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of the silane cation radical by both acetonitrile and methyl alcohol
after diffusional separation from the geminate ion radical pair.?
This conclusion is consistent with the lifetimes of 1b-d** being
considerably longer than those expected for the geminate pairs.’

The nucleophilic cleavage mechanism makes the additional
prediction that the cleavage rates of the silane cation radicals
should decrease as the steric demands of the nucleophile increase.
This prediction is borne out by the steady decrease in the rate
constants for the reaction of the silane radical cations with methyl
alcohol (k.,), isopropyl alcohol (k;), and tert-butyl alcohol (k,)
(Table I).

In summary, the cleavage of benzyltrialkylsilane cation radicals
in acetonitrile is most consistent with a mechanism involving
nucleophilic participation by the solvent. This mechanistic insight
will undoubtedly be useful in more profitably utilizing silane cation
radical cleavage reactions.
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Considerable efforts have been made in the synthesis and
structural characterization of u-1,2-peroxo binuclear copper(II)
complexes, since such a moiety is known to exist in oxygen binding
states of hemocyanin (Hc) and tyrosinase (Tyr).! Very recently,
Karlin et al. have reported the crystal structure of [CuL],{O,)?*
(L = tris[(2-pyridyl)methyl]amine), which definitely established
the presence of trans u-1,2 coordination of a peroxide ion.?
However, the Cu--Cu distance (4.359 (1) A) and the electronic
spectrum of the complex are significantly different from those
of oxy-Hc and oxy-Tyr. On the other hand, we* have reported
the synthesis of a u-peroxo binuclear complex, [Cu(HB(3,5-
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Figure 1. ORTEP view of 2 (30% probability). The molecule sits on the
center of symmetry. CH,Cl, molecules of crystallization were omitted.
Selected bond distances (A) and angles (deg) are as follows: Cue-Cu,
3.560 (3); Cu-0, 1.903 (11), Cu-0, 1.927 (9); O-0’, 1.412 (12); Cu-
N1 2.000 (8); Cu-N2, 2.258 (8); Cu-N3, 1.993 (14); O-Cu-0’, 43.3
(4); Cu-O-Cu’, 136.7 (5); Cu-0-0, 69.3 (6); Cu'-0-0’, 67.4 (5);
NI1-Cu-0, 107.2 (4); N1-Cu-0’, 148.8 (4); N2-Cu-0, 114.2 (4); N2-
Cu-0’, 111.5 (3); N3-Cu-0, 150.4 (4); N3-Cu-0’, 111.3 (4); NI-
Cu-N2, 88.5 (3); N1-Cu-N3, 92.7 (4); N2-Cu-N3, 87.4 (4),
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Me,pz)3)15(0,) (1), which shows remarkable physicochemical
similarities to oxy-Hc and oxy-Tyr. In this communication, we
report the crystal structure of the analogous complex [Cu(HB-
(3,5-iPr,pz)3)1,{0,) (2), which contains the novel coordination
mode of the peroxide ion, u-n%n2.

2 is prepared either by direct O, addition to copper(I) complex
Cu(HB(3,5-iPr,pz);) (3)* (method A) or by H,O, treatment of
[Cu(HB(3,5-iPr,pz);)],(OH), {4)° (method B) (Scheme I). The
reaction of 3 with O, in acetone at =78 °C for 2 h gave the
intensely purple colored solution of 2. The manometric mea-
surement of the consumed amount of O, conforms to the formation
of 2. The reduction of the solvent under vacuum at =20 °C
followed by cooling at =78 °C afforded 2 as deep purple solids
in an essentially quantitative yield. In a manner analogous to that
for the preparation of 1,° 4 was reacted with an excess amount
(ca. 3 equiv) of H,0, (30% aqueous solution) at =20 °C in
CH,Cl,. The solution immediately turned deep purple. 2 was
also isolable from the solution. The spectroscopic characterization
of 2 established that the properties of 2 are closely similar to those
of 1 and also oxy-Hc (-Tyr).6

Slow recrystallization from the CH,Cl, solution at =30 °C,
which was prepared by method B, gave single crystals of 2.
6CH,Cl,. Asshown in Figure 1, two Cu(HB(3,5-iPr,pz),)* units
bridged by a peroxide ion form a binuclear complex, which sits
on a center of symmetry.” The O-O distance (1.412 (12) A)
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15.42. Found: C, 58.94; H, 8.54; N, 15.27. UV-vis (CH2CI?, -12°C): 349
(&, 21 000), 551 nm (800). Raman (Me,CO, —40 °C) (*0-1¢0): 741 cm™.
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coordination of the peroxide ion as in oxy-Hc!: (1*0-'%0) 719, (*0-'30) 698
cm™. 'H NMR (toluene-ds, —10 °C, 5, ppm): 1.27 (d, 36 H, Me,CH), 1.48
(d, 36 H, Me,CH), 3.68 (m, 6 H, Me,CH), 3.95 (m, 6 H, Me,CH), 6.09 (s,
6 H, pz). (The chemical shifts of the pyrazole ring proton for the copper(I)
complexes are 5.7-6.1 ppm.*) EPR: silent in CH,Cl, at =196 °C; O up by
Evans method at —10 °C. These properties of 2 (as well as 1%) closely mimic
the characteristics of oxy-Hc! (mollusks?: diamagnetic; UV-vis 345 (¢, ~
20000), 570 nm (~ 1000); Raman (}$0-160) 749, ('¢0-130) 728, (1*0O-'°0)
708 cm™. Further details of the preparation and properties of 2 will be
reported elsewhere.
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is a typical value for the peroxide ion bound to a transition-metal
jon.?  All the Cu—O distances are equivalent within experimental
error. Hence, the coordination mode of the peroxide ion can be
described as u-n%:n2 To our knowledge, this is the first example
of a u-n%n? peroxo binuclear complex of a d-block element 1
although such coordination modes are known for the U and La
complexes.!!''2 It is notable that the Cu---Cu distance of 3.560
(3) A is significantly shorter than that of the trans u-1,2-peroxo
binuclear Cu(II) complex (4.359 (1) A)? and is consistent with
the estimated values for oxy-Hc (3.58-3.66 A)!3 and oxy-Tyr (3.63
A)" by EXAFS analyses. Two of the Cu-N distances are normal,
but the other Cu-N distance is considerably elongated. These
indicate that the coordination geometry of the copper ion can be
regarded as distorted square pyramidal with the N;O, ligand donor
set. The unusual coordination mode of the peroxide ion in 2 seems
to reflect the strong preference of the copper(II) ion to penta-
coordination (square pyramidal) rather than tetracoordination
(tetrahedral) with the hindered tripod N ligand such as in the
present system.

A cis u-1,2 coordination mode of the peroxide ion with an
additional bridging ligand (such as OH") has been proposed for
oxy-Hc (or oxy-Tyr) on the basis of (1) the strong magnetic
interaction (diamagnetism) between the two copper ions and (2)
the extensive spectroscopic studies on met-Hc.! However, to date
no direct evidence for the existence of such a bridging ligand has
been provided. If there is no additional ligand in these proteins,
one could also postulate the possibility of u-n%n? coordination of
the peroxide ion, since Hc contains three hystidyl nitrogens as
ligands for each copper ion.!* The close resemblance of the
physicochemical properties between 2 and oxy-Hc (and oxy-Tyr),
including the diamagnetism, may suggest the hypothesis, although
more adequate investigations are required to lead to the conclusion.
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The reductive cleavage of epoxides to alcohols is a reaction of
general use in synthetic organic chemistry.! It has been observed
recently that the reduction of epoxides of general formula 1 with
lithium naphthalenide proceeds with regiochemistry that is in-
tuitively unexpected,?? but precedented by reductions of epoxides
by means of metals dissolved in liquid ammonia or amines.*
Unsymmetrical alkyl-substituted epoxides give mainly the more
substituted carbinol, which requires cleavage of the C-O bond
to the Jess substituted carbon atom (Table I, entries 1-6). Only
a strongly radical stabilizing substituent causes ring opening to
occur at the atom bearing that substituent (entries 7-10).%3

Although the mechanism of the Birch reduction of epoxides*
has been discussed in terms of a nucleophilic ring opening by a
solvated electron® it is more likely that the mechanism is
analogous to that of radical-anion reductions of organic halides,’
aryl ethers,'® and phenyl thioethers.!®® It thus involves electron
transfer to the epoxide, followed by ring cleavage of the radical
anion 2 to give a species containing an oxyanion and a radical.
However, an apparent weakness of this mechanism is that, contrary
to intuitive expectations, the less substituted radical must be
formed in this step. One possible explanation, proposed by
Bartmann,? is that the electron is localized in the antibonding
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