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The oxidation of catechols to quinones by O2sthe catecholase
reactionsis an important biochemical transformation usually
catalyzed by binuclear copper.1-3 Herein we describe an instance
of the reaction mediated cleanly and quantitatively by the blue
vanadate ester system1. All relevant species and their abbrevia-
tions are listed in Chart 1.

In the systhesis4 of 1 from VO(acac)2, H2A, and excess
catechol, the strategy5,6 of blocking three coordination positions
by a tridentate diionized ONO ligand leaving two positions for
monoionized diol chelation affording an electroneutral VO3+ ester
has been employed.

In the structure7 of 1a (Figure 1) we have the first authentic
instance of monoionized catechol chelation to vanadium. The
metal atom is displaced by 0.32 and 0.36 Å, respectively, from
the excellent catecholate and O2N1O3O5 planes. The phenolic
hydrogen is observed in difference Fourier maps and in IR and
1H NMR.4 The Hdbcat- C-O lengths (∼1.36 Å) are normal for
the catecholate mode of binding.8,9

1 is indefinitely stable in the solid state. Its blue solutions
(CH2Cl2, MeCN, and Me2CO are convenient solvents) are also
perfectly stable both in terms of redox and dissociation but only
under N2/Ar. In the presence of O2, the solution color progres-
sively changes finally becoming yellowish red. The original color
is fully restored upon adding the relevant catechol externally. This
forms the basis of the catalytic cycle drawn for the specific case

of 1a in Scheme 1 (1b and1c behave similarly). At the end of a
cycle dbq and the oxo-bridged dimer3a can be isolated virtually
quantitatively10,11and the lack of formation of any catechol-related
product other than12-14 dbq is also revealed in1H NMR spectra
of reacting solutions. Thet-Bu region is highlighted in Figure 2.
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filled with O2. After 1a had completely reacted (∼6 h), H2dbcat (0.022
g, 0.10 mmol) was added. Two more 0.022 g increments of H2dbcat
were similarly added later (if desired many more such cycles could have
been completed). Solvent was removed from the reaction mass, and the
solid was dried in a vacuum and extracted with 25 mL petroleum ether
(60-80 °C). The residue,3a, was filtered off and dried and the filtrate
afforded dbq upon evaporation. The maximum possible yields of dbq
and3a are 0.088 and 0.031 g, respectively, and we were able to achieve
virtually quantitative recoveries. The complex3a has been fully
characterized including structure determination.

(11) The reaction between3a and H2dbcat can be used as a synthetic route
to 1a. An acetone solution (25 mL) of3a (0.10 g, 0.16 mmol) and
H2dbcat (0.075 g, 0.34 mmol) was stirred for 25 min in N2 atmosphere
and then concentrated to 10 mL and cooled.1a was precipitated in 82%
yield.

Figure 1. Perspective view of1a excluding hydrogen atoms except the
phenolic hydrogen. Selected bond distances (Å): V-O1, 1.582(4); V-O2,
1.857(4); V-O3, 1.945(4); V-O4, 2.344(4); V-O5, 1.811(4); V-N1,
2.091(5); O4-C15, 1.361(5); O5-C20, 1.356(6). The lattice consists of
dimers formed via intermolecular N2‚‚‚O4, hydrogen bonds of length
2.669(8) Å.
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Rate studies15 in O2-saturated Me2CO (295 K) have afforded
the pseudo-first-orderkobs (s-1) values:1a, 4.50× 10-4; 1b, 2.80
× 10-4 ; 1c, 1.10× 10-4. Thus electron withdrawal from either
the catecholate ligand (compare1a and1c) or the A2- coligand
(compare1aand1b) diminisheskobsclearly implying that election
transfer to O2 occurs from the intact complex and not from any

dissociated catechol. The intimate mechanism of O2 association
is however unclear at present but certain observations are in order.
Complex 216 incorporates tridentate ONN binding by B- and
diionized catecholate chelation as in related species.17 Cyclic
voltammetry in CH2Cl2-MeCN reveals that both1aand2 display
irreversible catechol oxidation with anodic peak potentials of 0.68
and 0.58 V vs SCE, respectively. Thus2 is somewhat more easily
oxidizable than1a, yet the former is entirely unreactive toward
O2 in solution. The phenolic hydrogen of1 appears to have a
crucial role in making1 reactive. A plausible mode of O2
attachment is stylized in4. Attachment of O2 via hydrogen
bridging has been implicated in e.g., hemoglobin18,19 and hem-
erythrin20 chemistry.

Electron transfer from the catechol in4 to O2 may occur via
the hydrogen bond, the metal or both. At present we do not have
any direct evidence that the metal site is involved. The reaction
solutions do not display any EPR signals either in fluid or in
frozen conditions due to VIVO intermediates. Periodic examination
of aqueous extracts of reacting solutions with O2-sensitive
electrodes for liberation of O2 upon addition of peroxidase enzyme
gave negative results. Thus O2 appears to be reduced to H2O
without the intermediacy of H2O2 and the net result of cycle in
Scheme 1 is the catecholase reaction H2dbcat+ 1/2 O2 f dbq
+H2O. The reaction intermediate and catalyst are respectively
1a and3a.
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Figure 2. Time evolution1H NMR spectra (at 295K) of the twotert-
butyl protons of1a in O2-saturated acetone-d6. In (a) dbq is absent and
as the reaction progresses (b, c) its signals (δ 1.25 and 1.27) grow in
intensity at the expense of bound Hdbcat- signals (δ 1.24 and 1.59).
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