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Some silatranes have beneficial biological actions, while others 
are toxic.6 The biological properties of the new derivatives reported 
here are under investigation. 
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Figure 1. ORTEP drawing of 1-1.5CH2Cl2 showing the 55% probability 
thermal ellipsoids and atom labels for all non-hydrogen atoms (excluding 
CH2Cl2 solvate molecules). The hydrogen atoms on the formate ligands 
are included as isotropic spheres (2?„ = 1.0). Selected interatomic dis­
tances (A) and angles (deg) are as follows: FeI-Ol, 2.168 (8); Fel-02, 
2.045 (8); Fe l -04 , 2.132 (8); Fe l -06 , 2.16 (1); F e l - N l l , 2.14 (1); 
Fel-N21, 2.13 (1); Fe2-01, 2.129 (9); Fe2-03, 2.09 (1); Fe2-05, 2.07 
(1); Fe2-N31, 2.104 (9); Fe2-N41, 2.13 (1); Fel-Fe2, 3.585 (4); 0 1 -
Fe2-05, 107.9 (4); 01-Fe2-03, 88.8 (3); 01-Fe2-N41, 90.8 (4); 0 1 -
Fe2-N31, 147.3(5);03-Fe2-N41, 173.8 (4); Fel-01-Fe2, 113.1 (4). 
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In the marine invertebrate respiratory protein hemerythrin (Hr), 
two dissimilar ferrous ions, one five- and the other six-coordinate, 
cooperate to bind dioxygen reversibly (eq I).1,2 An important 
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objective in the quest for model complexes that can mimic the 
biological activity of Hr, therefore, is the synthesis of an asym­
metric diiron(II) complex3 with an open terminal coordination 
position. Accurate spectroscopic and magnetic models of the diiron 
centers in the reduced and oxidized forms of Hr containing the 
(Fe2(OR)(O2CRO2I

+ (R = H, Ph)4 and (Fe2O(O2CRO2P
+ cores,4b>5 

respectively, are currently available. None of the diiron(II) 
compounds can model the molecular oxygen binding function of 
the protein, however, because they are capped by tridentate 
N-donor ligands and thus lack an open coordination site. By using 
bidentate instead of tridentate groups as terminal ligands on the 
diiron core, one can gain access to such a site.6 Here we report 
the preparation by self-assembly of an asymmetric, triply bridged 
diiron(II) complex, 1, from ferrous ions and biomimetic carbox-
ylate and bis imidazole ligands, together with its X-ray crystal 
structure and Mossbauer and ESR spectra. Air oxidation of 1 
yields the diiron(III) complex 2, the oxo bridge of which is shown 
by resonance Raman spectroscopic experiments to derive from 
dioxygen. 

Stirring of a 1:1 mixture of Fe(02CH)2-2H207 and bis(l-
methylimidazol-2-yl)phenylmethoxymethane (BIPhMe)8 in 
MeOH with strict exclusion of air for 0.5 h gave a colorless 
solution, which, upon workup, afforded [Fe2(O2CH)4(BIPhMe)2] 
(1) as a colorless powder (91%). This formula is supported by 
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analytical data, the appearance of formate and BIPhMe vibrations 
in the FTIR spectrum, and an X-ray structure determination, 
performed on a crystal obtained from CH2C12/CH3CN, which 
revealed an asymmetric molecule with an open coordination site 
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(Figure I).9 Two Fe(II) atoms are bridged by one monodentate 
and two bidentate formate ligands. This triply bridged unit 
represents a new coordination geometry in diiron chemistry, to 
be contrasted with the known /u-oxo, /u-hydroxo, and /i-phenoxo 
diiron compounds containing supporting carboxylate bridges.1,4'5,10 

In 1, a fourth formate ion is coordinated in monodentate fashion 
to one of the metal centers (FeI), the octahedral coordination 
sphere of which is completed by ligation of two imidazoles from 
a BIPhMe molecule. In contrast, Fe2 is bonded to only five 
ligands, with a distorted trigonal-bipyramidal geometry.11 An 
additional weak interaction occurs with 07 of the monodentate 
bridging formate [Fe2---07, 2.74 (1) A]. The latter is tilted toward 
Fe2, as reflected by the differing angles Fel-01-C3 [133.3 (9)°] 
and Fe2-01-C3 [105.4 (7)°]. As expected from the lower co­
ordination number, bonds to Fe2 are shorter than analogous bonds 
to FeI by 0.03-0.07 A. 

The zero-field Mossbauer spectrum of 1 measured at 4.2 K 
contains a broad, asymmetric doublet that could be nicely fit to 
a two-site model with 5, = 1.26 (3) mm s'\ S2 = 1.25 (3) mm 
s"1, A£Q, = 2.56 (3) mm s'\ and AEQ2 = 3.30 (3) mm s"1. We 
ascribe the larger quadrupolar splitting to the pentacoordinate 
iron Fe2, which has the less symmetrical ligand environment. The 
X-band ESR spectrum at 7 K of a frozen, colorless solution of 
1 prepared under N2 in CDCl3 (5 mM) contains a broad s;gnal 
at g ~ 16 similar to that reported for a phenoxo-bridged diiron(II) 
complex40 and for deoxyHr azide.2b In addition, we observe a 
signal at g = 1.90, the origin of which is under investigation. 

Exposure of solutions of 1 in CHCl3 or CH2Cl2 to air results 
in the formation of a green-brown mixture from which green 
microcrystals of [Fe2O(O2CH)4(BIPhMe)2J-H2O (2-H2O) were 
isolated (~35%).12 The same material forms upon mixing 
equimolar quantities of Fe(02CH)2-2H20 and BIPhMe in 
CHC13/CH3CN (1:1) in air. An X-ray crystal structure deter­
mination revealed the presence of the now-familiar (/i-oxo)bis-
(jj-carboxylato)diiron(III) core in 2, with the terminal metal 
coordination sites each occupied by two imidazoles from BIPhMe 
and a monodentate formate ligand cis to the oxo bridge.13 The 
geometric parameters from the X-ray structure and the electronic, 
Mossbauer, IR, and resonance enhanced Raman spectroscopic 
data for 2 are analogous to those found for oxidized forms of Hr 
and for other complexes having similar cores.1,4"6 

The source of the oxo bridge in 2 was determined to be di-
oxygen, rather than adventitious water, by exposing a solution 
of 1 in CHCl3 to

 18O2 and monitoring the symmetric Fe-18O-Fe 
stretch of the product by resonance enhanced Raman spectroscopy. 
By comparison to the spectrum of fully 18O labeled 2, prepared 
by exchange with H2

18O, it was evident that 18O incorporation 
from dioxygen had occurred. Further spectroscopic and mech­
anistic studies of the reaction of 1 with dioxygen are underway. 
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observed reflections with F2 > Ia(F1) and 455 variable parameters, the current 
discrepancy indices are R = 0.080 and R„ = 0.100. 

(10) Synder, B. S.; Patterson, G. S.; Abrahamson, A. J.; Holm, R. H. J. 
Am. Chem. Soc. 1989, 111, 5214 and references therein. 

(11) Kepert, D. L. Inorganic Stereochemistry; Springer-Verlag: Berlin, 
1982, Chapters 4 and 5. 

(12) Anal. (C36H42N8O12Fe2): C, H, N; FTIR (KBr, cm"1) 3424, 3130, 
2937, 2832, 1617 (sh), 1590 (s), 1500, 1449, 1356, 1310, 1283, 1070, 988, 
900, 762, 725, 704; resonance Raman (X 406.7 nm, 100 mW, ~0.03 M, 
CHCl3, cm"1) *lym (Fe-O-Fe) 518, vsym (Fe-18O-Fe, by H2

18O exchange) 501; 
UV-vis (CHCl3) [Xm„, nm (eM/Fe cm"1 NT1)] 329 (3400), 354 (sh, 2900), 
448 (370), 478 (sh, 340), 520 (sh), 662 (70); Mossbauer (zero field, 4.2 K, 
mm s"1) 5 0.54 (3), A£Q 1.81 (3). 

(13) Crystal data for 2-MeOH-2H20 (C37H48N8O14Fe2, M1 = 940.53) at 
194 K: size 0.20 X 0.15 X 0.15 mm, triclinic, space group P\ (No. 2), a = 
15.215 (6) A, * = 15.401 (6) A, c = 10.133 (2) A, a = 108.70 (3)°, /3 = 96.41 
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In conclusion, with the preparation of 1, significant progress 
has been made toward modeling the geometric and spectroscopic 
properties as well as aspects of the dioxygen reactivity of diiron 
oxo proteins in their reduced forms. The uniquely bridged di-
iron(II) compound 1 contains only biomimetic imidazole and 
carboxylate ligands and a single open coordination site, features 
of deoxyHr heretofore unknown in synthetic complexes. While 
reversible dioxygen binding to 1 does not occur in solution at 
ambient temperature, an oxygen atom is incorporated upon ex­
posure of 1 to air to give 2. This chemistry is of likely relevance 
to the formation and/or functional activity of diiron oxo centers 
in the related proteins ribonucleotide reductase14 and methane 
monooxygenase.15 
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The design of molecules capable of the efficient sequence-
specific cleavage of large double-stranded DNAs would greatly 
facilitate the manipulation and mapping of genomic DNA. 
Current strategies for the selective cleavage of large duplex DNAs 
include the use of triple-helix formation1 and DNA-binding 
proteins2 to deliver oxidative cleaving agents to the sequence of 
interest. We report here the sequence-specific hydrolysis of su-
percoiled double-stranded DNA by a hybrid nuclease consisting 
of a short oligonucleotide selectively fused to staphylococcal nu­
clease.3 Plasmid pUC194 was partially denatured in order to 
facilitate hybridization of the oligonucleotide-enzyme adduct5 to 
DNA via D-loop formation6 (Figure la). Both strands of the 
substrate were then efficiently hydrolyzed by the bound hybrid 
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