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Abstract 

The title compounds have been prepared by reacting the correspondmg diorganotin(IV) oxide with sahcylaldehyde 
thiosemlcarbazone (H,L). [SnMe,(L)] crystalhzes m the monoclinicspace groupF2,/n with a ==9 480(3), b= 13.532(7), 
c = 10.541(3) A, p= 100.33(2)” and Z= 4 (R =0.0230, R’=O.O258). [SnPh,(L)] crystalhzes m the space group 
&/a with a = 13.483(g), b = 10.078(l), c =X622(4) A, /3 = 113.66(4)” and Z=4 (R=OO30, R’=0.031). Both 
complexes consist of molecules in which the bisdeprotonated ligand is O,N,S-bonded and the tin atom exhlblts 
dlstorted pentacoordination, with small differences between the methyl and phenyl derivatives in bond distances, 
bond angles and intermolecular hydrogen bonds. The spectral propertles of the complexes (IR, Mossbauer and 
‘H > 13C and “%n NMR spectra) are discussed in the light of this structural mformatlon. 

Key words: Crystal structures; Tm complexes; Organotin complexes, Thlosemicarbazone complexes 

Introduction 

Thiosemicarbazones possess a range of interesting 
pharmacological properties that are in some cases en- 
hanced in their metallic derivatives. This fact has 
prompted a considerable increase in the study of the 
coordination behaviour of these ligands in recent years 
[l]. Bearing in mind that diorganotin(IV) compounds 
too have significant biological applications [2], we de- 
cided to explore the chemistry and pharmacological 
activity of diorganotin thiosemicarbazonates [SnR,(L)], 
where H,L is salicylaldehyde thiosemicarbazone and 
R=Me or Ph. Some previous work has been done in 
this field [3,4] including the synthesis and spectroscopic 

*Author to whom correspondence should be addressed. 

(mainly IR) study of [SnPh,(L)] [4b]. We report here 
the crystal structure of [SnMe,(L)] and [SnPh,(L)] and, 
in the light of this information, we discuss the spectral 
behaviour of these complexes in the solid state and in 
solution, using IR, Mossbauer and ‘H, 13C and ‘19Sn 
NMR spectroscopy to establish structural-spectral cor- 
relations. As far as we know, this is the first X-ray 
diffraction study of a salicylaldehyde thiosemicarba- 
zonate of a main group element. 

H\ 2 
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C-N NH2 
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TABLE 1 Crystal data, details of mtenstty measurements and structure refinement for [SnR,(L)] complexes 

Formula 

M 

Space group 

a (A) 
b (A) 
c (A) 
P (“) 
v (A)’ 
z 
&I, (g cm-‘) 
Sample drmenstons (mm) 
h(Mo KCI) (A) 
T (K) 
Linear absorptton coefficient, (cm-‘) p 

Absorptron correctton max., mm 
Scan technique 
h Range for data collectron (“) 
F( 000) 

No. reflecttons measured 
No. of reflections unique 

R,,, 
No reflecttons above 30(I) 
Functton mimmtzed 
Wetghting scheme 

R = WA- IFcllWoI 
R’ = [%(]Fo] - ]F,])‘&J]F,]‘]‘~ 
S = [%(]Ful -IF&‘/(M-N)]‘R 
h hmx, kmm km,, Lm Lx mm, 
Resrdual Ap max, mm. (e A-‘) 

W%(L)1 lSnW(L)l 

C10H,,N30SSn CZ,H,,N30SSn 
34199 466.13 

p;?,ln P&la 
9 480(3) 13.483(8) 
13.532(7) 10.078(l) 
10.541(3) 15 622(4) 
700.33(2) 113.66(4) 
1330(2) 1945(2) 
4 4 
1707 1.592 
0.50 x 0.45 x 0.20 0.26x0.17x0 10 
0.71073 0.71073 
293 293 
20.62 14.33 
1.19, 0.82 1 127, 0.841 
0120 WI20 
O-30 O-25 
672 928 
4036 3090 
3665 3060 
0 0212 0.016 
3142 2292 

Cw(]Fo] - ]F&’ Cw(]Fo] - IF<])’ 
[rZ(F,)+00001~F,,]2]-’ [r*(F,) + 0.0001 ]F$] -’ 
0 0230 0.030 
0.0258 0.031 
1.72 1.52 
- 13.13, 0 18; 0.14 - 16 14, 0.11, 0 18 
0 46, -0.42 0.48, - 0.41 

TABLE 2 Posttronal parameters for [SnMe,(L)] with e.s.d.s m 
parentheses 

Atom xla y/b Z/C B Is0 

Sn 0 2446( 1) 0.0967( 1) 0 0635( 1) 3.184(S) 
S 0 2367( 1) - 0.0666( 1) 0.1813(l) 5 50(3) 
0 0 3074(2) 0 2428( 1) 0.0307(2) 3 75(5) 
C(1) 0.3558(3) -0 0317(2) 0 3173(2) 3 35(7) 

C(2) 0.5378(2) 0.1655(2) 0.2242(2) 3 42(7) 
N(1) 0 3641(3) - 0.0904( 2) 0 4204( 2) 4 39(7) 
N(2) 0 4395(2) 0 0462(2) 0 3296(2) 3 39(6) 
N(3) 0.4282(2) 0 1076(l) 0 2233( 2) 2 97(5) 
C(3) 0 5549(3) 0.2387(2) 0 1298(2) 3.33(7) 
C(4) 0 4407(3) 0.2755(2) 0 0370( 2) 3 31(7) 
C(5) 0 4690(3) 0.3508(2) - 0.0458(3) 4.38(9) 
C(6) 0.6053(4) 0 3869(2) - 0.0386(3) 5.1(l) 
C(7) 0 7184(3) 0 3510(3) 0 0499( 3) 5.3(l) 

C(8) 0 6927(3) 0.2782(2) 0.1339(3) 4.56(9) 

C(Me1) 0.0444(3) 0 1518(3) 0.0896(4) 5 6(l) 
C(Me2) 0 3000( 4) 0.0390(3) -0.1085(3) 5.9(l) 

tin atom has been observed m [N-(2_mercaptophenyl)- 
salicylideneaminato-N,O,S]dimethyltin(IV) [14]. 

Even though the coordination scheme is basically the 
same in both complexes, a close look at the bond 
distances and bond angles (Tables 4 and 5) shows 

certain differences. In the phenyl derivative the G-0 
distance is shorter and the Sn-S bond slightly longer 
than in the methyl complex, possibly due to the SnPh, 
moiety being ‘harder’ [15] than SnMe, because of the 
greater electronegativity of the phenyl group [ 161. Also, 
the angle N-Sn-0 [15] is slightly wider in the phenyl 
complex. 

The main changes m the free ligand structure [17] 
under coordination are those usually accompanying the 
formation of metallic thiosemicarbazonates, and can 
be described as follows: (i) a 180” rotation about 
N(2)-C(1) that switches the positions of N(1) and S 
(giving a Z configuration about the C(l)-N(2) bond) 
and thereby allows the sulfur atom to form a five- 
membered chelate ring with the metal and N(3); (ii) 
modifications in bond distances and bond angles in the 
thiocarbamide group, namely the lengthening of C(l)-S 
(thione-thiol evolution) and C(l)-N(1) (reduction in 
the resonance contribution of R-CH=N-NH-C(Y) 
=NH*+), shortening of C(l)-N(2) (increase in bond 
order), widening of S-C(l)-N(2) and narrowing of 
the other two angles at C(1); (iii) narrowing of 
C(l)-N(2)-N(3) (probably because the bonding pair 
involved in the N(2)-H bond of the free hgand becomes 
a lone pair in the complexes). In addition, the C(4)-0 
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TABLE 3 PosItIonal parameters for [SnPh,(L)] with e s d s III 
parentheses 

Atom 

Sn 
s 
0 

N(1) 
N(2) 
N(3) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(l0) 
C(l1) 
W2) 
W3) 
C(l4) 
C(l5) 
C(‘6) 
W7) 
C(l8) 
C(IY) 
C(20) 

XIU 

-0 0050(l) 
0 0020( 1) 
0 0380(3) 
0 1762(3) 
0 2073(3) 
0 1674(3) 
0 1377(4) 
0 2434(4) 
0 2325(4) 
0 1327(4) 
0 1314(4) 
0 2279(5) 
0 3271(5) 
0 3289(4) 

- 0 1149(4) 
- 0 2015(4) 
- 0 2767(5) 
-0 2681(5) 
- 0 1842(6) 
- 0 1059(4) 
-00411(3) 
~ 0 0572(4) 
- 0 0807(5) 
- 0 0868(5) 
- 0 0702(5) 
~ 0 0482(4) 

ylb 

0 2449(l) 
0 1543(2) 
0.2871(4) 
0 0519(5) 
0 1348(4) 
0.1969(4) 
0.1107(S) 
0 2241(4) 
0.2837(4) 
0.3141(5) 
0 3716(5) 
0 3967(5) 
0.3685(6) 
0 3115(6) 
0 0987(5) 
0 0603(6) 

- 0 0322( 7) 
- 0 0824(7) 
- 0 0484(6) 

0.0443(5) 
O&57(5) 
0.4857(5) 
0 6185(6) 
0 7103(6) 
0 6706(6) 
0.5393(5) 

ZIG 
- 

0 2423(l) 3 20(l) 

0 0927( 1) 4.70(4) 

0.3825(2) 4 5(l) 
0.0843(3) 5 5(2) 
0 2276(3) 3 6(l) 

0 2872(2) 3.0(l) 
0 1430(3) 3 5(l) 
0 3679(3) 3 4(l) 
0 4473(3) 3 3(l) 
0 451(3) 3 4(l) 

0 5330(3) 4 l(2) 
0 6076(3) 4 7(2) 
0.6038(3) 5.2(2) 
0.5251(3) 4 8(2) 
0 2499(4) 3 8(2) 
0 1686(4) 5 O(2) 
0 1722(5) 6 5(2) 
0 2553(6) 6 6(3) 
0 3363(5) 5 9(2) 
0 3341(4) 4 8(2) 
0.1988(3) 3 4(l) 

0 1085(3) 4 2(2) 
0 0823(4) 5 6(2) 
0.1456(6) 6.5(2) 
0.2348(5) 6 O(2) 
0 2615(4) 4 4(2) 

N(l) 

Fig 1 The structure of [SnMe,(L)], with the atom-numbermg 
scheme 

bond becomes shorter upon deprotonation and complex 
formation, suggesting a participation of this bond in 
the QT charge delocalization induced by the metalation 

There are also differences in ligand structure between 
[SnMe,(L)] and [SnPh,(L)]. For example, changes (i) 
are larger in the phenyl derivative (except for the 
narrowing of N(l)-C(l)-N(2), for which the difference 
is of the order of the e.s.d.s). More conspicuously, the 
hgand is rather planar in [SnPh,(L)] (for the least- 
squares plane through N(l), S, C(l), N(2), N(3), C(2), 

C(B) 

FE 

N(l) 

2. The structure of [SnPhZ(L)], with the atom-numbermg 
scheme 

TABLE 4 Bond dl\tances (A) and angles (“) for [SnMe,(L)] 

Sn-S 2.5425(8) C( 1 )-N(2) 1312(3) 

Sn-N(3) 2 199(2) C(2)-C(3) 1434(3) 

Sn-0 2 ill(2) C(3)-C(4) 1413(3) 

Sn-C(Me1) 2.103(3) C(4)-C(5) 1 399(4) 

Sn-C(Me2) 2.125(3) C(6)-C(7) 1 377(5) 

s-C( 1) 1 724(3) C(3)-C(8) I 405(4) 

C(l)-N(J) 1.337(3) C(WC(6) 1371(5) 

C(Z)-N(3) 1 300(3) C(7)-C(8) 1.375(5) 

N(2)-N(3) 1 384(3) O-c(4) 1.329(3) 

S-%-O 158 lO(5) N(3)-C(2)-C(3) 126 9(2) 

S-Sn-N(3) 76 87(5) C(l)-N(2)-N(3) 116.4(2) 
S-Sn-C(Me1) 97 93(9) Sn-N(3)-C(2) 124 6(2) 

S-Sn-C(Me2) 97 5( 1) Sn-N(3)-N(2) 121 O(1) 

O-%-N(3) 81 66(7) C(2)-N(3)-N(2) 114 2(2) 

0-Sn-C(Mel) 88 7( 1) C(2)-C(3)-C(4) 123 8(2) 

0-Sn-C(Me2) 94 8(l) C(2)-C(3)-C(8) 117 5(2) 

N(3)-Sn-C(Mel) 119 O(1) C(4)-C(3)<(8) 118 7(2) 

N(3)-Sn-C(Me2) 113.3(l) 0X(4)-C(3) 121 4(2) 

C(Mel)-SnC(Me2) 127.5(l) O-c(4)-C(5) 119 9(2) 

Sn-S-C( 1) 95 50(Y) C(3)-C(4)-c(5) 118.7(2) 

Sri-C-C(4) 126 7(l) C(+C(5)-c(6) 120 6(3) 

S-C( I)-N( 1) 116.6(2) C(5)-C(6)<(7) 121 6(3) 
S-C(l)-N(2) 126 6(2) C(6)-C(7)-c(8) 118.8(3) 

N(l)-C(l)-N(2) 116 8(2) C(3)-C(8)<(7) 121 6(3) 

C(3), C(4) and 0, x2= 8178.2) and forms a dihedral 
angle of 86.5” with the equatorial plane (N(3), C(9), 
C(Z), Sn, x2 = 86.5). This planarity is to a great extent 
lost in the methyl complex (for the least-squares plane 
through N(I), S, C(I), N(2), N(3), C(2), C(3), C(4) 
and 0, x2 =230893.4) in which the equatorial plane 
(N(3), C(Mel), C(Me2), Sn) is also less perfect 
(x2= 593.2). 

The hydrogen bond network of H,L [17] 1s obviously 
altered upon complexation. Intramolecular O-H.. . N(3) 
and N(l)-H. . . N(3) bonds and the intermolecular 
N(2)-H ..S bond disappear due to the deprotonation 
of 0 and N(2) and the rotation of the thioamide group 
about the N(2)-C(1) bond. However an intermolecular 



TABLE 5. Bond distances (A) and angles (“) for [SnPh,(L)] 

Sn-S 2 546(l) N(l)-C(l) 1 358(7) 
Sn-0 2.072(3) NWW) 1 396(6) 
Sn-N(3) 2 196(4) NW-C(l) 1 300(6) 
Sn-C(9) 2 127(5) w3)-C(2) 1 295(6) 
Sn-C( 15) 2 128(5) C(9)-C(14) 1 385(8) 
s-C( 1) 1.733(5) C(lO)-C(11) 1 395(9) 
O-C(4) 1.327(6) C(ll)-c(12) 1.35(l) 

C(2)-C(3) 1.438(6) C(12)-C(13) 136(l) 

C(3)-C(4) 1.406(8) C(13)<(14) 142(l) 

C(3)-C(8) 1.406(7) C(15)-c(16) 1 398(7) 

C(4)W(5) 1.407(7) C(l5)-c(ZO) 1 391(7) 

C(5)-C(6) 1378(8) C(16)-C(17) 1 398(8) 

C(6)<(7) 1.39(l) C(17)<(18) 138(l) 

C(7)-C(8) 1366(8) C(18)<(19) 138(l) 
C(9)-C(10) 1.391(8) C( 19)-C(20) 1 383(8) 

S-Sn-0 
S-Sn-N(2) 
S-Sn-N(3) 
S-Sn-C(9) 
S-Sn-C( 15) 
0-Sn-N(2) 
0-Sn-N(3) 
0-Sn-C(9) 
0-Sn-C( 15) 
N(2)-Sn-N(3) 
N(2)-Sn-C(9) 
N(2)-Sn-C(15) 
N(3)-%-C(9) 
N(3)-Sn-C( 15) 
C(9)-SnX(l5) 
Sn-S-C( 1) 
Sn-O-C(4) 
Sn-N(3)-N(2) 
Sn-N(3)-C(2) 
N(3)-N(2)-C( 1) 
N(2)-N(3)-C(2) 
S-C( I)-N( 1) 
S-C( 1)-N(2) 
N(3)-C(2)-C(3) 

161.1(l) 

55 91(S) 
77 9(l) 
94 9(l) 
97 8(l) 

105 7(l) 

84 O(1) 
89 4(2) 
94 2(2) 
22 O(1) 

115 6(2) 
114 l(1) 
120.1(2) 
112.9(2) 
127.0(2) 
95.5(2) 

132.0(3) 
121 8(3) 
125 9(3) 
116 6(4) 
112.2(4) 
115 l(4) 
127 8(4) 
127 8(4) 

C(2)-C(3)-C(4) 
C(2)-C(3)-C(8) 
C(4)-C(3)-C(8) 
o-C(4)-C(3) 
o-C(4)-C(5) 
C(3)-C(4)<(5) 
C(4)-C(5)-C(6) 
C(5)-C(6)-C(7) 
C(6)-C(7)-C(8) 
C(3)-C(S)-C(7) 
c(1o)-c(9)-c(14) 
C(9)-C( lO)-C( 11) 
c(1o)-C(11)-c(12) 
C(ll)-c(12)-C(13) 
C(12)-C(13)-C(14) 
C(9)-C(14)-C(13) 
C(16)-c(15)-C(20) 
C(15)<(16)-C(17) 
C(16)-C(17)-C(18) 
C(17)<(18)-C(19) 
C(18)<(19)-C(20) 
C( 15)X(20)-C( 19) 
N(l)-C( 1)-N(2) 

124 l(4) 
116 7(4) 
119 l(4) 
123 O(4) 
117 5(4) 
119.4(4) 
119 4(5) 
121 6(5) 
119 3(5) 
121 2(5) 
118.6(5) 
120.4(6) 
120.3(6) 
121.1(7) 
119.5(6) 
120 O(5) 
119 2(5) 
119.8(5) 
120.2(6) 
119 8(7) 
120 7(6) 
120 2(5) 
116 9(4) 

N(l)-H...O bond remains in [&Me,(L)] 
(O...N(1)‘=2.882(3),O...H(N(1))‘=2.021(2),N(l)’-H 
=0.835(2) A, O...H(N(l))‘-N(l)‘= 159.6(2)“, where 
N(1)’ is generated by the symmetry operation (i-x, 
4+y, 4-z). In [SnPh,(L)] this bond is replaced by a 
weak interaction between the S atom and the -N(l)HP 
group(S...N(1)‘=3.522,S...H(N(1))’=2.612(2),N(l)‘- 
H = 0.968(4) A, N(l)‘-H(N(1)‘). . .S = 156.6(3)“). 

Mass spectra 
Table 6 lists the most relevant ions detected in the 

EI mass spectra. Both spectra show the molecular ions, 
suggesting appreciable stability under electron impact 
in the thermal conditions used. According to the peak 
intensities, [SnPh,(L)] is more stable than [SnMe,(L)]. 
In general, the fragmentation pathways of the two 
complexes are similar and consistent with the mechanism 
proposed for the iomzation of [SnBu,(L)] [3a], although 
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TABLE 6. Mam peaks m the IE mass spectra of [SnMe,(L)] 
and [SnPhz(L)] 

ml2 Intensity (rel.) Assignment 

W%(L)1 
343 
328 
313 
254 
238 
135 
120 
119 
118 

lsnPhG)l 
467 
390 
313 
280 
238 
197 
120 
119 
118 

28 
100 
73 
15 
18 
19 
3 

14 
27 

48 
100 

14 
10 
20 
29 
15 
10 
11 

[?-Me] 
[M- 2Me] 

lGH&Osnl 
[C,H,NOSn] 

[SnCH,l 

WI 
lGW’JO1 
[C,H,NOl 

;?- Ph] 
[M-2Ph] 
[M-2Ph-S] 
[C,H,NOSn] 
[SnPh] 

WI 
[C,HsNOl 
lWWO1 

TABLE 7. Mam IR bands of the hgand and complexes (cm-‘) 

H,L [SnMe,(L)l W%(L)1 Assignment 

3440s 332Os, b 
3320s 3145s, b 
316Os, b 
3120m 
1610s 1650s 
1600s 1600s 
1280m 1290m 
106Om 1040m 

830m 820m 
560m 

*+ hgand band. 

3440s v(NH), v(OH) 
3315s 

1600s a(NH,) 
1590s v(C=N) 
1300m v(C-0) 
1040m v(C=S) 
820m 
280m” v&Q+C) 

in the spectra of the methyl and phenyl derivatives the 
base peak 1s the fragment [M - R] not the [C,H,NOSn] 
ion. The cleavage of the NC(S)NH, fragment (and the 
Sn-S bond) while the Sn-0 and Sn-N bonds remain 
is in keeping with the bond strength sequence indicated 
by the X-ray study (z&e supra) and with the frag- 
mentation sequence for the butyl analogue suggested 
by Tandon et al. [3a] 

IR spectra 
Table 7 shows the assignment of the main IR bands 

of the ligand and the complexes. In the region 350@3100 
cm-‘, H,L shows four bands attributed 11%211 to 
V(N-H) and Y(O-H) of the hydrogen bonded NH,, 
N-H and O-H groups [17]. As a result of the double 
deprotonatton of the ligand, the spectrum of the complex 
[SnPh,(L)] lacks the bands located at smaller wave- 
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numbers but retains those attributed to the -NH, group 
practically unchanged at 3440 and 3315 cm-‘, in keeping 
with the amine group of the phenyl complex being 
involved in weak hydrogen bond interactions but not 
m coordination to the metal. The spectrum of 
[SnMe,(L)] in this region is different, showing two 
broad bands shifted to smaller wavenumbers than in 
the free ligand spectrum. These shifts and that of 
6(NH,) to higher wavenumbers, are probably due to 
the hydrogen bond in which the NH, group IS involved 
bemg stronger than in [SnPh,(L)] (see the X-ray results). 

The coordination of N(3) does not significantly change 
the position of V(C=N); O-coordination shifts Y(C-0) 
to slightly higher wavenumbers, while S-coordination 
shifts the bands contributed to by Y(C=S) to lower 
wavenumbers. This behaviour is typical for this ligand 
when it is N,S,O-coordinated [19-211. 

Although the complexity of the ligand spectrum in 
the 600-200 cm-’ range makes it difficult to interpret 
changes in this region and masks some bands due to 
the organometallic moieties (e.g. V_,,,(Sn-C)), it seems 
likely that new bands in the range 400-300 cm-’ (at 
385 and 350 cm-’ for [SnPh,(L)] and at 380 and 340, 
330 cm-’ for [SnMe,(L)]), though not pure, are con- 
tributed to by Y(Sn-N) and v(Sn-S). 

Mossbauer spectra 
In keeping with the X-ray results, the isomer shift 

values and quadrupole splitting values of the complexes 
(Table 8) are consistent with diorganotin(IV) com- 
pounds with pentacoordinate geometries, and the nar- 
row linewidths are indicative of the presence of a single 
tin site. The quadrupole splitting values deserve some 
comment because they are much lower than those 
calculated by the simple symmetrlzation method [22] 
(3.28 and 2.70 mm/s for the methyl and phenyl deriv- 
atives, respectively). This fact seems to imply a large 
effect of the thiosemicarbazonate anion on the electron 
distribution among the tin p-orbitals. Moreover, it was 
not possible to fit the spectrum of [SnMe,(L)] to a 
simple quadrupole doublet; only a continuous dlstri- 
bution of AE, values gave acceptable results (the value 
listed in Table 8 is the most probable). This behaviour 
may be related to the non-plananty of the thiosemi- 
carbazone moiety m the monocrystal studied by X-ray 
diffraction (it is planar in the diphenyl derivative); it 

is possible that a polycrystalline sample contains mol- 
ecules with a variety of different conformations, each 

TABLE 8. Mossbauer parameters at 800 K (mm/s) 

Compounds 6 UQ r 

lSnMeG)l 1.27 2.43 0 80 

W%(L)1 1.30 2 30 0.99 

of which gives rise to a slightly different Mossbauer 
spectrum. 

NMR spectra 
Both complexes are soluble in chloroform, even 

though the solubility of the ligand m this solvent 1s 
very slight. The changes m the ‘H NMR spectrum of 
H,L under complexatlon are as follows: (i) deproton- 
ation of the hgand supresses the -OH and -N(2)-H 
singlets appearing at 9.87 and 11.38 ppm in the spectrum 
of H2L in DMSO-d,; (ii) the -C(2)-H proton is de- 
shielded, appearing at 8.51 and 8.54 ppm in [SnMe,(L)] 
and [SnPh,(L)], respectively (in CDCI,), as against 8.36 
ppm in H2L (in DMSO-d,); (ni) the two -NH2 protons, 
which appear at 8.12 and 7.89 ppm in the spectrum 
of H,L in DMSO-d,, become magnetically equivalent 
in the complexes, probably due to the reduction in 
C( 1)-N( 1) bond order indicated by the X-ray study 
(z&e supra) and to the rupture of the intramolecular 
hydrogen bond N(l)-H.. N(3) [17] when the confor- 
mation of the ligand is modified upon complexation 
(vide supra). 

Table 9 shows the most relevant 13C and “‘Sn NMR 
data. Due to scant solubility of H,L m CDCl,, its 
spectrum was recorded in DMSO-d,. To find out the 
influence of the solvent, spectra were recorded for 
[SnMe,(L)] in both CDCI, and DMSO-d,. The change 
of solvent shifts the carbon signals only slightly (by 
B 1.1 ppm), except for the C(2) signal, which in DMSO- 
d, solution lies 3.4 ppm upfield of its position in CDCl, 
(see Table 9). 

C(1) is more shielded in the complexes than in the 
free ligand, suggesting that the shielding effect [23] due 
to the thione-thiol evolution of the C(l)-S group and 
to the reinforcement of C(l)-N(2) bond order outweigh 
the deshlelding inductive effect of the S-Sn bond. Note 
that C(1) is deshielded upon formation of [Cd(PyTSC),] 
(PyTSC= 2-formylpyridine thiosemicarbazonate) [a], 
this difference with respect to the tin complexes possibly 
being ascribable to the sulfur-metal bond being stronger 
than in the latter. 

C(2), and to a lesser extent C(4), are strongly de- 
shielded by complexation. The C(2) signals show weak 
satellite peaks (at 20.8 and 20.6 Hz for [SnMe,(L)] 
and [SnPh,(L)], respectively) that may derive from 
carbon-tin coupling through the N(3) atom as proposed 
in Table 9. 

Substitution of the value of 1J(13C-“9Sn) (Table 9) 
in the Lockhart-Manders equation [24] yields a C-Sn-C 
angle of c. 132” for the dimethyltin(IV) complex, in 
reasonable agreement with the angle observed in the 
solid state (Table 4). 2J(1H-“9Sn) for this compound 
(70.0 Hz) is in the usual range for pentacoordinated 
compounds. 
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TABLE 9 13C and “‘Sn NMR spectral data (6, ppm, J, Hz) of the hgand and complexes” 

Complex Solvent SIC(l)] S[C(Z)] S[C(3)] S[C(4)] S[C(S)] 6[C(6)] 6(C(7)] S(C(S)] 6[MR,] “J(R-“7”‘ySn) *J(C(2)-Sn) &%I] 

HJ- DMSO-d6 177 87 139.98 120 35 156 49 116 12 131.14 

[SnMe,(L)] CDClj 167 98 161 29 116 91 166 26 117 28 134 84 
DMSO-d, 168 07 157 89 116 54 165 71 117 93 133 99 

[SnPh,(L)] CDCl? 166 92 161.23 11693 166 31 11749 135 07 

“Numbermg scheme see Fgs 1 and 2 

All these data suggest that the basic characteristics 
of the solid-state structures of the complexes remain 
in CDCl, solution. 

‘19Sn chemical shifts have been found to be influenced 
by several factors [25], and at present their interpretation 
is limited to an essentially qualitative level [26]. l19Sn 
resonances located between - 90 and - 330 ppm have 
been empirically related to five-coordination of the tin 
atom [27] in methyltin derivatives. The value for 
[SnMe,(L)] (Table 9) is inside this range but at its 
lower limit. Perhaps the presence of S and N atoms 
m the coordination sphere of the tin shifts the signal 
towards more deshielded values; indeed S- or N-bonded 
dimethyltm(IV) compounds often have positive ‘19Sn 
chemical shifts [25]. In [SnPh,(L)] the l19Sn signal lies, 
as usual [28], at lower frequencies than in [SnMe,(L)], 
in spite of the greater electron withdrawing capability 
of the phenyl group. 
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