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Abstract: A transition metal-free catalyst composed of N-hydroxyphthalimide (NHPI), 2,3-dichloro-5,6-dicyano-benzoquinone (DDQ),
and NaNO; was studied for the selective oxidation of alcohols using O, as oxidant. The reaction results showed that this catalyst system can
effectively catalyze the oxidation of alcohols to the corresponding aldehydes or ketones. 99% selectivity for benzaldehyde at 65% conversion
of benzyl alcohol was obtained at 80 °C for 6 h. In the process of reaction, DDQ abstracted a hydrogen atom from NHPI to generate a highly
reactive PINO free radical and hydroquinone. Then, PINO abstracted a hydrogen atom from alcohols to generate aldehydes or ketones. Fi-
nally, NO from NaNO, decomposition in the reaction media catalyzed the oxidation of hydroquinone to quinone by O,.
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Table 1 The activity of NHPI, DDQ, and NaNO; in the oxidation of
benzyl alcohol

Catalyst (%) .
Conversion (%)
NHPI DDQ NaNO,
10 — — 11
— 15 — 1.2
— — 2 0.4
10 15 — 15
10 — 2 15
— 15 2 3.0
10 15 2 12.2

Reaction conditions: benzyl alcohol 1.9 mmol, CH;CN 15 ml, 6 h, 60
°C, 0, 0.3 MPa. NHPI—N-hydroxyphthalimide; DDQ—2,3-dichloro-
5,6-dicyano-benzoquinone.
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Fig. 1. Effect of the amount of DDQ (a), NHPI (b), and NaNO, (c) on the oxidation of benzyl alcohol catalyzed by NHPI/DDQ/NaNO,. Reaction
conditions: benzyl alcohol 1.9 mmol, CH;CN 15 ml, 6 h, 60 °C, 0,0.3 MPa. (a) NHPI 20%, NaNO, 5%; (b) NaNO, 5%, DDQ 3%; (c) NHPI 20%,

DDQ 3%.
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Fig. 2. The effect of the reaction time (a) and temperature (b) on the
oxidation of benzyl alcohol catalyzed by NHPI/DDQ/NaNO,. Reac-
tion conditions: benzyl alcohol 1.9 mmol, CH;CN 15 ml, NHPI 20%,
DDQ 3%, NaNO, 10%, O, 0.3 MPa. (a) 60 °C; (b) 6 h.
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Table 2 The oxidation of various alcohols catalyzed by NHPI/DDQ/NaNO,
Substrate Product Time (h) Conversion (%) Product selectivity (%)

CH,OH CHO
0 0 :

OH 0]

©/\ ©/\ 6 65 ~100
CH,0H CHO
H3C0© cho© 3 55 ~100

n-CyH1sCH,OH n-CgH1uCHO 6 5 ~100
OH (0]

6 33 ~100
10 55 ~100

Reaction conditions: substrate 0.2 ml, CH;CN 15 ml, NHPI 20%, DDQ 3%, NaNO, 10%, 80 °C, 0,0.3 MPa.
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Scheme 1. The catalytic cycle of NHPI/DDQ/NaNO, for the oxidation of alcohols.
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