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Hydrogen atom abstraction from organic substrates by metal
oxo species derived from fQronstitutes a reactivity paradigm of
bioinorganic chemistry and oxidation catalysia/e and others have
previously described the synthesis of cobalt dioxygen complexes
that give rise to reactive intermediates of the typ&fpo=0 or
TpRRCo(u-O),CoTP¥R2 The recent advent of a series of closely
related chromium dioxygen complexes has presented us with the
opportunity to investigate analogous chemistry of an early transition
metal3 Chromium—oxo complexes should be more stable and might
thus serve as models for the more elusive intermediates in cobalt
chemistry?

To our surprise, reaction of the superoxo complex§¥y¢Cr-
(k2-O)(pZH)]BARF (TpBuMe = hydrotris(3tert-butyl-5-methyl-
pyrazolyl)borate, pH = 3-tert-butyl-5-methylpyrazole, BARFE=
tetrakis(3,5-bis(trifluoromethyl)phenyl)boratejvith [TpBuMeCr-
(pZH)IBARF in Et,0O at room temperature produced the brown
hydroxide [TP“MCr(OH) (pZH)]BARF.(l.) in excellent yield. The Figure 1. Molecular structure of [TB“MeCr(OH)(pZH)IBARF (1); the
IR spectrum (KBr) ofl showed two distinct bands at 3669 tm anion has been omitted for clarity. Selected distances [A] and angles [deg]:
(vo-n) and 3298 cm! (vn-4), and the magnetic moment f(zer Cr(1)-0(2), 1.814(2); Cr(1yN(2), 2.030(3); Cr(1}N(3), 2.082(2); Cr(1y
(295 K) = 3.7(1) us) was consistent with a Cr(lll) complex d N(5), 2.072(2); Cr(1)N(7), 2.052(2); N(73-Cr(1)-N(3), 174.62(9); O(2)

S = 3/,). The molecular structure of (see Figure 1) confirmed  Cr(1)-N(2), 119.84(10); O(2}Cr(1)-N(5), 140.07(11); N(2) Cr(1)-N(5),
the structural assignmeh. 99.49(10); O(2)-Cr(1)—N(7), 83.68(10).

1 adopts a distorted trigonal bipyramidal geometry, with N(3) scheme 1
and N(7) occupying the axial positions. The-@ distance of
1.814(2) A is consistent with a single bond, and the hydrogen atoms
of the hydroxide and pyrazole ligands were both located crystal-
lographically®

The formation of Cr(lll) hydroxidel instead of the expected
Cr(IV) oxo complex resembles the outcome of the reaction of
TpBUMeCo(0Oy,) with TpBUMeCo(Ny), which yielded TF“MeCoOH 22
A reactive metatoxo species is a probable intermediate in both
cases. Consistent with this hypothedigould also be prepared by
reaction of [TPYMeCr(pZH)]BARF with oxygen atom donors such
as trimethylamineN-oxide or iodosylbenzene in E. Thus, we
propose that [TB"“MeCr(O)(pZH)]BARF (2) arises as an intermedi-
ate in the formation of., followed by hydrogen atom abstraction
(see Scheme L)This proposal is noteworthy in light of the apparent
stability of the closely related T§MeCr(O)(OPh)? indeed, part
of the our motivation for this study was the expectation that a
Cr(IV)—oxo complex would be stable.

A series of deuterium-labeling experiments suggested that the
ligands of the chromium complex are not the source of the hydrogen
atom. We then reasoned that the elimination of all external hydrogen

PhIO | CH,Cly

atom sourcesthat is, any molecules with weak-G¢ bonds—might green solid identified a®.8 The result of a crystal structure
facilitate the detection or isolation d. This strategy proved  determination o is shown in Figure 2.
successful; to wit, the reaction of [PpMeCr(pZH)]|BARF with Similar to 1, 2 features trigonal bipyramidal coordination of

PhIO in pure CHCI, carried out on a high-vacuum line yielded a chromium (N(5) and N(7) occupy the axial positions). The most
significant difference is the shorter metalxygen distance og;
*To whom correspondence should be addressed. E-mail: theopold@udel.edu.at 1.602(2) A it is consistent with a €0 double bond? This
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with toluene. Collectively, these observations explain why the
preparation oR succeeds only after the scrupulous elimination of
all ready sources of hydrogen atoms.

We have demonstrated that metal complexes can transferm O
into well-defined metatoxo species capable of abstracting hydro-
gen atoms from ordinary organic compounds. A better understand-
ing of the various factors involved (e.g., metal, oxidation state,
coligands, coordination geometry, etc.) will aid the design of

oxidation catalysts utilizing @as the terminal oxidant.
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Figure 2. The molecular structure of [T§-MeCr(O)(pZH)]BARF (2); the
anion has been omitted for clarity. Selected distances [A] and angles [deg]:
Cr(1)-0(1), 1.602(2); Cr(L}N(1), 2.053(2); Cr(1)N(3), 2.091(2); Cr(1)

N(5), 2.041(2); Cr(1)>N(7), 2.099(3); N(5)-Cr(1)—N(7), 172.03(9); O(1r
Cr(1)-N(1), 125.26(11); O(X)Cr(1)—N(3), 133.35(11); N(1}Cr(1)-N(3),
100.29(9); O(13Cr(1)—~N(7), 84.56(10).

assignment is supported by the appearance of a band in the IR
spectrum at 905 crmt (vc—o0), Which moves to 867 cri upon
substitution with180, and the absence of an—®! stretch. The
effective magnetic moment a@ (uerr (295 K) = 2.7(1) ug) is
consistent with a formal oxidation state of Cr(IVF(&= 1). The
orientation of the coordinated pyrazoles raises the possibility of
N—H---O hydrogen-bonding interactions in both compouhds.
However, while the N-O distances are in the appropriate range
(L N(8)—0(2), 2.58 A;2: N(8)—0(1), 2.66 A), the hydrogen
atoms do not lie on the lines connecting these at&&srthermore,
the N—H stretching bands are relatively sharp and only moderately
lowered in frequencyll vn—y = 3298 cmil; 20 vy = 3408
cm~1—to be compared withy_y = 3435 cnTtin [Tp®BuMeCr(pZH)]-
BARF, which has no hydrogen bond). Considering these data, we
suggest that hydrogen bonding is not a significant effect in these
compounds; if at all, it is probably more importantin

By itself, 2 is stable in the solid state and in methylene chloride
solution, even at elevated temperatures; unlike the cobalt system it
does not attack its own ligands. Howev@rabstracts hydrogen
atoms from substrates of modest R bond strength. Thus, addition
of stoichiometric amounts of 1,4-cyclohexadie®g (4 = 73 kcal/
mol)13 or 9,10-dihydroanthracen®¢-y = 75.3 kcal/mol) to Ch-
Cl, solutions of2 rapidly producedl and benzene (quantitative
yield by 'H NMR) or anthracene, respectively. Reactions with
excess NEt(Dc-y = 90.7 kcal/mol) or toluenel{c—y = 88 kcal/
mol) also produced, albeit more slowly. Finally, dissolution &
in Et,O (Dc—y = 91.7 kcal/mol) or THF De_y = 92 kcal/mol)
also effected its transformation info The use of THFd; led to
the appearance of bothy_p (2706 cnl) andvy_p (2474 cnrl)
in the IR spectrum of-d;. At 75 °C ky/kp was 10(1) for the reaction
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