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Development of catalysts for green-oxidation reactions utilizing photosensitized
reaction
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Oxidation is one of the most important reactions, and about 30 % of
industrial processes involve oxidation reactions. Nonetheless, huge amounts of heavy metal oxidants
and nitric acid are used as oxidants in industrial processes. These oxidants pose serious risks to
the environment and human safety. In this project, we developed eco-friendly oxidation methods
using catalytic amounts of safe metal complexes. For example, photoinduced oxidation of styrene to
1-phenylethyl hydroperoxide(This compound is the important oxidant for the epoxidation reaction.)
proceeds by using molecular oxygen as the oxidant in the presence of a cobalt complex of
fluorochlorin ligand(CoTFPC) as catalyst. In addition, oxidation of styrene to 1-phenylethyl
hydroperoxide is conducted in water by using molecular oxygen as the oxidant in the presence of a
water-soluble sugar-conjugated CoTFPC as catalyst.
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Table 1. The relative magnitudes of the singlet oxygen generating ability (k/4u.rrec)
Co(TFPC) Ni (TFPC) Ag(TFPC) Cu(TFPC) H TFPC
0.03 0.03 0.04 0.07 1.00
In0AC(TFPC) Mg(TEPC) InCI(TFPC) GaOAC(TFPC) InBr(TFPC)
1.29 1.30 1.35 1.40 1.53
AI0AC(TFPC) Pt(TFPC) TiO(TFPC) Pd(TFPC) Zn(TFPC)
2.10 2.16 2.60 2.75 2.80
Table 2 Reductive Oxygenation reactions of Styrene
T “EuSH (L1 ea) - ' ::i
CO(TFPC) 01 MPa solvent (5 ml) n s
Entry Catalyst Solvent Temp.( ) Time (h) Conversion (%)?
A B (A+B)
1 Co(TFPC) MeOH 25 24 20 22 42
(Table 2) 1_ 2 Co(TFPC) MeOH 0 24 34 30 64
3 Co(TFPC) MeOH 20 24 72 3 75
4 Co(TFPC) MeCN 25 24 45 5 50
5 Co(TFPC) MeCN 0 24 42 2 44
6 Co(TFPC) MeCN -20 24 12 trace 12
7 Co(TFPC) THF 25 24 N.D. N.D. 0
8 Co(TFPC) DMSO 25 24 N.D. N.D. 0
a) Determined by *H NMR.
1 2.5
Table 3 Epoxidation reactions of olefin
Cat (0.05 mol%) e}
/©/\+ NaClO FTA /©/</ + Byproducts
H,CO Ol (0'35 M) unde(;:(a;ltl/ri.-:;gs " H,CO E ”
Co(TFPC)-SMal - poree
Yield (%)
Entry Cat.
Epoxide Byproducts Total
25 24 1 TiO(TFPC) 93 7 100
75 % 2 INOAC(TFPC) 95 5 100
Ti In Ga Al TFPC 3 GaOAC(TFPC) 48 12 60
4 AIOAC(TFPC) 43 10 53
(Tab I e 3) aDetermined by 1H NMR, b Under oxygen atmosphere, ¢ Under nitrogen atmosphere
TiO(TFPC) INOAC(TFPC)
GaOAC(TFPC)  AIOAC(TEPC)
AIOH(TFPC)-SGlc
1,5- 5- -1,4-
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©/\ water, r.t.
Styrene 1-Phenylethanol  1-Phenyl-1,2-ethanediol
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