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A Seven-co-ordinate Dioxygen Adduct of Iron(r1) with Spin-triplet Ground State 
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Summary Oxygenation of cis-[Fe(bt),(NCS),] (bt = 2,2‘- 
bi-2-thiazoline) in non-aqueous solvents yields a product 
having properties consistent with a binuclear structure in 
which seven-co-ordinate iron(I1) ions in the triplet ground 
state are bridged by singlet dioxygen. 

RECENT studies1 of synthetic models for haemoproteins 
have demonstrated the importance of steric effects on the 
reversibility of the uptake of dioxygen. In the absence of 
steric protection of one face of the porphyrin it has been 
suggestedi * 2  that an intermediate in the irreversible autoxi- 
dation to iron(II1) products may be a binuclear species, as 
depicted in equation (l) ,  where [FeII] represents the (five- 
co-ordinate) iron(I1) complex. However, information on 

[FeII] $ [Fea-O,] ---+ [Fe=.O,.FeII] 3 Fern-products (1) 

such species is lacking. We now report the isolation of a 
product of oxygenation of a six-co-ordinate iron(I1) complex 
having properties consistent with a dioxygen-bridged 
binuclear structure. 

The cc-di-imine ligand 2,2’-bi-2-thiazoline (bt) reacts with 
Fe(C10,),.6H20 in ethanol to give the low-spin (S=O) 
complex [Fe(bt),] (ClO,), (compound A). In the presence 
of NCS- ion and in the absence of 0, the deep blue complex 
[Fe(bt),(STCS),] (compound B) is obtained. On the basis 
of the splitting (2083, 2070 cm-l) of v(C =N) of the thio- 
cyanate ligand, and of other properties, (B) is assigned a 

+ 0 2  [Fe‘II 

- 0 2  

cis-octahedral structure. It displays a temperature de- 
pendent 5T + lA spin equilibrium, the magnetic moment 
falling from 5-10 B.M. a t  T > 184 K to 1-04 B.M. at  80 K. 
Mossbauer isomer shifts (6, relative to natural iron) and 
quadrupole splittings (AE,) are 0.96 and 2.73 mm s-1 
(293 K) and 0-34 and 0.55mms-l (77 K). In these 
properties (B) is similar to analogous complexes of 2,2’- 
bipyridyl and 1, IO-phenanthr~line.~ I f  the preparation is 
carried out in the presence of 0, or if solutions of (B) in dry 
alcohol or CH,Cl, are exposed to 0, a microcrystalline 
blue-black product (compound C) is obtained? which has low 
solubility in dry organic solvents. Analysis for C, H, 0, N, 
and S indicates the stoicheiometry Fe(bt),(NCS),.O. The 
same material is obtained from reaction of Fe(NCS), with 
bt  in the presence of 0,. Apart from the occurrence of a 
very much stronger peak at  m/e = 32 in (C) the mass 
spectra of (B) and (C) are virtually identical; molecular ion 
peaks were not observed in either case. The magnetic 
moment of (C) is 3.61 B.M. per iron atom at 293 K and is 
virtually temperature independent (3.53 B.M. at  88 K). 
Mossbauer spectra clearly show the presence of one kind of 
iron atom only. These consist of a closely spaced quadru- 
pole split doublet with 6 = 0.25 and 0.35mm s-l and 
AE, = 0.30 and 0.31 mm s-1, at  293 and 77 K, respectively. 

Considered together the magnetic and Mossbauer evidence 
appears to be consistent only with the occurrence of iron(I1) 
in the triplet (S = 1) ground state. Known examples3 of 
S = 1 iron(I1) compounds have very similar magnetic and 
Mossbauer properties to those described here. It follows 

t These are complex reaction systems in which there appears to be competing and/or consecutive reactions yielding other, as yet 
unidentified, products at relative rates dependent on solute and 0, concentration, solvent, and temperature. 
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that (C) is an oxygenation and not an oxidation product of 
(B). Since (C) contains one atom of oxygen per atom of 
iron the p-dioxygen binuclear structure : [(SCN),(bt),- 
FeII-O,-FeII(bt),NCS),], in which the co-ordinateddioxygen 
is in the singlet state and the metal is seven-co-ordinate is 
proposed. This stereochemistry would readily account for 
the triplet ground state [e.g., (dx2,dy2)4, (dzy)l, (dz2-y2)1]. 

Approximately pentagonal bipyramidal iron( 11) complexes 
with quintet ground states have recently been described.* 
The alternative formulation of a p-peroxo-complex of iron- 
(111) in the S = 6 / / z  spin state is untenable; while i t  is 
conceivable that there could be antiferromagnetic exchange 
interaction between the paramagnetic centres (as in p-0x0 
dimers) this would require the magnetic moment to be 
strongly temperature dependent, given that the coupling 
constant is large enough to reduce the moment to 3-6 B.M. 
a t  room temperature. 

Supporting evidence for the proposed structure is the 
occurrence of v(C:N) as a single band a t  2065 cm-l, i.e. in the 
region characteristic of terminally bonded isothiocyanate. 
The absence of measurable splitting is suggestive of an 
approximately trans-arrangement of the two NCS- groups. 
That both NCS- ions are co-ordinated is also supported by 
the observation that no decrease in electrical resistance was 
observed on exposure to 0, of a M solution of the non- 

electrolyte (B) in 1,2-dichloroethane. The medium in- 
tensity v(C=N) stretch of the co-ordinated bt occurring in 
(B) a t  1568 cm-l is absent in (C) (as in A), an often-noted 
feature of low-spin FeII complexes of chelating cc-di-imines.5 
Otherwise the i.r. spectra of B and C are similar. No new 
band attributable to the 0=0 stretch was observed, a fact 
consistent with the symmetry of the proposed structure. 

The oxygenation of (B) to (C) is partially reversible in that 
heating (C) in vucuo for varying periods within the tem- 
perature range 160-200 “C regenerated (B) (identified by 
i.r. spectra and its unique temperature-dependent Moss- 
bauer spectra) along with a new material (D), with 6 = 0.99 
mm s-l and AE,  = 0.45 mm s-1 at  293 K, of unknown 
structure. Loss of ca.  two-thirds of the dioxygen (identified 
by mass spectra in separate experiments) between ca. 150 
and 200 “C was confirmed by thermogravimetric analysis. 

Analogous 0,-adducts of iron(I1) complexes of the related 
ligands 5,5’-dimethyl-2,2’-bi-2-thiazoline and 2,2’-bi-2- 
thiazine have been isolated. The properties and reactions 
of all these compounds will be reported more fully in due 
course. 
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