
Inorganica Chimica Acta, 196 (1992) 43-48 43 

Low-spin iron(II1) complexes of a tetradentate bis-amide ligand 
and X-ray crystal structure of trans-[Fe(bpc)(l-MeIm),]ClO, 
(H,bpc = 4,5-dichloro-1,2-bis(2-pyridinecarboxamido)benzene; 
1-MeIm = 1-methylimidazole) 

Chi-Ming Che *, Wa-Hung Leung, Chi-Keung Li 
Department of Chemistry, Universi~ of Hong Kong Pokjklam Road, Hong Kong (Hong Kong) 

Hei-Ying Cheng and Shie-Ming Peng 
Department of Chembby, National Taiwan University, Taipei (Taiwan) 

(Received November 8, 1991; revised March 2, 1992) 

Abstract 

A series of low-spin iron(II1) complexes [Fe(bpc)(L),]+ (H,bpc=4,5-dichloro-l,Z-bis(2-pyridinecarboxamido)- 
benzene; L=Bu,P, Im, 1-MeIm, ‘Bupy) have been synthesized. These iron complexes display reversible one- 
electron oxidation and reduction couples. The stable one-electron-oxidized species [Fe(bpc)(Bu,P),]*+ has been 
generated electrochemically. -The complex rrarzs-[Fe(bpc)(l-MeIm),](ClO,) has been characterized by X-ray 
crystallography: space groupP1; a =8.42.5(l), b = 9.512(l), c = l&413(19) A; (~=96.91(4), /3=95.83(4), y=90.44(1)“; 
V= 1457(2) A3; Z=2. 

Introduction 

It is well known that iron complexes are involved in 
many biological reactions, such as the damage of DNA 
by bleomycins [l] and dioxygen activation by monooxy- 
genase and dioxygenase [2]. Thus the design of iron 
complexes having simple organic ligands is of consid- 
erable importance because such attempts would allow 
precise structure determination and correlation between 
the structure and various spectroscopic properties. 

In the absence of strong field ligands, iron(II1) com- 
plexes are usually high spin in their electronic ground 
states. Recent works by us [3] and others [4-61 indicated 
that the deprotonated form of an organic amide is a 
good u donor which forms stable complexes with tran- 
sition metal ions. Herein is described the synthesis, 
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spectral and redox properties of some low-spin iron(II1) 
complexes of a tetradentate ligand HZbpc and the 
molecular structure of trans-[Fe(bpc)(l-MeIm),](ClO,) 
(H,bpc = 4,5-dichloro-1,2-bis(2-pyridinecarboxamido)- 
benzene; 1-MeIm = 1-methylimidazole). Since the com- 
pletion of this work, Valentine and co-workers reported 
the structure and catalytic activities of a related iron(II1) 
bisamide complex [Fe(bpb)Cl,]- (H,bpb = 1,2-bis(2- 
pyridinecarboxamide)benzene) [7]. 

Experimental 

Physical measurements 
UV-Vis spectra were obtained on a Shimadzu UV- 

240 spectrophotometer. IR spectra were obtained as 
nujol mulls on a Nicolet 20SXC FTIR spectrophotom- 
eter. Magnetic susceptibility was determined by Gouy’s 
method using Hg[Co(SCN),] as calibrant. Elemental 
analyses were performed by Butterworth Laboratories 
Ltd. 

Electrochemisby 
Acetonitrile (AR, Ajax) was distilled from KMnO, 

and CaH,. Tetrabutylammonium fluoroborate (South- 
western analytical chemicals) was dried in vacua at 100 
“C. Cyclic voltammetry and constant potential elec- 
trolysis were performed on a Princeton Applied Re- 
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Fig. 2. ORTEP plot of the [Fe(bpc)(l-MeIm)2]f cation. 

shorter than the latter; this is understandable because 
of the high-spin nature of the latter complex. The bond 
lengths and angles of the bpc ligand are normal [12]. 

Electrochemistry 

Figure 3 shows the cyclic voltammogram of 
f~+wW~u&1 + in acetonitrile. Two reversible/quasi- 
reversible one-electron couples at Ct.61 and -0.64 V 
versus ferrocenium-ferrocene were found. The reduc- 
tion couple at -0.64 V is metal centred 
(Fe(III) i-e -+ FefII)) since the bpc ligand is electro- 
chemically inactive in the potential range 0 to - 1.5 
V in acetonitrile [3a, 3b, 121. Rest&s of the scan rate 
dependence of the oxidation couple showed that the 
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Fig. 3. Cyclic voltammogram of [Fe@pc)(PBu&]+ in acetonitrile. 
Working electrode, edge plane pyrolytic graphite: scan rate, 100 
mV/s; supporting electrolyte, 0.1 M fBu,N]BF,. 

electrode reaction is a simple one-electron transfer 
process. Between scan rates of 20-200 mV/s, the peak 
to peak separation AE of 60-70 mV and the current 
function i,,lv’” are relatively independent of scan rates. 
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TABLE 4. Redox potentials of some Fe(III), Cr(II1) and 
Co(III)-bpc complexes 

Complex E” (V vs. Cp,Fe+/O) 

Oxidation Reduction 

[Fe(bpc)(PBu,),l(CIO,) 0.61 -0.64 
PWw)(W&C~04) 0.64 -0.57 
[Fe(bpc)(l-MeIm),](ClO.,) 0.62 -0.54 
[Fe(bpc)(‘Bupy),l(C10,) 0.58 
[Co@Pc)(PY)zl(CiQ) 0.91 -0.53 
[Cr(bpc)(‘Bupy),l(CIO,)b 0.80 

Scan=100 mV/s, Supporting electrolyte: 0.1 M [Bu4N]BF4 in 
CH&N. “Ref. 12. bRef. 3e. 

A similar electrochemistry has been found for other 
IWbpW421 + complexes. The electrochemical data 
are listed in Table 4. For [Fe(bpc)(PBu&]‘, constant 
potential coulometry at 0.7 V versus Ag/AgNO, showed 
that n = 1.1, establishing a one-electron oxidative pro- 
cess. The oxidized product was stable in acetonitrile 
and could be reduced back to the starting Fe(II1) 
complex by hydrazine with over 95% recovery. Its 
UV-Vis spectrum shown in Fig. 1 has broad absorptions 
in the region 500-800 nm, which is characteristic of 
the cation radical of l,%-diaminobenzene ring. A similar 
UV-Vis spectrum has also been found for the one- 
electron oxidized form of [Co(bpb)(py),]+ [12]. From 
Table 4, it is obvious that the one-electron oxidation 
potentials of h-uns-[Fe(bpc)(L),]+ (L=py, tBupy) are 
about 150 mV lower than that for the isostructural 
cO(II1) [12] and Cr(II1) [3e] analogues. This may suggest 
that in the [Fe(bpc)(L),] + complexes, the redox orbital 
responsible for the oxidation has more contribution 
from the metal centre than that in the cases of Co(II1) 
and Cr(II1). 
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