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The 
anthraquinone 
process

a) Natural:

b) Industrial
(state of the art):

Organosilicon 
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c) This work:
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SolventEntry Yield(%) of H2O2

1

5

6

9

CH2Cl2 (9 mL) / H2O (1 mL)

toluene (9 mL) / H2O (1 mL)

MTBE (9 mL) / H2O (1 mL)

CH3CN (9 mL)

81

79

75

98

a The reaction is carried out under flow of synthetic air (1 atm).
b The conversion of 1 is 50%.

11 THF (9 mL) 88

7 H2O (10 mL) 78

Me3Si H

HMe3Si

O2 (1 atm, 1 equiv.)

Solvent, rt, 16 h

H2O2

1 (cis : trans = 1 : 6)

– 1,4-bis(trimethylsilyl)toluene

8 t-butanol (9 mL) 93

2 CH2Cl2 (9 mL) / H2O (0.4 mL) 80

4 40

10 NMP (9 mL) 97

CH2Cl2 (9 mL)

3 CH2Cl2 (9 mL) / H2O (0.1 mL) 74

12a 46bCH2Cl2 (9 mL) / H2O (1 mL)

N

N

SiMe3

SiMe3

N

N

SiMe3

SiMe3

Solvent, -78 ºC to rt

(Me3Si)2O2

2

3

or

– 4,4'-bipyridine

or

– Me4pyrazine

O2 (1 atm, 1.3 equiv.)

SolventEntry Yield(%) of (Me3Si)2O2

1

5

6

pentane

99

99

93

2 99

4 99THF

3 99

CH2Cl2

C6H6

Et2O

CH2Cl2

Reductant

2

2

2

2

2

3
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A

HMe3Si

SiMe3

Me

SiMe3

SiMe3Me3Si H

HMe3Si

1

O2

HOO H2O2

HOO

initiation

radical chain

O2

HOO H2O2

HOO

radical chain

termination

Me3Si D

DMe3Si

CD3

DD

D

1-d8

Me3Si H

HMe3Si

O2 (1 atm, const.)

1

or H(D)2O2

kH/kD = 7.9

(1)

t-butanol, rt

N

N

SiMe3

SiMe3

2

+

N

N

SiEt3

SiEt3

4

THF-d8, -78 ºC to rt

– 4,4'-bipyridine

O2 (excess)

(Me3Si)2O2(Et3Si)2O2Et3SiOOSiMe3 + +

2 1 1: :
(2)

*O

N

*O

*O2 (*O = 17O, 18O)

(1 atm, 1.5 equiv to 2)

CH2Cl2, -78 ºC to rt
(Me3Si)2*O2

N

N

SiMe3

SiMe3

– 4,4'-bipyridine

t-butanol

H2*O2

1

*O2 (*O =  18O)Me3Si H

HMe3Si

(1 atm, 1 equiv to 1)

substrates

S *O

– H2*O

– bis(trimethylsilyl)toluene

a)

b)

Ph
88% (1 equiv. of 1)
99% (2 equiv. of 1)

PPh3*O

40% (1.2 equiv of 2)

– (Me3Si)2*O

75% (1 equiv. of 1)
96% (2 equiv. of 1)

86% (1 equiv. of 1)
99% (2 equiv. of 1)

Re

O

*O

*O*O

*O
H3C

OH2

*O

O

2

detected by 17O NMR

cat. MeReO3 (3 mol%)

cat. TMSOTf (5 mol%)

O

MeReO3 (0.3 equiv)

H2O (10 equiv.)
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