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The respiratory protein hemerythrin (Hr) cycles between the 
diferrous deoxyHr and the diferric oxyHr forms. The process 
that involves a one-step two-electron transfer resulting from the 
binding of a dioxygen molecule is extremely rapid and reversible.' 
A similar redox process is ~ n k n o w n ~ - ~  among the synthetic model 
3d-5d transition-metal complexes with a (p-oxo)bis(p-carbox- 
ylato)dimetal core. This report on a new diruthenium(II1) 
complex, [{(1-MeIm)3Ru)2(~(-0)(~-02CMe)21(C104)2 (11, pro- 
vides the first electrochemical evidence for a quasireversible two- 
electron reduction process involving the tribridged core (1-MeIm 
= 1-methylimidazole). 

Complex 1 was prepared by reacting R~2Cl(pOzCMe)4~ (1 
mmol) with 1-MeIm (8 "01) in methanol (25 mL) at 25 OC 
and was isolated as a perchlorate salt.6 The molecular structure 
of 1 has been determined by X-ray crystall~graphy.~~~ The 
complex cation, shown in Figure 1, has a [Ru2(p-O)(p-O2- 

properties of 1 have been studied by cyclic voltammetry.6 The 
CMe)2J2+ core and six terminal 1-MeIm ligands. The redox (8) 
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Figwe 1. ORTEP diagrams of the complex cations in 1 (A) and 2 (B) 
along with atom numbering schema. Selected bond distances (A) and 
angles (deg) are as follows: Ru( 1)-Ru(2) = 3.266( l), Ru(l)-O( 1) - 
Ru(2)-N(9) = 2.116(9), Ru(2)-N(ll) = 2.089(10), and Ru(l)-O(l)- 
Ru(2) = 122.3(4) for complex 1 and Ru(l)-Ru(2) = 3.326(1), Ru- 

(7), Ru(2)-N(9) = 2.085(4), Ru(2)-N(11) = 2.028(5), and Ru(1)- 
0(1)-Ru(2) = 133.4(2) for complex 2. 

1.861(7), Ru(Z)-O(l) = 1.868(7), Ru(l)-N(l) = 2.041(10), RU(1)- 
N(3) = 2.156(9), Ru(l)-N(5) 2.081(9), Ru(2)-N(7) = 2.055(10), 

(1)-0(1) 1.801(4), Ru(l)-N(l) 5 2.041(5), Ru(l)-N(3) = 2.090(5), 
Ru( 1)-N(5) 2.046(5), Ru(Z)-O( 1) 3 1.820(3). Ru(2)-N(7) 2.033- 

complex in 0.1 M Bun4NC104-MeCN shows three responses near 
+1.5, +0.4, and -1.1 V vs SCE (Figure 2). The voltammogram 
appearing at 0.36 V corresponds to a reversible one-electron 
oxidation of the diruthenium(II1) unit as evidenced from the Up 
value of 60 mV, the ipc/ip. ratio of unity (v = 10-100 mV E-'), 
and a n value of 1.0 from coulometric oxidation. The quasi- 
reversible voltammetric response at 1.52 V with ipc = ip (Up = 
70-80 mV at v = 10-100 mV s-l) is assignable to the R U ~ I * R U ~ ~  
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Figure 2. (A) Cyclic voltammograms of 1 at 50 mV s-l (B) cyclic 
voltammograms for the Ru2(III,III) + Ru2(II,II) couple a t  various scan 
rates [(i) 5, (ii) 10, (iii) 20, and (iv) 50 mV s-') in MeCN-O.1 M Bun4- 
Nclo4. 

RuIV2 couple (i, and i, are the cathodic and anodic peak 
currents). The one-electron-oxidized product of 1 has been 
isolated and structurally chara~terized.~ It is interesting that the 
redox couple has excellent Nernstian behavior, even though the 
Ru-Ru and Ru-Ooxo distances and the Ru-0-Ru angle in the 
[Ruz(p-O)]* (n = 43) units aredifferent fromeachother (Figure 
1). 

The significant aspect of the present study is the observation 
of a one-step two-electron-transfer process occurring at -1.07 V 
vs SCE. The peak to peak separation (Up) of 30-50 mV at 
different scan rates u = 5-100 mV s-l, the i,/ip ratio of unity 
at various scan rates, and a n value of 2.09 from coulometric 
reduction of 1 at -1.3 V suggest the quasireversible nature of the 
Ru1112 + Rul$ couple. The electrochemical behavior of 1 is 
unprecedented in the chemistry of synthetic model complexes 
with a (p-oxo)bis(p-carboxy1ato)dimetal core, and it even differs 
considerably from that reported4a for a structurally similar 
complex, [ ( ( ~ ~ ) ~ R U } Z ( ~ - O ) ( ~ - ~ Z C M ~ ) Z ] ( P F ~ ) Z ,  for which two 
one-electron reductions occur at -0.85 and -1.4 V. Complex 1 
is unique in displaying its ability to retain the [Ru2(p-O)(p-02- 
CMe)2]"+ (n = 0-4) core structures on addition or removal of 
two electrons in the potential range +2.0 to -1.5 V vs SCE. 
Complex 1 in MeCN, on treatment with dry HCl in the 
electrochemical cell, converts to the p-hydroxo complex [{(l- 
M~I~)~RuJz(~-OH)(P-OZCM~)Z]~+, which exhibits electron- 
transfer processes at +0.44 and -0.83 V vs SCE. The hydroxo 
complex as hexafluorophosphate salt was prepared in quantitative 
yield by reacting 1 with 2 M HC1 in MeOH-H20 in the presence 
of NH4PFs. Protonation experiments monitored by visible 
spectroscopy showed a quantitative conversion of [Ru2(p-0)l4+ 
to [RUZ(~-OH)]~+ core on addition of 1 equiv of HC104 to the 
MeCN solution of 1 [Amax, nm (e, M-I cm-l): 500 (3600), 300 
(8800) in MeCN]. The protonation process is reversible. The 
variable-pH visible spectral and electrochemical measurements 
gave a pK. value of 2.45 for 1. Further studies aimed toward 
understanding the role of imidazole bases and histidine terminal 
ligands on the two-electron-transfer process are in progress. 
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(9) The complex [((~-M~I~)~R~)z(~-O)(~-O~CM~)Z](C~O~)~ (2) was pre- 
pared in quantitative yield by reacting 1 with Na&Oa in an aqueous 
medium in the presence of NaClOd. Am, nm (e. M-I cm-I) in MeCN: 
498 (10 600), 308 (10 500). The one-electron paramagnetic complex 
exhibits rhombic EPR spectrum giving gl = 2.12, g2 = 1.86, and g3 = 
1.39 in MeCN glass at 77 K. Crystals of 2. 1.5 HzO are triclinic, Pi, 
with a = 11.969(3) A, b = 12.090(6) A, c = 17.421(3) A, a = 108.93- 
(2)". @ = 84.42(2)", 
1.67 g/cm3, and ~ ( M o  Ka) = 9.01 cm-l. Structure solution methods 
were similar to those for 1. Residuals are R = 0.060 and R, = 0.075 
(g - 0.004 342) for 6767 data with I > 3 4 ) .  One 1-MeIm ligand in 
the structure has a 1:l orientational disorder. The atoms C(20) and 
C(20)' were refined with a site occupancy factor of 0.5. 

105.97(2)", V =  2292(1) A', Z p 2, daw 




