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The first olefin epoxidation by water oxygen is
reported. The reaction is catalyzed by platinum blue
complexes and is the first example that water oxygen atom is
introduced into epoxides in catalytic or stoichiometric

reaction.

Oxidation of olefins to epoxides catalyzed by transition-metal
complexes has extensively been studied, in one reason, for the mechanistic
understanding of the biochemical oxygenation reactions catalyzed by
metalloporphyrin enzymes,1'3) and in another, because of the importance of

2,4) Olefin epoxidation by peroxides catalyzed by

epoxides in industry.
early transition metals proceeds, in most cases, via nucleophilic attack of
the olefin onto the coordinated peroxidic oxygen.2’4’5) On the other hand,
the use of more basic group VIII transition metal complexes in olefin

4,6) The only exception

oxidation leads almost invariably to ketonization.
to date is [Pt(diphoe) (CF 5)(X)1™" (diphoe = ~cis-1,2-bis-
(diphenylphosphino)ethane, X = CH2C12, OH ", and n = 1, 0), which catalyzes
selective formation of either epoxides or ketones, depending on the
peroxides used.7'9) Amidate-bridged mixed-valent Pt(II)/Pt(III) compounds
called “platinum blues"lo'lz) are reversibly oxidized by 0, and reduced by
OH™, as shown in Scheme 1.13) These properties tempted us to use these
compounds as the catalysts for olefin oxidation by 0,. What we have
unexpectedly found in the present attempt is that cyclic olefins are
selectively epoxidized by water oxygen, whereas linear terminal olefins are

selectively ketonized.

10) 11,12)

Platinum blue
(NH3) g (C4HENO) ,1(NO4) o 2H,0 (1) and pivalamidate blue [Pt ,(NH3)g(CgH,gNO),]1-
(NO5) g5 (2)°7, were used as the catalysts. 1In a typical reaction, 10 umole

and tan compounds, a -pyrrolidonate tan [Pt ,-

of the platinum complex and 5 (for 2) or 6 (for 1) equivalents of CqHys_
SO;Na as a surfactant were dissolved in a mixture of 1 mL of 0.05 M H,50,
and 1 mL of CH2C1CH2C1 containing excess (~100 equivalents) olefin. The
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Scheme 1.
Table 1. Olefin Oxidation Catalyzed by Platinum Blue Compounds
Substrate Product Turnover Number®’
Catalyst
~ r2\l
l-heptene 2-heptanongb) 13.3 4.5
l-octene 2-octanone?) 15.8 12.4
l1-decene 2-decanone 10.9 4.1
2-octene 2-octanone 1.7 1.6
3-octanone 2.2 1.6
cyclohexene cyclohexene oxide 22.8 15.0
cyclohexanone 1.9 1.4
norbornene norbornene og%de 7.2 5.2
norbornanone 2.3 0.6
a -methylstyrene No Reaction
B -methylstyrene No Reaction
3-phenylpropylene No Reaction

a) Turnover number =

[product]/[complex].

Minor products (less than 1%) are; b) 1,2-epoxide,

c) cyclopentanecarboxyaldehyde, and d) norborneol.

solution was stirred vigorously in a closed teflon vial (5 mL) at 50 °C under

0,. The products were analyzed with gas chromatography.

The results of the reactions are shown in Table 1. Linear terminal

olefins are oxidized to methyl ketones with 99% selectivity, whereas cyclic

olefins are oxidized exclusively to epoxides. Olefins with bulky

substituents such as phenyl and benzyl groups are not oxidized.

Compound 1 disproportionates to Pt(II) and Pt(III) dimers on
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dissolution as follows.15)
[Pt4(NH3)8(C4H6N0)4]6+ + L+ L — [Ptz(NH3)4(C4H6NO)2]2+ + [Pt,(NH5),-
(C4HENO),LL' 14% (1)
(L and L’ are axial ligands)
Therefore, the Pt(II) dimer or Pt(III) dimer is conceivably the true
catalyst. The catalytic activities of these two species were compared by
using electrolytically prepared Pt(II) and Pt(III) dimer solutions,ls) and
the Pt(II) dimer was found inactive, whereas the Pt(III) dimer showed the
same activity as 1. Therefore, the Pt(III) dimer seems to be the real
catalyst in the reaction. Olefin coordinates to the Pt(III) dimer in the
reaction, which was shown in the UV-vis absorption spectrum. The absorbance
of 1 at 480 nm decreases on stepwise addition of 0.5 ml each of 1l-octene to
2.5 ml of 0.1 mM CHZClCHZCI solution of 1, and a new absorption of the
olefin-coordinated Pt(III) dimer at 265 nm increases concomitantly with the
isosbestic point at 315 nm. Complex 1 and the Pt(III) dimer are not
decomposed after the catalytic reaction ceases, but are reduced to the
Pt(II) dimer. This was confirmed by the fact that, after the cease of the
reaction, addition of (NH 4),S,0g recovered both the olefin oxidation
reaction and the absorption band of l}at 480 nm, which had disappeared after

the reaction ceases.
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Fig. 1. Possible mechanism for the epoxidation reaction.

The origin of the oxygen atom in the reaction products (ketones and

epoxides) was confirmed to be water, by comparing the reaction in
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H2 O and 99.5% H2

facts, the mechanism seems basically to be similar to the Wacker type
6)

0, and analyzing the products by GC-MS. From these
process as shown in Fig. 1 for the epoxidation. The olefin oxidation
takes place only in stoichiometric amount under N,, and O, is necessary to
regenerate the Pt(III) dimer. This fact also supports the mechanism in Figq.
1.

The present reaction is the first epoxidation of olefins by water
oxygen, with or without any catalyst. The detail of the mechanism is still

under investigation.
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