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The combination of the water-soluble radical initiator, 2,2A-
azobis[2-(2-imidazolin-2-yl)propane] dihydrochloride (VA–
044), and surfactant, cetyltrimethylammonium bromide
(CTAB), was found to be the most suitable condition for the
effective direct synthesis of useful active thioesters (penta-
fluorophenyl thioesters) in water.

Thioesters are useful synthetic intermediates in organic synthe-
sis.1 For example, they have been employed as mild acyl
transfer reagents,2 building blocks of heterocyclic compounds3

for aldol reactions4 and for the synthesis of ketones5 and
amides.6 The synthesis of thioesters was achieved from thiols
(or equivalent thiol substrates) and activated carboxylic acid
derivatives, which were prepared from carboxylic acids using
activating reagents.7 Under these circumstances, the direct
synthesis of thioesters from aldehydes using thioanions or thiyl
radicals would be a useful method.8 Especially, no one has
reported the direct synthesis of thioesters from aldehydes using
thiyl radicals except for Takagi’s report.9 The method is the
shortest, but has some disadvantages from the viewpoint of
reagent efficiency. Namely, a large amount of the aldehyde is
required, since the aldehyde must be used not only as the
reagent but also as the solvent. Here we wish to report a highly
effective intermolecular radical reaction of C–S bond formation
in a micellar system using the combination of a water–soluble
initiator (Fig. 1)10 and surfactant11 in water. Our method
produces useful pentafluorophenyl thioesters, whose utility was
already clarified by Davis et al.,6 in high yields, and the reaction
is carried out under mild conditions in water.12 Therefore, much
attention is being devoted to this reaction from the viewpoint of
green chemistry.13

First, we examined the possibility of thioesterifications in
water with 3-phenylpropionaldehyde (1a) and dipentafluoro-
phenyl disulfide (2a) using various water-soluble azo-type
initiators and a catalytic amount of CTAB as the first chosen
surfactant (Table 1). As a result, we could confirm the formation
of thioesters in these systems. VA-044 was found to be the most
effective initiator among the initiators used in Table 1 (entry 1).
A side-reaction occurred when the typical radical initiator
AIBN was used (entry 5), while using Et3B, a known radical
initiator that acts at low temperature, the reaction hardly
proceeded at all (entry 6). Next, we examined the effect of
surfactants on the reaction using VA–044 in water. The cationic
surfactants (CTAC, CTAHSO4) gave the thioesters in good
yields (entries 8 and 9). However, the anionic surfactant (SDS),
the neutral surfactant (Triton X–100) and tetraethylammonium
bromide did not give a satisfactory result (entries 10–12). In the

absence of the surfactant, the reaction did not proceed at all
(entry 7).

The solvent effect on this reaction using 1a, 2a, VA–044 and
CTAB is shown in Table 2. From these results, water was found
to be the best solvent for the thioesterification. The thioester-
ification did not proceed in benzene or under neat conditions
(entries 1–3). In addition, when the radical initiators AIBN, V–
70L14 and Et3B were used in benzene, the yields of the
thioesters were lower than the former cases (entries 4–6).

We then investigated the generality of this pentafluorophenyl
thioesterification in water using VA–044 and CTAB, which was
the most effective condition. Under these conditions, alkyl and
aryl aldehydes (1b–g) were smoothly reacted with 2a to give the
corresponding thioesters (3b–g) in good yields (Table 3). The
yields of the thioesters might be affected by the stabilities of the
acyl radical intermediates.15

The plausible mechanism of this reaction is shown in Scheme
1.† First, disulfide (2) dissociates with the initiator (VA–044) to
give the thiyl radical (A). Secondly, the hydrogen in the
aldehyde (1) is trapped by the thiyl radical (A), and then the acyl

Fig. 1 Water-soluble radical initiators.

Table 1 Effect of various initiators and additives

Entry Initiator Additive Temp./°C Time/h Yield (%)

1 VA–044 CTAB 50 18 73
2 VA–061 CTAB 80 2 Decomp.
3 V–501 CTAB 70 24 32
4 V–50 CTAB 60 24 45
5 AIBN CTAB 80 12 37
6 Et3B CTAB rt–50 24 Trace
7 VA–044 None 50 24 No reaction
8 VA–044 CTACa 50 24 67
9 VA–044 CTAHSO4

b 50 24 63
10 VA–044 SDSc 50 24 18
11 VA–044 TritonX–100d 50 24 16
12 VA–044 Et4N+Br2 50 24 Trace
a CTAC: cetyltrimethylammonium chloride. b CTAHSO4: cetyltrimethyl-
ammonium hydrogen sulfate. c SDS: sodium dodecyl sulfate. d Triton X-
100: polyoxyethylene(10)isooctylphenyl ether.

Table 2 Effect of various solvents and initiators

Entry Initiator Solvent Additive Temp./°C Time/h Yield (%)

1 VA–044 H2O CTAB 50 18 73
2 VA–044 Neat CTAB 50 24 Trace
3 VA–044 Benzene CTAB 50 24 N.R.a
4 AIBN Benzene None 80 24 32
5 V–70L Benzene None 50 24 29
6 Et3B Benzene None rt 24 Trace
a No reaction.
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radical (B) is formed. The acyl radical reacts with the disulfide
(2) or thiyl radical (A), and the thioesterification (3) is achieved.
The thiol (2A) produced by the reaction of the thiyl radical (A)
and aldehyde (1) becomes the thiyl radical with the initiator, and
the thiyl radical (A) takes part in the reaction cycle again.
Whereas, Chatgilialoglu et al. have already reported that alkyl
radicals prepared by the initiator did not trap the hydrogen in the
aldehyde.15

In summary, we have discovered that the combination of a
water-soluble radical initiator VA–044 and surfactant CTAB is
an ideal reaction system to accomplish C–S bond formation in
water. This method is effective for the synthesis of active
thioesters under mild conditions, and could be applied using
various aldehydes. Moreover, the pentafluorophenyl thioester,

which can be prepared by our method, has valuable utilities,
since they have already been shown to have a high activity
toward various nucleophiles.6 We believe that our system
would become the common method for the thioesterification
from the corresponding aldehydes.

We thank Wako Pure Chemical Industries, Ltd., for the
generous supply of several water-soluble azo-type initiators.

Notes and references
† General procedure: VA–044 (48.5 mg, 0.15 mmol) was added to a
solution of aldehydes (1a–g) (0.30 mmol), dipentafluorophenyl disulfide
(2a) (119 mg, 0.30 mmol) and CTAB (21.9 mg, 0.060 mmol) in H2O (3 ml)
at rt. The reaction mixture was then stirred and heated to 50 °C. After 3 h,
an additional amount of the initiator VA–044 (48.5 mg, 0.15 mmol) was
added to the reaction mixture. The progress of the reaction was monitored
by TLC. The reaction mixture was then extracted with AcOEt, and the
organic layer was dried using Na2SO4 and concentrated in vacuo. The
residue was purified by column chromatography on silica gel to give the
pure thioesters 3a–g.
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Table 3 Application using various aldehydes

Entry Aldehyde Time/h Product Yield (%)

1 CH3(CH2)9CHO 1b 8 3b 88

2 1c 24 3c 47

3 1d 24 3d 56

4 1e 24 3e 72

5 1f 8 3f 95

6 1g 24 3g 90

Scheme 1 A plausible mechanism of thioesterification.

1083CHEM. COMMUN. , 2002, 1082–1083

Pu
bl

is
he

d 
on

 1
6 

A
pr

il 
20

02
. D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
- 

Sa
nt

a 
C

ru
z 

on
 2

6/
10

/2
01

4 
10

:2
9:

37
. 

View Article Online

http://dx.doi.org/10.1039/b202129c

