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MOLECULAR IODINE IN IONIC LIQUID: A GREEN
CATALYTIC SYSTEM FOR ESTERIFICATION AND
TRANSESTERIFICATION

Yiming Ren and Chun Cai
Chemical Engineering College, Nanjing University of Science and
Technology, Nanjing, China

Esterification of carboxylic acids and transesterification of p-ketoesters with alcohols have
been developed using a catalytic amount of iodine in polyethylene glycol (PEG) ionic liquid
(IL 1000) to afford the corresponding esters in good yields. By simple separation of the
ionic-liquid phase containing the iodine, the system of LIIL 1000 can be reused several times.
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INTRODUCTION

Esterification of carboxylic acids and transesterification of esters with alcohols
play important roles in the production of organic esters, especially for some important
products and intermediates in the laboratory and industry.!"* In addition, the esteri-
fication of carboxylic acids is a common and useful method for protecting carboxyl
groups.™! A number of procedures catalyzed by a variety of protic acids,!®”! Lewis
acids,®?! solid catalysts,'%!!! jonic liquids (ILs),'*!¥) and enzymes!"* have been
reported in the literature. However, many of these catalysts are expensive, difficult
to prepare, toxic, and unsuitable for acid-sensitive functional groups or require longer
reaction times and large amounts of solid supports, which would eventually result in
the generation of a large amount of toxic waste.

Recently, the use of molecular iodine has drawn considerable attention because
it is an inexpensive, nontoxic, readily available catalyst for various organic transfor-
mations that affords the corresponding products in excellent yields with high selec-
tivity. The mild Lewis acidity associated with iodine enhances its use in organic
synthesis for several organic transformations that use stoichiometric levels to
catalytic amounts. Owing to numerous advantages associated with this ecofriendly
element, iodine has been explored as a powerful catalyst for various organic transfor-
mations.!">% Previously, molecular iodine had been explored as a powerful catalyst
for esterification and transesterification reaction with good yields.[”>>"! However, the
reuse of iodine is difficult because it has good solubility in most organic solvents and
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Scheme 3. Iodine-catalyzed transesterification in IL 1000.

easy sublimation at high temperature. Recently, we reported a facile method for
recovery and reuse of iodine by polyethylene glycol (PEG) ionic liquid.”*® The PEG
ILs (Scheme 1) and toluene have the advantages of both homogeneous and hetero-
geneous phases at different temperatures (biphasic conditions at lower temperatures
and monophasic at higher temperatures) with the ease of product as well as catalyst
separation. Here, we report our successful approach for transesterification and direct
esterification using a catalytic amount of iodine in the PEG IL (Schemes 2 and 3).

RESULTS AND DISCUSSION

First, the reaction of acrylic with methanol was explored to search for the
optimal conditions, such as the amount of catalysts and the reaction temperature
(Table 1). The reaction temperature had a great influence on the reaction. A poor
yield was obtained when the reaction proceeded at room temperature (Table 1,
entry 1). Increasing the reaction temperature could remarkably enhance both reaction
yield and rate, perhaps because the IL and toluene formed a homogeneous phase at
high temperature. The results showed that an appreciable amount of I, was 3 mol% to
acrylic (Table 1, entry 7). A longer reaction time was necessary and less yield was
obtained with less I,. An increase in the amount of I, did not lead to an improvement
in yield (Table 1, entry 6). However, in the absence of iodine, few products were
synthesized (Table 1, entry 10). The reaction was also explored in several PEG ILs
(Table 1, entry 7); the results showed that all the PEG ILs had good yields for the
reaction. However, IL 1000 and toluene have both homogeneous and heterogeneous
phases at different temperatures, and the system of IL 1000/toluene change to two
phases is faster than other PEG ionic liquids system at room temperature.
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Table 1. Studies on the reaction of acrylic with methanol in IL 1000

Entry I (mol%) T (°C) Yield (%)”
1 3 r.t. 12
2 3 70 51
3 3 80 59
4 3 90 72
5 3 100 83
6 4 110 91
7t 3 110 90, 89, 87, 85
88¢
907
89¢
8 2 110 73
9 1 110 44
10 0 110 Trace

“Isolated yields.

*The system of I/IL 1000 was run for four consecutive cycles.

‘IL 400 was used.
9L 2000 was used.
‘IL 4000 was used.

Under the optimized reaction conditions, we investigated the reaction of
carboxylic acids with various alcohols (Table 2). Both aromatic and aliphatic alco-
hols reacted efficiently with carboxylic acids promoted by I, in IL 1000. Table 2
shows how the aromatic alcohols, with different substituents such as chloro, nitro,
methoxy, and methyl, were converted to the corresponding esters in excellent yields.
However, aromatic alcohols with electron-donating groups gave the corresponding

Table 2. Direct esterification of carboxylic acids with alcohols using iodine as

catalyst in IL 1000“

Entry Carboxylic acid Alcohol Yield (%)

1 CH;COOH C¢HsCH,OH 85

2 CH;COOH 2-MeCcH,CH,OH 91

3 CH}COOH 4-M€OC6H4CH20H 92

4 CH;COOH 2-CIC¢H4CH,OH 82

5 CH;COOH 3-NO,CcH,CH,OH 80

6 CH;COOH (CH;),CHOH 90

7 CH;COOH CH;0H 92

8 CH;COOH ¢-C¢H,;OH 90

9 CH;COOH n-C4HoOH 94
10 CH;COOH +-C4H,OH 61
11 n-C;oH,;COOH CH;0H 91
12 C,HsCOOH n-CoH,oOH 93
13 C,HsCOOH (CH;),CHOH 90
14 n-CgH7,COOH CH;0H 91
15 CgHsCOOH CH;0H Trace
16 4-NO,C4H4,COOH CH,;0H Trace

“All reactions were carried out with 3mol% of iodine in refluxing toluene for 6 h.
bsolated yields.
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Table 3. Transesterification of B-ketoesters with alcohols using iodine as catalyst in

IL 1000“

Entry B-Ketoester Alcohol Yield (%)
1 1a n-C3H7OH 70
2 1a (CH;),CHOH 68
3 la n-C4HoOH 80
4 1a 5-C4H,OH 76
5 1a -C4HoOH 51
6 1a C-C6H 1 1OH 71
7 1a n-CgH 1 7OH 80
8 1a C6H5CH20H 75
9 1b n-C4H90H 81

10 1b t-C4H,OH 53

11 1b C-C(,H”OH 70

12 1b C¢H;CH,OH 72

“All reactions were carried out with 3 mol% of iodine in refluxing toluene for 6 h.
bsolated yields.

products in better yields than those with electron-withdrawing groups. The reaction
of t-BuOH under the same conditions gave only the corresponding ester in moderate
yield (Table 2, entry 10). We next examine the transesterification of B-ketoesters
with various alcohols with I,/IL 1000 (Table 3). Table 3 showed that the various
B-ketoesters were gained in good yields. Similarly, the reaction of -BuOH under
the same conditions gave only the corresponding esters in moderate yields because
of the steric hindrance of -BuOH (Table 3, entries 5 and 10). However, in cases
where a carboxylic acid group is directly attached to an aromatic ring, such as
benzoic acid (Table 2, entries 15 and 16), there was almost no reaction.

The recycling performance of iodine in the IL 1000 was investigated in the
reaction of acrylic acid and methanol. The data listed in Table 1 showed that
I,/IL 1000 could be reused four times with satisfying results.

In conclusion, we have developed a simple, inexpensive, and effective method
for the esterification and transesterification using a catalytic amount of iodine in IL.
The advantages of the present reaction are the elimination of metals and toxic
reagents, operational simplicity, and good yields of products. Moreover, the simple
experimental procedure, combined with ease of recovery and reuse of iodine, is
expected to contribute to the development of a green strategy for the other
iodine-catalyzed reaction. Further studies on the reuse of iodine are now in progress.

EXPERIMENTAL

Infrared (IR) spectra were recorded on a Bomem MB154S infrared analyzer.
"H NMR were recorded with Bruker Advance RX300. Electrospray ionization-mass
spectrometry (ESI-MS) results were recorded on a Themo Finningan Trace TSQ.
Reagents were obtained from commercial sources. Commercially available reagents
were used without further purification. Products are all known compounds and were
identified by comparing of their physical and spectra data with those reported in the
literature.
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Typical Procedure for the Synthesis of IL 1000

Methylsulfonyl chloride (10mL) was added to a solution of PEG 1000
(60 mmol) and triethylamine (120 mmol) in toluene (200 mL) within 30 min under
a nitrogen atmosphere. The mixture was stirred at room temperature. After 3h,
the mixture was filtered. The filtrate was added to 1-methylimidazol (120 mmol),
and the mixture was stirred at 86°C for 17 h. After the reaction, the IL layer was
separated and washed with petroleum ether (3 x 10mL). Evaporation of solvent
under reduced pressure gave the desired pure product IL 1000 in 80% yield. 'H
NMR (500 MHz, CDCl;, d): 2.85 (s, 6H, 20SO,CHj3), 3.70-3.76 [m, 97H,
(OCH,CH,),], 3.82 (s, 6H, 2NCH3), 7.52 (s, 2H, 2CH), 7.59 (s, 2H, 2CH), 8.81 (s,
2H, 2CH); ESI-MS: 448.17, M"™"/2, n=16), 470.20, M*"/2, n=17, 492.20,
M*+/2, n=18, 514.27, M**/2, n=19, 558.27, M"*/2, n=21, 580.30, M*"/2,
n=22, 602.33, M*"/2, n=23, 62436, M"*/2, n=24, 646.36, M /2, n=25,
668.37, M*"/2, n=26, 690.43, M""/2, n=27, 712.43, M""/2, n=28, 153.07
(100); IR (KBr, cm™'): 3447, 3153, 2985, 1447, 1352, 1205, 1117, 1060, 858, 587.

General Procedure for Esterification

I, (0.06 mmol) was added to a solution of carboxylic acid (2 mmol), alcohol
(1mL), and toluene (1.5mL) in IL 1000 (1 mL). The mixture was refluxed for the
specified time and monitored by thin-layer chromatography (TLC). After the reac-
tion, the mixture was cooled to room temperature, and the upper toluene containing
the expected product was separated by decantation. The toluene was evaporated,
and the pure products were obtained via purification through column chromato-
graphy. The bottom phase was the IL containing the iodine and the produced water.
The system of I,/IL 1000 was reused after removal of the water under reduced
pressure.

General Procedure for Transesterification

I, (0.06 mmol) was added to a solution of B-ketoester (2 mmol), alcohol
(2.5mmol), and toluene (1.5mL) in IL 1000 (1 mL). The mixture was refluxed for
the specified time and monitored by TLC or gas chromatography (GC). After the
reaction, the mixture was cooled to room temperature, and the upper toluene
containing the expected product was separated by decantation. The toluene was
evaporated, and the pure products were obtained via purification through column
chromatography. The bottom phase was the IL containing the iodine. The system
of I,/IL 1000 was reused in subsequent runs without further purification.
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