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Abstract

N,N-Dibromo-p-toluenesulfonamide (TsNBr>) is shown to be a reagent for oxidation of alcohols,
without a catalyst. The remarkable feature of this reagent is that it oxidizes primary alcohols very
efficiently in excellent yields besides other secondary and benzylic alcohols, which undergo
oxidation within a short time.
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Introduction

Oxidation of alcohols to their corresponding carbonyl compounds is a fundamental reaction in
synthetic organic chemistry.! Traditionally, oxidation of alcohols is carried out using
stoichiometric amounts of metallic oxidants notably chromium(V1) reagents,® permanganates,”
and ruthenium(V111) oxide,* which produce environmentally unacceptable heavy metal wastes.
Both stoichiometric procedures utilizing a variety of oxidants. as well as catalytic methods based
on the use of coordination compounds of transition metals. have been reported.® Thus developing
an efficient system for oxidation of organic substrates is of great importance both economically
as well as environmentally. Besides metal-based oxidizing agents, a variety of halogen-based
reagents such as bromine,” N-bromosuccinimide,® pyridinium hydrobromide perbromide,’
[Bmim][Brs],*® N-bromoacetamide,** N-chlorosuccinimide,' etc. have been developed over the
past several decades.*®> Among N-halogenated reagents reported in the literature, NBS has been
found to be the most versatile reagent for oxidation. But in most cases of NBS assisted oxidation,
it is necessary to use a catalyst in order to carry out the reaction.® Secondly, oxidation with NBS
is restricted to secondary or benzylic alcohols, even in the presence of a catalyst. Oxidation of
primary alcohols is not effective using N-halogenated reagents. Recently we have developed a
new method for the synthesis of bromohydrins, alkoxybromides and bromoazides using
TsNBr.."* We report herein a rapid and efficient procedure for the oxidation of alcohols to
carbonyl compounds using TSNBr, (Scheme 1) under mild reaction conditions.
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Scheme 1

Results and Discussion

N,N-Dibromo-p-toluenesulfonamide has long been known as a reagent for aminobromination.
Since the discovery of this reagent by Kharasch,™ it has been utilized for aminobromination of a
variety of olefinic substrates.'® We found that treatment of TsNBr, with an olefin in the presence
of water or alcohol produces bromohydrins and alkoxybromides respectively.*** We were able to
synthesize methoxybromides and tert-butoxybromides in a very efficient manner using this
reagent.'*® After this success, we sought to extend the procedure for alkoxybromide synthesis by
using a variety of alcohols. However, when we employed benzyl alcohol as a substrate, instead
of methanol or tert-butanol, the reaction produced a mixture of benzaldehyde and benzoic acid in
a rapid and exothermic process. So, we have carefully studied the process to develop a new
methodology for the oxidation of alcohols. To best of our knowledge, oxidation of alcohol with
TsNBr; is not known in the literature. The brominating agent TsNBr, employed for this purpose
was prepared from chloramine-T, following a literature procedure.'’

Firstly, 1-phenylethanol was used as a model substrate. The reaction was carried out by
adding TsNBr; (1.0 mmol) to a solution of the alcohol (1 mmol) in acetonitrile (2 ml) at room
temperature. Various solvents were examined to find the most suitable. The results are
summarized in Table 1. It was found that acetonitrile is the most suitable solvent for oxidation of
1-phenylethanol to acetophenone.

Table 1. Acetophenone synthesis in various solvents®

Entry  Solvent  Time (min) Yield (%)

1 MeCN 30 82
2 CHCl; 35 68
3 CH.Cl, 60 39
4 CCl4 45 55

®Reaction conditions: 1-phenylethanol (1 mmol), TsNBr; (1 mmol), solvent (2 mL), room
temperature.
®Isolated yield.

Thereafter, the reaction was examined using different amounts of the oxidant (Table 2). We
found that, the use of 1 equivalent of the reagent is the best choice in terms of yield and reaction
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time.

Table 2. Acetophenone synthesis with varying amount of TsNBr,?

Entry TsNBr,; amount (mmol) Time (min) Yield (%)"

1 0.5 30 40
2 1.0 30 82
3 1.5 30 72
4 1.8 30 74

®Reaction conditions: 1-phenylethanol (1 mmol), MeCN (2mL), room temperature.
®Isolated yield

After optimizing the reaction conditions, we extended the process to a variety of alcohols,
(Table 3). The method works well for all kind of alcohols such as primary, secondary and
benzylic alcohols to produce the corresponding carbonyl compound in excellent yield. In the
case of secondary benzylic alcohols, the reaction is very fast and produces the corresponding
carbonyl compounds within 30 minutes. However, in case of benzyl alcohol, over-oxidation took
place and benzoic acid was also produced. Cyclic secondary alcohols such as cyclohexanol and
menthol took about 30 minutes for completion of reaction whereas 2-octanol underwent
complete oxidation in 45 minutes, in high yield (Table 3, entries 5-8). Primary alcohols such as
1-octanol took 1 hour for complete oxidation in 80% yield (Table 3, entry 9). However,
dodecanol took 2 hours for completion of reaction, but in excellent yield (Table 3, entry 10).
Similarly, 2-phenylethanol and 3-phenylpropan-1-ol were oxidized efficiently with high yields in
1 hour (Table 3, entries 11 and 12). Thus, it can be seen that the yields are very high regardless
of the structural variations in the alcohol.

Table 3. Oxidation of various alcohols using TsNBr,*

Entry Substrate Product” Time (min)  Yield (%)°
1 OH o)

©)\ ©)‘\ 30 82
2 OH O
3 OH (6]

Cl Cl
4 OH o)

Br Br
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Table 3. Continued

11
60 82

©/\/ ©/\CHO
12 CHO
©/\/ 60 85
13 CHO CO,H
@ ©/ ¥ ©/ 30 40 + 33

Entry Substrate Productb Time (min)  Yield (%)c
> O O
30 79
30 83
7
30 85
HO o}
8 hv/id
OH \9:\[01/ 45 82
OH
9 DY 9 cHo 60 80
10 \(v)g\/OH ) cHo
120 90
OH
OH
OH

®Reaction conditions: alcohol (1 mmol), TsNBr, (Immol), MeCN (2 mL), rt.

PAll products were characterized by comparison of their IR and *H NMR spectra with those of
authentic samples.

‘Isolated yield.

Conclusion

In conclusion, a new protocol has been developed for oxidation of alcohols to corresponding
carbonyl compounds using N,N-dibromo-p-toluenesulfonamide as oxidizing agent. This
procedure is rapid, easy to perform at room temperature and applicable to different kinds of
primary and secondary alcohols, such as aromatic, aliphatic, cyclic and benzylic alcohols to give
the corresponding carbonyl compounds in excellent yields. Benzyl alcohol is converted into both
aldehyde and acid whereas aliphatic primary alcohols are converted into aldehyde only. This
protocol has wide scope for oxidation of a variety of alcohols in an efficient manner.
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Experimental Section

General procedure for oxidation of alcohols

To a solution of alcohol (1 mmol) in MeCN (2 ml) was added TsNBr, (1 mmol). The color of
solution changed slowly from light yellow to orange. After the reaction was complete sodium
thiosulfate was added to the reaction mixture with 1 ml of water and the whole stirred for 20
min. The reaction mixture was taken up in ether, washed with brine, dried (Na,SO,), and
concentrated. Purification of the crude product by flash chromatography on silica gel (230-400
mesh) with petroleum ether-EtOAc (0-5%) as eluent gave the pure product.

In the case of benzyl alcohol, the extraction of the product from the reaction mixture was done
with ethyl acetate and the crude product was purified with petroleum ether-EtOAc (5-20%) as
eluent to give the pure product.
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