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Summary 

The complexation of methyltin halides in electron-donating solvents such 
as acetone, dioxane, dimethoxyethane, pyridine, dimethylformamide, dimethyl 
sulfoxide, hexamethylphosphoric triamide, and tetramethylethylenediamine 
has been studied by means of PMR spectroscopy. Equilibrium constants have 
been evaluated for .Me$&&Ial~D (D = donor) complexes. The concentration and 
temperature dependences of J(’ “Sn-C--‘H) in methyltin halides suggest some 
conclusions on the electron and spatial structures of complexes in solutions. 

Introduction 

In the first paper in this series [l] it was emphasised that the problem of 
the effect of solvent upon the rates and mechanisms of organometallic reactions 
may be only successfully approached through a study of both the kinetics of the 
reactions in various solvents and the structures of the complexes formed by the 
organometallic and solvent molecules in the crystalline phase and in solution. In 
earlier paperswe discussed the synthesis [2-j, NQR [3 3 and Miissbauer [43 
spectra and the structures of molecular complexes of methyltin halides in the 
crystalline phase. 

In the present work PMR spectroscopy has been used,to study the.same 
complexes in solutions, due regard being taken of the fact that the structures 
of the complexes may change on going from the crystalline phase to solution_ 

Results and discussion 

It is well known [ 5~91 .fhat equilibria e&t between the free and complexed 
molecules of methyltin halides’@ solution_ Inthe case of trimethyltin halides 
and monodentate solvent molecules, only equilibrium (1) exists whereas inthe 
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cases of dimethyltin dihakdes and methyltin trihalideS it is essential to cbrisider 
eq+ibrium (2) as well. 

*+I+ AD. ($1 

AD+D% AD, .(2, 

Spin-spin coupling constan@, J( llgSn-C-*H), observed for the solutions 
of methyltin halides se expressed by eqi (3) for Me&-&tal +d by eq. (4) for 
MezSnHalz and MeSnHa13-. 

Jobs = p(A) - J(A) + P(AJ~ - JUW (3) 

J Ok!6 =-p(A) iJ(A) +p(AD) a-J(AD) +p(ADz) - J(ADz) (4) 

where p(A), p(_AD) and p(A_l&) are molar fractions of the free acceptor, the 10 
complex, tid the l/2 complex and J(A), &AD) and J(Al&) are lxgSn-C--‘H 
spin-in coupling constants for the same molecules. 

An increase in the concentration of donor molecules and a decrease of the 
temperature f&ours an increase df AD and AD2 concentrations and in inany cases 
shifts the equilibria towards the complexed forms. In these cases Joas rkflect the 
electronic and~spzkial structures of AD and AD2 complexes. Thus it is possible 
to obtak &AD) and J(AD*) for some complexes by studying the concentration 
and temperatie dependences of J( llgSn-C-lH) for solutions of methyltin 
halides in various solvents. 

I. J(AD) for Me, SnHaL D complexes 
We have studied the intermolecular coordination of Me$nCl and MeJSriBr 

with acetone, dioxane, dimethoxyethane (DME), pyridine (Py), dimethyIforma- 
mide (DMF), dimethyl sulphoxide (DMSO) and hexamethylphosphoric triamide 
(HMPT) in methylene chloride. It was shown firsUy that J( llgSn-C-lH) values 
for solutions of Me3SnHa.l in neat CH2Clz do not change on altering the MeBSn- 
Hal concentration from 0.1 mol/l up to 0.5 m&/I and the temperature from +28 
down to -50’. These data may be indicative of the absence of any association 
of MeBSnHal with CH2C12. 

We also studied the concentration and temperature dependences of 
J(llgSn-C--‘H) for solutions of MeJSnHal in CH2C12, to which the electron-donor 
solvents mentioned above have been added. A typical plot of such dependences 
is shown in fig. 1. The measurements in most cases were carried out at i-28, -30 
and -50” ; the highest ratio [D] /[A] corresponds to the solutions in neat-solvents; 
Limiting values of J( “gSn-C--‘H), which cqnform in most cases to J(AD), are 
given iriTable 1. For bidentak ethers.(dioxane and DME) it was shown that.for 
different temperatures there are different limiting values of Jobs (Table 1). We 
believe .that such anomalous character of these va&es is due to the coexistence 
in solution of complexes such-as MeJSnHal=.D and BMe,SnHal- D. In this tiake the 
latter cdmplex can exist not only in the form of a tigonal bipyramid (1)-&t in 
the form of a trigonal bipyramid (II) as well. :. 

,- 

-- Me&Me Me Mj_;$le l!j”z 

I-&&D-~~~~Hi$ 
-_ 

Me-Sn-D->Fn;-Me I :- .: 

I&e (iI -Me Me Hkl -...(&i .. 9 Me. ... : 
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Fig. 1. Concentratich and temperature dependence of Jcllg Sn--C+-‘H) for the MegSnCI-pyridine system. 

It is reasonable.to assume that J(‘lg Sri-C--‘H) constants for the structures 
(I) and (II) are different and since there is an equilibrium between these two 
structures which depends on the temperature only, at different temperatures 
one should observe different limiting values of J(’ *‘Sri-C-’ H), characteristic 
of the relative content of structures (I) and (II) in the mixture. This hypothe- 
sis seems to be suphorted by the N&R spectra of Me&kBr solutions in DME 
131. 

Analysis of the data given in Table 1 shows that J(llgSn-C-lH) values for 
Me,SnHal increase in the sequence: Acetone < pyridine < TMED < DMF + 
DMSO-< HMPT, in good agreement with data for the respective systems [ 5-31. 
In oui opinion this sequence reflects the comparative strengths of the donor- 
acceptor bonds between the solvent and the organotin molecules, i.e. it re- 
presents the relative solvating abilities of these solvents. 

Bearing in mind that Me3SnHal gives only the l/l complexes with mono- 
dentate solvent molecules we can estimate in these cases the equilibrium con- 
stants KW using eqn. (5). Table 2 contains K, values at different temperatures 
for some of the systems studied_ 

p(m) 
Keg = Il---N~) 3 CCDol -P@.W&I 3. 

Jo&.---J(A) 
where P(AD) = J(AD)--J(A) 

(5) 

TABLE 2. 

Feq VALUE.+ FOR COMPLEXES OF MegSnHd WITH iOME MONODENTATE SOLVENTS 

Complex K,a~mol?) 

+ 28O.C -10°C -30°c -50° c 

Me&Z&-Acetone 0.8 i- 0.1 1.3 f 0.2 
Me3SnBr-Acetone 0.6 + 0.1 1.1 f 0.2 
Me3SnCl-DMSO 2.2 + 0.3 3.0 i 0.5 
Me$Z&&DMSO 2.8.k 0.3 3.1 + 0.3 

MejSnCI-DMF : 1.4* 0.2 2.3 0.4 + 4.3 + 0.6 
: Me3SnBr-DMF 1.5-F 0.2 3.1 Yk 0.5 4.9 +- 0.6 

Me&n&py?i&e 3.4 + 0.5 36+- 8 
M~3SnBr;p+ridhe 314 % 0._5 28$3 
MejSh~-HMPT -. 103 + 4 231+9 .. 360+12 

MegSnRr.&¶pT -.; .-: : 99 f 4. .- : 2.32 + 9 36Qfr12-’ 
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Fig. 2. Concentration and temperature dependence of J< llvS~-C-l H) for the MepSnBryDMF system. 

II. J(AD, ) for Mel &Ha& - 20 and MeSnHal,- 20 complexes 
We &udied the PMR spectra of MesSnHalz and MeSnHa& (Hal = Cl, Br) 

in CHzClz containing acetone, dioxane, DME, DMF, DMSO, and HMPT. It was 
impossible to study the systems with Py and TMED, since insoluble complexes 
were immediately formed. 

Figures 2 and 3 show that l&the cases of MezSnH& and MeSnHa13 ’ 

J(llgSn-C-lH) values increase with an increase of the [D] /[A] ratio and a de- 
crease of the temperature. These facts are in good agreement with the usual 
rationalization of equilibria such as (1) and (2) between free and complexed 
molecules of methyltin halides. 

A study of the temperature and concentration dependences of J(llgSuL 
C--‘H) constants has made it possible to obtain J(AD* ) values for some complex- 
es, especially those containing MeSnHalJ molecules (Table 1). Some experi- 
mental difficulties (the limited possibilities of decreasing the acceptor concen- 

D/A 
Fig. 3.~concentration and temperature dependence of Jt llvSn-C-lH) for the MeSnBr3-DMF system. 
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t&ic& and the sam& temperature) prevented us fi-om obtainirig J(AD, ) .values 
in other c&es, especially those of ~cbmplexes. ~ontaining.Me,SnH& molecules. 
Data obtained suggest that complexes such-as $!leSnH& l 2Dare rather more 
&able .tbti complexes of the type MelSnHalz - 2D. Unfq%.n&ely, w& did not 
succeed in obtiing IL, values for these systems, owing to the ctiexistence of 
equilibria (1) and (2) in the solutions under investigation. Nevertheless, the 
qualitative conclusions derived may be very important in a study of the solvent 
effect upon the rates and mechanisms of the reactions between these moIecules. 

11. The changes in tin-carbon and tin-halogen bonds upon coordination 
It has been generally accepted [lO--131 that the Fermi contact term is 

the main contribution to J(’ *gSn-C-*H) constants, and therefore that these 
are proportional to the s-electron densities on the nuclei coupled. The data 
given in Table 1 and earlier data 15-131 lead us to conclude that the complexa- 
tion of methyltin halides with electron-donor solvents is followed by an increase 
of the relative content of s-electrons in the Sri-C-Ii site. We emphasise this 
point because the vast majority of investigators, following Holmes and Kaesz 
[lo], conclude that there is an increase in the s-character of the spR -hybrid 
orbitals of the tin atom in tin-carbon bonds. These conclusions are based on 
the assumption [lo] that except for rehybridisation of the tin atom other 
componerits of the bonding system Sri-C-H do not change appreciably. It 
has, however been shown~convin&ngly [14,15] that J(13C-*H) constants in 
these compounds depend strongly on the nature of the substituents at the tin 
atom and on the nature of the s&&t used. We should like also to draw atten- 
tion to the fact that & early as 1965 Verdonck and V&n der Kelen [11] studied 
the PMR spectra of ethyltin chlorides (neat and in water solutions), as carried 
out by Holmes and Kaesz [lo] .for methyltin chlorides and concluded that 
“a simple relationship between J and percentage s-character is not valid and 
that other parameters give an important contribution to the coupling”. 
Recently, it was shown in our laboratory [16] that on going from solutions of 
EhHg in inert solventS to the respective so&&ions in solvating solvents, 
J(lggHg-C-lH) chariges from 98.0 to 104.5 Hz, whereas the J(‘ggHg-C-C-‘H) 
constant does not change and is equal to 127.5 Hz. For ethyltin halides it has 
been shown recently 1131 that on going from the solutions in CDC13 to the solu- 
tions in DMSO-cZ, the J(“gSn-CH2) constant changes considerably whereas changes 
in J(* “Sn-CH3) are small. On the basis of these observations we,have-concluded 
1173 that-the complexation which is essentially ap-d donor-acceptor hiter- 
action does not disturb the s-electron density on the metal. At the same time, 
there is an increase of s-electron density on the a-hydrogen atom, owing to the. 
inductive mechanisms shown in structures (III) and (IV). 

H 

HyF f2H 
l&@-l 

C-+H. D\lr ,Hd 
DdSn$-Hal 

8 

Sn 
Dfl& YHal 

I-I’I&%I. l$&=H 

(rv> 

_’ 



In the complexes formed the tin atom has,- according to -Pauling’s primary 
rehybridisation model [la], five sp”d (for Me&xHal*D) and. six sp? d2 (fdr 
Me,SnHal, l 2D and MeSnHals -2D) hybrid atomic orbit&. According to Bent’s 
secondary rehybridisation model [19] the distribution of electrons in the mo- 
lecules occurs in such a way that the s-electrons are concentrated mainly .in the 
bonds with the more electropositive substituents. Comparison of the J(IlgSn- 
C--‘H) constants, infrared spectra- 161, NQR spectra [3] and Mijssbauer~spectros- 
copy data [4] for the &me complexes shows that the increase of the relative 
content of s-electrons in the Sri-C-H site is followed by an increase of the 
ionicity of Sn-Hal bonds which is in good agreement with Bent’s theory 1191. 

IV. Spatial structures of molecular complexes of methyltin halides in solutions 
J(“‘Sn-C-‘H) spin-spin coupling constants are used widely as a criterion 

for the mutual arrangement of Sri--- bonds in complexes of methyltin halides 
[lo, 13,201. We believe that such an evaluation of the spatial structure of the 
complexes on the basis of J(’ “Sn-C--‘H) can only be very approximate be- 
cause, for example, approximately regular tetrahedral molecules Me&k&l, 
Me&Glz and MeSnC13 [ 213 differ considerably in their J(‘:gSn-C-l H) con- 
stants (58.5,70.0 and 100.0 Hz respectively). This, according to Bent, may de- 
pend mainly on the secondary rehybridisation of electrons in these molecules. 

Comparison of XTray data for Me$nCl- Py 1221, which reveal that this 
complex has trigonal bipyramidal structure (III), with NQR data for com- 
plexes such as MesSnBr.D 133 , which show that in Me,SnBr-DMSO the charge 
transfer is greater than in Me,SnBr-Py, and with the present PMR data (Table 
l), which show that the secondary rehybridisation of electrons in Me$nHal-Py 
complexes is less effective than in the respective complexes with DMF, DMSO 
and HMPT, indicates that in solutions the regularity of the trigonal bipyramidal 
structnre of the MesSnHal- D complexes depends on the strength of donor-ac- 
ceptor interaction in these complexes. The same may be observed in complexes 
such as Me2SnHalz l 2D and MeSnH& - 2D, which have the structures of regular 
or slightly distorted octahedra (IV). 

We therefore do not believe that J(l’gSn-C--‘H) values such as 68.0 Hz 
for MesSnHal-D complexes, 108.0 Hz for Me,SnH& l 2D complexes, and 131.0 
Hz for MeSnHa& * 2D complexes are the limiting values [lo] which characterise 
the regular structures of trigonal bipyramids and octahedra, respectively. On the 
contrary, we believe that the stronger the charge transfer in the complexes the 
more regular are their structures. 

Experimental 

Constant concentration of methyltin halides (0.35 mol/l) and variable con- 
centrations of electron-donor solvents were used in the study of concentration 
and temperature dependences of J(llgSn-C-*H). Methylene chloride was used 
as a dilution medium. 

PMR spectra were measured on a JEOL JNM-C-6OHL spectrometer (60 
MHz). Frequency sweep mode was employed with CHzClz as the internal lock. 
Spin-spin coupling constants were measured accurately to t- 0.2 Hz. The tempera- 
ture was adjusted by means of a JBOL T-3 controller and was measured accura- 
telyto+ 2”. 
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