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Summary
Organotin dihalides RZSnX2 (X = C1, Br, I) and their

adducts with bidentate donor ligands have been prepared in
high yvield by the direct electrochemical reaction of metallic
tin with alkyl or aryl halides in organic media at room
temperature. Dimethyltin diiodide can be converted to tetra-.
methyltin by reaction with methyl iodide at a cadmium anode.
Electrochemical halide abstraction has been used to prepare

R_Sn, (R = Me, Ph) from the corresponding R3Sn halide. The

6 2
mechanism of these reactions is discussed.

Introduction

Organotin compounds, and the related organotin halides,
are amongst the best known a;eas.of organcmetallic chemistry
{1,2,31. Two main procedures have been used in the synthesis of
organotin halides. The first, and most obvious, is the direct
(catalysed) reaction of metallic tin with alkyl or aryl halide,

. a reaction known since 1849 [4]. Typical conditions involve
temperatures im the range 100 -~ 180°, for 1 - 50 ‘h: a number

of different catalysts:have been used. Redistribution reactions
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R,Sn + Snxg;——-—)f .fzk'zj_s:zx;,_, B o a
have provided the other main’synﬁheticArppte to these compounds,
and here again high temperatures are necessary. Both ofrthése
methéds, arnd others which have been proposed, give equilibrium
mixtures of mono-, di- and trihalides, so that separation
procedures are of considerable impoftancé'[5].

Workers in the USSR have described electrochemical
procedures for the preparation of dibutyltin dibromide and
similar compounds [6 - 2]. The experimental methods involved
either a tin anode or a tin compound in solution, and bromiﬁe'and
zinc bromide were added to the mixed organic solvent reaction
mixture containing the organic halide. The purity of the_products
was not always specified. The preparatiocn of organotin compounds
from a sacrificial electrode has alsc been reperted by Ulery [101},
Brown, Gonzalez and Wright [11] and Mengoli and Daolio [12}.

There are significant differences between the procedures described
by these authors and the present work, the most notable of which
is that tin is anodic‘in our experiments but cathodic in theirs.
We discuss these differences. below.

As part of a programme of investigation of direct
electrochemical synthesis of inorganic and organometallic -
compounds [13 - 151, we have examined the oxidation of anodic
tin in the presence of alkyl and aryl héiides, and find that
this represents a simple synthetic route to these important
33 Snx2 compounds. It has also been possible to form R4Sn and

2
R~Sn2 compounds by electrochemical halide abstraction from

6
R,SnX, and R,S5nX respectively by the use of anodic cadmium [16].
These syntheses can be carried out at room temperature, iith simple
equipment, and appear to offer several advantages over othe£.~ |
synthetic routes. Reviews [17,18] of the use of electrochemical

methods in inorganic and organometallic chemistry have emphasised

‘that many interesting studies of-electro-oxidation and reduction
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hévé not béen ?ursued_t@»the_péiﬁt of sjnthetic'application.
The!pzeéén; work suggeétsﬂthat direct electrochemical synthesis
could.usefuliy—replaqe many of the methods in current use for
Vthé productibn'of tin(IV) compounds.

Experimental

General -

. Pin (Alfa Inorganics) was in the form of a sheet (0.127mm
- thickness,. M5N purity). Cadmium (md4N) was used as a rod (8.5 cm
long, 0.25 cm diam.)

Methanol (analytical grade) was dried over Linde
molecular sieve. Benzene was dried with sodium naphthaquinone
and distilled. Methyl iodide and ethyl bromide were distilled
before use; 'all cther organic halides were reagent grade and
were used as received, as were. the neutral liganas,-except‘that
1,10-phenanthroline was dehydrated at 110° before use.

. Infrared and Raman spectra were recorded with Beckman
IR-12 and Beckman 700 laser-Raman (argon ion, 488.0 nm excitation)
instruments. Proton magnetic resonance spectra were cobtained .
with a Varian EM-360 spectrometer operating at 60 MHz. -

Halide analysis was by the Volhard method, and metal.

analysis by atomic absorption spectrophotometry.

Electrochemical Preparation of RZSnXZ and Adducts

.Tin metal (10 x.3 cmz, approx. 3.5 g), supported by
a.platinum wire lead, formed the anode-.of the cell, in which a
second platinum wire (.1 mm diam.) was the cathode. The

_composition of the solution phase (total volume 30 - 70_cm3)
is shown in Table 1. 1In the early experiments, and following
our previous work {13,141, small quantities of tetraesthylammonium

perchléfate Qere present, and hence methanol was added in order
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to dissolve this galt in the reaction sdlufion;:but*in”iatér'
wvork it was found possible to échieve'éignifiéant'cuffént‘and"
reaction without ;ha complications of -é&c;ing'suéh fore'i‘gn'
material to the reaction vessel. In:ihé:prép&ration of adducts
of 2,2'-bipyridyl, the low solubility of the ligand in benzene
imade the addition of meihanol mandatery, but the use of l,Z;bis—
(diphenylphosphino)ethane permitted thevuse'of benzene alone as
3clvent in later work. Solid neutral 1igandé were used in approx.
1g éuantities; dimethylsulphoxide and acetonitrile were added
in approx. 20 cm> amounts. ’

The applied voltage was 20 - 50 v, as dictated by the
solution conditions, given that a current of 10 - 40 ma produced
a reasonable rate of reaction without overheating thé solution.
We have used a Coutant 50/50 power supply, but other similar D.C.
power equipment would no doubt suffice. The temperature was
ambient (v 20°C), and all experiments were carried out under an
atmosphere of dry nitrogen. Under such conditions, the initial
precipitation of product was usually detected within 10 - 30~
min. - The solids were collected, washed with diethyl ether and
dried under vacuum. ' In some caseé, subsequent addition of ether
to the reaction mixture caused further precipitation of product.
Analytical results are given in Table 2. -

Unless otherwise noted, yields (Table 1) were calculated
relative to the quantity of tin édissoclved from the anode; under
the conditions.deséribgd,~this waé,typicéily 0.2 - 6;5 g,.giving
1 - 1.5 g of product. In view of the gecod yields<;btained, we
have not inyestigatéd the éffect ofrchangeé in voltage or other
reaction conaitiohs'upon the yield, preferring at this'staée to
establish the usefulness and versatility of ﬁﬁe electrochemical

method.
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Téble 2. Analytical results for or?anotin"cbmbguth({-'

Found (3) | Calculated (87

Compound Sn Halogen .} Sn. - aéibgen*‘

(CH,) ,SnI,, ! 29.7 63.5 |29.5 | 630
(C,Hg) 48nI, S o 27.6 | s8.9 127.6 - 59.0
(CZHS} 25n12.2dmso - 7 45.9 - 46.4
(C,Hg) ,5nI, . 2CH,CN 23.1 48.7 23.2 | . 49.5
(C,Hg) ,SnI,.diphos 14.7 | 31.7 .|14.9 | - 31.7
(C,Hg) ,SnI,.diphos 14.3 .30.6 14.4 30.6
(c,Hg) ,SnBr,.bipy (P} 24.2 32.4 |24 12.5
(CZHS)ZSnBrz.phen‘c’ 22.9 |- 30.9 23.0 - 31.0
(CZKS)ZSnBrZ.diphos 16.2 21.9 16.2 ‘ 21.8
(n-C4Hy) ,SnC1, .diphos 16.9 ~10.3 17.0 10.1
{n-C,Hy) ,SnBr,.diphos 15.1 20.4 15.0 20.2
©~C,HgSnBr, .diphos ' 16.2 21.8 16.2 21.8
(CGHS)ZSnBrZ.diphos - 19.1 - . 18.7
sn(cH,), 66.7 - 66.5 -

{CH,;) (Sn, ] 72.9 - 72.5 -

(CgHy) (Sn, 33.7 - 33.9 -

fa) M. pt. 44°,
(b} M. pt. 210°
(c) M. pt. 236(dec).

Preparation of Teﬁramethyltin

Since it has been shown earlier [16] that ancdic cadmium
is an efficient electrq;hémicél haiide abst;actionvagent, it
seemed reaséhable to invegtigatgfthe'gée‘qf‘gh;; @g&hpd for the.
preparation of (CH,),Sn from (CH;),SnI,. Three differént
experiments were successful. ' 7

3

3 of methyl iodide, 20 cm .

{a} Avmixture of 20 cn
benzene, 10 cm® of methanol and 2.5 g of tetraethylammonium
iodide was placed‘in a_cell between a platihum-éathcde,and

electrodes of tin and cadmium. Each of these‘two metals served
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‘"fas the anode’ of the cell “for” alternatlng perlods of 20 min ,
: startxng wlth tln. After 3 hr elegtr01251s at_18 v, 60 ma,
0. 80 g of tin was found to have dissolved; 1.0 g of tetra-

'methyltln (83% yleld) was collected by distillation in wvacuo.

. In a second experlment, (3 hr . 16 v, 68 ma), the welghts of

tin and cadmlum dissolved were 0 75 and 1.49 g respectlvely

(mole ratlo Sn:Cd =.1:2.;) in agreement with the stoichiometry

46331 +Sn + 2a ——>  Sn(CHy), + 2CdI, (1)

or, in terms of stepwise reactions
2CH,T + Sn ——> (CH,) ,SnI, (2)
(CH3)ZSnIz + 2CH3I + 2Cd — Sn(CH3)4-+ 2CdI2 ,(3)

(b) 0.43 g of (CH3)28nI in 20 cm3 of 1:1 (v/v)

methanol:benzene was electrolysed for 3 hr between a cadmium
anode and a platinpm cathode, under nitrogen, at 45 v, 20 ma,
but wigh noradged methyl iodide. Cadmium iodide depqsited in
the bottom of the vessel (Found C4d 29.9; I 69.2%; calcd. for

cdi, Cd 30.7; I 69.3%),Vand tetramethyltin (0.076 g, 79%

2
theoretical based on weight of Cd dissolved) was collected

. by-distillation in vacuo. _The simplest stoichiometry that one
can write for this process is

3)SnI, + 2€4 -~ Sn(CH3), + 2CdI, + Sn (4)
and in a subsequent reaction we were able to collect the

-2(CH

mééal;ig tin which had deposited in the bottom of the cell.

‘ihé weiéhg‘of.cadmiumrdissolved in this case was 0.128 g

(i.l4 mﬁél),.andithe weight of tin collected 0.034 g {0.029 .

. mmol), which is appreciably less than required by eqg(4) (calcd.
for 0.128 g Cd, 0.067 g -Sn);  the tin was however very finely
,_éiyﬁ@gd; s§.§h$t app£eciap;e ;psses_musﬁrhave occurred in

v'cOllécéing'tbg meta}.<'We'therefore,ﬁentatively conclude that
‘the qvefg;l :egc?ioﬁ is indéed that described by eg(4).

{e) A’proceduré.mqéh likéA(b) above, except for the
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presence of excess tetraethylammonium iodide (2,5 g)  resulted.
in the final cadmium product being'(Czﬁs)éN[ch3]7(0.36-g)<¢

{cf., refs. 15,19).

Preparation of'HeXaphenyl- and'Hexamethyldiéin

The cadmium halide abstraction method [16] was used
successively to obtain these compounds from Ph3SnBr and'Me3SnC1
respectively.

| (a) 0.48 g of (c6H5)3SnBr and 15 mg of tetraethyl-
ammonium perchlorate in 8¢ cm3 of 3:1 (v/v) benzene:acetone
was electrolysed under nitrogen between a cadmium anode and a
platinum cathode-(40 v, 30 ma, 7 hr). The white product formed
in the bottom of the cell, shown to be CdBrz, was removed by
filtration and the volume of the filtrate reduced to 15 cm3;
the white solid which deposited was collected, washed with
ether and dried in vacuo (Yield 53%, based on original weight of
(C6H5)3SﬁBr). Tin analysis (Table 2) and the Raman spectrum
(138, 178, 212 and 262 cm 1) identified the product as
hexaphenylditin [201.

(b) An analcgous experiment involved 1.1 g of (CH3)38nCl
and 100 mg. of .(CZH5)4NC104 dissolved in 60'cm3 of 5:1 benzene:
methanol. At 50 v, the initial current was 100 ma, which fell
to 20 ma after about 30 min; the total length of electrolysis
was 12 hr. Isolation of the product followed the method uséd
for hexaphenylditin (Yield 59%, based on original weight of
trimethyltin chloride taken}.

Tin analysis confirmed the format}on of (CHé)ean' as
did two other analytical»procedures} Firstiy, exposure to air.
for 10 hr., followed by drying in vacuo, resuited in a decrease
in the tin content tc 68.7%, indicating the formation of,

[(CH,) ;Sn],0 (caled. Sh°69.28). Secondly, titration of
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(CHB}gshé,in‘methaqbl:benzene (1:1} with Iz‘Qas in agreeﬁent
with the steichiémettyf | ,
| (CH3) Sn, + I, —3 2(CH3)3SnI (5)
and (CH3)3SnI'was subsequently isolated from this reaction v
mixture (Found Sn 40.6, I 43.9%; calcd. Sn 40.9, I 43.63).
The Raman spectrum (137, 152, 199 and 512 cm-l) also confirmed

" the identity of the product [211.

Results and Discussion

We note here certain aspects of the preparative work,
and the nature of the evidence which supports the identification
of the products. The physical and spectroscopic properties of
the dialkyltin dihalides, and of their adducts, are well
established, so that the thrust of this discussion is to establish
the purity of the compounds prepared, and in particular to show
that single compounds were obtained rether than mixtures of R4Sn,

R,SnX, RZSnxz, RSnx3 and Snx4.

3

(CH3)28n12, (C285)25n12

A freshly prepared sample of (CH3)2Sn12 dissolved in
Ccl4 showed only a single peak in the nmr spectrum at 7 = 8.33,
with 117Sn and 1195n satellites. No resonances attributable to

Me,Sn, or to other methyltin halides, were detected, establishing

4"
that the freshly prepared material is indeed MeZSnI2 [22].
Resonances from the redlstrlbut1on products (CH3)3SnI, etc.,
were detected in solutions of (CHB)ZSnI2 in CDC1l, or CH,OD,
espeeiellfvif the_soiution were allowed to stand forAsome hours
atvroeh teméerature.' 51m11ar results were obtained with

(C2H5) SnIz, in that no resonances from Sn(C2H5)4 or C2H SnI
were detected, the H spectrum corresponded with that reported

,>1n the 11terature for (CZH ) SnI2 [23].
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The method described then prtéides é simple and
direct route to (CH3)25nI and (CZHS)ZS“Iz' and the exten51onr
fo other alkyl and aryl compounds should present no problems,
given the ease with which adducts ‘of such species can be
obtained (see below). The relative insolubility of (CH3)ZSnI2
in the reaction mixture leads to preci pltatlon of the product,
and this is an important, if unexpected, feature of the system.
The material which is obtained in short experiments (3 hr or
less) - is pure R SnIZ, but longer electrolyses lead to a mixture
of R4Sn, 3SnI, ete., readily identified by nmr spectroscopy-
“here are two possible explarnations for this, both related to
the small but finite solubility of R,5nI, in the reaction
nixture; (a) R25n12 in solution undergoes a series of slow

redistribution reactions to R,Sn, etc. (cf. [1]), or (D)

R,Sni, in solution reacts with the tin anode by a process similar
to eg(4), namely
2R25n12 + Sn —p R4Sn + SnI4 + Sn (6)

followed by exchange reactiéns between RQSn and Snlq.

adducts of RZSnX2

There is an extensive literature on the physical
properties of the adducts of the dialkyltin dihalides-(cf.
[1,2,3]. The infrared spectra of the adducts of (C,Hg) ,SnBr,
with 2,2'-bipyridyl and lglo—phenanthroline confirm the
presence of these two ligands, bonded via'nitrogen. The v {Sn-C)
infrared vibrations are observed at 542-3 and 535 W cm-l 7
respectively (KBr disc), somewhat hiéher~thén the previously.
reported values 6f 523m. and 520w cm-l (Nujoi) [24]. In géﬁeral,
the infrared data, together with the elemental analyszs, conflrm
the produc.zon ot these well known adducts. We note heze that

the results given in Table 1 for (c285)25n12 deso (dmso =

dimethylsulphoxide) are for the fieshly prepared cqmpound,
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which loses dmso on 's‘tAanding {Sn content after 48 hr. 53.7%).

» fAdducﬁs of organctin compounds with 1,2-bis{diphenyl-
phoséhino)ethane do not appear to have been reported previously,
- and it thefefqre seemed’ worthwhile to single out this bidentate
ligandvin.the-preparative studies. The resultant compounds
unfoitunately yield little by way of useful spectroscopic
iﬁforhation. The infrared spectrum of the parent ligand has a
series of sharp intense bands at 344 m, 406 m, 447 s, 485 vs,
511 vs and 538 m cm-l, which effectively blanket the v(Sn;C)
region, and further series at 676 s, 695, 708, 733, 746 and 756
{all vs) cm-l hinders any stddy éf theACH3 rocking mode. Proton
nmr studies of these diphos addﬁcis;were confounded by low
solubility inrthe usual inert sclvents. When dissélved in
dimethylsulphoxide, fhe compound (CZHS)ZSnIZ. diphos decomposed
by loss of diphos, which slowly (v 1 hr.) precipitated
r(identified by infrared spectrum). Evaporation of the resultant
'solution gave (Czﬁs)zénIz.deso (Found I 46.0: ir confirm;
presence pf dmso)} which as befbré slowly lost dmso éh standing.
A similar experiment yith acetonitrileryielded (CZHS)ZSnIz.ZCH3CN
(Found‘I.48.7%:ir coﬁfirms presence of CHBCN). It seems probable
that the instability of the aiphos complexes is the result of
steric crowding around tin, produced by 2 P, 2 I and 2 C atoms,
and relieved by substitution 6f phosphorus by either oxygen or
nitrogen. ;
V The electrochemlcal method described prov1des a rapid
and eff1c1ent way of synthe5151ng a wide variety of adducts of A
the dialkyl {or aryl) tin dihalides. 1In addltlon to the diphos
compiexes manfioﬁed'above, a new compbund pfepared'by this route
- in good yleld zs the adduct of stannacyclopentane-l 1'-dibromide
-obtalned by the direct reactzon of tin and 1,4-dibromobutane.
Thls appears to be the first such cycllc organotln dlhallde to

be reported, although molecules such as c—c4HSSnR2 (R =
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Céag,(CH3)3CCH2)fhave been prepared via Grignard reagents [25].

Reaction Mechanism

In the present work, as in related studies with cadmium
f14,16]1 and nicke1'[261, the  electrochemical reaction has a . '
stoichiometry which corresponds to the oxidative insertion

reaction

DRX + M ——> R _MX_ ' oD

The probable mechanish of the first step in this process in the
present system, the formation of an Rsﬁi species, has been
briefiy investigated. The cﬁrrent efficiencies in the experiments
reported in Table 1 were between 0.4 and 1.5 ﬁoliF-l, based on
weight of tin dissolved, but these valuee are not‘meaningful,
since current may‘vary throughout the experiment, especially

when insoluble -adducts fcrm cn the tin anode.. In short controlled
experiments with methyl or ethyl iodides, we founé that the loss
of tin at 30 v corresponded to the dissolution of 3.2 (CH3I) or
4,9 (C H I) mol(Sn)E"':-L values thch suggest a chein reacticn;
invelving radical species in solution. In further experinents,
the gas generated at the cathode was collected and analysed
mass-spectrometrically; in addition to CH3I and ions derived
therefrom, we identified masses of 30 29 and 28, indicating

the formation of C HS during the electroly51s. Gassing was not
observed witﬁ ethyl or higner halides, presumahly because the

equivalent R species are soluble in the reaction mixture.

N

The formatxon of radicals at the cathode in organic
solvent electrolySis has been successfully postulatedrin earlier
stuaies of the electrocuemical syntheszs of o*ganotin compounds
[10 13, 1’), and in work on the reduction of organic balides at -

E-Y me:cury cathode [27]. We propose the following mechanism— )
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:caﬁhodg:x - RX + es —3 R +X . (8a)
'Theffqrﬁa;ion of R, may proceed either by V

2R" —> R, A (8b)

“R° 4+ R® —> R, + X' (8c)
We did not observe significant quantities of I, or Br, formation

at the cathode, and therefore neglect (8c) in subsequent

discussion.
anode: XX — X' +e {8d)
X* +8Sn ——> SnX (8e)
SnX + RX ———> RSnX + X° (8f)
Reactions (8d4) - (8f) explain the high current efficiencies,

gsince X. acts as a chain carrier whose existence can be terminated

by
X' + RX —> X, + R’ (8g)
or X* + Snx —> SnX., (81n)
or X* + ligand ——> products (81i)

The overall mechanism for the formation of RSnX is similar to
that established by Mottus and Ort [28] in work on the electro-
chemical dissolution of aluminum in dichloromethane.
Organotin(Il) species are unstable, and will react by
RSn¥ + RX ——m> RZSnx2 . (9)
thus explaining the unique formation of the diorganotin dihalides
in this synthetic method. The reaction sequence (8) and (9) also

explains the ready formation of the tin heterocycle ‘————\\ /’//I

obtained as the diphos adduct, sincé the formagion AU~
of a -CHZSnBr unit at one end of 1,4—C4H88r2 would

be followed by reaction at the other C-Br group to give ring
closure. Tﬂe mechanism is thus compatible with the experimental
results 6n this and related systems, evén though in our view the
main conclusion of the present work lies in the advantages of the

synthetic method for éreparing R,SnX, compounds.
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Tetramethyltin »

The proton nmr spectrum of a sample of electrochemically
prepared tetramethyltin (in carbon tetrachloride) was in good
agreement with the literature values [29], showing a sharp

ginglet at T = 9.90, with ll7Sn and 119

Sn satellites (J = 54.0
a#nd 51.0 Hz respectively). There was no evidence of the presence
of any other protonic species.in the digtillate.

The stoichicmetry of the formation of Sn(CH3)4,from
{CH;) ,SnI, by reaction with CH,I and anodic cadmium has been
established (see Experimental). In terms of eq(7), the initial
reaction presumably leads to the formation of CH3CdI, a product
identified in earlier work [14], followed by successive reaction

0of CH,CAI at the Sn-I bond of the organotin dihalide. The

3
reaction between (C83)28n12 and anodic cadmium in the absence.
of CH3I may also involve insertion to give (CH3)2Sn(I)ch,
which could decompose to CdI, and (CH3) ,Sn; two dimethyltin(II)
species would yield Sn(CH3)4 and~Sn; éhe tin-cadmium bonded
species is related to compounds such as R3Sn(L)Cdx (L = N,N,N" ,N'~
tetramethylethylenedizmine, reported by Noltes and co-workers [3@,31],
‘who find.that reaction with R'X leads to the formation of R3R‘Sn,
so that an alternate route to (CH3)4Sn wounld involve the reaction
of (CHB)ZSn(I)CdI with CH3I. Work on this problem, and on the
. electrochemical synthesis of compounids such as Ph3Sncqx is
proceeding.

in general, this electrochemical preparation of (CH3)4Sn
appears to have some advantage over existing methods, in particular
in the ability to work at rcom temperature, the ready avail- '
ability ofieasily handled starting maferials, and the simplicity
of the apparatus. - The method should be capable of adoption to
continuous gené:ation of MehSn}which could be removéd in .a stream

of ‘carrier gas.
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VHexametny1~-and~hexaphenylditin‘

—Hglide absggaction from Rssnx coméounds‘by,reaction
with sodium [32] or lithium [33] is anVestablished route to
ditin compéunés, which also result from the polarographic
reduction of -(C6H5)3shx (X = F [34] or Cl [35,36]. The use of
anodic:éadmium'in an electrochemical cell provides a convenient
alternative mode of carrying out such halide abstracetion reactions,
and the stoichiometric analogy with the Wurtz reaction

i.e., 2RySnX + €4 - ——> RgSn, + CdX, (10)

has Iead to a number of other synthetically useful coupling

reactions [16].

General

| Electrochemical reactions involving either tin or
cadmium as the sacrificial anode offer clean and rapid synthetic
routes to a variety of organotin compounds. The reactions éan ba
éérried out at room temperature, and the product yields are high.

Work on»felated elements has been initiated.
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