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Nitrile hydratase is the first and only current example of a 
metalloenzyme containing a single non-heme Fe in a mixed N/S- 
ligated coordination site.'-3 Its function is to hydrolyze nitriles 
to the corresponding amides in organisms which can live on 
R-CN as their sole C and N source. On the basis of EPR? 
MCD,5 resonance Raman, EXAFS,* and ENDOR' studies, the 
active site of nitrile hydratase is proposed to contain a 
six-coordinate, low-spin (S = ' / 2 )  Fe3+ ion ligated by two cis- 
cysteinates, three N's, and a water: 

N 

The spectroscopic properties of nitrile hydratase are pH- 
dependent, and two distinct forms (pH - 7 and pH = 9) have 
been ~haracterized.~.' The high-pH form6 appears to be identical 
to the "substrate-bound'' form on the basis of its spectroscopic 
properties.4 Two impediments to the synthetic modeling of this 
enzyme have been the ease with which ferric ions oxidize 
thiolates to disulfides and the propensity of metal thiolates to 
o l ig~mer i ze .~ .~  The small number of reported monomeric Fe- 
(111) thiolate complexes attests to this.I0-l3 Mixed N-/SR-- 
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ligated Fe(II1) systems are even rarer.I4-l6 Low-spin complexes 
of this type are extremely rare; most Fe(II1) compounds are S 
= 5 / 2  h i g h - ~ p i n ' ~ . ' ~  or, at best, exist in a S = 5 / 2  - ' / 2  spin 
equi1ibri~m.I~ Previously reported model compounds ap- 
proximate the coordination geometry and metric parameters of 
the nitrile hydratase active site but do not reproduce the spin 
state and electronic spectral proper tie^.'^ Herein we report the 
synthesis, structure, and properties of a stable low-spin Fe(II1) 
thiolate complex which is remarkably similar to nitrile hydratase 
in terms of its electronic and geometric structure. 

Thiolate-ligated [Fe*11(AMIT)2]Cl (1) was synthesizedz0 
via the Schiff-base condensation of ethylenediamine with 
a-mercaptoacetone at an Fe3+ template. This approach has 
provided access to a variety of mixed aminekhiolate S,Ny- 
ligated transition-metal complexes by our g r o ~ p . ~ ' - * ~  Al- 
though we have not yet obtained X-ray-quality crystals of l, 
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Figure 1. ORTEP diagram of [Fe"'(ADIT)2]+ (2). Selected distances 
(A) and angles (deg): Fe-S(l), 2.200(1); Fe-S(2), 2.207(1); Fe-N(l), 
1.938(2); Fe-N(2). 2.043(3); Fe-N(3), 1.938(2); Fe-N(4), 2.059(3); 
S(l)-Fe-S(2), 97.3(1); S(l)-Fe-N(2), 167.9(1); S(2)-Fe-N(4), 
168.9(1); N(l)-Fe-N(3), 175.7(1). Hydrogens are omitted for clarity. 

the structure of its methyl-substituted derivative24 [Fe"'- 
(ADIT)2]CbMeCN (2) was determined25 and is shown in Figure 
1, minus the chloro anion and cocrystallized MeCN. Methyl 
protection at the carbon a to the sulfurs appears to stabilize 2 
relative to 1. 

The structural and electronic properties of 1 and 2 closely 
match those of both the low-pH and high-pH forms of nitrile 
hydratase. For example, the crystallographically determined 
Fe-S distance (2.203(5) A) in 2 is virtually identical to the 
EXAFS-determined Fe-S distance (2.21(3) A) of the enzyme.2 
The Fe3+ ion in 2 sits in an S2N4 coordination sphere which 
consists of two cis-thiolates, two trans-imines, and two cis- 
amines. The structural feature which distinguishes 2 from most 
other Fe thiolates2h is the short mean Fe-S distance. This 
distance provided the first clue that 2 exists in a low-spin state. 
The only other example of an Fe thiolate with short Fe-S 
distances is [Fe111(Haet~aln)2]+.i6 The mean Fe-N distance in 
2 (1.99(7) A) is also short and approximately the same as that 
observed in nitrile hydratase (1.98(3) A). 

The ambient-temperature magnetic moment of 2 (,u = 1.85 
PUB)?' supports the low-spin (S = ' / 2 )  state assignment suggested 
by the short Fe-S distances, and both the solution (,u = 1.95 
p ~ )  and solid state (,u = 1.69 ,UB) magnetic moments of 1 are 
characteristic of an S = I / ?  ground state, indicating that its 
structure is probably similar to that of 2. These spin-state 
assignments were confirmed by EPR at 77 K. In a MeOW 
EtOH 9: 1 glass, compounds 1 and 2 gave signals (1, g = 2.20, 
2.16, 2.00; 2, g = 2.19, 2.13, 2.01) which closely resemble those 
of the pH = 9 form (g = 2.20, 2.12, 1.99) of nitrile hydratase.6 
The low-spin state of nitrile hydratase has been somewhat of a 
puzzle, since the majority of six-coordinate Fe(II1) compounds 
are high-~pin". '~ or exist in a spin eq~i l ibr ium. '~  With sulfur 
in the coordination sphere, it is true that x-interactions favor a 
high-spin state. However, in opposition to this, electrons would 
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Figure 2. Comparison of the electronic spectra of [Fe1['(ADIT)2]- 
C1-MeCN (2) (MeCN, 298 K) and nitrile hydratase from Breuibacterium 
sp. strain R312 at pH - 7. Inset: Reprinted with permission from ref 
3. Copyright 1986 Academic Press. 

be delocalized within the covalent Fe-S bonds (the nephelaux- 
etic effect).28 This favors a low-spin state. Perhaps there is a 
delicate balance which is dependent on the number of sulfurs 
in the coordination sphere. We are currently investigating this 
possibility. 

Perhaps the clearest demonstration of the striking similarity 
between model compound 2 and nitrile hydratase is the close 
match in their electronic spectral properties. This is illustrated 
in Figure 2. The low-energy band present in the spectra of both 
nitrile h y d r a t a ~ e ~ . ~  and 2 at ca. 700 nm appears to be a sensitive 
probe of the local coordination environment. Increasing the 
pH by ca. 2 pH units shifts this band from 710 nm ( E  - 1200) 
to 690 nm ( E  - 1200) in the enzyme.6 In model compounds 1 
and 2, replacement of H by Me at the carbon a to the sulfur 
shifts this band from 696 nm (6 - 2760) to 718 nm ( E  - 3754). 
The MCD spectral properties of models 1 and 2 are also 
nearly identical to those of nitrile hydratase, at least in the lower 
energy region, which lacks interference from imine x - n* 
 transition^.^ 

In conclusion, the close match in properties between our 
structurally characterized cis-thiolate Fe(III) model complex and 
the enzyme nitrile hydratase supports the proposed cis-cystein- 
ate-ligated Fe(II1) structure of nitrile hydratase. We are 
continuing to work on the syntheses of more exact structural 
models which contain Fe(II1) in an S2N3O environment and of 
more reactive, five-coordinate models. 
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