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Reactive intermediates derived from binding and activation of SN
dioxygen by a single copper ion site play a central role in the mech- s000 A
anism of biologically significant metalloenzymes, including amine 4000 v N_ N°
oxidases, peptidylglycine-hydroxylating monooxygenase (PHM), 'Emg [L0u'tCOJI'Lb»N{_'N--CL” (1)
gnd dppamipqﬁ monooxygenases (8M).12 This enzyme chem-. = 2000 o co. THF__ssl,élm \‘,N‘ 0-0¢
istry, in particular, for PHM/[BM, has spurred continued emphasis w b.0; 1 min ~N
. . 1000 \ +CO
on the development of mononuclear -€axygen-derived chemis-
try,! for example, Cl—0O, > CU'-OOHM® and Cu—0Oe 0
species; 9 along with interrogation of their structures (e.g., end- 300 400 500 600 700 800 900
on vs side-on), electronic nature/spectroscopy and reactivity Wavelength(nm)
Herei ’ lusively identi d d L0, i ' Figure 1. UV —visible spectra of [CYNMe,—TMPA)(CO)]* (2) in CO-
erein, we conclusively identify and proead-ony*-O;" liga- saturated THF at-85 °C, Amax = 350 nm (blue) and after addition of,0

tion for a low-temperature stable cupric superoxidd (@4-) spe- producing [CU(NMe;—TMPA)(O2)]" (1), Amax = 418, 615, 767 nm
cies and for the first time describe exogenous substrate oxygenative(green).

reactivity. In a recent X-ray structure of PHNIthis 1:1 CWO, . .
adduct has been observed and it has been suggested by some that |A 452 472 B
such an entity would effect H-atom abstractfoR.The end-on |
bound CUl(O,~) moiety has been previously suggested to occur in
a number of synthetically derived copper complex syst&mis,
typically stopped-flow kinetic transients or low-temperature and
sterically or electronically stabilized species. With a highly basic
tripodal tetradentate Nligand, Schindler and Sundermeyer re-
cently obtained the first X-ray structure for a complex in this
Cu'(0;7) class JCu—0—0 = 123.5, Cu—0 = 1.927 A, O-0 W

1121
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The generation of superoxcu(ll) complex1 starts with the wavenumbers
colorless carbonyl complex [(iNMe,—TMPA)(CO)[™ (2),17 in Figure 2. Solvent-subtracted rR spectra of THF solutions of [(BiMe—

TMPA)(O2)]* (1) (Aex = 413.1 nm). (A) Detail of thevcy—o region. (B)
Detail of thevo—_o region. red%0,; blue, 180,; green,16-180,,24

The resonance Raman (rR) spectrutg€ 413.1 nm, 77 K) of
[CU"(NMe;—TMPA)(O27)]" (1) in THF shows an ©-O stretch at
1121 cmt which shifts to 1058 cmt upon?0, isotopic substitution
(Figure 2B). This stretching frequency is consistent with a bound
superoxo specigst®25A Cu—O0 stretch was observed for the com-
plex at 472 cm?® and shifted to 452 crmi upon!80; isotopic substi-
tution. Upon substitution with a mixed isotope gas containing a
1:2:1 stoichiometric mixture o¥80,/16180,/180, (16180,), a new
intermediate G-O stretch at 1091 cnt appears (Figure 2B) as
expected. For this mixed isotope sample, two equal intensity@u
stretches were resolved at 472 and 452 §roverlaying the pure

CO-saturated THF at85 °C [Ama= 350 nm € = 2500 M1 cm 1,
Figure 1)]. Bubbling @ directly through the solution for 1 min
(slowly displacing CO results in a color change to a brilliant
green, giving an EPR silent complex formulated as'[GiMe,—
TMPA)(O)]F (1), Amax= 418 nm € = 4300 M1 cm™1), 615 nm
(e=1100 Mt cm™), and 767 nm{ = 840 M1 cm™1) (Figure 1),
features which are identical to those observed in a stopped-flow
spectroscopic [CiNMe,—TMPA)]*/O, reactivity study:” The
UV—vis features also match the data extracted for the parent
compound Cl(O,") species, [CUTMPA)(O2)] " [Amax= 410 nm
(¢ = 4000 Mt cm™), 747 nm € = 1000 M1 cm™1)].11 The
superoxide complex decays very slowly{> 4 h) and without
e R s s0l0p Srtche (s 24). T GO sling pater s ory
conditions used here lead to severely diminished (and not detectable)cons"Ster.lt with an end-om;" superoxe-Cu binding mode, as a
. . . . I symmetrically bound;? superoxe-Cu complex would be expected
formation of the binucleay-1,2-bridged peroxo specie¢quf- to show an additional(Cu—0) vibration at an averaged frequenc
(NMe;—TMPA)} 2(0227)]2".17 The X-ray structure and properties Y

) osition?6
of the parent TMPA peroxedicopper(ll) complex have been P - | _ .
previously establishel:22 Attack of the primary C4O, 1:1 adduct The reactivity of [CHl(NMe;—TMPA)(O,")]* (1) toward sub-

L S stituted phenols as potential H-atom donors was probed; there is
by a second copper(l) ion is generally favorable in this and many considerable practical interest in such oxidations (with Cand
other systems, making it normally difficult to characterize initial therel is reIevaF:n Iit(laratl;re with é:o :u erc)>(>l<o clom Iev-“;l‘éleg‘ alorll
1:1 CU/O; (i.e., CU—0,) adducts:21.23 P plexes,aong

with examples involving Fé&*3>Mn,3* as well as Cr and R#¥.
t The Johns Hopkins University. Whenp-MeO-2,6-DTBP is added to a-85 °C THF solution
* Stanford University. of [CU"(NMe,—TMPA)(O,7)]" (1) (excess @removed), decom-
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position of 1 occurs over~30 min, as observed by UwWis
spectroscopy. A sharp strong peak is observed4i5 nm in the
absorption spectrum along with~ 2 signal in EPR spectroscopy,
indicating the formation of the stabilized phenoxyl radida| 40%
yield, diagram):® Other products identified in this/p-MeO-2,6-
DTBP reaction are the 1,4-benzoquinohé~24% yield) and the
arylhydroperoxideC, as identified by GC and GEMS .38 With an
180, source, GEG-MS reveals'®0-incorporation £80% insertion
into A and ~90% intoC).18

Unlike p-MeO-2,6-DTBP, the reaction of [G(NMe,—TMPA)-
(O2)]" (1) with 2,6-DTBP and 2,4,6-TTB® produces only 2,6-
di-tert-butyl-1,4-benzoquinonone (diagram), confirmed by GC and
GC—-MS after low-temperature reactidhwarming, and workup.
With 180, labeled1, ~70% 180-atom incorporation occufs.

Thus, the reactivity of [CUNMe,—TMPA)(O,7)]* (1) appears
to parallel that known for other Msuperoxo specie’. 3336 The
superoxo complex is able to effect hydroxylation and hydroper-
oxylation of phenols, with incorporated oxygen atoms derived from
the Cd—0O,~ moiety. In M = Cd", Cr', and RH' or other
M—superoxo complex mediated phenol reactions, initial H-atom
abstraction (i.e., MO~ + ArOH — M—OOH + ArQe) is
implicated (however, it may not be rate-limiti#®y The quinone

and hydroperoxide products observed can be explained from

reactions of initially formed Ar@and its further interactions with

a M—0,~ complex. However, a number of mechanisms have been

suggested, including those that do not derive from initiat ®~/
ArOH H-atom abstraction chemist#¥33.3%-41 Thus, detailed mecha-

nistic work on the chemistry described here is needed and planned.

In addition, we will survey the reactivity of [CY{NMe,—TMPA)-
(O] (1) with other kinds of C-H, O—H, and N-H containing
substrates.

In summary, the present work provides evidence for our early
suppositio? that a tripodal tetradentate TMPA-type ligand copper-
(I) complex Q reaction may lead to a terminally bound end-on
superoxide-copper(ll) species that was further hypothesized by
Suzuki for tripodal tetradentate ligantlsjemonstrated recently in
the coordination complex (with an X-ray structure) of Schindler
and Sundermeyéf, and has been seen in an X-ray structure of
PHM.10 The further significant advance is the demonstration of
substrate oxidations starting from a supereropper(ll) complex;
the observed phenol oxygenation reactions likely involve initial
H-atom abstraction chemistry directly parallel to that known for
other metat-superoxides, especially cobalt. Further investigations
of the reactivity and complementary studies aiming towareGD
cleavage reactions (leading to'CtOe?) will provide a firmer basis

for understanding chemical and biological copper-promoted oxida-

tive processes with 1:1 #®,-derived species.
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