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Abstract A Fe NO; ; 4-OH-TEMPO catalyst system was developed using the inexpensive organocatalyst
4-hydroxy-2 2 6 0-tetramethyl-piperidyl-1-oxy 4-OH-TEMPO and the co-catalyst Fe NO; ;3 9H,O. The
catalytic molecular-oxygen-driven oxidation of a broad range of primary and secondary alcohols which may con-
tain carbon-carbon double bond N O and S heteroatoms to the corresponding aldehydes and ketones was in-
vestigated. The results showed that reaction is highly selective to the desired products when carried out at room
temperature in ambient atmosphere air. The mechanism for the catalytic aerobic oxidation of alcohols by Fe
NO; 3 4-OH-TEMPO was discussed.
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4-OH-TEMPO Entry Metal salt Conversion %  Selectivity %
1- 1 Fe NO, ; 9H,0 59.4 88.9
2 FeBrs 6.5 72.3
TEMPO. Fe NO; 3 9H,0 .
33 702 i 3 FePO; 4H,0 0.8 100.0
4-OH-TEMPO 4 FeCly 4H,0 3.6 55.5
5 FeSO; 7H,0 1.0 100.0
6 FeCly 7H,0 6.9 58.0
7 FeCly 7H,0 NaNO, 19.2 91.1
1 8 Cu NO; ; 2.5H,0 9.3 100.0
9 Co NO; y 6H,0O 2.1 100.0
50 ml 10 Ce NO; y 6H,0 1.8 100.0
11 NH, ,Ce NO; ¢ 6.9 100.0
: Fe NO; 3 9 H,O  0.25 mmol 12 Bi NO; 35 5H,0 2.9 100.0
4-OH-TEMPO 0.15 mmol 13° Mn NO; , 1.7 100.0
8 ml MeCN 5.0 mmol Acros 14 Cr NOs 5 9HL,0 4.3 100.0
15 Zn NO; 7 6 H,O 2.4 100.0
16 AgNO; 1.7 100.0
Agilent 6890N HP-5 Reaction conditions 5% Fe NO; 5 3% 4-OH-TEMPO 4
30 mx0.32 mm  FID .
o *50% Mn NOj , aqueous solution.
250 C
1
Table 1 Effect of each component in the Fe NO; ; 4-OH-TEMPO catalyst on the aerobic oxidation of benzyl alcohol
Entry n Fe NO; ;3 % n 4-OH-TEMPO % Time h Conversion % Selectivity %
1 0 3.0 4 trace —
2 5.0 0 4 1.6 75.0
3 5.0 3.0 4 59.4 88.9
4 5.0 3.0 11 100.0 100.0
5 5.0 2.5 14 100.0 100.0
6 5.0 2.0 18 100.0 100.0
7° 5.0 3.0 11 84.7 96.6

The reaction was carried out with 5.0 mmol benzyl alcohol in 8 ml MeCN in air at room temperature. Conversions and selectivities were ob-

tained by gas chromatography using the area normalization method.

* TEMPO was used in place of 4-OH-TEMPO.
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Table 3 Catalytic aerobic oxidation of various alcohols using Fe NO; ;3 4-OH-TEMPO as catalyst
. Time Conversion  Selectivity  Yield
Entry R, R, Catalyst b % % %
1 Ph H 5%Fe NO; ;3 3%4-OH-TEMPO 10 100 100 95
2 4-MeCgH, H 5%Fe NO; 3 3%4-OH-TEMPO 11 100 100 96
3 4-MeCgHy H 5%Fe NO; 3 3%4-OH-TEMPO 18 100 100 97
4 3-PhOCsH, H 5%Fe NO; 3 5%4-OH-TEMPO 11 100 100 99
5 4-CIC4H, H 5%Fe NO;3 3 3%4-OH-TEMPO 18 100 100 98
6 4-FC4H, H 5%Fe NO; 3 3%4-OH-TEMPO 24 100 100 96
7 3 5-F,C¢H, H 5%Fe NO; 3 3%4-OH-TEMPO 36 100 100 97
8 4-MeO,CC¢H, H 5%Fe NO;3 3 3%4-OH-TEMPO 18 100 100 99
9 4-O,NCgH, H 5%Fe NO; ;3 3%4-OH-TEMPO 24 100 100 99
10 3 5- CF; ,C4H; H 5%Fe NO;3 5 5%4-OH-TEMPO 36 100 100 97
11 Ph Me 5%Fe NO; 3 3%4-OH-TEMPO 14 100 100 98
OH
12 ©:§ 5%Fe NO, ; 3%4-OH-TEMPO 18 100 100 98
13 Ph Ph 5%Fe NO; 3 3%4-OH-TEMPO 10 100 100 99
14 CH; CH; ¢ H 8% Fe NO;3 3 8%4-OH-TEMPO 24 87. 79.3% —
15 CH; CH; 5 Me 8% Fe NO; 3 8%4-OH-TEMPO 24 100 98.2 97
OH
16 O/ 8% Fe NO; ; 8%4-OH-TEMPO 24 100 100 95
17 2-furyl H 5%Fe NO; 5 5%4-OH-TEMPO 11 100 100 96
18 4-MeSC¢H, H 5%Fe NO; 3 3%4-OH-TEMPO 19 100 100 99
19 2-thienyl H 5%Fe NO; 3 5%4-OH-TEMPO 12 100 100 98
20 PhCH,OH + PhSMe PhCHO + PhSMe 5%Fe NO;3 3 5%4-OH-TEMPO 12 100 100° —
21¢ 3-pyridyl H 5%Fc NO, ; 5%4-OH-TEMPO 24 9. 100 —
224 3-pyridyl H 5%Fe NO;3 3 5%4-OH-TEMPO 11 100 100 97
23 @MOH ©/MO 8%Fe NO, ; 8%4-OH-TEMPO 16 100 100 98

All yields are for pure isolated products.

“Acids 5.3% and esters 3.1% were formed.
" PhSMe remained intact after reaction.

¢ In the presence of 2 equivalents of HOAc.

4 HOACc was used as solvent in place of MeCN.
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