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Abstract 

The syntheses and spectroscopic properties of the Iron, cobalt, nickel and copper complexes with the ligand 
4-(5-methyl-4-rmrdazolyl)-3-thiabutano~~ acrd (abbreviated Hltba) are described The compound Co(rtba), (A) 
crystallizes m the trlclmlc space group Pl with a =7.600(l), b = 7.697(l), c = 8.2696(5) A, a = 86.745(S), /3 = 71.321(7), 
y= 69.538(12)p V= 428 5 A3, D, = 1.65 g/cm’ for Z = 1. The compound Cu(ltba), (B) crystallizes m the trlcllmc 
s 
1 

ace group Pl wrth a = 7 789(3), b = 7 794(4), c = 8 138(4) A, a=71 448(4), p=86.905(4), y=67.805(4)“, V=432 4 
‘, D,=1.66 gicm’ for Z= 1. In both structures the metal Ion IS located on the InversIon centre because of 

symmetry considerations. The non-hydrogens were located usmg Fourier methods and the structures were refined 
by least-squares methods to resrdual R, values of 0089 (A) and 0.050 (B) The coordmatron geometry of the 
metal ion m both compounds A and B is octahedral with the donor atoms of the two hgands m mutual trulls 
posrtions The bond distances m the cobalt compound are srgmficantly different from those m the Jahn-Teller 
distorted copper compound (Co-N = 2 109(7), Cu-N = 1.986(3), Co-O = 2.065(6), Cu-0 = 1 988(2), C-S =2.501(2), 
Cu-S =2 7146(8)). The geometry of the cobalt Ion can be descrrbed as a rather regular octahedron compared 
with the elongated octahedral copper structure. The obtained compounds M(rtba), are all lsostructural according 
to their X-ray powder patterns and IR spectra, and all show remarkably strong hgand field spectra 
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Introduction 

Coordination chemists worldwide try to find the best 
functional groups to mimic amino acid residues in 
binding metal ions at the active site. In most proteins 
the amino acid residues that need to be mimicked are 
histldine (imidazoles, pyrazoles, pyridmes), methionine 
(thloether, thioketones), aspartlc acid and glutamic acid 
(carboxylic acids), and cysteme (thlolates, thiophenol- 
ates, thloamides). We now report the synthesis of a 
ligand that combines three of the above mentioned 
functional groups and its coordination compounds. 
Therefore, the ligand can be used as a ligand to make 
model systems for various active sites as there is: the 
copper ion in azurm [l], the iron ion m hemerythrm 
[2], the zmc ion in alcohol dehydrogenase [3] and the 
nickel ion in CO-dehydrogenase [4]. The hgand 4-(5- 
methyl-4-lmidazolyl)-3-thlabutanolc acid (abbreviated 
Hitba) 1s easily synthesized from 5-methyl-4-hydroxy- 

*Author to whom correspondence should be addressed 

methylimidazole hydrochloride and mercaptoacetic acid 
[5, 61. It contains an imidazole group, a thloether 
function and a carboxylic acid m a tridentate chelating 
ligand. 

Experimental 

Starting materials 
The starting materials 5-methyl-4-hydroxymethyl- 

lmidazole hydrochloride, mercaptoacetic acid and the 
transition metal salts are commercially available and 
were used as received. Water 1s demineralized m house. 

Synthesis of the &and 
The synthesis of the ligand Hltba was performed 

according to a published procedure [5]. The hydro- 
chloride salt of the ligand has been synthesized by 
others, using a similar procedure [6]. 

A solution of 7.5 g (50 mmol) 5-methyl-4-hydroxy- 
methyhmidazole hydrochloride and 4.6 g (50 mmol) 
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mercaptoacetic acid in 30 ml acetic acid was refluxed 
over a period of 6 h. The reactron mixture was then 
evaporated to dryness on a rotary evaporator yielding 
an off-white solid. This solid was dissolved in 50 ml 
water and the resulting clear solution was neutralized 
using solid NaHCO,. The white precipitate was filtered, 
washed with water and acetone and dried m au-. Partial 
evaporation of the filtrate yielded a second crop of 
white powder. Combined yields gave 6.9 g (75%) of 
Hitba. Melting pomt 245 “C. The compound IS insoluble 
m the tried solvents, except for acidified solvents. NMR 
was therefore taken of the protonated hgand. The ‘H 
NMR spectrum of Hitba (solvent CD,OD +a drop of 
20% DC1 in D,O, internal standard SiMe,) showed 
the following signals (ppm): 2.36 (s, 3H, methyl), 3.29 
(s, 2H, SCH,COO), 3.97 (s, 2H, tmCH,S), 8.75 (s, lH, 
imidazole), 5.66 (OH, NH).Anal. Calc. for C,H,,N,O,S: 
C, 45.15; H, 5.41; N, 15.04. Found: C, 44.68; H, 5.40; 
N, 14.59%. IR spectrum (KBr pellet): 3222(sharp, 
strong), 25OO(vbroad), 1900(vbr), 1640(s), 1550(br), 
1250(m), 1195(s), 1145(s), 870(br), 820(s), 720(s), 705(s), 
652(m), 630(m), 600(s), 455(m), 343(w). 

Synthesis of the complexes 
Fe(itba), 
The synthesis was performed in Schlenk type glass- 

ware m a mtrogen atmosphere. [Fe(H,O),](ClO,), (1.5 
g, 2 mmol) was dissolved m 8 ml water. A small amount 
of ascorbic acid was added to remove traces of Fe3+ 
from the starting salt. The ligand Hitba (0.75 g, 4 
mmol) was suspended in 20 ml of 96% ethanol, and 
a few drops of triethylamine were added. Both the 
metal salt solution and the ligand suspension were 
deoxygenated by repeated evacuation and N, gas inlet. 
The iron perchlorate solutton was added to the ligand 
suspension and the resulting reaction mixture was heated 
and stirred until most of the hgand had dissolved. The 
almost clear solution was filtered, the product crys- 
tallized as a metallic blue microcrystalline material, 
which was collected and washed with ether. Yield c. 
50%. Anal. Calc. for C,,H,,FeN,O,S,: C, 39.45; H, 
4.26; N, 13.14; Fe, 13.1. Found: C, 39.33; H, 4.36; N, 
12.77; Fe, 13.4%. IR spectrum (KBr pellet): 318O(s, 
br), 2955(m), 2900(w), 162O(vs, br), 1500(w), 1415(m), 
1360(s), 1335(s), 1280(w), 1230(m), 1160(m), 1085(m), 
970(m), 930(m), 915(s), 772(m), 720(m), 695(m), 665(m), 
630(m), 550(w), 450(w), 430(w), 312(m). 

Co(itba), 
[Co(H,O),](NO,), (0.29 g, 1 mmol) was dissolved m 

5 ml water. The ligand Hitba (0.37 g, 2 mmol) was 
suspended in 10 ml water. Both the cobalt solution 
and the ligand suspension were heated on a hotplate 
and were mixed while hot. This mixture was heated 
for a short time to dissolve most of the ligand and was 

filtered whtlst hot. Upon standing (and slow evaporation) 
the product appeared as a pink microcrystalhne material. 
Yield c. 30%.Anal. Calc. for C,,H,,CoN,O,S,: C, 39.16; 
H, 4.23; N, 13.05; Co, 13 7 Found: C, 39.04; H, 4.28; 
N, 12.85; Co, 13.6%. IR spectrum (KBr pellet): very 
similar to the Fe compound, with minor shifts in some 
bands. 

Ni(ltba), 
The same procedure as for cobalt was followed. 

[Ni(H,O),]Cl, (0.24 g, 1 mmol) was dissolved in 5 ml 
water, Hitba (0.37 g, 2 mmol) was suspended in 5 ml 
water. After filtration of the hot reaction mtxture a 
lilac microcrystalline material was formed in approxi- 
mately 30% yield. Anal. Calc. for C,,H,,N,NiO,S,: C, 
39.18; H, 4.23; N, 13.06; Ni, 13.7. Found: C, 38.76; H, 
4.30; N, 12.77; NI. 13.9% IR spectrum (KBr pellet): 
very similar to the Fe compound, with minor shifts in 
some bands. 

Cu (itba) 2 
The same procedure as for cobalt was used. 

[Cu(H,O),(NO,),] (0.24 g, 1 mmol) was dtssolved in 
10 ml water, Hitba (0.37 g, 2 mmol) was suspended 
in 10 ml water. After filtration of the hot reaction 
mtxture a blue microcrystalline material was formed. 
Yield c. 40%.Anal. Calc. for C,,H,,CuN,O,S,: C, 38.75; 
H, 4.18, N, 12.91; Cu, 14.64. Found: C, 38.85; H, 4.20; 
N, 12.70; Cu, 14.4%. 

Characterization methods 
Metal analyses were carried out complexometrtcally 

with ethylenedlaminetetraacetate (Na,H,edta) as the 
complexing agent [7]. C, H and N analyses were carried 
out at the University of Groningen, Netherlands. 

IR spectra in the range 4000-200 cm _ ’ were recorded 
on a Perkin-Elmer 580 spectrophotometer. The samples 
were pelleted in KBr or Nujol mulls were made. Ligand 
field spectra (300-2000 nm) were recorded on a Perkm- 
Elmer 330 spectrophotometer, equipped with a PE data 
station, MgO was used as reference. EPR spectra were 
recorded on a Jeol Esprit 330 spectrophotometer with 
DPPH as internal standard. X-ray powder diffracto- 
grams were made with a Guinier-de Wolff camera using 
Cu Ka radiation. NMR spectra were taken with a 200 
MHz Jeol FX-200, equipped wtth a Tecmag data station. 

Crystallographic data collection and structure 
refinement 

The diffraction data for [Co(ltba),] (A) and [Cu(itba),] 
(B) were collected at room temperature on a CAD4 
diffractometer, usmg Cu Kn radiation. The crystal data 
and refinement data of both structures are given in 
Table 1 
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TABLE 1. Crystal and refinement data of the compounds Co(itba), (A) and Cu(ttba), (B) 

A B 

Formula 
Formula werght 

a (A) 
b (A) 
c (A) 
cx (“) 
P (“) 
Y (“) 
v (A? 
F(OOO) 
Crystal system 
Space group 

JX (g/cm31 
LL Cu KCX (cm-‘) 
Crystal drmensrons (mm) 
h Values 
k Values 
1 Values 
Scan range, 0 
No measured reflections 
No unque 
No used m refinement” 

& 
RYE 
Max., mm. Ap excursrons 

COGHI&O& 
429 37 
7 600( 1) 
7 697( 1) 
8 2696(S) 
86 745(8) 
71 321(7) 
69.538(12) 
428 52 
221 
trtclimc 
Pi 
1 
1.65 
106 7 
0.36 x 0.36 x 0.08 
-9 to 9 
0 to 9 
-10 to 10 
2.5-70 0 
1633 
1631 
1197 
0 064 
0 089 
091, -0.91 

CuC,,H N 0 S 18 4 4 2 
433 99 
7.789(3) 
7 794(4) 
8 138(4) 
71 448(4) 
86 905(4) 
67 805(4) 
432 42 
223 
trichnic 
Pi 
1 
1.66 
42 1 
0.35 x 0 15 x 0.05 
0 to 9 
-9 to 9 
-9 to 9 
2.5-70 0 
1648 
1646 
1404 
0.043 
0 050 
0 40, -0.46 

“I > 2tq). %= C(IlFol - IFcll)/ClF,I ‘R, = [Iw(lFul- ~Fc~)‘/Cw~FO~‘]“’ 

The intensities of the reflections were corrected for 
Lorentz and polarization effects. Absorption correction 
was applied on both structures since the absorption 
coefficient are p= 106.7 and 42.1 cm-’ for compound 
A and B, respectively. An empirical absorption cor- 
rection was earned out on both structures using the 
program DIFABS [8], whereas an additional Monte 
Carlo method absorption correction [9] was carried out 
for structure A because of the very high linear absorption 
coefficient resulting from the use of copper radiation. 
The calculations were performed on the Leiden Uni- 
versity Amdahl mainframe using a local set of computer 
programs. Scattering factors were taken from ref. 10. 
In both structures the position of the heavy atom was 
deduced from symmetry considerations. The other non- 
hydrogen atoms were located with the program DIRDIF 

Ull. 
The structures were refined by full-matrix least- 

squares. The thermal parameters of the non-hydrogen 
atoms of both structures were refined anisotropically. 
The function minimized was &vlF,--FJ2 with 
W -I =a2(F). All hydrogen atoms of structure B and 
almost all hydrogen atoms of structure A were located 
in difference Fourier maps; three hydrogen atoms of 
the ligand m A were placed at 0.95 A from their parent 
atoms. 

The positional parameters of the H atoms were 
coupled to their parent atoms during the isotropic 
refinement stages, with their B values coupled to one 
another; the final values for B,,, are 5.48 and 6.06 K’ 
for A and B, respectively. The fractional coordinates 
of the non-hydrogen atoms of A and B are listed in 
Table 2. Bond distances, bond angles and hydrogen 
bond data are given in Table 3. See also ‘Supplementary 
material’. 

Results 

General considerations 
A listing of spectroscopic characteristic data is given 

in Table 4. The elemental analyses of the compounds 
were satisfactory, see ‘Experimental’. All coordination 
compounds show similar IR spectra, with only small 
shifts in some of the vibrattons. All compounds have 
nearly identical X-ray powder patterns, indicating sim- 
ilar coordination geometries for each of the complexes. 
The details of the spectroscopic data will be discussed 
after the description of the structures. 

Description of the structures of Co(itba), (A) and 
Cu(ltba), (B) 

PLUTON [12] projections of the structures of 
Co(itba), (A) and Cu(rtba), (B) with the atomic labelling 
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TABLE 2 Fractional coordmlw dnd equwalent temperature 
parameter\ of the non-hydrogen atoms of Co(ltba), (A) and 
Cu(ltba)z (B) 

Atom xla ylb zlc 

Co(ltba), (A)” 

Co(l) 0 

O(5) - 1304(8) 

O(6) -3503(11) 

C(7) -234(l) 

C(8) -204(l) 

S(9) - 1059(3) 

C(l0) -326(l) 

N(l1) -5892(11) 

C(12) -400(l) 
N(13) - 2858(9) 

C(14) -406(l) 

C(l5) -600(l) 

C(l6) -791(l) 

Cu(ltba), (B)C 

Cu(l) 0 

O(5) 1X20(4) 

O(6) 25Y4(4) 

C(7) 1702(S) 

C(8) 501(5) 

S(9) -1359(l) 

C(lO) -3140(S) 

N(11) - 2633(5) 

C(l2) - 1690(O) 
N(13) - 1694(4) 

C(l4) - 27 12(S) 
C(15) - 3296(5) 

C(l6) -4416(8) 

0 

- 1882(9) 
-2484(10) 

~ 166(l) 
-42(l) 
1336(4) 
319(l) 

2692( 12) 
172( 1) 

1792( 10) 
277( 1) 
337(l) 
4.54(Z) 

0 
1 lh2(4) 
3278(4) 
2209(5) 
2140(5) 
1318(l) 
3490(6) 
5594(5) 
3679(O) 
2692(4) 
4064(5) 
5886(S) 
7865(6) 

0 
1190(7) 
3421(a) 

276( 1) 
396( 1) 

2990(2) 
292( 1) 

82( 10) 
-80(l) 

X3(8) 
161(l) 
158(l) 
287(l) 

0 253(2) 
- llOY(2) 311(9) 
- 3207(4) 398(11) 
- 2680(4) 271(11) 
- 4064(5) 313(13) 
- 3363( 1) 289(3) 
- 3089(5) 321(13) 

lhO(5) 400( 14) 
Y22(5) 381(15) 

- 1 l’)(4) 290(10) 
~ 1631(4) 263(11) 
-1478(S) 321(12) 
- 2687(7) 48(2) 

B,,” 

206(8) 

22(2) 
37(3) 
22(3) 

31(4) 
253(9) 

33(4) 
30(3) 

28(3) 
22(2) 
lY(3) 

26(3) 
44(5) 

'BB,, = 813 72 trace U “Atomic wordmates. CoX 1, C atoms 
X lo’, others X 10d, equw‘llent thermal parameters Co, S x IO’, 
others x 10 A’ ‘Fractwndl coordinate\: Cu X 1, others x 104, 
equwalent therm,11 parameters C(16) x 10, others x 10’ A’ 

are given in the Figs 1 and 2, respectively. The unit 
cell appeared to be so small that only one molecule 
of M(ltba), could bc fitted mto the cell. In a first 
attempt the metal ton was placed on the center of 
symmetry of the primitive cell Pi. This appeared to 
be the right choice, as the other non-hydrogen atoms 
were easily found in the first run of a Fourier program 
The cobalt and copper ion are surrounded by two 
ligands m an octahedral fashion. All hke atoms are in 
tram positions as expected due to the symmetry re- 
strictions. The cobalt Ion IS In the center of a rather 
regular octahedron m which no special axis can be 
found. This 1s m contrast to the copper compound, 
where a sigmficant elongation IS found in the copper 
to sulfur dlrectlon as IS accounted for by the Jahn-Teller 
effect. The cobalt to hgand distances (Co-N 2.11; Co-S 
2.50; Co-O 2.07 A) are all comparable to similar 
complexes with tram geometry [13], whereas the cobalt 
to sulfur distances arc shorter than those for CIS bound 
thloether sulfurs (Co-S> 2 6 A) [14]. The copper to 
hgand distances (Cu-N 1.99; Cu-S 2 71; Cu-0 1 99 A) 

TABLE 3 Bond chstance\ (A), bond ‘tngle\ (“) and hydrogen 
bond data m Co(ltba)z (A) and Cu(ltba), (B) wth es d s m 
parenthe\e5 

A B 

Co( 1)-O(5) 2 065(6) Cu( 1)-O(S) 1 988(2) 
Co(l)-S(9) 2 501(2) Cu(l)-S(9) 2 7 146(8) 
Co(l)-N(13) 2 109(7) Cu(l)-N(13) 1 986(3) 

0(5)-C(7) 1 271(9) 0(5)-C(7) 1265(4) 
0(6)-C(7) 1231(9) 0(6)-C(7) 1241(4) 

C(7)<(8) 153(l) C(7)-C(8) 1529(4) 
C(8)-S(9) 1 798(Y) C(8)-S(9) 1 793(4) 
S(9)-C(10) 179(l) S(Y)-C(10) 1 808(4) 
C( IO)-C( 14) 1 SO(l) C(lO)-C(14) 1488(5) 
N(l l)-C(12) 134(l) N(ll)-C(12) 1335(5) 
N(ll)-C(15) 134(l) N(ll)-C(15) 1 374(5) 
C(12)-N(13) 1.31(l) C(12)-N(13) 1314(4) 
N(13)-C(14) 1.37( 1) N(13)-C(14) 1 383(4) 
C( 14)-C(15) 139(l) C( 14)-C(15) 1 363(5) 
C(15)-C(16) 150(l) C(15)-(‘(16) 1 489(6) 
O(5)-N( 11)” 2 911(Y) O(S)-N( 11)“’ 3 146(4) 
O(5)-H(ll)” 2 091(Y) O(S)-I-1(11)“’ 2 SH(5) 
O(6)-N(11)” 3 10(l) O(O)-N( II)“’ 2 887(4) 
O(6)-H(11)” 2 50(l) O(6)-H( 11)“’ 2 30(5) 

O(5)-Co(l)-S(9) 83 3(2) O(5)-Cu(l)-S(9) 80 99(7) 
O(5)-Co(l)-N(13) X7 3(2) O(5)-G(l)-N(13) 86 9(I) 
O(5)-Co(l)-S(9)’ 96 7(2) o(s)~Cu(l)-s(9)’ 99 Ol(7) 
O(5)-Co(l)-N(13)’ 92 7(2) O(S)-G(l)-N(13)’ 93 l(1) 
S(Y)-Co( l)-N( 13) 83 2(2) S(9)mCu(l)-N(13) 81 37(X) 
S(Y)-Co(l)-N(13)’ 96 U(2) S(Y)~<‘u(l)-N( 13)’ 9X 63(S) 
Co(l)-0(5)-C(7) 122 2(h) Cu( 1)-0(5)-C(7) 125 8(2) 
O(S)-C(7)-O(6) 124.0(8) O(5)--C(7)-O(6) 12.1 O(3) 
O(5)-C(7)-C(8) 118 Y(7) O(5)-C(7)-C(8) 121 O(3) 
O(6)-C(7)-C(8) 116 9(S) O(6)-C(7)-(‘(8) 1160(3) 
C(7)<(8)-S(9) 116.7(6) C(7)-C(8)-S(9) 117 9(2) 
Co(l)-S(9)-C(8) 94 6(3) Cu(l)-S(4)-C(8) 90 X(1) 
co(l)-s(9)~c(lo) 97 l(3) cu(l)-s(9)~C( 10) 92 O(1) 
C(8)-S(9)-C(10) 101 7(S) C(8)-S(9)-C(10) 101 S(2) 
S(9)-C(lO)-C(14) 111 Y(6) S(9)-C(IO)-C( 14) 114 7(3) 
C(12)-N(ll)-C(15) 109 7(7) C(12)-N(ll)-C(15) 1085(3) 
N(ll)-C(12)-N(13) 109 l(8) N(ll)-C(12)-N(13) 1109(3) 
Co(l)-N(13)-C(12) 130 8(6) Cu( I)-N(13)-C(12) 128 6(3) 
Co(l)-N(13)-C(14) 116 6(5) Cu(l)-N(13)<(14) 122 7(2) 
C(12)-N(13)-C(14) 107 O(7) C(12)-N(13)-C(14) 1060(3) 
C(lO)-C(14)-N(13) 122 9(7) C(lO)-C(14)-N(13) 122.0(3) 
c(1o)-C(14)~c(15) 129 4(8) C(lO)-C(14)-C(15) 128 4(3) 
N(13)-C(14)-C(15) 1075(X) N(13)-C(14)-C(15) 109 5(3) 
N(ll)-C(15)-C(14) 105 6(X) N( 1 l)-C(15)-C( 14) 10s l(3) 
N(ll)-C(15)-C(16) 123 2(8) N(l l)-C(15)-C(16) 122 6(4) 

C(14)-C(15)-C(16) 131 2(Y) C(14)-C(15)-C(16) 132 3(4) 

l--x, -y, --i, “-1 --x, -?‘, -_=, “‘--x, l-)‘, --z 

TABLE 4 Llgand field data (X lo1 cm-‘) and EPR data for 
the ltba complexes 

Fe(itba), 1s 0, 8.5 
Co(ltba), 25 9, 194, 10 8 
Nl(ltba), 27 8, 18 3, 14 4, 10 7 
Cu(ltba), 162, 127, 108 

g, 2 07, g, 2 32 (sohd, room temperature) 
g_ 2 08, gl 2 35, A,I 13 8 mT (H,O/glycol, 77 K) 
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Fig. 1 PLUTON [12] proJectIon of the compound Co(ltba),. 
Hydrogen atoms are omltted for clarity. 

Fig 2 PLUTON [12] projectIon of the compound Cu(ltba),. 
Hydrogen atoms are omltted for clarity. 

are also to be considered normal, although the copper 
to sulfur drstance falls in the shorter range for axially 
bound, semi-coordinated sulfur atoms [15, 161. 

Another significant difference in both structures 
(apart from the Jahn-Teller elongation for Cu) is found 
in the hydrogen bond interactrons. Both the coordinating 
and the non-coordinating oxygen atoms of the car- 
boxylate groups in the cobalt and the copper structure 
are more or less involved in a hydrogen bond interaction 
with the imidazole hydrogens. In the cobalt structure 
the 05 to Hll distance is the shortest (2.09 A, 06-Hll 
2.5 A) whereas in the copper compound the distance 
of the non-coordinating 06 to Hll is shorter (2.30 A, 
05-Hll 2.58 A). The differences probably result from 
packing effects. 

The imidazole rings are planar with deviations being 
smaller than 0.01 A. All distances and angles within 
the organic ligands are as expected. 

Spectroscopic data of the coordmation compounds 
The IR spectra of the M(itba), complexes are all 

very similar and show a very characteristic pattern in 

the region 1090-1250 cm-’ (three sharp peaks) and 
in the region 600-800 cm-’ (six sharp peaks). 

The compound Fe(itba), shows two distinct bands 
in its LF spectrum (at 15.0 and 8.5 X lo3 cm-‘) in 
agreement with a tetragonal high-spin iron complex 

u71. 
The ligand field spectrum of Co(itba), is in agreement 

with an octahedral geometry and resembles the spectra 
of other imidazole-throether complexes with trans sulfur 
coordination [13]. In the case of octahedral cobalt 
compounds with cis sulfur coordinatton, the ligand field 
spectra show severe drstortions from octahedral and 
will even resemble tetrahedral species [14, 181. 

For the tridentate N,S ligand 1,3-bis(5-methyl-4-im- 
idazolyl)-2-thiapropane, two isomers were formed with 
nickel salts, namely a purple compound with a very 
strong LF spectrum of which a crystal structure de- 
termination showed (surprtsingly) the two sulfur atoms 
to be cis coordinated [19] and a pink compound in 
which an all trans conformation was postulated [20]. 
The hgand field spectrum of the present lilac Nr(itba), 
strongly resembles that of the pmk [Ni(N,S),]” com- 
plexes; taking together the found tsomorphism within 
the itba compounds, the above postulatron seems to 
be proved. 

The LF spectrum of the copper compound Cu(itba), 
shows a rather sharp peak with a maximum at 16.3 X 10’ 
cm-’ and a broad peak with a maximum at 12.7 and 
a shoulder at 10.8 x lo3 cm-‘. This pattern is m good 
agreement with the observed elongated octahedron and 
resembles that of other rmidazole thioether copper 
compounds [15]. In this case no clear distinction can 
be made between CD and trans thioether coordinatron. 
However, close inspectron can perhaps discrrmmate 
whether the trans thioethers form the axial, elongated 
axis (as descrrbed m this paper) or form one of the 
equatorial shorter axes [13], but this postulation needs 
to be confirmed using other data. The EPR spectrum 
is axial, but hyperfine splitting is not observed. Attempts 
were made to synthesize copper dopes in zinc and 
cadmium, but no pure, isomorphous compounds could 
be obtained. 

Discussion 

From the analytical data, the identical IR spectra 
and the X-ray data, it can be readily deduced that the 
metal ions in all compounds M(itba), are in a similar 
trans octahedral geometry. 

In one attempt it even seemed possible to synthesize 
the cadmium complex Cd(itba),, having a similar IR 
as the other compounds. However, thus product could 
not be reproduced and successive attempts yielded 
mixtures of Cd(itba), and Hitba or just the pure ligand 
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as crystallme material. Also, attempts to synthesize the 
manganese and zinc analogs dtd not result m the 
respective rtba complexes. With copper chloride another 
compound could be Isolated: when copper chloride and 
Hrtba were combined m ethanol a gelatmous mass was 
formed, whtch after filtratton dried up to a powder. 
IR spectroscopy showed the presence of the hgand and 
analysrs indicated the compound to be [Cu(ttba)Cl]. 
The hgand field spectrum of this compound showed 
one maximum at 12.7~10~ cm-‘, indicating a square 
planar geometry of the copper ion. However, the com- 
pound could not be crystallized m a pure form and 
therefore it will not be further dtscussed. 

The nickel complex with Hitba was only formed in 
a truns geometry, no ~1s conformation was observed, 
as for the mckel compounds with the tridentate N,S 
ligand L, [ 19, 201. A schematic drawing of the discussed 
lrgands is given in Frg. 3. Other trtdentate hgands 
contaimng an ONS coordmatton bite include some Schtff 
base type hgands with S-alkyldithiocarbazate or thio- 
phenolate sulfur groups and phenolate or pyrtdme-l\i- 
oxide oxygen functions. An octahedral nickel complex 
wrth two NOS ligands L, has been reported by Ztmmer 
et al. [21]. Unlike in the itba compounds, the tridentate 
ligands in thts compound are meridlonally coordmated. 
Square planar mckel compounds with L, and pyridme 
[22] or Lj and benzenethiolate [23] have been reported 
Square planar dmuclear nickel compounds have also 
been obtained with L, m which the phenolate oxygen 
bridges the two mckel ions [24, 251. Unfortunately, rt 
did not seem possrble to make analogous four-coor- 
dmated compounds with Hitba, with the exception of 
the ill-defined copper compound described above. A 
crystal structure of a nickel complex with the N&O, 
hgand L5, with two ammes, two thtoether groups and 
two carboxylate functrons has recently been reported 
[26] Due to the restrrctrons of the ligand, the amine- 
N and throether-S atoms are cis coordinated. The nickel 

tlllha I 

-s/Y COOH N 
N ,“,,, COOH 

I-< 

Fig 3 Schematic drawmgs of the llgands dlscussed m the text 

to hgand drstances are, however, such as would be 
expected for our [Nt(itba),] compound. 

Unfortunately, due to the extremely low solubihty 
of the complexes m all tried solvents, no other mea- 
surements and studres could be undertaken. 

Conclusions 

Thts paper descrtbes a new trtdentate ligand which 
combines three btologrcally relevant functional groups, 
namely an rmtdazole, a thioether and a carboxylate 
group. The coordmatmg behavior of this hgand towards 
the transition metals iron, cobalt, mckel, copper and 
zinc has been Investigated. In all cases (except for zinc) 
extremely stable and insoluble compounds with general 
formula M(itba), were formed. Despite the general 
interest of these octahedral compounds, their extreme 
stabihty unfortunately prevented further studies re- 
garding biologically more relevant model systems. Sev- 
eral attempts to obtam complexes with a ligand to 
metal ratio of 1 1, thus creatmg reacttve snes where 
(for example) thiolate groups could bmd, have failed. 
Further studies to obtam model systems relevant for 
nickel hydrogenases will be undertaken. 

Supplementary material 

Ltsts of the fractional coordinates of the hydrogen 
atoms, anisotropic temperature factors, and lists of 
observed and calculated structure factors of A and B 
are available from the authors upon request. 
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