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Transition metal hydroperoxo complexes, LMOOH ¢
ligand system, M= transition metal), are important intermedi-
ates in many catalytic oxidations by molecular oxygen and
hydrogen peroxide. In the catalytic cycle of cyt P450, an
intermediate (P)FEOOH complex (P= porphyrin) undergoes
intramolecular electron transfer producing a reactive “oxene”,
[PTFEVYO or PF&¢=0.12 Methane monooxygenase, ribo-

nucleotide reductase, and heme peroxidases are also believe%

to produce transient high valent oxo-species from peroxo or
hydroperoxo precursofsand a hydroperoxo complex of bleo-
mycin causes strand scission in DNA in a scheme involving
Fe(lV) or Fe(V) intermediate®?

Some synthetic hydroperoxometal compléx@spersist in
solution for several minutes or even hours in the absence of

reducing substrates and decompose mainly by dissociation of

H,O, from the metal. These complexes typically react as
electrophiles and one-electron oxid&raad show no tendency

to form oxenes, presumably because the nonparticipating IigandsM -1 g1

do not stabilize the metal in thetdor 5+ oxidation state. We
now report that a synthetic hydroperoxochromium(lll) complex
of a non-porphyrin, saturated macrocycle undergoes intramo-
lecular conversion to Cr(V).

The complextrans-(H,O)LICrOC?+ 10 (L1 = [14]aneN, =
1,4,8,11-tetraazacyclotetradecane) reacts with?Cim acidic
aqueous solutions as in ed4*? The reaction with FgZ*, on
the other hand, has 1:1 stoichiometry.

(HO)L'Cro0’" +3Cr, /" + 4H" —
L'Cr(H,0),>" +3Cr,2>" + H,0 (1)

The reduction of similar superoxometal(lll) complexes
LMOO" 13 by Fe,#" produces peroxo or hydroperoxo inter-
mediates, which engage in Fenton-type chemistry, e¢. 2

We hypothesized that the reductions of@JLICrOC*" with
Cra#t and with Fe/" also start out as le processes yielding

(1) Guengerich, F. PAm. Sci.1993 81, 440.

(2) Lippard, S. J.; Berg, J. MPrinciples of Bioinorganic Chemistry
University Science Books: Mill Valley, CA, 1995; p 308.

(3) Stubbe, J.; Kozarich, J. WChem. Re. 1987, 87, 1107.

(4) Guajardo, R. J.; Hudson, S. E.; Brown, S. J.; Mascharak, B. K.
Am. Chem. Sod 993 115 7971.

(5) Bakac, A.Prog. Inorg. Chem1995 43, 267.

(6) Wang, W.-D.; Bakac, A.; Espenson, J. lHorg. Chem.1993 32,
5034.

(7) Wang, W.-D.; Bakac, A.; Espenson, J. lHorg. Chem.1995 34,
4049.

(8) Bakac, A.; Assink, B.; Espenson, J. H.; Wang, W.hibrg. Chem.
1996 35, 788.

(9) Mirza, S. A.; Bocquet, B.; Robyr, C.; Thomi, S.; Williams, A. F.
Inorg. Chem.1996 35, 1332.

(10) Bakac, A.; Scott, S. L.; Espenson, J. H.; Rodgers, KJ.RAm.
Chem. Soc1995 117, 6483.

(11) Spectrophotometric titrations were carried out at pt2 {HCIOq4
or CRSO;H) and monitored at 290 nm, where the molar absorptivity for
(H20)LICrOC?" is 2900+ 300 M~ cm?1, somewhat larger than reported
previously0

(12) Data were corrected for10% background decomposition of
(H20)LICrOC** during the titration under air-free conditions.

(13) LM = (H,0)sCr?* (Brynildson, M. E.; Bakac, A.; Espenson, J. H.
Inorg. Chem.1988 27, 2592), (HO)LICc?+ (Kumar, K.; Endicott, J. F.
Inorg. Chem.1984 23, 2447. Munakata, M.; Endicott, J. Fhorg. Chem.
1984 23, 3693), and (HO)(Mes-[14]aneN)C?+.7

118,10325-10326 10325

LMOO" + Fe,/" + H" —LMOOH" + Fe,’"  (2)

LMOOH" + 2Fg, 2" + 3H" —
LM(H,0)""* + 2Fe, " + H,0 (3)

(H,0)LICrOOH* (or a binuclear peroxide), eq 2. The further
reduction by C4#* results in an overall 3:1 stoichiometry. In
contrast, Fg?" does not react with (4D)L'CrOOH", sug-
gesting that this hydroperoxide is unusually short-lived and can
be intercepted only by potent reductants like£r.

This proposal was confirmed by allowing {8)L1CrOCG*+
to react with 1 equiv of Rg*t, after which the spent reaction
solution was titrated with G&*. Only one oxidizing equivalent,
corresponding to B¢ of eq 2, was found. The hydroperoxide
had clearly decomposed during the-2 min that elapsed
between its formation and addition of .14
Kinetically, the reaction of (pD)L!CrOC?" with Fe"

a three-stage proceXs'6 Figure S1. The first step corre-
sponds to eq 2, with the rate lawd[(H,O)LICrOC*]/dt =
ked FE2H[(H20)LICrOC?"], wherekee = (3.52+ 0.25) x 10°
M-1s1at 0.02 M HCIQ. This value is almost identical to
that for the reduction of (bD)sCrOCG** to (H,O)sCrOOH" by
Fea 2+ 5

‘Ighe next two stages correspond to the formation and decay
of an intermediaté? which we show below to be a Cr(V)
species. The formation stage obeys a two-term rate kaw,
=K + k'[Fe*], with kK = 0.17+ 0.03 s! andk” =58 &+ 14
At a constant ionic strength, botki and k" are
independent of [H] in the range 0.020.2 M. The value of
k" is remarkably simildrto the rate constants for the reduction
of HO; (k = 58 M~1 s1) and (HO)sCrOOH (k = 48 M1
s 1) by Fet, supporting the notion th&t' path is the reduction
of (H,O)L!CrOOH" by Fa?".8 Atlow Fe,?" concentrations,
such as those used in the spectrophotometric titrationgdfffe
< 0.1 mM), only the [Fé']-independent term contributes.

The decay of the intermediatkg ) = 0.194 0.03 s'%, is
independent of [F] (0.02—0.2 M) and [Fe/*] (0.28—4.2 mM).

The difference between the UWisible spectra of the inter-
mediate and final products shows an intense band at 296 nm
and several maxima in the visible region (400, 440, and 518
nm), Figure S28 These features, especially a strong band at
~300 nm, are typical of Cr(V) complexég.

The ESR spectrutfi of the intermediate, Figure 1, in water/
propylene glycol glass at 120 K indicates that the molecule has
axial symmetry and yieldgg = 1.99 andg, = 1.96. Values
slightly under 2 are as expected for Cr(#%%26 and we assign
the formula I1CrO®* to the intermediate. The peaks are broad
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Figure 1. First derivative ESR spectrum ofCrVO%t (L! = [14]aneN)
in 1:1 H,O/propylene glycol glass at 120 Kgp = 1.99,g, = 1.96.

Scheme 1
LICrO02* + Fegg?t —H» LICIOOH?* + Fegg®  Kee = 3.5 x 103 M-1s1

LICrVO3* +H,0 k'=0.17st
(major)

H*
%1

LICVO3* — = Ly,Cri!

L1CrOOH?*

Cr(111) and Fe(l11) products
(minor)

k" =58 Mts1
kCr(V) =0.19s1

(11 G maximum-to-minimum separation in the perpendicular
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x 10* M~ s71. The second stage is strictly first ordét,=
0.17 4+ 0.02 s, at 0.1 mM =< [ABTS?] < 5.0 mM. The
absorbance increase in the second stage was exactly twice as
large as that in the first. The results strongly support Scheme
2, in which the intramolecular conversion of {B)L1CrOOH"

to LICrO®" is followed by rapid oxidation of two additional
moles of ABTS™.

Scheme 2

LICro*" + ABTS? - | icroOH + ABTS™
ky=2.53x 10"'M s

LICrooH* =~ L'cVo* + H,0 Kk =0.17s*

H,0, H+

L'Cr'O® + 2ABTS™ L'Cr(H,0),*" + 2ABTS~

fast

One experiment used only a 2-fold excess of ABT8ver
(H20)LICrOC*. After all of the ABTS~ was oxidized to
ABTS'~, further oxidation of ABTS to ABTS® (Amax 518 nm)
took place, again with a rate const&ht= 0.17 s1. Thus even
ABTS'™ reacts rapidly with ECrO**. The reduction potential
of the couple ABTYABTS" ™ is 1.09 V vs NHE2” which places
the lower limit for the one-electron potential ofCrO+ at~1.1
V.

Attempts were made to characterizg/Cr(lll), the decom-
position product of ECrO*t. After the reaction with Fg?*
was complete, the reaction mixture was ion-exchanged on

component), accounting for the absence of hyperfine splitting sephadex C25 cation-exchange resin. The elution behavior of

by 53Cr (S = 3/2, 9.5% natural abundance). The intensity of
the Cr(V) peak was somewhat greater than that of 0.1 mM

the product indicated af3charge. Complete separation from
unreacted ECr(H,O)3" 28 was not achieved, but early fractions

diphenylpicrylhydrazine, demonstrating that significant amounts showed bands at 482 and 369 nm, significantly removed from

of Cr(V) were formed.

The data support the mechanism of Scheme 1, where L
Cr'"" represents a Cr(Ill) product with a modified macrocyclic
ligand.

The most intriguing step in Scheme 1 is the conversion of
(HO)LICrOOH* to LICrO**, and we sought additional
experimental support for this step. According to Scheme 1,
any species that will reduce §B)LICrOO*" to (H,O)L-
CrOOH* but not react directly with (bD)LXCrOOH* should
produce LCrO*" with the rate constart’ = 0.17 s1. This
was confirmed by use of an outer-sphere reductant, ABF¥S
The reduction of (HO)LICrOC?*", monitored at the 650 nm
maximum of ABTS", is a biphasic process, Figure 3 The
rate constant for the first stage has a valye= (2.53+ 0.01)
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the 510- and 350-nm maxima ofCr(H,0),®". Intramolecular
oxidations of N-macrocycles usually result in the formation
of monoimine complexes or the rupture of the macrocy®fé.

An interesting possibility for ECrO®+ is the oxidation of the
macrocycle by oxygen atom insertion into a-8 bond, in
analogy to cyt P450. The extreme solubility of the product in
water is consistent with the presence of an additional OH group
in the macrocycle. We continue to work on the characterization
of the product as well as the chemistry ofdrO®*.
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