
29 

Journal of Organometallic Chemistry. 235 (1982) 29-35 
Elsevier Sequoia S.A., Lausanne -Printed in The Netherlands 

SULPHUR SUBSTITUTED ORGANOTIN COMPOUNDS 

VII *_ CHARGE TRANSFER INTERACTIONS OF ARYLTHIOMETHYL- 
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Charge-transfer interactions of Ph3SnCHzSC6H4X-p (X = MeO, Me, H, Cl or 
Br) with tetracyanoethylene are reported. Values of X,,,, the absorption 
maxima, have been obtained and compared with the values for CH,SC,H,X-p- 
(CN),C=C(CN), interactions. The effect of the Ph&n substituent is to shift 
x xna.y by 15-26 nm to longer wavelengths_ 

Introduction 

The reaction of Ph$ZnCHzSCBH,Me-p with iodine was reported a few years 
ago [2]. Complexation between these reagents was suggested from the new 
intense visible absorption generated on mixing the solutions. Unfortunately 
the fairly rapid reaction between Iz and Ph3SnCH2SC6H4Me-p made it impos- 
sible to study such complexes. As we wished to investigate the donor proper- 
ties of the sulphides, R3SnCH2SC6H4X-p, we turned to acceptors other than 
iodine and found that the n-acceptor, tetracyanoethylene, was most suitable. 

Charge-transfer complexes of (CN)&=C(CN) 2 with totally organic sulphides 
have been variously studied [3-111. In the main, these studies have simply 
*provided the maxima of the charge-transfer absorptions of the complexes 
[S-S] ; on a few occasions, formation constants have also been obtained 
[S-11]. These constants invariably are small and indicate the weakness of the 
complexes. 

Tetracyanoethylene has been a popular reagent for use with organotin sys- 
tems. For example, interactions with Sn-N bonds [12], Sn-Sn bonds [13,14], 

* For Part VI see ref. 1. 
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Sn-S bonds [15] and Sri--- bonds [16-181 have all been reported. These lead 
either to fairly stable charge-transfer complexes or to insertion products (as 
with Sn-N, Sn-S, Sn-Sn and some Sri--- systems). 

The results of the interaction of Ph&nCHzSC6H4X-p with TCNE are now 
reported. 

Experimental 

Materials. Tetracyanoethylene was sublimed at 0.1 mmHg pressure, prior to 
use_ Dichloromethane was a dry redistilled commercial sample. Arenethiols 
were also commercial samples. 

Iodomethyltriphenyltin. This was prepared from a zinc/copper couple, CH& 
and Ph,SnCl according to published procedures [ 21. 

Arylthiomethyl(triphenyl)tin compounds_ To a solution of sodium ethoxide 
in ethanol were added sequentially the arenethiol and Ph,SnCH,I (all equimolarj. 
The resulting solution was refluxed for a few hours. On cooling, arylthiomethyl- 
(triphenyl)tin precipitated and was recrystallized from ethanol. Melting points, 
analytical and NMR data are listed in Table 1. The “‘Sn chemical shifts preti- 

ously reported [19] are also included. 
Organic sulphides. The methyl aryl sulphides were produced by methylating 

the appropriate arenethiol in alkaline medium. Physical properties are in good 
agreement with those published [ 201. 

Analytical data 
CH3SC6H,0Me-p. Found: C, 62.3; H, 6.6; S, 20.8. C8HIOOS calcd.: C, 62.4; 

H, 6.5; S, 20.8%. 
CH3SC&L,Me-p. Found: C, 69.4; H, 7.1; S, 23.3. CaHloS &cd.: C, 69.6; H, 

7-2; S, 23_2%_ 
CH3SC6H5_ Found: C, 67.9; H, 6.6; S, 25.7. &H&S c&d.: C, 67.8; H, 6.5; 

S, 25.8%. 
CHBSCdH&l-p. Found: C, 52.9; H, 4-4; S, 20-4; Cl, 22.5. C,H,SCl calcd.: S, 

53.0; H, 4.4; S, 20.2; Cl, 22.4%. 

UV spec tru 
Solutions of Ph,SnCH,SC&X-p ( or CH&C&Ia-p) and (CN)ZC=C(CN)Z 

were made up in dry, oxygen-free dichloromethane and the UV-visible spectra 
recorded on a Unicam SP 800 spectrophotometer. The solutions were thermo- 
statted at 30.0 -2 0.1“ C. As wide a range as possible of concentrations of each 
sulphide was taken with a constant concentration of (CN)&=C(CN)z. The 
h max values are quoted in Table 2. No attempt was made to decompose the 
lower charge-transfer absorption (X,). However overlap of the lower charge- 
transfer band with other bands, probably occurs. 

Attempts to calculate the formation constants, K, were made using the 

PhxSnCH,SC,l&X-p + (CN)&= C(CN)2 =+ 
<n) (A) 

K [Ph3SnCH2SC6H&fe-p : (CN),C=C(CN),Ii 
<DA) 

IDAI 
K = CAICDI 

(continued on p_ 33) 
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Benesi-Hildebrand or related procedures [ 211. The acceptor concentrations 
were in the region of 10m3 M, with the Ph,SnCHISC&S-p concentrations in 
the range 3 X lo-’ to 0.25 M. However the charge-transfer complexes were too 
weak and with the concentrations used, it was not possible to obtain accurate 
values of K. Composite terms, e1 X K however could be obtained. These are 
quoted in Table 2. 

Results and discussion 

Charge-transfer complexes of Ph3SnCH2SC,H,X-p and CH,SC,H&-p (X = 
MeO, Me, H, Cl or Br but not NOa) were obtained with (CN)&=C(CN),_ For 
each (CN),C+C(CN) ,sulphide interaction, two charge-transfer absorption 
bands are observed in the IN-visible spectrum. These two bands arise from 
transitions from each of the two highest filled MO’s of the aryl sulphide to the 
LUMO of the acceptor [4]. In PhH (only one charge-transfer band at 385 nm) 
the two highest filled MO’s are the degenerate eig pair (LCAO approximation)_ 
Such a degeneracy is removed on substitution (e.g. at C(1) or disubstitution at 

C(1) and C(4)) of benzene due to the greater interaction of the orbital(s) of the 
substituent(s) with J/*. The other orbital, G3, should be essentially unaffected_ 
This is borne out by the first two IP’s of PhSMe being 8.07 and 9.28 eV, com- 
pared to that of PhH at 9.24 eV [ 31. 

A relationship links the IP with the frequency of the charge transfer for 7r 
complexes, equation 1. 

6cm_1 = 7331 IP -41830 (1) 

Using equation 1, the first ionization potentials of each organotin containing 
sulphide were calculated and are quoted in Table 3. 

Literature values for MeSC&I&-p are also given; these values were either ob- 
tained indirectly from X,,, or by direct measurement using photoelectron 

TABLE 3 

IONIZATION POTENTIALS (IP) 

Ph3SnCH+CgHqX-p CH3SC6H&-p 

X IP (ev) IP (ev) 

Me0 7.76 7.82 =: 7.8 ’ 

Me - 7.86 7.95 a; 7.9 b 

H 7.99 8.10 “; 8.07 b 

Cl 7.99 8.09 =; 8.07 b*c 
Br 7.98 8.17 ’ 

a Ref. 7. b F. Bernardi, G. Distefano, A. Man&i. S. Pignataro and G. Sputa. J. Electron. Spectrosc. Relat. 
Phenom, 7 (1975) 457. = H. Bock, G. Wagner and J. Kroner. Chem. Ber.. 105 (1972) 3850. 
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spectroscopy. The Ph,Sn substitution only has a small impact on the ionization 
potential, with lower values of ca. 0.1 eV being obtained. 

While the maxima of the longer wavelength absorptions can be readily 
assigned, those of the shorter wavelength bands are generally more difficult to 
precisely locate due to overlapping bonds. This is a general occurrence with 
arenes. To this general difficulty can be added specific complications for the 
Ph3Sn(CH2)SC6H4X complexes. Additional charge-transfer absorptions may 
arise from the PhsSn or phenyl groups also acting as donor sites and as the IP 
of Ph,Sn should be about that of benzene * , the additional band would be 
about 380-400 nm. In Table 2 are presented ratios of the extinction coeffi- 
cients for the two absorptions and it is apparent that additional intensity is 
indeed found for the organotin-containing sulphides at the lower wavelengths. 
A complete resolution of the lower wavelength bands was not achieved and the 
overall maxima are simply reported as obtained. The ratio of the extinction 
coefficients, eZ/el, for each sulphide complex was found to be constant through- 
out the concentration ranges employed. 

The compounds, Ph,SnCH2SC6H4N02-p and CH,SC,H,N02-p, did not give 
detectable charge-transfer adducts with TCNE. 

The absorptions did not vary with time; no subsequent reactions occurred. 
Values of er XK (el = extinction coefficient of long wavelength absorption; 
K = equilibrium constant) were calculated from the Hildebrand-Benesi plots. 
The individual values of pi and K were not obtained, due to the low values of K 
and the concentration ranges of Ph,SnCHzSC&I&-p which were available to us. 
Under these conditions, the errors in K would be so large that the values would 
be quite meaningless. Values of ei X K are unfortunately not too significant, 
unless it can be assumed that Ed values are similar for all the complexes. In that 
case the product ei X K could be taken to be a relative measure of the donor 
ability of the sulphides. However, there is sufficient evidence for complexes of 
simple arenes that e1 varies in a significant (but random) manner with a related 
series of compounds [ 21,223. Hence we did not feel able to make the assump- 
tion of a constant e1 for our sulphide complexes and so are unable to expand 
on the e1 X K values. Despite this, we wish to point out the similarity of the 
values of the product term, e, X K, for each Ph,SnCH2SC&X-p/CH$C&X-p 
pairing. 

The values of X,,, for Ph,SnCHZSC6H&-p/(CN)&=C(CN)2 complexes are 
always greater than for the corresponding CH,SCJ$X-p adducts. This reflects 
the greater electron release of the Ph,SnCH2 group relative to the CHs group. 
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