a

In all cases X = Cl if not stated otherwise.
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1.6 Monoorganotin Trihalides RSnX3
Among the group of organotin halides, the monoorganotin trihalides are the most difficult
ones to synthesize in a selective way. Since monoorganotin trihalides undergo a facile second
substitution, reactions of SnX4 (X = Cl (preferred), Br or I) with an organometallic reagent
like RMgX or RLi, are not suitable. More selective methods for the synthesis of
monoorganotin trihalides have therefore been developed. Most of these methods are specific
for the organic group connected to tin.
One of the first methods reported is the Kocheshkov redistribution reaction of a
tetraorganotin with a tin tetrahalide (Eq. 23; X = Cl, Br).

This reaction consists of three consecutive redistribution steps (Eq. 24 – 26).101

The use of this reaction is limited to R = vinyl,102,103 phenyl,104,105 mesityl,106 allyl107109
and acryl ester.110 The third step (Eq. 26) fails for R = alkyl. In practice, monoalkyltin
trihalides are therefore prepared 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).

Similarly to tetraorganotins, tetraorganogermanium compounds can react with one
equivalent of SnCl4 under formation of R3GeCl and RSnCl3, respectively.73,111 Using this
method, EtSnCl3 and n-BuSnCl3 can be prepared in situ and in a quantitative yield.
Unfortunately, the isolation and purification of the pure organotin trichlorides was not
described. The reasonably large difference in boiling point between R3GeCl (R = Et: 176 ºC;
n-Bu: 269 ºC) and RSnCl3 (R = Et: 197 ºC, n-Bu: 218 ºC) 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).112
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However, for R = Ph, 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,
respectively. For this substituent, the weaker Lewis acidic BCl3 was found to be more
useful.112
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 reaction of
R2SnX2 with SnX4 to give RSnX3 (Eq. 26). Neumann et al. reported the reaction of Et2SnCl2
with SnCl4 at 120 – 130 °C catalyzed by a POCl3/P2O5 mixture.101 At this temperature, no
decomposition 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 five-fold 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 demonstrated that Me2SnCl2 reacts with SnCl4 in polar
reaction media like DMSO (dimethyl sulfoxide) affording MeSnCl3(DMSO)2 in > 90%
yield.113 Under these conditions Me2SnCl2 presumably dissociates into [Me2Sn(DMSO)x]2+
cations and Cl- anions resulting in [Me2Sn(DMSO)x][SnCl6], which subsequently rearranges
to [MeSnCl3(DMSO)2] (Scheme 5).

Scheme 5. Postulated steps for the conversion of Me2SnCl2 into MeSnCl3 promoted by DMSO.

Through use of quaternary ammonium salts, Kugele et al. was able to catalyze the
reaction of Me2SnCl2 with SnCl4 to give MeSnCl3 in almost quantitative yield.114 However,
when dialkyltin dichlorides with longer alkyl chains were used, the yield of monoorganotin
trichloride decreased dramatically. This is caused by decomposition of the desired product
into SnCl2 and RCl at the high reaction temperatures required (200 °C).
Next to R4Sn also other mild alkylation agents such as R4Ge, R3Al(OR’2), R3Al(NR’3)
and mesitylcopper have been used as alkyl or aryl source.
As already discussed for the synthesis of R4Sn, aluminum trialkyls (R3Al) can be used
to substitute the halides in SnCl4. Buschhoff et al. showed that this reagent is also suitable for
the selective monoalkylation of SnCl4.115 In this reaction, stoichiometric amounts of an ether
complex R3Al(OR’2) or a tertiary amine complex R3Al(NR’3) were used to reduce the
alkylating power of the aluminum reagent (Eq. 29).
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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(OR’)]x instead of R3Al(OR’2) (Eq. 30).116

From an economical point of view, the latter reactions is less interesting because only
two alkyl groups per molecule of [R2Al(OR’)]x-reagent are transferred.
The use of mesitylcopper was investigated by Manners et al. as an alternative for the
less selective organolithium and Grignard reagents or organo-mercury, -tin and -zinc
compounds.117 [CuMes]5(toluene) reacts 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.
The oxidative addition reaction of a tin(II) halide with an organic halide, in principle,
provides an efficient and selective one-step synthesis for monoorganotin trihalides (Eq. 31).

This reaction does not proceed selectively without a catalyst. Organic disulfides,
primary amines, quaternary ammonium halides, phosphonium halides and trialkylantimony
have been employed as catalysts to obtain reasonable yields of RSnCl3.118 Especially
trialkylantimony 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 catalysts and the fact that this
conversion is limited to monoorganotin bromides.
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).119 An excess of MeCl was
necessary to prevent formation of side-products like Me2SnCl2. The patent application did not
mention the scope, e.g., whether it is suitable for the preparation of other organotin
trichlorides.
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Subsequent to this work, several researchers investigated the hydrostannation of
alkenes with HSnX3.120-123 HSnX3, which itself is unstable, was prepared in situ from HCl
with SnCl2 in a polar solvent like Et2O, THF, DME or methanol (Eq. 33).124

More recently, Nakahira et al. demonstrated that stable and pure HSnCl3(Et2O)2 can be
prepared from SnCl2 with Me3SiCl in Et2O.125
Addition of α-olefins, such as 1-octene, to a solution of HSnCl3(Et2O)2 at 15 °C
results in the formation of traces of octyltin trichloride.122 Similar results are obtained for
other α-olefins like propene and butene.

However, with α,β-unsaturated carbonyl compounds such as methyl acrylate121,122 and
itaconic acid esters120 in which the C=C double bond is activated, full conversion to the
monoorganotin trichloride is possible within 3.5 hours 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 6.

Scheme 6. Proposed mechanism for the reaction of HCl and SnCl2 with α,β-unsaturated carbonyl
compounds according to ref. 122.
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The first steps in this mechanism involves the formation of the HCl adduct of the α,βunsaturated carbonyl compound. and the interaction with SnCl2 to give the HSnCl3 adduct.
This intermediate rearranges by attack of Cl3Snδ- at the β-carbon. Spectroscopic data (IR and
NMR)122,123 and an X-ray crystallographic structure of (4-ethoxy-4-oxobutyl)tin trichloride126
showed a strong interaction between the carbonyl lone-pair electrons and the tin center. α,βUnsaturated ketones and aldehydes react in a similar way to yield the corresponding βtrichlorostannyltins which serve as starting material for the preparation of β-trialkylstannyl
ketones125 and other α-methylene-substituted ketones and aldehydes.127
As already mentioned, the reaction of HSnCl3 with α-olefins, affords rather poor
yields (< 10%) of monoorganotin trichlorides. Motivated by this and other work,128 Chee
started to investigate the use of [η5-Cp2Zr(H)Cl] in the reaction of 1-octene with SnCl4.129 The
hydrido zirconocene chloride is known to react with olefins to form alkylzirconium(IV)
complexes (Eq. 35).128b-d They found that in situ prepared [η5-Cp2Zr(octyl)Cl] reacts with
SnCl4 under formation of n-OctylSnCl3 and [η5-Cp2ZrCl2] (Eq. 36).

In this way, n-OctSnCl3 could be prepared in 81% yield and only trace amounts of nOct2SnCl2 were detected by TLC analysis.
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Table 6. Synthesis of monoorganotin trihalides RSnX3.a

a

Method

R

R4Sn + 3 SnCl4

Conditions

Yield

[Ref.]

Et

94

[101]

Vinyl
Ph

77
78

[102]
[104]

R2SnCl2 + SnCl4

Me
Me
Et
Ph
p-ClC6H4
n-BuOCOCH2CH2
MeOCOCH2CH2
MeOCOCH2CH2

NR4Cl, MeCl
DMSO
POCl3

98
> 90
92
80
> 99
> 99
> 99
> 99

[114]
[113]
[101]
[81]
[100]
[110]
[110]
[110]

R2SnCl2 + SbCl5

Me

CH2Cl2

> 95

[112]

SnCl4 + R4Ge

Et, n-Bu
n-Bu

>99
94

[111]
[73]

2 SnCl4 + R2Al(Oi-Pr)

n-Oct

n-Bu2O

97

[115]

3 SnCl4 + R3Al(n-Bu)2O

n-Oct

n-Bu2O

90

[116]

SnCl4 + [CuR]5(toluene)

Mes

toluene

97

[117]

SnCl4 + alkene + CpZr(H)Cl

n-Oct

benzene

81

[129]

SnCl2 + RX

Me

95

[119]

n-Bu, n-Oct; X = Br

I2, Mg, THF,
toluene
R3Sb

84 – 96

[118]

SnCl2 + HCl +
CH2=CHCOOR

H, Me, n-Bu, Ph

(MeOCH2)2

89 – 98

[121,122]

SnCl2 + HCl +
ROOCC=CCH2COOR

Me, Et, n-Bu

(MeOCH2)2

98 – 99

[120]

In all cases X = Cl if not stated otherwise.
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1.7 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 starting material for the synthesis
of organotin halides through a Kocheshkov redistribution reaction with a suitable tin(IV)
halide. This reaction affords diorgano- or triorganotin halides in high yields. For high yield
synthesis of monoorganotin halides, which are used for the deposition of tin oxide coatings on
glass, this reaction is limited to allyl, vinyl and phenyltins. Especially monoalkyltin trihalides
with long alkyl groups like n-butyl and n-octyl are challenging conversions to achieve. In
recent years, several alternative methods to prepare the latter organotin trihalides such as, the
alkylation of SnCl4 with R3Al(n-Bu2O) and the trialkylantimony-catalyzed reaction of organic
halides with tin(II) halides, have been developed. However, none of these methods are
generally applicable and either result in the formation of a number of side-products (e.g., for
R3Al(n-Bu2O)) or make use of high loadings of a toxic catalyst (trialkylantimony). A new
selective method for the synthesis of monoorganotin trihalides (RSnX3), in particular for R >
Pr and X = Cl, is therefore desirable to improve the sustainability of the production of
monoorganotins.

1.8 Aim and Scope of this Thesis
The aim of the work described in this thesis has been the development of a direct and
selective route for the synthesis of monoorganotin trihalides. As was noted above, these
compounds, in particular n-BuSnCl3, are of great importance as precursors for the deposition
of SnO2-coatings on glass bottles, and are still the most difficult organotin halides to
synthesize selectively. Therefore we concentrated particularly on the development of new
synthetic routes to these types of tin compounds and the potential for industrial application of
these routes. The work resulted in this PhD research project and was supported by Atofina
Vlissingen B.V., among others a producer of organotins for the glass coatings industry, and
the Dutch Ministry for Economic Affairs (through a Senter/BTS grant to Atofina). Our studies
were focused on the identification and development of new catalysts, which could improve
the yield and selectivity of known synthetic routes for the preparation of monoorganotin
trihalides (Chapters 2 – 6). In the last Chapter a different, potentially also selective, route for
the monoalkylation of SnCl4 by stoichiometric amounts of (NCN)Sn(IV)-butyl complexes
(NCN being a bis(dimethylaminomethyl)-substituted aryl ligand) was studied. Moreover, the
elementary mechanistic steps of some of these new routes were studied in detail.
The crucial and most difficult steps in these reactions are the selective cleavage and/or
formation of tin-carbon bonds. In the literature, several metals (Sb, Al, Cu, Hg, Zr, Pt and Pd)
are known to be able to perform these steps. Platinum and palladium catalysts are most
24

Chapter 1

thoroughly studied (e.g., in the Stille-type coupling reaction, the hydrostannylation of alkynes
and the allylic carbonylation of aldehydes and ketones) and can perform both steps in a
selective way. Inspired by this information, we decided to investigate the use of platinum and
palladium complexes as catalyst in known thermal routes for the synthesis of monoorganotin
trihalides.
Platinum(IV) complexes [PtMe2X(SnMe3)(N-N)] (X = Cl, Br, I; N-N = bidentate
nitrogen ligand) are known to decompose at elevated temperatures to yield tetraalkyltins by
reductive Sn−C bond formation.130 In a similar way, [PtMe2R(SnCl3)(N-N)] complexes were
expected to decompose by formation of RSnCl3 and [PtMe2(N-N)], respectively. If such
platinum(IV)trichlorostannyl species could be formed by a reaction of RCl and SnCl2 with
[PtMe2(N-N)], catalytic formation of monoorganotin trihalides by a direct reaction of organic
halides with tin(II) halides would become in reach. In Chapter 2 the synthesis and the
decomposition of these trialkyl(trichlorostannyl)platinum(IV) complexes are discussed. Those
complexes gave Sn−C bond formation at elevated temperatures, demonstrating the potential
of [PtMe2(bipy)] as a catalyst for the direct reaction of organic halides with tin(II) halides.
Detailed studies of the catalytic activity of [PtMe2(bipy)] and related complexes with the
general formula [MZ2L2] (M = Pt, Pd; Z = Cl, Me; L = nitrogen or phosphorus ligand) in the
direct reaction of tin(II) halides with allyl halides (such as 3-chloropropene, 3-bromopropene,
2-methyl-3-chloropopene), benzyl chloride and chlorobenzene are reported in Chapter 3. By
screening of the various catalysts and by changes in the reaction conditions (temperature and
solvent) we developed a catalytic system which gives selective formation of monoorganotin
trichlorides under mild condition.
Palladium complexes are used as catalyst in the Stille-coupling reaction of an organic
halide with a tetraorganotin. Because the tin-carbon bond cleavage and tin-halide bond
formation steps in this reaction are also relevant in the Kocheshkov redistribution reaction of
dialkyltin dihalides with tin tetrahalides, palladium and platinum complexes were expected to
catalyze the latter reaction. In Chapter 4 the catalytic properties of palladium(II) and
platinum(II) phosphine complexes in the Kocheshkov redistribution reaction of dialkyltin
dichlorides with tin tetrachloride to afford monoalkyltin trichlorides are described. Besides
monoalkyltin trichloride, undesired SnCl2 is formed as a side-product. Studies to identify the
intermediate metal species involved and kinetic analysis of this reaction allowed the
postulation of a reaction mechanism. The mechanism and experimental results, show that the
SnCl2 formation could be reduced by the use of ligand systems with increased electrondonating properties.
Therefore, we continued to test [PtCl2L2] complexes with even more strongly electrondonating amine and sulfide ligands as catalyst in the Kocheshkov redistribution reaction.
These complexes showed high selectivity but poor activity. The activity could be improved
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while maintaining selectivity, by making use of mixed ligand platinum complexes [PtCl2LL’]
(L = sulfide; L’ = amine). The synthesis of mixed ligand platinum complexes with
monodentate amine, sulfide and phosphine ligands as well as a study of the electronic
influence of the ligands on the platinum center are presented in Chapter 5. The performance
of these platinum complexes as catalysts in the Kocheshkov redistribution reaction of nBu2SnCl2 with SnCl4 is described in Chapter 6. Although further optimization will be
necessary, the transition metal-catalyzed redistribution reaction to monoorganotin trichlorides
may have industrial potential if co-generation and/or recycling of dialkyltin dichlorides is
undesirable.
It has been reported that the trimethyltin(IV) compound [Me3Sn{C6H3(CH2NMe2)2131
2,6}], can selectively transfer one methyl group to platinum or another tin center. We
expected that in a reaction of such compounds with SnCl4, one alkyl group can be transferred
selectively to give a monoalkyltin trichloride. Since we were especially interested in the
formation of n-BuSnCl3, we prepared the butyltin(IV) complexes [n-BunSnCl3n{C6H3(CH2NMe2)2-2,6}] (n = 1 – 3) and investigated their reaction with SnCl4 (Chapter 7).
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- Chapter 2 Synthesis of Novel Trialkyl(trichlorostannyl)platinum(IV)Complexes Through SnCl2 Insertion into the Pt-Cl Bond

Abstract. Reaction of SnCl2 with trialkylplatinum(IV) complexes [PtClMe2(R)(bipy)] (1)
resulted in the formation of novel trialkyl(trichlorostannyl)platinum(IV) complexes
[PtMe2(R)(SnCl3)(bipy)] (R = allyl (2a), Me (2b), Bz (2c)). The solid state molecular
structure of fac-[PtMe3(SnCl3)(bipy)] revealed a direct Pt-Sn bond (2.6497(2) Å) and three
almost identical Pt-Me bond lengths (2.065(5), 2.068(8) both cis and 2.069(5) Å trans to
SnCl3. The presence of platinum satellites (1JSnPt = 3267 - 4260 Hz) in the 119Sn NMR spectra
of complexes 2 indicates that the direct platinum-tin bond is maintained in solution. Addition
of one equivalent of PPh3 to complexes 2 resulted in the formation of trichlorostannate
complexes fac-[PtMe2(R)(bipy)(PPh3)][SnCl3] (3). The absence of platinum satellites on the
resonance in the 119Sn NMR spectra of 3, confirmed the ionic character of these complexes in
solution. Complexes 2a and 2b were found to give Sn-C bond formation in acetone-d6 at
elevated temperatures.

Published in part: Sander H. L. Thoonen, Martin Lutz, Anthony L. Spek, Berth-Jan Deelman and Gerard van
Koten Organometallics, 2002, 22, 1156.
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2.1 Introduction
Heterobimetallic complexes of tin and group 10 metals are already known for several
decades.1 Metal-d8 trihalostannyl complexes (M = Pt, Pd) can be prepared via SnX2 (X = Cl,
Br) insertion into the M-X bond. These complexes are excellent catalysts for the
hydrogenation of both olefins and alkynes2 as well as for the hydroformylation of alkenes.3 In
these catalytic reactions, the [SnX3]- anion serves as a weakly coordinating anionic ligand,
which allows the facile creation of a vacant co-ordination site at the metal center.
It was Kuyper who reported the first examples of platinum(IV) trichlorostannyl
complexes, i.e. trans-[PtClMe2(SnCl3)(N-N)] (N-N = 2,2'-bipyridine, 2,9-dimethyl-4,7diphenyl-1,10-phenantroline),4 which were obtained from oxidative addition of SnCl4 on
[PtMe2(N-N)].
[PtClMe2(SnCl3)(paen-me2)]5
(paen-me2
=
N-(β-N’,N’dimethylaminoethyl)pyridinealdimine) and [PtClMe2(SnMenCl3-n)(bipy)] (n = 1 - 3)4 were
prepared in a similar way. Other Pt(IV)-stannyl complexes obtained by reaction of
organoplatinum(II) complexes with tin(IV) reagents are: trans-[Pt(SnMe3)(Ph)(H)2(PEt3)2],6
trans-[PtIMe2(SnMe3)(But2bpy)],5 trans-[PtMe2(SnMe3)((pz)3BH)]7 ((pz)3BH = tris(pyrazol1-yl)borate), ionic [PtMe2(Me2SnCl)(But2bpy)][Y] and [PtClMe2(SnPh3-xClx)(But2bpy)]8 (Y =
BF4-, PF6-; X = 1 – 3; But2bpy = 4,4’-di-tert-butyl-2,2’-bipyridine).9 In all these Pt(IV) stannyl
complexes, the stannyl substituent was introduced by oxidative addition of a tin(IV) species to
a Pt(II) complex. Recently, Puddephatt et al. reported on the reverse reaction, i.e., the
reductive elimination of Me3SnX and Me4Sn from [PtXMe2(SnMe3)(diimine)] (X = Cl, Br, I)
complexes, underlining the intermediacy of Pt(IV)-stannyl complexes in Sn-C bond
formation.10
Here we report on the novel trialkyl(trichlorostannyl)platinum(IV) complexes trans[PtMe2(R)(SnCl3)(bipy)]
(2)
and
related
stannate
complexes
trans[PtMe2(R)(PPh3)(bipy)][SnCl3] (3) that were synthesized through the unprecedented insertion
of SnCl2 in the Pt(IV)-Cl bond. The tendency of these complexes to give reductive Sn-C bond
formation was studied by thermal decomposition in acetone-d6 solutions.

2.2 Results and Discussion
Synthesis
of
trans-[PtMe2(R)(SnCl3)(bipy)]
(2).
Reaction
of
complexes
11a-c
[PtClMe2(R)(bipy)]
(1) with SnCl2 afforded the novel platinum(IV) trichlorostannyl
complexes [PtMe2(R)(SnCl3)(bipy)] (R = allyl (2a), Me (2b), Bz (2c)) in high yield (Eq. 1).
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Complexes 2 are yellow solids, which are soluble in CH2Cl2, CHCl3, THF and
acetone. The identity of 2 was established by elemental analysis, 1H and 119Sn NMR
spectroscopy. The 1H NMR spectra of 2a-c recorded in CDCl3 (Table 1, vide infra) showed
one signal for the two methyl ligands trans to the bipy ligand and four signals for the bipy
ligand itself pointing to a complex with the R- and SnCl3-substituents in trans position. The
resonance of the two PtMe trans to the bipy ligand show platinum satellites with 2JHPt of 69
Hz, which is a typical value for a Pt(IV)Me resonance.5-9 In the case of 2a and 2c, the 3JHSn
satellite signals flanking the PtMe resonance trans to the bipy ligand are not observed. A
small coupling of 3JHSn = 4.5 Hz is seen for 2b. This value is in agreement with the 3JHSn
values reported for other platinum(IV)-stannyl complexes.5
The methylene proton resonances of R are shifted down field by ca. 0.09 – 0.24 ppm
relative to 1 as a result of the introduction of the strong electron-withdrawing SnCl3
substituent. Furthermore, a decrease of the coupling constant 2JHPt for these methylene-protons
by 10 – 14 Hz was found. For all three complexes we observed also 3JHSn coupling for the
methylene protons (18.0 (2), 6.0 (2b), and 19.2 Hz (2c), respectively.
119
Sn NMR spectra of complexes 2 recorded in CH2Cl2 solution showed one singlet (δ
+ 20.6 (2a), – 6.1 (2b) and + 17.6 (2c), respectively) with 195Pt satellites (1JSnPt = 3267, 4260
and 3415 Hz, respectively) (Table 2). The observation of 195Pt satellites and the size of the
coupling is direct proof for the presence of a platinum-tin bond in solutions of complexes 2.
Table 2. 31P {H1}- and 119Sn {H1} NMR Data for the Novel Pt(IV)-Complexes
[PtMe2R(SnCl3)(bipy)] (2) and [PtClMe2R(PPh3)(bipy)][SnCl3] (3).a
119

Compound
δ (ppm)
b

2a
2bb
2cb
3a
3b
3c

20.6
–6.1
17.2
–48.9
–49.6
–46.3

31

Sn
1

JSnPt (Hz)

δ (ppm)

3267
4260
3415
-

–0.69
–2.40
–1.23

a

P
1

JPPt (Hz)
972
984
967

Recorded at 81.02 MHz (31P) and 74.63 MHz (119Sn) in CDCl3 at ambient temperature. b Recorded in CH2Cl2 at
ambient temperature.
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The magnitude of the platinum-tin coupling constants of 2 are at the low end of the
range (2,500 – 35,000 Hz) found in the literature,12 indicating a weak Pt-Sn interaction.
Unfortunately, no reference data for Pt-SnCl3 complexes with bidentate nitrogen ligands is
available. For complexes of the type trans-[Pt(SnCl3)(Y)(PEt3)2], 1JPtSn values of 6620 and
5775 Hz were found for Y = Me and CH2Ph, respectively.13 The magnitude of these values is
comparable to those found for 2.
Dissociation of the SnCl3 ligand from the Pt-center to give [PtMe2R(bipy)][SnCl3] can
be excluded, even in coordinating solvents such as acetone; 1H NMR spectra of 2b recorded
in acetone-d6 showed platinum and tin satellites for the PtMe resonance in trans position to
the SnCl3 substituent, indicating the covalent Pt-Sn bond is retained in solution.
Molecular structure of fac-[PtMe3(SnCl3)(bipy)] (2b). The structure of 2b in the solid state
was established by a single crystal X-ray diffraction study (Figure 1). Selected bond distances
and bond angles are listed in Table 3.

Cl2
Cl3

Cl1
Sn1
C6

C5

C4
N1

C7
C10

C8
C9

C2

Pt1

N2
C1
C11
C12

C13
C3

Figure 1. Displacement ellipsoid plot (50% probability) of fac-[PtMe3(SnCl3)(bipy)] (2b).
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Table 3. Selected Bond Lengths (Å) and Angles (deg) for fac-[PtMe3(SnCl3)(bipy)] (2b).
Bond Lengths
Pt(1) – Sn(1)
Pt(1) – N(1)
Pt(1) – N(2)
Pt(1) – C(1)
Pt(1) – C(2)

2.6497(2)
2.147(3)
2.143(5)
2.065(5)
2.068(8)

Pt(1) – C(3)
Sn(1) – Cl(1)
Sn(1) – Cl(2)
Sn(1) – Cl(3)

2.069(5)
2.3896(9)
2.3981(13)
2.3958(12)

Bond Angles
Sn(1) – Pt(1) – N(1)
Sn(1) – Pt(1) – N(2)
Sn(1) – Pt(1) – C(1)
Sn(1) – Pt(1) – C(2)
Sn(1) – Pt(1) – C(3)
N(1) – Pt(1) – N(2)
N(1) – Pt(1) – C(1)
N(1) – Pt(1) – C(2)
N(1) – Pt(1) – C(3)
N(2) – Pt(1) – C(1)
N(2) – Pt(1) – C(2)

90.87(8)
90.82(8)
90.92(13)
92.31(13)
178.7(2)
77.07(16)
174.3(2)
97.3(2)
90.05(15)
97.4(2)
173.58(7)

N(2) – Pt(1) – C(3)
C(1) – Pt(1) – C(2)
C(1) – Pt(1) – C(3)
C(2) – Pt(1) – C(3)
Pt(1) – Sn(1) – Cl(1)
Pt(1) – Sn(1) – Cl(2)
Pt(1) – Sn(1) – Cl(3)
Cl(1) – Sn(1) – Cl(2)
Cl(1) – Sn(1) – Cl(3)
Cl(2) – Sn(1) – Cl(3)

90.3(2)
88.1(3)
88.25(18)
86.7(2)
119.10(2)
117.97(3)
119.77(3)
98.74(4)
97.91(4)
99.00(4)

The six-coordinate platinum center has a distorted octahedral geometry. The equatorial
plane is formed by the bipy and the two methyl ligands, while the apical positions are
occupied by the third methyl and a trichlorostannyl group, respectively. The donor atoms in
the equatorial plane are essentially coplanar with the Pt-center (largest deviation 0.069(4) Å).
The apical groups are in a linear arrangement with a Me-Pt-Sn angle of 178.72(13)°. The
largest deviation from the ideal octahedral geometry arises from the bipy bite angle of
77.09(11)°. The Pt-Sn distance of 2.6497(3) Å is an irrefutable proof for a direct Pt-Sn bond
in the solid state. The Pt-Me distances are of the same length (2.065(4)-2.069(4) Å),
irrespective of their position to the stannyl ligand. The three Sn-Cl distances (2.3896(9)2.3981(13) Å) are slightly longer than the Sn-Cl bond distances observed in trichlorostannyl
platinum(II) complexes.14
Since the SnCl3 ligand is a substituent with moderate trans-influence,1e,f,15 it was
expected that the Pt-Me bond of 2b trans to the stannyl ligand would be longer than the other
two Pt-Me bonds. However, since all Pt-Me distances found were nearly of the same length,
we can only conclude that there is a low trans influence of the stannyl group. As expected, the
Pt(IV)-Sn distance is longer than in Pt(II) compounds,14 but also significantly longer than in
other known Pt(IV) compounds (2.54 – 2.57 Å).5,7a,9 We assume that this long bond length is
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a consequence of the electron withdrawing effect of the three chloro substituents. The long PtSn bond found in the crystal structure is also in agreement with the small 1JSnPt value found in
the 119Sn NMR spectrum.
The sum of the Cl-Sn-Cl angles (295.7º), indicates that some rehybridization has
occurred (270º for nonhybridized [SnCl3]-). This deviation is quite small and in accordance
with the long Pt-Sn distance. The conformation along the Pt-Sn bond is best described as
eclipsed relative to the two equatorial methyl groups and gives rise to an approximate, noncrystallographic Cs symmetry of the octahedron. The conformation of the SnCl3 group may be
assisted by weak intramolecular C-H···Cl interactions (3.0738 Å) between the equatorial Me
groups and the SnCl3 chlorine atoms.
Synthesis of [PtMe2(R)(bipy)(PPh3)][SnCl3] (3). Kollár et al. reported that addition of
triarylphosphines (P) to Pt(II)-trichlorostannyl complexes [PtCl(SnCl3)(P-P)] (P-P = bidendate
diphosphine ligand) resulted in the formation of stable stannate complexes [PtCl(P)(PP)][SnCl3], which are soluble in most organic solvents.16 In a similar fashion it was possible
to replace the weakly coordinate SnCl3 ligand in complexes 2 by PPh3, resulting in the
formation of cationic platinum(IV) complexes [PtMe2(R)(bipy)(PPh3)]+ (3) with a noncoordinating [SnCl3]- anion (Eq. 2).

Complexes 3 are highly soluble in CDCl3 and CH2Cl2 and elemental analysis were in
agreement with the proposed formulation.
The 1H NMR resonances of the PtMe groups trans to the bipy ligand as well as the
PtCH resonances trans to the phosphorus atom in 3, display 195Pt satellites and 31P coupling
but no 119Sn satellites. The latter confirms that PPh3 instead of [SnCl3]- is bonded to the
platinum center. The introduction of PPh3 cause an upfield shift relative to 2 of ca 0.23 ppm
for the methylene group trans to the phosphorus. In addition, a decrease (by ca. 9 Hz) of the
2
JHPt values was found for the methylene resonances of the R substituent. For the signals of
the PtMe groups trans to the bipy ligand, no significant changes in the chemical shifts and the
2
JHPt values were observed. The NMR data of complex 3b fit well with the literature data for
closely
related
ionic
complexes
[PtMe3(bipy)(PPh3)][BF4]17
and
18
31
[PtMe3(bipy)(PPh3)][O3SCF3]. The P NMR spectra showed a single resonance (δ –0.69
(3a), –2.04 (3b), –1.23 (3c), respectively) with 195Pt satellites (1JPPt = 972, 984 and 964 Hz,
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respectively). None of the signals in the 1H, 31P and 119Sn NMR spectra, displayed tin
satellites, which is in line with the non-coordinated character of the [SnCl3] anion. The 119Sn
NMR spectra of 3a, 3b and 3c each showed a singlet at δ –48.9, –49.6 and –46.3, respectively,
in close agreement with those found for the [SnCl3] anion in ionic stannate complexes
[AsPh4][SnCl3] (δ = –51), [NBun4][SnCl3] (δ = –52) and to a lesser extent of [PBut3H][SnCl3]
(δ = –30).19
Decomposition studies of 2 and 3. To investigate if complexes 2 and 3 can give reductive
formation of Sn-C bonds, solutions of 2 and 3 in acetone-d6 were examined by 1H NMR
spectroscopy at 25, 60 and 100 ºC.
Complexes 2 were stable for two days at 25 °C. After 12 h at 60 °C, 2a gave almost
quantitative formation of an allylic species containing no direct allyl-tin bond. This allylic
species was identified as monoallylated tin alkoxide 4, which is formed in a subsequent
reaction on the carbonyl group of acetone by in situ generated AllylSnCl3 (Scheme 1).20 The
1
H NMR resonances of 4 perfectly matched those of an independently prepared, authentic
sample of AllylSnCl3 recorded in acetone-d6.21

Scheme 1. Reaction of AllylSnCl3 with acetone.

If 4 is formed in the reaction of AllylSnCl3 with acetone then a subsequent reaction
with H2O would lead to the formation of 2-methyl-4-pentene-2-ol (5). To check this
hypothesis, we reacted acetone with AllylSnCl3 and quenched the resulting reaction mixture
with H2O. The product of this reaction was identified by 1H NMR and GC-MS as 5. The 1H
NMR data of the product corresponded with those reported for 2-methyl-4-pentene-2-ol.22
Because the decomposition of 2a resulted in the formation of a mixture of poorly soluble
platinum complexes, the intensity of the resonances of these species in the NMR spectrum
dropped significantly and no further attempts were made to identify the platinum species.
Complex 2b gave formation of Me2SnCl2 (44%) after 22 h at 100 °C indicative of
reductive Sn-C bond formation. Prolongation of the reaction time to 64 h resulted in a further
increase of the yield to 54%. Also in this case, the formation of a mixture of poorly soluble
platinum complexes made it difficult to identify the platinum species.
In spite of the poorly understood stoichiometry of the decomposition of 2a and 2b,
both examples demonstrate the ability of [PtMe2R(SnCl3)(bipy)] complexes to give Sn-C
bond formation. The exact mechanism leading to the formation of Me2SnCl2 remains unclear,
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but a combination of reductive elimination followed by consecutive reactions seems to be
most likely.
Decomposition studies of 3 in acetone-d6 showed that 3a, 3c (both at 25 °C) and 3b (at
100 °C) decompose into complex product mixtures. In the case of 3a, [SnCl3Me(bipy)] (28%)
was identified as one of the products again indicative of Sn-C bond formation. The resonances
of this compound matched those of an independently prepared sample of [SnCl3Me(bipy)].
For 3b and 3c, no formation of organotin halides was observed. Both complexes gave
several platinum species of which one was identified as [PtClMe2(R)(bipy)] (R = Me (15%,
for 3b), Bz (35%, for 3c)), pointing to SnCl2 elimination.

2.3 Conclusion
Three novel platinum(IV)-trichlorostannyl complexes [PtMe2(R)(SnCl3)(bipy)] have been
prepared successfully by the reaction of SnCl2 with [PtClMe2(R)(bipy)] (R = allyl, Me, Bz).
These complexes represent the first examples of Pt(IV) stannyl complexes that were prepared
through SnCl2 insertion into the Pt(IV)-Cl bond. NMR studies of 2a-c and a crystal structure
of 2b proved the presence of a direct tin-platinum bond. The weakly coordinated SnCl3 ligand
can be easily substituted by triphenylphosphine resulting in the ionic
[PtMe2(R)(PPh3)(bipy)][SnCl3] complexes. Decomposition studies in acetone-d6 indicate that
2a and 2b can give reductive Sn-C bond formation at elevated temperatures although yields
and selectivies are low.

2.4 Experimental Section
General comments. All reactions and manipulations were carried out under an inert
atmosphere of N2 using standard Schlenk techniques. All solvents were dried and distilled
prior to use. [PtMe2(bipy)],23 trans-[PtClMe2(benzyl)(bipy)],11a fac-[PtClMe3(bipy)],11b trans[PtClMe2(allyl)(bipy)]11c and SnCl2(Me)(allyl)24 were prepared according to literature
procedures. Commercial anhydrous SnCl2 was used as supplied. Elemental analysis were
carried out by H. Kolbe, Mikroanalytisches Laboratorium, Mülheim an der Ruhr, Germany.
NMR spectra were recorded on a Varian Mercury 200 MHz. 31P{1H} NMR spectra were
externally referenced against 85% H3PO4 in D2O (δ = 0 ppm) and 119Sn{1H} NMR spectra
against Me4Sn (δ = 0 ppm).
Synthesis of trans-[PtMe2(allyl)(SnCl3)(bipy)] (2a). To a solution of trans[PtClMe2(allyl)(bipy)] (148 mg, 0.33 mmol) in dichloromethane (7.5 mL) was added tin(II)
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chloride (61.6 mg, 0.33 mmol). After a few minutes an yellow solution was formed. The
volume of the solution was reduced in vacuo to 1 mL and pentane (5 mL) was added to
precipitate the product as a yellow solid, which was isolated by filtration, washed with
pentane (5 mL) and dried in vacuo.. The yield was quantitative. Anal. Calcd for
C15H19Cl3N2PtSn: C, 27.83; H, 2.96; Cl, 16.43; N, 4.33. Found: C, 27.74; H, 3.10; Cl, 16.40;
N, 4.26.
Synthesis of fac-[PtMe3(SnCl3)(bipy)] (2b). fac-[PtClMe3(bipy)] (100 mg, 0.23 mmol) was
dissolved in dichloromethane (5 mL). Next, tin(II) chloride (44 mg, 0.23 mmol) was added.
The reaction mixture was stirred for one hour at room temperature and filtered. Evaporation of
the solvent gave 140 mg (98%) of a yellow solid. The yellow compound (50 mg) was
dissolved in 5 ml of CH2Cl2 and crystallized at –20 °C. After 1 week, light yellow crystals
suitable for X-ray crystallographic study had formed. Anal. Calcd for C13H17Cl3N2PtSn: C,
25.13; H, 2.76; Cl, 17.11; N, 4.51. Found: C, 25.20; H, 2.71; Cl, 17.05; N, 4.43.
Crystal structure determination of 2b. C13H17Cl3N2PtSn, Fw = 621.42, yellowish plate,
0.45 x 0.24 x 0.06 mm3, monoclinic, P21/c (No. 14), a = 10.5494(1), b = 15.4508(2), c =
14.6084(1) Å, β = 130.6525(6)º, V = 1806.49(3) Å3, Z = 4, ρ = 2.285 g/cm3. 39957 reflections
were measured on a Nonius Kappa CCD diffractometer with rotating anode (λ=0.71073 Å) at
a temperature of 150(2) K. 4139 reflections were unique (Rint = 0.0706). Absorption
correction was performed with PLATON 25 (routine DELABS, µ = 9.55 mm-1, 0.08-0.54
transmission). The structure was solved with direct methods (SIR97)26 and refined with
SHELXL97 27 against F2 of all reflections. Non-hydrogen atoms were refined freely with
anisotropic displacement parameters. Methyl hydrogen atoms were refined with a rotating
model, phenyl hydrogen atoms with a riding model, 184 refined parameters, no restraints. Rvalues [I > 2σ(I)]: R1= 0.0240, wR2 = 0.0623. R-values:25 R1= 0.0258, wR2 = 0.0634. GoF =
1.084. Rest electron density between –1.37 and 0.77 e/Å3. Molecular illustration, structure
checking and calculations were performed with the PLATON package.25
Synthesis of trans-[PtMe2(Bz)(SnCl3)(bipy)] (2c). This complex was prepared by following
the same procedure described for 2a from trans-[PtClMe2(Bz)(bipy)] (135 mg (0.27 mmol),
dichloromethane (7.5 mL) and tin(II)chloride (50 mg, 0.27 mmol). The yellow colored
product was isolated in 80 % yield. Crystallization of 2a from hot CH2Cl2 afforded yellow
plate shaped crystals. Anal. Calcd for C19H21Cl3N2PtSn : C, 32.72; H, 3.03; N, 4.02; Sn, 17.02
Found: C, 32.88; H, 3.04; N, 3.93; Sn, 17.18.
Synthesis of trans-[PtMe2(allyl)(bipy)(PPh3)][SnCl3] (3a). trans-[PtClMe2(allyl)(bipy)] (95
mg, 0.21 mmol) was dissolved in 10 mL of dichloromethane. Next 40 mg (0.21 mmol) of
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tin(II) chloride and 54 mg (0.21 mmol) of PPh3 were added to the solution. Stirring for ten
minutes at room temperature afforded a light yellow solution. Filtration of the reaction
mixture and evaporation of the solvent yielded 169 mg of a yellow solid (90%). Anal. Calcd
for C33H34Cl3N2PPtSn: C, 43.57; H, 3.77; Cl, 11.69; N, 3.08; P, 3.40. Found: C, 43.64; H,
3.85; Cl, 11.54; N, 3.60.
Synthesis of fac-[PtMe3(bipy)(PPh3)][SnCl3] (3b). This complex was prepared by following
the same procedure described for 3a from fac-[PtClMe3(bipy)] (88 mg, 0.20 mmol),
dichloromethane (5 mL), tin(II) chloride (39 mg, 0.27 mmol) and triphenylphosphine (53 mg,
0.20 mmol). The product was obtained as an off-white solid in quantitative yield. Anal. Calcd
for C31H32Cl3N2PPtSn: C, 42.13; H, 3.65; Cl, 12.04; N, 3.17; P, 3.50. Found: C, 42.18, H,
3.61; Cl, 12.11; N, 3.15; P, 3.54.
Synthesis of trans-[PtMe2(Bz)(bipy)(PPh3)][SnCl3] (3c). This complex was prepared by
following the same procedure described for 3a from trans-[PtClMe2(Bz)(bipy)] (240 mg, 0.47
mmol), dichloromethane (20 mL), tin(II) chloride (89 mg, 0.47 mmol) and triphenylphosphine
(124 mg, 0.47 mmol). The product was isolated as a yellow solid in 80% yield. Anal. Calcd
for C37H36Cl3N2PPtSn: C, 46.30; H, 3.78; N, 2.92; P, 3.23; Cl, 11.08 Found: C, 46.18; H,
3.88; N, 2.97; P, 3.30; Cl, 11.19.
Decomposition studies
Decomposition of 2a. A solution of 16 mg (0.024 mmol) of 2a in 1 mL of acetone-d6 was
transferred. After the tube was sealed, it was submerged in a oil bath of 60 oC for two days.
The NMR-tube was cooled to room temperature and the solution was analyzed by 1H NMR
spectroscopy at regular intervals. After 48 hours, an orange solid had precipitated from the
solution. 1H NMR (acetone-d6, 25 °C): δ 2.19 (d, 2H, CH2, 3JHH = 5.0 Hz), 4.96 – 5.10 (m,
2H, CH2), 5.81 – 6.02 (m, 1H, CH). An independently prepared sample of AllylSnCl3 21
showed the same resonances in the 1H NMR spectrum recorded in acetone-d6.
Reaction of AllylSnCl3 with acetone. Allyltin trichloride (0.5 g, 1.8 mmol) was added
dropwise to acetone (5 mL) at room temperature. After ten minutes, H2O (2 mL) was added to
the reaction mixture followed by extraction with Et2O (2 x 5 mL). The collected organic
fractions were dried with MgSO4 and filtered. Evaporation of the solvent in vacuo yielded
0.15 g of a colorless oil. 1H NMR (CDCl3, 25 °C): δ 1.25 (s, 6H, CH3), 2.11 (s, 1H, OH), 2.25
(d, 2H, 3JHH = 8.0 Hz, CH2=CHCH2), 4.95 – 5.17 (m, 2H, CH2=CHCH2), 5.71 – 5.88 (1H, m,
CH2=CHCH2). GC-MS analysis 100 (1, M+), 85 (10, M+ – CH3), 59 (100), 43 (55, M+ –
C3H5), 31 (22) (2-methyl-4-pentene-2-ol).
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Decomposition of 2b and 2c. A solution of 0.018 mmol of 2b and 2c in 1 mL of acetone-d6
was transferred into a NMR tube. After the tube was sealed, it was placed in an oil bath of 100
°C for 24 hours (Caution: the pressure in the NMR-tube will increase considerable. Pay
attention to safety measures.). Before starting the 1H NMR experiments, the NMR tube was
cooled down to room temperature. 1H NMR (acetone-d6, 25 °C): δ 1.23 (s, 2JHSn = 88.1 Hz)
for Me2SnCl2.
Decomposition of 3a and 3c. 0.017 mmol of 3a and 3c was dissolved in 1 mL of acetone-d6
and transferred into a NMR-tube. The tube was stored at room temperature. 1H and 31P NMR
spectra were recorded after 15 and 37 hours (3a) and 18 and 48 h (3c), respectively. 1H NMR
(acetone-d6, 25 °C): δ 1.57 (s, 3H, 2JHSn = 116.5 Hz, SnMe), 8.10 (br, 2H, bipy), 8.61 (t, 2H,
3
JHH = 7.8 Hz bipy), 8.95 (t, 2H, 3JHH = 8.1, bipy), 9.12 (d, 1H, 3JHH = 5.2 bipy), 9.85 (d, 1H,
3
JHH = 6.2 Hz bipy) for [SnCl3Me(bipy)]. 1H NMR (acetone-d6, 25 °C): δ 1.36 (s, 6H, 2JHPt =
69.6 Hz, PtMe), 2.71 (s, 2H, 2JHPt = 92.9 Hz, PtCH2C6H5), 6.29 (d, 2H, 3JHH = 8.0 Hz,
PtCH2C6H5), 6.57 (m, 3H, PtCH2C6H5), 7.66 (t, 2H, bipy), 8.13 (t, 2H, bipy), 8.39 (d, 2H,
bipy), 8.73 (d, 2H, bipy) for trans-[PtClMe2(Bz)(bipy)].
Synthesis of [SnCl3Me(bipy)]. This compound was prepared from MeSnCl3 and 2,2’bipyrridine following the procedure described by Clark et al.28 1H NMR (acetone-d6, 25 °C): δ
1.57 (s, 3H, 2JHSn = 113.5 Hz, SnMe), 8.13 (d, 2H, 3JHH = 10.3 Hz, bipy), 8.61 (t, 2H, 3JHH =
7.8 Hz, bipy), 8.95 (t, 2H, 3JHH = 8.2 Hz, bipy), 9.12 (d, 1H, 3JHH = 5.4 Hz, bipy), 9.86 (d, 1H,
3
JHH = 6.6 Hz, bipy).
Decomposition of 3b. A solution of 0.018 mmol 3b in 1 mL of acetone-d6 was transferred
into a NMR tube. After the tube was sealed, it was placed in an oil bath of 100 °C for 90
hours (Caution: the pressure in the NMR-tube will increase considerable. Pay attention to
safety measures.). Before starting the 1H NMR experiments, the NMR tube was cooled down
to room temperature. 1H NMR (acetone-d6, 25 °C): δ 0.39 (s, 3H, 2JHPt = 73.8 Hz, PtMe), 1.23
(s, 6H, 2JPtH = 70.0 Hz, PtMe), 7.85 (t, 2H, bipy), 8.29 (t, 2H, bipy), 8.67 (d, 2H, bipy), 8.93
(d, 2H, bipy) for fac-[PtClMe3(bipy)].
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- Chapter 3 Monoorganotin Trihalides I: The Direct Reaction of
Allylic Halides with Tin(II) Halides Catalyzed by Platinum
and Palladium Complexes

Abstract. The reaction of 3-haloalkenes (3-chloropropene, 3-bromopropene, 3-chloro-2methylpropene, 1-chloro-2-butene) with SnX2 (X = Cl, Br) to form monoallylic tin trihalides,
was catalyzed by several platinum and palladium complexes of the type [MZ2L] (M = Pt, Pd;
Z = Me, Cl; L = 2,2’-bipyridine, 1,10-phenantroline or dppe) as well as [PdCl2(PhCN)2] and
[Pd(PPh3)4]. The highest yield of allyltin trichloride was obtained for the reaction of 3chloropropene with SnCl2 catalyzed by [PdMe2(phen)] (83%) while the yield obtained with
the other catalysts decreased in the order [PdCl2(phen)], [PdCl2(bipy)] > [PdMe2(bipy)] >
[PtCl2(phen)] > [PtMe2(bipy)] > [PtMe2(phen)] > [PtCl2(bipy)]. Interestingly, [PdCl2(PhCN)2]
and [Pd(PPh3)4] had no activity at all. The yield of allyltin trichloride was not only dependent
on the activity of the catalyst but also on the decomposition rate of the product in the presence
of the catalyst. 3-Bromopropene gave 19% of allyltin tribromide when reacted with SnBr2.
The other 3-haloalkenes did react but the resulting monoallylictin trihalides were not stable
enough to allow significant yields. Reaction of both, benzyl chloride and chlorobenzene, led
to catalyst decomposition. In addition, SnCl2 catalyzed formation of polybenzyl was observed
in the case of benzyl chloride.

Sander H. L. Thoonen, Berth-Jan Deelman and Gerard van Koten Tetrahedron, submitted.
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3.1 Introduction
Monoalkyltin trihalides, RSnX3, (X = Cl, Br, I; R = alkyl) find application as precursors for
PVC stabilizers,1 as catalysts for polyurethane production and as precursors for the deposition
of SnO2-coatings on glass.2 They are produced industrially by a redistribution reaction, which
is controlled by the stoichiometry of the reactants and which usually involves X = Cl (Eq. 1).3
For economic reasons, the R2SnX2 is converted in a subsequent step to the R4Sn starting
material. Full conversion of R4Sn into four equivalents of RSnCl3 fails for alkyltins and is
only successful for allyl,4 vinyl5 and phenyltins.6

Another alternative, the direct reaction of alkyl halides with stannous halides (Eq. 2),
was studied extensively in the past but yields and selectivities are generally poor (for X = Cl)
or involves the use of environmentally less desirable trialkylantimony catalysts.7a-c E.g.,
octyltin trichloride is obtained in a low, 31%, yield after a reaction time of 96 h at a
temperature of 150 °C.7b

In a relatively recent publication on the carbonyl allylation reaction it was shown that
certain palladium complexes are able to catalyze the reaction of tin(II) halides with allyl
halides.8 This reaction is believed to involve the in situ formation of solvated monoallyltin
trichlorides and subsequent addition of the allyl-Sn bond across the carbonyl function of a
range of aldehydes and ketones. The use of strongly coordinating solvents such as DMF,
DMSO or THF renders this reaction unsuitable as a synthetic method for allyltin trihalides. To
investigate the potential of several palladium and platinum complexes for the preparation of
solvent free monoorganotin trichlorides, we decided to study their catalytic activity in the
reaction of tin(II) halides with organic halides (Eq. 2) in less strongly coordinating solvents
like dichloromethane.

3.2 Results and Discussion
3-Chloro-1-propene was reacted with tin(II) chloride in the presence of catalytic amounts of
the complexes [MZ2L] (M = Pt, Pd; Z = Cl, Me; L = chelating nitrogen or phosphorous
ligand), as well as [PdCl2(PhCN)2] and [Pd(PPh3)4]. The progress of the reaction was
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monitored by treating reaction samples with an excess of EtMgBr (to convert the allyltin
chlorides to the corresponding allyl ethyl tetraorganotin species) and subsequent analysis of
these mixtures with GC (Table 1). The GC analyses were complicated by the fact that the
sample pre-treatment procedure unfortunately afforded a redistribution mixture of SnEt4,
AllylSnEt3 and Allyl2SnEt2 even for authentic samples of allyltin trichloride. However, the
sum of the three integrated signals was found to correlate linearly with the amount of allyltin
trichloride present. The reaction profile obtained by GC analysis was verified by 1H NMR
spectroscopy (Figure 1) for the best catalyst (entry 8, Table 1) and was found to be in good
agreement.

Yield of (C 3H 5)SnCl 3 (%)
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Figure 1. Plot of the yield of allyltin trichloride (%) versus time (h) for the reaction of 3-chloropropene
with SnCl2 catalyzed by [PdMe2(phen)] in CH2Cl2 at 45 °C.

In general, the yields were significantly lower than quantitative as a result of the
limited stability of the end product (vide infra). By comparing the maximum yields and the
yield after 120 h and by inspection of Figure 1, this feature is immediately apparent. The data
in Table 1 shows that the reactions catalyzed by the palladium complexes give higher yields of
allyltin trichloride than those catalyzed by the analogous platinum complexes (entries 1 – 8).
Of the palladium complexes tested, [PdMe2(phen)] gave the highest yield (83%). Dppe
complexes of the type [MZ2(dppe)] (M = Pt, Pd; Z = Me, Cl) were also tested but only
[PtMe2(dppe)] was found to display some activity. A maximum yield of 13% after 53 h (entry
9) was obtained. [Pd(PPh3)4] and [PdCl2(PhCN)2], two typical catalysts for the carbonyl
allylation reaction,8 were also tested but did not afford significant amounts of allyltin
trichloride in CH2Cl2. The catalyst decomposed to Pd-black at an early stage of the reaction.
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Table 1. Maximum yield of AllylSnCl3 for the reaction of C3H5Cl with SnCl2 in the presence
of 5 mol% of catalyst [MZ2L].a
Entry

L-L

M

Z

Solvent

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

bipy
”
phen
”
bipy
”
phen
”
dppe
phen
phen
”
”
”
”
”
”

Pt
”
Pt
”
Pd
”
Pd
”
Pt
Pd
Pd
”
”
”
”
”
”

Cl
Me
Cl
Me
Cl
Me
Cl
Me
Me
Me
Me
Me
Me
Me
Me
Me
Me

CH2Cl2
CH2Cl2
CH2Cl2
CH2Cl2
CH2Cl2
CH2Cl2
CH2Cl2
CH2Cl2
CH2Cl2
CH2Cl2
CH2Cl2
toluene
C3H5Cl
THF
C6H4Cl2-1,2
DMF
acetone

Max. yield
(%)b
t (h)
41
67
75
62
82
80
82
83
13
52
71
61
64
66
74
0
5

26
26
30
30
26
26
30
30
53
70
17
53
30
46
46
24
24

Yield (%) at Note
t = 120 h
0
19
52
14
69
48
57
64
8
43
35
40
9
39
22
0
0

2% MeSnCl3
2% MeSnCl3
2% MeSnCl3
4% MeSnCl3
4% MeSnCl3
T = 35 °C
T = 65 °C

a

Reaction conditions: 5 mL of solvent, [RX] = 1.0 mol L-1, [SnX2] = 0.2 mol L-1, 5 mol% of catalyst (relative to
SnCl2 amount), 45 °C. b Percentage of SnCl2 converted into AllylSnX3, determined by GC analysis. phen = 1,10phenantroline; bipy = 2,2’-bipyridine. n.d. = not determined.

When dimethyl platinum or palladium complexes were used, the presence of small
amounts (2% – 4%) of methyltin trichloride (δ 1.69; 2JHSn = 99.6 Hz) was observed next to
allyltin trichloride (Table 1).9 This indicates that part of the methyl ligands of the catalyst were
transferred to tin as well.
The experiment corresponding to entry 8 in Table 1 was also performed on preparative
scale and stopped after 30 h. At that time, just 10% of the initial amount of the poorly soluble
SnCl2 could be recovered from the reaction mixture. Allyltin trichloride was isolated from the
organic phase as a liquid in 84% yield. The 1H NMR spectrum of the product revealed the
presence of 5% of decomposition products. The isolated yield of allyltin trichloride is in good
agreement with the yields determined by GC and 1H NMR spectroscopic analysis of the
reaction mixture.
After prolonged heating at the reaction temperature (45 ºC), the decomposition of
allyltin trichloride becomes apparent and is accompanied by the appearance of broad
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resonances at δ 0.6 – 2.6 and δ 5.3 – 5.9 in the 1H NMR spectrum. The decomposition
reaction was studied independently by monitoring solutions of pure allyltin trichloride over a
period of time at 25 ºC and 45 ºC, respectively. The monitoring at 45 ºC was also carried out
in the presence of catalyst (Figure 2). From the data in Figure 2 it is obvious that the
decomposition reaction is not only accelerated by the presence of catalyst but is even
significant in the absence of catalyst. As both the platinum and the palladium catalyzed
reactions are slow, we conclude that the yield of allyltin trichloride is determined by the
relative rates of the catalyzed formation and decomposition of allyltin trichloride. With the
platinum catalysts, the decomposition reaction is faster than with the palladium catalysts,
resulting in lower yields of product.

Figure 2. Plot of the AllylSnCl3 amount (%) versus time (h) at 25 °C (), at 45 °C (⋅⋅⋅⋅⋅⋅⋅), at 45 °C
with 5 mol% of [PdMe2(bipy)] (-----) and at 45 °C with 5 mol% of [PtMe2(bipy)] (-⋅⋅-⋅⋅).

The instability of allyltin compounds has been discussed before and it was suggested
that they decompose by cationic polymerization.10 To obtain more information on the
decomposition products of allyltin trichloride, a sample was stored for several weeks in the
dark at room temperature. After this period it had decomposed to a white solid and a sticky
brown oil. The elemental analysis data of the white solid showed a Sn : Cl molar ratio of 1 :
2.3 which is close to the theoretical 1 : 2 ratio for SnCl2, while this data of the brown oil was
less unambiguous. The presence of numerous resonances in the region δ 30 – 50 and δ 120 –
140 in the 13C NMR spectrum as well as broad resonances in the 1H NMR spectrum made it
difficult to identify the nature of the products which most likely are polymeric in nature.
In our catalytic system, non-coordinating CH2Cl2 was used as solvent. In this way,
allyltin trichloride can easily be obtained just by filtration of the reaction mixture followed by
evaporation of all volatile components. This in contrast to the system of Masuyama,11 which
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makes use of polar solvents, such as DMF, 1,3-dimethyl-2-imidazolidinone (DMI), DMSO,
EtOH, DME or THF. These solvents coordinate to the Lewis acidic allyltin trichloride to give
discrete 1 : 2 complexes AllylSnCl3(solvent)2 (e.g., 119Sn NMR: δ −488 with DMF as
solvent). These reactions are considerably faster which most likely relates to the difference in
solubility of SnCl2 in the solvents used by Masuyama (soluble in DMF) and in the present
study (insoluble in CH2Cl2).
When the reaction (CH2Cl2 with [PdMe2(phen)] as catalyst) was performed at 35 ºC or
65 °C instead of at 45 ºC, the yields of allyltin trichloride were decreased (entry 10 and 11). At
35 °C, the highest yield was reached after a significantly longer reaction time (70 h). Entries
12 – 17 of Table 1 show that with the other solvents tested, lower yields and faster
decomposition of the allyltin trichloride formed occurred. Even the use of solvents such as
THF and DMF, which are successfully applied in the carbonyl allylation of ketones and
aldehydes, resulted in poor yields.
Next to 3-chloropropene, the reagents 3-chloro-2-methylpropene, 1-chloro-2-butene,
3-bromopropene, benzyl chloride and chlorobenzene were tested in the reaction with tin(II)
halides with [PdMe2(phen)] and [PtMe2(bipy)] as catalyst.
3-Chloro-2-methylpropene and 1-chloro-2-butene were found to react with tin(II)
chloride in CH2Cl2 at 45 °C. 1H NMR spectroscopic analysis of the reaction mixtures after 24
h showed the presence of considerable amounts of decomposition products whereas
resonances assigned to methallyl- or crotyltin trichloride were absent.10 Methallyltin
trichloride and crotyltin trichloride are probably even less stable and decompose faster than
allyltin trichloride under these conditions. This was confirmed by the presence of similar
broad resonances in the 1H NMR spectra as observed in the reaction of 3-chloropropene with
tin(II) chloride.
3-Bromopropene reacted with SnBr2 in the presence of [PdMe2(phen)] (5 mol%) in
CH2Cl2 at 45 °C to give allyltin tribromide in 19% yield after 48 h.12,13 This yield is
considerable lower than the yield of allyltin trichloride obtained in the reaction of allyl
chloride with SnCl2 under comparable reaction conditions. Furthermore, significant formation
of side-products was already observed after 24 h, while for 3-chloropropene almost no sideproduct was formed at that time.
Reaction of benzyl chloride with SnCl2 led to the formation of considerable amounts
of polybenzyl.14 In the 1H NMR spectrum, broad resonances at δ 7.0 and δ 3.8 were visible.
The 13C NMR chemical shift values corresponded with values reported in the literature.14 To
investigate if [PtMe2(bipy)] is responsible for the polymerization reaction, an independent
reaction without catalyst was carried out. Also in this case, formation of polybenzyl was
significant suggesting that not the platinum complex, but SnCl2 itself acts as a catalyst for the
polycondensation of benzyl chloride. Similar polymerization reactions of benzyl chloride
catalyzed by other Lewis acids like TlCl3 and AlCl3 have been reported.14,15
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For chlorobenzene only decomposition of the catalyst into metal-black was observed
([PdMe2(phen)], CH2Cl2, 45 ºC).
Mechanistic aspects. Work by Masuyama and Kurosawa et al. on the palladium-catalyzed
carbonyl allylation of ketones and aldehydes by allylic alcohols with SnCl2 suggested that this
reaction most likely involves a Pd0/PdII catalytic cycle.11,16 It was shown that the allyltin(IV)
formation proceeds via the η3-allyl(trichlorostannyl)palladium(II) intermediate B (Scheme
1).16 The formation of allyltin trichloride via reductive elimination is the rate-determining step
and is followed by a fast allylation reaction of the carbonyl function of ketone or aldehyde to
give the allylated product.8,16 Finally, it can be concluded that through the reaction the actual
concentration of allyltin trichloride will remain low. Most likely, a polar solvent is required
for the latter step to be fast (vide supra).

Scheme 1. Proposed mechanism for the palladium catalyzed formation of allyltin trichloride in the
carbonyl allylation reaction with ketones and aldehydes with L = coordinating solvent or 3chloropropene.

In our system, allyltin trichloride is the end-product and does not subsequently react
with a substrate to give a stable end-product. Consequently, the success of our system is
highly dependent on the stability of allyltin trichloride and therefore a small kdec is required to
obtain good yields.
By analogy and by taking into account that we are using palladium dichloride
complexes with strongly coordinating bidentate ligands, the initial step in the catalysis might
involve the formation of ionic [Pd(η3-allyl)(bipy)][Cl] (1), which is a known compound.17
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Addition of one equivalent of SnCl2 to (1) in a separated reaction indeed resulted in
quantitative formation of ionic [Pd(η3-allyl)(bipy][SnCl3] (2) (Eq. 3), which has an 1H NMR
spectrum similar to that reported for related [Pd(η3-allyl)(bipy)][BF4].18 In addition, the 119Sn
NMR chemical shift of δ –37.0 is in agreement with the value found for a [SnCl3]- anion like
in [PBut3H][SnCl3] (δ −30), [NBun4][SnCl3] (δ −42) and [AsPh4][SnCl3] (δ −51) (all
measured in CH2Cl2).19 As reported for [Pd(η3-allyl)(PPh3)2][SnCl3],20 also 2 did not
reductively eliminate allyltin trichloride, neither in CH2Cl2 nor in a polar solvent as acetoned6, even not at the reaction temperature applied in the catalytic reaction (45 ºC). However,
when 2 was used as catalyst in the reaction of 3-chloropropene with SnCl2, activities similar
to that of [PdCl2(bipy)] were found. Compound 2 was not reactive towards 3-chloropropene
(excess in CD2Cl2 or acetone-d6, 25 and 45 ºC), whereas 2 reacts with an excess of SnCl2 in
CD2Cl2 to afford an unidentified allylic species but not allyltin trichloride. However, when the
latter reaction was performed in acetone-d6, slow formation of the allyltin product
CH2=CH−CH2C(CD3)2OSnCl3 was observed (44% after 0.5 h). As this tin alkoxide species is
also formed in the direct reaction of acetone with allyltin trichloride (vide supra and Chapter
2), it can be concluded that reductive elimination of allyltin trichloride from 2 is possible but
only leads to appreciable build-up of allyltin trichloride when its formation is competing
effectively with decomposition. The latter is only realized under catalytic conditions in the
presence of sufficient amounts of both substrates. In addition, there is apparently also an effect
of the excess of SnCl2 on the reductive elimination step.
For the dimethyl palladium complexes [PdMe2L], a different cycle could be operative.
In order to obtain more insight in the reactivity of this pre-catalyst, independent reactions of
[PdMe2(bipy)] with both SnCl2 and 3-chloropropene were studied.
When an excess of SnCl2 was added to a solution of [PdMe2(bipy)] in CH2Cl2, the
color of the solution turned orange instantaneously while deposition of palladium black
became clearly visible. Analysis of the solution by 1H NMR spectroscopy showed the absence
of the initial palladium complex. Instead, the presence of the methylated product Me2SnCl2 (δ
1.22; 1JHSn = 84 Hz)21 in the reaction mixture was observed. This indicates that the methyl
ligands of the initial palladium complex had been transferred from palladium(II) to tin(II).
Apparently, SnCl2 had acted as reducing agent in the reaction with [PdMe2(bipy)] (Eq. 4).
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The reaction of 3-chloropropene (excess) with [PdMe2(bipy)] afforded in ca. ten
minutes [Pd(η3-allyl)(bipy)][Cl] 17 (1) along with traces of [PdMe(Cl)(bipy)] (Scheme 2).18
This result is in line with the observations made by Canty et al. for the reaction of allyl
bromide with [PdMe2(bipy)].18

Scheme 2. Reaction of [PdMe2(bipy)] with 3-chloropropene.

To study the extent of competition of the reactions of [PdMe2(bipy)] with either SnCl2
(Eq. 4) or 3-chloropropene (Scheme 2), respectively, SnCl2 and 3-chloropropene (both one
equivalent) were added to a solution of [PdMe2(bipy)] in CD2Cl2. After ten minutes at room
temperature, two singlet Me resonances without tin satellites were visible in the 1H NMR
spectrum (δ 0.90 and δ 1.71). Analysis of the solution by 1H NMR after 24 h showed the
presence of Me2SnCl2, [Pd(η3-allyl)(bipy][SnCl3] and several unidentified singlet resonances
(δ 0.66, 0.86 and 1.67) which may originate from ethane and butene formation. The formation
of Me2SnCl2 and [Pd(η3-allyl)(bipy][SnCl3] would suggest a Pd0/PdII catalytic cycle similar to
that of [PdCl2(bipy)]. However, under catalytic conditions, no Me2SnCl2 but MeSnCl3 (2 –
4%) was detected. Formation of MeSnCl3 may well be the result of reductive elimination from
[PdMe(bipy)][SnCl3] (minor route Scheme 2 followed by SnCl2 insertion). [Pd(η3allyl)(bipy][SnCl3] may well be resulting from SnCl2 insertion in the Pd-Cl bond of [PdCl(η3allyl)(bipy] but is part of both catalyst activation mechanisms. Even if a PdIV species is
involved, once the methyl groups have been transferred, the catalyst enters the same cycle as
for the palladium chloride complexes (Scheme 1).
Next to the palladium complexes also the analogous platinum complexes were
investigated and subjected to stoichiometric reactions with the substrate. The platinum
dichloride complex [PtCl2(bipy)] did not react with a four-fold excess of 3-chloropropene. On
the other hand, when a four fold excess of SnCl2 was added, the color of the reaction mixture
changed from yellow to bright orange. The reaction mixture was stirred for 24 h at 45 °C, after
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which an orange solid was isolated from the solution. A 1H NMR spectrum recorded in
acetone-d6 showed no resonances of the initial platinum compound. The resonances in the
aromatic region pointed towards a complex mixture of several newly-formed bipy complexes
that might include species like [PtCl(SnCl3)(bipy)] and [Pt(SnCl3)2(bipy)]. Attempts to
identify these complexes were without any success, due to the overlap of several resonances,
preventing further mechanistic investigations.
The platinum analogue [PtMe2(bipy)], was reacted with SnCl2 and 3-chloropropene.
When an excess of SnCl2 was added to a solution of [PtMe2(bipy)] in CH2Cl2, no reaction was
observed within ten minutes. A sample of the reaction mixture analyzed by 1H NMR
spectroscopy, showed [PtMe2(bipy)] 22 to be the only compound present. On the other hand,
[PtMe2(bipy)] reacted completely with 3-chloropropene within one minute and resulted in
quantitative
formation
of
the
expected
trans-oxidative
addition
product
23
[PtMe2(allyl)(Cl)(bipy)].
These results suggest that an oxidative addition reaction of 3-chloropropene with
[PtMe2L] takes place at first (Scheme 3). In Chapter 2 it was demonstrated that the insertion
of SnCl2 into the platinum-chloride bond of [PtMe2(allyl)(Cl)L] is also fast and results in the
formation of [PtMe2(allyl)(SnCl3)L].24 Before reductive elimination of allyltin trichloride can
take place, the octahedral complex has to rearrange to position the allyl ligand cis to the SnCl3
ligand.25 This trans to cis isomerization takes place via a five-coordinate intermediate26 by
dissociation of a weakly coordinating ligand such as SnCl3 anion.27 Next, reductive
elimination of allyltin trichloride results in the re-formation of the starting complex [PtMe2L].
In Chapter 2 it was shown that [PtMe2(allyl)(SnCl3)(bipy)] can indeed give reductive
elimination of allyltin trichloride in acetone-d6 solutions upon heating. While the oxidative
addition of 3-chloropropene and the insertion of SnCl2 are fast, the reductive elimination step
is slow and probably the rate determining step in the catalytic cycle.

Scheme 3. Postulated catalytic cycle for the [PtMe2L] catalyzed formation of allyltin trichloride (R =
C3H5; L = bidentate nitrogen ligand).
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In the postulated catalytic cycle, not only an allyl substituent, but also a Me substituent
is orientated in cis position to the SnCl3 ligand. Consequently, formation of MeSnCl3 that is
observed in the catalytic reaction, can be explained by this mechanism.

3.3 Conclusion
Despite its thermal instability, allyltin trichloride could be prepared under mild conditions by
the direct reaction of 3-chloropropene and SnCl2 catalyzed by platinum and palladium 2,2’bipyridine and 1,10-phenantroline complexes. In general, the palladium catalysts give higher
yields of allyltin trichloride than the analogous platinum complexes. This effect is ascribed to
a lower decomposition rate of the product when palladium catalysts are used. Unfortunately,
this approach fails for other organic halides. Some brief mechanistic studies show that most
likely a Pd0/PdII catalytic cycle is operative for the [PdCl2L] complexes. The [PtMe2L]
complexes follow a PtII/PtIV cycle, while the mechanism involved for [PtCl2L] and [PdMe2L]
remains less well defined.

3.4 Experimental Section
General comments. All reactions were performed under a dry nitrogen atmosphere using
standard Schlenk techniques. [PtMe2(bipy)],28 [PtCl2(bipy)],29 [PtMe2(dppe)],30
[PtCl2(dppe)],31 [PtCl2(phen)],32 [PtMe2(phen)],33 [PdMe2(bipy)],34 [PdCl2(bipy)],35
[PdMe2(dppe)],36 [PdCl2(dppe)],37 [PdMe2(phen)],34 [PdCl2(phen)],35 [PdCl2(PhCN)2],38
[Pd(PPh3)4],39 [PdCl(allyl)(bipy)] 17 and allyltin trichloride40 were prepared according to
literature procedures. Dichloromethane was distilled from CaH2; all organic halides were
distilled and stored on molsieves 3Å. Commercially available anhydrous SnCl2 and SnBr2
were stored under a nitrogen atmosphere; CDCl3 was stored under a nitrogen atmosphere on
molsieves 3Å. Toluene was used as internal standard to determine the yields by 1H NMR
spectroscopy (100 µL of toluene in 10 mL of CDCl3). 1H, 13C{1H} and 119Sn{1H} NMR
spectra were recorded on a Bruker AC 200 MHz or on Varian Inova 300 MHz NMR
spectrometer with Me4Si (1H and 13C) and Me4Sn (119Sn) as external references. GC analysis
were carried out on a Perkin Elmer instrument consisting of an Autosystem XL GC. GC-MS
analysis were carried out on a Perkin Elmer instrument consisting of an Autosystem XL GC
and a Turbomass MS. Elemental analysis were carried out by H. Kolbe, Mikroanalytisches
Laboratorium, Mülheim an der Ruhr, Germany.
Typical procedure for the reaction of organic halide with SnX2 (X = Cl, Br) catalyzed by
5 mol% of catalyst. To anhydrous tin(II) halide (1 mmol) in a Schlenk flask, 5 mL of dry
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solvent was added. After addition of the organic halide (5 mmol), internal standard ntridecane (100 µL) and the catalyst (0.05 mmol, 5 mol%), the reaction mixture was heated to
the desired temperature. A 50 µL sample was taken from the reaction mixture at regular
intervals and reacted with 1.0 M EtMgBr in Et2O (3 mL). The sample was quenched with 5
mL of water and the upper Et2O layer was analyzed by GC and GC-MS. The yield of allyltin
trichloride was calculated from the sum of the integrals of SnEt4, AllylSnEt3 and Allyl2SnEt2
signals and calibrated to the internal standard (n-tridecane). The total area of the three signals
was found to correlate well with the amount of allyltin trichloride.
Analysis of the reaction mixture by NMR spectroscopy was carried out as follows:
after cooling of the reaction mixture to room temperature, a 500 µL sample was taken and
evaporated till dryness. Next, 600µL of CDCl3 with internal toluene standard was added to the
residue. The sample was analyzed by 1H, 13C and 119Sn NMR spectroscopy. NMR data of
allyltin trichloride, 1H NMR (CDCl3, 25 ºC): δ 3.14 (d, 2H, JHSn = 119 Hz, CH2-Sn), 5.19 5.66 (m, 2H, CH2), 5.75 - 6.14 (m, 1H, CH). 13C NMR (CDCl3, 25 ºC): δ 36.3 (1JCSn = 314.9
Hz) , 122.0 (2JCSn = 72.3 Hz) , 127.2 (3JCSn = 65.4 Hz). 119Sn NMR (CDCl3, 25 ºC): δ −29.0.
GC-MS m/e (rel. intensity): 236 (3, M+), 207 (82), 179 (98), 149 (100), 58 (121); SnEt4. 219
(12, M+ − C2H5), 207 (45), 179 (50), 149 (100), 121 (47); Sn(C3H5)Et3. 231 (12, M+ − C2H5),
219 (35), 161 (38), 149 (100), 121 (33); Sn(C3H5)2Et2.
NMR data of allyltin tribromide, 1H NMR (CDCl3, 25 ºC): δ 3.23 (d, 2H, JHSn = 108
Hz, CH2-Sn), 5.28 - 5.47 (m, 2H, CH2), 5.74 - 6.14 (m, 1H, CH). The concentration of allyltin
tribromide was too low to obtain satisfactorily 13C and 119Sn NMR spectra.
The reaction on preparative scale was carried out as described above using SnCl2 (0.95
g, 5 mmol), 3-chloropropene (1.9 g, 25 mmol), [PdMe2(phen)] (79 mg, 0.25 mmol, 0.5 mol%)
and CH2Cl2 (25 mL). After the reaction mixture was heated for 30 h at 45 ºC, it was cooled to
room temperature and filtered. Evaporation of the solvent from the residue in vacuo resulted
in 1.18 g of a slightly yellow colored oil. The oil was analyzed by 1H NMR and found to
contain allyltin trichloride in 95% purity along with some decomposition product (see text),
corresponding to an 84% yield.
Decomposition studies of allyltin trichloride.
Without solvent. A sample of freshly prepared AllylSnCl3 (3.4 g) was stored for several weeks
in the dark at room temperature. CH2Cl2 (10 mL) was added and the suspension was filtrated.
The white solid was washed two times with CH2Cl2 (5 mL) and dried in vacuo (0.25 g). Elem.
Anal. Found: Sn, 47.07; Cl, 31.43%. The volatiles from the filtrate were removed in vacuo to
give a brown sticky material (3.0 g). Elem. Anal. Found: C, 16.08; H, 2.38; Sn, 40.02; Cl,
36.03 %. 1H NMR (CDCl3, 25 ºC): δ 0.6 − 2 (br, 3H), 2.2 − 2.6 (br, 9H), 5.3 − 5.6 (m, 2H),
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5.7 – 5.9 (m, 1H).
132.9 ppm.

13

C NMR (CDCl3, 25 ºC): δ 33.5, 39.8 (JCSn = 69.8 Hz),41 43.4, 123.5,

In CH2Cl2. Four aliquots of freshly prepared AllylSnCl3 (200 mg, 0.75 mmol) in 5 mL of
CH2Cl2 with n-tridecane (100 µL) were prepared. To the first and the second, [PtMe2(bipy)]
(38 mg, 0.1 mmol) and [PdMe2(bipy)] (29 mg, 0.1 mmol), respectively, were added. These
two solutions together with a solution that did not contain the metal complex, were stored at
45 °C. The fourth solution was stored at 25 °C. For the analysis of the reaction mixtures a 50
µL sample was taken and was reacted with 1.0 M EtMgBr in Et2O (3 mL). The sample was
quenched with 5 mL of water and the upper Et2O layer was analyzed by GC.
Synthesis of [Pd(η3-allyl)(bipy][SnCl3] (2). [PdCl(allyl)(bipy)] (130 mg, 0.39 mmol) was
suspended in 10 mL of CH2Cl2. SnCl2 (73 mg, 0.39 mmol) was added to the suspension and
the reaction mixture was stirred for 3 days at room temperature. Filtration of the reaction
mixture resulted in the isolation of a light yellow powder (133 mg, 65% yield). 1H NMR
(CD2Cl2, –25 °C): δ 3.56 (d, 2H, 3JHH = 12.6 Hz, Pd-CH2), 4.28 (d, 2H, 3JHH = 6.9 Hz, allylic
CH2), 6.09 (m, 1H, 3JHH = 9.0 Hz), 7.71 (t, 2H, 3JHH = 7.2 Hz, bipy), 8.28 (t, 2H, 3JHH = 8.7
Hz, bipy), 8.42 (d, 2H, 3JHH = 8.1 Hz, bipy), 8.83 (d, 2H, 3JHH = 4.8 Hz, bipy). 119Sn (CD2Cl2,
25 °C): δ −37.0. Anal. calcd. for C13H13Cl3N2PdSn: C, 29.53; H, 2.48; N, 5.30; Cl, 20.12.
Found: C, 29.44; H, 2.40; N, 5.21; Cl, 20.16.
Reaction of 2 with 3-chloropropene or SnCl2. A solution of 2 (10 mg, 0.02 mmol) in 1 mL
of CD2Cl2 or acetone-d6 was transferred in a NMR tube. Next, SnCl2 (15 mg, 0.08 mmol) or
3-chloropropene (7 µL, 0.08 mmol) was added. After the tube was sealed, it was stored at
room temperature or it was placed in an oil bath of 45 °C. The solution was analyzed by 1H
NMR spectroscopy at regular intervals. 1H NMR of the reaction with SnCl2 in CD2Cl2 (25
°C): δ 3.40 (d, 2H, CH2, 3JHH = 13.2 Hz), 5.10 (d, 2H, CH2, 3JHH = 7.4 Hz), 5.23 – 5.44 (m,
1H, CH), 7.72 (t, 2H, bipy, 3JHH = 13.2 Hz), 8.27 (t, 2H, bipy, 3JHH = 8.3 Hz), 8.35 (d, 2H,
bipy, 3JHH = 7.4 Hz), 8.82 (d, 2H, bipy, 3JHH = 6.4 Hz). 1H NMR of the reaction with SnCl2 in
acetone-d6 (25 °C): δ 2.19 (d, 2H, CH2, 3JHH = 5.0 Hz), 4.96 – 5.10 (m, 2H, CH2), 5.81 – 6.02
(m, 1H, CH) for the mono-allylated tinalkoxide CH2=CH−CH2C(CD3)2OSnCl3 and δ 8.09 (t,
3
JHH = 5.4 Hz, bipy 1), 8.25 (t, 3JHH = 6.9 Hz, bipy 2), 8.56 (t, 3JHH = 8.1 Hz, bipy 1), 8.70 (d,
3
JHH = 8.1 Hz, bipy 2), 8.86 (d, 3JHH = 8.1 Hz, bipy 1), 9.04 (d, 3JHH = 8.1 Hz, bipy 2), 9.39 (d,
3
JHH = 5.4 Hz, bipy 1), 9.57 (d, 3JHH = 5.4 Hz, bipy) for the bipy resonances.
Reactions of [MZ2(bipy)] (M = Pd, Pt; Z = Me, Cl) with 3-chloropropene or SnCl2. All
experiments were performed with 0.4 mmol of platinum- or palladium complex and SnCl2
(302 mg, 1.6 mmol) or 3-chloropropene (122 mg, 1.6 mmol) in 10 mL of CH2Cl2. The
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reaction mixtures were analyzed by 1H NMR spectroscopy with CDCl3 or acetone-d6 as
solvent.
Stoichiometric reaction of PdMe2(bipy) with 3-chloropropene and SnCl2. To a mixture of
3-chloropropene (3 µL, 0.032 mmol), SnCl2 (6 mg, 0.032 mmol) and CD2Cl2 (0.5 mL) in a
NMR tube, [PdMe2(bipy)] (10 mg, 0.032 mmol) was added. The tube was stored at room
temperature and the solution was analyzed by 1H NMR spectroscopy at regular intervals.
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- Chapter 4 Monoorganotin Trihalides II: Platinum-Catalyzed
Kocheshkov Redistribution of Dialkyltin Dichlorides with
Tin Tetrachloride: a Catalytic, Kinetic and Mechanistic
Study

Abstract. The Kocheshkov redistribution reaction of dialkyltin dichlorides with tin
tetrachloride was catalyzed successfully by platinum(II) phosphine complexes affording
monoalkyltin trichlorides in good yield. For alkyltins possessing β-hydrogens, formation of
significant amounts of tin(II) chloride was observed as well (up to 21% for n-Hex2SnCl2). The
selectivity of the reaction could be improved by using cis-[PtCl2{P(C6H4X-p)3}2] catalysts
with electron-donating para-substituents (X = -Me or -OMe) or cis-[PtCl2{P(C6H3Me23,5)3}2], by using an excess of SnCl4 or by adding 1-alkene to the reaction mixture. Kinetic
studies of the redistribution of n-Bu2SnCl2 with SnCl4 showed that the reaction is first-order
in [n-Bu2SnCl2], zero-order in [SnCl4] and half-order in [catalyst]. The kinetic data along with
stoichiometric reactions pointed to a mechanism involving two transmetallation steps leading
to RSnCl3 formation. The stability of platinum alkyl intermediate [Pt(R)L2][SnCl5] plays a
key role in the formation of SnCl2 and the alkene side-products. The pre-catalyst cis[PtCl2(PPh3)2] reacts with SnCl4 to give dinuclear [Pt(PPh3)2(µ-Cl)2SnCl4)] (2a). Addition of
one equivalent of EtOH to this complex resulted in the formation of ionic dimer
[Pt2(PPh3)4(µ-Cl)2][SnCl5(EtOH)]2 (3a). The molecular structure of 2a and 3a in the solid
state was elucidated by a single X-ray diffraction study.

Sander H. L. Thoonen, Berth-Jan Deelman and Gerard van Koten Chem. Commun. 2001, 1840.
Sander H. L. Thoonen, Gerard van Koten and Berth-Jan Deelman Int. Pat. Appl. WO 02057277A1, 2002.
Sander H. L. Thoonen, Michiel M. H. van Breemen, Martin Lutz, Anthony L. Spek, Berth-Jan Deelman and
Gerard van Koten.
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4.1 Introduction
The activation of Sn-C bonds is an important step in several organic syntheses, e.g., Stilletype coupling reactions,1a transmetallation reactions,1b nucleophilic allylation,1c and
Kocheshkov redistribution reactions for the synthesis of organotin halides.1d,e In comparison
with tetraorganotins, Sn-C bond activation of organotin halides is more difficult and follows
the order of increasing Sn-C bond dissociation energies (R4Sn < R3SnX < R2SnCl2 <
RSnCl3).2
As part of our interest in metal catalysts for the activation of alkyl-tin bonds and the
subsequent use of the resulting metal alkyl species in alkylation reactions, we present here the
results of a study on the use of platinum(II) and palladium(II) phosphine complexes for the
Kocheshkov redistribution reaction of dialkyltin dichlorides with tin tetrachloride. Activation
of dialkyltin dihalides is notoriously difficult to accomplish and prevents the complete
redistribution of tetraalkyltins with tin tetrachloride (Eq. 1).3 Known catalysts for this
reaction, e.g., POCl3, P2O5,4a DMSO,4b quaternary ammonium salts4c or SnF24d require severe
conditions and have low selectivity for the desired monoalkyltin trihalide product.

Eaborn and Pidcock et al. have shown that organotin halides can react with Pt0(PPh3)3
or Pt0(PPh3)2(C2H4) by oxidative addition of the R-Sn bond (R = Me, Ph).5 More recently,
mechanistic studies on the transmetallation step of the palladium-catalyzed Stille-coupling
reaction provided more insight in the Sn-C bond activation process involved.6
Inspired by these studies, we decided to investigate the behavior of platinum(II) and
palladium(II) phosphine complexes in the presence of excess of dialkyltin dichloride
(R2SnCl2) and SnCl4 (R = Me, n-Bu, n-Hex; Eq. 2).

To the best of our knowledge this is the first time that a transition metal-catalyzed
version of such a redistribution reaction, which operates under relatively mild conditions, is
reported. A part of this work has recently been communicated.7

4.2 Results
4.2.1 Catalytic Studies.
Platinum- and palladium phosphine catalysts. Complexes [MCl2(PPh3)2] (M = Pd, Pt) were
tested as catalysts in the reaction of n-Bu2SnCl2 with SnCl4 in toluene or without solvent at
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110 °C (entries 1 – 7, Table 1). The yield of n-BuSnCl3 was determined by 119Sn NMR
spectroscopic analysis of the reaction mixture and the selectivity was calculated from the
amount of n-BuSnCl3 and SnCl2 present at the end of the reaction.
The traditional palladium(II) complex for Stille-type coupling reactions8 already
resulted in reasonable yields of n-BuSnCl3 (entry 1). However, premature decomposition of
the catalyst into palladium black prevented the reaction from going to completion. Also
substantial amounts of SnCl2 were formed as by-product. Cis-[PtCl2(PPh3)2] is a more
efficient catalyst and almost total consumption of both reactants was observed. Lowering of
the catalyst concentration and working under neat conditions resulted in a decrease of the
yield of n-BuSnCl3, but hardly affected the selectivity of the reaction. Also, in situ preparation
of the catalyst from PtCl2 and two equivalents of PPh3 was possible, resulting in comparable
activity and selectivity (entry 8).
For the reactions in toluene with R = n-Bu or n-Hex, a side reaction afforded SnCl2
(up to 21% based on Sn for R = n-Hex, entry 10), the corresponding alkene elimination
product,9 and presumably HCl. For R = Me, no SnCl2 formation was observed and MeSnCl3
was obtained with 100% selectivity (entry 9).
The reaction of n-Bu2SnCl2 with SnCl4 performed in toluene at 110 °C gave a
selectivity of 85% (entry 5). With n-octane as solvent a slight improvement of the selectivity
to 89% was found (entry 13). The higher selectivity was accompanied by a conversion of only
85%. Full conversion was also not reached when p-xylene was used as solvent. In 1,1,2,2tetrachloroethane (entry 14), full conversion was reached within 16 h. Based on these results
it can be concluded that the influence of the solvent on the selectivity of the reaction is
limited. Why n-octane gave a slightly higher selectivity is not clear yet.
Addition of extra triphenylphosphine to the reaction of n-Bu2SnCl2 with SnCl4 (entries
15, 16) resulted in a decrease of activity and selectivity of the catalyst. The former effect has
also been observed for [PdCl(C6F5)(PPh3)2],6a [Pd(PPh3)4],6b and [Pd2(dba)3] 10c in C–C cross
coupling-type reactions. Replacement of two monodentate PPh3 ligands by bidentate 1,2bis(diphenylphosphino)ethane (dppe) or 1,4-bis(diphenylphosphino)butane (dppb), led to
complete inactivity of the resulting complex (entries 17, 18) suggesting that dissociation of a
phosphine ligand10 is a possible mechanistic step in the platinum-catalyzed redistribution
process.
When platinum complexes with trialkylphosphine ligands like tricyclohexylphosphine
(PCy3) and triethylphosphine (PEt3) were applied, yields higher than 58% were not feasible
(entries 20, 21) and also the selectivity was low. The catalyst with TFP (tris-(2furyl)phosphine) ligands (entry 22), gave a similar selectivity but still a lower conversion than
cis-[PtCl2(PPh3)2] complex. The selectivity could be improved to 88% by the use of cis[PtCl2{P(C6H3Me2-3,5)3}2] as catalyst.
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By using P(o-Tolyl)3 as ligand, the steric influence of the methyl substituents on the
ortho position of the phenyl ring could be studied. The sterically demanding methyl
substituents may block vacant sites on the platinum center which otherwise would be
available for β-H elimination.11 Unfortunately, it was not possible to synthesize the precatalyst [PtCl2{P(o-Tolyl)3}2].12 In situ formation of the catalyst resulted in a small amount of
n-BuSnCl3 with a selectivity of 56% (entry 19).
Since Eq. 2 is usually the problematic step for driving Eq. 1 to completion, we decided
to test the possibility to obtain complete redistribution of n-Bu4Sn with three equivalents of
SnCl4 in toluene at 110 ºC in a one-pot synthesis by addition of cis-[PtCl2(PPh3)2] (0.03
mol%) to the reaction mixture after the non-catalytic part of the redistribution was completed
(3 h). It was found that this was indeed possible affording n-BuSnCl3 in 83% overall isolated
yield together with only a small amount of SnCl2 (3.7 %). Surprisingly, the selectivity of the
catalytic part of this reaction (89%) is somewhat higher than the selectivity found for the
independent reaction of n-Bu2SnCl2 with SnCl4 in toluene (85%). Moreover, no full
conversion was obtained after 16 h at 110 ºC, while for the platinum catalyzed reaction of nBu2SnCl2 with SnCl4, full conversion was reached within that time. Therefore, we conclude
that the reaction is either inhibited or the catalyst decomposed under these conditions.
Influence of additional alkene. The fact that SnCl2 is formed for both, R = n-Bu and n-Hex
but not for R = Me, already suggested that an intermediate Pt-alkyl species, which in general
have a strong tendency to undergo β-H elimination,13 is involved.
Upon addition of alkene to the reaction mixture we expected to be able to suppress βH elimination by promoting back insertion of the alkene into the platinum-hydride bond14 and
subsequently reduce the SnCl2 formation. In spite off the difficulty to insert α-alkenes into the
platinum-hydride bond,15 it is known that the insertion can be accelerated by SnCl2.13b,16
Table 2. Reaction of n-Bu2SnCl2 with SnCl4 catalyzed by 0.1 mol % of cis-[PtCl2(PPh3)2] in
toluene in the presence of 1-butene and 1-hexene.
Entry Additive
1a
2b
3b

1-butene
1-hexene

n-BuSnCl3
(%)c

n-HexSnCl3
(%)c

85
88
65

11

SnCl2 (%) Conversion
(%)
15
12
9

a

100
100
85

Selectivity (%)d
85
88
89

t = 16 h; T = 110 °C. b 1-butene or 1-hexane (30%, relative to the amount of n-Bu2SnCl2) was added to the
standard reaction mixture, t = 20 h, T = 110 °C. c Yield based on total amount of Sn, determined by GC-analysis.
d
Selectivity defined as BuSnCl3(%)/(BuSnCl3(%)+SnCl2(%))*100% (entries 1 and 2) and
(BuSnCl3(%)+HexSnCl3(%))/(BuSnCl3(%)+HexSnCl3(%)+SnCl2(%))*100% (entry 3).
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Addition of 1-butene and 1-hexene to the reaction mixture indeed resulted in higher
selectivities (Table 2). It turned out that the reaction in the presence of 1-hexene also became
slower and only 85% conversion was reached after 20 h. Next to n-BuSnCl3 (65%) we also
observed significant formation of n-HexSnCl3 (11%) in this case. The formation of the latter
product is a strong indication for the presence of an intermediate Pt-H species from which a
hexylplatinum intermediate is formed.
4.2.2 Kinetic Studies
The reaction of n-Bu2SnCl2 with SnCl4 catalyzed by cis-[PtCl2(PPh3)2] at 110 °C was
followed in time by 119Sn NMR spectroscopic analysis of the reaction mixture (Figure 1). By
performing five independent reactions with reaction times of 1, 2, 3, 5 and 12 h, respectively,
it was also possible to determine the amount of precipitated SnCl2 at different reaction times.

Figure 1. Plot of the composition of the reaction mixture versus time for the reaction of n-Bu2SnCl2 with
SnCl4 catalyzed by cis-[PtCl2(PPh3)2] (1.24 x 10-3 mol L-1) at 110 °C in toluene ([n-Bu2SnCl2]0 = [SnCl4]0
=1.24 mol L-1).

The reaction follows first-order kinetics, providing good fits of the measured data with
ce (for n-Bu2SnCl2) and c(1-e-kt) (for n-BuSnCl3 and SnCl2) with c as an arbitrary constant.
The sum of c(BuSnCl3) and c(SnCl2) is equal to c(Bu2SnCl2) showing that besides n-BuSnCl3
and SnCl2 no other tin containing products are formed in significant concentrations and that
the selectivity of the reaction is constant in time (Table 3). Therefore, the sum of k(BuSnCl3)
and k(SnCl2) is equal to k(Bu2SnCl2) with the result that BuSnCl3 and SnCl2 formation are
two competitive processes. This can be visualized as follows (Scheme 1).
-kt
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Scheme 1. Formation of n-BuSnCl3 and SnCl2 from n-Bu2SnCl2.

Since [BuSnCl3]t / [SnCl2]t = k(BuSnCl3) / k(SnCl2), the k values for n-BuSnCl3 and
SnCl2 formation can be calculated from c(BuSnCl3) k(Bu2SnCl2) and c(SnCl2) k(Bu2SnCl2),
respectively (Table 3).
Table 3. Kinetic results for the reaction of n-Bu2SnCl2 with SnCl4
catalyzed by cis-[PtCl2(PPh3)2].a
c

kcalc (s-1)

n-Bu2SnCl2

1.010

1.13 x 10-4

n-BuSnCl3
SnCl2

0.865
0.144

0.98 x 10-4
0.16 x 10-4

a

[n-Bu2SnCl2]0 = [SnCl4]0 = 1.24 mol L-1, solvent: toluene, T = 110 ºC, [cis[PtCl2(PPh3)2]] = 1.24 x 10-3 mol L-1.

Since the concentration of n-Bu2SnCl2 is stoichiometrically linked to that of SnCl4, the
reaction could be either first-order in [n-Bu2SnCl2] or [SnCl4]. The SnCl2 formation also
follows first-order kinetics.
Because t1/2 for this experiment is small (2.5 h), we decided to use lower catalyst
concentration for the experiments which were used to determine the order in substrate. For the
reaction with [cis-[PtCl2(PPh3)2]] = 1.24 x 10-4 mol L-1 we found an initial rate (r0) for the nBu2SnCl2 consumption of 1.06 x 10-4 mol L-1 s-1 (k(Bu2SnCl2)obs = 0.86 x 10-4 s-1) 17 when [nBu2SnCl2]0 = [SnCl4]0 = 1.24 mol L-1 (Table 4). However, with this catalyst concentration the
reaction did not go to completion (Figure 2). A similar value of r0 and k(Bu2SnCl2)obs was
found when [SnCl4]0 was increased to 3.72 mol L-1. An experiment using [n-Bu2SnCl2]0 =
3.72 mol L-1 resulted in a three times larger r0, while the rate constant k(Bu2SnCl2)obs did not
change significantly. Hence, the overall first-order observed was assigned to [n-Bu2SnCl2]. In
the cases when either a three-fold excess of n-Bu2SnCl2 or SnCl4 was used, the reaction went
to completion. Based on the order in [n-Bu2SnCl2] and [SnCl4], the reaction rate rt can be
defined as -d[n-Bu2SnCl2]/dt = k(Bu2SnCl2)obs [n-Bu2SnCl2]t.
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Table 4. Reaction of n-Bu2SnCl2 with SnCl4 in the presence of 0.01 mol% of cis[PtCl2(PPh3)2].a
Entry
1
2
3

[n-Bu2SnCl2)]0 Conversion
vs. [SnCl4]0 b
(%)
3.72 : 1.24
1.24 : 1.24
1.24 : 3.72

Selectivity
(%)

r0 (mol L-1 s-1)c

k(Bu2SnCl2)obs
(s-1)

85
85
90

3.38 x 10-4
1.06 x 10-4
1.14 x 10-4

0.92 x 10-4
0.86 x 10-4
0.92 x 10-4

100
92
100

a

Reaction conditions: 0.01 mol% of cis-[PtCl2(PPh3)2] relative to 1.24 mol L-1 of substrate, toluene as solvent, T
= 110 ºC, t = 16 h. b mol L-1. c r0 is the rate of reaction at t = 0, determined by taking the tangent to the curve [nBu2SnCl2] versus t at t = 0. d k(Bu2SnCl2)obs = r0 / [n-Bu2SnCl2]0.

Figure 2. Plot of the conversion (%) versus the time (h) for the reaction of n-Bu2SnCl2 with SnCl4
catalyzed by cis-[PtCl2(PPh3)2] (1.24 x 10-4 mol L-1, 0.01 mol%) at 110 °C in toluene with (a) [nBu2SnCl2]0 = 3.72 mol L-1, [SnCl4]0 = 1.24 mol L-1. (b) [n-Bu2SnCl2]0 = 1.24 mol L-1, [SnCl4]0 = 3.72 mol
L-1. (c) [n-Bu2SnCl2]0 = [SnCl4]0 = 1.24 mol L-1.

Order in catalyst. The order with respect to the catalyst cis-[PtCl2(PPh3)2] was determined
by using catalyst concentrations between 1.24 x 10-3 and 1.24 x 10-5 mol L-1. A linear relation
is found for k(Bu2SnCl2)obs (s-1) versus [catalyst]1/2 with a slope of kcat = 5.2 x 10-3 mol-1/2 L1/2
s-1 (Figure 3). These data correspond to a half-order in [catalyst].
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Figure 3. Relation between [catalyst]1/2 and k(Bu2SnCl2)obs for the cis-[PtCl2(PPh3)2] catalyzed reaction of
n-Bu2SnCl2 with SnCl4 in toluene at 110 ºC. R2 = 0.9723.

Also a blank reaction was performed, which did not result in n-BuSnCl3 formation.
For catalyst concentrations above 4 x 10-4 mol L-1, significant deviations from the
k(Bu2SnCl2)obs = kcat [catalyst]1/2 plot are observed. This can be explained by limited solubility
of the catalyst at that concentration. In that particular experiment, undissolved catalyst was
clearly visible at the beginning of the experiment.
On basis of the kinetic orders of the substrates and the catalyst, the reaction rate rt can
now be defined as −d[n-Bu2SnCl2]/dt = k(Bu2SnCl2)obs [n-Bu2SnCl2]t = kcat [catalyst]1/2 [nBu2SnCl2]t.
Activation parameters. The temperature dependence of the reaction rate was examined
within the temperature range of 353 – 383 K (Table 5). The upper limit was restricted by the
boiling point of the solvent toluene (384 K).
An Eyring plot was created (Figure 4) from which the activation parameters
parameters ∆H‡ (119 ± 1 kJ mol-1) and ∆S‡ (–13 ± 3 J K-1 mol-1) were determined.18 The
negative ∆S‡ value suggests an associative process in the rate determining step.6,18
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Table 5 Reaction of n-Bu2SnCl2 with SnCl4 in toluene in the presence of 0.01 mol% cis[PtCl2(PPh3)2] performed at different temperatures.a
Entry

T (K)

n-BuSnCl3
(%)b

SnCl2
(%)

Conversion
(%)c

Selectivity
(%)d

kobs (s-1)

1
2
3
4e

353
363
373
383

28.0
31.6
45.9
79.0

2.6
3.9
6.3
13.9

30.6
35.5
52.2
92.0

91.5
89.9
87.9
85.6

3.9 x 10-6
1.7 x 10-5
4.5 x 10-5
1.0 x 10-4

a

After t = 20 h, [Bu2SnCl2]0 = [SnCl4]0 = 1.24 mol L-1. b Yield based on total amount of Sn, determined by GC
analysis of the crude reaction mixture with n-tridecane as internal standard. c Amount of Sn recovered based on
the total amount of n-BuSnCl3 and SnCl2. d Selectivity = BuSnCl3(%)/(BuSnCl3(%)+SnCl2(%))*100%. e After t
= 16 h.

Figure 4. Eyring plot for the reaction of n-Bu2SnCl2 with SnCl4 (both 1.24 mol L-1) catalyzed by cis[PtCl2(PPh3)2] (1.24 x 10-4 mol L-1) in toluene. R2 = 0.9886.

The effect of an excess of one of the two substrates. To obtain more information on the
influence of the concentration of n-Bu2SnCl2 and SnCl4 on the selectivity of the reaction,
experiments with a two-, three- and four-fold excess of substrate were carried out in the
presence of cis-[PtCl2(PPh3)2] (1.24 x 10-3 mol L-1) (Table 6).
When the reaction was carried out with a two- or a three-fold excess of n-Bu2SnCl2, no
change in the selectivity was observed (entries 1, 2). On the other hand, when a two- or a
three-fold excess of SnCl4 was used, the selectivity of the reaction increased from 85 to 89
and 90%, respectively. An increase of the SnCl4 concentration to a four-fold excess did not
result in a further improvement of the selectivity (entry 6). The equimolar experiment

70

Chapter 4

demonstrated that the selectivity of the reaction is constant in time (Figure 1). Therefore, an
influence of the concentration of SnCl4 on the selectivity of the reaction was unexpected.
Because high concentrations of substrates are used, the composition of the reaction mixture
changes dramatically. This may influence the ∆G‡ for k(BuSnCl3) and k(SnCl2), resulting in a
change of the selectivity.
Table 6. Reaction of n-Bu2SnCl2 with SnCl4 in the presence of 0.1 mol% cis-[PtCl2(PPh3)2].a
Entry

[n-Bu2SnCl2]0 : [SnCl4]0b

n-BuSnCl3
(%)c

SnCl2
(%)

Conversion
(%)

Selectivity
(%)d

1
2
3
4
5
6

3.72 : 1.24
2.48 : 1.24
1.24 : 1.24
1.24 : 2.48
1.24 : 3.72
1.24 : 4.96

84
85
85
89
90
90

16
15
15
11
10
10

100
100
100
100
100
100

85
84
85
89
90
90

a

Reaction conditions: [cis-[PtCl2(PPh3)2]] = 1.24 x 10-3 mol L-1, toluene as solvent, t = 16 h; T = 110 °C. b mol
L-1. c Yield based on total amount of Sn, determined by 119Sn NMR analysis of the crude reaction mixture with
Me4Sn as external standard. d Selectivity = BuSnCl3(%)/(BuSnCl3(%)+SnCl2(%))*100%.

Electronic influence of the phosphine ligand. To study the electronic influence of the
phosphine ligand on the selectivity of the platinum-catalyzed reaction of n-Bu2SnCl2 with
SnCl4, several platinum complexes with electron-donating (Me, OMe) and -withdrawing (F,
Cl, CF3) substituents on the para-position of the triphenyl phosphine ligand were used (Table
7).
Table 7. Reaction of n-Bu2SnCl2 with SnCl4 in toluene at 110 ºC in the presence of several
platinum-phosphine catalysts (0.1 mol%).a
Entry
1
2
3
4
5
6

Catalyst
cis-[PtCl2{P(C6H4CF3-p)3}2]
cis-[PtCl2{P(C6H4Cl-p)3}2]
cis-[PtCl2{P(C6H4F-p)3}2]
cis-[PtCl2{P(C6H4OMe-p)3}2]
cis-[PtCl2(PPh3)2] (1a)
cis-[PtCl2{P(C6H4Me-p)3}2]

n-BuSnCl3
(%)b

SnCl2
(%)

Conversion
(%)d

Selectivity
(%)c

66
74
78
84
85
86

34
23
19
15
15
11

99
97
97
99
100
97

66
76
81
84
85
89

a

After t = 16 h, T = 110 °C, [n-Bu2SnCl2]0 = [SnCl4]0 = 1.24 mol L-1. b Yield based on total amount of Sn,
determined by 119Sn NMR analysis of the crude reaction mixture. c Selectivity =
BuSnCl3(%)/{BuSnCl3(%)+SnCl2(%)}*100%. d Amount of Sn recovered based on the total amount of nBuSnCl3 and SnCl2.
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By creating a Hammett plot of the σ value

19

of the para substituents versus
log(k(BuSnCl3)/k(SnCl2)), a linear relation was found between the electronic influence of the
para substituent of the ligand and the selectivity of the reaction (Figure 6), confirming that
there is a linear free energy relation between the two competing processes. The
log(k(BuSnCl3)/k(SnCl2)) can be determined at the end of the reaction from the amount of nBuSnCl3 and SnCl2 (log{n-BuSnCl3(%)/SnCl2(%)}).

Figure 6. Hammett plot for the [PtCl2{P(C6H4X-p)3}2] catalyzed redistribution reaction of n-Bu2SnCl2
with SnCl4. log(k(BuSnCl3/k(SnCl2)) = log(n-BuSnCl3 (%) / SnCl2 (%)). R2 = 0.9876.

The negative ρ value (–0.71) indicates that the selectivity of the reaction increases by
putting electron-donating para substituents on the phosphine ligand. One exception on this
trend was the p-OMe substituent, which did not fit to the observed Hammett relation. A
possible explanation for this deviation is the coordinative properties of the –OMe group
versus SnCl4.20 This coordination will result in a change of the electronic properties of the
OMe substituent.
4.2.3 Stoichiometric Reactions
Reactivity of the pre-catalysts [PtCl2L2] (L = PPh3, P(C6H3Me2-3,5)3; L2 = dppe (1,2bis(diphenylphosphine)ethane) towards R2SnCl2 and SnCl4. By investigating the reactivity
of an excess of Me2SnCl2 and SnCl4 towards the pre-catalyst, we tried to obtain more insight
in the first step of the catalytic reaction and the platinum species involved. When a suspension
of cis-[PtCl2(PPh3)2] in toluene was heated for 16 h at 110 °C in the presence of a four-fold
excess of Me2SnCl2, no reaction was observed (1H and 31P NMR).
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However, when SnCl4 was reacted with cis-[PtCl2L2] (L = PPh3 (1a), P(C6H3Me2-3,5)3
(1b) and L2 = dppe (1c)) in toluene both at room temperature and at 110 °C, poorly soluble
dinuclear [PtL2(µ-Cl)2SnCl4] (2a – c) could be isolated quantitatively from the reaction
mixture (Eq. 3). The 31P chemical shift of 2a and 2b had shifted about 0.8 and 2.9 ppm
upfield compared to the respective starting complexes. For 2c a small downfield shift of 1.5
ppm was noticed. Furthermore, an increase of the coupling constant 1JPtP value of 2a – c by 23
– 195 Hz was observed relative to 1a – c (Table 8).
Table 8. 31P NMR data of relevant platinum complexes.
δ (ppm)

Complex
cis-[PtCl2(PPh3)2] (1a)
[Pt(PPh3)2(µ-Cl)2SnCl4] (2a)
[Pt2(PPh3)4(µ-Cl)2][SnCl5(EtOH)]2 (3a)
cis-[PtCl(SnCl3)(PPh3)2] (5a)
trans-[PtCl(SnCl3)(PPh3)2] (6a) b
trans-[PtCl2(PPh3)2] (7a)
cis-[PtCl2{P(C6H3Me2-3,5)3}2] (1b) b
[Pt{P(C6H3Me2-3,5)3}2(µ-Cl)2SnCl4] (2b)b
[Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2][Sn2Cl10] (4b)
[Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2][SbF6]2 (5b)
[PtCl2(dppe)] (1c)
[Pt(dppe)(µ-Cl)2SnCl4] (2c)
a

14.79
13.61
12.76
11.36 (cis to Sn)
28.11 (trans to Sn)
20.01
21.05
15.11
12.19
15.85
15.85
41.71
43.17

1

JPtP (Hz)
3674
3730
3816
3665
3040
2103
2631
3694
3899
3828
3826
3614
3637

All 31P NMR spectra were recorded in CH2Cl2 if not mentioned otherwise. b Recorded in CDCl3.

The progress of the reaction of cis-[PtCl2(PPh3)2] with SnCl4 was followed by 31P
NMR spectroscopy in CH2Cl2 at room temperature. After one minute full conversion of cis[PtCl2(PPh3)2] into 2a was observed, indicating that the coordination of the Lewis acidic
SnCl4 is already fast and complete at room temperature.
The molecular structure of 2a in the solid state was elucidated by a single crystal Xray diffraction study (Figure 7). Selected bond distances and bond angles are listed in Table 9.
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Figure 7. Molecular structure of [Pt(PPh3)2(µ-Cl)2SnCl4] (2a). Hydrogen atoms have been omitted, and
the displacement ellipsoids are drawn at the 50% probability level.

Table 9. Selected Bond Lengths (Å) and Angles (deg) for [Pt(PPh3)2(µ-Cl)2SnCl4] (2a).
Bond Lengths
Pt(1) – Cl(1)

2.3875(6)

Sn(1) – Cl(2)

2.5835(6)

Pt(1) – Cl(2)
Pt(1) – P(1)
Pt(1) – P(2)
Sn(1) – Cl(1)

2.3743(6)
2.2723(6)
2.2544(6)
2.5846(6)

Sn(1) – Cl(3)
Sn(1) – Cl(4)
Sn(1) – Cl(5)
Sn(1) – Cl(6)

2.3871(9)
2.3644(6)
2.3615(6)
2.3738(8)

Bond Angles
P(1) – Pt(1) – P(2)
P(1) – Pt(1) – Cl(1)
Pt(1) – Cl(1) – Sn(1)
Pt(1) – Cl(2) – Sn(1)
Cl(1) – Pt(1) – Cl(2)
Cl(1) – Sn(1) – Cl(2)
Cl(1) – Sn(1) – Cl(5)

95.62(2)
88.28(2)
97.44(2)
97.80(2)
84.82(13)
76.84(2)
91.21(2)

Cl(1) – Sn(1) – Cl(4)
Cl(1) – Sn(1) – Cl(3)
Cl(2) – Sn(1) – Cl(4)
Cl(2) – Sn(1) – Cl(5)
Cl(3) – Sn(1) – Cl(5)
Cl(3) – Sn(1) – Cl(6)
Cl(4) – Sn(1) – Cl(5)
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165.54(2)
85.37(2)
88.71(2)
168.05(2)
93.32(3)
170.87(2)
103.24(2)
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The Pt-Cl bonds are somewhat longer (2.374(6) and 2.3875(6)Å) than those reported
for cis-[PtCl2(PPh3)2] (2.333(2) and 2.356(2) Å),21 as a consequence of the µ-Cl bridges. Also
the Cl(1)-Pt(1)-Cl(2) and P(1)-Pt(1)-P(2) angles (84.82(13) and 95.62(2)°) were found to be
slightly different compared to cis-[PtCl2(PPh3)2] (87.1(1) and 97.8(1)°, respectively). As
expected, the two Cl ligands participating in the µ-Cl bridge have a significant longer Sn-Cl
bond distance (2.5835(6) and 2.5846(6) Å) than the other four Cl ligands (2.3615(6) –
2.3871(9) Å). This suggests that the complex can be viewed as an adduct of SnCl4 with
essentially intact [PtCl2(PPh3)2] as opposed to a situation consisting of close contact ion pairs
[PtCl(PPh3)2][SnCl5] or [Pt(PPh3)2][SnCl6]. The small Cl(1)-Sn(1)-Cl(2) angle of 76.84(2)º
causes a significant distortion of the octahedral geometry of the six-coordinated tin center.
So far, no Cl-bridged dinuclear platinum-tin complexes have been reported. In general,
hetero dinuclear bridged [LmPt(µ-Cl)2MLn] complexes are rather rare. Only a few examples
are known, all with M = a group 9 and 10 metal.22 The average M-Cl bond distances found for
these complexes with M = Pd, Mo and Ir (2.41, 2.38 and 2.39 Å, respectively) are comparable
to that of 2a.
To study the stability of complexes [PtL2(µ-Cl)2SnCl4] (2) in solution, 31P NMR
spectra of these complexes were recorded at various temperatures. These attempts were
unsuccessful for 2a, because of its low solubility (insoluble in CH2Cl2, 1,1,2,2tetrachloroethane or toluene at low temperatures). On the other hand, 2b with the more
lipophilic tris(3,5-dimethylphenyl)phosphine ligand,23 is well soluble in CDCl3, CH2Cl2 and
C2H2Cl4. The 31P NMR spectrum recorded at 25 °C in CDCl3 displayed one singlet resonance
at δ 12.19 with platinum satellites (1JPPt = 3899 Hz). In CH2Cl2, however, two equivalent
intensity resonances at δ 12.21 and δ 15.85 were observed, both with platinum satellites (1JPPt
= 3910 and 3828 Hz, respectively) (Figure 8).
Upon cooling of the sample, the intensity of the resonance at δ 15.85 decreased
gradually to disappear completely at −40 °C. When the sample was further cooled to −80 °C,
two new resonances at δ 19.24 (1JPPt = 3955 Hz) and δ 11.80 became visible while the δ 12.21
signal remained unchanged. Integration and determination of platinum satellites were
hindered by overlap with the δ 12.21 signal. Allowing the sample to warm up to 25 °C
resulted in the same 31P spectrum as recorded at that temperature before.
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Figure 8. NMR spectra of 2b in CH2Cl2 at 25 °C, –40 °C and –80 °C.  : [Pt{P(C6H3Me2-3,5)3}2(µCl)2SnCl4] (2b), + : [Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2][Sn2Cl10] (4b), o and x : unidentified species.

The 31P resonance at δ 12.21 is assigned to [Pt{P(C6H3Me2-3,5)3}2(µ-Cl)2SnCl4] (2b).
The minor platinum species at δ 15.85 is assigned to dimeric [Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2]+
cation. This assignment was confirmed by comparison with independently prepared
[Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2][SbF6]2 (5b). The 31P NMR spectrum recorded in CH2Cl2
showed a resonance with the exact same position and 1JPPt coupling constant, stressing the
strong similarity of both species. The tin anions in this complex are most likely dimeric
([Sn2Cl10]2-) and not monomeric ([SnCl5]-) since tin favors a six-fold coordination.24 These
results show that in solution 2b is in equilibrium with 4b (Scheme 2). A Van’t Hoff plot
allowed the determination of mean standard enthalpy change for this equilibrium in CH2Cl2:
∆Hθ = 14 ± 1.6 kJ mol-1.
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Scheme 2. Equilibrium between 2b and 4b in CH2Cl2 solution (L = P(C6H3Me2-3,5)3).

Like 2b, [Pt(dppe)(µ-Cl)2SnCl4] (2c) was also studied by 31P NMR spectroscopy at
variable temperatures. At 25 °C in CH2Cl2, a single resonance at δ 43.17 with platinum
satellites was visible (1JPPt = 3637 Hz). Between −80 °C (in CH2Cl2) and +100 °C (in
C2H2Cl4), no changes in the spectrum were observed. The position of the phosphor resonance
and the magnitude of the coupling constant 1JPPt were identical to those at 25 °C. Contrary to
2b, 2c does not give formation of a dimeric platinum cation within the temperature range of –
80 ºC to +100 ºC. In that case, a resonance for [Pt2(µ-Cl)2(dppe)2]2+ at δ 47.3 with a coupling
constant 1JPPt of 3787 Hz should have been observed.25 Maybe, phosphine dissociation is
necessary to realize this transformation. For chelating ligands like dppe, phosphine
dissociation is more difficult than for monodentate ligands.26
Further proof for the relevancy and identity of complexes such as 4b comes from the
observation that complex 2a reacts under mild conditions and essentially quantitatively with
one equivalent of EtOH to form the ionic dimer [Pt2(PPh3)4(µ-Cl)2][SnCl5(EtOH)]2 (3a)
which contains a similar dimeric cation as 4b. The 31P NMR spectrum of the product obtained
showed a single resonance at δ 12.76 with a 1JPPt coupling constant of 3816 Hz. The 1H NMR
spectrum recorded in CD2Cl2, displayed the typical CH3CH2OH resonances although the OH
resonance was not found. Complex 3a could be isolated in high yield and the molecular
structure of 3a in the solid state was elucidated by a single crystal X-ray diffraction study
(Figures 8 and 9). Selected bond distances and bond angles are listed in Table 10.

Figure 8. Molecular structure of the [Pt2(PPh3)4(µ-Cl)2]2+ dication of 3a (one of the two independent
cations). Hydrogen atoms have been omitted, and the displacement ellipsoids are drawn at the 50%
probability level.
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Figure 9. Molecular structure of the [SnCl5(EtOH)]22- anion of 3a. The displacement ellipsoids are drawn
at the 50% probability level.

Table 10. Selected Bond Lengths (Å) and Angles (deg) for [Pt2(PPh3)4(µCl)2][SnCl5(EtOH)]2 (3a).
Bond Lengths
Pt(1) – Cl(1)
Pt(1) – Cl(2)
Pt(1) – P(1)
Pt(1) – P(2)
Pt(2) – Cl(1)
Pt(2) – Cl(2)
Pt(2) – P(3)
Pt(2) – P(4)

2.3836(10)
2.3807(10)
2.2663(10)
2.2487(10)
2.3705(10)
2.3886(10)
2.2493(10)
2.2613(10)

Sn(7) – Cl(71)
Sn(7) – Cl(72)
Sn(7) – Cl(73)
Sn(7) – Cl(74)
Sn(7) – Cl(75)
Sn(7) – O(7)
O(7) – H(7O)
H(7O) – Cl(91)

2.3859(15)
2.3910(14)
2.4110(14)
2.4031(13)
2.3777(13)
2.241(3)
1.0906
2.3030

Bond Angles
Cl(1) – Pt(1) – Cl(2)
Cl(1) – Pt(1) – P(1)
Cl(1) – Pt(1) – P(2)
Cl(1) – Pt(2) – Cl(2)
Cl(1) – Pt(2) – P(3)
Cl(1) – Pt(2) – P(4)
Pt(1) – Cl(1) – Pt(2)
Pt(1) – Cl(2) – Pt(2)

81.71(3)
170.05(4)
90.57(4)
81.81(3)
172.97(4)
89.42(4)
97.45(3)
97.03(3)

Cl(71) – Sn(7) – Cl(72)
Cl(71) – Sn(7) – Cl(73)
Cl(71) – Sn(7) – Cl(74)
Cl(71) – Sn(7) – O(7)
Cl(72) – Sn(7) – Cl(74)
Cl(72) – Sn(7) – Cl(75)
Cl(72) – Sn(7) – O(7)
Cl(75) – Sn(7) – O(7)
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90.64(5)
169.18(5)
88.99(5)
84.77(11)
170.26(5)
95.16(5)
88.69(10)
175.97(11)
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The asymmetric unit of the crystal structure contains 1.5 dications, of which one is
located on an inversion center, three monoanions, and solvent molecules. Both platinum
centers of the dication have a distorted square planar geometry. The square planar geometry
around the two platinum centers is defined by the four triphenylphosphine ligands and the two
chlorides that take part in the chlorine bridges. Despite their crystallographic inequivalence,
within experimental uncertainty (2.38 Å) the four Pt-Cl bond distances are of the same length.
In addition, both Cl – Pt – Cl bond angles are almost identical (81.71(3) and 81.81(3)°). The P
– Pt – P bond angles of both platinum centers (1) and (2) are slightly different (97.70(4) and
96.84(4)°, respectively). The tin center has a distorted octahedral geometry defined by five
chlorine ligands and one ethanol ligand coordinated to tin through its oxygen atom. The Sn-Cl
bond distances all fall in the range 2.38 – 2.41 Å. The Sn-O bond length of 2.241(3)Å is
comparable to the distances found in the literature for comparable anions, e.g., [SnCl5(H2O)]27

and [SnCl5(THF)]-.28 All the Cl-Sn-O bond angles are close to 85°, causing a distortion in
the octahedral geometry. The two tin nuclei dimerize trough two intra-molecular H···Cl
hydrogen bonds (2.30 Å). The reaction of 2a with EtOH as well as the simultaneous
observation of 4b and 2b in the spectrum of 2b demonstrates that formation of a [Pt2L4(µCl)2][Sn2Cl10] species is kinetically within reach.
Reactivity of [PtL2(µ
µ-Cl)2SnCl4] (2) towards R2SnCl2 (L = PPh3, L2 = dppe; R = Me, nBu). When a solution of Me2SnCl2 with 2a or 2c, respectively, in CH2Cl2 was stirred for 12 h
at room temperature, no reaction was observed. In order to monitor the reactions at higher
temperatures by 1H and 31P NMR spectroscopy, the solvent was changed from CH2Cl2 to
C2D2Cl4. It was found that 2a reacts with Me2SnCl2 at 110 °C in 5 h to give quantitative
formation of cis-[PtCl2(PPh3)2] and MeSnCl3 (Eq. 4). In the case of 2c, no reaction was
observed within 15 h at 110 °C and both, the 31P and 1H NMR spectra, showed the presence
of the starting materials.

When the reaction of 2a was performed with n-Bu2SnCl2 in toluene (16 h at 110 °C),
the formation of cis- (5a) and trans-[PtCl(SnCl3)(PPh3)2] (6a) and n-BuSnCl3 was observed
(Eq. 5). Based on the stoichiometry of the reaction, also one equivalent of a butyl fragment
and a Cl atom are missing.
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The insoluble [PtCl(SnCl3)(PPh3)2] was isolated in 97% yield (based on the amount of
2a) by filtration of the reaction mixture. Analysis of this compound by 31P NMR spectroscopy
in CH2Cl2 solutions, showed that it consisted of the thermodynamic equilibrium mixture of 5a
(80%) and 6a (20%).29 From the toluene layer, a colorless oil was isolated, which was
identified by 1H and 119Sn NMR spectroscopy as n-BuSnCl3,30 accounting for 55% of the total
amount of Sn.
To determine the fate of the missing butyl fragment, the reaction was repeated in a
sealed NMR tube in toluene-d8. The formation of 1- and 2-butene (cis / trans) was clearly
visible in the 1H NMR spectrum after 20 minutes at 110 °C. After 1 day at 110 °C, no nBu2SnCl2 was present anymore. Next to n-BuSnCl3 (53%), significant amounts of 1-butene
(ca. 11%) and 2-butene (ca. 28%) had formed (yields relative to the original amount of nBu2SnCl2). The amount of n-BuSnCl3 formed in this experiment correlates with the isolated
yield (55%) of the small scale experiment. New resonances in the aromatic and the alkyl
region were visible.31 Due to overlap, it was not possible to assign these latter resonances to a
compound. In the typical region for CHCl resonances (δ 3 – 4 ppm), no signal was observed.
This excludes the formation of alkyl chlorides, like 1- and 2-butyl chloride. These results
indicate that under stoichiometric conditions transmetallation of 2a and n-Bu2SnCl2 results in
decomposition of the transferred butyl moiety to cis- and trans-butene as well as quantitative
formation of stannyl species 5a / 6a. Because of the low solubility of 5a and 6a in toluene, no
resonances due to these complexes were observed.
In the reaction of 2a with Me2SnCl2, cis-[PtCl2(PPh3)2] was obtained as the only
platinum complex. The latter complex is presumably also formed initially in the reaction of 2a
with n-Bu2SnCl2. Formation of cis- (5a) and trans-[PtCl(SnCl3)(PPh3)2] (6a) may well have
resulted from reaction of SnCl2 with cis-[PtCl2(PPh3)2] (Scheme 3). The insertion of SnCl2
into a platinum-chloride bond is a well known reaction.29,32

Scheme 3. Reaction of compound 2a with n-Bu2SnCl2 in toluene at 110 °C.

Reaction of [PtL2(µ-Cl)2SnCl4] (2) with R2SnCl2; The role of the anion and the cation.
Variable NMR studies on [Pt{P(C6H3Me2-3,5)3}2(µ-Cl)2SnCl4] (2b) have shown that this
complex easily dissociates into [Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2][Sn2Cl10] (4b). Since cis[PtCl2(PPh3)2] itself is unreactive towards R2SnCl2 while 2a undergoes facile
transmetallation, it is tempting to assume that ionic [Pt2L4(µ-Cl)2][Sn2Cl10] (4) is responsible
for the R2SnCl2 activation. The inactivity of 2c which does not dissociate into an ionic form
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supports this hypothesis. To obtain more definitive information on the role of the anion and
the cation in the reaction of 4 with R2SnCl2, we studied the reactivity of [n-Bu4N][SnCl5] and
[Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2][SbF6]2 (5b) towards R2SnCl2 (R = Me, n-Bu).
An equimolar mixture of R2SnCl2 (R = Me, n-Bu) and [n-Bu4N][SnCl5] in C2H2Cl4
was heated for 16 h at 110 ºC. A 1H NMR spectroscopic analysis of the reaction mixture
displayed the presence of unreacted [n-Bu4N][SnCl5], R2SnCl2 and no RSnCl3. These
experiments exclude a mechanism in which the [SnCl5]- anion is the active species in the
catalytic reaction.
In a similar way, the reactivity of R2SnCl2 (R = Me) towards 5b was investigated. In a
sealed NMR tube, the reaction of a 1 : 2 molar mixture of 5b and Me2SnCl2 in C2D2Cl4 was
monitored by 1H NMR spectroscopy at 110 ºC. After five days, MeSnCl3 (δ 1.69, 2JHSn = 100
Hz) was present in 68% yield (relative to Me2SnCl2). Continuing the experiment for two more
days, resulted in complete consumption of Me2SnCl2 and a MeSnCl3 yield of 50%. Next to
the resonance at δ 2.09 of starting complex 5b, new resonances were observed at δ 2.15, 2.36
and 2.39. In the 31P NMR spectrum, several new unassigned resonances were observed at δ
53.78, 14.06 (1JPPt = 3728 Hz), 12.58 and 12.16 indicating that the putative intermediate
[PtMe{P(C6H3Me2-3,5)3}2][SbF6] is not stable under these conditions. In general, [PtMeL2]+
cations are unstable.33 However, under catalytic conditions this species might react with SnCl4
by alkyl-transfer from platinum to tin or it is stabilized by accepting Cl- from the [Sn2Cl10]2anion (as with 4b), to form neutral [PtCl(Me)L2] and SnCl4, respectively (Scheme 4, vide
infra).
Reaction of [PtCl(R)L2] with SnCl4 (L = PPh3, L2 = dppe; R = Me, H). Based on the
results discussed above, [Pt(R)L2][SnCl5] or PtCl(R)L2 are possible intermediates in the
reaction of [PtL2(µ-Cl)2SnCl4] (2) with R2SnCl2. To check this hypothesis, the reaction
between SnCl4 and [PtCl(Me)(PPh3)2] was studied.
Addition of one equivalent of SnCl4 to a suspension of [PtCl(Me)(PPh3)2] (cis : trans =
1 : 1) in toluene at room temperature led to quantitative formation of cis- (1a) and trans[PtCl2(PPh3)2] (7a) and MeSnCl3 (Eq. 6). The reaction was also monitored by 31P NMR
spectroscopy (CDCl3) and was found to be complete within five minutes after addition of
SnCl4 at room temperature.

Similarly to [PtCl(Me)(PPh3)2], analogues [PtCl(Me)(dppe)] containing the chelating
dppe ligand, was also reacted with SnCl4 (CDCl3 at room temperature). 31P NMR
spectroscopic analysis on the solution of the reaction mixture, showed [PtCl2(dppe)] (1c) to be
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the only phosphorus species present (δ 41.71, 1JPPt = 3614 Hz). Further analysis of the
solution by 1H NMR spectroscopy, showed the quantitative formation of MeSnCl3 (δ 1.68 ,
2
JHSn = 100 Hz). The result of both NMR experiments indicate that alkyl-transfer from
platinum to tin in this reaction is fast and complete even at room temperature.
From the stoichiometric reactions between n-Bu2SnCl2 and [PtL2(µ-Cl)2SnCl4] (2), it
can be concluded that the formation of the side-products butene and SnCl2, are closely related
processes. Furthermore, it was demonstrated that [PtCl(R)L2] (R = alkyl) (or [Pt(R)L2]+) is
most likely an intermediate. For such platinum species with R = n-Bu, a β-H-elimination
reaction can take place readily to give trans-[PtCl(H)L2] (or [Pt(H)L2]+) and 1-butene,
respectively.34 Similarly to [PtCl(Me)(PPh3)2], trans-[PtCl(H)(PPh3)2] is expected to react
with SnCl4 by transfer of the hydride ligand from platinum to tin (Eq. 7). When one
equivalent of SnCl4 was added to a suspension of trans-[PtCl(H)(PPh3)2] in toluene and
heated for 4 h at 110 °C, a mixture of 5a (90%) and 1a (10%) was obtained (Eq. 8). No
products were isolated from the toluene phase. The formation of 5a can be rationalized by
assuming subsequent insertion of SnCl2, originating from unstable HSnCl3,35 into the Pt-Cl
bond of 1a.

To detect any intermediate species, the experiment was repeated at −60 °C in CDCl3.
After addition of SnCl4, the PtH resonance in the 1H NMR spectrum of the starting compound
had disappeared. A 31P NMR spectrum showed only the resonances of trans[PtCl(SnCl3)(PPh3)2] (6a) (δ 20.01, 1JPPt = 2303) indicating that this reaction is fast and
complete even at low temperatures. At higher temperature, the trans-complex will isomerize
to the thermodynamically favored cis-complex.29

4.3 Discussion
The reaction kinetics observed are in agreement with two competitive processes that are
preceded by a common rate determining step. The adherence to the rate law, even at high
substrate concentration as well as the good fit with linear Gibbs free energy relations upon
changing the ligand substitution, indicates that the kinetic model is valid under a wide range
of conditions.
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The half-order in [catalyst] and the first order in [R2SnCl2] indicates that the ratelimiting step involves a dinuclear platinum species and R2SnCl2. This corresponds with the
observations from the stoichiometric reactions, which suggests that transmetallation takes
place from a [Pt2L4(µ-Cl)2]2+ species. The process is visualized in Scheme 4. We propose that
the actual transmetallation pathway takes place via a similar four-centered cyclic intermediate
as was proposed for the palladium catalyzed Stille reaction6 and the arylation of [PtX2L2]
complexes with aryltrimethylstannanes.36 Because of the high concentration of SnCl4 under
catalytic conditions, we expect that the ionic [PtRL2][SnCl5] species is in equilibrium with
neutral [PtCl(R)L2] as resting state.

Scheme 4. Postulated mechanism for the transmetallation of the platinum catalyst with R2SnCl2. (L =
phosphine ligand).

For [PtCl2(dppe)], no formation of [Pt2(µ-Cl)2(dppe)2][Sn2Cl10] was observed, which
is presumably the reason for the absence of any reactivity towards Me2SnCl2 and an
indication that dissociation of the adduct [PtL2(µ-Cl)2SnCl4] into [Pt2L4(µ-Cl)2][Sn2Cl10]
requires dissociation of a phosphine ligand. Transmetallation between [PtCl(R)(dppe)] and
SnCl4 is certainly not the problem, as was demonstrated in a separate reaction with
[PtCl(Me)(dppe)].
The formation of SnCl2 along with alkene, the selectivity increase observed when
additional alkene is added, the incorporation of hexene that results in the formation of nhexyltin trichloride during a Bu2SnCl2-SnCl4 redistribution reaction, the fact that [PtL2(µCl)2SnCl4] reacts with Bu2SnCl2 under formation of [PtCl(SnCl3)L2] and butenes, the known
instability of [PtCl(R)L2] species for R groups containing β-hydrogens34,37 and the
[PtCl(SnCl3)L2] formation from reaction of [PtCl(H)L2] and SnCl4, are all strong support for
the intermediacy of platinum-alkyl species like [PtCl(R)L2] and [Pt(R)L2]+. The limited
stability towards β-hydrogen elimination of these intermediates, either in itself or in the
presence of the substrates, lies at the hart of the sub-optimal selectivities observed. We
presume that under catalytic conditions ionic [Pt(R)L2][SnCl5] is the actual catalytic species
which can either react with SnCl4 to give RSnCl3 or eliminate an alkene to form
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[Pt(H)L2][SnCl5]. The latter species either rearranges to neutral [PtCl(H)L2] or it reacts with
SnCl4 to give HSnCl3, which is unstable and decomposes into HCl and SnCl2. We suggest
that both transmetallation steps (alkyl- and hydride-transfer from platinum to tin via a fourcentered cyclic intermediate, see Scheme 4) and the β-H elimination reaction are faster for the
ionic platinum species than for the neutral species, because for the ionic complex no
dissociation of a ligand is required to create the necessary vacant site on the platinum center.
This idea is supported by the reactions of SnCl4 with [PtCl(Me)(dppe)] and
[PtCl(Me)(PPh3)2], respectively, which were both fast. If phosphine dissociation was
necessary, then the reaction with [PtCl(Me)(dppe)] should be much slower than the reaction
with [PtCl(Me)(PPh3)2] since phosphine dissociation is more difficult for chelating ligands
like dppe than for monodentate ligands. Therefore we propose that the vacant site is created
by Cl- abstraction with SnCl4 to give [Pt(R)L2][SnCl5], the actual active species. All this leads
to the following steps:

Scheme 5. Reaction steps involved in the formation of RSnCl3 and SnCl2 after the rate-determining step.

Of every mole of R2SnCl2, the first mole of RSnCl3 is formed in the rate determining
transmetallation between the platinum dication and R2SnCl2 (Scheme 4). Next,
[Pt(R)L2][SnCl5] can either react with (1-x) mole of SnCl4 to give (1-x) mole of RSnCl3 or
undergo a β-H elimination reaction which eventual leads to x mole of SnCl2 (Scheme 5). For
Pt(II)-alkyl species k2 is significantly larger than k-2.38 As the reaction of trans[PtCl(H)(PPh3)2] with SnCl4 is fast and complete even at low temperatures and HSnCl3 is
known to be unstable,35 k3 and k4 are presumably both larger than k2. The k1/k2 ratio will thus
determine the amount of n-RSnCl3 (1-x moles) and SnCl2 (x moles). Since the selectivity of
the reaction is independent of the conversion and barely influenced by even a five-fold
increases of the SnCl4 concentration (Table 6), it can be concluded that steps k1 and k2 have
the same or no dependency in [SnCl4].
Electron-donating ligands give an increase of the selectivity, which means that either
SnCl2 formation is slowed down, the step k1 accelerated or both. The suppression of β-H
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elimination in catalytic processes by using strongly electron-donating ligands has been
demonstrated by several researchers.37d,39 Furthermore, the use of strongly electron-donating
nitrogen ligands made it possible to prepare stable metal-alkyl complexes possessing βhydrogens.11,40 Therefore, it appears likely that it is the suppression of β-hydrogen elimination
which leads to the higher selectivity in the case of electron-donating ligands.
Based on the obtained results of the stoichiometric reactions and the kinetic data, the
following mechanism is postulated for the platinum-catalyzed redistribution of R2SnCl2 with
SnCl4 (Scheme 6).

Scheme 6. Postulated mechanism for the platinum-catalyzed redistribution reaction of R2SnCl2 with
SnCl4 (R = alkyl group, L = phosphine ligand).

At first, the pre-catalyst [PtCl2L2] enters the catalytic cycle by reaction with SnCl4 to
give [PtL2(µ-Cl)2SnCl4], which is in equilibrium with ionic [Pt2L4(µ-Cl)2][Sn2Cl10]. The latter
species will react in the rate-determining step with R2SnCl2 via an alkyl-transfer reaction to
give [Pt(R)L2][SnCl5] (in equilibrium with [PtCl(R)L2]) and the first equivalent of RSnCl3,
respectively. At this stage, [Pt(R)L2][SnCl5] can either react with SnCl4 or eliminate an
alkene. In the first case, the second equivalent of RSnCl3 and [PtL2(µ-Cl)2SnCl4] are formed.
In the second case, [Pt(R)L2][SnCl5] is in equilibrium with [Pt(H)L2][SnCl5], which
subsequently reacts with SnCl4 by transfer of the hydride ligand from platinum to tin to give
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[PtL2(µ-Cl)2SnCl4] and HSnCl3, respectively. HSnCl3 is unstable and will decompose into
HCl and SnCl2.35

4.4 Conclusion
Platinum(II) phosphine complexes cis-[PtCl2{P(C6H4X-p)3}2] are highly active and selective
catalysts for the redistribution reaction of dialkyltin dichlorides with tin tetrachloride.
Variations in reaction conditions have shown that the solvent has negligible effect on the
selectivity while the temperature, the concentration of SnCl4 and the addition of 1-alkene have
a significant positive influence. An improvement of the selectivity was also found for cis[PtCl2{P(C6H4X-p)3}2] catalysts with electron-donating para-Me or 3,5-dimethyl substituents.
This improvement in selectivity can most probably being assigned to the suppression of the βH elimination reaction which is responsible for the tin(II) chloride formation.
The results of the catalytic studies, the stoichiometric reactions and the kinetic resulted
in the postulation of a mechanism for the platinum catalyzed reaction of dialkyltin dichlorides
with tin tetrachloride. Based on these mechanistic insights we conclude that the selectivity of
the reaction can be further improved by the use of platinum complexes with even more
strongly electron-donating ligands.
A one pot conversion of tetraalkyltins into four equivalents of monoalkyltin trichloride
becomes possible by combining a thermal redistribution with a catalytic one through delayed
addition of catalyst. The feasibility of this approach was successfully demonstrated for nBu4Sn.

4.5 Experimental Section
General comments. All reactions were carried out under an inert atmosphere of N2 using
standard Schlenk techniques. All solvents were dried and distilled under nitrogen prior to use.
cis-[PtCl2(PPh3)2],12b trans-[PtCl2(PCy3)2],41 cis-[PtCl2(PEt3)2],42 cis-[PtCl2(TFP)2],43 cis[PtCl2{P(C6H4X-p)3}2] (X = CH3, OCH3, CF3, F, Cl),12b [n-Bu4N][SnCl5],44 and P(C6H3Me23,5)3 45 were prepared according to literature procedures. 1H-, 13C{1H}-, 31P{1H}- and
119
Sn{1H}-NMR spectra were recorded on a Bruker AC 200 MHz or a Varian Inova 300 MHz
spectrometer. 31P{1H}-NMR spectra were externally referenced against 85% H3PO4 in D2O (δ
= 0 ppm) and 119Sn{1H}-NMR spectra against Me4Sn (δ = 0 ppm). GC-MS analysis were
carried out on a Perkin Elmer instrument consisting of an Autosystem XL GC and a
Turbomass MS. GC analysis were carried out on a Perkin Elmer instrument consisting of an
Autosystem XL GC. Elemental analysis were carried out by H. Kolbe, Mikroanalytisches
Laboratorium, Mülheim am Ruhr, Germany.
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Typical procedure for the platinum catalyzed reaction of R2SnCl2 with SnCl4 (R = Me,
n-Bu, n-Hex). R2SnCl2 (8.3 mmol) was dissolved in the desired solvent (5 mL). Next, SnCl4
(2.16 g, 8.3 mmol) and the catalyst (8.3 µmol) were added. After the reaction mixture had
stirred for 16 h at 110 °C, the yield of RSnCl3 was determined by 119Sn or by 1H NMR
spectroscopy with Me4Sn as external standard. 119Sn NMR: δ +7.57, n-BuSnCl3; δ +3.22, nHexSnCl3. 1H NMR: δ 1.66 (2JHSn = 94 Hz), MeSnCl3. The precipitated SnCl2 was isolated by
filtration, washed with toluene (3 x 10 mL) and dried in vacuo. Anal. Calcd. for SnCl2: Cl,
37.40; Sn, 62.60. Found: Cl, 37.0; Sn, 61.23.
Reactions involving excess of n-Bu2SnCl2 or SnCl4 were performed by replacing part of the
solvent for n-Bu2SnCl2 or SnCl4.
The kinetic studies were performed with at least 83 mmol of substrate.
Catalytic reactions with added 1-butene and 1-hexene. An autoclave was charged with nBu2SnCl2 (2.52 g, 8.3 mmol), SnCl4 (2.16 g, 8.3 mmol), toluene (5 mL) and cis-[PtCl2(PPh3)2]
(6.5 mg, 8.3 mmol). Next, the autoclave was flushed with 1-butene and the total pressure was
brought to 2.1 bar by supplying 1-butene (1.4 g, 2.5 mmol) and the reaction mixture was
stirred for 16 h at 110 °C (p = 3.9 bar). After cooling the reaction mixture to room
temperature, a sample (100 µL) was taken, 50 µL of n-tridecane standard was added and the
mixture was treated with 1.0 M EtMgBr in Et2O (3 mL). After quenching with H2O (5 mL),
the upper layer was analyzed by GC. GC analysis: n-BuSnEt3 (88%), SnEt4 (< 0.5%) and nBu2SnEt2 (< 0.5%), yields based on total amount of tin. The precipitate was isolated by
filtration, washed with toluene (3 x 10 mL) and dried in vacuo to give 0.37 g (12%) of SnCl2
as an off-white powder.
The experiment with 1-hexene was carried out in a similar way with the difference that 1hexene (2.1 g, 2.5 mmol) was added to reaction mixture as a liquid. The reaction mixture was
stirred for 20 h at 110 °C (p = 3.1 bar). A GC sample was prepared as described above. GC
analysis: n-BuSnEt3 (65%), SnEt4 (8%), n-Bu2SnEt2 (8%), n-HexSnEt3 (11%), yields based
on total amount of tin. GC-MS [m/z (rel. intensity)]: 290 (3, M+), 263 (65), 207 (23), 179
(100), 149 (95), 119 (78), n-HexSnEt3. The precipitate was isolated by filtration, washed with
toluene (3 x 10 mL) and dried in vacuo to give 0.28 g (9%) of SnCl2 as an off-white powder.
Reaction of n-Bu4Sn with SnCl4. This reaction was carried out similarly to the reaction of nBu2SnCl2 with SnCl4, using n-Bu4Sn (5.05 g, 14.6 mmol), SnCl4 (11.4 g, 43.6 mmol), toluene
(5 mL) and cis-[PtCl2(PPh3)2] (3.8 mg, 4.8 µmol). The catalyst was added after the reaction
mixture had stirred for 3 h at 110 °C. The reaction mixture was stirred for an additional 16 h
at 110 °C. n-BuSnCl3 and SnCl2 were obtained in 83 and 3.7 % isolated yield, respectively.
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Synthesis of cis-[PtCl2{P(C6H3Me2-3,5)3}2] (1b). To a solution of [PtCl2(COD)] (111 mg,
0.30 mmol) in CH2Cl2 (5 mL), P(C6H3Me2-3,5)3 (207 mg, 0.60 mmol) was added. The
reaction mixture was stirred overnight at room temperature after which all volatiles were
removed in vacuo. The product was obtained as a white powder in quantitative yield. 1H
NMR (CDCl3): δ 2.12 (s, 6H, CH3), 6.92 (s, 1H, para-H), 7.10 (d, 2H, 3JHH = 11.4 Hz, orthoH). 31P NMR (CDCl3): δ 15.11 (s, 1JPPt = 3694 Hz). Anal. Calcd. for C48H54Cl2P2Pt: C 60.12;
H 5.68; Cl 7.39; P 6.46. Found: C 60.23; H 5.6; Cl 7.38; P 6.59.
Synthesis of [Pt(PPh3)2(µ-Cl)2SnCl4] (2a). To a suspension of cis-[PtCl2(PPh3)2] (1.64 g,
2.08 mmol) in toluene (20 mL), SnCl4 (1.0 mL, 8.3 mmol) was added. The resulting
suspension was stirred for 16 h at 110 °C. After the reaction mixture was cooled to room
temperature, the precipitate was isolated by filtration and washed with toluene (3 x 5 mL).
The remaining solid was dried in vacuo to give 2.26 g (97%) of 2a as a white product. 31P
NMR (CH2Cl2): δ 13.61 (s, 1JPPt = 3730 Hz). Anal. Calcd. for C36H30Cl6P2PtSn: C 41.14; H
2.88; Cl 20.24; P 5.89; Sn 11.29. Found: C 40.80; H 2.88; Cl 20.34; P 5.73; Sn 11.32. To
obtain single crystals, 500 mg of 1a was dissolved in CH2Cl2 (50 mL). Slow diffusion of
hexane into the CH2Cl2 solution resulted in colorless crystals.
Synthesis of [Pt{P(C6H3Me2-3,5)3}2(µ-Cl)2SnCl4] (2b). cis-[PtCl2{P(C6H3Me2-3,5)3}2] (1b)
(125 mg, 0.13 mmol) was dissolved in CH2Cl2 (5 mL). Next, SnCl4 (20 µL, 0.17 mmol) was
added and the reaction mixture was stirred for five minutes at room temperature. The volume
was reduced to 0.5 mL and hexane (5 mL) was added. A white precipitate was formed
immediately, which was isolated by filtration. The solid was dried in vacuo to give 152 mg
(96%) of 2b as a white powder. 1H NMR (CDCl3): δ 2.17 (s, 6H, CH3), 7.02 (s, 1H, para-H),
7.08 (d, 2H, 3JHH = 12.0 Hz, ortho-H). 31P NMR (CDCl3): δ 12.19 (s, 1JPPt = 3899 Hz). 31P
NMR (CH2Cl2): δ 12.29 (s, 1JPPt = 3909 Hz), 15.89 (s, 1JPPt = 3824 Hz). Anal. Calcd. for
C48H54Cl6P2PtSn: C 47.28; H 4.46; Cl 17.44; P 5.08. Found: C 47.08; H 4.56; Cl 17.32; P
5.16.
Synthesis of [Pt(dppe)(µ-Cl)2SnCl4] (2c). SnCl4 (200 µL, 1.7 mmol) was added to a
suspension of [PtCl2(dppe)] (300 mg, 0.45 mmol) in toluene (10 mL). The reaction mixture
was stirred for 2 h at 110 °C. After the reaction mixture had cooled to room temperature, it
was filtered and the remaining solid was washed with toluene (3 x 5 mL). Drying of the
product in vacuo gave 380 mg (91 %) of the product as a white solid. 31P NMR (CH2Cl2): δ
43.17 (s, 1JPPt = 3637 Hz). Anal. Calcd. for C26H24Cl6P2PtSn: C 33.76; H 2.62; Cl 23.00; P
6.70; Pt 21.09. Found: C 35.77; H 2.85; Cl 22.47; P 6.34; Pt 20.67.
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Synthesis of [Pt2(PPh3)4(µ-Cl)2][SnCl5(EtOH)]2 (3a). A solution of ethanol (10 µL, 0.17
mmol) in CH2Cl2 (90 µL) was added to a suspension of [Pt(PPh3)2(µ-Cl)2SnCl4] (2a) (216
mg, 0.17 mmol) in CH2Cl2 (5 mL). After stirring the solution for 2 h at room temperature, the
solvent was evaporated in vacuo. Yield: 216 mg (94%) of 3a as a white powder. 1H NMR
(CD2Cl2): δ 1.25 (t, 3H, 3JHH = 7.0 Hz, CH3CH2OH), 3.82 (q, 2H, 3JHH = 6.8 Hz,
CH3CH2OH), 7.23 – 7.94 (m, 30H, PPh). 31P NMR (CD2Cl2): δ 12.76 (s, 1JPPt = 3816 Hz).
Anal. Calcd. for C76H72Cl12O2P4Pt2Sn2: C 41.60; H 3.31; Cl 19.39; P 5.65. Found: C 41.53; H
3.26; Cl 19.28; P 5.61. To obtain single crystals, 500 mg of 3a was dissolved in CH2Cl2 (50
mL). Slow diffusion of hexane into the CH2Cl2 solution resulted in colorless crystals.
Synthesis of [Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2][SbF6]2 (5b). Cis-[PtCl2{P(C6H3Me2-3,5)3}2]
(1b) (92 mg, 0.096 mmol) was dissolved in CH2Cl2 (5 mL). Next, silver
hexaflouroantimonate (33 mg, 0.096 mmol) was added and the reaction mixture was stirred in
the dark for 1 h. The resulting suspension was filtered using Celite. The solvent was removed
in vacuo affording 3b as a light yellow powder (105 mg, 95%). 1H NMR (CDCl3): δ 2.10 (s,
3H, CH3), 6.93 – 7.01 (br, 3H, PPh). 31P NMR (CH2Cl2): δ 15.85 (s, 1JPPt = 3826 Hz). Anal.
Calcd. for C96H108Cl2F12P4Pt2Sb2: C 49.73; H 4.70; P 5.34. Found: C 49.59; H 4.69; P 5.27.
Attempted reaction of Me2SnCl2 with cis-[PtCl2(PPh3)2] (1a). 1a (350 mg, 0.44 mmol) was
added to a solution of Me2SnCl2 (386 mg, 1.77 mmol) in toluene (20 mL). The resulting
suspension was stirred for 16 h at 110 °C. After cooling the reaction mixture to room
temperature, the precipitate was isolated by filtration, washed with toluene (3 x 5 mL) and
dried in vacuo to give 345 mg of a white powder. 1H NMR (CDCl3): δ 7.18 (m, 2H, meta-H),
7.29 (m, 1H, para-H), 7.49 (m, 2H, ortho-H), 1a. 31P NMR (CH2Cl2): δ 14.79 (s, 1JPPt = 3674
Hz), 1a. The solvent of the filtrate was removed under reduced pressure and a 1H and a 31P
NMR spectrum were recorded of the remaining substance (385 mg). 1H NMR (CDCl3): δ 1.21
(s, 1JHSn = 67.0 Hz), Me2SnCl2. No resonances were observed in the 31P NMR spectrum.
Reaction of [Pt(PPh3)2(µ-Cl)2SnCl4] (2a) with Me2SnCl2. Me2SnCl2 (2.4 mg, 11 µmol) was
added to a solution of 2a (11.5 mg, 11 µmol) in C2D2Cl4 (0.5 mL). The solution was
transferred into an NMR tube after which it was sealed. The progress of the reaction was
followed by 1H and 31P NMR spectroscopy at 110 °C. At the beginning of the NMR
experiment, a clear singlet in the 1H NMR spectrum at δ 1.25 (2JHSn = 68 Hz) was assigned to
Me2SnCl2. After 1 h, a new resonance at δ 1.70 (2JHSn = 99 Hz) appeared, corresponding with
those of MeSnCl3.46 After 3 h, 65% of the initial amount of Me2SnCl2 had reacted to
MeSnCl3. After 5 h, no Me2SnCl2 was left and MeSnCl3 was found to be the only tin product
formed. 31P NMR spectrum after 5 h: δ 13.87 (1JPPt = 3706 Hz). These data matched perfectly
with those of an independently measured sample of cis-[PtCl2(PPh3)2] in C2D2Cl4.
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Reaction of [Pt(PPh3)2(µ-Cl)2SnCl4] (2a) with n-Bu2SnCl2. A suspension of 2a (306 mg,
0.29 mmol) in toluene (5 mL) was prepared. Next, n-BuSnCl2 (88 mg, 0.29 mmol) was added
and the reaction mixture was stirred for 16 h at 110 °C. After cooling the reaction mixture to
room temperature, the orange precipitate was isolated by filtration and dried in vacuo to give
278 mg of [PtCl(SnCl3)(PPh3)2] (80% cis-isomer, 20% trans-isomer). 31P NMR (CH2Cl2): δ
11.31 (1JPPt = 3657 Hz), 28.07 (1JPPt = 3040 Hz), cis-[PtCl(SnCl3)(PPh3)2]; δ 20.01 (1JPPt =
2303 Hz), trans-[PtCl(SnCl3)(PPh3)2]. Evaporation of the solvent from the filtrate under
reduced pressure afforded 93 mg of n-BuSnCl3. 1H NMR (CDCl3): δ 0.98 (t, 3H, 3JHH = 7.0
Hz), 1.41 – 1.59 (pentet, 2H, 3JHH = 7.6 Hz), 1.83 – 1.98 (sextet, 2H, 3JHH = 1.4 Hz), 2.39 (t,
2H, 3JHH = 7.6 Hz, 2JHSn = 85.6 Hz). 13C NMR (CDCl3): δ 13.67, 25.96, 27.12, 33.58. 119Sn
NMR: δ + 7.35.
A similar experiment was performed in an NMR tube and the reaction was monitored by 1H
NMR spectroscopy. At first, a suspension of 2a (23.2 mg, 0.011 mmol) in toluene-d8 (0.5 mL)
was prepared in an NMR tube. Next, n-Bu2SnCl2 (6.7 mg, 0.022 mmol) was added and the
NMR tube was sealed. At 110 °C, 1H NMR spectra were recorded at regular intervals. 1H
NMR (toluene-d8): δ 0.76 (t, 3H, 3JHH = 6.6 Hz), 1.03 – 1.29 (sextet, 2H, 3JHH = 7.0 Hz), 1.31
– 1.48 (m, 4H), n-BuSnCl3. δ 2.06 (pentet, 2H, 3JHH = 6.2 Hz), 5.04 – 5.16 (m, 2H), 5.82 –
5.98 (m, 1H), 1-butene. The CH3 resonance of 1-butene overlapped with resonances of nBuSnCl3. δ 5.35 (m, 2H), 1.55 (s, 6H), cis-2-butene; 5.42 (m, 2H), 1.58 (s, 6H), trans-2butene. The 1H NMR data of 1-butene corresponded to those of an independently measured
sample of 1-butene and the resonances of 2-butene (cis and trans) were in agreement with the
data reported in the literature.9
Attempted reaction of [Pt(dppe)(µ-Cl)2SnCl4] (2c) with Me2SnCl2. Me2SnCl2 (47 mg, 0.21
mmol) was added to a suspension of 2c (200 mg, 0.21 mmol) in toluene (10 mL). The
reaction mixture was stirred overnight at 110 °C. The precipitate was isolate by filtration and
washed with toluene (3 x 5 mL). The resulting product was dried in vacuo to give 190 mg of a
white powder that was analyzed by 31P NMR spectroscopy as unreacted 2c. Evaporation of
the toluene layer till dryness resulted in 46 mg of an off-white material. It was identified by
1
H NMR as Me2SnCl2. 1H NMR (CDCl3) : δ 1.23 (2JHSn = 68.8 Hz). No resonances were
observed in the 31P NMR spectrum.
Reaction of [Pt2{P(C6H3Me2-3,5)3}4(µ-Cl)2][SbF6]2 (5b) with Me2SnCl2. 5b (10 mg, 4.3
µmol) was dissolved in C2D2Cl4 (0.5 mL) and the resulting solution was transferred into a
NMR tube. Next, Me2SnCl2 (1.9 mg, 8.6 µmol) was added to the solution and the NMR tube
was sealed. The tube was placed in an oil bath at 110 °C and frequently monitored by 1H and
31
P NMR spectroscopy. For results see text.
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Attempted reaction of [n-Bu4N][SnCl5] with R2SnCl2 (R = Me, n-Bu). R2SnCl2 (1.02
mmol) was added to a solution of [n-Bu4N][SnCl5] (0.55 g, 1.02 mmol) in C2H2Cl4 (10 mL).
The reaction mixture was stirred for 16 h at 110 °C. Next, C2H2Cl4 was removed in vacuo and
an off-white material was isolated. 1H NMR spectroscopic analysis of the material showed the
presence of unreacted [n-Bu4N][SnCl5] and R2SnCl2. 1H NMR (CDCl3): δ 1.23, (2JHSn = 68.8
Hz), Me2SnCl2; δ 0.95 (t, 3H, 3JHH = 7.4 Hz, CH3), 1.38 – 1.48 (m, 2H), 1.76 – 1.82 (m, 4H),
n-Bu2SnCl2.
Reaction of cis-/trans-[PtCl(Me)(PPh3)2] with SnCl4. To a suspension of a 1 : 1 molar
mixture of cis- and trans-[PtCl(Me)(PPh3)2] (100 mg, 0.13 mmol) in toluene (4 mL), SnCl4
(150 µL, 33 mg, 1.30 mmol) was added. The reaction mixture was stirred for 12 h at room
temperature. The precipitate was isolated by filtration, washed with toluene (3 x 5 mL) and
dried in vacuo to give 98 mg of a white powder which was characterized by 31P NMR
spectroscopy as a 1 : 1 molar mixture of cis- and trans-PtCl2(PPh3)2. 31P NMR (CH2Cl2): δ
14.79 (1JPPt = 3674 Hz), cis-[PtCl2(PPh3)2]; δ 21.05 (1JPPt = 2631 Hz), trans-[PtCl2(PPh3)2].
The collected toluene fractions were evaporated in vacuo till dryness to give 34 mg of an offwhite material, which was characterized by 1H NMR as MeSnCl3. 1H NMR (CDCl3): δ 1.68
(2JHSn = 100 Hz), MeSnCl3. No resonances were observed in the 31P NMR spectrum.
Reaction of [PtCl(Me)(dppe)] with SnCl4. A solution of [PtCl(Me)(dppe)] (9 mg, 13.5
mmol) in CDCl3 (0.3 mL) was transferred in a NMR tube. Next, a solution of SnCl4 (3.6 mg,
13.6 mmol) in CDCl3 (0.2 mL) was added. A 1H and 31P NMR spectrum were recorded after 1
minute. 1H NMR (CDCl3) :δ 1.68 (s, 2JHSn = 100 Hz), MeSnCl3; δ 2.16 − 2.48 (m, 4H, PCH2),
7.43 – 7.56 (m, 12H, PPh), 7.80 − 7.91 (m, 8H, PPh), [PtCl2(dppe)]. 31P NMR (CDCl3): δ
41.71 (s, 1JPPt = 3612 Hz), [PtCl2(dppe)].
Reaction of trans-[PtCl(H)(PPh3)2] with SnCl4. A suspension of trans-[PtCl(H)(PPh3)2]
(145 mg, 0.19 mmol) in toluene (10 mL) was prepared. After addition of SnCl4 (50 mg, 0.19
mmol), a yellow solution with some white precipitate was obtained instantaneously. The
reaction mixture was refluxed for 4 h, after which it was filtered. The isolated white material
(192 mg) was identified by 31P NMR spectroscopy as a mixture of cis-[PtCl(SnCl3)(PPh3)2]
(90%) and cis-[PtCl2(PPh3)2] (10%). 31P NMR (CH2Cl2): δ 11.36 (1JPPt = 3665 Hz), 28.11
(1JPPt = 3040 Hz), cis-[PtCl(SnCl3)(PPh3)2]; δ 14.76 (1JPPt = 3674 Hz), cis-[PtCl2(PPh3)2].
X-ray crystal structure determinations of 2a and 3a. Intensities were measured on a
Nonius KappaCCD diffractometer with rotating anode (Mo-Kα, λ = 0.71073 Å) at a
temperature of 150(2) K. The structures were solved with Patterson methods (DIRDIF-97)47
and refined with the program SHELXL-97 48 against F2 of all reflections. Non hydrogen
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atoms were refined freely with anisotropic displacement parameters. Hydrogen atoms were
refined as rigid groups. The OH hydrogen atoms in 3a were located in the difference Fourier
map ald kept fixed in that position. The drawings, structure calculations, and checking for
higher symmetry was performed with the program PLATON.49
Compound 2a: C36H30Cl6P2PtSn, Fw = 1051.02, colorless block, 0.27 x 0.27 x 0.18 mm3.
Monoclinic, space group P21/c (no. 14). Cell parameters: a = 18.8470(1), b = 10.6484(1), c =
22.8784(1) Å, β = 125.2995(3)°, V = 3747.30(4) Å3. Z = 4, Dcalc = 1.863 g cm-3, F000 = 2024.
60650 reflections were measured up to a resolution of (sin θ/λ) = 0.65 Å-1, 8581 reflections
were unique (Rint = 0.0378). An analytical absorption correction was applied (µ = 4.935 mm-1,
0.27-0.47 transmission). 415 refined parameters, no restraints. R (obs. refl.): R1 = 0.0177,
wR2 = 0.0421. R (all data): R1 = 0.0200, wR2 = 0.0429. Weighting scheme w =
1/[σ2(Fo2)+(0.0146P)2+2.7196P], where P = (Fo2+2Fc2)/3. GoF = 1.151. Residual electron
density between –1.00 and 0.42 e/Å3.
Compound 3a: C72H60Cl2P4Pt2 · 2C2H6Cl5OSn · 4/3CH2Cl2, Fw = 2307.41, colorless block,
0.42 x 0.30 x 0.18 mm3. Triclinic, space group P 1 (no. 2). Cell parameters: a = 14.4887(1),
b = 16.5922(1), c = 29.6302(2) Å, α = 91.8152(3), β = 92.7559(3), γ = 111.3401(2)°, V =
6617.76(8) Å3. Z = 3, Dcalc = 1.737 g cm-3, F000 = 3360. 65319 reflections were measured up
to a resolution of (sin θ/λ) = 0.65 Å-1, 29671 reflections were unique (Rint = 0.0441). An
absorption correction based on multiple measured reflections was applied (µ = 4.280 mm-1,
0.43-0.81 transmission). 1338 refined parameters, no restraints. R (obs. refl.): R1 = 0.0354,
wR2 = 0.0887. R (all data): R1 = 0.0489, wR2 = 0.0930. Weighting scheme w =
1/[σ2(Fo2)+(0.0459P)2+1.7887P], where P = (Fo2+2Fc2)/3. GoF = 1.035. Residual electron
density between –1.59 and 2.44 e/Å3. The crystal structure contains large voids (430.3 Å3 /
unit cell) filled with disordered n-pentane solvent molecules. Their contribution to the
structure factors was secured by back-Fourier transformation (program PLATON,49 CALC
SQUEEZE, 72 e-/unit cell).
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- Chapter 5 Mixed Ligand Platinum(II) Complexes with Monodentate
N-, S- and P-Ligands as Potential Catalysts for the
Redistribution of Organotins

Abstract. The mixed ligand platinum complexes trans-[PtCl2(SR2)(NR3)] (SR2, NR3 = SMe2,
pyrrolidine (1); SMe2, quinuclidine (2), SMe2, 2-picoline (3); tetrahydrothiophene, pyrrolidine
(4); SPh2, quinuclidine (5), SPh2, pyrrolidine (6)), cis-[PtCl2(SR2)(PPh3)] (SR2 = SMe2 (7),
tetrahydrothiophene (8)) and trans-[PtCl2(pyrrolidine)(PPh3)] (9) were prepared by single
ligand substitution of L in PtCl2L2 precursors. The molecular structure of the compounds in
solution was determined by 31P and 195Pt NMR spectroscopy and in the solid state by X-ray
crystallographic structure determinations for 2, 7 and 9. Complex 3 was used as catalyst in the
redistribution reaction of n-Bu2SnCl2 with SnCl4 to afford n-BuSnCl3 with 94% selectivity.

Sander H. L. Thoonen, Martin Lutz, Anthony L. Spek, Berth-Jan Deelman and Gerard van Koten
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5.1 Introduction
Mixed ligand platinum complexes of the type [PtCl2LL’], i.e., [PtCl2(sulfide)(amine)],
[PtCl2(sulfide)(phosphine)] and [PtCl2(amine)(phosphine)] are known for their interesting
catalytic properties.1 For instance, in the catalytic hydrogenation reaction of alkenes the
catalyst activity could be improved by a factor of five by using mixed ligand platinum
complexes.2,3 This effect was ascribed to differences of electronic and coordinating properties
of the two ligands.

Figure 1. Mixed amine, sulfide and phosphine platinum complexes 1 – 10.

Here we report on the synthesis and characterization of a range of new mixed ligand
platinum complexes (1 – 10) based on amine, sulfide and phosphine ligands. Complex 3 was
tested as catalyst in the reaction4 of n-Bu2SnCl2 with SnCl4 to obtain some insight in the
performance of mixed ligand platinum complexes in this reaction.

5.2 Results and Discussion
Trans-[PtCl2(sulfide)(amine)] complexes. The mixed ligand platinum complexes trans[PtCl2(sulfide)(amine)] (1 – 6) were all prepared by addition of an excess of the amine ligand
to a solution of the pure trans-[PtCl2(sulfide)2] in benzene (Scheme 1). The complexes were
isolated as light yellow powders in yields higher than 75%.
Compared to the starting complex trans-[PtCl2(SMe2)2] (δ 2.46), complexes 1 – 3
showed a small upfield shift for the SMe resonance in the 1H NMR spectrum. The magnitude
of this shift (1: δ 2.39, 2: δ 2.28, 3: δ 2.43) was found to be larger for the relatively strong
bases pyrrolidine (1) and quinuclidine (2) (pKa = 11.27 and 10.95, respectively)5a,b compared
to the weaker base 2-picoline (3) (pKa = 5.68).5a A similar but less proportional trend was
found for the SPh2 ligand of the trans-[PtCl2(SPh2)(amine)] complexes 5 and 6. For the
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analogous trans-[PtCl2(SC4H8)(amine)] (4) such a difference was difficult to observe due to
the poorly resolved CH2 resonances of the tetrahydrothiophene ligand in the 1H NMR
spectrum.

Scheme 1. Synthesis of trans-[PtCl2(sulfide)(amine)] (1 – 6), trans-[PtCl2(sulfide)(phosphine)] (7, 8) and
trans-[PtCl2(amine)(sulfide)] (9, 10) starting from trans-[PtCl2(sulfide)2].

In the starting trans-[PtL2SR2] complexes, the dialkyl sulfide ligand exerts a relatively
strong trans effect. Since the nitrogen ligands exerts a very weak trans effect, the ligand
substitution reaction will result in the kinetically favored isomer in which the nitrogen ligand
is in trans-position to the sulfur ligand and not the chlorine ligand which is closer to SR2 in
the trans effect series.6 Therefore we expect complexes 1 – 6 to be all trans-isomers. This was
established by the good agreement between the 1H NMR data of 3 and the values reported in
the literature for trans-[PtCl2(SMe2)(2-picoline)] 7 along with the molecular structure of 2 in
the solid state (Figure 3, vide infra). Inspection of the 195Pt NMR chemical shifts led to the
same conclusion (Table 1, vide infra).
The reaction of trans-[PtCl2(SMe2)2] with pyrrolidine in CDCl3 to form 1 was also
followed by 195Pt NMR spectroscopy and found to proceed completely within one minute,
suggesting a direct substitution pathway to form the trans complex.
Cis-[PtCl2(sulfide)(PPh3)] complexes. In a similar way as for the trans[PtCl2(sulfide)(amine)] complexes, the analogous triphenylphosphine complexes cis[PtCl2(sulfide)(PPh3)] (7, 8) were prepared in 90 and 75% yield, respectively, by addition of
one equivalent of PPh3 to a solution of the trans-[PtCl2(sulfide)2] complex in benzene.
Because 8 contains 5% of cis-PtCl2(PPh3)2, the elemental analysis data of 8 does not perfectly
match the calculated values. Both complexes are white solids that were soluble in CH2Cl2 and
CHCl3. The cis-structure was confirmed by an X-ray crystallographic study for 7 (Figure 4,
vide infra).
For 7, a single resonance for the protons of the SMe2 ligand with a 2JHPt value of 50.2
Hz was observed. Compared to the starting material, the position of this resonance had shifted
upfield by only 0.02 ppm. The 31P NMR spectrum of 7 in CDCl3 (Table 1) displayed one
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singlet at δ 11.89 with a 1JPPt value of 3659 Hz. The tetrahydrothiophene analogue 8 displayed
a resonance at δ 11.65 (1JPPt = 3680 Hz). These data are characteristic for a cis arrangement of
the sulfide and the phosphine ligand and resemble those of related cis-[PtCl2(SR2)(PPh3)]
complexes.8
The formation of only cis isomer in the ligand substitution reactions, can be explained
by the high trans effect of both, the PPh3 and the sulfide ligands, which destabilize the trans
configuration.6 Therefore, rearrangement to the kinetically favored cis isomer takes place
during the reaction. To obtain more information on this, we followed the reaction in time by
31
P NMR spectroscopy. Immediately after addition of one equivalent of PPh3 to a solution of
trans-[PtCl2(SMe2)2] in CDCl3 at room temperature, the presence of cis-[PtCl2(PPh3)2] (7%),9
trans-[PtCl2(PPh3)2] (26%),10 7 (35%),8 unreacted trans-[PtCl2(SMe2)2] (33%) and free SMe2
was observed by 1H and 31P NMR spectroscopy. After ten minutes, the amount of trans[PtCl2(PPh3)2] had declined considerably (< 5%). At that time 7 was the main product (87%)
while the amount of cis-[PtCl2(PPh3)2] had not changed significantly.
This NMR experiment indicates that, at first trans-[PtCl2(PPh3)2] is formed, which
reacts further to form cis-[PtCl2(SMe2)(PPh3)] and cis-[PtCl2(PPh3)2]. To assess a possible
role of free SMe2, the reaction of trans-[PtCl2(PPh3)2] with an excess of SMe2 in CDCl3 was
followed by 31P NMR spectroscopy (T = 25 °C). Under these conditions, trans-[PtCl2(PPh3)2]
was fully converted into cis-[PtCl2(PPh3)2] within ten minutes (formation of cis[PtCl2(SMe2)(PPh3)] was not observed). In the absence of SMe2, trans-[PtCl2(phosphine)2]
rearrange into cis-[PtCl2(phosphine)2] but this reaction is rather slow at room temperature.11
The same catalytic effect was also observed for CO in the trans to cis isomerization of
[PtCl2L2] (L = PEt3, PMe2Ph, PMePh2) in CHCl3.12
In the reaction of trans-[PtCl2(SMe2)2] with one equivalent of PPh3, it was observed
that next to cis- and trans-[PtCl2(PPh3)2] also equimolar amounts of trans-[PtCl2(SMe2)2] and
free SMe2 are present. To simulate this situation, we monitored the reaction of trans[PtCl2(PPh3)2] with trans-[PtCl2(SMe2)2] in the presence of one equivalent of SMe2 by 31P
NMR spectroscopy (CDCl3, T = 25 °C). This reaction afforded cis-[PtCl2(SMe2)(PPh3)] (7) as
the only product within one minute. To check if free SMe2 is required for this ligand
exchange, the same experiment was repeated in absence of SMe2 pointing out that under these
conditions ligand exchange did not occur. In the 31P NMR spectrum only the presence of
trans-[PtCl2(PPh3)2] was observed. Even when the sample was heated to 50 °C for three days,
no ligand exchange occurred which demonstrates that free SMe2 in the reaction of trans[PtCl2(PPh3)2] with trans-[PtCl2(SMe2)2] is thus required to catalyze the ligand exchange
between the two platinum species. The fact that [PtCl2LL’] is stable towards
disproportionation to [PtCl2L2] and [PtCl2L’2] can therefore be explained by i) the
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thermodynamic stability of [PtCl2LL’] (Keq << 1, Eq. 1) and ii) that ligand exchange reactions
in the absence of free ligand are slow.13,14

The reaction pathway of trans-[PtCl2(SMe2)2] with one equivalent of PPh3 can be
visualized as follows (Scheme 2) and involves two competing pathways. One pathway is the
SMe2-catalyzed intramolecular rearrangement of trans- to cis-[PtCl2(PPh3)2]. The second
pathway, which results in formation of 7, is the SMe2-catalyzed intermolecular reaction of
trans-[PtCl2(PPh3)2] with trans-[PtCl2(SMe2)2].

Scheme 2. Formation of cis-[PtCl2(SMe2)(PPh3)] (7) from trans-[PtCl2(SMe2)2] and one equivalent of PPh3.

Because the reaction of trans-[PtCl2(SMe2)2] with one equivalent of PPh3 results in
only small amounts of cis-[PtCl2(PPh3)2], we conclude that the isomerization is much slower
than the ligand exchange reaction of trans-[PtCl2(PPh3)2] with trans-[PtCl2(SMe2)2].
An alternative synthesis of cis-[PtCl2(SMe2)(PAr3)] complexes like 7 has been
described before and uses [Pt2(µ-Cl)2Cl2(PAr3)2] and a large excess of SMe2.3,8,15 Preparing
[PtCl2(SMe2)(PAr3)] complexes with a variety of PAr3 ligands by that method is a timeconsuming task. The method described here is more convenient since it makes use of only one
easily accessible platinum precursor. In this way, a range of cis-[PtCl2(SMe2)(PAr3)]
complexes becomes easily accessible.
Finally, it must be noted that reaction of equimolar amounts of PPh3 with trans[PtCl2(SPh2)2] did not afford cis-[PtCl2(SPh2)(PPh3)], but yielded a 1 : 1 mixture of
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(rearranged) cis-[PtCl2(PPh3)2] (δ 31P 15.16, 1JPtP = 3666 Hz)9 and trans-[PtCl2(SPh2)2]
according to 195Pt NMR spectroscopy, i.e., the ligand catalyzed trans- to cis-isomerization is
much faster than the intermolecular ligand exchange reaction (Scheme 2).
Trans-[PtCl2(amine)(PPh3)] complexes. Starting from cis-[PtCl2(SMe2)(PPh3)] (7), addition
of one equivalent of an amine ligand resulted in the formation of trans-[PtCl2(amine)(PPh3)]
(9, 10) by substitution of the SMe2 ligand. The yellow, air-stable products are well-soluble in
benzene, CHCl3 and CH2Cl2.
The 31P NMR resonance of 9 (Table 1) had shifted 6.5 ppm upfield (δ 31P of 7: 11.89)
while the coupling constant 1JPPt of 3507 Hz was somewhat smaller than that of 7 (3659 Hz),
which correspond well with the data of similar platinum complexes e.g., trans1
[PtCl2(NHMe2)(PPh3)]
(δ
3.90,
JPPt
=
3524
Hz)16
and
trans1
17
[PtCl2(PhCOCH2CH2NMe2)(PPh3)] (δ 4.80, JPPt = 3590 Hz). The molecular structure of 9
in the solid state, determined by a single crystal X-ray diffraction study is presented in Figure
5 (vide infra).
By using the same approach as for the synthesis of 9, attempts were made to prepare
trans-[PtCl2(quinuclidine)(PPh3)] (10). When one equivalent of the amine ligand was added
to a solution of trans-[PtCl2(SMe2)(PPh3)] in CH2Cl2, incomplete conversion was obtained
even after 12 hours at room temperature. When the reaction mixture was stirred for an
additional 24 hours at reflux temperature (45 °C), the presence of 10 (45%), cis[PtCl2(PPh3)2] (10%) and unreacted starting material (45%) was observed by 31P NMR
spectroscopy. Based on this stoichiometry, about 10% of other platinum species without
phosphine ligands must be present. But since the reaction did not proceed cleanly, the
presence of such species was not investigated in more detail. A second attempt which made
use of six equivalents of amine ligand, gave a higher yield of 10 (78%). Unfortunately, 10
could not be separated from the starting material and cis-[PtCl2(PPh3)2].
31

P and 195Pt NMR spectroscopy of 1 – 10. By comparison of the 31P and 195Pt NMR data of
the symmetric complexes trans-[PtCl2L2] (SMe2, SPh2, SC4H8, PPh3) (a – d) and cis[PtCl2(PPh3)2] (e) with the data of the mixed ligand [PtCl2LL’] complexes, the influence of
the ligands on the chemical shifts can be determined.
It is obvious from the data in Table 1 that replacement of one of the PPh3 ligands in
trans- and cis-[PtCl2(PPh3)2] complexes by a nitrogen or sulfur ligand results in an upfield
shift of the phosphorus resonance. The increase of the 1JPtP coupling constant of 9 and 10
compared to that of e can be explained by the weak trans influence of the nitrogen ligand,6
resulting in a stronger Pt-P bond.6b
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Table 1. 31P and 195Pt NMR data of [PtCl2LL’] complexes 1 – 10 and the starting complexes
[PtCl2L2].a
Complexes
L2
LL’
a

L

L’

SMe2
1
2
3

b
4
c
5
6
d
9
10
e
7
8

SMe2
SMe2
SMe2
SC4H8
SC4H8
SPh2
SPh2
SPh2
PPh3
PPh3
PPh3
PPh3
PPh3
PPh3

Pyrrolidine
Quinuclidine
2-Picoline
Pyrrolidine
Quinuclidine
Pyrrolidine
Pyrrolidine
Quinuclidine
SMe2
SC4H8

Isomer

31

P NMR
b
1
δ
JPtPc

trans

-

-

trans
trans
trans
trans
trans
trans
trans
trans
trans
trans
trans
cis
cis
cis

21.05
5.30
6.37
15.19
11.89
11.65

2631
3507
3464
3666
3659
3680

195

Pt NMR (δ)d
L2
LL’

–3404
–2934
–2889
–2810
–3361
–2895
–3363
–2850
–2894
–4083
–3642
–3605
–4431
–4015
–4056

a

Recorded at 81.03 MHz (31P) and 64.34 MHz (195Pt) in CDCl3 at ambient temperature. b In ppm relative to 85%
H3PO4 in D2O (δ = 0 ppm). c Coupling constant in Hz. d In ppm relative to 1.0 M Na2PtCl6 in D2O (δ = 0 ppm).

The 195Pt chemical shift regions of the novel trans mixed ligand complexes and the
previously reported trans-[PtCl2L2] complexes (L = amine, sulfide, phosphine)22,18 are
schematically presented in Figure 2 and show that substitution of one ligand in trans[PtCl2L2] (L = phosphine, sulfide) by an amine ligand results in an expected downfield shift
of the platinum chemical shift by 450 – 600 ppm.22b,19,20
The 195Pt chemical shift values for trans-[PtCl2(SMe2)2] (a) and cis-[PtCl2(PPh3)2] (e)
are in close agreement with the data reported for these complexes in the literature (δ –3409 21a
and δ –4429,21b respectively). The other symmetric trans-[PtCl2(SR)2] complexes b and c
show a chemical shift which is comparable to that of a. The difference of ~ 350 ppm in the
chemical shift between trans- and cis-[PtCl2(PPh3)2] (d and e, respectively) is as expected.22
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Figure 2. Schematic presentation of the 195Pt chemical shift regions of trans-[PtCl2L2] with L2 = NN:
(amine)2, SN: (sulfide)(amine), SS: (sulfide)2, NP: (amine)(phosphine) and PP: (phosphine)2. For the
definition of the compound labeling see Table 1.

The δ 195Pt of –2810 of the mixed ligand complex trans-[PtCl2(SMe2)(2-picoline)] (3)
is in good agreement with the value of closely related trans-[PtCl2(SMe2)(pyridine)] (δ –
2821).21a The relative difference in 195Pt chemical shift of the SMe2 complexes 1 – 3 and the
SPh2 complexes 5, 6 is mainly dependent on the type of amine ligand (Table 1). The
pyrrolidine and quinuclidine ligand acts as a σ-donor and will increase the electron density on
the metal more than 2-picoline which acts both as a σ-donor and π-acceptor.23 Consequently,
the complexes with a pyrrolidine or a quinuclidine ligand will appear in the 195Pt NMR
spectrum at a more upfield position relative to the complex with a 2-picoline ligand. In order
to compare the electronic influence of three amine ligands, we used the pKa values as a
measure of electron donicity.5b It was found that the 195Pt chemical shift corresponded with
the order in the pKa values of the amine ligands pyrrolidine (11.27) > quinuclidine (10.95) >
2-picoline (5.68). However, no linear relation was found and it is clear that the pKa values can
only give a rough estimation about the effect of the ligand on the chemical shift.
The 195Pt chemical shift and the 1JPtP value of 7 were found to be in agreement with the
literature data.24 The position of the 195Pt resonances of 7 – 10 had shifted ∼ 375 – 450 ppm
downfield relative to those of cis- and trans-[PtCl2(PPh3)2]. So the type of isomer (cis- or
trans) does not greatly influence the magnitude of the change in chemical shift. Therefore, we
conclude that the change in chemical shift to be largely dependent on the electronic influence
of the nitrogen and sulfur ligand on the metal center.
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Catalytic performance of 3 in the reaction of n-Bu2SnCl2 with SnCl4. In Chapter 4, the
catalytic activity of cis-[PtCl2(PPh3)2] in the reaction of n-Bu2SnCl2 with SnCl4 was
demonstrated (Eq. 2).4

With this catalyst, it was possible to obtain n-BuSnCl3 in 85% yield. In the same way,
the use of trans-[PtCl2(SMe2)(2-picoline)] (3) as catalyst was found to give n-BuSnCl3 in
87% yield with a selectivity of 94%, which is significantly higher than the 85% selectivity
that was obtained with cis-[PtCl2(PPh3)2].4
Solid State Structures of Complexes 2, 7, 9. The molecular structures in the solid state of
complexes 2, 7 and 9 are depicted in Figures 3 – 5, respectively. Selected bond distances and
bond angles are listed in Table 2.
Cl2

C2

C9
C8

C5

C7
C6

Pt1

N1

S1
C1

C4

C3
Cl1

Figure 3. Displacement ellipsoid plot (50% probability level) of trans-[PtCl2(SMe2)(quinuclidine)] (2).
Hydrogen atoms have been omitted for clarity.

The platinum atom in 2 has the expected square planar coordination with two mutually
trans chloride ions, a SMe2 and the quinuclidine ligand. Some deviation from idealized square
planar geometry is apparent from the angles Cl(1)-Pt(1)-Cl(2) (176.24(4)º) and S(1)-Pt(1)N(1) (175.26(9)º). The Pt(1)-N(1) bond distance of 2.133(3) Å is comparable to that found for
related platinum(II) chloride complexes like, e.g., [PtCl2(DMSO)(piperidine)] (2.083(18) Å)
25
and trans-[PtCl2(DMSO)][(η5-C5H4CH2NMe2)Fe(η5-C5H5)] (2.166(8) Å).26 The Pt(1)-S(1)
bond (2.2778(11) Å is similar in length to that found in [PtCl2(SMe2)(N≡Os(Tp)Cl2)]
(2.286(2) Å).27
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Table 2. Selected Bond Lengths (Å) and Angles (deg) for trans-[PtCl2(SMe2)(quinuclidine)]
(2), cis-[PtCl2(SMe2)(PPh3)] (7) and cis-[PtCl2(pyrrolidine)(PPh3)] (9).
Bond Distances

Bond Angles
Compound 2

Pt(1) – Cl(1)
Pt(1) – Cl(2)
Pt(1) – S(1)
Pt(1) – N(1)
S(1) – C(1)
S(1) – C(2)

2.3142(11)
2.3057(10)
2.2778(11)
2.133(3)
1.811(5)
1.796(4)

Cl(1) – Pt(2) – Cl(2)
Cl(1) – Pt(1) – S(1)
Cl(1) – Pt(1) – N(1)
Cl(2) – Pt(1) – N(1)
Cl(2) – Pt(1) – S(1)
S(1) – Pt(1) – N(1)
C(1) – S(1) – C(2)

176.24(4)
83.31(4)
93.24(9)
90.22(9)
93.15(4)
175.26(9)
98.1(2)

Compound 7
Pt(1) – Cl(1)
Pt(1) – Cl(2)

2.3537(6)
2.3211(7)

Cl(1) – Pt(1) – Cl(2)
Cl(1) – Pt(1) – S(1)

88.59(2)
91.01(2)

Pt(1) – S(1)
Pt(1) – P(1)
S(1) – C(1)
S(1) – C(2)

2.2718(6)
2.2371(6)
1.803(3)
1.800(3)

Cl(1) – Pt(1) – P(1)
Cl(2) – Pt(1) – P(1)
Cl(2) – Pt(1) – S(1)
S(1) – Pt(1) – P(1)
C(1) – S(1) – C(2)

175.28(2)
87.24(2)
176.99(2)
93.27(2)
100.14(16)

Compound 9
Pt(1) – Cl(1)
Pt(1) – Cl(2)
Pt(1) – P(1)
Pt(1) – N(1)
N(1) – C(1)
N(1) – C(4)

2.2927(6)
2.3005(6)
2.2381(6)
2.1176(19)
1.503(3)
1.491(3)

Cl(1) – Pt(1) – Cl(2)
Cl(1) – Pt(1) – P(1)
Cl(1) – Pt(1) – N(1)
Cl(2) – Pt(1) – P(1)
Cl(2) – Pt(1) – N(1)
P(1) – Pt(1) – N(1)
C(1) – N(1) – C(4)
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175.33(2)
89.36(2)
89.82(6)
94.75(2)
86.22(6)
176.38(5)
104.59(19)
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C1
C2
S1

C3

Pt1

Cl1

P1
C15

C9
Cl2

Figure 4. Displacement ellipsoid plot (50% probability level) of cis-[PtCl2(SMe2)(PPh3)] (7). Hydrogen
atoms and CH2Cl2 solvent molecule have been omitted for clarity.

Complex 7 has a slightly distorted square planar geometry with angles around the
platinum center ranging from 87.24(2) to 93.27(2)º. The dihedral angle between the Cl(1)Pt(1)-Cl(2) and the S(1)-Pt(1)-P(1) plane is 3.61(3)°. Because of the larger trans influence of
the PPh3 ligand, the Pt-Cl bond trans to PPh3 (2.3537(6)Å), is longer than the Pt-Cl bond
trans to SMe2 (2.3211(7) Å). The Pt-P, Pt-S and Pt-Cl bond lengths are as expected for cis[PtCl2(SR2)(PR3)] complexes.28 Presumably for steric reasons, the Me groups of the sulfide
ligand are directed away from the phosphine ligand.

Cl1
C17

C2
C1

Pt1

N1

C11

C4

P1

C3

H1N
C5
Cl2

Figure 5. Displacement ellipsoid plot (50% probability level) of trans-[PtCl2(pyrrolidine)(PPh3)] (9). C-H
hydrogen atoms and CH2Cl2 solvent molecule have been omitted for clarity.
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The Pt atom in 9 again has a weakly distorted square-planar coordination geometry
with the two Cl atoms in trans position. The dihedral angle between the Cl(1)-Pt(1)-N(1) and
the Cl(2)-Pt(1)-P(1) plane is 4.14(6)°, pointing to a slightly distorted tetrahedral.
The Pt-Cl bonds are of similar length (2.2927(6) and 2.3005(6) Å). The Pt-P and the
Pt-N bond lengths (2.2381(6) and 2.1176(19) Å, respectively) fit well within the range of the
Pt-P bond lengths (2.218 – 2.248 Å) and Pt-N bond lengths (2.113 – 2.144 Å) reported in the
literature.29 The pyrrolidine ligand has an envelope conformation, with C(4) 0.579(2) Å out of
the N(1) - C(1) - C(2) - C(3) least squares plane.

5.3 Conclusion
The mixed ligand platinum complexes 1 – 10, i.e., trans-[PtCl2(sulfide)(amine)], cis[PtCl2(sulfide)(PPh3)] and trans-[PtCl2(amine)(PPh3)] have been prepared successfully in
good yields. The nature of the complexes was confirmed by 1H, 31P and 195Pt NMR
spectroscopy as well as by molecular structures of 2, 7 and 9 in the solid state. The 31P and
195
Pt NMR data gave information about the electronic influence of the different ligands on the
platinum center. In solution, all complexes were found to be stable and no ligand exchange
was observed.
Preliminary results of the use of 3 as catalyst in the reaction of n-Bu2SnCl2 with SnCl4
to yield n-BuSnCl3 are promising and underline the potential of these complexes in the Ptcatalyzed redistribution reaction of organotins to monoorganotin trihalides. This will be the
topic of Chapter 6.

5.4 Experimental Section
General comments. All reactions were carried out under an inert atmosphere of N2 using
standard Schlenk techniques. All solvents were dried and distilled in a nitrogen atmosphere
prior to use. trans-[PtCl2(SMe2)2],30 trans-[PtCl2(tetrahydrothiophene)2],31 trans[PtCl2(SPh2)2] 32 and trans-[PtCl2(SMe2)(2-picoline)] 33 were prepared according to literature
procedures. Elemental analysis were carried out by H. Kolbe, Mikroanalytisches
Laboratorium, Mülheim an der Ruhr, Germany. 1H and 31P{1H} NMR spectra were recorded
at 298 K on a Varian Mercury 200 MHz spectrometer, 195Pt{1H} NMR spectra were recorded
on a Varian Inova 300 MHz spectrometer. 31P{1H} NMR spectra were externally referenced
against 85% H3PO4 in D2O (δ = 0 ppm) and 195Pt{1H} NMR spectra against a 1.0 M solution
of Na2PtCl6 in D2O (δ = 0 ppm).
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Synthesis of trans-[PtCl2(SMe2)(pyrrolidine)] (1). trans-[PtCl2(SMe2)2] (1.5 g, 3.85 mmol)
was dissolved in benzene (70 mL) to give a clear yellow solution. Next, pyrrolidine (546 mg,
7.70 mmol) was added at once. The reaction mixture was stirred for 2 h at 60 °C, after which
the volume was reduced to 5 mL. Addition of hexane (50 mL) resulted in the formation of a
yellow precipitate and the resulting suspension was stored over night at –20 °C. The product
was isolated by filtration, washed with hexane (2 x 10 mL) and dried in vacuo. Yield: 1.30 g
(85%) yellow powder. 1H NMR (CDCl3): δ 4.10 (s, 1 H, NH), 3.20 (br, 4 H, NCH2), 2.39 (s,
6H, 2JHPt = 40.4 Hz, SMe), 1.89 (br, 2H, NCH2CH2), 1.67 (br, 2H, NCH2CH2). Anal. Calcd
for C6H15Cl2NPtS: C, 18.05; H, 3.79; Cl, 17.76. Found: C, 17.96; H, 3.73; Cl, 17.19.
Synthesis of trans-[PtCl2(SMe2)(quinuclidine)] (2). This complex was prepared by
following the same procedure described for 1 using trans-[PtCl2(SMe2)2] (1.50 g, 3.85 mmol),
benzene (70 mL) and quinuclidine (1.3 g, 11.7 mmol). In this case, the reaction mixture was
stirred overnight at 60 °C. Yield: 1.25 g (74 %) yellow powder. Single crystals were obtained
by slow evaporation of the solvents form a solution of 2 in CH2Cl2. 1H NMR (CDCl3): δ 3.52
(t, 6H, 3JHH = 15 Hz, NCH2), 2.28 (s, 6H, 3JHPt = 40.0 Hz, SMe), 1.78 (m, 1H, NCH2CH2CH),
1.69 (br, 6H, NCH2CH2). Anal. Calcd for C9H19Cl2NPtS: C, 24.61; H, 4.36; Cl, 16.14. Found:
C, 26.88; H, 4.45; Cl: 16.63.
Synthesis of trans-[PtCl2(SMe2)(2-picoline)] (3). This complex was prepared by following
the same procedure described for 1 using trans-[PtCl2(SMe2)2] (200 mg, 0.51 mmol), benzene
(10 mL) and 2-picoline (98 mg, 1.02 mmol). The reaction mixture was stirred overnight at
room temperature. Yield: 210 mg (99%) yellow powder. 1H NMR (CDCl3): δ 8.77 (d, 1H,
3
JHPt = 29.7 Hz, aromatic Hα), 7.67 (t, 1H, 3JHH = 15.1 Hz, aromatic Hβ), 7.32 (d, 1H, 3JHPt =
14.2 Hz, aromatic Hδ), 7.21 (t, 1H, 3JHPt = 12.4 Hz, Hγ), 3.14 (s, 3H, 4JHPt = 10.2 Hz, CCH3),
2.43 (s, 6H, 3JHPt = 41.6 Hz, SCH3). Anal. Calcd for C8H13Cl2NPtS: C, 22.81; H, 3.11; Cl,
16.83. Found: C, 22.90; H, 3.06; Cl, 16.74.
Synthesis of trans-[PtCl2(tetrahydrothiophene)(pyrrolidine)] (4). This complex was
prepared by following the same procedure described for 1 using trans-[PtCl2(SC4H8)2] (150
mg, 0.34 mmol), CH2Cl2 (5 mL) and pyrrolidine (24 mg, 0.34 mmol. The reaction mixture
was stirred overnight at room temperature. Yield: 85% of yellow powder. 1H (CDCl3): δ 4.05
(br, 1H, NH), 3.54 (br, 2H, SCH2CH2), 3.19 (t, 4H, 3JHH = 9.6 Hz, NCH2), 2.58 (br, 2H,
SCH2), 2.18 (br, 4H, SCH2CH2), 1.94 (br, 2H, NCH2CH2), 1.70 (t, 2H, 3JHH = 10.0 Hz,
NCH2CH2). Anal. Calcd for C8H17Cl2NPtS: C, 22.59; H, 4.03; Cl, 16.67. Found: C, 22.66; H,
3.94; Cl, 16.74.
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Synthesis of trans-[PtCl2(SPh2)(quinuclidine)] (5). This complex was prepared by following
the same procedure described for 1 using trans-[PtCl2(SPh2)2] (280 mg, 0.44 mmol), benzene
(10 mL) and quinuclidine (99 mg, 0.89 mmol). The reaction mixture was stirred for 12 hours
at room temperature. Yield: 230 mg (93%) yellow powder. 1H NMR (CDCl3): δ 7.76 – 7.65
(m, 4H, SPh2), 7.45 – 7.32 (m, 6H, SPh2), 3.61 (t, 6H, 3JHH = 16.5 Hz, NCH2), 1.81 (m, 1H,
NCH2CH2CH), 1.70 (m, 6H, NCH2CH2). Anal. Calcd for C19H23Cl2NPtS: C, 40.50; H, 4.11;
N, 2.49; Cl, 12.58. Found: C, 40.38; H, 4.21; N, 2.48; Cl, 12.66.
Synthesis of trans-[PtCl2(SPh2)(pyrrolidine)] (6). This complex was prepared by following
the same procedure described for 1 using trans-[PtCl2(SPh2)2] (200 mg, 0.31 mmol), benzene
(10 mL) and pyrrolidine (45 mg, 0.63 mmol). The product was isolated as a yellow powder in
95% yield. 1H NMR (CDCl3): δ 7.78 - 7.74 (m, 4H, SPh2), 7.48 – 7.39 (m, 6H, SPh2), 4.25
(br, 1H, NH), 3.25 (br, 4 H,NCH2), 1.94 (br, 2H, NCH2CH2), 1.71 (br, 2H, NCH2CH2). Anal.
Calcd for C16H18Cl2NPtS: C, 36.72; H, 3.66; N, 2.68; Cl, 13.55. Found: C, 36.63; H, 3.62; N,
13.59; Cl, 2.73.
Synthesis of cis-[PtCl2(SMe2)(PPh3)] (7). trans-[PtCl2(SMe2)2] (100 mg, 0.26 mmol) was
dissolved in benzene (5 mL). After addition of PPh3 (68 mg, 0.26 mmol), the solution turned
colorless immediately and after a few minutes a white precipitate was formed. The reaction
mixture was stirred for 15 h at room temperature. After the white solid was filtered off, it was
washed with benzene (3 mL) and dried in vacuo to give 138 mg (90%) white product. Single
crystals were obtained by slow evaporation of the solvent from a solution of 7 in CH2Cl2. 1H
NMR (CDCl3): δ 7.79 – 7.69 (m, 6H, PPh3), 7.50 – 7.39 (m, 9H, PPh3), 2.43 (s, 6H, 3JHPt =
51.2 Hz, SCH3). 31P NMR (81.03 MHz, CDCl3): δ 11.89 (1JPPt = 3659 Hz). Anal. Calcd for
C20H21Cl2PPtS: C, 40.69; H, 3.59; Cl, 12.01. Found: C, 40.84; H, 3.55; Cl, 12.11.
Synthesis of cis-[PtCl2(SC4H8)(PPh3)] (8). PPh3 (116 mg, 0.44 mmol) was added to a
solution of trans-[PtCl2(SC4H8)2] (196 mg, 0.44 mmol) in benzene (15 mL). The reaction
mixture was stirred for 24 hours at room temperature. After reducing the volume in vacuo to 2
mL, hexane (10 mL) was added and the obtained suspension was filtered. The remaining
substance was washed with hexane (2 x 5 mL) and dried in vacuo to give 230 mg (85%) offwhite product. 1H NMR (CDCl3): δ 7.80 – 7.69 (m, 6H, PPh3), 7.48 – 7.39 (m, 9H, PPh3),
3.71 (br, 2H, SCH2), 2.46 (br, 2H, SCH2), 2.33 (br, 2H, SCH2CH2), 1.79 (br, 2H, SCH2CH2).
31
P NMR (81.03 MHz, CDCl3): δ 11.65 (1JPPt = 3680 Hz). Anal. Calcd for C22H23Cl2PPtS: C,
42.86; H, 3.76; Cl, 11.50. Found: C, 46.09; H, 4.20; Cl, 11.38.
Synthesis of trans-[PtCl2(PPh3)(pyrrolidine)] (9). trans-[PtCl2(SMe2)(PPh3)] (120 mg, 0.20
mmol) was dissolved in CH2Cl2 (5 mL). To the colorless solution, pyrrolidine (14 mg, 0.20
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mmol) was added and the color of the solution turned to yellow immediately. Next, the
reaction mixture was stirred at room temperature for 1 h. After the volume was reduced in
vacuo to 1 mL, 5 mL of hexane were added. The resulting yellow precipitate was isolated by
filtration, washed with hexane (2 x 5 mL) and dried in vacuo. The product was isolated in 55
% yield. Yellow cubic single crystals were obtained by slow evaporation of a solution of 9 in
CH2Cl2. 1H NMR (CDCl3): δ 7.75 – 7.66 (m, 6H, PPh3), 7.41 – 7.34 (m, 9H, PPh3), 3.90 (s,
1H, NH), 3.35 (t, 4H, NCH2), 1.91 (br, 2H, NCH2CH2), 1.74 (br, 2H, NCH2CH2). 31P NMR
(81.03 MHz, CDCl3): δ 5.30 (1JPPt = 3507 Hz). Anal. Calcd for C22H24Cl2NPtS: C, 44.08; H,
4.04; Cl, 11.83. Found: C, 43.88; H, 4.15; Cl, 11.69.
Synthesis of trans-[PtCl2(PPh3)(quinuclidine)] (10). This complex was prepared by
following the same procedure described for 9 using trans-[PtCl2(SMe2)(PPh3)] (253 mg, 0.43
mmol), CH2Cl2 (10 mL) and quinuclidine (141 mg (0.1,27 mmol). Yield: 250 mg yellow
powder. Resonances of 10, 1H NMR (CDCl3): δ 7.79 – 7.68 (m, 6H, PPh3), 7.43 – 7.33 (m,
9H, PPh3), 3.55 (t, 6H, 3JHH = 15.7 Hz, NCH2), 1.79 (m, 1H, NCH2CH2CH ), 1.65 (br, 6H,
NCH2CH2). 31P NMR (81.03 MHz, CDCl3): δ 6.37 (1JPPt = 3464 Hz).
Single crystal X-ray crystallographic structure determination of 2, 7 and 9. X-ray
intensities were measured on a Nonius KappaCCD diffractometer with rotating anode and
Mo-Kα radiation (graphite monochromator) at a temperature of 150(2) K. The structures were
solved with automated Patterson methods using the program DIRDIF,34 and refined with the
2
program SHELXL97 35 against F of all reflections. Non hydrogen atoms were refined freely
with anisotropic displacement parameters, hydrogen atoms were refined as rigid groups. In
structure 7 the methyl hydrogens and in structure 9 the amino hydrogen were refined freely
with isotropic displacement parameters. In structure 7 the methylene chloride solvent
molecule was refined with a disorder model. The drawings, structure calculations, and
checking for higher symmetry was performed with the program PLATON.36 Further details of
the crystal structure determination are given in Table 3.
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Table 3. Crystal data and details of data collection and structure refinement for 2, 7 and 9.
Empirical formula
Formula weight
Crystal system
Space group
a (Å)
b (Å)
c (Å)
α (deg.)
β (deg.)
γ (deg.)
V (Å3)
Z
Dcalc (g cm-3)
Abs. coeff., µ (mm-1)
F (000)
Crystal size (mm3)
θ Range (º)
Reflections collected
Independent reflections
Absorption correction
Transmission range
Goodness-of-fit on F2
Resid. el. dens. (e Å-3)
R [I>2σ(I)]
R (all data)
wR2 (all data)

Compound 2

Compound 7

Compound 9

C9H19Cl2NPtS
439.30
orthorhombic
Pbca (no. 61)
11.0481(2)
10.3219(2)
22.3330(4)
90
90
90
2546.80(8)
8
2.291
11.567
1664
0.30 x 0.30 x 0.09
1.82 – 27.43
22406
2905
analytical
0.095-0.467
1.083
-2.71 / 1.46
0.0301
0.0391
0.0820

C20H21Cl2PPtS·CH2Cl2
675.31
triclinic
P 1 (no. 2)
8.3779(1)
11.4391(1)
13.1407(2)
87.4832(4)
73.3192(4)
89.1162(5)
1205.18(3)
2
1.861
6.424
652
0.36 x 0.27 x 0.26
1.62 – 27.56
22149
5526
PLATON (DELABS)
0.56-0.87
1.047
-1.20 / 0.73
0.0178
0.0194
0.0421

C22H24Cl2NPPt·CH2Cl2
684.31
triclinic
P 1 (no. 2)
10.3581(1)
11.1564(1)
11.2686(1)
73.6830(4)
82.5260(4)
86.7163(4)
1238.83(2)
2
1.835
6.171
664
0.30 x 0.24 x 0.15
1.90 – 27.45
25389
5679
analytical
0.39 – 0.70
1.074
-1.01 / 1.06
0.0176
0.0196
0.0412
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- Chapter 6 Monoorganotin Trihalides III: [PtCl2L2] and [PtCl2LL’]
Complexes (L, L’= Monodentate N-, S- or P-Ligand) as
Highly Selective Catalysts for the Kocheshkov
Redistribution Reaction of Dialkyltin Dichlorides with Tin
Tetrachloride

Abstract. [PtCl2L2] complexes (L = dialkylsulfide, heterocyclicamine) were used as catalyst
in the redistribution reaction of n-Bu2SnCl2 with SnCl4 to afford n-BuSnCl3 with a selectivity
up to 96% for the catalysts with L = SMe2 or SC4H8. The mixed ligand complexes [PtCl2LL’]
with L = dialkylsulfide and L’ = heterocyclicamine were found to be considerably more active
than the [PtCl2L2] complexes while selectivity was maintained. Best results were obtained for
L = SC4H8 and L’ = pyrrolidine (yield of n-BuSnCl3 = 94%, t = 16 h).

Sander H. L. Thoonen, Berth-Jan Deelman and Gerard van Koten
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6.1 Introduction
In Chapter 4 we have demonstrated that PtCl2(phosphine)2 complexes are active catalysts for
the Kocheshkov redistribution reaction of R2SnCl2 (R = Me, n-Bu, n-Hex) with an equimolar
amount of SnCl4 (Eq 1.).1

With cis-[PtCl2(PPh3)2] as catalyst MeSnCl3, n-BuSnCl3 and n-HexSnCl3 could be
obtained in 87, 83 and 67% yield (isolated material), respectively. For the butyl and hexyltins,
also SnCl2, 1- and 2-alkenes and HCl (not analyzed) were formed as side-products. The
mechanistic study performed in Chapter 4 showed that the formation of these side-products is
the result of an intermediate platinum-alkyl species which undergoes a facile β-H elimination
reaction.2 Using a catalyst with a more Lewis basic triarylphosphine ligand, i.e. cis[PtCl2{P(C6H4Me-p)3}2], resulted in less SnCl2 formation most likely by a rate decrease of the
β-H elimination reaction.3 The competitive formation of n-BuSnCl3 and SnCl2 can be
visualized as follows:

Scheme 1. Formation of n-BuSnCl3 and SnCl2 from n-Bu2SnCl2.

By using platinum complexes with stronger electron-donating nitrogen and sulfide
ligands,4 we expected to be able to further reduce the amount of SnCl2 side-product (decrease
of k(SnCl2)). The synthesis of mixed ligand platinum complexes with monodentate N-, S- and
P-ligands was already discussed in Chapter 5. In this Chapter we present the catalytic
performance of these complexes along with those of [PtCl2L2] (L = amine, sulfide or
phosphorous ligand) in the redistribution reaction of n-Bu2SnCl2 with SnCl4.

6.2 Results and Discussion
[PtCl2(amine)2], [PtCl2(sulfide)2] and several mixed ligand platinum complexes were tested in
the reaction of n-Bu2SnCl2 with SnCl4 in toluene at 110 °C (Table 1).
With cis-[PtCl2(aniline)2], a moderate selectivity of 64% was obtained (entry 5).
Surprisingly, when the complex with a bidentate 2,2’-bipyridine ligand was used, a slight
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improvement in the yield was observed (entry 1). This is the first example of a platinum
complex with a bidentate ligand, which is catalytically active in this redistribution reaction.
Table 1. Reaction of n-Bu2SnCl2 with SnCl4 in toluene at 110 ºC catalyzed by several
platinum complexes (0.1 mol%).a
Entry
1
2
3
4
5
6
7
8
10
11
12
13

Catalyst

n-BuSnCl3
(%)b

SnCl2
(%)b

Conversion
(%)e

Selectiv.
(%)c

45
85
84
84d
33
79f
87
91
94
83d
94
70

25
15
14
7.0d
16
4.4f
5.4
6.1
4.5
3.2d
3.2
21

67
100
98
91d
49
83f
92
97
99
86d
97
91

64
85
85
92d
64
95f
94
94
95
96d
96
77

[PtCl2(bipy)]
cis-[PtCl2(PPh3)2]
cis-[PtCl2(SMe2)(PPh3)]
cis-[PtCl2(pyrrolidine)2]
trans-[PtCl2(aniline)2]
trans-[PtCl2(SMe2)2]
trans-[PtCl2(SMe2)(2-picoline)]
trans-[PtCl2(SMe2)(pyrrolidine)]
trans-[PtCl2(SMe2)(quinuclidine)]
trans-[PtCl2(SC4H8)2]
trans-[PtCl2(SC4H8)(pyrrolidine)]
trans-[PtCl2(SPh2)(quinuclidine)]

a

After t = 16 h, [Bu2SnCl2]0 = [SnCl4]0 = 1.24 mol L-1. b Yield based on total amount of Sn, determined by 119Sn
NMR analysis of the crude reaction mixture. c Selectivity = BuSnCl3 (%)/(BuSnCl3 (%)+ SnCl2 (%))*100%. d
After t = 48 h in stead of 16 h. e Amount of Sn recovered based on the total amount of n-BuSnCl3 and SnCl2. f
After t = 36 h in stead of 16 h. bipy = 2,2’-bipyridine; SC4H8 = tetrahydrothiophene.

The selectivity was significantly improved by changing the ligand from a moderate σdonor like aniline to a strong σ-donor like pyrrolidine4 (entry 4). However, instead of the
standard 16 h reaction time, 48 h were required to obtain an acceptable conversion of 91%.
Also for trans-[PtCl2(SMe2)2] a reaction time of 48 h was required to obtain a reasonable
conversion (83%, entry 6). With a selectivity of 95%, this complex was even more selective
than trans-[PtCl2(pyrrolidine)2].
While retaining the high selectivity, the reaction times required for [PtCl2(amine)2]
and [PtCl2(sulfide)2] could be reduced from 48 h to 16 h by using mixed ligand platinum
complexes trans-[PtCl2(sulfide)(amine)] resulting in conversions higher than 92%. The most
selective catalyst was trans-[PtCl2(SC4H8)(pyrrolidine)], which gave a selectivity of 96% and
almost full conversion (entry 12). Surprisingly, when trans-[PtCl2(SPh2)(quinuclidine)] was
used, the selectivity dropped to 77% (entry 13).
Since it was found that high selectivities become possible by the use of mixed ligand
platinum complexes, we expected to improve the selectivity of previously tested cis117

Monoorganotin Trihalides III: [PtCl2L2] and [PtCl2LL’]........

[PtCl2(PPh3)2] by making use of cis-[PtCl2(SMe2)(PPh3)] as catalyst. Unfortunately, this
complex gave the same selectivity as cis-[PtCl2(PPh3)2] (entries 2 and 3).
In order to check if there is a relation between the 195Pt chemical shift of the complex
and the selectivity of the redistribution reaction, a plot of the 195Pt chemical shift of the
complexes versus the log(k(BuSnCl3)/k(SnCl2)) was created (Figure 1). The
log(k(BuSnCl3)/k(SnCl2)) can be determined at the end of the reaction from log(nBuSnCl3(%)/SnCl2(%)) (See also Chapter 4).
The plot depicted below shows that the platinum complexes with a 195Pt chemical shift
in the range of –2800 to –3500 ppm give the highest selectivity. One exception on this trend
was trans-[PtCl2(SPh2)(quinuclidine)] which gave a significant lower selectivity compared to
other trans-[PtCl2(sulfide)(amine)] complexes.

Figure 1. Plot of the 195Pt chemical shift (ppm) versus log(k(BuSnCl3)/k(SnCl2). log(k(BuSnCl3)/k(SnCl2)
= log(n-BuSnCl3(%)/SnCl2(%)). a = [PtCl2(bipy)]; b = trans-[PtCl2(SPh2)(quinuclidine)], c = trans[PtCl2(SMe2)(2-picoline)], d = trans-[PtCl2(SC4H8)(pyrrolidine)], e = trans-[PtCl2(SMe2)(quinuclidine)], f
= trans-[PtCl2(SMe2)(pyrrolidine)], g = cis-[PtCl2(SMe2)2], h = trans-[PtCl2(SC4H8)2], i = trans[PtCl2(SMe2)(PPh3)], j = cis-[PtCl2(PPh3)2].

For the trans-[PtCl2(SMe2)(amine)] complexes we observed comparable selectivities.
Clearly, the influence of the amine ligand on the selectivity of the reaction is negligible. The
selectivity of 95% found for trans-[PtCl2(SMe2)2] is also similar to that found for trans[PtCl2(SMe2)(amine)]. Changes in selectivity are only observed for different sulfide ligands.
So it seems that the selectivity is predominantly controlled by the electronic influence of the
more strongly coordinating sulfide ligand.5 For the type of sulfide ligand (R2S) employed an
increase in selectivity in the order SC4H8 > Me2S > Ph2S was found. This trend corresponds
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with the general order in proton affinity for R2Y (Y = S, O) which is also a measure for the
electron donicity of the ligand.6
In the case of cis-[PtCl2(PPh3)(SMe2)] and cis-[PtCl2(PPh3)2] whose selectivities were
identical, the selectivity is clearly not controlled by the sulfide ligand but by the more strongly
coordinating phosphine ligand.
The mixed ligand complexes [PtCl2LL’] are significantly more active than the
corresponding [PtCl2L2] complexes. Similar differences in activity between [PtCl2L2] and the
corresponding mixed ligand complexes were noticed for hydrogenation reactions7 and were
attributed to differences in metal-ligand bond strength. The sulfide ligand was proposed to
dissociate more easily from the metal center than the phosphine ligand and creating a vacant
site on the metal center.
The reaction catalyzed by trans-[PtCl2(SC4H8)2] and trans-[PtCl2(SC4H8)(pyrrolidine)]
was followed in time by GC analysis of the reaction mixture at regular intervals (Figure 2).

Figure 2. Conversion (%) versus time (h) for the reaction of n-Bu2SnCl2 with SnCl4 in toluene at 110 °C
catalyzed by 0.1 mol% of trans-[PtCl2(SC4H8)2] (·······) and trans-[PtCl2(SC4H8)(pyrrolidine)] (——). The
curve resulted from fitting the data to conversion = 1 – [n-Bu2SnCl2]t/[n-Bu2SnCl2]0 = c(1 – e-kt). (trans[PtCl2(SC4H8)2], R2 = 0.9991 and trans-[PtCl2(SC4H8)(pyrrolidine)], R2 = 0.9969).

Both reactions provided good fits to conversion = c(1 – e-kt) plots (Figure 2). trans[PtCl2(SC4H8)(pyrrolidine)] (kobs = 3.6 x 10-5 s-1) is more active than trans-[PtCl2(SC4H8)2]
(kobs = 2.9 x 10-5 s-1). Both catalysts are significantly less active than previously tested cis[PtCl2(PPh3)2] (kobs = 1.9 x 10-4 s-1). Since trans-[PtCl2(SC4H8)2] and trans[PtCl2(SC4H8)(pyrrolidine)] follow the same first order kinetics as cis-[PtCl2(PPh3)2], a
similar mechanism to the one postulated in Chapter 4 for cis-[PtCl2(phosphine)2] complexes
may be anticipated.
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6.3 Conclusion
[PtCl2L2] complexes with dialkylsulfide ligands (L = SMe2 or SC4H8) give higher selectivities
than complexes with triarylphosphine ligands. The activity of the [PtCl2L2] complexes can be
further improved while maintaining the selectivity by making use of mixed ligand platinum
complexes [PtCl2LL’] in which L’ is an amine ligand (L’ = quinuclidine, pyrrolidine, 2picoline). The selectivity of the mixed ligand platinum complexes is controlled by the more
strongly coordinating dialkylsulfide ligand. A distinct relation is found between the electron
donicity of the sulfide ligand and the selectivity of the reaction.

6.4 Experimental Section
General comments. All reactions were carried out under an inert N2 atmosphere using
standard Schlenk techniques. Solvents were dried and distilled under nitrogen prior to use.
trans-[PtCl2(aniline)2],8 [PtCl2(bipy)],9 cis-[PtCl2(pyrrolidine)2],10 cis-[PtCl2(PPh3)2],11 trans[PtCl2(SMe2)2],12 trans-[PtCl2(SC4H8)2] 13 and the mixed ligand platinum complexes trans[PtCl2(sulfide)(amine)]14 were prepared according to literature procedures. 119Sn{1H} NMR
spectra were recorded at 298 K on a Varian Mercury 200 MHz spectrometer against Me4Sn (δ
= 0 ppm). GC analysis were carried out on a Perkin Elmer Autosystem XL GC. Elemental
analysis were carried out by H. Kolbe, Mikroanalytisches Laboratorium, Mülheim an der
Ruhr, Germany.
Typical procedure for the catalyzed reaction of n-Bu2SnCl2 with SnCl4 in toluene. nBu2SnCl2 (2.52 g, 8.3 mmol) was dissolved in toluene (5 mL). Next, SnCl4 (2.16 g, 8.3 mmol)
and the catalyst (8.3 µmol) were added. After the reaction mixture had stirred for 16 h at 110
°C, it was analyzed by 119Sn{1H} NMR spectroscopy with Me4Sn as external reference. The
precipitated SnCl2 was isolated by filtration, washed with toluene (3 x 10 mL) and dried in
vacuo. Anal. Calcd. for SnCl2: Cl, 37.0; Sn, 61.2%. Found: Cl, 37.4; Sn, 62.6%. 119Sn NMR
(25°C): δ 7.57, n-BuSnCl3.
Reaction of n-Bu2SnCl2 with SnCl4 in toluene followed by GC. These reactions were
carried out with 16.6 mmol of each substrate in the presence of 16.6 µmol of catalyst. The
progress of the reaction was monitored by taking samples of the reaction mixture (100 µL)
that were treated with 1.0 M EtMgBr (3 mL) in Et2O, followed by hydrolysis with HCl (aq)
and then analyzed by GC using n-tridecane as internal standard.
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Synthesis of Novel N, C, N’-Terdentate Coordinate
Butyltin(IV) Pincer Complexes and their Redistribution
Reactions with SnCl4

Abstract. The Sn(IV) butyl complexes [BunSnCl3-n(NCN)] (NCN = [C6H3(CH2NMe2)2-2,6]-,
n = 1 (1), 2 (2), 3 (3)) were prepared in 67 − 98% yield. Spectroscopic analysis of 1 – 3 by 1H
and 119Sn NMR gave evidence for the presence of intramolecular N → Sn coordination in
solution. The molecular structure of 1 as determined by a single crystal X-ray diffraction
study revealed the presence of a six-coordinate Sn(IV) complex with intramolecular N → Sn
coordination of both ortho-amine substituents in the solid state. Addition of SnCl4 to 1
resulted in the isolation of the HCl adduct [BuSnCl3(NCN+H)] (6). Reactions of 2 and 3 with
SnCl4 each resulted in formation of the HCl salt [SnCl4(NCN+H)] (7) and the corresponding
butyltin chlorides n-Bu2SnCl2 and n-Bu3SnCl, respectively. The formation of HCl adducts 6
and 7 was ascribed to the transfer of the NCN ligand to SnCl4 and the presence of excess of
HCl (hydrolysis of SnCl4 or the product during the work up procedure). The molecular
structures of 6 and 7 have been determined through single crystal X-ray diffraction and
revealed the presence of an [BuSnCl3aryl]- or [SnCl4aryl]- anion, respectively, with one orthochelate bonded amine substituent and one protonated amine substituent (SnCl···HN hydrogen
bonding, 2.15 Å (for 6) and 2.18 Å (for 7)).

Sander H. L. Thoonen, Hein van Hoek, Elwin de Wolf, Martin Lutz, Anthony L. Spek, Berth-Jan Deelman and
Gerard van Koten
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7. 1 Introduction
Tetraorganotins have proven value as mild alkylating and arylating agents. In the Stille
coupling reaction, for example, trialkylarylstannes are used to selectively couple an aryl group
with an organic halide or triflate.1 The reaction involves a transmetallation step in which the
aryl group of the stannane is transferred to the transition metal center of the catalyst.2 Such a
transfer reaction is also used for the selective monoalkylation3 and monoarylation4 of
transition metal complexes. Compared to the tetra-coordinate tetraorganotins, penta- and
hexa-coordinate tin(IV) compounds bearing intramolecularly coordinating substituents are
more reactive in such aryl- and alkyl-transfer reactions.5 The difference in reactivity is
ascribed to the increase in electron density at the tin(IV) center by the donor substituent.5,6 For
example, the single methylation of [PtCl2(COD)] by [Me3Sn(NCN)]5c (Eq. 1) requires less
forcing conditions than methylation with Me4Sn.3 The driving force of this reaction is
assumed to be the N → Sn coordination in [Me2Sn(NCN)][Cl] due to the more Lewis acid tin
center.

As part of our interest in new routes for selective tin-alkyl bond formation, we
prepared the novel Sn(IV) butyl complexes [BunSnCl3-n(NCN)] (n = 1 – 3) bearing the
monoanionic aryldiamine ligand [C6H3(CH2NMe2)2-2,6]- (NCN) and studied their structure in
solution as well as in the solid state. The NCN ligand has been employed for many years in
our group to prepare a wide range of organometallic complexes of which some have been
applied successfully as catalysts,7 sensors8 and switches.9
Since [Me3Sn(NCN)] reacts with Me3SnCl to give exclusively Me4Sn and
[Me2Sn{C6H3(CH2NMe2)2-2,6}][Me3SnCl2] (Eq. 2),5c we expected that the novel
(NCN)Sn(IV)-butyl compounds can selectively transfer one or more butyl groups to other
metal centers. To investigate their use as selective alkylating agents for the synthesis of other
alkyltin compounds, reactions of the (NCN)Sn(IV)-butyl complexes 1 – 3 with SnCl4 were
carried out.
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7.2 Results and Discussion
Synthesis and spectroscopic analysis of (NCN)Sn(IV)-butyl complexes 1 – 3. The Sn(IV)
butyl complexes [BunSnCl3-n(NCN)] (n = 1 (1), 2 (2), 3 (3)) were prepared by reacting
butyltin chlorides BunSnCl3-n (n = 1 – 3) with [LiC6H3(CH2NMe2)2-2,6]2 in Et2O at 0 °C (Eq.
3).

Complexes 1 – 3 were isolated in 67 – 98% yield as white solids. All three complexes
were examined by 1H and 119Sn NMR spectroscopy in CDCl3 solutions. Since both NMe2
substituents of the NCN-pincer ligand are in principle available for intramolecular N → Sn
coordination, the presence of such interactions was studied by comparison of the 1H and 119Sn
NMR data of complexes 1 – 3 with the data of the free arylamine C6H4(CH2NMe2)2-1,3 and
the stannanes BuSnCl2(C6H5), Bu2SnCl(C6H5) and Bu3Sn(C6H5) (Table 1).
Table 1. Selected 1H and 119Sn NMR data for stannanes 1 – 3, their free ligand precursor
C6H4(CH2NMe2)2-1,3 and stannanes BuSnCl2(C6H5), Bu2SnCl(C6H5) and Bu3Sn(C6H5).a
δ (1H)

Compound
(NCN)Hb
BuSnCl2(C6H5)
Bu2SnCl(C6H5)
Bu3Sn(C6H5)
[BuSnCl2(NCN)] (1)
[Bu2SnCl(NCN)] (2)
[Bu3Sn(NCN)] (3)
[Bu2Sn(NCN)][B(C6H5)4] (4)
[Bu2Sn(NCN)][CF3SO3]( 5)
[BuSnCl3(NCN+H)] (6)
[SnCl3(NCN)] (7)
[SnCl4(NCN+H)] (8)
a

δ (119 Sn)

CH2

NMe2

3.12
3.91
3.73
3.44
3.72
3.83
3.98
4.78 (CH2N+)
4.17
4.09
5.01 (CH2N+)

1.94
2.75
2.24
2.10
2.51
2.58
2.65
2.85 (N+Me2)
2.83
2.84
2.94 (N+Me2)

+22.2
+ 90.0
+ 41.7
−215.3
−44.2
−73.9
+ 56.5
+ 60.3
-294.9
-265.3
-258.0

In CDCl3 at 298 K. 119Sn NMR data relative to Me4Sn reference. b NCN = [C6H3(CH2NMe2)2-2,6]-.
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Both, the CH2N and the NMe2 resonances of complexes 1 – 3 appear as singlets in the
1

H NMR spectrum, indicating the presence of a molecular symmetry plane (containing the Caryl, C-butyl and N atoms) on the NMR time scale. These 1H resonances are shifted 0.3 – 0.8
ppm downfield compared to those of C6H4(CH2NMe2)2-1,3 (Table 1). The relative 1H NMR
chemical shifts of the CH2NMe2 substituent dependent on the number of butyl substituents,
the largest downfield shifts being observed for 1 (one butyl substituent) and the smallest
downfield shifts for 3 (three butyl substituents). The chemical shift change for the NMe2
resonance is relatively large (0.3 – 0.8 ppm) and decreases with decreasing Lewis acidity of
the tin center indicating the intramolecular N → Sn coordination is strongest for 1.
The 119Sn NMR chemical shift of 1 (δ −215.3), 2 (δ −44.2) and 3 (δ −73.9),
respectively, are significantly more upfield than those of the stannanes BuSnCl2(C6H5) (δ
+22.2),10 Bu2SnCl(C6H5) (δ +90.0)11 and Bu3Sn(C6H5) (δ +41.7)12 (Table 1). These large
upfield shifts point likewise to (at least partial) coordination of the ortho-CH2NMe2 donor
substituents to the tin(IV) center. The largest upfield 119Sn NMR chemical shift of 1 suggests
a six-coordinate tin center. For comparison, [MeSnCl2(C6H4(CH2NMe2)-2)] which is fivecoordinate has a δ 119Sn of −94.13 In the solid state 1 has a six-coordinate tin(IV) center as
established by the X-ray crystal crystallographic structure (Figure 1, vide infra).
The 119Sn NMR chemical shift of 2 is in close agreement with that of five-coordinate
triorganotin chloride [Me2SnCl{C6H4(CH2NMe(C2H4NHMe2)-2}][Cl] (δ −45 in CDCl3).14
For related [R2SnX(NCN)] complexes it is known that they are able to dissociate in polar
solvents into the five-coordinate ionic complexes [R2Sn(NCN)][X] (R = Me, X = Cl, Br; R =
Ph; X = Cl, Br).5c,15,17 To study this possibility for 2 in an apolar solvent such as CDCl3, we
prepared ionic [Bu2Sn(NCN)][X] (X = BPh4- (4) and CF3SO3- (5)) (Eq. 4) and compared their
119
Sn NMR data with that of 2 (Table 1). The ionic character of 4 in the solid state was
confirmed by solving the X-ray crystal structure (Figure 2, vide infra)

The large difference in the 119Sn NMR data of 4 and 5 (δ +56.5 and δ +60.3,
respectively) compared to that of 2 (δ –44.2), ruled out [Bu2Sn(NCN)][Cl] as possible ionic
structure for 2 in CDCl3. Therefore we conclude that like closely related [Me2SnBr(NCN)],16
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2 is present in apolar solvents as a five-coordinate species in which the aryl moiety only
serves as a bidentate C,N-coordinated ligand. The fluxionality of the CH2NMe2 substituents in
NCN-pincer metal complexes in apolar solvents (CD2Cl2, CDCl3 and toluene-d8) have been
demonstrated before.16,17 To study this process for 2, 1H NMR spectra were recorded at
variable temperatures in CD2Cl2. At room temperature, the 1H NMR spectrum of the NCNpincer ligand of 2 displayed only one set of singlet CH2 and NMe2 resonances, indicating a
fast interchange of the two CH2NMe2 groups. These resonances did not de-coalesce at lower
temperatures, not even at –80 ºC indicating that the fluxional process is fast and low in
energy. The mechanism of this process (associative or dissociative) remains unestablished.
The 119Sn NMR chemical shift of 3 (δ −73.9) is in good agreement with that of closely
related hexa-coordinate [Me3Sn(NCN)] (δ −86.9). Because of the strong structural similarity
as well as the comparable 119Sn NMR data, we conclude that the tin center in 3 is sixcoordinate as well. But since the tin center in 3 is only weakly Lewis acidic, we suggest that
the N → Sn coordination is weak in nature.
Reactions of 1 − 3 with SnCl4. Addition of one equivalent of SnCl4 to 1 – 3 at room
temperature resulted in the unexpected isolation of [BuSnCl3(NCN+H)] (6) for 1 and
[SnCl4(NCN+H)] (8) for 2 and 3. In the reaction of 2 and 3, also the formation of the
corresponding butyltin chlorides n-Bu2SnCl2 (> 95%) and n-Bu3SnCl (87%) (1H NMR),
respectively, was observed (Scheme 1). To confirm the identity of the product, an
independent sample of 6 was prepared by reacting 1 with one equivalent of HCl (Eq. 5).
Complexes 6 and 8 are most likely the result of partial hydrolysis of unreacted SnCl4 and
putative [SnCl3(NCN)] (7), respectively, affording HCl that reacts with 1 or 7 to form the
final product. It is interesting to note that 8 is an anionic stannate species in which the
negative charge is compensated by the presence of an intramolecular protonated tert-amine
substituent. In contrast to the zwitterionic nature of 8 hexacoordinate 7 is a neutral
monoaryltin trichloride species.
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Scheme 1. Reaction of 2 and 3 with SnCl4.

The 1H NMR spectrum of 6 (25 °C, CDCl3) displayed a singlet and a doublet for the
NMe resonances (δ 2.51 and 2.85, respectively), indicating the chemical disparity of the two
CH2NMe2 donor substituents. Furthermore, a broad lowfield resonance at δ 10.91 was
assigned to the protonated amine function N+H. The 119Sn NMR chemical shift (δ −294.9) had
shifted about 90 ppm upfield compared to 1, in line with the six-fold coordination of the Sn
center. The geometry around the tin center was confirmed in the solid state by a single crystal
X-ray crystallographic structure determination (Figure 3, vide infra).
For 8, one singlet (δ 2.84) and one doublet (δ 2.94) were noticed for the NMe
resonances in the 1H NMR spectrum. The broad signal at δ 9.78 is ascribed to the N+H
resonance. The resonances of the CH2NMe2 donor substituents of 8 are all shifted 0.1 – 0.2
ppm downfield compared to those of 6. This can be explained by the stronger Lewis acidic tin
center in 8. The molecular structure of 8 in the solid state was confirmed by an X-ray
crystallographic structure determination (Figure 4, vide infra).
The reaction of 2 with one equivalent of SnCl4 was also performed in CDCl3 at room
temperature and monitored by 1H and 119Sn NMR spectroscopy. After addition of SnCl4,
immediate formation of equimolar amounts of n-Bu2SnCl2 and 7 along with traces of 8 (<5%)
was observed. The 119Sn and 1H NMR data of 7 are in close agreement the hexa-coordinate 1.
Next to n-Bu2SnCl2, no other butyltin species were observed. The reaction of 3 with SnCl4, is
believe to involve intermediate 7 as well.
The reactions of 2 and 3 with SnCl4, either involve butyl group transfer or transfer of
the NCN-pincer ligand to SnCl4. Butyl group transfer from 2 and 3 would initially result in 1
and 2 as intermediates, respectively, along with n-BuSnCl3 (for 2) and n-Bu2SnCl2 (for 3). As
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none of these intermediates were observed, reaction of 2 and 3 with SnCl4 appears to involve
direct transfer of the NCN ligand.
Solid state structures of complexes 1, 4, 6 and 7. To investigate the nature of the N → Sn
coordination present in complexes 1, 4, 6 and 7 in the solid state, X-ray crystal structure
determinations have been carried out (Figures 1 – 4, respectively). Selected bond distances
and bond angles of 1, 4, 6 and 7 are presented in Table 2.

Figure 1. Displacement ellipsoid plot (50% probability) of [n-BuSnCl2{C6H3(CH2NMe2)2-2,6}] (1).
Hydrogen atoms have been omitted for clarity.

The molecular geometry of triorganotin 1 (Figure 1) shows a six-coordinate tin center
with both CH2NMe2 donor substituents having N → Sn coordination. The distortion of the
octahedral ligand array around the tin(IV) center arises from the large deviation in the N(1) –
Sn – N(2) bond angle (151.09(4)°). Both Sn − N bond distances are of the same length,
indicating that the two CH2NMe2 donor substituents have N → Sn coordination of the same
strength.
The bond distance between the Cipso atom (C(1)) of the NCN-pincer ligand and the tin
center (2.0966(15) Å) is comparable to those of related [(4-tolyl)SnI2{C6H3(CH2NMe2)2-2,6}]
(2.109(9) Å)18 and [PhSnCl2{C6H3(CH2NMe2)2-2,6}] (2.092(10) Å).17 The Sn – C(13) bond
length (2.1355(18) Å) is in close agreement with the length found for the methyl substituent
in trans position to the Cipso atom of the C2N4 ligand in [(SnMe3)2{C6(CH2NMe2)4-2,3,5,6}]
(2.139(3) Å).15b The bond distances as well as the bond angles of the NCN-pincer moiety are
unexceptional.
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Table 2. Selected Bond Distances (Å) and Bond Angles (deg) for 1, 4, 6 and 7.
Compound 1

Compound 4

Sn – C(1)

2.0966(15)

Sn – C(1)

2.101(2)

Sn – C(13)
Sn – N(1)
Sn – N(2)
Sn – Cl(1)
Sn – Cl(2)

2.1355(18)
2.4564(13)
2.4441(13)
2.5695(4)
2.5513(4)

Sn – C(13)
Sn – N(1)
Sn – N(2)
Sn – C(17)

2.134(3)
2.417(2)
2.439(2)
2.136(2)

N(1) – Sn – N(2)
N(1) – Sn – C(1)
C(1) – Sn – C(13)
N(2) – Sn – C(1)
Cl(1) – Sn – Cl(2)
Cl(1) – Sn – C(1)
Cl(2) – Sn – C(1)

151.09(4)
75.27(5)
88.10(5)
75.82(5)
175.65(1)
91.38(4)
91.69(4)

N(1) – Sn – N(2)
N(1) – Sn – C(1)
C(1) – Sn – C(13)
N(1) – Sn – C(13)
N(1) – Sn – C(17)
C(1) – Sn – C(17)
C(13) – Sn – C(17)

150.72(7)
75.34(8)
126.50(9)
99.10(9)
98.48(8)
120.44(10)
113.06

Compound 6

Compound 7

Sn – C(1)

2.179(4)

Sn – C(1)

2.169(3)

Sn – N(1)
Sn – Cl(1)
Sn – Cl(2)
Sn – Cl(3)
Sn – C(13)
N(2) – H(1)
H(1)···Cl(1)

2.419(4)
2.4811(9)
2.5183(12)
2.8015(10)
2.129(4)
1.03(4)
2.15(4)

Sn – N(1)
Sn – Cl(1)
Sn – Cl(2)
Sn – Cl(3)
Sn – Cl(4)
N(2) – H(1)
H(1)···Cl(1)

2.351(2)
2.5513(7)
2.4515(8)
2.4073(8)
2.4349(8)
0.9102
2.1807

N(1) – Sn – C(1)
N(1) – Sn – Cl(1)
N(1) – Sn –Cl(2)
N(1) – Sn – Cl(3)
N(1) – Sn – C(13)
C(1) – Sn – Cl(1)
C(1) – Sn – Cl(2)
C(1) – Sn – Cl(3)
C(1) – Sn – C(13)

77.41(4)
86.61(8)
178.90(10)
94.26(8)
89.10(14)
92.35(9)
101.91(11)
84.54(9)
160.99(15)

N(1) – Sn – C(1)
N(1) – Sn – Cl(1)
N(1) – Sn – Cl(2)
N(1) – Sn – Cl(3)
N(1) – Sn –Cl(4)
C(1) – Sn – Cl(1)
C(1) – Sn – Cl(2)
C(1) – Sn – Cl(3)
C(1) – Sn – Cl(4)
Cl(1) – Sn – Cl(2)

78.70(9)
95.63(6)
84.98(6)
86.77(6)
172.73(6)
88.66(7)
95.78(7)
162.48(7)
104.44(7)
175.55(3)

Note: In the crystal structure of 6, there are four independent molecules present. In the crystal structure of 7,
there are two independent molecules present. Given are the geometrical parameters of one of these molecules,
respectively.
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Figure 2. Displacement ellipsoid plot (50% probability) of [n-Bu2Sn{C6H3(CH2NMe2)2-2,6}][B(C6H5)4]
(4). Hydrogen atoms and the tetraphenyl boron anion have been omitted for clarity.

The molecular geometry of ionic triorganotin 4 (Figure 2) is distorted trigonal
bipyramidal and is formed by the three C atoms in the equatorial plane and the two N atoms.
The distortion of the trigonal bipyrimidal geometry results from the small N(1) – Sn – N(2)
angle of 150.72(7)°. The sum of the C – Sn – C angles in the equatorial plane equals 360.0°.
The tin-nitrogen distances of 2.417(2) and 2.439(2) Å, respectively, are similar to those
reported
for
[Me2Sn{C6H3(CH2NMe2)2-2,6}][Br]
(2.41
and
2.56
Å),15a
[Ph2Sn{C6H3(CH2NMe2)2-2,6}][Br(H2O)] (2.4398(14) Å) 15c and [Me2Sn{C6H3(CH2NMe2)22,6}][Li(H2O)4][Br][Cl] (2.36(2) and 2.45(2) Å).19 Also the Sn-C bond distances are
essentially comparable to those of the strongly related [Me2Sn{C6H3(CH2NMe2)2-2,6}][Br]
complex.15a Because of the flexible butyl moiety, some disorder in the position of the δ-C
atom is found. The bond angles and the bond distances found for the tetraphenyl boron anion
are as expected.

Figure 3. Displacement ellipsoid plot (50% probability) of the independent molecules of [nBuSnCl3{C6H3(CH2NHMe2)(CH2NMe2)-2,6}] (6).
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Compound 6 crystallizes in the chiral space group P21 with four independent
molecules in the asymmetric unit. The molecular geometry of zwitterionic diorganotin,
depicted in Figure 3, shows a distorted octahedral arrangement of the six ligands (one N atom,
two C atoms and three Cl atoms) around the tin(IV) center. The distortion of the expected
geometry of the coordination sphere arises from the C(1) – Sn – C(2) bond angle
(160.99(15)°) which deviates significantly from the ideal 180°. As was concluded from the 1H
NMR data, one CH2NMe2 donor substituent is coordinated to the tin center via an
intramolecular N → Sn coordination while the other has accepted a proton and is present as
CH2N+HMe2.
The Sn – Cl(3) bond (2.8015(10) Å) is significantly longer than the other two Sn – Cl
bonds (2.5183(12) and 2.4811(9) Å). This can be explained by the intramolecular H···Cl(3)
bond interaction of 2.15(4) Å. Such an increase of the Sn – Cl bond distance was not observed
for [C2H5SnCl4(pyridine)(pyridineH)] with intermolecular H···Cl bonds. Except for the Sn –
Cl(3) bond of 6, all other tin-ligand bond distances are comparable to those found for 1.

Figure 4. Displacement ellipsoid plot (50% probability) of one of the independent molecules of
[SnCl4{C6H3(CH2NHMe2)(CH2NMe2)-2,6}] (7).

Compound 7 crystallizes in the centrosymmetric space group I41/a with two
independent molecules in the asymmetric unit. The molecular geometry of mono-organotin 7
is similar to that of 6 and also shows a hexa-coordinate tin center with one CH2NMe2 donor
substituent coordinated to the tin center. The tin(IV) center has a distorted octahedral ligand
array that arise from bonding interactions with C(1), the four chloride substituents and the Ndonor atom of the CH2NMe2 substituent. The distortion in the octahedral ligand array is the
result of the five member ring (Sn, C(1), C(2), C(7), N(1)) with a N(1) – Sn – C(1) bond angle
of 78.70(9)º. As was observed for 6, the Cl atom involved in the H···Cl interaction shows a
longer Sn – Cl bond distance (2.5513(7)º) than the other three Sn – Cl bonds (2.4515(8),
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2.4073(8) and 2.4349(8)º). The difference was less significant as in complex 6. Furthermore,
the Sn(1) – N(1) bond in 7 (2.351(2) Å) is slightly shorter than in 6 (2.419(4) Å), in
agreement with the more Lewis acidic tin center in 7. Except for the H···Cl interaction and the
Sn(1) – N(1) bond, all parameters for the ligands around the tin center are similar. The bond
distances as well as the bond angles of the NCN-pincer moiety are in agreement with those of
closely related zwitterionic [SnBr3(OH){C6H3(CH2NHMe2)(CH2NMe2)-2,6}] with inter- and
intramolecular hydrogen bonds.20

7.3 Conclusion
Analysis by 1H and 119Sn NMR spectroscopy indicate that in solution, [n-BuSnCl2(NCN)] (1)
and [n-Bu3Sn(NCN)] (3) are hexa-coordinate tin species with both CH2NMe2 donor
substituents involved in N → Sn coordination. On the other hand, [n-Bu2SnCl(NCN)] (2) is
present as a neutral penta-coordinate species with only one of the CH2NMe2 donor
substituents coordinated to the tin center. Reactions of 2 and 3 with SnCl4, demonstrate that
not the butyl-group but the NCN-pincer ligand is transferred which results in the formation of
[SnCl3(NCN)] (7) and the corresponding butyltin chloride. Due to undesired hydrolysis of
either 7 or unreacted SnCl4 during the work-up procedure, 7 was isolated as its HCl adduct 8.
These experiments demonstrate that the ortho-CH2NMe2 donor substituents have no influence
on the transfer reactions of 2 and 3 with SnCl4 since they react in the same way with SnCl4 as
the tetrahedral stannanes BunSnCl3-n(C6H5) that lack intramolecular donor substituents.

7.4 Experimental Section
General comments. All reactions and manipulations were carried out under an inert N2
atmosphere using standard Schlenk techniques. All solvents were dried and distilled prior to
use. [LiC6H3(CH2NMe2)2-2,6]2 was prepared according to literature procedures.21
Commercial anhydrous SnCl4, n-BuSnCl3, n-Bu2SnCl2 and n-Bu3SnCl were used as supplied.
1
H-, 13C{1H}, 11B{1H}- and 119Sn{1H}-NMR spectra were recorded at 298 K on a Varian
Mercury 200 MHz spectrometer. 11B{1H}-NMR spectra was externally referenced against
BF3·Et2O and 119Sn{1H}-NMR spectra against Me4Sn (δ = 0 ppm). GC analysis were carried
out on a Perkin Elmer instrument consisting of a Autosystem XL GC. Elemental analysis
were carried out by H. Kolbe, Mikroanalytisches Laboratorium, Mülheim am Ruhr, Germany.
Synthesis of [n-BuSnCl2{C6H3(CH2NMe2)2-2,6}] (1). A solution of n-BuSnCl3 (3.92 g, 13.5
mmol) in Et2O (30 mL) was cooled to 0 °C. Next, a solution of [LiC6H3(CH2NMe2)2-2,6]2
(2.67 g, 13.5 mmol) in Et2O (50 mL) was added drop wise within 1.5 h under formation of a
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white precipitate. The resulting reaction mixture was stirred for an additional 2.5 h at room
temperature after which the Et2O was evaporated in vacuo. The residue was dissolved in
toluene (50 mL) and filtered. Addition of hexane (25 mL) to the toluene solution and storage
for four days at –30 °C resulted in the formation of colorless needles in 67% yield. 1H NMR
(CDCl3, 25 °C): δ 0.97 (3H, t, 3JHH = 7.2 Hz, SnBu), 1.43 (2H, m, 3JHH = 7.4 H, SnBu), 1.93
(2H, m, SnBu), 2.20 (2H, t, SnBu), 2.75 (12H, s, NMe3), 3.91 (4H, s, ArCH2N), 7.09 (2H, d,
3
JHH = 7.6 Hz, ArH), 7.26 (t, 1H, 3JHH = 6.6 Hz, ArH). 13C NMR (CDCl3, 25 °C): δ 13.7, 26.3,
28.7, 40.1, 47.6, 63.2, 126.1, 130.0, 137.3. 119Sn NMR (CDCl3, 25 °C): δ −215.3. Anal.
Calcd. for C16H28Cl2N2Sn: C 43.87, H 6.44, N 6.40; Found: C 43.97, H 6.40, 6.36.
Synthesis of [n-Bu2SnCl{C6H3(CH2NMe2)2-2,6}] (2). A solution of n-Bu2SnCl2 (3.15 g,
10.0 mmol) in Et2O (50 mL) was cooled to 0 °C. Next, a solution of [LiC6H3(CH2NMe2)22,6]2 (2.08 g, 10.5 mmol) in Et2O (50 mL) was added drop wise within 0.5 h under formation
of a white precipitate. After the reaction mixture had stirred overnight at room temperature, it
was filtered and washed with Et2O (10 mL). The solvent was evaporated in vacuo. Traces off
Et2O and other volatiles were removed in vacuo at 100 °C. The resulting brown oil was
dissolved in 15 mL of CH2Cl2 and centrifuged at 2400 T/min. The CH2Cl2 layer was carefully
decanted and evaporated till dryness. The product was isolated as an orange/brown oil (4.13
g, 90%). 1H NMR (CDCl3, 25 °C): δ 0.88 (6H, t, 3JHH = 7.0 Hz, SnBu), 1.34 (8H, m, SnBu),
1.69 (4H, m, SnBu), 2.24 (12H, s, NMe3), 3.73 (4H, s, ArCH2N), 7.05 (2H, d, 3JHH = 7.4 Hz,
ArH), 7.21 (1H, t, 3JHH = 7.0 Hz, ArH). 13C NMR (CDCl3, 25 °C): δ 13.8, 19.3, 27.4, 28.8,
45.4, 64.8, 127.5, 129.6, 140.3, 145.2 (1JCSn = 33Hz). 119Sn NMR (CDCl3, 25 °C): δ −44.2.
Anal. Calcd. for C20H37ClN2Sn: C 52.26, H 8.11, Cl 7.71, N 6.09, Sn 25.82. Found: C 52.38,
H 7.99, Cl 7.66, N 6.09, Sn 25.91.
Synthesis of [n-Bu3Sn{C6H3(CH2NMe2)2-2,6}] (3). A solution of [LiC6H3(CH2NMe2)2-2,6]2
(2.62 g, 13.2 mmol) in Et2O (40 mL) was cooled to 0 °C. Next, n-Bu3SnCl (4.31 g, 13.2
mmol) dissolved in Et2O (20 mL) was added drop wise to the solution. The reaction mixture
was stirred for 15 h at room temperature and H2O (10 mL) was added. The precipitate was
removed by filtration and the ether layer was washed with H2O (3 x 20 mL). The Et2O phase
was dried on MgSO4. Evaporation of the solvent gave a slightly yellow oil. Yield 6.20 g (98
%). 1H NMR (CDCl3, 25 °C): δ 0.91 (9H, t, 3JHH = 7.2 Hz, SnBu), 1.05 (6H, m, SnBu), 1.35
(6H, sextet,3JHH = 7.1 Hz, SnBu), 1.49 (6H, m, SnBu), 2.10 (12H, s, NMe3), 3.44 (4H, s,
ArCH2N), 7.13 (m, 3H, ArH). 119Sn NMR (CDCl3, 25 °C): δ −73.9. Anal. Calcd. for
C24H46N2Sn: C 59.89, H 9.63, N 5.82. Found: C 59.69, H 9.56, N 5.71.
Synthesis of [n-Bu2Sn{C6H3(CH2NMe2)2-2,6}][B(C6H5)4] (4). A solution of 2 (1.50 g, 3.3
mmol) in THF (20 mL) was cooled to 0 °C. Next, NaB(C6H5)4 (1.13 g, 3.3 mmol) dissolved
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in THF (20 mL) was added drop wise to this solution and it was stirred for 2 h at room
temperature to give a white precipitate. The reaction mixture was centrifuged and the THF
phase was carefully decanted and evaporated to dryness. The residue was dissolved in CH2Cl2
and the product was precipitated upon addition of hexane to the solution at −30 °C. The
product was isolated by filtration, washed with hexane (2 x 10 mL) and dried in vacuo to give
1.95 g (79 %) of a white powder. 1H NMR (CDCl3, 25 °C): δ 0.97 (6H, t, 3JHH = 5.0 Hz,
SnBu), 1.45 (8H, m, SnBu), 1.61 (3H, m, SnBu), 2.51 (12H, s, NMe3), 3.72 (4H, s, ArCH2N),
6.91 (t, 4H, 3JHH = 4.8 Hz, BC6H5), 7.06 (8H, t, 3JHH = 4.8 Hz, BC6H5), 7.25 (2H, d, 3JHH =
5.0 Hz, ArH), 7.39 (8H, b, BC6H5), 7.50 (1H, t, 3JHH = 5.0 Hz, ArH). 11B NMR (CDCl3, 25
°C): δ −6.37 (s). 13C NMR (CDCl3, 25 °C): 13.5, 14.8, 27.2, 28.3, 46.3, 64.7, 121.8, 125.6,
126.5, 128,3, 132.0, 136.4, 142.5. 119Sn NMR (CDCl3, 25 °C): δ +56.5. Anal. Calcd. for
C48H57BN2Sn: C 71.08, H 7.73, B 1.45, N 3.77. Found: C 68.49, H 7.53, B 2.73, N 3.26.
Crystals were obtained in one night by slow diffusion of hexane into a solution of 4 in
CH2Cl2.
Synthesis of [n-Bu2Sn{C6H3(CH2NMe2)2-2,6}][CF3SO3] (5). To a solution of 2 (0.5 g, 1.1
mmol) in benzene (10 mL), silver triflate (0.28 g, 1.1 mmol) dissolved in benzene (10 mL)
was added slowly within 15 minutes. The reaction mixture was stirred for 3 h at room
temperature and was subsequently filtered. The filtrate was evaporated to dryness to give a
light brown colored powder, which was re-dissolved in dichloromethane (10 mL) and
precipitated with hexane (25 mL). The suspension was stored overnight at –30 °C after which
it was filtered. The product was isolated as a light brown powder (0.48 g, 77%). 1H NMR
(CDCl3, 25 °C): δ 0.92 (6H, t, 3JHH = 7.0 Hz, SnBu), 1.43 (8H, m, SnBu), 1.77 (3H, m, SnBu),
2.58 (12H, s, NMe3), 3.83 (4H, s, ArCH2N), 7.21 (2H, d, 3JHH = 5.0 Hz, ArH), 7.42 (1H, t,
3
JHH = 5.0 Hz, ArH). 13C NMR (CDCl3, 25 °C): 13.5, 15.1, 27.1, 28.4, 46.7, 65.3, 126.4,
131.9, 138.5, 142.8 119Sn NMR (CDCl3, 25 °C): δ +60.3.
Synthesis of [n-BuSnCl3{C6H3(CH2NHMe2)(CH2NMe2)-2,6}] (6). To a solution of 2 (0.5 g,
1.1 mmol) in benzene (10 mL), 0.1 M HCl (10 mL) in Et2O was added drop wise in 15
minutes to give a white precipitate. The reaction mixture was stirred for an additional 0.5 h at
room temperature after which it was filtered and the residue was washed with cold benzene
(10 mL). The product was dried in vacuo to give 0.39 g (72%) of a white powder. 1H NMR
(CDCl3, 25 °C): δ 0.98 (3H, t, 3JHH = 6.8 Hz, SnBu), 1.46 (2H, se, 3JHH = 7.4 Hz, SnBu), 2.05
(4H, m, SnBu), 2.61 (6H, s, NCH3), 2.85 (6H, d, 3JHH = 4.4 Hz, N+CH3), 3.98 (2H, b, CH2N),
4.78 (2H, br, CH2N+), 7.21 (3H, m, ArH), 10.91 (1H, b, N+H). 13C NMR (CDCl3, 25 °C):
14.2, 26.1, 29.0, 44.1, 42.6, 46.5, 62.1, 64.2, 129.1, 134.0, 134.5 140.8. 119Sn NMR (CDCl3,
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25 °C): δ –304.0. Anal. Calcd. for C12H20Cl4N2Sn: C 40.50, H 6.16, N 5.99. Found: C 39.88,
H 6.03, N 5.63.
Reaction of 1 with SnCl4. To a solution of 1 (0.70 g, 1.60 mmol) in hexane (30 mL), SnCl4
(0.19 mL, 1.60 mmol) was added. The reaction mixture was stirred for 16 h at room
temperature during which a white precipitate was formed. Next, the precipitate was isolated
by filtration, dissolved in CH2Cl2 (10 mL) and the solution was filtered again. The product
was precipitated with pentane (10 mL), isolated by filtration and dried in vacuo to give 0.74 g
(66%) of a white powder. 1H, 13C and 119Sn NMR data of the product were identical to those
of 6.
Reaction of 2 with SnCl4. To a solution of 2 (0.75 g, 1.63 mmol) in toluene (10 mL), SnCl4
(0.19 mL, 1.63 mmol) was added. The reaction mixture was stirred for 1 h at room
temperature during which a slightly yellow oil was formed. Next, the upper toluene layer was
decanted and all volatiles were removed in vacuo to give 0.20 g of a white solid which was
found to be a mixture of n-Bu2SnCl2 (84%) and 8 (16%) (1H NMR). The yellow oil (1.00 g)
was characterized by 1H NMR as a mixture of n-Bu2SnCl2 (41%) and 8 (59%). 1H NMR
(CDCl3, 25 °C): δ 2.84 (6H, s, NCH3), 2.94 (6H, d, 3JHH = 4.8 Hz, N+CH3), 4.09 (2H, s,
CH2N), 5.01 (2H, br, CH2N+), 7.27 (3H, m, ArH), 9.78 (1H, b, N+H); 119Sn NMR (CDCl3, 25
°C): δ −258.0 (8). The 1H NMR data of n-Bu2SnCl2 were in good agreement with the
literature values.22
The same reaction was also performed in NMR tube with CDCl3 as solvent and monitored by
H and 119Sn NMR spectroscopy. To a solution of 2 (30 mg, 0.065 mmol) in CDCl3 (0.5 mL),
SnCl4 (7.5 µL, 0.065 mmol) was added. After ten minutes at room temperature, NMR spectra
displayed the formation of equimolar amounts 7 and n-Bu2SnCl2 and traces of 8 (<5%). 1H
NMR (CDCl3, 25 °C): δ 2.83 (12H, s, NCH3), 4.17 (4H, s, CH2N), 7.47 (2H, d, 3JHH = 7.2 Hz,
ArH), 7.36 (1H, t, 3JHH = 7.8 Hz, ArH); 119Sn NMR (CDCl3, 25 °C): δ −295.3 (7). The 1H
NMR data of n-Bu2SnCl2 were in good agreement with the literature values.22
1

Reaction of 3 with SnCl4. To a solution of 3 (1.06 g; 2.20 mmol) in pentane (20 mL), SnCl4
(0.25 mL, 2.20 mmol) dissolved in pentane (20 mL) was added. The reaction mixture was
stirred for 16 h at room temperature during which a white precipitate was formed. The
product was isolated by filtration, washed with pentane (5 mL) and dried in vacuo. Yield:
0.91 g of a white powder. The 1H and 119Sn NMR spectra displayed the presence of 7 and nBu3SnCl (11%). All volatiles were removed in vacuo to afford 0.62 g of a colorless oil (87%).
The oil was identified by 1H NMR spectroscopy as n-Bu3SnCl.23 Single crystals of 7 were
obtained by storing a concentrated CH2Cl2 solution of 7 for one week at −25 ºC.
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X-ray crystal structure determinations of 1, 4, 6 and 7. Intensities were measured on a
Nonius KappaCCD diffractometer with rotating anode (Mo-Kα, λ = 0.71073 Å) at a
temperature of 150(2) K. The structures were solved with Patterson methods (DIRDIF-97,24
1, 4, and 6) or direct methods (SHELXS-97,25 7) and refined with the program SHELXL-97 26
against F2 of all reflections. Non hydrogen atoms were refined freely with anisotropic
displacement parameters. Hydrogen atoms were refined freely with isotropic displacement
parameters (1) or as rigid groups (4, 6, and 7). In compound 6, the amino hydrogen atoms
were refined freely with isotropic parameters. The drawings, structure calculations, and
checking for higher symmetry was performed with the program PLATON.27
Compound 1: C16H28Cl2N2Sn, Fw = 437.99, colorless needle, 0.61 x 0.20 x 0.09 mm3.
Orthorhombic, space group Pbca (no. 61). Cell parameters: a = 10.2522(2), b = 12.3622(2), c
= 30.3866(5) Å, V = 3851.19(12) Å3. Z = 8, Dcalc = 1.511 g cm-3, F000 = 1776. 54404
reflections were measured up to a resolution of (sin θ/λ) = 0.65 Å-1, 4405 reflections were
unique (Rint = 0.0483). An absorption correction based on multiple measured reflections was
applied (µ = 1.601 mm-1, 0.74-0.89 transmission). 302 refined parameters, no restraints. R
(obs. refl.): R1 = 0.0179, wR2 = 0.0443. R (all data): R1 = 0.0226, wR2 = 0.0462. Weighting
scheme w = 1/[σ2(Fo2)+(0.0219P)2+1.4501P], where P = (Fo2+2Fc2)/3. GoF = 1.065. Residual
electron density between –0.42 and 0.38 e/Å3.
Compound 4: C20H37N2Sn · C24H20B · CH2Cl2, Fw = 828.34, colorless block, 0.39 x 0.27 x
0.27 mm3. Monoclinic, space group P21/c (no. 14). Cell parameters: a = 14.6597(1), b =
16.6642(2), c = 22.4244(1) Å, β = 128.2072(5)°, V = 4304.58(6) Å3. Z = 4, Dcalc = 1.278 g
cm-3, F000 = 1728. 79503 reflections were measured up to a resolution of (sin θ/λ) = 0.65 Å-1,
9865 reflections were unique (Rint = 0.0541). An absorption correction based on multiple
measured reflections was applied (µ = 0.750 mm-1, 0.70-0.79 transmission). 487 refined
parameters, 45 restraints. R (obs. refl.): R1 = 0.0303, wR2 = 0.0697. R (all data): R1 =
0.0425, wR2 = 0.0744. Weighting scheme w = 1/[σ2(Fo2)+(0.0322P)2+2.4018P], where P =
(Fo2+2Fc2)/3. GoF = 1.034. Residual electron density between –0.50 and 0.65 e/Å3.
Compound 6: C16H29Cl3N2Sn, Fw = 474.45, colorless block, 0.36 x 0.27 x 0.24 mm3.
Monoclinic, space group P21 (no. 4). Cell parameters: a = 10.4185(1), b = 13.2394(2), c =
29.5834(4) Å, β = 89.9920(5)°, V = 4080.58(9) Å3. Z = 8, Dcalc = 1.545 g cm-3, F000 = 1920.
83300 reflections were measured up to a resolution of (sin θ/λ) = 0.65 Å-1, 18317 reflections
were unique (Rint = 0.0422). An absorption correction based on multiple measured reflections
was applied (µ = 1.644 mm-1, 0.57-0.61 transmission). 830 refined parameters, 1 restraint. R
(obs. refl.): R1 = 0.0217, wR2 = 0.0482. R (all data): R1 = 0.0229, wR2 = 0.0487. Weighting
scheme w = 1/[σ2(Fo2)+(0.0215P)2+0.4955P], where P = (Fo2+2Fc2)/3. GoF = 1.028. Flack
parameter x = -0.028(9). Residual electron density between –0.60 and 0.50 e/Å3.
Compound 7: C12H20Cl4N2Sn, Fw =452.79, colorless needle, 0.30 x 0.06 x 0.06 mm3.
Tetragonal, space group I41/a (no. 88). Cell parameters: a = b = 27.3794(3), c = 19.4629(2) Å,
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V = 14590.0(3) Å3. Z = 32, Dcalc = 1.649 g cm-3, F000 = 7168. 91185 reflections were
measured up to a resolution of (sin θ/λ) = 0.65 Å-1, 8377 reflections were unique (Rint =
0.0613). An analytical absorption correction was applied (µ = 1.977 mm-1, 0.77-0.96
transmission). 343 refined parameters, 0 restraints. R (obs. refl.): R1 = 0.0305, wR2 = 0.0579.
R (all data): R1 = 0.0503, wR2 = 0.0618. Weighting scheme w =
1/[σ2(Fo2)+(0.0198P)2+22.0825P], where P = (Fo2+2Fc2)/3. GoF = 1.009. Residual electron
density between –0.43 and 0.41 e/Å3. The crystal structure contains large voids (1086.4 Å3 /
unit cell) filled with disordered solvent molecules. Their contribution to the structure factors
was secured by back-Fourier transformation (program PLATON,27 CALC SQUEEZE, 334 e/unit cell).
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Organotin halides (RnSnX4-n; n = 1 – 3, R = organic group, X = Cl, Br, I) are being used as
precursors for the preparation of PVC stabilizers (RSnX3, R2SnX2), antitumor agents
(R2SnX2), antifouling coatings (R3SnX) and SnO2 coatings on glass (RSnX3). They can be
prepared by a Kocheshkov redistribution reaction of R4Sn with SnX4, which is controlled by
the stoichiometry of the reactants and generally involves X = Cl, Br (Eq. 1 – 3). In this way,
di- and triorganotin halides are prepared selectively and in high yields (Eq. 1 and 2). Full
conversion of R4Sn into four equivalents of RSnX3 is not possible for alkyltins because the
reaction of intermediate R2SnX2 with SnX4 fails. Therefore, monoalkyltin trihalides are
prepared on lab scale as well as on industrial scale according to the stoichiometry of Equation
3.

A disadvantage of the latter reaction is the low yield of RSnX3 (66%) and the
formation of R2SnX2 as side-product, which makes additional separation- and purificationsteps necessary. On industrial scale, the R2SnX2 side-product is either converted back into
R4Sn by a reaction with a Grignard reagent RMgX or used for other applications. Because
monoalkyltin trihalides, particularly n-BuSnCl3, are of great importance as precursors for
SnO2-coatings on glass, a selective and more direct process is highly desirable.
Several alternative methods for the preparation of monoorganotin trihalides have been
developed during the last decades. However, none of these methods as reviewed in Chapter 1,
is selective and applicable in the preparation of a wide range of monoorganotin trihalides.
In this thesis, three different approaches for the selective preparation of
monoorganotin trihalides have been investigated. The first approach concerns the
development of new catalysts for the direct reaction of organic halides with tin(II) halides
(Chapters 2 and 3). The synthesis of trialkyl(trichlorostannyl)platinum(IV) complexes
[PtMe2(R)(SnCl3)(bipy)] (R = Me, Bz, allyl), involving insertion of SnCl2 in the Pt-Cl bond of
[PtMe2(R)(Cl)(bipy)], is described in Chapter 2. Analysis of these complexes by 1H and 119Sn
NMR spectroscopy and the solid state molecular structure of fac-[PtMe3(SnCl3)(bipy)]
indicated the presence of a direct platinum-tin bond. Addition of one equivalent of PPh3 to
[PtMe2(R)(SnCl3)(bipy)] resulted in cleavage of the Pt-Sn bond and the formation of
trichlorostannate
complexes
[PtMe2(R)(PPh3)(bipy)][SnCl3].
Complexes
[PtMe2(R)(SnCl3)(bipy)] with R = Me or allyl were found to give reductive Sn-C bond
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formation at elevated temperatures. Based on these results, we anticipated that [PtMe2(bipy)]
could act as catalyst in the reaction of organic halides with tin(II) halides.
The catalytic performance of [PtMe2(bipy)] and other complexes of the type [MZ2L]
(M = Pt, Pd; Z = Me, Cl; L = 2,2’-bipyridine, 1,10-phenantroline or dppe) in the reaction of
organic halides with tin(II) halides (Eq. 4) is the subject of Chapter 3.

These [MZ2L] complexes were found to catalyze the reaction of 3-chloropropene with
tin(II) chloride in CH2Cl2 at 45 °C to give allyltin trichloride (C3H5SnCl3) in 41 – 83 % yield.
However, the thermal instability of allyltin trichloride prevented quantitative yields.
Variations in solvents and reaction temperatures did not result in an improvement of the yield.
3-Bromopropene reacted with SnBr2 in the presence of [PdMe2(phen)] to give allyltin
tribromide in 19% yield. With other 3-haloalkenes (3-chloro-2-methylpropene and 1-chloro2-butene) the corresponding monoorganotin trichlorides were obtained but they were not
stable enough to afford significant yields. Reactions with benzyl chloride and chlorobenzene
led to polybenzyl and catalyst decomposition, respectively. Mechanistic studies revealed that
[PdCl2L] complexes follow a Pd0/PdII catalytic cycle and [PtMe2L] complexes a PtII/PtIV cycle
with [Pd(η3-allyl)(L)][SnCl3] and [PtMe2(allyl)(SnCl3)(L)] (L = bidentate nitrogen ligand),
respectively, as the intermediate species leading to allyltin trichloride formation. The
mechanism of the reactions catalyzed by [PtCl2L] and [PdMe2L] remained less defined.
Then we turned our attention to the Kocheshkov redistribution reaction of dialkyltin
dichlorides with tin tetrachloride (Chapters 4 – 6). Hence, we focused on the catalytic activity
of platinum and palladium phosphine complexes (Chapter 4). With cis-[PtCl2(PPh3)2] as
catalyst, MeSnCl3, n-BuSnCl3 and n-HexSnCl3 could be obtained in 87, 85 and 67% isolated
yield, respectively (Eq. 5). For the butyl- and hexyl-tins, formation of significant amounts of
SnCl2 side-product was observed (up to 15% for n-BuSnCl3 and 21% for n-Hex2SnCl2).

Optimization of the reaction conditions and the type of catalyst reduced the extent of
SnCl2 formation. Lower reaction temperatures, an increase of the SnCl4 concentration and
addition of 1-alkene resulted in 3 – 6% less SnCl2 in the reaction of n-Bu2SnCl2 with SnCl4. A
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similar decrease was accomplished by using cis-[PtCl2{P(C6H4X-p)3}2] catalysts with
electron-donating para-substituents such as X = Me, resulting in only 11% of SnCl2.
To obtain more insight in the mechanism of the platinum-catalyzed reaction, kinetic
studies and stoichiometric reactions involving the pre-catalyst and the substrates were
performed. The kinetic studies revealed that the reaction is first-order in [R2SnCl2], zero-order
in [SnCl4] and half-order in [catalyst]. Together with the results of stoichiometric reactions,
these data were used to postulate a mechanism for the platinum-catalyzed reaction of
dialkyltin dichlorides with tin tetrachloride (Scheme 1).

Scheme 1. Proposed mechanism for the platinum catalyzed reaction of R2SnCl2 with SnCl4.

The stability of the platinum-alkyl intermediate [Pt(R)L2][SnCl5] plays a crucial role
in the SnCl2 formation. This complex either reacts with SnCl4 to give formation of RSnCl3
and [PtL2(µ-Cl)2SnCl4] or it eliminates an alkene to give [Pt(H)L2][SnCl5]. In a subsequent
reaction, [Pt(H)L2][SnCl5] reacts with SnCl4 to give SnCl2, HCl and [PtL2(µ-Cl)2SnCl4],
respectively.
Strongly electron-donating ligands such as amines and sulfides were expected to
inhibit the SnCl2 formation by making the β-H elimination reaction less favorable. With this
aim, PtCl2LL’ complexes (L ≠ L’ = amine, sulfide, triphenylphosphine) were prepared
(Chapter 5). The complexes trans-[PtCl2(SR2)(NR3)] (SR2 = SMe2, SPh2,
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tetrahydrothiophene; NR3 = pyrrolidine, quinuclidine, 2-picoline) and cis-[PtCl2(SR2)(PPh3)]
(SR2 = SMe2, tetrahydrothiophene) were prepared by adding amine or PPh3 to trans[PtCl2(SR2)2]. In a similar way, trans-[PtCl2(NR3)(PPh3)] (NR3 = pyrrolidine, quinuclidine)
was prepared by reacting cis-[PtCl2(SMe2)(PPh3)] with the amine ligand. In solution, these
mixed ligand complexes [PtCl2LL’] were found to be stable toward disproportionation to
[PtCl2L2] and [PtCl2L’2]. This was explained by i) the thermodynamic stability of [PtCl2LL’]
and ii) the absence of free ligand which is necessary for such a disproportionation to proceed
at an appreciable rate.
The catalytic properties of [PtCl2L2] (L = amine or sulfide) and mixed ligand platinum
complexes trans-[PtCl2(SR2)(NR3)] and cis-[PtCl2(SR2)(PPh3)] in the Kocheshkov
redistribution reaction of n-Bu2SnCl2 with SnCl4 are discussed in Chapter 6. The [PtCl2L2]
complexes (L = amine or sulfide) gave high selectivities (up to 96%) but low activities. The
mixed ligand complexes were found to be considerably more active than [PtCl2L2] while
retaining the selectivity. The selectivity of the trans-[PtCl2(SR2)(NR3)] complexes was
governed by the presence of the more strongly coordinating sulfide ligand. A distinct relation
between the electron-donating capacity of the sulfide ligand and the selectivity of the reaction
was found: stronger electron-donating sulfide ligands resulted in higher selectivities.
Finally the development of 5- and 6-coordinate alkyltin reagents that were expected to
selectively transfer an alkyl group to a tin substrate, is discussed in Chapter 7. More
specifically, this Chapter concerns the synthesis and characterization of [BunSnCl3-n(NCN)]
(NCN = [C6H3(CH2NMe2)2-2,6]-, n = 1 –3) and their reactions with SnCl4. The presence of
intramolecular N → Sn coordination in these (NCN)Sn(IV)-butyl complexes was confirmed
by 1H and 119Sn NMR spectroscopy. It was expected that the donating capacity of the NCN
ligand in the (NCN)Sn(IV)-butyl complexes would induce transfer of at least one of the butyl
groups to other tin centers. In contrast, the reactions with SnCl4 showed that not the butyl
groups but the NCN ligand was transferred to SnCl4 to give [SnCl3(NCN)] and the
corresponding butyltin halides (n-Bu2SnCl2 and n-Bu3SnCl, respectively). [SnCl3(NCN)] was
easily hydrolyzed to the zwitterionic HCl salt [SnCl4(NCN+H)].

General Conclusion and Outlook
In conclusion, two improved methods for the selective synthesis of monoorganotin trihalides
were developed. The platinum-catalyzed Kocheshkov redistribution reaction of dialkyltin
dichlorides with tin tetrachloride is the most interesting. Contrary to the other two methods
described (the direct reaction of organic halides with tin(II) halides and the use of
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(NCN)Sn(IV)-butyl complexes as alkylating agents), this novel method works for a range of
monoalkyltin trichlorides, affording high yields (up to 94%) and high selectivities (up to
96%). Moreover, the platinum catalysts used are either commercially available or easy to
prepare. Since the reaction of R2SnCl2 (R = alkyl) with SnCl4 is not problematic anymore,
direct conversion of R4Sn into four equivalents of RSnCl3 was also possible (for R = n-Bu,
83% isolated yield). This is a great improvement of the currently used method in which R4Sn
reacts with two equivalents of SnCl4 to afford RSnCl3 in 66% yield with 33% of R2SnCl2 as
side-product. Although further process optimization will be necessary, we conclude that the
method has potential for industrial application, especially in the case that dialkyltin dichloride
as by-product is undesirable.
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Organotinhalogeniden (RnSnX4-n; n = 1 – 3, R = organische groep, X = Cl, Br, I) worden
gebruikt als grondstof voor de productie van PVC stabilisatoren (RSnX3, R2SnX2), anti-tumor
geneesmiddelen (R2SnX2), aangroeiwerende verven (R3SnX) en tindioxide coatings op glas
(RSnX3). Deze organotinhalogeniden worden bereid door middel van een Kocheshkov
redistributiereactie van R4Sn met SnX4, waarbij voor X meestal Cl wordt gebruikt (verg. 1 –
3). Met deze methode kunnen di- en triorganotinhalogeniden selectief en met een hoge
opbrengst bereid worden. Volledige omzetting van R4Sn in vier equivalenten RSnX3 is echter
niet mogelijk voor alkyltin verbindingen omdat het in situ gevormde R2SnX2 niet verder
reageert met SnX4. Daarom worden monoalkyltintrihalogeniden op zowel laboratoriumschaal
als op industriële schaal bereid volgens verg. 3.

Een groot nadeel van deze methode is de lage opbrengst aan RSnX3 (66%) en de
vorming van R2SnX2 als bijproduct waardoor extra scheiding- en zuiveringstappen nodig zijn
om zuiver RSnX3 te verkrijgen. Op industriële schaal laat men het bijproduct R2SnX2
reageren met RMgX tot het uitgangsmateriaal R4Sn of het wordt gebruikt voor andere
toepassingen. Omdat monoalkyltintrihalogeniden (in het bijzonder n-BuSnCl3) in grote
hoeveelheden worden gebruikt als grondstof voor het aanbrengen van tindioxide coatings op
glas, is er een grote behoefte aan een selectiever één-stapsproces.
In de loop van de jaren zijn verschillende methoden ontwikkeld voor de selectieve
synthese van monoorganotintrihalogeniden. Helaas is geen van deze methoden geschikt voor
de synthese van verschillende monoorganotintrihalogeniden (zie Hoofdstuk 1).
Tijdens dit project zijn drie verschillende methoden voor de selectieve synthese van
monoorganotintrihalides onderzocht. In de eerste plaats is er gezocht naar nieuwe
katalysatoren voor de directe reactie van organische halogeniden met tin(II)halogeniden
(Hoofdstukken
2
en
3).
In
Hoofdstuk
2
wordt
de
synthese
van
trialkyl(trichlorostannyl)platina(IV) complexen [PtMe2(R)(SnCl3)(bipy)] (R = allyl, Bz, Me)
beschreven. Deze verbindingen werden bereid d.m.v. SnCl2 insertie in de Pt-Cl binding van
[PtMe2(R)(Cl)(bipy)]. Het bewijs voor de aanwezigheid van de directe platina-tin binding in
deze complexen werd aangetoond door 1H en 119Sn NMR spectroscopie en door een
kristalstructuurbepaling van fac-[PtMe3(SnCl3)(bipy)]. De platina-tin binding kan verbroken
worden door toevoeging van één equivalent PPh3 aan [PtMe2(R)(SnCl3)(bipy)] waardoor
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ionisch [PtMe2(R)(PPh3)(bipy)][SnCl3] wordt verkregen. De [PtMe2(R)(SnCl3)(bipy)]
verbindingen met R = Me of allyl gaven reductieve Sn-C bindingsvorming bij een verhoogde
temperatuur. Aan de hand van deze resultaten werd geconcludeerd dat [PtMe2(bipy)] als
katalysator zou kunnen dienen voor de reactie van organische halogeniden met
tin(II)halogeniden.
De katalytische effecten van [PtMe2(bipy)] en andere complexen van het type [MZ2L]
(M = Pt, Pd; Z = Me, Cl; L = 2,2’-bipyridine, 1,10-phenantroline of dppe) in de reactie van
organische halogeniden met tin(II)halogeniden (verg. 4) is het onderwerp van Hoofdstuk 3:

Een allyltin trichloride opbrengst van 41 – 83 % was te realiseren met dit type
complexen in de reactie van 3-chloorpropeen met tin(II)chloride in CH2Cl2 bij 45 ºC. Door de
thermische instabiliteit van allyltintrichloride was het niet mogelijk om kwantitatieve
opbrengsten te verkrijgen.
Het gebruik van andere oplosmiddelen dan CH2Cl2 of variatie in reactietemperatuur
leidde niet tot een verbetering van de opbrengst. De reactie van 3-broompropeen met SnBr2,
gekatalyseerd door [PdMe2(phen)] gaf allyltintribromide in 19% opbrengst. De
monoorganotintrichloriden verkregen uit 3-chloor-2-methylpropeen en 1-chloor-2-buteen
waren niet stabiel waardoor ze in slechts zeer lage opbrengsten verkregen werden. Met
benzylchloride en chloorbenzeen als substraat vond vroegtijdige ontleding van de katalysator
plaats. In het geval van benzylchloride werd tevens een grote hoeveelheid polybenzyl
gevormd. Mechanistisch onderzoek liet zien dat de [PdCl2L] complexen een Pd0/PdII cyclus
doorlopen en de [PtMe2L] complexen een PtII/PtIV cyclus waarbij de intermediairen, [Pd(η3allyl)(L)][SnCl3] (voor [PdCl2L]) en [PtMe2(allyl)(SnCl3)(L)] (voor [PtMe2L]) leidden tot de
eigenlijke allyltintrichloride vorming. Het mechanisme voor [PtCl2L] en [PdMe2L] bleef
minder goed gedefinieerd.
Als tweede alternatief werd de Kocheshkov redistributiereactie van
dialkyltindichloriden met tintetrachloride onderzocht (Hoofdstukken 4 – 6). In dit geval werd
de activiteit van platina- en palladium-fosfine complexen als katalysator voor deze reactie
getest (Hoofdstuk 4). Met cis-[PtCl2(PPh3)2] als katalysator werden MeSnCl3, n-BuSnCl3 en
n-HexSnCl3 met een opbrengst van respectievelijk 87, 85 en 67% verkregen (verg. 5). In het
geval van de butyl- en de hexyltinverbindingen werd tevens een aanzienlijke hoeveelheid
SnCl2 bijproduct gevormd (tot 15% voor n-Bu2SnCl2 en tot 21% voor n-Hex2SnCl2).
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Door optimalisatie van de reactiecondities en het type katalysator kon de hoeveelheid
SnCl2 verminderd worden. Een lagere reactietemperatuur, het verhogen van de SnCl4
concentratie of het toevoegen van 1-alkeen aan de reactie van n-Bu2SnCl2 met SnCl4 maakte
het mogelijk om de hoeveelheid SnCl2 tot 3 – 6% te verminderen. Eenzelfde afname was
mogelijk door gebruik te maken van platina-trifenylfosfine katalysatoren waarbij één of
meerdere elektrondonerende Me-substituent(en) aan de fenyl ring van het ligand aanwezig
is/zijn: (cis-[PtCl2{P(C6H4Me-p)3}2] en cis-[PtCl2{P(C6H4Me2-3,5)3}2]).
Meer inzicht in de platina-gekatalyseerde Kocheshkov redistributiereactie werd
verkregen door zowel kinetisch onderzoek als door stoichiometrische reacties tussen de
katalysator en de substraten. Het kinetische onderzoek toonde aan dat de reactie een eerste
orde in [R2SnCl2], een nulde orde in [SnCl4] en een halve orde in [katalysator] heeft. In
combinatie met de resultaten van de stoichiometrische reacties was het mogelijk om een
mechanisme voor de platina-gekatalyseerde reactie van dialkyltindichloriden met
tintetrachloride op te stellen (Schema 1).

Schema 1. Voorgesteld mechanisme voor de platina-gekatalyseerde reactie van R2SnCl2 met SnCl4.
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De stabiliteit van het gesuggereerde alkylplatina intermediair [Pt(R)L2][SnCl5] speelt
een belangrijke rol in de vorming van SnCl2. Dit complex kan enerzijds reageren met SnCl4
tot RSnCl3 en [PtL2(µ-Cl)2SnCl4] of het kan ontleden in 1-alkeen en [Pt(H)L2][SnCl5] (β-H
eliminatie). Dit laatstgenoemde complex reageert dan in een vervolg reactie met SnCl4 tot
SnCl2, HCl en [PtL2(µ-Cl)2SnCl4].
Naar verwachting zou de β-H eliminatie, die uiteindelijk leidt tot vorming van het
bijproduct SnCl2, onderdrukt worden door gebruik te maken van platina katalysatoren met
sterk elektrondonerende amine en sulfide liganden. De synthese van [PtCl2LL’] complexen
met dergelijke liganden (L ≠ L’ = amine, sulfide, trifenylfosfine) wordt beschreven in
Hoofdstuk 5. De complexen trans-[PtCl2(SR2)(NR3)] (SR2 = SMe2, SPh2, tetrahydrothiofeen;
NR3 = pyrrolidine, quinuclidine) werden bereid door reactie van het amine of het PPh3 ligand
met trans-[PtCl2(SR2)2]. Op een soortgelijke manier werd trans-[PtCl2(NR3)(PPh3)] (NR3 =
pyrrolidine, quinuclidine) verkregen door een reactie van cis-[PtCl2(SMe2)(PPh3)] met het
amine ligand. Er werd gevonden dat in oplossing de [PtCl2LL’] complexen niet
disproportioneren in [PtCl2L2] en [PtCl2L’2], hetgeen verklaard wordt door de
thermodynamische stabiliteit van [PtCl2LL’] en de afwezigheid van vrij ligand.
De katalytische eigenschappen van [PtCl2L2] (L = amine, sulfide) en de gemengdligand-platinacomplexen trans-[PtCl2(SR2)(NR3)] and cis-[PtCl2(SR2)(PPh3)] in de
Kocheshkov redistributiereactie van n-Bu2SnCl2 met SnCl4 worden beschreven in Hoofdstuk
6. De [PtCl2L2] complexen (L = amine, sulfide) resulteerde in een hoge selectiviteit (tot 96%),
maar een lage activiteit. De gemengd-ligand-platinacomplexen bleken aanzienlijk actiever
dan [PtCl2L2] met behoud van de selectiviteit. De selectiviteit van de trans-[PtCl2(SR2)(NR3)]
complexen werd bepaald door het relatief sterk-coördinerende sulfide ligand. Voor dit type
complexen werd een duidelijke relatie gevonden tussen de elektrondonerende eigenschappen
van het sulfide ligand en de selectiviteit van de reactie: sterker elektrondonerende sulfide
liganden geven een hogere selectiviteit.
In het zevende en laatste hoofdstuk wordt de ontwikkeling van 5- en 6-gecoördineerde
alkyltin verbindingen beschreven. Van deze verbindingen werd verwacht dat ze selectief een
alkylgroep kunnen overdragen naar een tin substraat. Het project richtte zich met name op de
synthese en de karakterisering van verbindingen van het type [BunSnCl3-n(NCN)] (NCN =
[C6H3(CH2Me2)2-2,6]-, n = 1 – 3) en hun reactie met SnCl4. De aanwezigheid van interne N →
Sn coördinatie bindingen in deze (NCN)Sn(IV)-butyl complexen werd bevestigd met 1H en
119
Sn NMR spectroscopie. Er werd verwacht dat de elektrondonerende eigenschappen van het
NCN ligand in de (NCN)Sn(IV)-butyl complexen de alkylgroep-overdracht van één of meer
butylgroepen naar andere tin centra zou vergemakkelijken. In de reacties met SnCl4 werd
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gevonden dat niet de butylgroepen maar het NCN ligand werd overgedragen naar SnCl4. Dit
resulteerde in de vorming van [SnCl3(NCN)] en de corresponderende butyltinhalides. Doordat
[SnCl3(NCN)] zeer snel hydrolyseert werd deze verbinding geïsoleerd als het HCl zout
[SnCl4(NCN+H)].

Algemene Conclusies
In dit proefschrift wordt de ontwikkeling van twee verbeterde methoden voor de selectieve
synthese van monoorganotin trichloriden beschreven. De platina-gekatalyseerde Kocheshkov
redistributiereactie van dialkyltindichlorides met tintetrachloride is het interessantst. In
tegenstelling tot de andere onderzochte methoden (de directe reactie van organische
halogeniden met tin(II)halogeniden en het gebruik van (NCN)Sn(IV)-butyl complexen als
alkyleringsagens) is deze nieuwe methode geschikt voor de synthese van vele
monoalkyltintrichlorides in hoge opbrengsten (tot 94%) en met een hoge selectiviteit (tot
96%). Bovendien zijn de gebruikte platinakatalysatoren commercieel verkrijgbaar of
eenvoudig te synthetiseren. Omdat de reactie van R2SnCl2 (R = alkyl) met SnCl4 nu wèl
verloopt, is de directe omzetting van R4Sn in vier equivalenten RSnCl3 ook mogelijk (voor R
= n-Bu, 85% geïsoleerde opbrengst). Dit is een grote verbetering van het huidig gebruikte
proces waarbij R4Sn wordt omgezet met twee equivalenten SnCl4 tot RSnCl3 (66%) en
R2SnCl2 bijproduct (33%). Hoewel verdere procesoptimalisatie nog noodzakelijk zal zijn om
tot een economisch haalbaar proces te komen, kan vastgesteld worden dat het proces
industriële potentie heeft, zeker onder omstandigheden waarbij dialkyltindichloride gezien
wordt als ongewenst bijproduct.
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labstaps, het pannenkoeken eten en de te weinig uitgevoerde vrijdagmiddagexperimenten zijn
een aangename afwisseling geweest op het serieuze labwerk. Bedankt allemaal! Een aantal
personen wil ik in het bijzonder bedanken. Henk Kleijn, jouw hulp met de GC-MS metingen
en het bestellen van allerlei chemicaliën (een kilootje Bu2SnCl2? geen probleem!) heb ik altijd
erg gewaardeerd. Jouw inzet is onmisbaar om de vakgroep draaiende te houden. Verder wil ik
iedereen van Zuid 8 II bedanken voor de leuke werksfeer, het laten knallen van epjes, het ijs
in mijn nek, het verstoppen van de tin chemicaliën, het leegroven van mijn zuurkast
gedurende de zomervakanties en het mogen blussen van een flinke tert-BuLi brand. Martijn
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(heb jij in die vier jaar ooit je glaswerk gepoetst?), Michel (jouw magazijn op het lab was
altijd erg handig), Harm (smeriger kon je zuurkast echt niet worden) en Joep (jammer, weer
geen knal): jullie wisten er als harde kern altijd een feestelijke boel van te maken. Vooral het
extreem vals meezingen met de muziek van Radio 3 zal ik niet snel vergeten.
De meeste tijd heb ik kamer Z806 gedeeld met Harm, Martijn, Chris en Philippe.
Allen bedankt voor de plezierige en collegiale sfeer in ons hok. Martijn, jij ook bedankt voor
het poetsen van mijn zuurkast in al die jaren en het verhelpen van al mijn computer
problemen (soms stond ik op het punt om die … Mac van de 8ste naar beneden te gooien).
Harm, het squashen in de middagpauze met de daarbij behorende gesprekken was altijd erg
ontspannend en gezellig. Behalve die ene keer dat je me een blauw oog bezorgde. Sinds kort
zit ik alleen met vrouwen op de kamer. Judith en Kristel, ondanks dat het wel even wennen
was toen de posters met mooie vrouwen van de muur werden gehaald en er mannelijke film
idolen voor in de plaats kwamen, vond ik het erg gezellig met jullie op de kamer. Verder wil
ik mijn buurman Joep bedanken voor de nuttige tips omtrent het promotie gebeuren en het
verkrijgen van een zo hoog mogelijke uitkering!
Een belangrijke bijdrage aan het onderzoek hebben de hoofd- en bijvakstudenten
geleverd. Eveline, Hein en Michiel, veel van jullie werk zullen jullie terug vinden in dit
proefschrift. Het was voor mij een waar genoegen om met jullie te mogen samenwerken.
Michiel, de brandende molsieves was voor mij een geheel nieuwe ervaring.
Aangezien ongeveer 10% van het proefschrift de beschrijving van kristalstructuren
omvat, ben ik veel dank verschuldigd aan Prof. dr. Anthony Spek en Dr. Martin Lutz. Martin,
met name jij stond altijd klaar om nog snel even een meting in te zetten. Zelfs als het buiten al
donker begon te worden.
De collega’s van de FOC wil ik bedanken voor de hulp bij allerlei metingen op hun
apparatuur. Vooral als bij ons een apparaat er weer eens geen zin in had. Daarnaast wil ik Dr.
Jan Zwikker bedanken voor de discussies over de kinetiek en over het schoonmaken van zijn
oprit met verboden middelen.
Binnen de universiteit wil ik verder nog Jan den Boesterd, Ingrid van Rooijen en
Aloys Lurvink van de AV-dienst bedanken voor het maken van de prachtige posters en de
omslag van dit proefschrift.
Verschillende experimenten heb ik bij ATOFINA in Vlissingen uitgevoerd. Rob
Boaron, Evert Saman, Rini Schilders, Obbo Heeres, Leo Hoekman, Carel Braakman en de
medewerkers van de analytische afdeling ben ik erg dankbaar voor hun enthousiaste hulp. De
samenwerking met jullie is voor mij zeer plezierig en leerzaam geweest.
Ook op het niet-wetenschappelijke vlak hebben verschillende mensen mij de
afgelopen jaren gesteund. In de eerste plaats mijn paranimfen Raoul en Betty. Beste Raoul,
samen feesten, het gezamenlijk lunchen in de middag, de lift-wedstrijd en de pool/dart
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avonden (ik moet toegeven, jij bent de laatste tijd net iets beter dan ik) gaven me altijd de
ontspanning die ik nodig had als AIO. Het elkaar even opzoeken in het Kruytgebouw zit er
binnenkort helaas niet meer in. Maar hopelijk zullen we elkaar des te meer aan de pooltafel
zien. Beste Betty, hoeveel recepten we de afgelopen jaren gefabriceerd hebben weet ik niet
meer precies, maar ik weet wel dat ze allemaal erg lekker waren. Vooral het amaretto ijs, de
chocolade taart en de mosselen zal ik niet snel vergeten. Dit lekkere eten in combinatie met
een goed glas wijn heeft heel wat gezellige avonden opgeleverd. Moge er nog vele volgen.
Verder wil ik mijn familie, vrienden en kennissen bedanken voor steun en hulp in de
afgelopen jaren. Ondanks dat het voor vele van jullie allemaal abracadabra was, waren jullie
toch altijd geïnteresseerd in mijn verhalen over coatings op bierflesjes. Vooral het thuisfront
in Eindhoven is voor mij erg belangrijk geweest. Lieve pap en mam, jullie hebben altijd voor
mij klaar gestaan, zowel in voor- als in tegenspoed. Ik ben jullie erg dankbaar voor alles wat
jullie voor mij gedaan hebben. Zonder jullie onvoorwaardelijke steun zou deze mooie
promotiedag nooit hebben plaatsgevonden. Jeroen, Erik en Stijn, met jullie als broertjes is het
altijd leuk om thuis te komen. Al is het soms wel wat vol en druk, het blijft de beste plaats om
even lekker te relaxen. Jeroen, jij ook bedankt voor je hulp bij het ontwerpen van de kaft.
Opa, ik ben blij dat je deze dag samen met mij kan vieren. Jammer genoeg kan oma er niet
meer bij zijn, maar ik weet dat zij net zo trots op mij is als jij.
Kevin, samen hebben we de afgelopen vijftien jaar al veel onvergetelijke momenten
meegemaakt. Door de afstand zien we elkaar helaas niet meer ieder weekend. Maar dankzij
mij nieuwe baan ben ik weer dagelijks in town. Zet het bier maar alvast koud! We bellen,
meelen en faxen.
Tenslotte wil ik Lonneke bedanken voor het nakijken van de stukken, maar bovenal
voor haar liefde en geduld. Leifje, voor jou was het ook niet altijd even gemakkelijk om met
mij als AIO samen te leven. Maar desondanks was jij er altijd om me weer op te vrolijken als
het even tegen zat. Ik ben je heel erg dankbaar voor je steun en alle mooie momenten die je
me hebt gegeven. Je bent super!
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