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1. Introduction 

In previous work [l] we prepared the compound 
[SnMe,Br,(Hmimt)] (Hmimt = 1-methyl-2(3H)-imida- 
zolinethione). X-ray diffraction analysis showed that in 
this compound the tin atom has a 5 coordinate bipyra- 
midal trigonal environment bound to two methyl car- 
bon atoms and a sulphur atom in equatorial positions 
and two bromine atoms in axial positions. This interest- 
ing geometry prompted us to initiate a detailed struc- 
tural study of the chlorine analogue and of the possibil- 
ity of increasing the coordination number of the tin 
atom. This paper reports the crystal and molecular 
structure of [SnMe,Cl,(Hmimt)] and the preparation 
of the compounds [SnMe, X,(Hmimt), I and (Et ,N)[Sn- 
Me,Cl,(Hmimt)] (X = Cl or Br). X-ray diffraction 
analysis of [SnMe,Cl,(Hmimt)] shows a hexacoordi- 
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Abstract 

The compounds [SnMe,X,(Hmimt)], [SnMe,X,(Hmimt),] and tEt,N)[SnMe,Xs(Hmimt)] (X = Cl or Br; Hmimt = l-methyl- 

2(3H)-imidazolinethione) have been prepared and characterized by conductivity measurements and by IR, Raman, Miissbauer and 

‘H 13C and ‘19Sn NMR spectroscopy. The structure of [SnMezC1,(Hmimt)] was determined by X-ray diffraction. Its crystals are 

tric’linic, space group Pi, with a 9.702(2), b 9.375(2), c 7.119(l) A. (Y 68.1(2), p 86.6(2), y 85.6(2)“, U 598.7 A3, Z = 2, R = 0.062, 

R, = 0.058 and consist of chlorine-bridged [SnMe,Cl,(Hmimt)] dimers in which the hexacoordinate tin atoms have distorted 

octahedral environments and the thiones are S-bonded. Neighbouring dimers are linked by NH Cl bonds. Miissbauer and 
vibrational data suggest octahedral coordination for the tin atom in [SnMe,X,(Hmimt),] and (Et,NXSnMezX,(Hmimt)]. 

nate tin environment achieved by chlorine bridging. 
The vibrational and Mossbauer spectra of the other 
compounds are in keeping with the assumption that in 
these cases hexacoordination is achieved by coordina- 
tion of a second Hmimt or a halide ion. 

2. Experimental details 

2.1. Materials 
Dimethyltin dichloride and dimethyltin dibromide 

(Ventron) and Hmimt (Aldrich) were used as supplied. 
Solvents were purified by standard methods. 

2.2. Preparation of compounds 
[SnMe,Cl,(Hmimt)]. A solution of Hmimt (5.66 

mmol) in CH,Cl, (20 ml) was added dropwise to a 
solution of SnMe,Cl, (5.56 mmol) in CH,Cl, (15 ml). 
After stirring, the solvent was evaporated off and the 
beige solid obtained was dried in uacuo. Anal. Found: 
C, 22.3; H, 3.5; N, 9.4. C,H,,Cl,N,SSn talc.: C, 21.6; 
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H. 3.0; N. 8.4%. M.p. 121°C. .tM (McCN. IO- ’ h/f) 1.9 
S cm2 moldy’. Crystals suitable for the X-ray analysis 
were obtained from (JHCI, solutions. 

ISnMc,.C’I,(H~~lil)zt),l. A solution of SnMc ,Cl, (3.83 
mmol) in CH?C’I, (15 ml) was added dropwisc to ;I 
solution of Hmimt (5.66 mmol) in CHCl, i20 ml). After 
stirring for several days, the solvent was-cvaporatcd off 
and a beige solid obtained. Anal. Found: C. 37.5: t-1. 
4.1: N, 11.2. C,,,H,,C12N,S,Sn talc.: C. X.S; il, 3.1; 
N. 12.5?. M.p. I IhY’. I,, (M&N. IO ’ M! 2.6 S cm- 
mol I. 

/.SIzM~~,Br,(ffr7zirnt)/. A solution of Hmimt (3% 
mmol) in CL-I ,CI, (20 ml) was added dropwise to ;I 

solution of Snibe,BrT (3.36 mmol) in CH -Cl. i 1.5 ml). 
Upon stirring, the w-hitc solid which forkle~~ was t’ii- 
tered off and dried if! IYIUMI. Anal. t~ounti: C’. 17.2: H, 
2.9; N. 6.5. C,,H,,BrTN,SSn talc.: C. 17.1: H. 2.0; N, 
6.6%. M.p. 142Y’. i,,-(MeCN. 10 ’ bE\ i.0 S cm-’ 
rnol~~ ’ . 

/SrzM~,Rl.z(ffr71ir?zt),/. A solution of SnMe, Br, (3. IO 
mmol) in CH,CI, (20 ml) was added Jropwise to a 

solution of Hkimt (6.20 mmol) in C‘H ~C‘I- (70 ml). 
After stirring, the solvent was cvaporatcci oft’ and the 
white solid obtained was dried irl IYIC‘LUJ. Anal. Found: 
C. 22.4: H. .?.I!; N. 10.4. C’,,,H,,Br,N,S,Sn talc.: C. 
22.4; H,3.3; N, 10.4%. M.p. 141°C. I,, (M&N. IO ~?M) 
3.6 S cm’ mol ‘. 

(~t,N)ISilhl~l,C‘l.;(~Zrrzirnt)l. A solution of Hmimt 
(3.2.7 mmol) in acetone (15 ml) was added dropwise to 
a solution of SnMc,C’l. (3.23 mmol) in acetone (I5 ml). 
The mixture was strrrcd for .3 d. a solution of Et ,N<‘I 
Hz0 (3.23 mmol) in McOH ( 15 ml) WIS added drop- 
wise, and after stirring 1 d the solvent W;I~ evaporated 

off and the white solid obtained was dried 111 IYICIIO. 
Anal. Found: C. 31.2; H, 6.1: N. 7.9. C,,H;,(‘i,N,SSn 
talc.: C, 3.1.7: H, 6.5; N, 8.4V. M.p. 04°C’. \\, (McC’N. 
10 -’ M) 156.0 S cm’ mol ‘. 

(Et,N)[.SnMe,B~;jHrnirlzt)/. A solution of Hmimt 
(5.76 mmol) in acetone (20 ml) was added dropwisc to 
a solution of SnMe.Brl (5.76 mmol) in acctonc (20 ml). 
The mixture was st’jrried for i cl. a solutioil of kt,NBr 
(5.76 mmol) in MeOH (20 ml) was added dropwisc, 
and after stirring 1 d the solvent was c:\iaporated off 
and the beige solid obtained was dried ill ~‘N~IIO. Anal. 
Found: C, 26.6: H. 4.9; N, (I..?. C,,Hj,Hr,N;SSn talc.: 
C, 26.6; H. 5.1; N. 6.6’::. M.p. 172°C‘. _t,! (McC‘N. TO i 
M): 185.6 S cm’ mol I. 

2.3. Physical measurernent~ 

Analytical data were obtained with a Carlo-Erha 
1108 apparatus. Melting points were determined on a 
Biichi apparatus. IR spectra were recorded in Nujol 
mulls or KBr discs with a Pcrkin-Elmer 1X0 apparatus. 
Raman spectra wcrc recnrdcd with :t Dilor Omars 00 
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Fig. 1. The molecular structure of [SnMe,Clz(Hmimt)] with the atom 

numbering scheme. 

atomic coordinates, thermal parameters and structure 
factors are available from the authors. 

3. Results and discussion 

3.1. Description of the structure 
The structure of [SnMe,Cl,(Hmimt)l is shown in 

Fig. 1 with the atom-numbering scheme. Selected bond 
distances and angles are listed in Table 2. The com- 
pound exists as dimers in which the two monomers are 

TABLE 2. Selected bond distances (A) and angles (“) for 

[SnMe,Cl,(Hmimt)] 

SnU)-Cl(l) 2.542(6) Sn(l)-Cl(2) 2.665(6) 

Sn(l)-S(1) 2.495(6) Sn(l)-C(1) 2.120(6) 

Sn(l)-C(2) 2.124(S) W-C(3) 1.732(5) 

N(l)-C(3) 1.339(6) N(l)-C(4) 1.45(l) 

NWC(5) 1.375(S) NWC(3) 1.332(7) 

N(2)-C(6) 1.378(7) C(5)-C(6) 1.340) 

N(2)-Cl(2) ’ 3.151(S) Sn(l)-Cl(l) b 3.587(9) 

CW-Sn(lWX2) 144.2(3) S(l)-Sn(l)-C(2) 106.5(2) 

S(l)-Sn(l)-C(1) 108.5(3) C1(2)-Sn(l)-C(2) 85.9(3) 

CK2)-Sn(l)-C(1) 89.8(3) C1(2)-Sn(l)-S(l) 85.6(2) 

Cl(l)--Sn(l)-C(2) 93.5(3) Cl(l)-Sn(l)-C(l) 91.8(3) 

Cl(l)-Sn(l)-S(l) 92.7(2) Cl(l)-Sn(l)-Cl(2) 178.0(l) 

Sn(l)-S(l)-C(3) 100.1(3) C(4)-N(l)-C(5) 124.6(6) 

C(3)-N(l)-C(5) 109.1(5) C(3)-N(l)-C(4) 126.2(7) 

C(3)-N(2)-C(6) 109.6(6) N(l)-C(3)-N(2) 107.1(6) 

S(l)-CWN(2) 126.0(5) S(1)-C(3)-N(1) 126.8(5) 

N(l)-CWC(6) 107.3(7) N(2)-C(6)-C(5) 106.8(7) 

N(2)-H-Cl(2) a 167.22(5) 

a Symmetry code: - x, - y + 1, - z. 

b Symmetrycode: -x+1 -y+l, -2. 

bound together by two chlorine bridges between the Sn 
atoms. The dimers are interconnected through 
NH .+ . Cl hydrogen bonds. 

Although the Sn *. . Cl distance in the bridges is 
slightly greater than those found in other dimeric com- 
plexes [3,4], it is less than the sum of the Van der 

Fig. 2. Stereoscopic view of the molecular packing of [SnMe,Cl,(Hmimt)] showing the intermolecular interactions. 
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Waals radii [5]. The tin atom must therefore be consid- 
ered as having a distorted octahedral environment with 
its “own” two chlorine atoms in the axial plane and the 
two methyl groups, the thione donor S atom and the 
bridging chlorine of the other monomer in the equato- 
rial plane. This octahedral configuration, may be con- 
sidered to be the result of the distortion of the bipyra- 
midal trigonal environment in the monomer by the 
long range interaction with the chlorine atom of the 
second monomer; and indeed the C-Sn-C angle is 
widened from the 120” expected for a bpt environment 
to 144.2”. Like the Sri-Cl bridge distances [3,4], this 
compares well with the values found in other dinuclear 
complexes. Note that in these monomers the donor S 
atom is equatorial and the bridge is formed through a 
Cl atom trans to another Cl, both axial, whereas in the 
case of O-donors [3,4,6] the bridge is formed by a Cl 
Pans to an 0 atom. 

The H atom on N(2) is involved in intermolecular 
hydrogen bonding with chloride ligands (see Fig. 2). 
The N(2)--Cl(2) distance (3.151 A> is shorter than those 
found in other neutral [7,8] or ionic [9,101 complexes. 
The H(N(2))-Cl(2) distance, (2.086 A> and the N(2)- 
H-Cl(2) angle (167.2”) show the hydrogen bond to be 
strong. These hydrogen bonds connect the dimer units 
throughout the lattice, giving rise to a polymeric struc- 
ture. 

The Hmimt binds to the tin through the S atom and 
retains the thione form of free Hmimt [ll], the labile 
hydrogen being attached to N(2). The S(l)-C(3) bond 
distance (1.732(5) & shows that, as in other complexes 
of this ligand the rr character of the C=S bond is 
reduced upon coordination. Other distances and angles 
in the coordinated Hmimt molecule are in keeping 
with the values discussed previously (ref. 12 and refer- 
ences therein). The Sn-S-C angle is less than angles 
M-S-C in other complexes of this ligand [13] and 
Sn-S-C in pyridinethione complexes [S], possibly be- 
cause of the hydrogen bonding. 

Comparison of the above structure with that of 
[SnMe,Br,(Hmimt)] [ 11 shows several analogies and 
differences. In both complexes the axial positions are 
occupied by halogen atoms, and also in both complexes 
the two Sn-X bond distances are different; in the 
bromide the reason is probably the participation of the 
bromine in a hydrogen bond, and in the chloride the 
participation of Cl(l) in a hydrogen bridge and Cl(2) in 
a chlorine bridge. The Sn-C bond distances are practi- 
cally equal in this case and the Sn-S bond distances 
greater than that found in [SnMe,Br,(Hmimt)] despite 
the small acceptor capacity of the bromide, this differ- 
ence probably being due to the strong hydrogen bond 
in this case. The greatest difference between the two 
structures is the C-Sn-C angle, an average 132.9” in 

TABLE 3. Miissbauer parameters at 80.0 K (mm/s) 

[SnMe,Cl,(Hmimt)] 

Sa AE, r A E$’ 

(1) 1.55 3.63 0.81 3.4 b 

3.6 ’ 

[SnMe,Br,(Hmimt)] (2) 1.45 3.13 0.82 3.2 d 

3.1 e 

[SnMe,CI,(Hmimt),] (3) 1.52 3.90 0.84 3.8 

(Et N;[S he Cl (Gmimt)] iii lS6 3’88 

[SnMe Br (Hmimt) ] 0.81 - 

(Et:N)[S~MeSBr:(Hmimt)l (6) 

1.50 3.96 0.94 - 

1.58 3.79 0.89 - 

a Relative to room temperature CaSnO,. b Calculated for a hexaco- 

ordinate tin environment. ’ Calculated for a pentacoordinate tin 

environment. d Calculated for the A tin site [l]. ’ Calculated for the 

B tin site [l]. 

the bromide as against 144.2” in the chloride, probably 
due to the formation of the bridge and the resulting 
transition from bpt coordination in the bromide to a 
distorted octahedron in the chloride. 

3.2. Miissbauer spectra 
The Mijssbauer spectra of the compounds are typi- 

cal of diorganotin(IV) compounds (see Table 3). The 
range of the isomer shifts is rather small, 0.13 mm/s, 
but a trend is nevertheless evident if [SnMe,Cl, 
(Hmimt)] is ignored: replacement of chlorine atoms by 
bromine results in very small increases in 6 (0.04 and 
0.08 mm/s for compounds 3, 4 and 5, 6, respectively), 
while coordination of a sixth ligand to compound 2 to 
produce the hexacoordinate derivatives 4 and 6 in- 
creases 6 by 0.11 and 0.13 mm/s, respectively. The 
anomalous behaviour of [SnMe,Cl,(Hmimt)] may be a 
consequence of the large distortion of the crystal struc- 
ture and the short Sn * * * Cl distance. The replacement 
of the thioimidazole sulphur atoms by the halogens 
(compounds 3, 5 and 4, 6) does not significantly influ- 
ence the isomer shift. 

The small values of the line width for all the com- 
pounds, 0.81-0.94 mm/s, is indicative of a single tin 
site. Though the X-ray analysis for [SnMe,Br,(Hmimt)] 
shows two slightly different molecules [l], point charge 
calculations using the experimental bond angles for the 
two molecules give theoretical quadrupole splitting val- 
ues of 3.2 and 3.1 mm/s, which are too close to each 
other and to the experimental value to differentiate 
between the two sites. Similarly the calculated AE, 
values do not unambiguously show the coordination 
number of [SnMe,Cl,(Hmimt)], being 3.4 mm/s for 
the hexacoordinate form and 3.6 mm/s for the penta- 
coordinate form, while the experimental value is 3.63 
mm/s. For the other four compounds, the crystal 
structures of which are not known, point charge calcu- 
lations suggest distorted octahedral geometries with 
C-Sn-C angles ranging from about 150 to 160”. 
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TABLE 4. Significant bands in the range 600-180 cm-’ for the compounds prepared 

___~ 

[SnMe,Cl,(Hmimt)] 

[SnMe,Br,(Hmimt)] 

[SnMe,Cl,(Hmimt),] 

[SnMe,Br,tHmimt),] 

(Et,NKSnMe,Ci,(Hmimt)] 

(Et,N)[SnMe,Br,(Hmimt)] 

IR 

R 

IR 

R 

IR 

R 

IR 

R 

IR 

R 

IR 

R 

v,,,,(Sn-C) 

570m 

564w 

560m 

567m 

560m 
_ 

560m 
_ 

565m 
_ 

565m 
_ 

I’,JSn-C) 

515ms a 

515vs 

515m ” 

517vs 
_ 

489s 
_ 

492s 
_ 

4Y9vs 
_ 

492~s 

v(Sn-S) 

340m 

337m 

350m 

350m 
_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

v,.~ym(Sn-CI) 

245s,b 
_ 

_ 

_ 

230s,b 

_ 

_ 

260s 

240s 
_ 

_ 

” + Hmimt vibration. 

3.3. Vibrational spectra 
The shifts that ligand bands in the range 3200-600 

cm-’ undergo upon coordination are similar to those 
found in other complexes [12]. The significant bands in 
the range 600-180 cm-’ are listed in Table 4. 

The IR and Raman spectra of [SnMe,X,(Hmimt)] 
show the two Sn-C stretching vibrations, the Raman 
v,,,(Sn-C) band being very strong. The presence of 
both vibrations in both the IR and Raman spectra is 
consistent [14,15] with the non-linearity shown by the 
X-ray and Mossbauer studies. A ligand IR band at 530 
cm-’ hinders analysis of the relationship between the 
intensities of the asymmetric and symmetric bands, 
which was useful in other systems [161. According to 
the X-ray study, the Cl-Sn-Cl fragment of 
[SnMe,Cl,(Hmimt)] is almost linear. However, the Ra- 
man spectrum of neither [SnMe,X,(Hmimt)l shows a 
strong v,Y,,$jn-X) band. In the IR spectrum of the 
chloride, vusym (Sn-Cl) is identified as the band at 245 
cm- ‘, in keeping with the tin coordination number of 

6; neither the IR nor the Raman spectra of the chlo- 
ride show bands at wavenumbers > 300 cm-’ (the re- 

gion typical of pentacoordinate monomers [16-181 or 
incipient dimers [61) that are not present in the spectra 
of the bromide. Thus v,,JSn-XI appears in the chlo- 
ride at a position similar to that observed in most 
hexacoordinate bridged complexes [4,16], though a po- 
sition suggesting pentacoordination has been reported 
[3b] for dimeric sulphine complexes in spite of their 
having shorter bridges than [SnMe,Cl,(Hmimt)]. 

When a second Hmimt molecule is coordinated, to 
form [SnMe,X,(Hmimt),l, the Mossbauer spectra (tide 
supru) suggest a larger C-Sn-C angle than in 
[SnMe,X,(Hmimt)]. This widening of the angle does 
not greatly affect the position of yasJSn-C). Though 
the position of v,,,,(Sn-Cl) in the IR spectrum of the 
chloride is typical of coordination number six [16,19], 
we found no Raman band assignable to v,,,(Sn-X). 
This is not necessarily indicative of an angular X-Sn-X 
fragment, because (for example) no such band was 
detected for the all-truns anion [SnMe,Cl,12- either 
(ref. 20). Probably [SnMe,X,(Hmimt),], like related 
systems [8,17], have an all-truns structure. 

For (Et,N)[SnMe,X,(Hmimt)] the v(Sn-C) data are 

TABLE 5. NMR parameters for the SnMe, fragment (6 in ppm and J in Hz) 

Compound 

SnMe,Cl, 1.21 68.5 6.3 469.2 h 141 .Y 

[SnMe,Cl,(Hmimt)] 1.29 74.1 9.8 535.5 h 65.5 
[SnMe,Cl,(Hmimt),] ’ 1.33 79.3 10.1 _ 22.0 

(Et,N)[SnMe,Cl,(Hmimt)] 1.34 88.2 18.2 708.7 - 101.4 
SnMe,Br, 1.38 66.1 7.2 442.5 67.8 

[SnMe,Brz(Hmimt)] 1.45 71.0 10.0 491.2 19.2 

[SnMe, Br,(Hmimt), J ’ 1.47 72.8 10.8 513.4 b - 13.3 d 

(Et,N)[SnMe,Br,(Hmimt)] 1.64 82.6 20.0 _ - 109.2 

a 6 values were obtained from solutions of recently prepared donor-acceptor mixtures ([SnR,X,] = 0.1 M). ’ i19Sn and “‘Sn satellites not 

resolvable, ‘J(“‘Sn-‘“0 = Johs,X 1.023 [23]. ’ ‘H and 13C measurents were made on saturate solutions (concentration < 0.1 M). ’ When the 

spectrum was recorded, crystals were visible within the tube. 



also in keeping with the Miissbauer data for the C- 
Sn-C fragment. If these compounds are considered as 
derived from the pentacoordinatc anions [SnMe,X,] ~. 
the position of v(Sn-Cl) is in keeping with the increase 
in the coordination number of tin from five to six 
[l&20]. 

3.4. NMR spectru 
Table 5 lists ‘H, 13C and ““Sn chemical shifts and 

coupling constants for the Sn’“Me2 fragment of the 
acceptors and complexes. Chemical shifts for the lig- 
and moieties have been omitted because they differ 
very little from those of the free donor. 

The ‘H and 13C NMR signals of the complexes are 
shifted downfield with rcspcct to the free acceptors, in 
keeping with the donor-acceptor interaction reflected 
by the shielding of ii(“’ Sn). The coupling constants 
*J(““Sn-‘H) and ‘.I(“‘Sn-‘“C) are smaller than ex- 
pected for pentacoordination in [SnMe,X,(Hmimt)] 
and hexacoordination in [SnMe, X z(Hmimt), 1, showing 
dissociation in CDCI,. [SnMezClz(Hmimt),] has a value 
of “J close to 80 Hz, in keeping with a coordination 
number of five [21]. whereas for [SnMe? Br,(Hmimt),] 
the value of “J is indicative of greater dissociation. 
This. and the values of 6(““Sn) [22]. arc in keeping 
with SnMe,Cl, being a better acceptor than SnMe,Br?. 

In the case of the tetraethylammonium salts. the 
deshielding of the ‘H and 13C signals and the upfield 
shift of 6(““Sn) with respect to [SnMeLX,(Hmimt)] 
show that the additional halide is coordinated in 
CDCI,. For (Et,N)[SnMe,Cl&Hmimt)] 6(““Sn), ‘J and 
‘.I nevertheless indicate coordination number five (the 
value of ‘J is very similar to the value for (Et,N)[Sn- 
Me2CI,] [IS]). This shows that the Hmimt is totally 
dissociated in CDCI ?. 
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