JIAIC[S

COMMUNICATIONS

Published on Web 10/14/2006

Identification of an “End-on” Nickel = —Superoxo Adduct, [Ni(tmc)(O )]*

Matthew T. Kieber-Emmons,’ Jamespandi Annaraj,* Mi Sook Seo,* Katherine M. Van Heuvelen,$
Takehiko Tosha,” Teizo Kitagawa,” Thomas C. Brunold,® Wonwoo Nam,** and Charles G. Riordan*'

Department of Chemistry, bision of Nano Sciences, and Center for Biomimetic Systems,
Ewha Womans Unersity, Seoul 120-750, Korea, Department of Chemistry and Biochemistryetdity of
Delaware, Newark, Delaware 19716, Department of Chemistrypéfgity of Wisconsin-Madison,
Madison, Wisconsin 53706, and Okazaki Institute for IntegeaBioscience, National Institutes of Natural Sciences,
Okazaki 444-8787, Japan

Received July 13, 2006; E-mail: wvnam@ewha.ac.kr; riordan@udel.edu

Transition metal dioxygen adducts have attracted the attention
of chemists for decades. Inspiration for such studies derives from
the importance of these species in aerobic respiration, biocatalysis,
and synthetic oxidation's? The structures of several dioxygen
adducts have been elucidated, and in numerous cases, structure
reactivity correlation paradigms have emer§eéRecent advances
in the area of Ni-Ox complexe$® have benefited from the
accessibility of isolable Ni precursors, sufficiently electron-rich
to reduce dioxygen as demonstrated through spectroscopic studies L S L B R
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of the resulting products. Specifically, efforts from these laboratories Raman shift / cm

have led t‘? the e|U?IdatI.0n of Njt-O,),° N',Z(”',]"Z'OZ),]B "f‘r,]d Nb Figure 1. Resonance Raman spectra ®fin CH3CN obtained upon
(u-O), motifs? The identity of the supporting ligand is critical both  excitation at 407 nm at-20 °C. Red/blue traces: samples prepared from
for the success in preparing the™Ntomplexes and for directing 4 with H,10,/H,180,; black trace: difference spectruné@—1€0). The
the reactions toward variable product structures. This work finds peaks marked with “s” are ascribed to the solvent.

some inspiration in the early reports of Kimura and co-workers

that a NP —superoxo species hydroxylates aromatic substrates, thusobservation of isosbestic points for the conversior2ab 3 (SI,
exhibiting monooxygenase activity Subsequent efforts by others  Figure S1). Alternatively3 can be generated in modest yield by

Intensity

established a seminal role for the ligand in autooxidatiddere, the addition of 10 equiv of D, to a reaction solution containing
we report the preparation, spectroscopic characterization, and[Ni(tmc)](X). (4 , where X= OTf~, ClO,") and NE§ (10 equiv)
reactivity of a NF*—superoxo complex. in either CHCN or CHOH at 25°C (S|, Figure S22

Recently, we have shown that the low temperature addition of  The optical spectrum & is dominated by a UV absorption band
Oz to [Ni(tmc)[(OTf) (1) (tmc = 1,4,8,11-tetramethyl-1,4,8,11-  wjith a ., of 345 nm in THF € = 1500 M~ cmL, shoulder at
tetraazacyclotetradecane; OFiCF;SQ;) yields a transient bridging 328 nm). Resonance Raman spectra obtained upon excitation at
peroxo  dimer, {[Ni(tmc)]a(u-O2)} (OTf)2 (2), possibly via the 407 nm exhibit two vibrational features that are oxygen isotope
formation of a 1:1 Ni-O; intermediate’.Indeed, [Ni(tmc)(Q](OTf) sensitive (Figue 1 ; Figures S3 and S4). Specifically, the bands at
(3) is accessible when the oxygenation reaction is performed such 1131 and 437 crrt downshift to 1067 and 416 crh, respectively,
that G is in_excess eyen after the ?nitial fqrmation DKSche_me in samples o3 prepared front®0-labeled sources (either,H0,

1). In a typical experiment, dry, high-purity,Gs bubbled into ;- 155y The more intense, higher-energy feature is assigned to
the ¥(O—0O) mode based on its frequency and the magnitude of
o the isotopic shift ¢(*60—160)/v(*80—180) = 1.060; calcd 1.061
o o, e . N . .
QNT“J %5.0; ancl)\n"q ho NTN/] for a harmonic oscillator). The lower-frequency mode is ascribed

Scheme 1

WSS = NS BN jNQNy to the »(Ni—0) vibration ¢(Ni—%0)/»(Ni—180) = 1.050; calcd
73 4 1.048). The frequency of thg O—0) mode provides an excellent
0, R probe of the extent of charge transfer from"™No the dioxygen
1 AT

119.3° ligand, with the N#"—superoxo and Ni—peroxo resonance
structures representing the two limiting descriptiéhBor 3, the
high value of 1131 cmt is in accord with a Ni"—superoxo
descriptiorb1415Electrospray mass spectrometry (ESI MS) analysis
of CH3;CN solutions of3 supports its formulation as a monomer
bearing an @unit (Figure S5).

X-ray absorption spectroscopy (XAS) was performed to probe
the coordination sphere and oxidation state of nickel. In the near-
eedge region, a weak, electric-dipole forbidden Ni-18d transition
is observed at 8333.9 keV, consistent with th2 oxidation state

DFT optimized structure of 3

a stirring THF solution ofl at — 78 °C for 5 min. The reaction
progression is monitored by UWis spectral changes. Formation
of 3 under these conditions appears clean as evidenced by th

" University of Delaware. when compared to a related complex [Ni(tmc)(OH)](OTf) (Figure
+ Ewha Womans University. : ; -

5 University of Wisconsm_,\%a dison. S6). Best-fit modelg of the extended X-ray absorption fine structure
U Osaka Institute for Integrative Bioscience. (EXAFS) data of3 include an O/N scatterer at 1.98 A and four
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N/O scatterers at 2.17 A, consistent with “end-on” superoxide Sloan Foundation (to T.C.B.), the NSF Graduate Research Fellow-
coordination (Sl for details). ship Program (to K.M.V.H.), JSPS Young Research Fellowship (to
Complex 3 is EPR active (Figures S8 and S9), displaying a T.T.), and the Ministry of Science and Technology of Korea through
rhombic signal withg values of 2.29, 2.21, and 2.09. Samples of Creative Initiative Program (to W.N.) is greatly appreciated. Use
3 prepared fromt’O, show minor EPR line broadening (estimated of the National Synchrotron Light Source, Brookhaven National
at~10 G), indicating that very little unpaired spin density resides Laboratory, was supported by the U.S. Department of Energy,

on the Q ligand® These observations suggest a spin couled Office of Science, Office of Basic Energy Sciences, under Contract
1/, ground stat¥ in agreement with literature precedents of No. DE-AC02-98CH10886. Generous donation of some of the
transition metal superoxo species. computational resources was provided by the Bioinformatics Center

To further establish the geometric and electronic structures of of the University of Arkansas for Medical Sciences.
3, density functional theory (DFT) computational studies were Note Added after ASAP Publication.In the version published

performed on several models, considering both side-on and end-on the Internet October 14, 2006, the page number for ref 8 was

. o . e ( : :
on_gtlaometrles as well as high-spin (F&55 */2) and low-spin (LS, j,c5rrect. In the version published on the Internet October 19 and
S=1) ground states (Sl for details). For both spin systems, the in the print version the page number is correct.

geometries converged to end-on structures (Scheme 1, inset), clearly

indicative that the end-on geometry is heavily favored over a side- ~ SUPPorting Information Available: ~ Experimental details, char-

on structure. acterization data, and computational methods. This material is available
Complex3 oxidizes PPhto OPPh in quantitative yield, and free of charge via the Internet at http://pubs.acs.org.
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