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Transition metat-alkylperoxo (M—OO—alkyl) complexes are an alkylperoxo complex of Mn(ll) with the hindered hydrotris-
suggested to play an important role in oxygenation reactions (pyrazolyl)borate ligand*
effected by transition metal catalystsThey are also considered Previously we reported that reaction of the divalent metal
as analogues of a metahydroperoxo (M-OO—H) species, hydroxo complex [Tf"-M"(OH)], (Tp™"2 = hydrotris(3,5-diiso-
which is widely accepted as a key intermediate in biological propyl-1-pyrazolyl)borate) with alkyl hydroperoxide led to the
dioxygen metabolismi.To elucidate the mechanism of oxidation successful isolation and characterization of the corresponding
reactions involving M-OOR (R = alkyl, H), structure and alkylperoxo complexes, FpM'"(OOR) (M = Co and Cu, R=
reactivity of transition metal complexes with alkylperoxides have Bu' and CMgPh)#2b But application of this method to the Mn
attracted increasing attention. However, only a limited number system resulted in oxidation of the Mn(Hhydroxo complex to
of transition metat-alkylperoxo complexes have been isolated give the dinuclear Mn(ll}-bis(u-oxo) complex, [TF=Mn" (u-
and characterized, since low-valent metakylperoxo complexes  O)],, 1® and the desired alkylperoxo species could not be detected
are generally unstable due to their high susceptibility to the metal even at—78 °C. Then we attempted isolation of the alkylperoxo
center oxidatiod® In fact, upon treatment with an alkyl species by using the sterically more hindered ligand“fp
hydroperoxide, some Mn compounds induce oxygenation of (=hydrotris(3tert-butyl-5-iso-propyl-1-pyrazolyl)borate}?
hydrocarbonSor yield a higher valent metal-oxo compl&j® The TFYP" derivative of a hydroxo complex, F#”'Mn'"(OH)
but no alkylperoxo complexes of them have been detected 8o far. (2), which was prepared by hydrolysis of the corresponding
Manganeseoxygen species have attracted much attention be-
cause they take part in the physiological dioxygen metabditsm
and the synthetic oxidation reactiots!® In this communication,
we report the first isolation and X-ray structure determination of
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Figure 1. Crystal structure oB-MeCN (drawn at the 50% probability
level). All hydrogen atoms and the MeCN molecule are omitted for clarity.
Selected bond lengths (A) and angles (deg) are as follows=®1
1.964 (3); Mn-N11, 2.132 (3); MAR-N21, 2.161 (3); Ma-N31, 2.159
(3); 01-02, 1.411 (4); O2C40, 1.463 (4); OXMn—N11, 118.4 (1);
01-Mn—N21, 124.8 (1); O+Mn—N31, 130.8 (1); N1+Mn—N21,
89.14 (10); N1+Mn—N31, 88.96 (10); N2+Mn—N31, 92.99 (10);
Mn—01-02, 105.1 (2); 0+02—C40, 109.2 (3).
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acetato compleg with agueous NaOH solution, reacted with an
equimolar amount of cumyl hydroperoxide-ab0 °C to yield a
corresponding Mn(IB-cumylperoxo complex, T§'P'Mn''(O-
OCMe&Ph) @), in 43% isolated yield (Scheme P)Single crystals

of 3 suitable for X-ray analysis were obtained by recrystallization
from a MeCN/E$O solution at—20 °C. As shown in Figure 1,
the geometry of the manganese iorSiwas best described as a
slightly distorted tetrahedron coordinated by the oxygen atom of
the end-on %) binding alkylperoxide ligand and the three
pyrazolyl nitrogen atoms. The smallestND—O bending angle

of 3 (105.1(2)) in all of those observed for the transition metal-
n*-alkylperoxo complexes and relatively short M2 distance
(2.700(3) A) may imply the contribution of weak-bonding
interaction of the alkylperoxide to the Mn center, but the

(= side-on)-alkylperoxo complexes are known only for the
electron-deficient imetal complexes (T and W) so farsk The
O-0 bond length of 1.411(4) A is in the range of the-O
lengths previously reported for alkylperoxtransition metal
complexes:® The valence of the manganese ion was identified
to be+2 on the basis of the lack of a counteranion in the unit

(16) Synthetic procedures and analytical data (including X-ray crystallographic
work) for 2 and 3 are provided as Supporting Information.
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cell. EPR-active and colorless properties3oilso supports the
oxidation state of the Mn centers Bis +2.27 For Fé' —OOR
species, intense LMCT bands are observed aroune-660 nm,

6 but Mn'" complex3 exhibits very weak absorption in the visible
light region (484 nm (she = 40 M~ cm™%), though number of
d-electrons of Fe(lll) and Mn(ll) is same=(d®). As mentioned
above, the attempts to isolate the Mn(ll) alkylperoxo complex
with the less hindered T ligand were unsuccessful. Because
the electron-donating ability of FgF" to the metal center may
be comparable to that of P24 the successful isolation of the
low-valent Mn(Il)—alkylperoxo complex3 may result from the
highly sterically demanding property of the Bg" ligand. To
date, four structures of peroxo £0) complexes of Mn(lll) and/

or Mn(lV), including Tg"=Mn'" (2-O,)(3,5-Pt,pzH) prepared by
us, have been characterized by X-ray crystallograghbut no
Mn(Il) —peroxo (Q~, O*7, OOH", OOR", and OOC(O)R)
complex has been reported. The present alkylperoxo con$lex
is the first example of a structurally characterized Mn(ll) peroxo
complex, and the existence of Mn(H¥Jlioxygen species is
evidenced by our successful characterizatior.dh biological
systems, Mn(ll}-dioxygen species such as M@,~ and Mn—
OOH"™ are proposed to be an intermediate of the dismutation of
superoxide anion () by Mn—SOD" and HO, by dimanganese-
catalasé®

Reactivity of the alkylperoxo compleXobtained by the present
study turned out to be sluggish with respect to oxidation of
exogenous substrates such as £RheSMe, MeS(O)Me, and
hydrocarbons; the highly hindered Bgroups of T"P" might
prevent access of the substrates to the Mn cent8r Afthough
3 was stable at low temperature, theB¥'Mn moiety decom-
posed even at room temperature.

In conclusion, the alkylperoxo complex of divalent manganese
has been isolated and characterized successfully by using the
hindered hydrotris(pyrazolyl)borate ligand. This alkylperoxo
complex has a monomeric structure with the essentially tetrahedral
geometry of the divalent manganese ion. The high sterically
demanding property of BYP" rather than its high electron
donating ability might render the low-valent metal alkylperoxo
complexes isolable.
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