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The fungal enzyme galactose oxidase (GOasdjelongs to the
expanding class of known enzymes that use both inorganic and .
P 9 Y 9 NHis"'C [1"‘0@

organic cofactors to. Qatalyze t.ransfor_matlélSpeuflcalIy, asingle H,0, Ny \EI s- RCH,OH

copper and a modified tyrosine residue couple the two-electron,

two-proton oxidation of primary alcohols to the corresponding .

aldehydes and the two-electron, two-proton reduction of dioxygen 0 OH RCHO

to hydrogen peroxide (Figure 1). The apparent simplicity of the NHis"CuIH S—

active sité® and the attraction of a green, selective method for Ny id

alcohol. oxidation haye inspired many efforts to duplicate the ry e 1. Simplified catalytic mechanism of GOase showing exchange
properties of GOase in model systen& We have reported Cu between the oxidized (trtyrosyl (above) and reduced Cttyrosine

Schiff base systems capable of catalytic aerobic oxidation of (below) forms of the enzyme. The coordination site for labile exogenous
activated alcohols under basic conditions, but more detailed studiesg?f?;ﬁt(z%fr?{se)mrﬂ% chtC;I:;tlingce;cFey solvent, alcohol, or oxygen species at
have been thwarted by the complexity of the reaction conditions ’

and a lack of convenient observable *handi¥s® Herein we  apsorption is lost, consistent with formation of a double phenoxyl

describe two spectroscopically interesting successor compoundscomplex ([CHL*]2*) that is incapable of ligandligand charge

[1]" and ]*, whose reactions with benzyl alcohol provide insight  transferts.23

relevant to the oxidizing half-reaction of GOase. The stability of fl]* or [2]* is strongly dependent on solvent
and counterion: addition of organic solvents other than@}H
induces slow decay of otherwise stabl§*, and the U\-vis
spectra of I]* and R]* revert to those of their neutral precursors

—N\C N\C / upon addition of 1 equiv of N@ or CI~. The mechanism by which
B 0" o ‘Bu 'B 0" o 'Bu the coordinating anions react witl]f or [2]T has not been
5y 5 5y 5 determined. In reviewing our past results, the lack of reactivity with
1 2

benzyl alcohol under basic conditions observed for square-planar
[1]*-like complexes could be attributed to their sensitivity to
coordinating anions (i.e., benzyloxidg)!? We therefore began
reactivity studies under neutral conditions to avoid this decomposi-
tion pathway.

Addition of the model substrate benzyl alcohol to solutions of
1]* or [2]* in CH.CI, induces first-order decay as monitored by

V—vis spectroscopy that correlates directly to the appearance of

Adaptations of literature procedures readily provided the neutral
precursorsl and2.13-17 Cyclic voltammetry shows two reversible
oxidations for each compound:(+450,+650 mV vs F¢/Fc; 2:
+80, +210 mV) ascribed to sequential oxidation of the phenolic
moieties; no reduction processes are observed at potentials abov

—1500 mV. Treatment of with 1 equiv of AgSbk in CH:CI, (E° benzaldehyde, thereby mimicking the oxidizing half-reaction of
= +650 mV)€ at room temperature generates an indefinitely stable soase. Uvvis spectra taken at the completion of the reactidns
purple solution of {]SbF.1 Oxidation of2 by 1 equiv of AgSb match those ofJH]* and PH] ", and product yields are consistent
or acetylferricenium hexafluoroantimon#té® (E° = +270 mV) with [1]* and P]* reacting as one-electron oxidants, giving the
immediately produces a deep blue solution2jSpF; that decays following reaction stoichiometry:

slowly at room temperature (0.1 mM;js, ~ 3 h)18 Oxidation of

1 or 2 leads to attenuation of their EPR signals<t®5% of their 2[Cu”L‘]+ + PhCHOH — 2[Cu"LH]+ + PhCHO

original intensity (77 K), consistent with the formation of antifer-
romagnetically coupled C'a-phenoxyl complexes as found in the

o Likewise, the absence of an observable reduction in electrochemical
oxidized form of GOase.

- . ) studies ofl and 2 would argue against biomimetic two-electron
Additional features are found in the near-infrared (NIR) spectra yoqyction to a Custate. However, the first-order kinetics match
of both compounds (Ci€l; [1]*: 1750 nm; P[*: 1600 nm)3 results reported for Cu-phenoxyl complexes that are reduced to
Given the similar low energies and high intensities of these by reaction with benzyl alcohol, not with the second-order
absorptions, the best assignments of these features are to phenolate gependence of a Zr-phenoxyl analogue, necessarily a one-electron
phenoxyl charge transfers. This is the first report of spectral features oxidant?1° Cu complexes in the present cases may be transiently
in model complexes resembling the tyrosinatyrosyl intervalence  stabilized by the abstracted H atom(s) as observed in other inorganic
transition elucidated for the oxidized form of GO&5€2 Further- system£425 The final Cul-containing products could then result
more, if 2 is doubly oxidized to form greer2]?*, the intensity of from nonrate-limiting comproportionation of €tphenoxyl and
the phenoxylr—xz* absorption near 400 nm doubles, but the NIR  Cu'—phenol(ate) species.
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Figure 2. Dependence of the pseudo-first-order rate congtanon benzyl
alcohol concentration forl]* (circles, shown with linear fit) and2]*
(squares, shown with saturation fit) at 26.

The first-order rate constant fot][" is invariant with the initial
complex concentration and varies linearly over the range [alcohol]
= 0.050-1.0 M (Figure 2), providing a second-order rate constant
ofky=1.3+ 0.1 x 103M~1s1at 25°C. However, the reaction
rate of P]* saturates at high substrate concentration (Figure 2),
and the data is well fit by &5 €xpression including a substrate-
binding preequilibrium:

k
[2]" + alcohol== [2(alcohol)]” — products
_ kK[alcohol]
bs™" 1 + K[alcohol]

The parameters thus obtained f@t{ areK = 3.0+ 0.2 M~t and

ki = 5.2+ 0.1 x 103 st at 25°C. We find it remarkable that
[2]* reacts faster tharl]* while noting that 1] is a significantly
stronger oxidantAE° = +370 mV). The acceleration is attributable
to the mechanistic difference between their reactions: binding
should preorganize the substrate and enhance the reactivEjof [

the same means by which enzymes are capable of performing highly

selective reactions under mild conditions. To extend the comparison,
the oxidation potential for GOase-410 mV vs NHE) is signifi-
cantly lower again compared to that faryet GOase reacts orders
of magnitude faster.

Intermolecular and intramolecular rate measurements €25
with a-d,- and a-d;-benzyl alcohols give kinetic isotope effect
(KIE) values for l]* and P]* of ky/kp = 15 and 10, respectively.
While helpful for confirming that €-H bond cleavage is the rate-

determining step in both cases, the large, nonclassical values have

only a single precedent in GOase model chemisffne enzyme
itself shows a nonclassical KIE of 22 at°€ for the oxidative
half-reaction with galactose derivativ&s,though the KIE is
attenuated for reactions with benzyl alcoh&l&Ve are currently
trying to determine whether the large KIEs in our model systems
can be attributed to quantum tunneling or sequential isotope-
dependent steps.

In summary, GOase model complexd$and R]* have been
formed under conditions that maximize their stability and highlight
the sensitivity of metalloradical complexes to inappropriate solvents

and anions. Both compounds have NIR absorptions assignable to

ligand-ligand CT in analogy to GOase; similar features may have
been overlooked in other ®wphenoxyl-phenolate systems.
Comparison of their reactions with benzyl alcohol demonstrates

the impact of mechanistic differences on reaction rates, as substrate
binding allows the thermodynamically weaker oxidant to react more
rapidly. However, complete mechanistic fidelity including catalytic
turnover may require a means of site-isolating active species to
prevent reaction-terminating comproportionation.
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