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Sulfenamide-catalyzed Oxidation of Primary and Secondary Alcohols with Molecular Bromine
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Primary and secondary alcohols were smoothly oxidized to
the corresponding aldehydes and ketones in high yields at room
temperature with 1.1 equiv. of molecular bromine by using a
catalytic amount of N-¢-butyl-2-nitrobenzenesulfenamide in the
coexistence of potassium carbonate and molecular sieves 4A.

A new method for catalytic oxidation of alcohols to carbonyl
compounds was recently reported from our laboratory: that is,
various primary and secondary alcohols were smoothly oxidized
to the corresponding aldehydes and ketones under mild condi-
tions by using a stoichiometric amount of N-chlorosuccinimide
(NCS) in the coexistence of a catalytic amount of N-fert-
butylbenzenesulfenamide (1), potassium carbonate, and molecu-
lar sieves 4A (Eq 1).! In order to establish an improved method, it
was recommended to use a simple halogenating agent instead of
the NCS mentioned above. Molecular bromine (Br,)> was then
chosen because it was readily available, and also, hydrogen
bromide formed during the oxidation was easily captured by
bases. In this communication, we would like to report on N-tert-
butyl-2-nitrobenzenesulfenamide (5)-catalyzed oxidation of pri-
mary and secondary alcohols with Bry.
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Oxidation of 5-hydroxypentyl benzoate (8) to the corre-
sponding aldehyde 9 was chosen as a model reaction, and
catalytic oxidation of 8 with 1.1 equiv. of Br, was first tried by
using 5 mol% of the catalyst 1 in the coexistence of potassium
carbonate and molecular sieves 4A (MS4A). Contrary to our
expectation, the desired aldehyde 9 was then obtained only in
36% yield (Table 1, entry 1), which was much lower than that of
aforementioned sulfenamide 1-catalyzed oxidation of alcohols
with NCS. Since the above yield was not improved even after
screening of the reaction conditions, the catalyst 1 was thought to
decompose by cleavage of S—N bond of 1 with Br, or with
hydrogen bromide formed during the oxidation. Therefore,
experiments using several N-tert-butylarenesulfenamides were
tried so as to search for clues to an appropriate catalyst for
catalytic oxidation with Br,.

As shown in Table 1, the results of sulfenamides having
electron-withdrawing groups on their benzene rings were better
than those having electron-releasing groups. Supposedly, the
electron-withdrawing groups enhanced the stability of sulfen-
amides to tolerate the present oxidation conditions.® Among
electron-withdrawing groups, a nitro group excelled a trifluo-
romethyl group, and an ortho-nitro group turned out still superior
to a para-nitro group (entries 3-5). 2,4-Dinitro-substituted
sulfenamide (6) gave aldehyde 9 in only 20% yield probably

Table 1. Effect of sulfenamide catalysts®

1
/S\H’B“ (5 mol%)

Brs (1.1 equiv.)

Ar

Bz0” ), “OH 8207 {0
8 9

KoCOs, MS4A
CH,Cip, 1t, 1h
Entry Sulfenamide Yield/%"
S.\-Bu
1 H 1 36
S\N,'Bu
2 H 2 30
MeO
S\N,'Bu
3 H 3 45
FaC
8 S\N,tBu
O,N
2 8. /Bu
5 @ H 5 90
NO,
S\N,'Bu
6 H 6 20
O.N NO,
1
e S\N,Bu
7 | H 7 34
_N

#K,CO3 (20 equiv.) and MS4A (1.0 g/mmol) were used, and Br,
was slowly added within 10 min. PIsolated yield.

because the formation of its key intermediate, sulfinimidoyl
bromide, took place very slowly (entry 6). Also, the yield of
aldehyde 9 was only 34% when 2-nitrophenyl moiety of 5 was
replaced with 2-pyridyl moiety (entry 7). Then, it became clear
that N-tert-butyl-2-nitrobenzenesulfenamide (5)° catalyzed the
oxidation of alcohol 8 with Br, most efficiently. As oxidation of 8
with Br, did not proceed in the absence of catalyst 5, it was
evidently shown that catalyst 5§ promoted the present oxidation.
Next, sulfenamide 5-catalyzed oxidation of various primary
and secondary alcohols with Br, was tried (Table 2). In the case
of primary alcohols, Br, was added slowly for 30-60 min since
rapid addition caused esters to yield in considerable amounts. It is
probably because of oxidation of hemiacetals produced from
alcohols and initially formed aldehydes.® On the other hand, slow
addition of Br, was not necessary in the oxidation of secondary
alcohols, and the corresponding ketones were afforded in high
yields by usual experimental procedures. It was noted that
menthol, a sterically hindered secondary alcohol, was also
smoothly oxidized to menthone while the same oxidation by the
combination of catalyst 1 and NCS proceeded very slowly (entry
12).!9 When the oxidation of 4-phenylcyclohexanol with Br, was
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Table 2. Catalytic oxidation of alcohols with Br,?
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CH20l2, rt, 1 h
Entry Alcohol Br, addition/min Yield/%"

1 BzO/\f/);\OH 10 90

2 0™ >""0H 30 86

3¢ ’BuPhZSiO/\(\’)?OH 60 80

4 BnO” )7 OH 30 91
5 PMBO™ )7 ~OH 60 80

7 PhOOH 60 95

"CeHi3

8 »-OH 10 98
"CeHis

9 BnOQC—NC>—OH 10 98
9

10 Ph— § N OH 10 92
(6]

60 96

12¢4 ﬁ 10 90°

*K,CO5 (20 equiv.) and MS4A (1.0 g/mmol) were used. PIsolated yield.
“The catalyst 5 (10 mol%) was used. ®Reaction time was 2 h.
“Determined by GC-analysis.

carried out in the absence of catalyst 5, 4-phenylcyclohexanone
was obtained in only 55% yield along with various by-products.
This result clearly indicated that sulfenamide 5 efficiently
catalyzed the oxidation of secondary alcohols with Br; to afford
ketones in high yields. When alcohols having double bonds
within the same molecule were oxidized under the present
conditions, however, bromination of double bonds proceeded in
the first place and oxidation of a hydroxy group took place in turn.
On the other hand, p-methoxybenzyl, fert-butyldimethylsilyloxy,
and benzylcarbamoyl groups were not damaged in the present
oxidation.

Thus, it was noted that both primary and secondary alcohols
were oxidized with Br, by using a catalytic amount of
sulfenamide 5, and the corresponding aldehydes and ketones
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were easily isolated in good to high yields.

Typical experimental procedure is as follows (Table 2, entry
1): To a stirred suspension of potassium carbonate (829 mg,
6.00 mmol), molecular sieves 4A (300mg), 5-hydroxypentyl
benzoate (8) (62.5 mg, 0.30 mmol), and sulfenamide 5 (3.5 mg,
15 umol) in dichloromethane (4.0mL) was added dropwise a
solution of Br, (52.7mg, 0.33mmol) in dichloromethane
(1.0mL) at room temperature for 10 min. After the reaction
mixture was stirred for 50 min, the reaction was quenched by
adding 10% aqueous Na,;S,;03 solution (1.0 mL). The mixture
was filtered through Celite pad, and the filtrate was extracted with
dichloromethane. The combined organic extracts were dried over
anhydrous sodium sulfate, filtered, and concentrated in vacuo.
The crude product was purified by preparative thin-layer
chromatography (hexanes - ethyl acetate = 3:1) to give 4-
formylbutyl benzoate (9) (55.6 mg, 90%) as a colorless oil.
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