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Table 1. Aerobic epoxidation of olefins upon while NbV is displaced by ca. 1
o

irradiation with the visible light at 22 oc2) A from the ligand plane.6)

Terminal olefins, l-hexene and

Irradiation 1,4-hexadiene, did not undergo
Olefin time/h Yield/%b) reaction under the present con-
Cyclohexene (2 mL) 12 8100 ditions, and precipitation of
2-Hexene (2 mL) 12 2400 the dimer complex, MoV(0)(ttp)-
1-Hexene (2 mL) 12 0 O—MoV(O)(ttp), was observed.
1,4-Hexadiene (2 mL) 12 Oc) Thus, even though the terminal

a) Benzene (2 mL) was used as the solvent. olefins may interact with the

b) Yield based on the initial amount of the catalyst quite readily, the re-
catalyst, MoV(0)(OEt)(ttp). c) Neither 1,2-
epoxy-4-hexene nor 4,5-epoxy-l-hexene was

detected.

sulting intermediate must afford
the dimer complex more readily
than the oxygen transfer from
the intermediate to olefins.
The reaction did not proceed under the following conditions; without irradiation
with the visible light, under deoxygenated atmosphere, or without addition of com-
plex 1 to the reaction system. The reaction deceased upon interruption of irradia-
tion. This apparently indicates that the reaction does not take place via a chain
mechanism affording subsequent radical species.

The photochemical reaction of complex 1 was examined under various conditions
by means of electronic spectroscopy. Complex 1 shows absorption bands at 452, 580,
and 620 nm in benzene or the same solvent containing 1%(v/v) ethanol (Fig. 1),
which decreased in their intensities upon anaerobic irradiation with the visible
light, and the resulting species showed new bands at 432 and 555 nm. The latter

2) The reaction is referred to photoreduction

species was assigned to MoIV(O)(ttp).
of the central metal atom caused by homolysis of the axial coordinate bond as rep-
resented by Eq. 1. The ethoxy radical presumably undergoes disproportionation in
a bimolecular process to afford ethanol and acetaldehyde, because the radical spe-

cies did not initiate a chain reaction as mentioned above.
MoV(0)(OEt) (ttp) —2¥» MoIV(0)(ttp) + EtO- (1)

The reaction processes were investigated by ESR spectroscopy. Complex 1 has
one d-electron and shows a strong ESR signal, which decreased in its intensity upon
anaerobic irradiation with the visible light in benzene or the same solvent con-
taining 1%(v/v) ethanol.3) Similar ESR behavior was observed for the photoreduc-
tion of complex 1 in benzene containing cyclohexene or 2-hexene as the substrate
upon anaerobic irradiation at 22 °C. The reduced species, MOIV(O)(ttp), remained
unchanged under anaerobic conditions. The absorption spectrum of the MolV species
did not undergo any change in its band shape and intensity for several days in the
presence or absence of olefins under anaerobic conditions at 22 °C. These obser-
vations indicate that the substrate species hardly interacts with the reduced com-

plex, MolV(0)(ttp) (Eq. 2).

MoIV(0)(ttp) + >=== —%—> Mo(0)(ttp)-:- >=—= (2)
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05 Fig. 1. Electronic spectral
FJ change observed for MoV(O)(OEt)—
0.4 (ttp) (3.03 x 10”4 mol dm~3) in
W sl benzene at 22 °C under aerobic ir-
e 03 radiation conditions; a 500-W
a<3 ’ tungsten lamp from a distance of
85 20 cm. The above reaction sample
% 0.2 - was diluted with benzene by a
< hundred-fold for the spectral
01 r J J measurements. Spectra shown here
r were taken at time intervals of O,
0.0 15, 30, and 45 min. The identical
l I i spectral change was observed under
400 600 800 anaerobic conditions at a larger
WAVELENGTH /nm
rate.
0.5 r- Fig. 2. Electronic spectral
change observed for a mixture of
| MoV(0)(OEt)(ttp) (3.03 x 1074 mol
0.4 dm~3) and cyclohexene (2.46 mol
Eg dm'3) in benzene at 22 °C under
:‘E 0.3 aerobic irradiation conditions;
&) a 500-W tungsten lamp from a dis-
8 0.2 tance of 20 cm. The above reac-
3() tion sample was diluted with ben-
01 zene by a hundred-fold for the
) J J r spectral measurements. Spectra
shown here were taken at time in-
00 | | | | tervals of 0, 15, 30, and 45 min.

400 600 800
WAVELENGTH /nm

MOIV(O)(ttp), generated upon anaerobic conditions in benzene or the same sol-
vent containing 1%(v/v) ethanol, was reoxidized when exposed to air. The 432-nm
band disappeared along with re-appearance of the bands due to complex 1. The reac-
tion rate for photochemical reduction of complex 1 under aerobic conditions was
found to be smaller than that observed under anaerobic conditions due to the reoxi-
dation reaction, even though the spectral behavior was identical with each other
under both aerobic and anaerobic conditions (Fig. 1).

Since significant shifts in the visible absorption bands were not detected
upon addition of an olefin to the benzene solution of complex 1 without irradia-

tion, the possible formation of an intermediate via interaction of the substrate
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with the MoV

formation of an intermediate oxygen-adduct, which would be obtained via interaction

complex is ruled out. In addition, a reaction pathway involving

of dioxygen with the reduced complex (Eq. 3), is also excluded, since an additional
absorption band due to such species was not observed under aerobic irradiation con-

ditions.
MoIV(0)(ttp) + 0z —%— MoV(0)(007)(ttp) (3)

Aerobic irradiation of complex 1 in benzene containing the reactive olefin
resulted in somewhat different spectral change as illustrated in Fig. 2, and the
absorption bands due to the MolV species were not detected under these conditions.
The new absorption bands observed in this spectrum must be originated from the re-
action intermediate. 1In reference to the spectral behavior illustrated in Figs. 1
and 2, complex 1 was consumed in the initial epoxidation step at a rate comparable
to that for the formation of the MoIV
cates that the MoIV species undergoes reaction quite rapidly with dioxygen and the

species without the substrate. This indi-

substrate without its accumulation. Consequently, the present catalytic reaction
proceeds most plausibly via cooperative interaction of the substrate and dioxygen
with the reduced molybdenum.

The detailed mechanisms involved in oxygen-transfer from the intermediate to
the reactive olefin and regeneration of the catalyst are under investigation in our

laboratories.
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