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A 3,5-di-tert-butyl-1,2-semiquinonato (DTBSQ) adduct of Mn(II) was prepared by a reaction between MnII(TPA)Cl2
(TPA ) tris(pyridin-2-ylmethyl)amine) and DTBSQ anion and was isolated as a tetraphenylborate salt. The X-ray
crystal structure revealed that the complex is formulated as a manganese(II)−semiquinonate complex [MnII(TPA)-
(DTBSQ)]+ (1). The electronic spectra in solution also indicated the semiquinonate coordination to Mn. The exposure
of 1 in acetonitrile to dioxygen afforded 3,5-di-tert-butyl-1,2-benzoquione and a bis(µ-oxo)dimanganese(III,III) complex
[MnIII

2(µ-oxo)2(TPA)2]2+ (2). The reaction of 2 with 3,5-di-tert-butylcatechol (DTBCH2) quantitatively afforded two
equivalents of 1 under anaerobic conditions. The highly efficient catalytic oxidation of DTBCH2 with dioxygen was
achieved by combining the above two reactions, that is, by constructing a catalytic cycle involving both manganese
complexes 1 and 2. It was revealed that dioxygen is reduced to water but not to hydrogen peroxide in the catalytic
cycle.

Introduction

The reactivity of metal-catecholate complexes with di-
oxygen has attracted intense attention in the field of
bioinorganic chemistry because catechol oxidation and
oxygenation catalyzed by metalloenzymes are known to play
important roles in biological systems.1-5 Catechol dioxyge-
nases contain a mononuclear iron or manganese active center
to perform the oxygenative cleavage of aromatic rings of
catechols, while catechol oxidases have a dinuclear copper
active center to catalyze the aerobic oxidation of catechol
derivatives to the correspondingo-quinones. Although the
two enzymes perform distinct reactions, both enzymes form

a metal-catecholate complex as a reaction intermediate in
the catalytic cycles. To explore the mechanisms of the
reactions performed by these enzymes, various types of
catecholate complexes have been developed with iron or
copper, and their reactivities with dioxygen have been
studied.2-4,6-22 In addition, catecholate complexes with other
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metal ions, such as manganese, cobalt, rhodium, and iridium,
have also provided valuable information on the reaction
mechanisms.23-34

In the reaction mechanism of the iron(III)-containing
catechol dioxygenase, the iron(II)-semiquinonate (Fe(II)-
SQ) state is considered to be responsible for the oxygenation
reaction of the iron(III)-catecholate (Fe(III)-Cat) complex
with dioxygen.2,35-37 In relevance to this mechanism, we have
reported preliminary results on the formation and oxygen
reactivity of a Mn(II)-SQ complex.38 Caneschi and Dei
reported a valence tautomerism between Mn(II)-SQ and
Mn(III) -Cat species in a mononuclear manganese complex
[Mn(cth)(diox)]+ (cth) 5,7,7,12,14,14-hexamethyl-1,4,8,11-
tetrazacyclotetradecane, diox) dioxolane ligand).39 As for
the reactivity of these two species with dioxygen, in the
footnote they briefly mentioned the remarkable distinction
between the Mn(III)-DTBC (DTBC ) 3,5-di-tert-butylcat-
echolate) and Mn(II)-DTBSQ (DTBSQ = 3,5-di-tert-butyl-
1,2-semiquinonate) species; the Mn(III)-DTBC is stable for
days, while the Mn(II)-DTBSQ affords oxo-dimers of the
manganese complex as well as 3,5-di-tert-butyl-o-benzoqui-
one (DTBQ) and the extradiol cleaving products, 3,5-bis-
(1,2-dimethylethyl)- and 4,6-bis(1,1-dimethylethyl)-2H-
pyranones. Because no reaction mechanism has been proposed
for both reactions, we here studied in detail the oxidation

process of the Mn(II)-DTBSQ species to DTBQ and its role
as an intermediate in a catalytic catechol oxidation.

As a Mn(II)-SQ species, we synthesized [MnII(TPA)-
(DTBSQ)]+ (TPA ) tris(pyridin-2-ylmethyl)amine) (1). The
addition of O2 to 1 in acetonitrile did not afford any cleavage
products of the DTBSQ ligand but yielded DTBQ and a
novel bis(µ-oxo)dimanganese(III,III) complex [MnIII 2(µ-
oxo)2(TPA)2]2+ (2) as shown by path A in Scheme 1. In
addition,2 was found to react with 3,5-di-tert-butylcatechol
(DTBCH2) to give two equivalents of1 as shown by path B
in Scheme 1. These two reactions achieved an efficient
catalytic aerobic oxidation of DTBCH2 to DTBQ by man-
ganese complexes as shown in Scheme 1.

Experimental Section

General Procedures. The ligand TPA and sodium salt of
DTBSQ anion (NaDTBSQ) were prepared according to published
procedures.40,41All other reagents were purchased from commercial
sources and used as received. Air-sensitive manipulations, including
the synthesis of1, were performed under nitrogen in an MBraun
glovebox.

MnII (TPA)Cl2. To a solution of MnCl2‚6H2O (3.17 g, 16.0
mmol) in MeOH (40 mL), a solution of TPA (4.64 g, 16.0 mmol)
in MeOH (40 mL) was added at 50°C. The resulting solution was
stirred for 60 min and cooled to room temperature. Evaporation of
the solvent produced white precipitates. Recrystallization from
MeOH yielded white crystals. Yields: 8.12 g (51%). Anal. Calcd
for C18H18Cl2MnN4: C, 51.90; H, 4.36; N, 13.5; Cl, 17.0. Found:
C, 51.96; H, 4.14; N, 13.50; Cl, 17.14.

[Mn II (TPA)(DTBSQ)]BPh4 (1). Equimolar amounts of MnII-
(TPA)Cl2 (83 mg, 0.20 mmol) and NaDTBSQ (49 mg, 0.20 mmol)
were dissolved in 80 mL of EtOH, resulting in a green solution.
After adding 2.0 mL of EtOH containing NaBPh4 (68 mg, 0.20
mmol), the green solution was allowed to stand overnight at-30
°C to produce a green solid. Recrystallization from acetonitrile
yielded large green crystals. Yields: 79 mg (45%). ESI-MS:m/z:
565.5 [M-BPh4]+. Anal. Calcd for C56H58BMnN4O2‚CH3CN: C,
75.24; H, 6.64; N, 7.56. Found: C, 74.96; H, 6.55; N, 7.65.

[Mn III
2(µ-oxo)2(TPA)2](BPh4)2 (2).A solution of1 in acetonitrile

(20 mM) was allowed to stand overnight under air. The green
solution turned to yellow, and brown crystals were precipitated
suitable for X-ray diffraction analysis. ESI-MS:m/z: 1041.5
[M-BPh4]+, 361.3 [M-2BPh4]2+. Anal. Calcd for C84H76B2-
Mn2N8O2: C, 74.13; H, 5.63; N, 8.23. Found: C, 74.08; H, 5.61;
N, 8.25.

Physical Measurements.1H NMR spectra were recorded on a
JEOL AL300 FT-NMR spectrometer. UV-vis spectra were re-
corded on an Otsuka Electronics photodiode array spectrometer
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Scheme 1. Catalytic Cycle of the Aerobic Oxidation of DTBCH2
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MCPD-2000 with an Otsuka Electronics optical fiber attachment
or a Hewlett-Packard 8453 photodiode array spectrophotometer
equipped with a Unisoku thermostated cell holder designed for low-
temperature measurements. For the former apparatus, the temper-
ature was controlled with a Komatsu-Yamato bath circulator.
Electrospray ionization mass spectrometry (ESI-MS) spectra were
obtained on an Applied Biosystems PE-Sciex API2000 mass
spectrometer. Elemental analyses were performed by the Micro-
analytical Center of Kyoto University.

Kinetics and Product Analysis. A solution was prepared by
dissolving1 (0.01 mmol) in anhydrous acetonitrile (2 mL) under
N2 in a glovebox. Oxidation was started by adding the solution of
1 by syringe into the solution equilibrated with 1 atm of O2 at 298
K. Reaction rate constants were determined by monitoring a
decrease of the absorption at 750 nm because of the DTBSQ
complex. After the reaction was completed, 5 mM solution of
anthracene in CH2Cl2 (0.1 mL) was added to the solution as an
internal standard for the quantitative analysis and then was
evaporated. Identification and quantification of the oxidized
products were carried out by1H NMR and ESI-MS spectroscopies.

X-ray Structure Determination. The crystals were mounted
on a glass capillary. Data collection was performed on a Rigaku
CCD diffractometer (Mo KR, λ ) 0.71070 Å) and processed with
Crystal Clear. The structures were solved using direct methods and
refined with full-matrix least squares. All non-hydrogen atoms and
hydrogen atoms were refined anisotropically and isotropically,
respectively. All hydrogen atoms were located at the calculated
positions, and they were assigned a fixed displacement and
constrained to ideal geometry. All calculations were performed by
using the teXsan crystallographic software program package.
Summaries of the fundamental crystal data and experimental
parameters for the structure determination of complexes1 and 2
are given in Table 1.

Results and Discussion

Preparation and Characterization of 1.The reaction of
MnII(TPA)Cl2 with NaDTBSQ in EtOH under N2 yielded
the green product [Mn(TPA)(diox)]+. The cation was pre-

cipitated as a tetraphenylborate salt (1). Single crystals
suitable for X-ray diffraction analysis were obtained as green
crystals from an acetonitrile solution of1. A thermal ellipsoid
plot of the crystal structure of the cation is shown in Figure
1. Selected bond lengths and angles are listed in Table 2.
The Mn center is coordinated by N4O2 atoms, that is, four
nitrogen atoms from TPA and two oxygen atoms from the
bidentate semiquinonate ligand. The coordination geometry
around the manganese is highly distorted octahedral. The
Mn-N bond length is significantly longer for the aliphatic
nitrogen atom (2.334 Å) than for the pyridine nitrogen atoms
(2.237-2.253 Å). The O(1)-Mn(1)-O(2) angle of 76.0° is
comparable to that of a previously reported Mn(II)-SQ
complex.42 The C-O and C(1)-C(2) bond lengths are typical
of SQ ligands.43 Thus, the structural parameters indicate the
formulation of the cation as [MnII(TPA)(DTBSQ)]+.

The UV-vis spectrum of1 in acetonitrile showed an
intense band at around 750 nm with a vibronic progression,
which is diagnostic of an SQ ligand (Figure 2).44 The spectral
features are virtually identical to those reported for the [MnII-
(cth)(DTBSQ)]+ species in acetone.39 It was reported that
the [Mn(cth)(diox)]+ complex exhibits valence tautomeriza-
tion from Mn(II)-SQ to Mn(III)-Cat forms in the solid state
as the temperature is lowered, where the latter species is
yellow and does not show the intense band at around 750

(42) Attia, A. S.; Jung, O.-S.; Pierpont, C. G.Inorg. Chim. Acta1994,
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1476.

Table 1. Crystal Data for Complexes1 and2

1 2

formula C58H61BN5MnO2 C84H76B2N8Mn2O2

formula weight 925.90 1361.07
color green brown
crystal system triclinic monoclinic
space group P1 (no. 2) C2/c (no. 15)
T (K) 223 243
a (Å) 13.236(2) 19.474(2)
b (Å) 13.659(2) 14.884(2)
c (Å) 14.778(2) 24.538(3)
R (deg) 94.841(3)
â (deg) 101.952(4) 105.370(3)
γ (deg) 97.012(4)
V (Å3) 2577.7(7) 6858.3(1)
Z 2 4
Dcalc (g cm-3) 1.193 1.318
radiation Mo KR (λ ) 0.71070 Å) Mo KR (λ ) 0.71070 Å)
µ (mm-1) 0.302 0.425
no. of reflctns measd 11438 7748
no. of observations 8632 4372
no. of variables 604 442
Ra (I > 2.00s(I)) 0.055 0.066
Rw

a (I > 2.00s(I)) 0.128 0.180
GOF 1.618 1.055

a R ) Σ(|Fo| - |Fc|)/Σ|Fo|; Rw ) [Σ(w|Fo| - |Fc|)2/Σw|Fo|2]1/2; w )
1/σ2(Fo).

Figure 1. ORTEP drawing of [MnII(TPA)(DTBSQ)]+. 50% probability
ellipsoids are shown.

Table 2. Selected Bond Distances and Angles for Complex1

bond distances (Å)
Mn-O(1) 2.121(2) Mn-O(2) 2.138(2)
Mn-N(1) 2.334(2) Mn-N(2) 2.237(2)
Mn-N(3) 2.243(2) Mn-N(4) 2.253(3)
C(1)-O(1) 1.282(3) C(1)-O(2) 1.278(3)
C(1)-C(2) 1.428(4)

bond angles (deg)
O(1)-Mn-O(2) 74.86(6) N(1)-Mn-N(2) 71.84(7)
N(1)-Mn-N(3) 73.60(7) N(1)-Mn-N(4) 70.95(7)

Catechol OxidationWia Mn(II) -Semiquinonate Complex
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nm.39 Even when the temperature was lowered from 298 to
213 K, the solution of1 retained the spectral features
characteristic of an SQ ligand and only the vibronic progres-
sion of ca. 1460 cm-1 became clearer (Figure S1). These
results indicate that1 retains the Mn(II)-SQ form in solution
in the temperature range from 213 to 298 K.

Reaction of 1 with Dioxygen.Upon exposure to O2, the
acetonitrile solution of1 immediately changed color from
green to yellow. The electronic absorption spectrum of the
product solution showed an intense absorption at 400 nm
and a weak shoulder peak at around 550 nm, which indicates
the production of DTBQ. The NMR spectrum of the product
revealed that the DTBSQ ligand was exclusively oxidized
to DTBQ. The solution after oxidation was also analyzed
by ESI-MS. Major peaks were observed at 361.3 and 1041.5
m/z, which can be attributed to [MnIII

2(µ-oxo)2(TPA)2]2+ and
[MnIII

2(µ-oxo)2(TPA)2]BPh4
+, respectively. Prolonged stand-

ing of the solution afforded suitable crystals for a single-
crystal X-ray structure analysis. A view of the cation is given
in Figure 3. Principal distances and angles are listed in Table
3. The cation has an inversion center, and the two bridging
oxo atoms bind to the manganese atoms unsymmetrically.
Each manganese center adopts a distorted octahedral envi-
ronment. The Mn-Mn separation is 2.656 (2) Å, which is
slightly longer than the value of 2.643(1) Å reported for the
one-electron oxidized form [MnIIIMnIV(µ-oxo)2(TPA)2]3+.45

The Mn1-N2 and Mn1-N3 bond lengths are ca. 0.24 Å
longer than the Mn1-N4, suggestive of Jahn-Teller dis-

torted high-spin Mn(III) centers. The UV-vis spectrum of
2 exhibited a weak broad absorption at around 500 nm, which
can be attributed to the d-d band of the Mn(III) site (Figure
S2). These spectral features are comparable to those reported
for several bis(µ-oxo)dimanganese(III,III) complexes.46

The oxidation reaction was monitored by UV-vis spec-
troscopy. Figure 4 shows the electronic absorption spectral
changes of the reaction progress under 1 atm of O2 at 273
K. Here, the absorptions at 377 and 750 nm are diminished
and an intense absorption at 400 nm increases, accompanied
by an isosbestic point at 384 nm. Even at 213 K, the
oxidation reaction caused the similar spectral changes,
indicating the absence of detectable reaction intermediates.
These results suggest that the formation of2 is much faster
than the oxidation of1. The oxidation rate constant at 298
K was estimated to be 19.9( 0.6 M-1 s-1 by fitting the
decay at 750 nm to a single-exponential function, which is
comparable to the value of 18 M-1 s-1 for [FeIII (TPA)-
(DTBC)]BPh4 under the same conditions.37,47

Reaction of 2 with DTBCH2. Upon addition of DTBCH2
to an acetonitrile solution of2 under anaerobic conditions,
the absorptions at 435 and 750 nm increased almost linearly
until two equivalents of DTBCH2 to 2 were added (Figure
5). The reaction product was identified as [MnII(TPA)-
(DTBSQ)]+ on the basis of a spectroscopic comparison with
1 and by ESI-MS. The spectral changes indicate the
quantitative formation of [MnII(TPA)(DTBSQ)]+ from 2. The
formation of [MnII(TPA)(DTBSQ)]+ by the reaction of2 with
DTBCH2 is accounted for by the formation of [MnIII (TPA)-
(DTBC)]+ and its conversion to [MnII(TPA)(DTBSQ)]+ by
valence tautomerization. A similar reaction was reported with

(45) Towle, D. K.; Botsford, C. A.; Hodgson, D. J.Inorg. Chim. Acta1988,
141, 167.

(46) Goodson, P. A.; Oki, A. R.; Glerup, J.; Hodgson, D. J.J. Am. Chem.
Soc.1990, 112, 6248.

(47) Jang, H. G.; Cox, D. D.; Que, L.J. Am. Chem. Soc.1991, 113, 9200-
9204.

Figure 2. Electronic absorption spectrum of [MnII(TPA)(DTBSQ)]BPh4
in acetonitrile (0.2 mM) at 298 K.

Figure 3. ORTEP drawing of [MnIII 2(µ-oxo)2(TPA)2]2+. 50% probability
ellipsoids are shown.

Figure 4. Progress of the reaction of1 with dioxygen in acetonitrile at
273 K as monitored by electronic absorption spectroscopy. The spectra are
shown at 30-s intervals. Inset: time course of absorbance changes at 750
nm.

Table 3. Selected Bond Distances and Angles for Complex2

bond distances (Å)
Mn(1)-Mn(2) 2.656(2) Mn(1)-O(1) 1.866(3)
Mn(1)-O(2) 1.861(3) Mn(1)-N(1) 2.166(4)
Mn(1)-N(2) 2.328(5) Mn(1)-N(3) 2.308(5)
Mn(1)-N(4) 2.079(4)

bond angles (deg)
O(1)-Mn(1)-O(2) 89.1(1) Mn(1)-O(1)-Mn(2) 90.9(1)
N(1)-Mn(1)-N(2) 74.6(2) N(1)-Mn(1)-N(3) 73.7(2)
N(1)-Mn(1)-N(4) 80.4(2)
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copper complexes, that is, the reaction of a bis(µ-oxo)-
dicopper(III,III) complex with DTBCH2 affords a mono-
nuclear Cu(II)-SQ species.15

Catechol Oxidase Activity of 2. The above results
encouraged us to investigate the catechol oxidase activity
of 2 using DTBCH2 as a substrate. The catalytic oxidation
reaction was examined by adding varied amounts of
DTBCH2 (0.2-5.0 mM) to the O2-saturated acetonitrile
solution of 2 (0.1 mM). The system showed an efficient
catalytic activity with saturation kinetics at high DTBCH2

concentrations (Figure S3).
As shown in Figure 6, the spectral changes indicate that

the reaction affords an intermediate species before the
formation of DTBQ. The absorptions at 313 and 750 nm,
characteristic of1, increased in the initial stage of the reaction
and then disappeared as the formation of DTBQ ceased
(Figure 6B). The ESI-MS measurement confirmed the
formation of 1 in the early stage of the catalytic reaction.
Furthermore, with the higher concentration of DTBCH2, the
growth of the absorption at 750 nm became clearer (Figure

S4). These results obviously demonstrate that the aerobic
oxidation of DTBCH2 proceeds catalytically via1 as an
intermediate.

It was recently reported that mononuclear Mn(III) com-
plexes having tetradentate ligands exhibit high catechol
oxidase activities.24,25 For comparison, the initial reaction
rates were analyzed by the Michaelis-Menten equation,
which gave parameters ofKm ) 0.50( 0.01 mM andkcat )
336 ( 1 h-1. These values indicate that the present system
has a slightly higher catechol oxidase activity than those
reported for the mononuclear Mn(III) complexes (Km ) 0.8-
1.5 mM andkcat ) 86-230 h-1 in methanol), provided some
differences in reaction conditions are ignored.24

Reaction Mechanism.Many mechanistic studies on the
catechol oxidase activities of copper complexes have been
reported using DTBCH2 as a convenient substrate.4,7-12,14-22

In the catalytic oxidations by these complexes, dioxygen is
reduced to either hydrogen peroxide in most cases4,7-12,14,18-22

or to water in a few cases.16,17

Furthermore, although Tyson and Martell reported that
hydrogen peroxide is produced witho-quinone in catechol
oxidation systems catalyzed by manganese complexes,48 the
experiment to determine the fate of the O2 oxidant was not
carried out in other manganese-catalyzed catechol oxidation
systems.24,25,49 To clarify whether dioxygen is reduced to
hydrogen peroxide or water in the present system, the
stoichiometry between DTBQ and the consumed dioxygen
was studied by the method reported by Ackermann and co-
workers.9 The increase in the 400-nm band characteristic of
DTBQ was monitored after addition of O2-saturated aceto-
nitrile to the N2-saturated acetonitrile containing2 and
DTBCH2 in a sealed cuvette. As shown in Figure 7, the
absorbance at the end of the reaction was 0.78. Because the
absorbance values were expected to be 0.40 for path A and
0.79 for path B considering the O2 concentration (0.19 mM)
in the cuvette, the above result strongly suggests path B in
the present reaction. The possibility of the formation of

(48) Tyson, C. A.; Martell, A. E.J. Am. Chem. Soc.1972, 94, 939-945.
(49) Russo, U.; Vidali, M.; Zarli, B.; Purrello, R.; Maccarrone, G.Inorg.

Chim. Acta1986, 120, L11-L13.

Figure 5. Spectrophotometric titration of2 with DTBCH2 in acetonitrile
at 298 K under N2. The arrows indicate changes due to increasing
concentration of DTBCH2. [2] ) 0.1 mM. [DTBCH2] ) 0-0.4 mM. Inset:
absorbance at 750 nm plotted versus equivalents of DTBCH2 added.

Figure 6. Aerobic oxidation of DTBCH2 to DTBQ in the presence of2
in acetonitrile at 298 K under 1 atm O2 monitored by electronic absorption
spectroscopy. (B) Plots of absorbance at 400 and 750 nm vs time.
Conditions: [2] ) 0.1 mM, [DTBCH2] ) 1.0 mM.

Figure 7. Time course of DTBCH2 oxidation in the presence of2 in
acetonitrile. Initial concentrations: [2] ) 48 µM, [DTBCH2] ) 0.77 mM,
[O2] ) 0.19 mM.

DTBCH2 + O2 f DTBQ + H2O2 (path A)

DTBCH2 + 0.5O2 f DTBQ + H2O (path B)
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hydrogen peroxide was also excluded not only by colorimetry
using a titanium(IV) sulfate complex50 but also by the
absence of bis(µ-oxo)dimanganese(III,IV) species in the
reaction solution, which is formed by oxidation of2 with
H2O2 and results in peaks at 437, 559, and 661 nm and at
240.9m/z ([MnIIIMnIV(µ-oxo)2(TPA)2]3+) in the electronic
absorption and ESI-MS spectra, respectively.45,51,52

The results obtained here suggest a mechanism depicted
in Scheme 2. The conversion of1 to 2 is initiated by
dioxygen binding to the metal center of1, which is the rate-
determining step. The resulting Mn-O2 species reacts rapidly
with another 1 to give the corresponding bis(µ-oxo)-
dimanganese(III,III) species2. In these steps, dioxygen is
reduced to twoµ-oxo-ligands, and two DTBSQ ligands are
oxidized to two DTBQ molecules. Although it is not clear
at this stage what types of binuclear manganese complexes
are formed in the initial stages of the formation of2, there
may be some similarities with the formation of bis(µ-oxo)-
copper(III,III) complexes in the reaction of mononuclear

copper(I) complexes with O2.3 A similar process was reported
with a mononuclear Mn(II)-thiolate complex, which reacts
with dioxygen to afford the corresponding disulfide and bis-
(µ-oxo)manganese(III,III) complex via a Mn-O2 species as
an intermediate.53 The dinuclear complex2 reacts with
DTBCH2 to give 1, probably via a manganese(III) species
[MnIII (TPA)(DTBC)]+ and its valence tautomerism, with the
release of theµ-oxo-ligands as water molecules.

Conclusions

We demonstrated that the bis(µ-oxo)dimanganese(III,III)
complex [MnIII

2(µ-oxo)2(TPA)2]2+ exhibits a high catechol
oxidase activity. The reaction is very unique because the
aerobic oxidation of catechols is catalyzed by a manganese
complex via mononuclear Mn(II)-SQ and bis(µ-oxo)-
dimanganese(III,III) complexes. In addition, the present
system catalyzes a four-electron reduction of dioxygen to
water like catechol oxidases, while most of the biomimetic
complexes for catechol oxidases have been reported to
produce hydrogen peroxide by a two-electron reduction of
dioxygen.4,7-12,14,18-22 Although the catechol oxidation in the
present system is thought to proceed by a mechanism
different from that proposed for catechol oxidases,54 the
present study no doubt contributes to the development of
biomimetic complexes that can catalyze the reaction per-
formed by catechol oxidases.
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Scheme 2. Plausible Reaction Mechanism of the Aerobic Oxidation of
DTBCH2
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