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| An efficient approach for the deprotection of esters has been developed using ionic liquid as nucleophile in the presence of protic acid. |
| Using methyl benzoate as a model compound, the best result was obtained by the combination of 1-methylimidazolium bromide and |
methane sulfonic acid with a conversion of 96 % after 2 h at 120 °C. |
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INTRODUCTION

Esters are the most useful protective groups in synthetic
organic chemistry'?. Typically, deprotection of esters to
carboxylic acids is performed by saponification with sodium
or potassium hydroxides in water, lower alcohols or their
mixtures®. Besides saponification, esters can be hydrolyzed
with various protic or Lewis acids*. However, both saponifi-
cation and hydrolysis can be limited in the case of acid- or
base-sensitive substrates. On the other hand, the use of Lewis
acids such as Mgl,, AICl;, AlBr; and ZnBr, have a merit of
mild reaction conditions but need to long reaction time and
low conversion of ethyl protecting group™.

The properties of ionic liquids such as low vapour
pressure, nonflammablility, recyclability and excellent chemi-
cal and thermal stability have made them environmentally
attractive alternative to conventional organic solvents”®. Ionic
liquids have been successfully used in catalysis™'’, extrac-
tion'"'%, polymer science'*", electrochemical'>'® and sepa-
ration'”"®, In the past decade, ionic liquids have been reported
for the deprotection reaction of ethers'** and aldehydes"*.
However, there are few reports on the deprotection of esters
using ionic liquids. In our recently report, we have successfully
developed the deprotection procedure of esters using chloro-
aluminate ionic liquid as catalyst and medium®.

Herein, we report the application of ionic liquids (1-4,
Fig. 1) for the deprotection of esters to obtain the corresponding
carboxylic acids in the presence of a proton source.

EXPERIMENTAL

All the chemicals were of regent grade and used as
received. Melting points were taken on a micro melting point
apparatus (model X-4, Tech Instruments, Beijing, China). '"H

NMR spectra were recorded on a Bruker AVANCE 400 MHz
spectrometer using CDCl; as solvent and TMS as an internal
standard (Bruker Corporation, Switzerland). IR spectra were
recorded on a Nicolet AVATAR FT-IR 330 instrument (Thermo
Electron Corporation, USA). The ionic liquids (1-4) were
prepared by the literature methods®2,

H
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Fig. 1. Ionic liquids 1-4

Ester (0.05 mol), ionic liquid (0.15 mol) and protic acid
(0.15 mol) were placed in a three-neck round bottom flask fitted
with a stirrer, a thermometer, a reflux condenser and a drying
tube at the top. The contents of flask were magnetically stirred
and the oil bath temperature was maintained at 120 °C. The
reaction was monitored by TLC. After the completion of reac-
tion, the mixture was cooled to room temperature and extracted
with anhydrous Et;O (3 x 20 mL). The combined ether phase
was separated and dried with Na,SOs. Evapouration of the
solvent afforded the crude product, which was purified by chro-
matography over a silica gel column (5 % EtOAc-hexane). All
the products were characterized by IR, '"H NMR and the spectral
data were identical with those of authentic samples. Their
melting points were in agreement with reference values®.

RESULTS AND DISCUSSION

To optimize the reaction conditions, we carried out the
deprotection of methyl benzoate in ionic liquid 1-4 in the
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presence of various protic acids (Table-1). The reaction using
the combination of methane sulfonic acid (MsOH) and ionic
liquid 1 on a 3 equivalence scales respectively was complete

TABLE-1
DEALKYLATION OF METHYL BENZOATE USING IONIC
LIQUIDS 1-4 AS NUCLEOPHILE*

©/COOCH3 Tonic liquid ©/COOH
(R
protic acid

after 2hin 96 % yield (Table-1, Entry 1). As expected, similar
result was obtained using the combination of ionic liquids 2
along with methane sulfonic acid, giving benzoic acid in 92 %
yield (Table-1, Entry 2). However, under the same conditions,
the yields of benzoic acid are low using ionic liquids 3 and 4
(Table-1, Entries 3 and 4). The role of ionic liquids was to
provide the necessary nucleophile, i.e. Br~, CI, H,PO,", HSO,",
to attack the methyl group of methyl benzoate. Their activity
order was consistent with their nucleophilicity order: Br~ >
Cl” > H,PO,- > HSO,-*. Moreover, we also investigated the

Entry lonicliuid  Proticacid  Temp. Time  Yield deprotection of methyl benzoate in ionic liquid 1 in the pres-
] (elqg;’) I\/E:glﬁvé) (1ng (g) (Z? ence of other protic acids, CF;:COOH, HCOOH and CH;COOH
) 23) MsOH (3) 120 ) ” (Table-1, Entries 5-7). The role of protic acids was to ac.tivate
3 3(3) MsOH (3) 120 5 47 the carbonyl oxygen to make the methyl carbon susceptible to
4 4(3) MsOH (3) 120 2 34 nucleophilic attack the resulting conjugate base. The activity
5 1(3) CF;COOH (3) 120 2 77 order of protic acids is MsOH > CF;COOH > HCOOH >
6 1(3) HCOOH (3) 120 2 50 CH;COOH. This result was consistent with the acidity of the
7 1O CH,COOH (3) 120 2 25 protic acids. Use of protic acid methane sulfonic acid alone
3 13) WASCIRNE) gg 120 2(? resulte.d in pogr conversion of 28 % (Table-1, Entw 8). Methane
10 1) MsOH (1) 120 2 40 sulfonic acid is an extremely weak nucleophile. Furthermore,
11 1) MsOH (2) 120 ) 77 it is found that ionic liquid 1 alone is not sufficiently effective
12 14 MsOH (4) 120 2 97 for the deprotection of methyl benzoate, with no detectable
13 1(1) MsOH (1) 120 12 95 transformation being noted, despite heating for 10 h (Table-1,
14 1(2) MsOH (2) 120 8 95 Entry 9). The reason for this result is that ionic liquid 1 is non-
15 1 (3) MsOH (3) 80 2 65 acidic, there is no acidic proton present. From these results, it
13 i g; ﬁzgg g; 38 ? g; is evident that both an efficient pucleophile and an effect.ive
18 13) MsOH (3) 120 3 9% proton source are required to achieve a smooth transformation

“Reaction conditions: ester (0.05 mol), nonaqueous of ester to carboxylic acid.

TABLE-2

DEPROTECTION OF VARIOUS ESTERS OR ETHERS IN IONIC LIQUID 1*

Entry Esters

Products

Time (h) Yield (%°)  m.p (°C) (reported)

1 (>:COOCH3
CH;
2 /©/COOCH3
C;H;
3 ©/COOCH3
HO

4 COOCH;

OH

5 /©/CO OCH;4
O,N
6 /©/C OOCHj3
Br

7 CH,(CH,),;COOCH;

8 ©/COOC2H5

9 (ICOOCH3 C[
COOCH,CH

COOH 2 92
: :CH3
: _COOH 2 93
C3Hy
/@/CO OH 2 96
HO
@COO H 2 97
OH
: _COOH 2 96
O,N
/©/OOOH 2 50
Br

CH,(CH,),;,COOH 2 96

: .COOH 8 92

COOH 6 85

103-104 (103.5)

144-146 (145)

213215 (214.5)

158-159 (159)

241-243 (242)

253-255 (254.5)

43-44 (43.8)
121-123 (122.4)

oil liquid

COOCH,CH

"Reaction conditions: ester (0.05 mol), ionic liquid 1 (0.15 mol), MsOH (0.15 mol), 120°C, nonaqueous; "Isolate yield
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The effects of the ratio of ionic liquid and protic acid to
ester on this transformation were also explored. In the 2 h
reaction, conversion increased from 40 to 96 % when the ratio
was increased from 1 to 3 (Table-1, Entries 1, 10 and 11). Increase
of the ratio to 4 has no significant effect on the conversion of
benzoic acid (Table-1, Entry 12). However, prolonging the
reaction time was found to significantly increase the conversion
of methyl benzoate (Table-1, Entries 13 and 14).

We also investigated the effects of different reaction
temperature and time on this conversion. The yield increased
from 65 to 96 % for a 2 h reaction period when the reaction
temperature increased from 80 to 120 °C (Table-1, Entries 1
and 15). Increase of the reaction temperature to 140 °C has a
marginal effect on the yield of benzoic acid (Table-1, Entry
16). The yield increased from 72 to 96 % with prolonging the
reaction time from 1 to 2 h (Table-1, Entries 1 and 17) and
extending the reaction time to 3 h has no practically effect on
the yield indicating that the reaction is complete in 2 h (Table-
1, Entry 18).

To enlarge the scope of the deprotection method,
deprotection of various esters has been performed using ionic
liquid 1 in the presence of methane sulfonic acid, the results
are shown in Table-2. Interestingly, this deprotection method
is compatible with many functional groups. Clearly, the
presence of alkyl, hydroxyl, nitro and bromine functions does
not disturb ester cleavage (Table-2, Entries 1-6). Furthermore,
the same conditions are effective for the deprotection of
aliphatic esters (Table-2, Entry 7).

In case of such higher esters as ethyl benzoate, the
conversion needs longer reaction time because of the steric
hindrance of alkyl moieties. (Table-2, Entry 8). In the case of
the compound, which possesses two different esters in the
molecule, the selective deprotection was achieved under the
conditions (Table-2, Entry 9).

Conclusion

In conclusion, we have developed a new and efficient
approach for deprotection of esters using ionic liquid as
nucleophile in the presence of protic acid. This strategy features
good functional group tolerance, excellent yields and easy
workup.
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