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SUMMARY 

The NMR study of a large number of mixed tetraorganotins shows that the 
J us. Co* relationship is invalid, even in the mixed tetraalkyltin series. Malinovski’s 
additivity rule may be used to predict tin-methyl, tin-benzyl and tin-tert-butyl 
coupling constants. 

INTRODUCTION 

The linear relationship between J(Sn-CH,) and the % s character is well 
known’ and has been used to evaluate valence angles3. An identical relationship 
exists for the J(Sn-CH,C,H,) coupling4, but seems to be less exact for J(Sn-CH2- 
CH3)5, or even for J(Sn-CH,) in methyltin halides6. The coupling constant thus 
depends on all the factors which influence the hybridization of the atomic orbitals 
of the tin atom, and linear relationships between J and the sum of Taft’s o* of the 
substituents bound to the tin atom’ seem unsatisfactory. We have already shown 
that these linear relationships are not valid if one includes phenyl-3 or benzyltin4 
compounds. There is other evidence against these relationships: in meso-dimethyl- 
bis(a-methylbenzyl)tin, the two methyl groups which are diastereoisomeric are 
characterized by two different coupling constants, which are different from the 
J(Sn-CHs) coupling constant of the analogous &mixtures. On the other hand, the 
J(Sn-CH,) coupling constant of dimethyldianisyltin is identical to that of dimethyl- 
diphenylting and, similarly, J(Sn-CH,) is the same in trimethylbenzyltin and tri- 
methyl-p-(fluorobenzyl)tin ( r “Sn-CH, 50.8 Hz). Furthermore, the NMR spectrum 
of 1,1-dimethyl-1-stanna4tert-butylcyclohexane exhibits (in addition to the ex- 
pected tert-butyl singlet) two methyl peaks, at 0.097 and 0.087 ppm, respectively, 
with J(’ lgSnCH3) equal to 52.1 and 53.9 HzZo. 

We will show that the J us. Co* relationship is not satisfactory even in the 
mixed tetraalkyltin series_ 

* ForPartXXX,seeref. 1. 
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TABLE I 

NMR SPECTRAOFTHJ~METHYLPARTOFMIXEETETRAORGANOTINS 

Compound b (CH,) ZG* 

(ppm) 

Ref. 

Me,!& 520 [51_9] 54.3 0.057 0.00 
MesSnPh 52.3 [52.3] 54.7 0.267 0.60 
Me,SnPh, 526 52.7 55.0 0.475 1.2 
MeSnPh, 53.4 53.1 55.7 0.676 1.8 

Me,Sn-cyclo-HexPh 48.8 
MeSn-cyclo-Hex,Ph 45.3 
MeSn-cycle-HexPhr 49.2 
Me,Sn-cyclo-Hex 48.6 
Me,Sn-cycbHexz 45.4 
MeSn-cycbHexs 42.0 
Me,-t-BuSnBenx -46.3 
Me-t-BuSnBenz, 44.8 
Me-t-Bu,SnBenz 41.9 
MesSn-t-Bu 47.5 

Me$n-t-B+ 42.9 
MeSn-t-Bu, 38.4 
Me,-t-BuSn-cycle-Hex 44.2 
Me-t-BuSn-cycle-Pent 44.8 
Me&-cycle-Pent 49.1 
Me,Sn-cycle-Pent, 46.4 
MeSn-cycle-Pent, 43.7 

49.0 
45.7 
49.4 

[48.6] 
45.3 
42.0 
46.3 
45.2 
41.8 

[47.4] 

42.9 
38.4 
44.1 
44.6 

w;1 

43.5 

51.1 
47.3 
51.4 
50.8 
47.5 
43.9 
48.5 
46.8 
43.8 
49.7 

44.9 

40.2 

46.1 
46.7 
51.4 
48.4 
45.7 

0.215 
0.153 
0.420 

0.041 
-0.176 

0.163 
0.000 

- 0.053 

- 0.080 
- 0.068 

0.45 
0.30 
1.05 

-0.15 
-0.30 
- 0.45 
-0.085 
to.130 
-0.385 
- 0.30 

-0.60 
- 0.90 
- 0.45 
- 0.50. 
-0.20 
-0.40 
- 0.60 
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Fig 1. J(“‘Sn-@Ha) coupling constants as a function of ,?I@ for mixed cyclohexylmethylphenyhin 
compounds. 1, Me.&%; 2, MesSnPh; 3, Me,SnPhl ; 4, MeSnPhs; 5, MesSn-cyclo-hex; 6, Me,Sn-cyclo- 
HexPh; 7, MeSn-cyclo-HexPh,; 8, Me,Sn-cyclo-Hex 2; 9, MeSn-cycle-Hex,Ph; 10, MeSn-cyclo-Hex,. 

J_ 0r~anornera~. &hem.. 34 (197;) 
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I J ("%"-CH31 (Hz) 
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Fig. 2. J(“‘Sn-C’H,) coupling constants as a function of _&r * for mixed benzyl-tert-butylmethyhin 
compounds_ 1, Me&; 2, Me&-t-Bu; 3. Me,Sn-t-Bu,; 4, Me&Benz (ref. 10); 5, Me,-t-BuSnBenz; 
6, Me-t-Bus&Benz; 7, Me,SnBenzs (ref. 10); 8, Me-t-BuSnBenz,; 9, MeSnBenz, (ref. 10). 

TABLE 2 

X(SnCHs), rc(SnCH,Ph) AND $SnC(CHs)s]-vtiUza FOR DIFFERENT GROUPS 

Radical ;C-value K-Vahe c-value 

Me 17.3 
Benz 16.2 
cycle-Hex 14.0 
cycle-Pent 14.5 
Ph 17.7 
t-Bu 12.8 
Et 15.6 
i-Pr 14.2 

20.1 
18.9 
16.8 

21.6 
15.7 
18.2 
16.8 

20.9 
22.2 
17.5 
18.4 

17.0 
19.1 

RESULTS AND DISCUSSION 

The J(Sn-CH,) coupling constant 
Table 1 lists NMR data for the methyl entity in a series of mixed tetraorgano- 

tins. Figs. 1. and 2 show that the J us. ..?I@ relationship is not linear, except for a 
series of closely related compounds such as Me,_,SnR,. [Sisido” has already ex- 
pressed J as a function of the number n of phenyl groups for the series with R= Ph.] 
Fig. 3 shows clearly that a linear J us. Co* relationship is not valid even for mixed 
alkyl compounds. 

These graphical representations are in fact illustrations of the additivity rule 

J. Organometd Chem, 34 (1972) 
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Fig. 3. J( “‘Sn-C’H3) coupling constants as a function of Pa* for mixed tetraalkyltin compounds. Vector 
sum determination of the J(SnCH,) coupling constant of cyclohexyl- and cyclopentyl-tert-butyldimethyl- 
tins. 1, Me,Sn; 2, Me&-cycle-Hex; 3, Me$&cyclo-Hex,; 4, Me%-cycle-Hex,; 5, Me,Sn-cyclo-Pent; 
6, Me,Sn-cyclo-Pent?; 7, Me.%-cycle-Pent,; 8, Me,Sn-t-Bu_ 9, Me&-t-B+; 10, Me,-t-BuSn-cyclo- 
Hex ; 1 I, Me,t-BuSn-cyclo-Pent. 9 

proposed by Malinovski r l. This rule may be put in the algebraic form : xR =J(Sn-CH,) 
[CH,-SnRMe,]-2 xbfie; so that 

;r, = J(Sn-CH,) lW,SnMe,l . c 3 

The ;C-values derived in this way are given in Table 2. 
Values of J(l r’SnCH,) calculated from the ;C-values @:;I) are listed in Table 1. 

The dynamic molecules 
From the coupling constants given in Table 1, it is possible to calculate angles 

for molecules having Czo or CsU symmetry3 : one finds that the MeSnR angle is 11 lo 13’ 
for trimethylcyclohexyltin, 1 ll”O0’ for trimethylcyclopentyltin, 107938’ for tricyclo- 
hexylmethyltin,. and 107”57’ for tricyclopentylmethyltin; the MeSnMe angle is 
106” 1 J’ for dimethyldicyclohexyltin and 106”41’ for dimethyldicyclopentyhin ; the 
RSnR angle is 113OO8’ for Me;Sn-cycle-Hex,, and 112”32’ for the analogous dicyclo- 
pentyl derivative. 

.i- 0rgonom&& Chem., 34 (1972) 
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Gutovsky l4 has pointed out that J-values calculated from the angles of static 
molecules (J,,,,) can be different from the mean coupling constants <J> taking 
bending motions into account. If we apply Gutovsky’s calculations to the organotin 
molecules, with a bending motion of C-Sn-C of about 5”, it is possible to compare 
the relationship between JJlal and 8, the C-Sn-C angle, with that between <J> and 13: 

JSlalW = b - --&, (ref. 3) h w ere 6=+ + :, a=l38.5 and b=208 

It will be seen that the difference <J> -J,,,, is < 0.2 Hz for mean angles 
varying from 106O to 114O (ref. 15) which shows that Gutovsky’s objection is not valid 
in this case. 

The J(Sn-CH2C6H,) coupling constant 
An analogous J us. Co* graph may be drawn up for the benzyltin coupling 

constants (see Fig. 4)_ The K values (analogous to the x values for the methyl groups), 

45- 
S 6," 

0 0.5 1 1.5 2 
Fig. 4. J(“‘Sn-C?H.-C,HJ coupling constants as a function of.%* for mixed ttitraorganotim. 1, Benz,- 
Sn (ref. 10); 2, Benz&-cycle-Hex; 3, Benz$%-cycle-Hex*; 4, BenzSn-cyclo-Hex,; 5, Benz.%-t-Bu,Me; 
6 Benz&-t-Bu,; 7, Benz,Sn-t-BuMe; 8, Beuz,Sn-t-Bu; 9, BenzSnPh,; 10, Benz,SnPh; 11. BenzSnMe, 
(ref. 10); 15 Benz,SnMe, (ref. 10); 13, BerqSnMe (ref. 10); 14, Benz,SnPhl. 

-J. Organometal. hem, 34 (1972j 
: 



310 M. GIELEN, M. DE CLERCQ, B. DE POORTER 

x 
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Fig. 5. Relationship between x and K. 

1.0 0.5 0. 0.5 1.0 

Fig. 6. J[“‘$n<(C’H&] coupling constants as a function of ,k* for mixed tetraorganotins. I, t-BuSn- 
Me,; 2, t-Bu,SnMe,; 3, t-Bu,SnMe; 4, t-BuSnEt,; 5, t-Bu,SnEt,; 6, t-BuSnBenz,; 7, t-I&SnBenz,; 8, 
t-BuSnMeBau,; 9, t-BuSnMe,Benz; 10, t-Bu,SnMeBenz; 11, t-BuMe2Sn-cyclo-Hex; 12, t-BuMe$n- 
cycle-Pent; 13, t-Bu,Sn (caIo&) 

‘_ 
J. QQyzoyerai aen;, 34 (1972) : 
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TABLE 3 

NMR SPECTRA OF THE BRJZYL PART OF hlIXJ3 TETRAORGANOTINS 

Compound J(“‘SnCH2 Ph) J&;: j119 

(Hz) (Hz) (Hz) 

B(CH2 Ph) Zo* 

(Ppm) 

Ref. 

Benz,Sn-cyclo-Hex 54.5 
Benz,Sn-cycle-Hex, 52.7 
BenzSn-cycle-Hex, 50.6 
BenzSn-t-BuMe, 56.1 
Benz.%-t-Bu,Me 51.3 
Benz,Sn-t-Buz 50.4 
Benz,Sn-t-BuMe 54.7 
Benz,Sn-t-Bu 53.0 
BenzSnPh, 64.8 
Benz,SnPh, 62.4 
Benz,SnPh 59.6 

[54.6] 
52.5 
50.4 
55.9 
51.5 

c50.31 
54.7 
53.5 

[g-y1 

59.4 

56.7 2.16 + 0.495 
54.7 2.21 +0.13 
53.3 2.27 - 0.235 

2.28 -0.085 
53.2 2.30 - 0.385 
525 2.30 -0.170 
56.7 2.27 +0.13 
55.0 2.19 + 0.345 4 
67.0 2.015 
65.0 2.62 1.630 
62.30 2.34 1.245 

TABLE 4 

NMR SPECTRA OF THE TERT-BUTYL PART OF MKFD TEXAORGANOTINS 

Compound J(’ “Sn-C-CH,) 

(Hz) 

J’19 

(Hz) 

d(t-Bu) 

(ppm) 

t-BuSnMe, 62.7 
t-BuSnEt, 57.2 
t-Bu$nMe? 58.7 
t-Bu,SnEt, 55.2 
t-Bu,SnMe 54.9 
t-BuSnBenz, 66.5 
t-Bu,SnBenz, 61.3 
t-BuSnMeBe& 65.8 
t-BuSnMezBenz 64.6 
t-Bu$nMeBenz 60.2 
t-BuMe,Sn-cycle-Hex 59.3 
t-BuMe,Sn-cycle-Pent 60.2 

62.7 
57.3 
58.8 

(55.2) 
(54.9) 
66.6 

(61.4) 
65.3 
64.0 

65.7 
66.0 
61.4 
57.7 
57.3 
69.6 
64.0 
68.8 
67.6 
63.0 
61.0 
63.0 

1.09 

1.12 
1.20 
I.17 

0.99 
1.10 
1.07 
1.08 

1.100 
1.105 

-0.30 
-0.60 
- 0.60 
-0.80 
- OS0 
f0.345 
-0.170 
f0.130 
- 0.085 
-0.385 
- 0.45 
-0.50 

derived from these results are given in Table 2. J(SnCH,~))C~CH,SnRR’R”] = KR + 
KR’ + KR” 

Figure 5 shows the relationship between x and K. The relationship is satis- 
factorily linear except for the phenyl group. 

The J[Sn-C(CH,),] coupling constant 
A J us. Zo* graph can also be drawn for the tert-butyl coupling constant (see 

Fig. 6) As for the methyl- and benzyl-derivatives, c-values can be calculated for differ- 
ent alkyl radicals, reflecting the influence of these radicals on the J(SnC-CH,) 
coupling constant (see Table 2). To use the relationship CR= J(SnC-CH,) i(CH& 
CSn-t-Bu,R] - 2& it is necessary to know the tert-butyltin coupling constant for 
tetra-tert-butyltin. It can be obtained by extrapolation, using the additivity rule 
(3 C,,“) or by the procedure described in ref. 3, and is found to be 51.0 Hz Attempti 
are being made in our laboratory to synthe& tetra-tert-hutyltin by a method 
-fundamentally very different from those previously used! 6.. 

J. OrganOmetul_ Chem., 34(1972) 
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EXPERIMENTAL 

All the compounds were made by standard procedures17, involving the reac- 
tions of Grignarq timpounds on organotin halides4*‘6*‘8. The required organotin 
halides R&X were generally made by bromodemetallation in a polar solvent such as 
methanol, to avoid dibromination and to increase the sele&ivity’8. However, for 
tetracyclopentyl- and tetracyclohexyltins, which are quite insoluble in alcohols, 
chloroform was used. In addition to the expected triorganotin bromide, the dibro- 
mide is also formed even when only 80 oA of the stoichiometric amount of bromine is 
added. The following procedure is recommended for obtaining pure R&IX: 5 g of 
the mixture of R,Sn, R,SnX, and R&X2 are put on to a column (@=4 cm, 1=60 

cm) packed with Al,03 and eluted with petroleum ether (60-657 to give unreacted 
R,Sn. Further elution with ethanol or isopropanol affords an alcoholic solution of 
very pure ( > 99 %)R3 SnX, the R,SnX, staying on the column. The alcohol is then 
evaporated and progressively replaced by benzene to avoid the disproportion reac- 
tionlg 2R3SnX ~RR,SnX,+R4Sn which seems to occur with highly concentrated 
alcoholic solutions ofR&K The benzene solution is then distilled. 

The NMR spectra were recorded on a Varian A60 apparatus (with 5% 
solutions in Ccl,, and tetramethylsilane as internal standard). 

All the new compounds were further characterized by mass spectrometry, 
and their purities have been checked by GLC. 
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