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The structure of Sn( CH,),Br,=C,H,N,S [C,H,N,S = 1 -methyl-2(3H) -imidazolinethione] consists of 
trigonal-bipyramidal molecules held together in pairs by two N-H Br hydrogen bonds. The ligand 
is bonded to the metal through the sulphur atom. The bromine atoms occupy apical positions with 
a greater Sn-Br bond length for the hydrogen-bonded atom. The mass spectra of Sn(CH,),Br,* 
C,H,N,S and Sn(CH,),CI,X,H,N,S show a much lower tendency for the bromine complex to form 
ions containing the deprotonated ligand through elimination of hydrogen halide. 

Metal co-ordination of heterocyclic thioamides is of current 
interest especially because of its relevance to metal interactions 
with biological molecules.' This paper reports the crystal 
structure of the five-co-ordinated tin(1v) complex of l-methyl- 
2(3H)-imidazolinethione Sn(CH,),Br,*C,H,N,s and the mass 
spectra of the compound and of its corresponding chloride. We 
have described previously the six-co-ordinated complex of 
2( 1 H)-pyridinethione Sn(CH3),C12~2C5H5NS.2 The structure 
of this complex is all-trans octahedral with the 2(1H)- 
pyridinethione ligands bonded to the metal through the sulphur 
atom and the NH hydrogen atoms involved in intramolecular 
hydrogen bonding with the chloride ligands. 

Experimental 
Crystals of the complex Sn(CH,),Br,C,H,N,S were obtained 
from CDCI, solutions of Sn(CH,),Br, and C,H6N2S in the 
molar ratio 1 : 1 or 1 :2.  A well formed crystal of approximate 
dimensions 0.2 x 0.2 x 0.15 mm was mounted on a Philips 
PW 1100 diffractometer to determine the cell dimensions and to 
measure intensity data. 

Crj3stal Dura.-C,H ,Br,N,SSn, M = 422.73, monoclinic, 
space group Pa (no. 7), a = 12.353(2), b = 10.070(2), c = 
10.756(2) A, p = 111.1(3)O, U = 1248.3 A3, 2 = 4, D, = 
2.249 g ~ m - ~ ,  F(OO0) = 792, p(Mo-K,) = 83.0 cm-'. 

Data Collection.-2 5 16 Independent reflections in the range 
4 < 20 < 56" were collected in the 8-20 stepscan method 
using Mo-K, monochromatized radiation (h = 0.7107 A). 
Reflections with I > 3a(I) were considered as observed (2 048). 
The intensities were corrected for Lorentz and polarization 
effects, but not for absorption. 

Determination and ReJnement of the Structure.-Systematic 
absences pointed to the centrosymmetric space group P2,/a, 
but the refinement converged at R = 0.18. The non-centro- 

* Supplementary data available: see Instructions for Authors, J. Chem. 
SOC., Dalton Trans., 1989, Issue 1, pp. xvii-xx. 

Table 1. Fractional co-ordinates for Sn(CH,),Br,*C,H,N,S 

Atom x Y Z 

1 .Oooo 
0.944 O(7) 
1.060 O(6) 
1.194 7(36) 
0.875 3(44) 
0.960 2( 15) 
1.120 8(42) 
0.982 5(42) 
0.923 6(39) 
0.799 4(42) 
0.803 2(43) 
0.915 6(45) 
0.635 6( 1) 
0.702 2(7) 
0.578 5(6) 
0.465 5(36) 
0.775 6(45) 
0.678 5( 15) 
0.523 6(47) 
0.644 2(36) 
0.719 8(49) 
0.819 l(33) 
0.807 2(58) 
0.698 8(63) 

0.237 O( 5 )  
0.422 O(9) 
0.065 6(8) 
0.248 7(69) 
0.105 l(53) 
0.374 9( 17) 
0.631 2(73) 
0.634 l(54) 
0.531 l(48) 
0.566 7(60) 
0.687 7(63) 
0.733 2(48) 
0.262 6(5) 
0.080 5(8) 
0.437 O(7) 
0.247 6(65) 
0.409 l(56) 
0.124 5(17) 

-0.121 6(58) 
- 0.125 4(45) 
- 0.027 4(44) 
-0.073 8(36) 
-0.207 2(44) 
-0.239 3(59) 

1 .OoOo 
1.138 3(9) 
0.824 l(8) 

1.010 6(66) 
0.798 6( 17) 
0.943 9(57) 

0.843 O(38) 
0.803 l(58) 
0.842 6(61) 
0.916 l(41) 
0.405 6(2) 
0.266 7(9) 
0.575 9(8) 
0.288 9(62) 
0.414 9(63) 
0.609 9( 17) 
0.432 4(59) 
0.502 7(44) 
0.575 O(52) 
0.602 5(34) 
0.552 5(70) 
0.498 8(73) 

1.110 3(59) 

0.901 7(57) 

symmetric space group Pa was then examined and the structure 
resolved and refined to R = 0.0479 ( w  = 1 ) .  The positions of 
the Sn and Br atoms were obtained from a three-dimensional 
Patterson-Fourier synthesis. The remaining non-hydrogen 
atoms were located in a subsequent electron-density map. The 
hydrogen atoms were located from a Fourier difference map, 
but not refined. Final refinements were carried out with 
anisotropic thermal parameters for all non-hydrogen atoms. 
Scattering factors for all atoms were those incorporated in the 
program SHELX.3 Positional parameters for the non-hydrogen 
atoms are listed in Table 1. 

Additional material available from the Cambridge Crystal- 
lographic Data Centre comprises thermal parameters and 
remaining bond distances and angles. 
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Figure. Perspective drawing of the structure of Sn(CH3),Br,C,H,N,S 

Proton N.M. R. Spectra.-Measurements were performed on 
a JEOL FX-90 spectrometer, with chemical shifts relative to 
external SiMe,. 

Table 2. Bond lengths (A) and angles (") for Sn(CH,),Br,.C,H,N,S 

A B 
Sn-Br( 1) 2.628( 1 1) 2.674(11) 
S n- B r (2) 2.849( 10) 2.806(9) 
Sn-C(6) 2.270(40) 2.029(40) 
Sn-C(7) 2.068(58) 2.247(58) 
Sn-S(2) 2.468( 18) 2.491 (1 8) 
N(3B) . . Br(2A) 3.376(30) 
N(3A) Br(2B) 3.21 3(30) 

Br(2)-Sn-Br( 1 )  
C(6)-Sn-Br( 1) 
C(6)--Sn-Br(2) 
C(7)-Sn-Br( I )  
C( 7)-Sn-Br (2) 
C (7)-S n-C( 6) 
S(2)-Sn-Br( 1) 
S(2)-Sn-Br(2) 
S(2)-Sn-C( 6) 
S(2)-Sn-C( 7) 
C(2)-S(2)-Sn 

171.9(0.3) 
9 6 3  1.7) 
84.2( 1.7) 
94.1 (1.8) 
91.4(1.9) 

132.4(2.2) 
95.1(0.5) 
77.0(0.5) 

105.6(1.8) 
1 19.5( 1.6) 
104.8( 1.6) 

173.8(0.3) 
93.5( 1.9) 
90.1( 1.9) 
95.1( 1.7) 
86.0( 1.7) 

133.3(2.3) 
95.7(0.5) 
78.3(0.5) 

110.4(2.0) 
114.3( 1.5) 
107.1(2.1) 

Mass Spectra.-Measurements were performed on a VG 
ZAB 2F spectrometer using an electron-impact (e.i.) source 
operating at an accelerating voltage of 8 kV and an electron 
energy of 70 eV (1.12 x J) at 200 "C. The collisionally 
activated decomposition (c.a.d.) spectrum was obtained by 
colliding ions with air in the second field-free region until there 
was 50% suppression of the primary beam. The samples were 
introduced cia the direct inlet probe in the direct electron 
impact mode., 

Results and Discussion 
Crystal Structure.-The structure of the compound is shown 

in the Figure, and relevant bond lengths and angles are in Table 
2. The structure consists of distorted trigonal-bipyramid, 
Sn(CH,),Br,-C,H,N,S molecules held together in pairs by two 
N-H Br hydrogen bonds. The molecules A and B are related 
by a pseudo-crystallographic centre of inversion, but their gross 
features are essentially the same. In each molecule there are two 
different Sn-Br bond distances, one in the range of values 
reported for five-co-ordinated organotin(1v) complexes when 
the bromine atom is in an axial position (2.576-2.739 8,) and 
the other one significantly longer. Also two different Sn-C 
bonds are observed in each molecule, but allowance should be 
made for the uncertainty in the values due to large errors in the 
positional parameters for the carbon atoms. The observed 
differences in co-ordination bond lengths can be related to 
hydrogen bonding with the Br(2) atoms and to non-bonded 
interactions. Changes of metal-halide bond lengths due to 
hydrogen bonding have been previously found for compounds 
of the tetrachlorodimethylstannate(1v) anion., The N-H Br 
bond lengths can be compared with those reported for the 
complex [Ni(C,H,N,S),Br,] (3.21 8-3.260 A).' Formation 
of relatively strong hydrogen bonds is consistent with the i.r. 
spectrum of Sn(CH,),Br,-C,H,N,S showing a characteristic 
very broad N-H stretching band. 

The Sn-S-C bond angles are close to the average value for 
other complexes of 1 -methyl-2(3H)-imidazolinethione (107") 
and to that found in the octahedral adduct of dimethyltin 
dichloride with 2( 1 H)-pyridinethione ( 105.1°).2 The Sn-S 
bond lengths in the complexes Sn(CH,),Br,-C,H,N,S 
(average 2.480 A) and Sn(CH,),CI,~2CsH,NS (2.729 A) are 
considerably different. It must be pointed out that metal- 
sulphur distances observed in the complex [Cu,(C4H6N,S),]- 
[BF,], are similar to those observed in [Cu2(CSHsNS),]Cl, 
for equivalent bonds. For example, the average Cu-S bond 

lengths for the monofunctionally bonded ligands are respectively 
2.328 8, [ 1 -methyl-2(3H)-imidazolinethione] and 2.300 8, 
[2( 1 H)-pyridinethione]. Therefore, the observed difference of 
Sn-S bond lengths between the two complexes is ascribed to the 
different co-ordination number of the metal rather than to 
different bonding properties of the ligands. The Sn-S bond 
lengths in the five-co-ordinated complex of C,H,N,S are close 
to the sum of atomic radii of Sn and S (2.45 8,)'' The 
considerably greater value found in the six-co-ordinated 
complex of C,H,NS indicates a much lower degree of covalent 
character of the Sn-S bonds. Analogous observations have been 
made previously for Sn-N bonds in six-co-ordinated adducts of 
heterocyclic ligands. ' ' 9 '  

The 'H n.m.r. spectra of mixtures of Sn(CH,),Br, and 
C,H6N,S in CDCI, are consistent with co-ordination 
equilibria. The spectrum of a 0.075 mol dm-, solution of these 
species displays resonances at 6 1.42 [Sn-CH,, J (  ' ' 9Sn-'H) = 
69.3, J(1'7Sn-'H) = 66.3 Hz], 3.64 (N-CH,), 6.76 (CH), 6.84 

(CH), and 11.5 (NH). On addition of 1 equivalent of C,H,N,S 
the Sn-CH, resonance is changed to 6 1.45, J("9Sn-'H) = 
71.4, J ( '  l7Sn--'H) = 68.2 Hz. The resonances are very close to 

those observed for uncomplexed C,H,N,S at 6 3.59 (N-CH,), 
6.67 (CH), 6.71 (CH), and 11.8 (NH), and for Sn(CH,),Br, at 6 
1.37, J ( '  19Sn-'H) = 66.1, J("'Sn-'H) = 63.2 Hz. It is known 
that slight changes in the proton resonances of l-methyl-2(3H)- 
imidazolinethione are produced by metal complexation 
through the sulphur atom.', However, a low degree of co- 
ordination can be inferred from the trend of the tin-proton 
coupling constants. 

Mass Spectra.-The positive-ion mass spectra of Sn(CH 3)2- 

Br,-C,H,N,S and of the analogous chloro-complex are 
reported in Table 3. Neither spectrum shows the presence of the 
molecular ion due to fast fragmentation of these species under 
e.i. conditions and/or thermal decomposition. The low 
abundance of complex ions of 1 -methyl-2(3H)-imidazoline- 
thione in both spectra is consistent with extensive dissociation 
of metal-sulphur bonds. The spectra of the bromo- and chloro- 
complexes are significantly different. The spectrum of the 
bromo-complex is characterized by the presence of three 
complex ions containing the undissociated C,H,N2S ligand 
and a single ion containing the deprotonated ligand, whereas 
the spectrum of the chloro-complex displays several ions 
containing the C4HsN,S group, but no complex ions contain- 
ing the undissociated ligand. The appearance of the ion HBr" 
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Table 3. Positive ion mass spectra of Sn(CH,),Br,*C,H,N,S and 
Sn(CH,),C1,.C,H6N2S * 

Sn(CH,),Br,.C,H,N,S: m/z 403 C0.37, Sn(CH,)Br,.C,H,N,S], 339 
C0.23, Sn(CH,),Br.C,H,N,S], 323 C0.3, Sn(CH,)BrC,H,N,S], 304 
C2.2, Sn(CH,),Br,], 289 [loO, Sn(CH,)Br,], 225 C35.1, Sn(CH,),Br], 
195 (70.2, SnBr), 114 (84.2, C,H,N,S), 80 (4, HBr), 79 (3, Br) 

Sn(CH,),C'I2*C4H,N2S: 294 C0.4, Sn(CH,),CI-C,H,N,S], 279 
[ O X  Sn(CH,)CI.C,H,N,S], 264 C0.6, SnCIC,H,N,S], 259 C0.3, 
Sn(CH,),.C,H,N,S], 229 (1, Sn.C,H,N,S), 216 C2.1, Sn(CH,),CI,], 
201 C48.4, Sn(CH,)Cl,], 181 C16.2, Sn(CH,),CI], 166 C4.5, 
Sn(CH,)Cl], 151 (24.7, SnCI), 114 (100, C,H,N,S), 36 (4, HCI), 35 (1, 
CI) 
* Nominal values of i y / :  calculated by considering the isotopes ' 16Sn, 
"Br, and "'C1. Relative abundances were calculated by summing all 
the isotopic contributions. Fragment ions of C,H,N2S are not quoted. 

Table 4. M.i.k.e. and c.a.d. spectra of the ion [Sn(CH,)Br,.C,H,N,S]+ 
m;z = 403 

Ion 

Sn(CH,)Br.C,H,N,S 
SnBr.C,H,N,S 
Sn(CH ,)BrZ 
Sn.C,H,N,S 
SnBr 

Sn Br H 6 N ,s 

C,H,N,S 

mlza m.i.k.e.' c.a.d.' 
388 25 50 
323 100 100 
309 1 10 
289 30 60 
230 10 
195 10 
114 5 

' Nominal values calculated by considering the isotopes ' ' ,Sn and 
79Br. Relative abundances calculated by summing all the isotopic 
contributions. 

or HCI" and the composition of the tin ions containing the 
deprotonated ligand show that these species are formed through 
elimination of hydrogen bromide or chloride involving hydro- 
gen transfer from the N(3) atom to an X atom. Accordingly, the 
difference between the two spectra is accounted for by the lower 
tendency of co-ordinated bromide with respect to chloride to 
undergo intramolecular hydrogen-bonded interaction with the 
ligand. 

Mass analyzed ion kinetic energy (m.i.k.e.) and collisionally 
activated decomposition (c.a.d.) spectra of the metastable 
primary ion Sn(CH,)Br,-C,H,N,S + are reported in Table 4. 
The presence in both spectra of the most abundant ion 
Sn(CH,)BrC,H 5N2S+ confirms that the elimination of 
hydrogen halide observed in the e.i. spectra of the bromo- and 
chloro-complexes takes place through ion fragmentation rather 
than by thermal decomposition of the compounds. The m.i.k.e. 
and c.a.d. spectra also display ions formed by loss of either CH, 
or C4H6N,S from the metastable ion. The increased abundance 
of these ions relative to the ion Sn(CH,)BrC4H,N2Sf in the 
c.a.d. spectrum demonstrates that elimination of hydrogen 
bromide is the process with lowest activation energy.I4 

Predominant formation of ions containing the deprotonated 
ligand has been found also in the mass spectrum of the 2(1H)- 
pyridinethione complex Sn(CH,),C12-2C,H,NS,2 with 
relative abundance much higher than in the l-methyl-2(3H)- 
imidazolinethione complexes. The more facile elimination of 
hydrogen halide from the six-co-ordinated complex can be 
accounted for by a greater extent of intramolecular hydrogen 
bonding with two heterocyclic ligands and to lower metal- 
halide bond strength. Among other relevant factors is the 
possibility of changes to the binding mode of the ligands upon 
deprotonation.2 
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