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A novel, metal-free oxidation system for the catalytic synthesis of aldehydes and ketones—TEMPO/Oxone—has been developed. An optimized
reaction protocol proved especially successful for the synthesis of ketones. Additionally, the influence of quarternary ammonium salts on the

catalysis was studied. The mild conditions of this novel procedure were
otherwise be cleaved in the presence of Oxone.

shown to tolerate even sensitive silyl protective groups which can

The development of selective oxidation processes constitutegecently developed a recoverable, metal-free TEMPO-based

an active area of both academic and industrial reséarble.

catalyst on silica-suppoftin this system, aqueous bleach

growing number of attractive systems for alcohol oxidations was used as terminal oxidant which is the most common

includes examples such as TPARRd copper-catalyséto
give aldehydes or ketonésand reactions with chromium
or tungsteh catalysts for the synthesis of carboxylic acids.
In the area ofnetal-freecatalytic alcohol oxidations TEMPO

one for the catalytic synthesis of aldehydes.

Within this context, we desired to replace bleach by a
milder stoichiometric oxidafft which would allow oxidations
in purely organic solvents using substrates otherwise prone

(2,2,6,6-tetramethylpiperidinyl-1-oxy) has emerged as the to hydrolysis under the standard biphasic conditions. We

catalyst of choice, and often very low catalyst loadings are
sufficient to achieve complete conversion within minutes.
During our program on selective oxidation reacti8nse
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therefore screened a number of different terminal oxidants
under homogeneous and heterogeneous conditions and found
Oxoné! to be suitable for the prerequesites mentioned above.
Its combination with TEMPO provides an efficient catalyst
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system for the mild oxidation of primary and secondary higher ketone yield in toluene. Aliphatic substrates such as
alcohols to the corresponding aldehydes and ketones. 1-nonanol (5) and 2-nonand@) showed the same trend but
Because preliminary experiments had shown that optimal performed somewhat less efficiently, giving the products in
catalytic performances in the oxidations of primary and up to 67% and 56% yield, respectively.
secondary alcohols required different solvents, we began to Rychnovsky and Vaidjanathan have demonstrated that a
investigate the influence of the solvent on the catalysis with combination of TEMPO andh-CPBA is very effective for
the goal to optimize the reaction conditions for both kinds the oxidation of secondary alcohols, and they have also
of substrates. The most significant results are summarizedstudied the dependence of the catalysis on the presence of
in Table 1. various halide ion&® They revealed that in their system
tetrabutylammonium bromidewas the best additive for the
_ oxidation of 2-octanol to 2-octanone and proposed that this
Table 1. Solvent Dependence in the TEMPO-Catalyzed effect was due.to t'he formation of hypobromous ac?ld and
Oxidation with Oxoné subsequent oxidation of TEMPO to dfroxoammonium

bromide!”
. b .
entry alcohol solvent yield (%) We therefore tested several quarternary ammonium salts
1 1 CHCl> 90 as additives in the TEMPO/Oxone oxidation and also found
2 1 toluene 83 a strong influence of the halide on the efficiency of the
3 1 THF - catalysis (Table 238 Interestingly, the effectiveness of the
4 1 MtBE 73
5 3 CH,Cl, 34
6 3 toluene o1 |
7 3 THF 17 Table 2. Influence of the Use of Quarternary Ammonium Salts
8 3 MIBE 61 on the TEMPO-Catalyzed Oxidation with Oxone
9 5 CH,Cl, 67¢
10 5 toluene 35¢ entry alcohol solvent additive? yield (%)°
11 6 CHCl 92 1 1 CH,Cl, BusNF -
12 6 toluene 56 2 1 CH.Cl,  BusNCl 92 (6)°
aReactions were carried out as a 0.2 M solution of alcohol in the 3 1 CHxCl BusNBr 90 (9)°
corresponding solvent using catalytic amounts-&u;NBr. ° Yield referring 4 1 CHCl> BusNI 18
to isolated amount of product after column chromatographeld 5 1 CH,Cl, BnBusNCI 23
determined by GC. 6 1 CH,Cl, BusNSCN _
7 3 toluene BusNF -
8 3 toluene BusNCI 28 (<5)¢
Interestingly, in some solvents such as toluene, secondary 9 3 toluene BusNBr 91 (18)¢
alcohols reacted even more efficiently than their primary 10 3 toluene BusNI 91
counterparts, resulting in higher yields of the corresponding 11 3 toluene  BnMesNCI 13
3 toluene BusNSCN -

carbonyl compounéf This observation was quite unexpected
since it is known that TEMPO usually oxidizes primary a|n each run 2 mol % of additive were usédYield referring to isolated
; 14 amount of product after column chromatographyields in parentheses
alcohols preferentially: . refer to control experiments without TEMPO.
In THF, benzyl alcohol 1) did not react at all, and
acetophenone (4) was formed from 1-phenylethaBplirf

low yield (entries 3, 7). Experiments with methxalrt-putyl additive was highly substrate dependent. For example, iodide
ether (MtBE) showed that ethereal solvents are suitable for ;4 promide had a pronounced beneficial effect on the

TEMPO/Oxone oxidations though only moderate product product yield in the oxidation o8 (entries 9, 10), while
yields were obtained (entries 4, 8). Finally, it was found that empoying chioride led to low yields (entries 8, 11). Contrary,
primary alcohols were best oxidized in dichloromethane e catalytic oxidation of was most efficient when chloride
while the oxidation of secondary alcohols proceeds with a5 present. Furthermore, only tetrabutylammonium chioride
. . — ~was useful as halide source (entry 2), whereas addition of
Cor(rﬁ)pm'jinrgescuétrgix;ﬂg i‘é?df overoxidation of the aldehydes to their 1,0 vitriutylammonium chloride led to a significant reduced
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tributylammonium chloride is generally not applicable in the
TEMPO/Oxone oxidation. Scheme 1
As expected, fluoride and thiocyanate gave no detectable

oxidation product. TEMPO/Oxone® i
With these optimized conditiofsin hand, we tested the gOH BuyNBr, CHsCly, r-t. ©)LH
scope of this process and a number of primary and secondary
alcohols were oxidized with TEMPO/Oxone and tetrabutyl- ! 2
ammonium bromide as additive. Table 3 summarizes the 90%
results. OH o)
©/K TEMPO/Oxone® ©)K
BuyNBr, toluene, r.t.
Table 3. TEMPO-Catalyzed Oxidation of Various Primary and 3 4
Secondary Alcohols Using Oxone as Terminal Oxidant 91%
entry alcohol solvent  yield (%) ] ] ]
1 1 e % bearing a phenolic TBDMS-ether moiety, and the TBDMS-
5 3 toluene o1 pr(_)tec_ted benz_)_/l alcohold and 10 to the TEMPO/Oxone
3 5 CH,Cl, 672 oxidation conditions (Scheme 2). In all three cases the ether
4 6 toluene 562 linkage remained intact, and only was oxidized to the
5 1,2,3,4-tetrahydro-1-naphthol  toluene 96 corresponding aldehydg&in 81% yield.
6 1-phenylpropanol toluene 93
7 1-cyclohexylethanol toluene 71
8 4-methoxybenzy! alcohol CHCl> 37 Scheme 2
aThe yield was determined by GEYield referring to isolated amount OH H. _0O
of product after column chromatography.
TEMPO/Oxone®
Buy4NBr, CHCly, r.t.
Benzylic secondary alcohols gave high yields of the OTBDMS OTBDMS
corresponding ketones. In addition, 1-cyclohexylethanol was 7 8
also oxidized in good yield (entry 7), while other aliphatic 81%
alcohols regardless of the position of the hydroxyl function- OTBDMS
ality were oxidized with lower yield: for example, nonanal
was obtained from 1-nonanol)(B 67% yield and oxidation ©/\OTBDMS
of 2-nonanol 6) provided the ketone in 56%. In contrast to
the high yielding synthesis of benzaldehy@g ffom benzy! 9 10

alcohol ) (entry 1), oxidation of the more electron-rich
4-methoxybenzyl alcohol afforded 4-methoxybenzaldehyde | summary, we have demonstrated that the combination
in only 37% yield. of TEMPO and Oxone is an efficient system for the oxidation
Recently, Sabitha and co-workers reported an Oxone- of gicohols to aldehydes and ketones. The performance of
mediated deprotection of phenolic and benzylic TBDMS- he catalyst is largely influenced by the presence of quar-
ethers under mild conditior?8.They also found that silyl- ternary ammonium salts, and the addition of tetrabutyl-
protected hydroxy groups in the benzylic position could be ammonium bromide proved useful for the oxidation of most
cleaved in the presence of phenolic TBDMS-ethers. substrates. Furthermore, the reaction conditions of the
To establish whether TBDMS-ethers were stable under the TEMPO/Oxone system are much milder than those with
novel oxidation procedure, we subjected benzyl alcahol  previously reported stoichiometric oxidants which results in

: : an improved functional group tolerance avoiding over-
(19) Representative procedure: To a solution of the alcohol (1 mmol)

and BuNBr (4 mol %, 0.04 mmol) in 5 mL of the indicated solvent is oxidation to the corresponding carboxylic acids.

added TEMPO (1 mol %, 0.01 mmol, 0.1 M solution of the indicated .
solvent) and Oxone (2.2 equiv, 2.2 mmol). The mixture is then stirred for ~ Acknowledgment. We thank Oliver Beckmann and
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