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Dehydration reactions such as etherification, thioetherifica-
tion, and dithioacetalization are efficiently catalyzed by a
surfactant-type Br�nsted acid in water.

Organic reactions in water without use of harmful organic
solvents are of great current interest, because water is an easily
available, economical, and environmentally benign solvent.1 We
have revealed that surfactant-type Lewis or Br�nsted acids
effectively worked as catalysts in carbon–carbon bond-forming
reactions such as Mukaiyama aldol reactions,2 Mannich-type
reactions,3 etc.4 in water. Under the reaction conditions,
hydrophobic emulsion droplets, which are essential for efficient
catalysis, were formed from catalytic amounts of these catalysts
and hydrophobic reaction substrates. Quite recently, we have
achieved dehydrative esterification of carboxylic acids with
alcohols in water using this hydrophobic emulsion system created
by dodecylbenzenesulfonic acid (DBSA) as a surfactant-type
Br�nsted acid.5 In this paper, we report that other dehydration
reactions such as etherification, thioetherification, and dithioace-
talization in water are successfully carried out using this reaction
medium.

Although the Williamson ether synthesis is probably one of
the most common methods for preparation of ethers, the method
was required initial conversion of alcohols to halides or
tosylates.6 Acid-promoted dehydration of alcohols provides an
alternative important method of preparing ethers.7

First, we carried out symmetric etherification of alcohols
(0.5 mmol) in water (3 ml) using 10 mol% of DBSA8 as a
surfactant-type Br�nsted acid (Table 1, entries 1 and 2). The

reactions proceeded in water to afford the corresponding
symmetric ethers in high yields. Unsymmetrical etherification
of alcohols in water also proceeded smoothly to give the desired
ethers in high yields (entries 3, 4, and 5).9 It should be noted that
the etherification of the substrate shown in entry 1 in the presence
of p-toluenesulfonic acid (TsOH) instead of DBSA gave only a
trace amount of the product. This result indicates that the long
alkyl chain of DBSA, which leads to the formation of
hydrophobic emulsion droplets, is essential for the efficient
catalysis.

We then investigated selective etherification in the present
reaction system using alcohols of different hydrophobicity (eq
1).10 When an equimolar mixture of dodecanol and propanol was
etherified with benzhydrol in the presence of DBSA in water,
benzhydryl dodecyl ether was selectively obtained. This result of
the selective reaction based on the difference in hydrophobicity is
one of the characteristics of this system.

 
+

(eq 1)

CH3(CH2)2OCHPh2

CH3(CH2)11OCHPh2

CH3(CH2)11OH + CH3(CH2)2OH + Ph2CHOH

(1.0 equiv.) (1.0 equiv.) (1.0 equiv.)

Next, we turned our attention to thioether synthesis.
Thioethers are, in general, synthesized from halides and
thiolates.11 However, a problem of this method is that oxidation
to disulfides is prone to occur. On the other hand, a DBSA-
catalyzed system would be applicable to the thioetherification, if
one of the alcohols displaces the thiol. We thus tested the reaction
of dodecanethiol with several alcohols which were used for the
protective groups of thiols in the presence of 10 mol% of DBSA
in water (Table 2). As we expected, the reactions accompanying
the dehydration in water proceeded to afford the corresponding
thioethers in high yields (entries 1-4). Tritylation of other thiols
such as an aromatic thiol in water also gave good yields of the
desired thioethers (entries 5 and 6). These results demonstrate that
this direct thioetherification inwater provides a generalmethod to
protect thiols.12

Finally, we investigated dithioacetalization in water.
Dithioacetals are useful in organic synthesis as protective groups
for carbonyl compounds or as precursors of acyl carbanion
equivalents.11 Although dithioacetalization in water from
carbonyl compounds and thiols has recently been reported,13

the method still lacks substrate generality. Therefore, we tested
DBSA-catalyzed dithioacetalization in water (Table 3). The
reactions proceeded smoothly not only for aromatic and aliphatic
but also for �,�-unsaturated aldehydes under mild conditions

Table 1. DBSA-catalyzed synthesis of ethers in water

  
+

1a,b

2d

3d

4e

5d

                 

Entry R1OH R2OH (equiv.)

R1OH R2OH R1OR2

H2O, 24 h

90c

91

89

83

77

MeO
Bu

OH

MeO
OH

Bu

Ph2CHOH

CH3(CH2)11OH

CH3(CH2)11OH

CH3(CH2)11OH MeO
OH

(2.0)

Ph2CHOH

Ph2CHOH (2.0)

PhMe2COH (2.0)
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(entries 1-4). Furthermore, aliphatic or aromatic ketones also
reacted well to give the corresponding adducts in good yields
(entries 5 and 6). It is noteworthy that only 1 mol% of DBSA was
sufficient to catalyze the reactionwithout any difficulty in the case
of the substrate shown in entry 4.

In addition, easy work-up has been realized without use of
organic solvents when the products are solid and insoluble in
water. In fact, the dithioacetalization of cinnamaldehyde on
10 mmol-scale with 1 mol% of DBSA proceeded smoothly to
deposit crystals. Pure productwas obtained in excellent yield after
the crystals were filtered and washed with water (eq 2). This
simple procedure is one of the advantages of the present reaction
system.

H

O
+

 

H

SS

10 mmol
Ph

HS

(1.1 equiv.)

SH

filtered then

washed with H2O Ph

(eq 2)

In summary, dehydration reactions such as etherification,
thioetherification, and dithioacetalization are efficiently cata-
lyzed by DBSA in water. The present system has advantages such
as selectivity based on the difference in hydrophobicity and easy
work-up, and would lead to environmentally benign chemical
processes.

This paper is dedicated to Professor Teruaki Mukaiyama on
the occasion of his 75th birthday and also in recognition of his
outstanding contributions to synthetic organic chemistry.
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Table 3. DBSA-catalyzed dithioacetalization in watera
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O
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1

2b

S S

R1 R2

3

4

5d

O

6d,e

         
          

HS SH

(1.0—1.1 equiv.)

Entry Substrate

74

82

94 (95)

92

88

 94

Ph

CH3(CH2)4CHO

PhCHO

PhCHO

c

Table 2. DBSA-catalyzed synthesis of thioethers in water

  

    

1

2

3a

4

5b

6c

        

R1SR2

Entry R1SH R2OH (equiv.)

96

76

82

87

93

97

Ph3COH (1.0)

Ph3COH (1.0)

MeO

BuO

OH

OH
(2.0)

(1.0)

Ph2CHOH (2.0)

Ph3COH (1.0)

PhCH2SH

PhSH

CH3(CH2)11SH

CH3(CH2)11SH

CH3(CH2)11SH

CH3(CH2)11SH

Chemistry Letters 2002 11


