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3, R= H 

4, R= NO2 

5, R= NH2 

CH3 

6, R= N H - N = C-COOEt 

could be separated by recrystallization from acetone-ethanol, mp 
>230 0C sublimes (37%). Hydrogenation of 4 in ethanol over 
10% Pd/C followed by filtration into 1 N HCl and evaporation 
afforded the amine hydrochloride11 5 (93%). Treatment of 5 with 
1 equiv of aqueous HCl and sodium nitrite (5 0C for 10 min) 
yielded the diazonium salt which was added to a stirred ethanolic 
solution of 1.2 equiv of ethyl a-methylacetoacetate and potassium 
hydroxide at 0 0C. After 18 h at 4 0C 611 was isolated by ether 
extraction (18%). Cyclization and transformation of the nitrile 
function to an ester function (Pinner synthesis) to yield the indole11 

7 was carried out in one step by stirring a solution of 6 in saturated 

CO2H 

ethanolic HCl for 3 days followed by evaporation and addition 
of water (77%). Oxidation of the o-quinone 8 was accomplished 
by adding an aqueous solution of eerie ammonium nitrate (5.5 
equiv) to a suspension of 7 in acetonitrile at 5 0C. Evaporation 
to low volume and addition of water yielded the crude o-quinone 
(51%). Recrystallization from acetonitrile afforded 812 as 
bright-orange flakes mp 314-316 0C (darkens >300 0C). TLC 
(silica gel with methylene chloride-ethanol 9:1) shows single spot 
Rf OJ4; UVmax (CH3CN) 220 (e 13 000), 242 (« 15 500), 275 (e 
25 200), 308 sh (« 15 800), 318 sh (e 16700) 329 nm (t 17600). 
Hydrolysis of 8 was accomplished by stirring in concentrated 
hydrochloric acid at 100 0C for 20 h to precipitate 9-decarb-
oxymethoxatin13 (20x) as an orange-brown solid after filtration, 
washing with water and acetone, and drying (86%). TLC (reverse 
phase with water-ethanol-triethylamine 70:30:1) shows single spot 
Rf 0.9; UVmax (H2O) 243 (e 20 900), 275 (e 30 600), 315 nm (s 
17 700). 

The macroscopic pKB values of 20X (eq 1) were determined by 

PK1-2.9 pK , - l -6 

spectral titration between H0 = -4.4 (315 nm) and pH 4.29 (315 
and 275 nm). 

Equilibrium complexing of Cd2+ with 20X and 90x was studied 
at pH 4.0 (n = 1.0 with NaClO4) by the procedure of Walker.14 

A plot of In (A0 - Ax)J(Ax - A„) vs. In [Cd2+] provided stoi-
chiometry of 1/1 as slope and K = 1.9 X 1O 4 M" 1 (330 and 315 
nm) as intercept. This may be compared to K = 3.5 X 107 M"1 

for 1:1 complexing of Cd2+ by a-picolinic acid.5 No complexation 
of Cd2+ by 90X could be detected. Thus, although the pyridine 

(11) 1H NMR, IR, and mass spectral data were obtained for each inter
mediate and were in full agreement with the postulated structure. 

(12) Additional data for 8 are as follows: 'H NMR (Me2S(W6) S 1.34 
(3 H, t, CH3), 1.36 (3 H, t, CH3), 4.33 (2 H, q, CH2), 4.42 (2 H, q, CH2), 
7.19 (1 H, s, H3), 8.27 (1 H, d, H8), 8.85 (1 H, d, H9), 13.42 (1 H, s, NH) 
exchangeable. Anal. Calcd for C17H14N2O6: C, 59.65; H, 4.09; N, 8.19. 
Found: C, 59.80; H, 4.15; N, 8.45; IRmas 1660, 1720, 3500 cm"1. 

(13) Additional data for 2 are as follows: 1H NMR (Me2S(W6) 6 7.15 
(1 H, s, H3), 8.24 (1 H, d, H8), 8.22 (1 H, d, H9), 13.35 (1 H, s, NH) 
exchangeable. Anal. Calcd for C13H6N2O6-V2H2O: C, 52.88; H, 2.37; N, 
9.49. Found: C, 53.03; H, 2.55; N, 9.38. IRmax 1600, 1700 cm"1. 

(14) Walker, F. A.; Lo, M.-W.; Ree, M. T. J. Am. Chem. Soc. 1976, 98, 
5552. A = absorbance of free ligand; Ax = absorbance at each metal ion 
addition; A„ = absorbance of fully complexed ligand. 

nitrogen and C(7) carboxyl functions of 20X are only very weakly 
basic, 20X is a reasonable metal-complexing agent. By using the 
same plotting technique to determine the binding of Cu2+ to 20x, 
there was obtained a slope of 1.5/1, interpretable as the formation 
of a (20X)2(Cu2+)3 complex (K = 4 X 107 M"4). 

Examination of Stuart-Briegleb molecular models and con
siderations of functional group basicity assures us that lred and 
2red will behave as strong tridentate metal-complexing agents. 
Since metal ion binding to lrKi and 2red should be much greater 
than to I0x and 20x, metal ions may well play a catalytic role in 
the reduction of these quinones (eq 2). Availability of 20x in 

(2) 

reagent quantity has made it possible to undertake our current 
studies to determine: (i) the complexing constants of various metal 
ions with 20X and 2red; (ii) modes of interaction of metal ions with 
the radical 2rad; (iii) the influence of metal ion binding upon the 
electrochemical potentials and rates of stepwise Ie" reduction of 
20X to 2rad and 2red. The results of these studies will be reported 
as full papers. 

Acknowledgment. This work has been supported by a grant 
from the National Institutes of Health. E.J.R. expresses gratitude 
to the University of California for a Graduate Opportunity 
Fellowship. 

The Valence a Ionization in Systems with Multiple 
Metal-Metal Bonds 

Edward M. Kober and Dennis L. Lichtenberger* 

Department of Chemistry, University of Arizona 
Tucson, Arizona 85721 

Received June 20, 1985 

Chemical systems containing multiple bonds between metal 
atoms have provided many theoretical and synthetic challenges.1 

Photoelectron spectroscopy (PES) has played an important role 
in the experimental investigation of their electronic structure,2 

particularly for the ir- and 5-type bonds.3"8 However, an ionization 
associated with a <r bond has not been firmly identified, although 
a sharp "extra" ionization (fwhm 0.3 eV) in the PES of W2-

(1) (a) Cotton, F. A.; Walton, R. A. "Multiple Bonds Between Metal 
Atoms"; Wiley: New York, 1982. (b) Templeton, J. L. Prog. Inorg. Chem. 
1979, 26, 211-300. 

(2) (a) Reference la, pp 415-425 and references therein, (b) Cowley, A. 
H. Prog. Inorg. Chem. 1979, 26, 26-33. 

(3) (a) Cotton, F. A.; Norman, J. G., Jr.; Stults, B. R.; Webb, T. R. J. 
Coord. Chem. 1976, 5, 217-223. (b) Coleman, A. W.; Green, J. C; Hayes, 
A. J.; Seddon, E. A.; Lloyd, D. R.; Niwa, Y. J. Chem. Soc, Dalton Trans. 
1979, 1057-1064. (c) Garner, C. D.; Hillier, I. H.; Knight, M. J.; MacDowell, 
A. A.; Walton, I. B. J. Chem. Soc., Faraday Trans. 2 1980, 76, 885-894. (d) 
Garner, C. D.; Hillier, I. H.; MacDowell, A. A.; Walton, I. B.; Guest, M. F. 
Ibid. 1979, 75, 485-493. (e) Berry, M.; Garner, C. D.; Hillier, I. H.; Mac
Dowell, A. A.; Walton, I. B. Chem. Phys. Lett. 1980, 70, 350-352. 

(4) Lichtenberger, D. L.; Blevins, C. H., II J. Am. Chem. Soc. 1984, 106, 
1636-1641. 

(5) (a) Bancroft, G. M.; Pellach, E.; Sattelberger, A. P.; McLaughlin, K. 
W. J. Chem. Soc, Chem. Commun. 1982, 752-754. (b) Sattelberger, A. P. 
In "Inorganic Chemistry: Towards the 21st Century"; Chisholm, M. H., Ed.; 
American Chemical Society: Washington DC, 1983; pp 291-300. 

(6) Bursten, B. E.; Cotton, F. A.; Cowley, A. H.; Hanson, B. E.; Lattman, 
M.; Stanley, G. G. J. Am. Chem. Soc 1979, 101, 6244-6249. 

(7) Cotton, F. A.; Hubbard, J. L.; Lichtenberger, D. L.; Shim, I. J. Am. 
Chem. Soc. 1982, 104, 679-686. 

(8) Blevins, C. H., II Diss. Abstr. Intl., B 1984, 45, 1186. (See Chapters 
5 and 6.) 
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Figure 1. Close-up HeI PES showing metal-based ionizations of (A) 
Mo2(OCHMe2)6, (B) Mo2(OCH2CMe3)6, (C) Mo2(OCMe3),;, and (D) 
W2(OCMe3)6. 

Table I. Peak Maxima, Widths, and Relative Areas of the Metal 
Ionizations 

compound maxima (fwhm), eV i r /V 

Mo2(OCHMe2)6 

Mo2(OCH2CMe3)6 

Mo2(OCMe3J6 

W2(OCMe3J6 

7.33 (0.69) 
7.46 (0.69) 
6.79 (0.74) 
6.27 (0.82) 

7.99 (0.35) 
8.08 (0.36) 
7.80 (0.43) 
7.79 (0.40) 

2.4 
2.1 
2.0 
2.0 

"Determined by best-fit least-squares analysis with asymmetric 
Gaussian peaks.14 'Relative area of the ir and a ionizations. 

(02CCF3)4 has been put forward as a possibility.5 We have 
observed a similar ionization feature in the spectra of other 
W2(<T27T4<52) dimers.7"9 Two arguments against assignment of this 
feature to the a ionization have been that (1) the band is too 
narrow to represent the ionization of a supposedly strongly a-
bonding electron8-10 and (2) SCF-Xa-SW calculations predict 
that the u-based ionization should occur at a much higher en
ergy.7'11 Other assignments for this sharp ionization feature have 
been suggested.6"10 Herein we report evidence supporting the 
assignment of this ionization to the 2Ag (<r) state and briefly discuss 
the implications of this assessment. 

Molecules of the type M2(OR)6 contain a triple bond (<T27T4) 
and the PES of one complex (M = Mo, R = CH2CMe3) clearly 
identified the a and ir ionizations.12 The spectra of this and three 
similar complexes (M = Mo, R = CHMe2, CMe3; M = W, R 
= CMe3)13 obtained under conditions of higher resolution and 
signal to noise14,15 are shown in Figure 1. The spectra are all 

(9) Lichtenberger, D. L. Abstr. Pap—Am. Chem. Soc. 1984, 187th, 
INOR 48. 

(10) Lichtenberger, D. L. In ref 5b, p 301. 
(11) (a) Cotton, F. A.; Kalbacher, B. J. Inorg. Chem. 1977,16, 2386-2396. 

(b) Norman, J. G., Jr.; Kolari, H. J.; Gray, H. B.; Trogler, W. C. Ibid. 1977, 
16, 987-993. (c) Norman, J. G., Jr.; Kolari, H. J. J. Am. Chem. Soc. 1975, 
97, 33-37. (d) Bursten, B. E.; Cotton, F. A.; Fanwick, P. E.; Stanley, G. G. 
Ibid. 1983,105, 3082-3087. (e) Sattelberger, A. P., personal communication. 

(12) (a) Cotton, F. A.; Stanley, G. G.; Kalbacher, B. J.; Green, J. C; 
Seddon, E.; Chisholm, M. H. Proc. Natl. Acad. Sci. U.S.A. 1977, 74, 
3109-3113. (b) Bursten, B. E.; Cotton, F. A.; Green, J. C; Seddon, E. A.; 
Stanely, G. G. J. Am. Chem. Soc. 1980, 102, 4579-4588. 

(13) (a) Mo2(OR)6 species were prepared as described in: Chisholm, M. 
H.; Cotton, F. A.; Murillo, C. A.; Reichert, W. W. Inorg. Chem. 1977, 16, 
1801-1808. (b) W2(OR)6 was prepared according to: Schrock, R. R.; Lis-
temann, M. L.; Sturgeoff, L. G. / . Am. Chem. Soc. 1982, 104, 4291-4293. 
See also: Akiyama, M.; Chisholm, M. H.; Cotton, F. A.; Extine, M. W.; 
Haitko, D. A.; Little, D.; Fanwick, P. E. Inorg. Chem. 1979,18, 2266-2270. 

(14) (a) Calabro, D. C; Hubbard, J. L.; Blevins, C. H., II; Campbell, A. 
C; Lichtenberger, D. L. J. Am. Chem. Soc. 1981, 103, 6839-6846. (b) 
Hubbard, J. L.; Lichtenberger, D. L. Ibid. 1982, 104, 2132-2138. 

(15) The spectra were collected by heating the compounds to their subli
mation temperatures: Mo2(OCHMe2)6 80 0C, Mo2(OCH2CMe3)6 110 °C, 
Mo2(OCMe3),; 90 0C, W2(OCMe3)6 100 0C. The latter two compounds 
exhibited slight and extensive decomposition, respectively, at these tempera
tures as evidenced by the appearance of ionization bands characteristic of 
isobutylene. This did not interfere with the metal-based ionizations that occur 
at lower energies. The resolution as measured by the fwhm of the reference 
Ar 3p ionization was typically 0.025-0.035 eV. 

similar to the one reported previously,12 showing oxygen lone pair 
ionizations between 8.5 and 11.0 eV and metal-based ionizations 
at less than 8.5 eV. The band characteristics of the metal-based 
ionizations are summarized in Table I. 

The broad lower energy component of the metal-based ioni
zations is assigned to the ir ionization, while the higher energy, 
sharper band is assigned to the <x ionization. Both SCF-Xa-SW12 

and Fenske-Hall16 MO calculations cleanly place the a and -K 
ionizations at lowest energy for these complexes, with the x oc
curring at about 1 eV lower energy than the a. These ionizations 
are well removed from the oxygen lone pair ionizations and less 
than 20% metal-ligand mixing is calculated to be present. The 
relative areas of the ir/<r ionizations are found to be approximately 
2:1 in agreement with a calculated prediction.12 

The half-widths of the ir ionizations (fwhm ca. 0.7 eV) are 
similar to those observed for species with quadruple bonds3"8 and 
are consistent with the orbital being strongly bonding. This 
ionization gives rise to a 2E11 state (D3d symmetry) which will split 
through spin-orbit interaction into E1/2 and £3/2 components.6-10,17 

Without further interactions the splitting would equal X, the 
metal's spin-orbit coupling constant. The increase in half-width 
of the ir ionization in going from Mo to W is approximately 0.1 
eV, and can be largely accounted for by the increase in spin-orbit 
coupling constant from Mo to W (XMo = 0.1 eV, Xw = 0.2-0.3 
eV).18 The possibility that the second, sharp band might be a 
spin-orbit component of the ir ionization (as has been suggested 
in other systems)7"9,17 is untenable in the present case. The as
signments of the a and TT ionizations are thus strongly supported. 

The significant observation is the narrow width of the cr-based 
ionization (fwhm 0.4 eV). This ionization is much narrower than 
the 7T ionization and is about the same width as the ionization of 
the weakly bonding 5 orbital of species with metal-metal quadruple 
bonds.3"8 This narrow width shows that the bond distance changes 
occurring with removal of the cr-orbital electron are relatively 
small, as though this orbital is weakly bonding at best. The origin 
of this unexpected result lies in the close contact of the two atoms, 
which causes a substantial overlap and consequent repulsive in
teraction between the valence ndz2 orbital of one metal with the 
outer core ns and «pz orbitals of the other metal (n = 4 for Mo 
and n = 5 for W). To help appreciate the significance of this 
interaction, we have calculated the overlap integrals between the 
outer core and valence atomic orbitals of two metals separated 
by 2.22 A.19 The ndz2 overlaps with ns and «pz orbitals on the 
neighboring metal atom are about 0.12 and are essentially the 
same as the «dz2 - ndp overlap. The ionization of a valence a 
electron reduces this valence repulsion with the outer core, and 
as a result the metal-metal distance does not increase as one would 
normally expect for removal of an electron from a <r bonding 
orbital. This valence a interaction with the outer core also serves 
to destabilize the valence a level such that its ionization occurs 
in close proximity to the ir ionization. 

Calculations based on the LCAO approach predict20,2' the close 
proximity of the a and ir ionizations for both triple and quadruple 
metal-metal bond complexes. In addition, recent calculational 
results of Ziegler22 on the equilibrium geometries of the ground 
and ionized states of various systems with triple or quadruple 
metal-metal bonds are consistent with the sharpness of the <r 
ionization band we observe. These calculations indicate that 
ionization from the valence a orbital results in either no change 

(16) Kober, E. M.; Lichtenberger, D. L., unpublished results. 
(17) Arratia-Perez, R.; Case, D. A. Inorg. Chem. 1984, 23, 3271-3273. 
(18) Figgis, B. N. "Introduction to Ligand Fields"; Wiley: New York, 

1966; p 60. 
(19) The basis functions were best fit STO's of Herman-Skillman wave-

functions. See: (a) Bursten, B. E.; Jensen, J. R.; Fenske, R. F, J. Chem. Phys. 
1978, 68, 3320-3321. 

(20) Manning, M. C; Holland, G. F.; Ellis, D. E.; Trogler, W. C. J. Phys. 
Chem. 1983, 87, 3083-3088. 

(21) (a) Guest, M. F.; Garner, C. D.; Hillier, I. H.; Walton, I. B. J. Chem. 
Soc, Faraday Trans. 2 1978, 74, 2092-2098. (b) Hillier, I. H.; Garner, C. 
D.; Mitcheson, G. R.; Guest, M. F. J. Chem. Soc, Chem. Commun. 1978, 
204-205. (c) Benard, M. J. Am. Chem. Soc. 1978, 100, 2354-2362. 

(22) (a) Ziegler, T. / . Am. Chem. Soc. 1984, 106, 5901-5908. (b) Ziegler, 
T. Ibid. 1985, 707, 4453-4459. 
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or a slight decrease in metal-metal separation. By way of contrast, 
the SCF-Xa-SW method predicts the a ionizations should occur 
at least 2 eV to higher energy than the -K ionizations for systems 
with quadruple bonds.7''0'17'23 We and others have found the latter 
result to be extremely dependent on the sphere radii selected.16,24 

The use of the atomic spheres within which only a spherically 
symmetric potential is felt25 apparently dilutes the very directional 
«dr2-«s,npz interaction so that the SW approach is inappropriate 
for this particular problem. 

This work clearly demonstrates the narrow width of the a 
ionization in systems with metal-metal triple bonds. This is 
experimental support for the calculational results of Ziegler22 and 
by analogy indicates that the "extra" sharp ionization band of 
W2(O2CCF3^ is due to ionization of the valence a orbital.5 

Additionally, the relative shifts of the ir and a ionizations in going 
from W2 to Mo2 observed here suggest that these ionizations are 
coincident in quadruply bonded Mo2 species as suggested by 
others.21 These relative shifts are supported by related work on 
the mixed-metal systems MM'(02CR)4 and MM,Cl4(PMe3)4 (M, 
M' = Mo, W).8'26 

Acknowledgment. We thank A. P. Sattelberger for commu
nicating results in advance of publication and acknowledge the 
Department of Energy, Contract DE-AC02-80ER10746, and the 
University of Arizona for partial support of this work. 

(23) (a) Reference la, pp 356-389. 
(24) Sattelberger, A. P., unpublished results. 
(25) (a) Case, D. A. Annu. Rev. Phys. Chem. 1982, 33, 151-171. (b) 

Slater, J. C. "The Self-Consistent Field for Molecules and Solids"; 
McGraw-Hill: New York, 1963; Vol. 4. 

(26) Lichtenberger, D. L.; Kober, E. M.; Blevins, C. H., II; McCarley, R. 
E.; Carlin, R. T.; Sattelberger, A. P., manuscript in preparation. 

Aqueous Electrochemistry of trans-(py)4Rev(0)2
+. 

Electrocatalytic Reductions Based on Rhenium(II) 

David W. Pipes and Thomas J. Meyer* 

Department of Chemistry, University of North Carolina 
Chapel Hill, North Carolina 27514 

Received May 29, 1985 

We have previously reported that for polypyridyl aqua com
plexes of Ru and Os, five oxidation states (M"-MVI) are accessible 
in the same coordination environment over a relatively narrow 
potential range (~0.7 V).1 The higher oxidation states are 
stabilized by proton loss and metal-oxo formation, e.g., 
(bpy)20sVI(0)2

2+ (bpy is 2,2'-bipyridine), and have an extensive 
stoichiometric and catalytic chemistry as oxidants.2 We report 
here that an equally diverse redox chemistry exists for Re in a 
closely related coordination environment, however, Re(V) is the 
stable oxidation state as ?/-««.r-(py)4Rev(0)2

+ 3 (py is pyridine) 
and reduction leads to strongly reducing aqua complexes, which 

(1) (a) Pipes, D. W.; Meyer, T. J. J. Am. Chem. Soc. 1984,106, 7653. (b) 
Takeuchi, K. J.; Samuels, G. J.; Gersten, S. W.; Gilbert, J. A.; Meyer, T. J. 
Inorg. Chem. 1983, 22, 1407. 

(2) (a) Moyer, B. A.; Thompson, M. S.; Meyer, T. J. /. Am. Chem. Soc. 
1980,102, 2310. (b) Thompson, M. S.; Meyer, T. J. J. Am. Chem. Soc. 1982, 
104, 4106; (c) Ibid. 1982,104, 5070. (d) Ellis, C. D.; Gilbert, J. A.; Murphy, 
W. R„ Jr.; Meyer, T. J. J. Am. Chem. Soc. 1983, 105, 4842. 

(3) (a) The complex lrans-(py)AKev(0)2
+ was prepared by the method of 

Wilkinson et al. (Wilkinson, G.; Johnson, N. P.; Lock, C. J. K. J. Chem. Soc. 
1964, 1054-1066) except that the Cl" salt obtained was converted to the ClO4" 
salt by dissolution in H2O and addition of a saturated NaClO4 solution to 
cause precipitation, (b) The UV-vis and IR spectra of the sample used in our 
study agreed with literature values. Anal. Calcd for [(C5H5N)4Re(O)2]-
(ClO4): %C = 37.88; %H = 3.19; %N = 8.84; %C1 = 5.59. Found, %C = 
38.06; %H = 3.70; %N = 8.87; %C1 = 5.08. (c) The X-ray crystal structure 
of the Cl" salt verifies the trans dioxo structure at Re with average Re-O bond 
lengths of 1.76 (3) A: Calvo, C; Krishnamachori, N.; Lock, C. J. K. J. Cryst. 
MoI. Struct. 1971, /,161. 
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Figure 1. Cyclic voltammogram of 0.1 mM rran.?-[(py)4Rev(0)2](C104) 
in 0.1 M triflic acid (pH 1.0) using an unactivated Tokai glassy carbon 
working electrode vs. the SSCE reference electrode at a sweep rate of 
100 mV/s. 

behave in the reverse fashion, as potentially useful electrocatalytic 
reductants. 

A cyclic voltammogram of fra«j-(py)4Rev(0)2
+ in 0.1 M triflic 

acid (CF3SO3H) (pH 1.0) using a Tokai glassy carbon electrode 
as the working electrode vs. the saturated sodium chloride calomel 
(SSCE) reference electrode is shown in Figure 1. The reversible 
wave at EX/2

 = 1-25 V is independent of pH from pH 0.5 to 11 
and is an oxidation of Re(V) to (py)4ReVI(0)2

2+. By coulometry, 
n = 1.0 ± 0.2 but the Re(VI) complex is unstable on time scales 
longer than the coulometry experiment. 

The first wave in the reductive direction is multielectron in 
nature (« = 2.0 ± 0.2 by coulometry) and at pH 1 gives 
(py)4Re ln(OH)(OH2)2+ from pH-dependent potential measure
ments. As shown in Figure 1, at a normal Tokai glassy carbon 
electrode, the wave is chemically reversible but electrochemically 
irreversible. The same result was obtained if the reverse, oxidative 
scan was initiated past the Re(V)/(III) wave or past the following 
Re(III)/(II) wave. However, at pH 1 the wave at £1 / 2 = -0.42 
V is quasi-reversible at an oxidatively activated glassy carbon 
electrode.la'4 As a function of scan rate A£p varies from 0.14 
(200 mV/s) to 0.04 V (20 mV/s). A second one-electron wave 
(n = 1.0 ± 0.4) occurs at Ey2 = -0.75 V for the reduction of 
Re(III) to (py)4Re"(OH2)2 , but the acquisition of accurate 
coulometric data is difficult because, as noted below, the Re(II) 
complex is a catalyst for the reduction of H2O to H2. 

The potentials for the Re(V/III) and Re(III/II) couples are 
pH dependent because of the acidic character of the aqua ligands 
in the three oxidation states. Reduction potentials and dominant 
proton compositions at pH 1.0, 7.0, and 13.0 are as follows: 

pH 1.0 

2e~ 3H+ 

(py)4Rev(0)2
+ , ' ' (py)4Re"'(OH)(OH2)2+ 

-2e , -3H 
£ I / 2 - -0.42 V 

- _V"H\ ' (py)4Ren(OH2)2
2+ 

£1/2 = -0.75 V 

pH7.0 

(py)4Rev(0)2
+ , * ' " * ' (py)4Re»'(0)(OH) , °' *"* ' 

-2e , - H * -e , -2H + 

£, / 2 = -0.90V £ ] / 2 = -1.28V 

(py)4Ren(OH)(OH2)+ 

pH 13.0 

(py)4Rev(0)2
+ > * ' H * ' (Py)4Re11HO)(OH) '" ' 

-2e , - H r -e 
£, / 2 = -1.12V £1/2 = -1.39V 

(Py)4Re1HO)(OH)-

(4) Cabaniss, G. E.; Diamantis, A. A.; Murphy, W. R., Jr.; Linton, R. W.; 
Meyer, T. J. J. Am. Chem. Soc. 1985, 7, 1845-1853. 

(5) Sullivan, B. P.; Meyer, T. J. Inorg. Chem. 1982, 2, 1037-1042. 
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