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Abstract 

The synthesis, spectroscopy and structure of mononuclear transition-metal coordination compounds of 
the ligand 1,3-bis(5’-methyl-4’-imidazolyl)-2~thiapropane (sbi) are described. The ligand acts as a 
didentate Nz-ligand in the compounds [ZnBr,(sbi)], [ZnCl,(sbi)] and [CoCl,(sbi)], and the anions take 
part in the coordination of the metal ion, resulting in tetrahedral geometries with N,X, chromophores. 
The ligand acts as a tridentate ligand in the compounds [M(sbi),]X,(HzO), with M=Co’+, Ni”; 
X=Cl-, N09-, BF,-; n =0 -4; and [Co(sbi)2](BF,)s, resulting in octahedral geometries with an N& 
chromophore. The latter compound formed by spontanious oxidati_on from a Co(H) solution. The 
compound [ZnCl,(sbi)J crystallizes in the triclinic space group Pl with Q =8.357(2), b=8.935(3), 
c = 10.600(3) A, a-75.25(2), /3=83.45(2), y=75.15(2)“, l’=738.9 A3, Z =2. The structure was solved 
with the Patterson map and refined by full-matrix least-squares methods to a residual R of 0.035 
(R,.,= 0.041) for 2824 significant reflections. The Zn(I1) . ion is tetrahedrally surrounded by two imidazole 
nitrogens of the ligand sbi and two chloride ions, with distances of 2.012(2), 2.019(2), 2.243(l) and 
2.256(l) & respectively. The H atoms of the imidazole nitrogens are hydrogen bonded to the chloride 
anions of neighbouring molecules (N...Cl contacts are 3.213 and 3.323 A). 

Introduction 

Valid models for the blue-copper site [l, 21 should 
contain at least two nitrogen donor atoms and two 
sulfur donors, i.e. most ideally two imidazolyl groups, 
a thioether sulfur and a thiolate donor atom, which 
should be able to accommodate both cU(1) and 
Cu(I1). Despite several attempts by many research 
groups [3, 41, so far such model systems have not 
been prepared [5]. The potentially tridentate NzS- 
ligand1,3-bis(5’-methyl-4’-imidazolyl)-2-thiapropane 
(abbreviated as sbi) might be a good building block 
for a blue-copper model. A schematic drawing of 
the ligand sbi is shown in Fig. 1. Copper complexes 
with the ligand sbi have already been described [6]. 
To investigate the coordination properties of the 
ligand sbi in more detail, coordination compounds 
with the transition metals, cobalt, nickel and zinc 
have been synthesized and the X-ray structure of 
[ZnClz(sbi)] has been determined. 

*Author to whom correspondence should be addressed. 

Fig. 1. Schematic drawing of the ligand 1,3-bis(5’-methyl- 
4’-imidazolyl)-2-thiapropane (sbi). 

Experimental 

Starting materials and syntheses 
All chemicals were commercially available, of suf- 

ficient purity, and were used without further treat- 
ment. The synthesis of the ligand 1,3-bis(S’-methyl- 
4’-imidazolyl)-2-thiapropane (sbi) has been described 
elsewhere [7]. 

The coordination compounds with general formula 
[MXz(sbi)] were prepared by dissolving the appro- 
priate hydrated metal salt (3 mmol) in 20 ml of hot 
ethanol and adding this solution to a solution of the 
ligand sbi (1.5 mmol) in 20 ml of hot ethanol. After 
filtration of the reaction mixture, the complex crys- 
tallized on cooling. In some cases evaporation of 
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some of the solvent was required before crystallization 
of the coordination compound occurred. 

To synthesize the coordination compounds with 
general formula [M(sbi)z]X, an analogous procedure 
was used with 6 mmol of the ligand sbi dissolved 
in 20 ml hot ethanol. For the preparation of the 
pink nickel compounds with the general formula 
[Ni(sbi)z]Xz larger volumes (35 ml) of solvent were 
used. 

Characterization methoak 
Metal analyses were carried out complexometri- 

tally using EDTA as complexing agent. Chloride was 
determined potentiometrically with AgNOS as the 
precipitating agent [8]. C, H and N analyses were 
performed at University College, Dublin. 

IR spectra (4000-200 cm-‘) were recorded on a 
Perkin-Elmer 580 spectrophotometer, equipped with 
a PE Data Station as Nujol mulls between KRSJ 
discs or as KBr pellets. 

Ligand-field spectra of the solids (30&2000 nm) 
were recorded on a Perkin-Elmer 330 spectropho- 
tometer equipped with a diffuse reflectance attach- 
ment, using MgO as a reference. 

X-ray powder diffraction diagrams of the com- 
pounds were obtained with a Guinier-type camera 
using Cu Ka! radiation. 

X-ray methods and structure determination 
A colourless needle (0.14X0.22X0.4 mm) of 

[ZnCl,(sbi)J was isolated and mounted in a glass 
capillary. 

Crystal data: Cr&I&12N~SZn, M, = 358.27, tri- 
clinic, space group Pi, a = 8.357(2), b = 8.935(3), 
c = 10.600(3) A, cr=75.25(2), /3=83.45(2), y= 
75.15(2)“, V= 738.9 A3. By least-squares refinement 
of 18 orientation reflections, Dale= 1.61 g cme3, 
2=2. 

Data collection: Siemens R3 diffractometer, op- 
erated in the 2-8 mode, using graphite-mono- 
chromatized MO(Q) radiation (h = 0.71073 A). Data 
collection range 4.0 < 28 < 540, O<h<ll, 
- 12<k<12, -14~1~ 14. A total of 3247 inde- 
pendent reflections was measured of which 2824 with 
I> 20(I) were used for the structure solution and 
refinement. Intensities were corrected for Lorentz 
and polarization effects. An empirical absorption 
correction by Y scans was applied &=21.9 cn-‘). 

The structure was solved using the system 
SHELXTLplus [9]. The position of the zinc atom 
was determined form a Patterson map. The atomic 
scattering factors were taken from ref. 10. The 
structure was refined by full-matrix least-squares 
refinement. The non-hydrogen atoms were refined 
anisotropically. The function minimized was 

CwlF,-F,I’ with w-l= d(F) +O.OOOIFz. H atoms 
were placed at 0.96 A from their parent atom. The 
positional parameters of the H atoms were coupled 
to their parent atoms during the refinement stages 
with fixed U values of 0.08 A’. At the final stage 
the conventional discrepancy index RF = 2(jF0 -F&l 
2F0 had been reduced to 0.035 and the weighted 
factor R,., = [Ew(F,- F,)2Ew(F,,)2]1R to 0.041. Max- 
imum positive and negative densities in the final 
difference Fourier are 0.46 and -0.41 e A-‘, re- 
spectively, 

Results and discussion 

Description of the structure of [ZnC12(sbi)] 
The ligand-field spectra (wide infra) of [CoC12(sbi)] 

and the similar IR spectral data for the Zn compound 
would suggest that the thioether is not coordinated 
in these compounds (vide supra). Therefore a crystal 
structure determination for a representive example 
was undertaken. A PLUTO drawing [ll] of 
[ZnCl,(sbi)] is given in Fig. 2. The fractional co- 
ordinates of the non-hydrogen atoms are listed in 
Table 1. Bond distances and bond angles of the 
non-hydrogen atoms are listed in Table 2. 

As is clear from Fig. 2 and Table 1, the thioether 
is not coordinated to the metal (shortest Zn-S dis- 
tance is 4.341(l) A) and only two imidazole nitrogens 
and two chloride ions bind to the zinc ion in a 
slightly distorted tetrahedral geometry. There are no 
other intermolecular distances shorter than the van 
der Waals distances. The imidazole rings are planar 
with distances to the least-squares planes of less 
than 0.02 A and there is no stacking between the 
rings. So, the crystal packing is determined by the 
hydrogen bonding of the ligands to the anions and 
by normal van der Waals contacts. 

Fig. 2. PLUTO drawing [ll] and atomic labelling of the 
molecular entity [ZnCl,(sbi)]. 



TABLE 1. Fractionalcoordinatesand isotropic temperature 

factors of the non-hydrogen atoms in [ZnCl,(sbi)] 

x Y L u, 
Zn( 1) 0.76528(4) 0.59308(4) -0.28983(3) 0.0378(l) 
Cl(l) 0.6080(l) 0.6621(l) -O&29( 1) 0.0541(3) 
Cl(2) 0.8758(l) 0.3286(l) -0.2328(l) 0.0540(3) 

S(1) 0.8962(l) 0.9098(l) -0.0902(l) 0.0649(4) 

N(1) O-9655(3) 0.6860(3) -0.3365(3) 0.0398(8) 

N(2) 1.2140(3) 0.7043(3) - 0.4148(3) 0.052( 1) 

N(3) 0.6285(3) 0.6686(3) -0.1384(3) 0.042(l) 

N(4) 0.4189(3) 0.7250(3) -0.0019(3) 0.054(l) 

C(1) 1.1039(4) 0.6143(4) -0.3914(3) 0.048(l) 

C(2) 1.1449(4) O&%21(4) - 0.3739(3) 0.046(l) 

C(3) 0.9898(3) 0.8302(3) -0.3259(3) 0.041(l) 

C(4) O&28(4) 0.9406(3) -0.2629(3) 0.052(l) 

C(5) 0.8590(4) 0.7118(4) -0.0289(3) 0.055(l) 

C(6) 0.6839(4) 0.7058(3) -0.0347(3) 0.043(l) 

C(7) 0.5533(4) 0.7399(4) 0.0510(3) 0.052(l) 

C(8) 0.4670(4) O&316(4) -0.1142(3) 0.050(l) 

C(9) 0.5442(5) 0.7917(6) 0.1763(4) 0.080(Z) 
C(10) 1.2331(4) 0.9709(4) -0.3838(4) 0.066(2) 

TABLE 2. Bond distances (A) and bond angles (? of the 
non-hydrogen atoms in [ZnCl,(sbi)] 

~(lW(l) 
Wl)-cW) 
WlH’W) 
&(1)-N(3) 
S(lW(4) 
S(lW(5) 
N(l)-C(l) 
N(l)-C(3) 
N(2)CU) 
N(2)-C(2) 
C(2tc(3) 
C(2PWO) 
C(3)c(4) 
C(4)sU) 
S(l)-c(5) 
C(5>c(6) 
N(3)-C(6) 
N(3)-C(8) 
C(6WX7) 
C(7)c(9) 
C(7)-N(4) 
N(4>C(8) 
C(8)-N(3) 
C(7)=(8) 

2.243(l) 
2.256(l) 
2.012(2) 

2.019(2) 
1.823(4) 
1.816(4) 
1.321(4) 
1.388(4) 
1.334(5) 
1.373(4) 

1.358(4) 
1.496(5) 
1.478(4) 
1.823(4) 
1.816(4) 
1.486(5) 
1.384(4) 
1.325(4) 
1.361(4) 
1.502(6) 
l-361(5) 
1.333(4) 
1.325(4) 
1.362(5) 

~(1)_wl)-c1(2) 
Cl(l)_WlFW) 
‘W)-zn(lWU) 
CQWW)_N(3) 
r~(2)-=(l>-N(3) 
N(l)_=(l)_N(3) 
Wl>-N(l)c(l) 
Wl)_N(l)-C(3) 
C(l)_N(l)c(3) 
N(l)-C(l)_N(2) 
C(l)_N(2)-c(2) 
N(2)-~(2)-C(3) 
N(2)-C(2)-WO) 
C(3)-C(2)c(lO) 
C(2)-c(3kN(l) 
C(4)=(3)-N(1) 
C(2)-C(3)-c(4) 
C(3)-c(4)_S(l) 
C(4)s(l)-c(5) 
S(l)-c(5)-C(6) 
C(5)-c(6>-N(3) 
C(5)-c(6)-c(7) 
N(3)<(6)=(7) 
C(6>c(7)_N(4) 
C(6)-C(7)-c(9) 
N(4)-C(7)C(9) 
C(7)-N(4)-c(8) 
N(4)-C(8EN(3) 
C(8)-N(3)c(6) 
c(8)-N(3)_Wl) 
(x6)-N(3)__(1) 

112.5(l) 
109.9(l) 
103.3(l) 
109.3(l) 
110.4(l) 
111.3(l) 
122.9(3) 
130.7(2) 
106.3(3) 
110.2(3) 
109.0(2) 
105.4(3) 
123.9(3) 
130.7(3) 
109.1(3) 
121.8(3) 
128.9(3) 
112.1(2) 
99.9(2) 

113.8(2) 
122.4(3) 
128.7(3) 
108.9(3) 
105.8(3) 
130.7(4) 
123.5(3) 
108.9(3) 
110.3(3) 
106.1(3) 
126.1(2) 
127.7(2) 
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Moderate strong hydrogen bonds are observed 
between the imidazole N-H groups and the Cl- 
anions from neighbouring molecules. The N-Cl dis- 
tances (3.213 and 3.323 A, respectively) are correlated 
with the position of the N-H vibrations in accordance 
with the relationship of Bellamy and Owen [12]. 

Spectroscopic characterization 
In Table 3 the spectroscopic data of the coor- 

dination compounds of the ligand sbi are given. 
Analytical results of the coordination compounds 
with the ligand sbi were all satisfactory (see ‘Sup- 
plementary material’). 

With cobalt and zinc some 1:l sbi compounds 
have been obtained: [CoClz(sbi)] is a blue-green 
compound with a Vis-NIR spectrum typical for C,,- 
distorted tetrahedral cobalt(I1) with an NzClzCo chro- 
mophore [13], indicating that the thioether sulfur is 
not coordinated to the metal ion. X-ray Guinier de 
Wolff and IR spectra showed [CoCl,(sbi)] and 
[ZnClz(sbi)] to be structurally isomorphous. The 
Vis-NIR spectrum of a cobalt-doped sample of 
[ZnBrr(sbi)] indicates that the zinc atom has a te- 
trahedral geometry, as was the case for the zinc ion 
in [ZnCl,(sbi)], confirmed by X-ray crystallo- 
graphy (vide supra). X-ray Guinier de Wolff spectra 
showed the two zinc complexes not to be structurally 
isomorphous. 

With cobalt and nickel also some 1:2 complexes 
could be prepared. The nickel compounds all analyze 
as [Ni(sbi)t]Xz(H20), with n = O-5. The crystal struc- 
ture of the purple compound [Ni(sbi)J(SiFs)(HzO)r 
has been solved [14]. In this compound, the nickel 
ion appeared to be in an octahedral environment 
with two ligands coordinating, with, suprisingly, the 
two thioether sulfur atoms cis coordinated, in contrast 
to the trans coordination observed for the copper 
compounds [6]. 

TABLE 3. Spectroscopic data of the coordination com- 
pounds with the ligand sbi 

Compound Colour Vis-NIR 
(ld cm-‘) 

CoCl,(sbi) blue 15.9, 7.3 
ZnCl,(sbi) white 
ZnBr,(sbi) white 

Co(sbi)&ls brown 22.9, 18.3, 10.9 

Co(sbi)~(NCWI-W% brown 22.9, 18.2, 11.3 

Wsbi)2(BE,)s orange 22.1 

Ni(sbi)@F&I-W)s purple 27.8, 17.6, 11.0 

Ni(sbi),C12(H20)e purple 28.5, 18.0, 11.2 
Ni(sbi),Cl,(H,O), pink 28.2, 14.3, 12.0, 10.3 

Ni(sbi),(BF,), purple 27.8, 17.6, 11.0 

Ni(sbi)2(NWG-W)2 purple 28.1, 17.6, 11.9 

Ni(sbi)s(NQ)r(H2% pink 20.2, 14.3, 11.7, 10.5 
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The nickel compounds all show a remarkably strong 
ligand field (see Table 3). For the nickel compounds 
two different types of Vis-NIR spectra are encoun- 
tered (Fig. 3). The first type of spectra are obtained 
from purple coloured nickel compounds and the 
second type of spectra are obtained from the pink 
coloured compounds. With the anion BF4- only the 
purple compound was obtained. With the anions 
NOs- and Cl- both the purple and the pink species 
could be obtained, depending upon the conditions 
used. The Vis-NIR spectra of the purple nickel 
compounds indicate an octahedral ligand field. The 
geometry of the nickel ion in all these complexes 
is therefore probably also &-distorted octahedral, 
analogous to [Ni(sbi)&SiF6)(H20)s [14]. For the 
pink nickel nitrate and the pink nickel chloride 
compounds, the Vis-NIR spectra indicate significant 
splitting in agreement with a C&-coordination, ap- 
parently arising from the trarr.s-NiN& chromophore 
with the weak sulfur donor atoms on the axial 
positions. Unfortunately, no single crystals could be 
obtained to confirm this coordination geometry. 

Two 1:2 cobalt(I1) compounds have been prepared 
and characterized, namely [Co(sbi),](N0,),(H,0)2 
and [Co(sbi)Z]CIZ. The compounds have nearly iden- 
tical Vis-NIR spectra, indicating a distorted octa- 
hedral geometry of the cobalt ion [13], possibly with 
the sulfur atoms at a rather large distance from the 
metal ion. X-ray Guinier de WolfI and IR spectra 
showed [Co(sbi),](NO& and the pink modification 
of [Ni(sbi)z](NO& to be structurally isomorphous. 

No cobalt compounds isomorphous with the purple 
nickel compounds could be isolated. 

Surprisingly, a cobalt compound, with stoichio- 
metry [Go(sbi)&BF&, was obtained, starting from 
a solution containing cobalt(I1). The analytical data 
and the Vis-NIR spectrum show it to be a cobalt(II1) 
compound. With the imidazole-thioether ligand 
4-(2’-aminoethylthiomethyl)~5methylimidazole 

Fig. 3. Vis-NIR spectra of the pink (A) and the purple 
(B) modification of [Ni(sbi)Z](NO,),. 

(memia) [15] also a spontaneous oxidation of co- 
balt(I1) to cobalt(II1) occurred during the prepa- 
ration. These are the only thioether coordinated 
cobalt compounds known in which such a spontaneous 
oxidation takes place. For the compound 
[Co(sbi)a](BF& an octahedral coordination geometry 
with Co-N and Co-S distances similar to those in 
[Go(memia)z](BF& are envisaged [15]. 

Conclusions 

In all 1:2 complexes the thioether sulfur coordinates 
to the metal ions with distances of 2.79 A in 
[Cu(sbi),](BF,),(COH), and of 2.513 and 2.496 
A in [Ni(sbi),](SiF&H,O)s. Two types of chro- 
mophores seem to be possible for the 1:2 compounds, 
a &-M&N4 chromophore for the purple nickel com- 
pounds and a trans-M&N., chromophore for the pink 
nickel compounds and the cobalt and copper 1:2 
compounds. 

Supplementary material 

Tables containing: a structure determination sum- 
mary, the atomic coordinates, the bond lengths and 
valence angles, the non-hydrogen anisotropic thermal 
parameters, the observed and calculated structure 
factors, and the analytical data of the compounds 
are available from Fachinformationszentrum Karls- 
ruhe, Gesellschaft ftir Wissenschaftlich-technische 
Information mbH, D-7514 Eggenstein, Leopolds- 
hafen 2, on quoting the depository number CSD 
55409, the name of the authors and the journal 
citation. 
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