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Indium-mediated chemoselective deprotection
and demonochlorination of 2,2,2-trichloroethyl esters
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Abstract—On treatment with indium metal, the 2,2,2-trichloroethyl carboxylates smoothly undergo deprotection to carboxylic acids
and reductive demonochlorination to 2,2-dichloroethyl esters, sharply depending on their structures.
� 2007 Elsevier Ltd. All rights reserved.
A sequence of protection/deprotection procedures for
functional groups is often essential for the construction
of complex molecules. Among the protecting groups
explored,1 the 2,2,2-trichloroethyl moiety serves as a
convenient masking unit for alcohols, amines, and
carboxylic acids, as well as phosphorus compounds.
The trichloroethyl moiety can be routinely cleaved
with Zn/AcOH,2 electrolysis,3 SmI2,4 Se/NaBH4,5 and
Cd/AcOH.6 The alternative indium-mediated methods
for its removal under mild conditions have been
developed.7,8

In our continuous efforts to explore indium-based meth-
odologies, indium metal has been found to be suffi-
ciently effective to deprotect trichloroethyl benzoates.
Thus, a mixture of trichloroethyl esters and indium
powder, with THF/H2O as the solvent, was heated in
the presence of NH4Cl to achieve an exclusive cleavage
to benzoic acids. A variety of aromatic and aliphatic
carboxylates were subjected to an indium-mediated
reaction to furnish the carboxylic acids in good to excel-
lent yields (Scheme 1). Table 1 shows the summary of
the deprotection. The benzoate derivatives with elec-
tron-donating and -withdrawing substituents were
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Scheme 1.
smoothly deprotected to the corresponding acids
(entries 2–5). Deprotection of nicotinate (entry 6) and
isonicotinate (entry 7) proceeded readily as well. This
method was equally applicable to the cinnamates
(entries 8 and 9) and to the aliphatic carboxylates,
including the olefinic ester (entries 10–12).

On the other hand, when 2,2,2-trichloroethyl carboxyl-
ates containing the benzylic methylene moiety such as
phenylacetate and x-phenylalkanoates were subjected
to the indium-mediated reactions, the situation was
not so simple (Scheme 2). As shown in Table 2,9 the
reaction of trichloroethyl phenylacetate (entry 1) and
3-phenylpropionate (entry 7) with an indium metal
resulted in an exclusive formation of 2,2-dichloroethyl
esters with negligible amounts of deprotected forms,
while 4-phenylbutyrate (entry 8) and 6-phenylhexanoate
(entry 9) gave a mixture of 2,2-dichloroethyl esters and
free carboxylic acids in the ratio of 2.2:1. Trichloroethyl
phenylacetate derivatives examined gave the reductive
dechlorination products as isolable major compounds
(entries 2–6), indicative of the convenient procedure
from 1,1,1-trichloromethyl groups to 1,1-dichloro-
methyl groups, which can be considered as the equivalent
of aldehydes.10,11 When the large excess amount of
indium, up to 6 equiv was used under the same condi-
tion, trichloroethyl phenylacetate and 3-phenylpropio-
nate gave 2,2-dichloroethyl esters in 55% and 78%
yields, respectively, without other major side products.
Both the reactions leading to cleavage and reductive
demonochlorination might proceed through dichloro-
methyl radicals and/or dichloromethyl anions initially
generated by electron transfer from indium metal as
postulated for conventional methods, although the
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Table 1. Indium-mediated deprotection of trichloroethyl estersa

Entry Substrate Product Time (h) Yieldb (%)

1 O CCl3

O

OH

O

7 92

2
O CCl3

O

MeO

OMe

OH

O

MeO

OMe

11 75

3 O CCl3

O

N
Me

Me

OH

O

N
Me

Me

4 74

4 O CCl3

O

NO2

OH

O

NO2

3.5 93

5 O CCl3

O

F3C

OH

O

F3C

7 73

6 O CCl3

N

O

OH

N

O

11 95

7

N

O CCl3

O

N

OH

O

12 62

8 O CCl3

O

OH

O

15 76

9

Cl

Cl O CCl3

O

Cl

Cl OH

O

1.5 94

10
O CCl3

O

OH

O
3 80

11 O

O

CCl3 OH

O

5 61

12

H3C(H2C)7 (CH2)7 O CCl3

O

H3C(H2C)7 (CH2)7 OH

O

48 88

a All reactions were conducted at reflux using 2 equiv of indium metal, 5 equiv of NH4Cl, and THF/H2O (10:1) as the solvent.
b Isolated yields.
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reductive stability of radicals/anions can be a factor as
noted in the previous report on the dichotomy between
radical and anionic dechlorination.12 Formation of
dichloroethyl esters might be rationalized by the intra-
molecular stabilization of the active species derived from
the participation of the benzylic methylene group
(Scheme 3). Further investigation is needed for a clear
mechanistic elucidation.



Table 2. Reductive dechlorination by the indium-mediated reactionsa

Entry Substrate Product Time (h) Yieldb (%)

1

O CCl3

O
O

O

H

Cl
Cl

20 54

2

O

Br
O

CCl3

Br

O

O

H

Cl
Cl

20 56

3
HO O

O

CCl3
HO O

O

H

Cl
Cl

12 59

4
TBDPSO O

O

CCl3
TBDPSO O

O

H

Cl
Cl

20 71

5
SEMO O

O

CCl3
SEMO O

O

H

Cl
Cl

18 70

6
SO3 O

O

CCl3

i-Pr

i-Pr i-Pr

SO3 O

O

H

Cl
Cli-Pr

i-Pr i-Pr

12 61

7 O

O

CCl3 O

O

H

Cl
Cl

18 85

8
O

O

CCl3
O

O

H

Cl
Cl

24 57 (+27)c

9
O

O

CCl3
O

O

H

Cl
Cl

24 60 (+27)c

a All reactions were conducted at reflux using 2 equiv of indium metal, 5 equiv of NH4Cl, and THF/H2O (10:1) as the solvent.
b Isolated yields.
c In parentheses are the yields of the corresponding free carboxylic acids.
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In conclusion, the indium-mediated modification of
2,2,2-trichloroethyl carboxylate esters highly depends
on their structures, indicative of high chemoselectivity
based on the benzylic methylene group. The further
explorations to find the reaction utility as well as mech-
anistic investigations are intensely ongoing.

General experimental procedure: In a typical experimen-
tal procedure, the trichloroethyl esters (1 mmol) were
dissolved in THF/H2O (10:1, v/v, 10 mL), and indium
powder13 (2 mmol) and NH4Cl (5 mmol) were added
at room temperature. The reaction mixture was heated
at reflux and monitored for completion by TLC. Flash
column chromatography on silica gel furnished analyti-
cally pure products, which were confirmed by 1H NMR,
13C NMR, and mass spectroscopy.
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