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Today’s Topic

[1] Reactivity Comparisons of Cu,-O, Complexes
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[1] Reactivity Comparisons of Cu,-O, Complexes

Reactivity Pattern and Comparisons in Three Classes of Synthetic K. D. Karlin et al.
Copper-Dioxygen {Cu,-O,} Complexes: Implication for Structure JACS 1991, 113, 5322
and Biological elevance

Relationships between
Structure and Reactivity ??
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Cu,-O, Complex Types: Endo-on and Side-on
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Reactivity of Endo-on Peroxo Complexes
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Reactivity of Side-on Peroxo complex (1)
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Reactivity of Side-on Peroxo Complexes (2)
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Explanation for the Different Reactivity (1)

HOMO and LOMO level of side-on p-n%:n%-peroxo dimer

H O MO
)
mixing ¢* into the HOMO mixing n;* into the LUMO
weakens O-O bond for cleavage donates electron density to Cu

increases peroxide's electrophilicity
E. l. Solomon et al. JACS 1991 113, 3246



Explanation for the Different Reactivity (2)
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Endo-on vs Side-on: Decisive
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Endo-on vs Side-on: Key Factor for Small Molecule Activation ?
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[2] Intramolecular Benzylic Hydroxylation

Aliphatic Hydroxylation by a Bis(u-oxo)dicopper(lll) Complex Itoh et al.
ACIE 2000, 39, 398
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L*: O, Binding Mode
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LX: Hydroxylation
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LX: Hydroxylation Mechanism
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[2] Intramolecular Benzylic Hydroxylation

Aliphatic Hydroxylation by a Bis(u-oxo)dicopper(lll) Complex
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L*: O, Binding Mode
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L'*: Benzylic Hydroxylation
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L' *X:Hydroxylation Mechanism
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Intramolecular Benzylic Hydroxylation: Summary
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Ligand Denticity and O, Binding Mode
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Peroxo vs p-oxo: General Tendency
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Explanation for Different Reactivity (1)
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Explanation for Different Reactivity (2)
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[3] Aliphatic C-H Oxidation of Exogenous Substrate

Toluene and Ethylbenzene Aliphatic C-H Bond Oxidations D. Karlin et al.
Initiated by a Dicopper(ll)-u-1,2-peroxo Complex JACS 2009 131 3230
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Modification of Classical PYL Ligand: ©L
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Preparation of {°LCu},-O, Complex
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Speculated Structure of {°LCu},-O, Complex
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Toluene Oxidation with {°LCu},-O, Complex
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Toluene Oxidation: Mechanistic Study
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Possible Active Species and New B2 Ligand
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Toluene Oxidation with Bz2L.Cu,-O, Complex
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Cu III

Toluene Oxidation: Mechanism
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Summary of Toluene Oxidation: PYL, ©L, and BzL
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Comparison of PYL and BzL
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Comparison of L and BzL

Cyclic
Voltammetry
(from Cu')

reversible

AN~ Nx\\
J ;L
M\

u-1,2-peroxo

nucleophilic

U

oxidatively
inert

reversible

o

I

ar,

C:-—._

J—

N
‘\_/’

.

u-1,2-peroxo

”_ - _|2+
L T
O—Cu

nucleophilic

Y

bis-p-oxo-Cu,
O 2+
C@' \Cu"ﬂ
N/

O

H* abstraction

irreversible

U:\ 8\)

bis-p-oxo-Cu,

O 2+
e oun
N

O

H* abstraction

—

_| putatively...

putatively...

|

toluene
oxidation




Summary 1: End-on vs Side-on
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Summary 2: Intramolecular Benzylic Oxidation
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Summary 3: Toluene Oxidation
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