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Abstract: The combination of (NH4)3Ce(NO3)g-NaBr03 or Cel(S04)2° 2H2504-
NaBrOz has been found to be effective for the title selective oxidation.

Although cerium(IV) ion oxidation of organic compounds has been widely
studied,l application of cerium(IV) ammonium nitrate (CAN) oxidation of
alcohols to organic synthesis has been limited because of the large gquanti-
ties of reagents required and the lack of generality of the reaction.

Here we wish to report that under CAN catalysis NaBrO3 oxidizes prosaic
secondary alcohols7 into ketones in excellent yields and certain diols are
thus converted into the expected keto alcohols with high selectivity.

To a suspension of NaBrO3 (0.30 g, 2.0 mmol) in aq. acetonitrile
(CH3CN/H20 = 7/3 v/v, 12 ml) cyclododecanol (0.37 g, 2.0 mmol) and CAN
(0.11 g, 0.2 mmol) were added. The mixture was heated at reflux for 30 min.
The resulting yellow suspension was diluted with ether (20 ml), then washed
with sat. NaHCO, and brine. After ether extraction (10 mlx2), the combined
organic layer was dried over Na2804 and concentrated. The residue was
purified by preparative TLC (AcOEt-hexane, 1:10) to yield cyclododecanone
(0.36 g, 98%).

Variations in catalysts and oxidants have been examined with cyclo-
dodecanol as the substrate. Cerium(IV) ammonium nitrate and cerium(IV)
sulfate8 were equally active as catalyst, while cerium(II) chloride and
cerium(IV) oxide were inactive. Sodium bromate was far superior to other
oxidants tried.9 Although the longer reaction period was required, the
amount of cerium(IV) and NaBro3 could be reduced from 0.1 mol and 1.0 mol
to 0.035 mol and 0.35 mol, respectively, per 1.0 mol of cyclododecanol
without decrease of the yield of cyclododecanone.

As shown in Table 1, wide variety of secondary alcohols could be easily
oxidized to ketones. Primary alcohol, however, was recovered practically
unchanged. On treatment of l-dodecanol (1.0 mmol) with cerium(IV) sulfate10
(0.035 mmol) and NaBrO3 (0.35 mmol) in aq. CH,CN at reflux for 30 minll
dodecanal was obtained in only 2% yield along with 92% recovery of starting
alcohol. Olefinic moiety even in the remote position from hydroxyl group
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Table 1. Oxidation of Secondary Alcohols
(NH4)2Ce(NO3)6 (0.2 mmol)
RR'CHOH = RR'CO
(2.0 mmol) NaBrO, (2.0 mmol), aqg. CH3CN, 80°C
Reaction . a
Run Alcohol Time (h) Product Yield (%)
1 4-Dodecanol 0.8 4-Dodecanone 94
2 Cyclododecanol 0.2 Cyclododecanone 98
3 4-t-Butylcyclohexanol 0.5 4-t-Butylcyclohexanone 86
4 PhCH (OH)C (0) Ph 4.5 PhC (0)C (0) Ph 66 (9)
H
5 m& 0.3 m;o g2P
H
7 1-Menthol 0.3 l-Menthone 82°¢
8 38-Cholestanol 0.8 3-Cholestanone 97d
9 11-Dodecen-2-o0l 7.0 11-Dodecen-2-one 3 (71)

3Isolated yields unless otherwise stated. The figures in parentheses
indicate the yields of recovered, unreacted alcohols. DbGlpc yields
using an internal standard. CContaminated by less than 1% of Zso~
menthone. 9Because of solubility problem, CH3CN/H20/ClCH2CH2Cl = 2:1:1
system was used as solvent.

12

interrupts the oxidation (run 9). It is worth noting that the oxidation

proceeds smoothly even with the substrates undergoing C-C bond fission

upon treatment with stoichiometric amount of CAN (run 4, 5, and 6).6'13
It was anticipated that the treatment of primary, secondary diols

with this technique would afford hydroxy ketones arising from selective

14,15 This was indeed the case as

oxidation at the secondary carbon.
The selectivity was

In this

demonstrated by the reactions summarized in Table 2.
excellent except the case of 1l-p-hydroxymethylphenylethanol.
particular substrate, the secondary hydroxyl group reacts only three times
the rate of primary one.

The system is also effective for the oxidation of a primary, primary
1,4-diol. For instance, treatment of 2,3-dihydroxymethylbicyclof2.2.1]}-
heptane with CAN—NaBrO3
proceeded via lactol.l6

provided y-lactone in good yield. The reaction
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Table 2. Selective Oxidation of Diols®
Alcohol Ce Salt NaBrO3 Reaction Product vield®
(1.0 mmol) (x10-2 mmol) (mmol) Time (h) (%)
OH
P 1.0 0.5 89
OH OH
HO
O
CAN
1’Ll:j\/OH (10) 1.0 0.2> \'\:j\/OH 83
c - .
WMH cs Lo a0 o o6
H (3.5)
\/\/\/\i{/ N i
“on €S \/\/\/\/Lk/\
(8) 0.8 19.0 ol 88
OH
V'WH cs® W
S H
(20) 2.0 24.0 50
OH HO HO
H
g caN 0.35 1.5 4 ~ J/c
x (3.5) NS ™
59 19 \E 13
OH 4 o} H
1-Dodecanol cs® 0.40 1.0 Dodecanal 3
4-Dodecanol (4.0) : : 4-Dodecanone 98
Z-Menthold CAN 0.45 1.0 l-Menthone 37
Cyclododecanol (3.5) ’ : Cyclododecanone 83
CAN
e o (10) 1.0 6.5 0 87
CH20H o

8peactions were performed on 1.0 mmol scale in ag. CH3CN at 80°C.

bisolated yields unless otherwise specified.

to the yields determined by glpc relative to an internal standard.

CCerium(IV) sulfate.
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