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Letters
Oxygen transfer from sulfoxide: formation of aromatic aldehydes
from dihalomethylarenesq
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Abstract—The conversion of dihalomethylarenes to the corresponding aldehydes is accomplished conveniently by using sulfoxides
as the oxygen donor under neutral conditions.
� 2003 Elsevier Ltd. All rights reserved.
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Scheme 1.
In an ongoing project we desired the conversion of 1
into 2. This transformation requiring oxidation of a
CH3 group to an aldehyde has been previously reported
for simpler systems using oxidizing agents such as IBX1

[1-hydroxy-1,2-benziodoxol-3(1H)-one 1-oxide], potas-
sium permanganate/triethylamine,2 oxygenation by
photoinduced electron transfer methods,3 SeO2 or even
enzymatic reactions with laccase/diammonium salt of
2,20-azinobis(3-ethylbenzothiazoline-6-sulfonic acid).4

The direct conversion of 1 into 2 (Scheme 1) in our
hands failed to give good yields of products presumably
due to the highly substituted nature of the indole ring,
the electronic effects of the substituents, and over oxi-
dation to acids. Our attention then turned to an alter-
native mild and selective transformation via the
intermediacy of the 2-dibromomethyl indole derivative
3, which should afford 2 upon hydrolysis. Therefore,
synthesis of compound 3 was undertaken. To our sat-
isfaction, when 3 was dissolved in DMSO for purifica-
tion purposes, an exothermic reaction occurred leading
to the desired aldehyde isolated as the sole product.

Conversion of gem-dihalo compounds to aldehydes is a
widely used method for the preparation of aldehydes.
Hydrolysis of the gem-dihalo compounds to the corre-
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sponding aldehydes often employs harsh reaction con-
ditions such as use of strong acid (e.g., 95% H2SO4) or
strong base (aq NaOH) at high temperatures.5 Although
mild reaction conditions have been reported,6 develop-
ment of good procedures for such transformations is of
continued interest. In this communication, we wish to
report our discovery that under neutral conditions
DMSO converts the gem-dihalides into the corre-
sponding aldehydes conveniently without the use of
metal salts such as silver carbonate.

Representative examples and reaction conditions are
given in Table 1. All the starting dihalides are com-
mercially available and were used as received. All the
products were characterized by 1H or 13C NMR or MS.
All reported yields are isolated yields. Unlike the indole
derivative 3, which was converted into the correspond-
ing aldehyde at room temperature, all the benzal halides
listed required elevated temperature for the transfor-
mation. Although the reactions in Table 1 were carried
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Table 1. Conversion of benzal halides into the corresponding aldehydes with DMSO

CHO

X

XR
DMSO

70-120 °C

1-18  hr.
95%

Entry Reactant Product Temperature/time Yield (%)

1
Br

Br
CHO 100 �C/2 h 95

2

Br

Br
F

CHO

F
120 �C/12 h 92

3

Br

Br
Cl

CHO

Cl
100 �C/2 h 95

4

Br

Br
Br

CHO

Br
120 �C/1 h 95

5

Br

Br
F CHOF 120 �C/12 h 93

6

Br

Br
Cl CHOCl 100 �C/10 h 96

7

Br

Br
F

CHO

F

120 �C/18 h 100

8
Br

BrO

EtO
CHO

O

EtO
120 �C/2 h 92

9
Br

Br
CHO 100 �C/2 h 97

10

Cl

Cl
CHO 100 �C/2 h 95

11

Cl

Cl
F

CHO

F

120 �C/18 h 98

12

Cl

Cl
F

CHO

F
100 �C/10 h 93
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out in neat DMSO, using solvents such as THF or ethyl
acetate gave similar results.

The ease of formation of aldehydes is demonstrated with
gem-dibromo and dichloro compounds (entries 1 and
10). In all cases the isolated yields were high and syn-
thetically relevant. It should be noted that ortho-, meta-,
and para-fluoro benzal bromides and chlorides (entries
2, 5, 7, 11, and 12) reacted slower than either the chloro-
or bromo-substituted compounds (3 and 4).

Aliphatic gem-dihalo compounds are inert toward
DMSO for this transformation. For example, 1-dibro-
momethyladamantane did not provide the desired
aldehyde under similar reaction conditions (100 �C, 2 h),
only starting material was recovered. It seems necessary
that the dihalomethyl group should be activated by its a-
substituents such as the phenyl ring in order for the
reaction to occur.

We also expand our investigation to other compounds
bearing electron-withdrawing groups a- to the gem-di-
halo methine (Fig. 1). Conversion of these compounds
into aldehydes was carried out in DMSO-d6 using
microwave irradiation. All these compounds were less
reactive than the aromatic gem-dihalo compounds. Only
30% of 1,1-dibromopinacolone was converted into the
glyoxal derivative at 100 �C within 3 h, whereas the 2,2-
dichloroacetophenone was much less active with only
10% conversion under the same conditions as indicated
by the 1H NMR. The ethyl a,a-dichloroacetate showed
even less activity than the acetophenone. The lower
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reactivity of these a,a-dihalo ketones may be the result
of keto–enol tautomerization, with the less active enol
form being favored at elevated temperature.

As a comparison, it is worth noting the oxidation of
monohalides such as benzyl bromides and a-bromo
ketones to the corresponding aldehydes. Among all the
oxidizing agents,7 DMSO is one of the earliest discov-
ered for such transformations.8 For most of the benzyl
bromides, activation of the halide is necessary (silver
salts), as well as the presence of base like tertiary amine
or alkaline carbonate.8b–d As to the a-bromo ketones,
mild conditions were reported to convert them into the
corresponding glyoxals.8a Although DMSO was used in
these reactions, it is obvious that conversions of the
monobromide and the gem-dibromide into aldehydes
are fundamentally different processes. The former
transfer is an oxidative process, while what we have
described here is a nonoxidative reaction. The oxidation
states of the methine bearing the dibromo atoms remain
unchanged from the starting material to the product.
Displacement of the dibromo atoms by oxygen from
DMSO accomplished this nonoxidative conversion of
the gem-dibromo compound into the aldehyde. There-
fore, oxygen transfer from sulfoxide could occur in both
oxidative and nonoxidative reactions depending on the
substrates.

It has also been reported that N-oxide in DMSO affor-
ded advantages of rapid oxidation of variety of alkyl
halides to aldehydes in very good yield at mild reaction
conditions.9 In our case, N-oxides alone such as tri-
methylamine N-oxide and pyridine N-oxide did not
work well compared to DMSO. Combination of
N-oxides with DMSO did not offer advantages. The
DMSO alone seems to work better.

Other sulfoxides, both alkyl and aryl, such as tetra-
methylene sulfoxide, diphenyl sulfoxide, and methyl
phenyl sulfoxide were also investigated. These all
worked as well as DMSO to afford the corresponding
aldehydes.

Sulfoxides are often used as oxygen-donating agents in
organic synthesis. One widely used reaction is the con-
version of structurally diverse alcohols into their corre-
sponding carbonyl compounds by dimethyl sulfoxide
(DMSO) in the presence of activating reagents. (The
original oxygen atom in DMSO is not directly donated
to the alcohol substrate during this oxidative process. It
is donated to the activating agents. However, such
donation is necessary for the completion of the trans-
formation.)10 In the recent development of transition
metal catalyzed oxidation of alcohols to aldehydes or
ketones, the sulfoxide serves as a catalytically activated
oxygen donor.11 What we have described here is a
unique example in which the sulfoxide serves as an
oxygen donor in the absence of activating reagents.

Mechanistically, it would seem plausible to propose the
intermediacy of an alkoxysulfonium species12 (Scheme
2) upon displacement of a halo moiety. This species
under the thermal reaction conditions undergoes a 1,2-
elimination to give the desired aldehyde and a byprod-
uct bromodimethylsulfonium bromide, which could also
be isolated from the reaction mixture as a crystalline
solid.10b Structure of the crystalline was further con-
firmed by a thorough analysis.13 To monitor the pro-
gress, a reaction (Table 1, entry 1) was carried out in an
NMR tube using DMSO-d6. Only the product and
starting material were seen from the 1H NMR spectrum
during the progress of the reaction (the reaction was
checked every hour). No alkoxysulfonium intermediate
was detected. This observation suggests that the dis-
placement of the first bromo atom is slow, and the 1,2-
elimination occurred immediately following the first
displacement. Details of the mechanism for this novel
transformation are under investigation and will be
reported shortly.

In conclusion, a simple method for the transformation
of dihalo compounds into the corresponding aldehydes
is described herein. The reaction can be carried out
conveniently and proceeds with excellent yield and
purity. The reaction has been run up to one mole scale
with similar yield and purity and used for a multi-step
organic synthesis of complex molecules. Conversion of
the dihalo compounds into the corresponding aldehydes
constitutes an alternative route for the transformation
of an aromatic methyl group to aromatic aldehyde via a
two step, but relatively mild process.

To the best of our knowledge, this is the first example
using sulfoxide as the sole reagent to convert a gem-
dihalo precursor into the corresponding aldehyde.14 The
scope and limitations of this reaction for the preparation
of other important functional groups as well as building
blocks are currently under investigation.

A typical procedure for the reaction is illustrated by the
preparation of 4-biphenylcarboxaldehyde: a solution of
4-phenylbenzal bromide (3.26 g, 0.01M) in 30mL of
DMSO was heated at 100 �C for 2 h. The reaction
mixture was poured into water (30mL), and the result-
ing mixture was extracted with ethyl acetate (60mL · 2).
The extract was washed with water and brine, dried over
anhydrous sodium sulfate, and concentrated under
reduced pressure to give 1.71 g (yield 94%) of the 4-bi-
phenylcarboxaldehyde as a white solid. 1H NMR d
(400MHz, DMSO-d6) 10.09 (s, 1H), 8.01 (d, J ¼ 8:3Hz,
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2H), 7.90 (d, J ¼ 8:3Hz, 2H), 7.77 (d, J ¼ 7:8Hz, 2H),
7.53 (d, J ¼ 7:8Hz, 2H), 7.46 (t, J ¼ 7:4Hz, 1H); 13C
NMR d 192.97, 146.21, 139.15, 135.46, 130.48 (2C),
129.45 (2C), 128.91, 127.68 (2C), 127.46 (2C); LC-ESMS
observed [M+H]þ 183.16 (calcd 183.08).
Supplementary data

Typical experimental procedures for the preparation of
aldehydes with supporting analytical data. The supple-
mentary data is available online with the paper in
ScienceDirect.
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