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The iron-only hydrogenase (Fe H2-ase) enzymes are responsible for hydrogen 
oxidation and proton reduction in microorganisms,l The active site (H-cluster) contains a 
ferrodoxin-like [Fe4S4] cluster bound to a unique two-iron sub-cluster with dithiolate. 
carbonyl, and cyanide ligands (Figure 1).' The two-iron unit is thought to be site of
dihydrogen and proton binding. The dithiolate ligand probably contains a central atom 
capable of hydrogen bonding;' DFT calculations favor assignment of NH for X.' 

A series of structural models for the H-cluster based on the dianion 
[Fe,(S,C,H.)(CN),(CO)4t, initially reported by Schmidt, Contakes, and Rauchfuss: 
were prepared in an attempt to fully explore the characteristics of the mixed cyano
carbonyl compounds. Of special interest were the details of the cyanide substitution 
reaction.'" Treatment of MeCN solutions of Fe,(S,C,H.)(CO)l' with two equiv of CN" 
gave [Fe,(S,C,H.)(CN),(CO)41" compounds; furthermore, treatment of 
Fe,(S,C,H.)(CO), compounds with less than two equiv of CN' gave predominantly 
[Fe,(S,C,H.)(CN),(CO)4t and unreacted Fe,(S,C,H.)(CO),. The mechanism of the CN' 
-for-CO substitution was probed as follows: (i) excess CN' with a 1 :  1 mixture of 
Fe,(SMe),(CO), and Fe,(SC,H.Meh(CO), gave no mixed thiolates, (ii) treatment of 
Fe,(S,C,H.)(CO), with Me,NO followed by CN' gave [Fe,(S,C,H.)(CN)(CO),J', (iii) 
treatment of Fe,(S,C,H.)(CO), with CN' in the presence of excess PMe, gave 
[Fe,(S,C,H.)(CN)(CO).(PMe,)r much more rapidly than the reaction of PMe, with 
[Fe,(S,C,H.)(CN)(CO),]', and (iv) a competition experiment showed that CN' reacted 
with Fe,(S,C,H.)(CO), more rapidly than with [Fe,(S,C,H.)(CN)(COH. 

A new functional model for the proton reduction activity of the H-cluster was 
obtained as a result of the above mechanistic study. Early models for the H-cluster of the 
Fe H,ase enzymes, [Fe,(SR),(CNh(CO)4l" compounds, were unstable in the presence of 
excess acid, and therefore could not be utilized for catalytic .proton reduction.4,9,lo
Electrolysis of a solution of (Er.N)[Fe,(S,C,H,,)(CN)(CO).(PMe,)] (Figure 2) and 
sulfuric acids in MeCN produced H2 in ca. 100% Faradaic yield, corresponding to six 
turnovers for the bulk solution. The activity of this compound was comparable to other 
proton reduction catalysts11,l2 and it exhibited a significantly lower overpotential than
many of such systems." The anion [Fe,(S,C,H.)(CN)(CO).(PMe,)r was protonated by 
sulfuric or toluenesulfo;;ic acid to give HFe,(S,C,H.)(CN)(CO).(PMe,).'4.lS 

Spectroscopic and electrochemical measurements indicated that 
HFe,(S,C,H.)(CNXCO).(PMe,) could be further protonated at nitrogen to give 
[HFe,(S,C,H.)(CNH)(CO).(PMe,)t. Electrochemical and analytical data showed that 
reduction of [HFe,(S,C,H.)(CNH)(CO).(PMe,)t gave H, and 
[Fe,(S,C,H.)(CN)(CO).(PMe,)r. Parallel electrochemical studies on 
[HFe,(S,C,H.)(CO).(PMe,ht in acidic solutions led also to catalytic proton reduction. 
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The [HFe,(S,C,Ho)(CO),(PMe,hr I[HFe,(S,C,Ho)(CO),(PMe,hl couple is 
reversible, whereas the 
[HFe,(S,C,Ho)(CNHXCO),(PMe,)r I[HFe,(S,C,HoXCNHXCO),(PMe,) 1 couple is not, 
due to the efficiency of the latter as a proton reduction catalyst. Experimental studies in 
conjunction with DFf calculations establish that the regiochemistry of protonation was 
subtly dependent on the co-ligands. 

While [HFe,(S,C,Ho)(CNHXCO),(PMe,)r is an active catalyst for proton 
reduction, it isnot sufficiently stable in its oxidized fonn to bind Hz. Therefore, new 
structural models for the Hz-oxidizing state of the H-cluster are being investigated. OUf 
most recent success in synthesizing Fe-Fe bonded model complexes with 2 e' bridging 
ligands will be presented (Figure 3). 
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