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The chemistry of copper(Hdioxygen adducts are of intrest
owing to their importance in biological and industrial processes.
Although several Cit+0O, binding modes have been described, the
best represented are the binucleall £iperoxo species, which can
bind either in the«-1,2- (end-on) or th@-12-y»?- (side-on) fashion,
depending on the ligand donor type and chelate denficityLhe
side-on peroxeCw! complexes can exist in equilibrium with ~ Figure 1. ORTEP d'agram53 [C(MeO-MePY2)(MeCN)T (A, 1¥¢C) and
. I ; . - [CU'(MexN-MePY2)I" (B, 1Me2N),
isomeric bisu-oxo CU" x(u-0), species:>¢While the position and
existence of this equilibrium has been shown to be influenced by scheme 1

ligand identity, steric bulk, counterion, and solvent efféésthere T+ . ‘ T2+
has been no information concerning how pure variations in ligand PY 0, ypy PY?
electronics can influence the peroxo/pismxo equilibrium and Me‘N-—Cg' - Me‘N—9Uf>QCg—N‘Me
substrate reactivity. To better understand this aspect of PY' SubR°d</PYI PY'\>
Cup,—0, chemistry, a series Ceomplexes containing 4-pyridyl 1R 2
substituted tridentate bis[2-(2-pyridyl)ethyllmethylamine ligands Sub% =

were prepared, ([C(R-MePY2)|B(GFs),4 (1R- B(CgFs)s, R = Cl-, §

H-, MeO-, MeN-).8 Here we report that the different electronic ypy H py'j—' 2 PY'= @
effects imposed by varying the R-group considerably influences Me.p_ ||/O\C| \N
Cu/O, reactivity and the nature of the adduct formed. These ,‘,/PY\> 3R R = H, MeO, Me,N

complexes are also observed to perform 2-electron oxidations of

atypical exogenous substrates, exhibiting dramatically enhanced

reaction rates as the R-group is made more electron-donating.
An X-ray crystal structure ofMe2N-B(CgFs)4 (Figure 1B) shows

that the copper center is contained in a distorted three-coordinate

geometry, as has been previously observed with similar ligahds.

This dlff(_ars flrom thle c;therdderl\;fa\tlvej dﬁ.((lez %I t|'—t|’ M(;,'O), h solutions was monitored by stopped-flow kineticand fit to an
POSSEssIng 1ess electron-donaling =-pyrdy’ SUDSUILENLS, WNETE o o third-order reaction (first-order ingsecond-order iaMe2N)

pseudotetrahedral (MeCN fourth ligand) coordination is observed With kon = 8.2(6) x 10 M2 51 (183 K). Although no intermediates
(Figure 1A).1° The effects of incremental increases in the electron- were c:bserved the negative enthalpy = —20.3(6) kJ mot?)
donating ability of the ligands to the Cecenter are also evident in and entropy A,S* = —219(3) J mot! K-Y) of.activation are

| | i R i
;TfezﬁléE CE rfjgé ER}T;'EE ng(lt:zec i(;rilsezg;s%eg[)(ll) g:\gsﬁz indicative of the initial formation of an unstable superoxo species
oxidize t1r/12an the MeO, H, and ClI de:ilvativeslﬁ Whini/ possess (Cu/G=1:1)ina r_apid I_eft-lying equilibriurﬁ:11’_13v141\lo ©, adduct
E., values of—360 —élé and—270 mv respéctively The CO forms when bubbling dioxygen through solutions1&f (—80;;;

. iy ’ ' : to room temperature (RT)); only slow oxidation (hours)

- R_

stretching frequencies ([QR-MePy2)(CO)I(B(GFs)s) (17-CO, occurs at RT. This is clearly an electronic effect imposed by the

generated by bubbling CO throu_gh @'2 s_olutions_, ofL") display electron-withdrawing abilities of the CI group, which makes electron
modest but expected systematic shiftsga, ranging from 2093 transfer from Cu(l)-to-@ less favorable

—1 Cl_ 1 Me2N_
cm* for 1%-CO to 207R5 e for 1 e €0. Solutions of 2R readily oxidize a variety of substrates,
The Cu complexesl® are stabl_e in @free CHC, for_days. forming the corresponding bjs-hydroxy—Cu', complexes
For R= H, MeO, and MgN, bubbling of Q through solutions of [{ CU'(R-MePY2} 5(OH),](B(CeFs)a)2 (3R, R= H, OMe, MeN)#15

R ot —80 ° i i ;
L . at —80 fChresuIts n thed_rapu(:iaggd full grohductloil (sek(]:_o?]ds 0 and the 2-electron oxidation products (Scheme 1, Table 1). These
minutes) of the corresponding, ucts (Scheme 1), which are reactions are noncatalytic even when excess@l substrate are

stable in the absence of exogenous substrate (decomposition ratefiresent in solution. Oxidation of 9,10-dihydroanthracene (DHA)

— o 7 g1 i H 11
80°C are<10"" ™). As previously observed foI,"* and to anthracene proceeds in high yields for all thBBecomplexes.
Efficient tetrahydrofuran (THF) oxidation to 2-hydroxytetrahydro-

confirmed by resonance Raman studies in solutfahe products
[{ CU'(R-MePY2} 5(O,)](B(CsFs)a)2 (2R) are primarilyu-n?-n?-side-
on peroxe-Cu', complexes Amax ~ 360 nm), with small amounts
of bisu-oxo—Cuw"" species preseit.

The formation of2Me2N from 1Me2N in O,-saturated ChCl,

T . .o
s &%ﬁ‘cgrg@pgf'”geﬁ’;v'v‘gf'ty' furan (THF-OH) is also observed. Such reactivity has been observed
§ University of Basel. with manganes# vanadiumt’ cobaltl® and irort® complexes (with

g p
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Table 1. Products, Yields, and Rate Constants for Substrate
Oxidations Induced by 2R in Dichloromethane at —80 °C

H2 MeO? Me,N?

9,10(DHA)— anthracene 81% 93% 98%
THF — THF—OH 67% 82% 84%

2(1)x 105  7(1)x 10* 3(1)x 102
DMA — N-methylaniline+ CH,=0"  69% 83% 96%
PhCHOH — PhCH=0 72% 88% quant.
Phb,CHOH— Ph,C=0 79% 92% quant.
MeOH— CH,=0 31% 38% 37%

5(1)x 105 9(1)x 104 1(1)x 10*

aTop values are yields determined by GC, and bottom values are pseudo-
first-order reaction rate constants given irt.& Based on the amount of
N-methylaniline produced.

low yields and side products). The oxidation of THF has never
been observed with a copper species, but \®ftthis reaction is
both high-yielding (Table 1) and results in mainly THF-OH
formation?® When THF is oxidized with®O-incorporate®®, over
80% of the THF-OH formed contains a4%0H moiety, indicating
that the hydroxylation of THF involves the transfer of oxygen from
the dicopper complex to the substrate. There is a dramatic
substituent effect; yields of THF-OH increase and oxidation rates
are enhanced by1500-fold (Table 1) as the ligand 4-pyridyl group

is made more electron-donatify.

N,N'-Dimethylaniline (DMA) was also examined as a substrate
for 2R. Extensive work has been accomplished using DMA as a
substrate for oxidation events in cytochrome P450 metallo-
enzymeg!~23 and modelg# Intramolecular oxidative N-dealkyla-
tions have been observed in 'GuO, species (i.e., ligand
degradation¥>~27 but DMA has never been used as a potential
substrate for Gy, complexes. Solutions &R all readily oxida-
tively N-dealkylate DMA, forming methylaniline, formaldehyde,
and3R in excellent yields, witteMe2N being the significantly more
efficient oxidant (Table 1).

Benzyl alcohol and benzhydrol, which have previously been
utilized in CU',—0O, substrate oxidation chemist#§y,32 are both
readily oxidized by 2R to benzaldehyde and benzophenone,
respectively. Surprisingly, the relatively inert alcohol methéhol
is also oxidized by dichloromethane solutions 2. Only the
2-electron oxidation products are obtained (aldehydes and ketones)
with no further oxidation products observed. The general trends in
reactivity of 2R follows that noted above; as R is made more
electron-donating, yields substantially improve, and oxidation rate
increase by~2000x going from R= H to R = Me,N (Table 1).

In summary, we have shown for the first time clear ligand
electronic influences on the formation and subsequent reactivity
of dioxygen adducts of copper(l) complexes with tridentate ligands.
In particular,2Ve2N exhibits exceptionally high reactivity toward
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