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Summary

Binary systems of type (CH3)a_n SnX, / (CH3)s_nSn (SCH;), (X =
halogen, n = 1, 2, 3, 4) have been investigated in solution by 'H and !'°Sn. -
NMR spectroscopy At room temperature the existence of a rapid exchange"
of the halogen and SCH; substituents on the methyltin moiety was established,
the rate of exchange being slowest with iodine. Low-temperature measurements
provide additional evidence for the proposed exchange mechamsm : :

Introduction

Halogenating.agents are reported [1] to cleave the Sn—SCH; bond with -
subsequent formation of an Sn—Hal bond. Thus tnmethyl(alkylth;lo)starmanes -
react with CH,I[2, 3] even at room temperature according to egn. (1) and
molecular bromin reacts with trimethyl(phenylthio)tin [2] according to . -
eqn. (2) Analogous reactions occur Wlth silicon and germanlum compounds [4]

»RgSnR+CH31->R3MI+RSCH3, , S "_"_,(1')

2(CH3)3SnSCGH5+Br2—>2(CH3)3SnBl‘+(CsHs)zSz I (2)

It has been shown by 'H NMR spectroscopy that tnmenc dImethyltm
sulfide shows rapid interchange of halogen atoms with formation of sulfur bndges
[5]. The exchange rate was higher with chlorine than with jodine. . .= .

~ The three broad 'H resonance signals observed WIth thxs substItuent ‘were mter- .
, preted in terms of. equlhbna of type (3) ' T : e
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o It is relevant [6] that (C4H9)2SnCI(SC4H9) is the only monomeric halogeno- i
alkyltm mercaptlde 1solated from reaction (4) - ) :

(CH,),SnCl, + (CsHs)2Sn(SC4Hs), ~ 2(C4H9)2SnCl(SC4H9) T @

4+t P zrich + e TR Tel £ 1 £
In this Suhu'y' we wish to IepGLu GlIi & SvuQy Gi SGxubi""‘ OX |

systelns, (CH3)4_nSnX /(CH3)4—n Sn(SCH;-;)n withn= 1 2,
which were investigated by 'H and !'°Sn NMR spectroscopy
Two possibilities may be considered for the reactions between the compo-

nents. First, a complete redistribution of the non-alky! ligands resulting in the
formation of an equilibrium mixture containing the halogenated methyl(methylthia
tin compound, as represented for n = 2 by reaction (5), from which all three com-
ponents could be isolated, and second, rapid exchange between the SCH; groups

(CH;).Sn(SCH3); + (CH3).SnX,= 2(CH;).SnSCH>X (5)

and X atoms on the alkyltin moiety according to reaction (6), from which the
separate components cannot normally be isolated.

(CH3)2Sn(SCHs), == (CH3),SnSCH3X = (CH;),SnX, (6)

Expeﬁinental

- The methyl(methylthio)stannanes were synthesised as described by Abel
and Brady [2] from aqueous solutions of the corresponding methyltin chloride
‘and gaseous CH3;SH. The Sn(SCH3)4 compound was prepared as described by
Merohtra et al.['7] and modified by us [8] for R = CH; [eqn. (7)].

CoHs
SnCl; +4 RSH + 4 NH; —— SnR4+ 4 NH,Cl1 (7)

The NMR spectra were recorded in the frequency sweep mode with a Bruker-
Physik HFXS5 spectrometer operating for protons at 90 MHz. The binary

systems were studied as equimolar solutions in CH,Cl, or/and benzene. The

1156n NMR spectra were recorded by use of the INDOR technigue [8]. In these
binary mixtures only broad *?Sn NMR signals could be observed. It may also be
noted that, in contrast with the *°Sn NMR spectra of pure (CHs);—,SnCl,, com-
pounds in benzene [8], broadened signals without tin—proton coupling fine-struc-
ture were observed in CH,Cl,. In the '%Sn NMR spectra of the (CH;)s—, Sn(SCH,),
compounds, however, the multlphmty observed in benzene [8] appeared in CH,Cl,
also

Results and d.lscussmn

‘The dlﬂ:‘erent NMR parameters measured in CH. Clz solutlon for (1}13)4_,, SnCl,
and for: (CHg,)A;._n Sn(SCH3;), with.n = 1, 2 and 3 and for equimolar mixtures at room‘
temperature are summarized in Table 1.'H and *'°Sn chemical shifts (8) are expres- |
‘'sed in ppm with respect to TMS and Sn(CH;), respectively. Positive and negative |
values indicate shifts to lower and resp. higher field. The *!* *°Sn—C—H and
'“"’“9Sn——S—C—-H couplmgs are denoted by 24 and 3J respectwely o |
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TABLE 1

' anD "9sn NMR PARAMETERS OF THE BINARY SYSTEMS (CH3)4_nSnClnI(CH3) 4_"Sn(SCH3)n '

(1/1 molar ratxo) IN CH,Cl; AT ROOM TEMPERATURE

Compound Before mixing (25°) - After mixing (25°)

Chemical shift (5 ppm) J(%n—31) Chemical shift (5 ppm) J(M*¥n—H)

119,

cns) 'mscHs) %sn cH3 sCHi 1H(CH3) lascas)  "sn cHy SCH3

(CH3)3SnCl1 +0.60 . +152 58.7
. +0.46 +0.19 +110 57.6 —
(CH3)3SnSCH3 +0.34 +0.19 + 85.1 56.6 35
(CH3)2SnClp +1 +126.6 69.5
. +0.72 +2.00 +132 65.6 —
(CH3)2Sn (SCH3); +0.59  +2.04 +136.7 60.4 41.2) - - :
CH3SnCl3 +1.53 + 4.4 99.2
+0.90 +2.12 +97.2 789 —
CHaSn(SCH3)3 +0.69 +2.14 +155 66,0 51.7

1. (CH3)4—nSnCl,/(CH3 )4—,Sn(SCH3 ), (n =1, 2, 8) in CH,Cl,

From the data in Table 1 it is apparent that the three binary systems in CH,Cl,
solution show similar behaviour at room temperature. For the mixtures there is
only one ''°Sn resonance signal and one signal for each set of protons (i.e. for
CH; and SCH;). The 3J couplings are absent in the mixtures while the *J cou-
pling constants remain clearly observable. The 'H and !'°Sn chemical shifts and
the ?J coupling constants of the binary systems have values intermediate be-
tween these of the starting compounds. The 'H signals remain relatively sharp,
thus allowing 2J to be measured, whereas the !'°Sn signals are so broadened that
no observation of coupling is possible.

These observations are characteristic of a rapid exchange between SCH, groups
and chlorine atoms on the methyltin moiety, as represented by eqns. (8), (9) and
(10). The disappearance of the 3J couplings also indicates that the time interval of

(CH3)3SHCI = (CH3)3SHSCH301 = (CH3)3SHSCH3 (8)
(CH,),SnCl, = (CH3),SnSCH,Cl = (CH,),Sn(SCHa), \ (9)
CHsSn(Cl; = CHaSnClz SCH; = CHaanl(SCha)z CH,SnCl,4 » (10)

interaction of the SCH; groups with the Sn nuclei must be short compared to the
reciprocal of the *J coupling constants expressed in frequency units.
Low-temperature measurements on the systems described in this work

revealed the expected line-broadening of the separate 'H signals. However, in’
neither case could a low-enough temperature be reached to reveal the separate
signals of the species taking part in the equilibrium, because either the solute or
the solvent erystallized out. This happened for the three systems,

- (CH3)3SnSCHj; /(CH3)5SnCl, (CH,),Sn(SCHs), /(CH3),SnCl, and CH3Sn(SCH3)3/
CH;3SnCl; at —50°, —65°, and —95°, respectively. For the system CH,Sn(SCH3);/
CHsanI3, with wh1ch the lowest temperature could be reached, the effect of -
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Fig. 1, 1H NMR spectra of the binary system CH3SnCl3/CH3Sn{SCH3)3 in solution at various temperatures.

line-broadening (Fig. 1) was the most pronounced. These temperature effects were
shown to be reversible. Thus the low-temperature studies confirm the occurrence
of a rapid exchange of substituents around the alkyltin moijety, and show that
complete redistribution to isolable chlorinated altkyl{methyithio)tin compounds
_does not take place in the temperature range studied.

: Rapid exchange was previously demonstrated in an NMR study [9] on the
_binary systems (CH3)s—,.SnX,, /(CH3 )s—,.SnY,, with X and Y = Cl, Br, I. In those
cases, however, the formation of (C;Hs).SnCl(SC,;H; ) by redistribution between
(C4H3)2SnCl; and (C4H,),Sn(SC,;H,), was clearly established. Furthermore, '
(CsH;),8nClBr can be isolated as a pure compound [10], while the existence of
~analogous methyltin compounds has not been reported. It thus seems that the
nature of the alkyl group on tin has an 1mportant influence on the formatlon of
stable mlxed R.SnXY compounds. . o .

2 (CH;)QS?le/(CHs)gSﬂ(SCHg)z (X Br I) .
- For the binary systems of disubstituted compounds with halogens other than

_chlorme we mvestlgated qualitatively the influence of the halogen and of solvent and;
concentration on the rate of exchange. For X = Cl, Br or I, the NMR behaviouris '
Vsrmular in solvents such as CH,Cl,, CCls-and C¢Hg . On dilution, lme-broadenmg
“QCCULS;’ mdlcatmg a slower rate of. exchange For X = I, however, substantial line-
'broadenmg of the CH3 and SCHa 1H resonances is observed even m concentrated
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solutions, in sharp contrast to the sharp resonance lines found for X = Cl and Br,
and so the rate of exchange must be considerably lower with iodine. Thus with the
binary system, (CH;),Snl./(CH;).Sn(SCH3;), in CH,Cl, satellite lines with a separa-
tionof 45 Hz appear symmetrically around the SCH; 'H resonance signal at —50°
and these can be easily recognized as the 3J coupling. This value is higher by 3.8 Hz
than observed on a solution of pure (CH3),SN(SCH,)., giving further evidence for
the conversion of the Sn(SCHj;), to the Sn(SCH;)I moiety. It thus appears that be-
cause of a slower rate of exchange, the lifetimes of the SCH; and iodine substituents
on the Sn nucleus became greater than the reciprocal of the *J value.

Despite the appearance of the 3J coupling at temperatures below —50°, the
'H resonances of the parent compounds could not be detected even at —90°.
It is noteworthy that for an analogous silicon system, viz. (CHj3),Si(SCHj3),/
(CH,), SiCl, , no exchange of substituents could be established in solution, only
the 'H signals of the parent compounds being observed throughout. Mixtures of
the compounds in the pure state also gave no evidence of exchange of substituents
at ambient temperature. However, at elevated temperature a new signal appeared
between the original two (CH3)Si 'H signals, and its intensity increased with in-
creasing temperature, this being accompanied by a decrease of the (CH,),Si 'H
resonance lines of the starting materials.On cooling the mixture again, the signals
reamained unchanged. Thus in the silicon case at higher temperatures an equimolec-
ular mixture of the starting pure compounds is subject to redistribution, with for-
mation of a chloro(methylthio)methylsilane. Analogous behaviour must occur in
the system CH3SiCl;/CH;Si(SCHj;)s, there being a preference at equilibrium for
the mixed Species, CH3SiC1(SCH3)2 and CH3SiC).2SCH3[11].

Thus it may be concluded that the exchange mechanism for substituents
around the alkyltin moiety is different from that around the alkylsilicon moiety.

3. SnCl,/Sn(SCH;),

The NMR spectrum of a mixture of SnCl; and Sn(SCH3), in CH,Cl; shows a
single but broadened signal of the SCH; protons, withcut ''7 1'°Sn—S—C—H satel-
lites, although these are clearly observed in the spectrum of pure Sn(SCH;)4. Ap-
parently a fast exchange of substituents again takes place, as shown in eqn. (11).

SnClL; = SnCl3SCH; = SnCl,(SCH3), = SnCI(SCH;3); = Sn(SCHa), (11)

It can be concluded that monomeric halogenated methyl(methylthio)tin
compounds are not produced by the interaction of the two components in the
systems studied and work is in progress in this laboratory on the reaction of

(CH3)s—,Sn(SCHs;),, (n=1, 2, 3, 4) compounds with other potential halogenatmg
agents.
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