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Scheme 1. Synthesis of a,a-dibromodimethyl ketal.
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TsNBr2 reacts with alkyne in the presence of methanol to form a,a-dibromodimethyl ketals instanta-
neously. The reaction proceeds smoothly at room temperature without using any other catalyst. The
one step reaction can be carried out with both aromatic and aliphatic alkynes in excellent yield.
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Activation and functionalization of carbon–carbon triple bond is
an important strategy for many important organic transformations
in synthetic chemistry.1 One of the common strategies used for
functionalization of carbon–carbon multiple bond is the cohalo-
genation reaction. This reaction is an attractive tool to produce vic-
inal halo-functionalized compounds regioselectively, which are
useful intermediates for diverse organic transformations.2

Although cohalogenation reaction for C–C double bond is exten-
sively studied, this protocol is less common for C–C triple bond.

Recently, we have established that N,N-dibromo-p-toluenesul-
fonamide (TsNBr2) is a very efficient and powerful reagent for var-
ious organic transformations.3 We found that TsNBr2 can be used
as an electrophilic bromine source for vicinal bromo functionaliza-
tion of olefin and we have successfully employed this reagent for
various cohalogenation reactions.3a,b,f Based on this concept, we in-
tended to investigate the reaction of alkyne with TsNBr2 in the
presence of nucleophilic solvent such as methanol. Interestingly,
to our expectation, a,a-dibromodimethyl ketal was formed in
excellent yield. However, the synthesis of a,a-dibromodimethyl
ketal has received scant attention in the literature, with only a
few methods outlined. Uemura found that the treatment of acety-
lenes with bromine in methanol at 20–25 �C leads to the formation
of a,a-dibromodimethyl ketals in moderate yield.4 The reaction
also produces an isomeric mixture of a,b-dibromoalkenes along
with the desired product. Similar attempt was also made by Berth-
elot et al. with tetrabutylammonium tribromide in methanol.5
They carried out the reaction at 20 �C under the influence of ultra-
sonic irradiation as well as at room temperature with continuous
stirring. Similar to Uemura’s report, this procedure also leads to
the formation of E-a,b-dibromoalkene as the side product in signif-
icant amount. Bovonsombat and McNelis reported the synthesis of
some ketals of a,a-dihaloacetophenone using N-halosuccinimide
and catalytic quantity of p-toluenesulfonic acid.6 Heasley and co-
workers reported a procedure for the synthesis of dihalo acetals
from alkyne using NBS or NIS as the halogen source.7 In this case,
H2SO4 was used as a catalyst to achieve the transformation. Samuel
reported another method for the synthesis of a,a-dichlorodimethyl
ketals from acetylene using NCS in methanol.8 However, most of
the reported methods have some limitations such as the use of cat-
alyst, low yield, and formation of byproducts which make the pro-
cedures inconvenient for preparations. We wish to report herein a
very simple and efficient method for direct synthesis of a,a-dib-
romodimethyl ketals from alkyne using N,N-dibromo-p-toluene-
sulfonamide (TsNBr2) as a bromine source under mild conditions
(Scheme 1).

To begin with, a study was carried out with phenyl acetylene as
a model substrate. A reaction was carried out by adding TsNBr2

(1 mmol) to a solution of phenyl acetylene (1 mmol) in the
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presence of MeOH (2 mL). The whole process was carried out at
room temperature under nitrogen atmosphere. While monitoring
the reaction using TLC, we observed that the alkyne disappears
immediately after the addition of the TsNBr2. A sudden rise of reac-
tion temperature was observed which indicates the exothermic
nature of the reaction. The reaction mixture was stirred for another
10 min. After usual work-up, corresponding a,a-dibromodimethyl
ketal was obtained in 91% yield. The structure of the compound
was ascertained by comparing the spectral and melting point data
with those reported in the literature.6,9 Spectral analysis revealed
that the resulting product is 1-(2,2-dibromo-1,1-dimethoxyeth-
yl)benzene. The reaction was then studied under different reaction
conditions. The change in the amount of TsNBr2 from 1 mmol to 1.1
or 1.2 did not make any difference in yields. The reaction was also
examined in a mixture of solvents such as CH3CN/MeOH (4:1) and
THF/MeOH (4:1). However, in both the cases, the reaction
produced inferior results.
Table 1
Synthesis of a,a-dibromodimethyl ketalsa

SI No Substrate Product Yieldb

1

OCH3H3CO

Br

Br

2a

91

2

OCH3H3CO

Br

Br

2b

86

3

OCH3H3CO

Br

Br

2c

83

4
F

OCH3H3CO

Br

Br

F 2d

79

5
H3CO

OCH3H3CO

Br

Br

H3CO 2e

88

6
(H3C)3C

OCH3H3CO

Br

Br

(H3C)3C 2f

84

7

Et OCH3H3CO

Br

Et
Br

2g

90

8

Br
Br

OCH3
OCH3

2h

83

9

OCH3H3CO
Br

Br2i
83

10

OCH3H3CO
Br

Br2j
87

a Reaction conditions: alkyne (1 mmol), TsNBr2 (1 mmol), MeOH (2 mL), rt,
N2-atmosphere.

b Isolated yields.
After gaining success for phenyl acetylene, the process was ex-
tended for different alkynes which are summarized in the Table 1.10

It can be seen from Table 1 that both aromatic as well as aliphatic
alkynes react efficiently under reaction conditions. All reactions
were completed instantaneously with excellent yield of the desired
product.

It is noteworthy that this process led to the formation of only
one regioisomer. During our investigations, we found that TsNBr2

is a good source of Br+ ion.3 Obviously, there could be a strong rea-
son to believe that the reaction proceeds through the formation of
a three-membered cyclic bromonium ion intermediate. The regi-
oselectivity can be explained by considering the fact that the b-po-
sition is more positive than the a-position. Opening of the cyclic
bromonium intermediate by nucleophilic solvent is most likely
from the more electrophilic b-position. This is the reason why this
process produced only the 1,1-dibromo-2,2-dimethoxy ketal as the
product.

In summary, we have developed a very simple, efficient, and ra-
pid method for the synthesis of a,a-dibromodimethyl ketals by
treating alkynes with TsNBr2. The reaction completes instanta-
neously in case of both aromatic and aliphatic alkynes with excel-
lent yield.
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