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Thiazolium Salt Immobilized on lonic Liquid: An Efficient
Catalyst and Solvent for Preparation
of a-Hydroxyketones

Farajollah Mohanazadeh
Institute of Industrial Chemistry, Iranian Research Organization for
Science and Technologies, Tehran, Iran

Majid Aghvami

Department of Chemistry, Tarbiat Moallem University, Tehran, Iran

Aldehydes were efficiently converted to acyloins and benzoins using a new ionic lig-
uid, 3-[2-(1-butyl-1H-imidazol-1,3-ium-3-yl)ethyl]-4,5-dimethyl-1,3-thiazol-3-ium
dibromide 1. This ionic liquid is introduced as a catalyst and a solvent. Acyloins
and benzoins were easily isolated from the reaction mixture via simple extraction,
and the ionic liquid could be recycled for further use. Also, a-hydroxy ketones with
an aromatic and aliphatic substituent were prepared starting from aromatic and
aliphatic aldehydes in the presence of ionic liquid 1.

Keywords Aldehyde; benzoin condensation; ionic liquid; thiazolium salt

INTRODUCTION

Ionic liquids have been utilized at ambient temperature as clean sol-
vents and catalysts for green chemistry!™® and as electrolytes for
batteries,? photochemistry,* and electrosynthesis.? Their vapor pres-
sure is not significant. As such, no volatile organic components will
be created.® They can easily be separated from organic molecules by
distillation without loss of their catalytic property. Ionic liquids can
tolerate up to 300°C allowing large kinetic control reactions. This be-
havior coupled with their good solvent properties, allows utilization
of small reactor volumes. Because of the poor nucleophilic properties
of the anions,”® such as [BF4]~, [PF¢]~, [CF3CO3]~, [CF3S03]~, they
do not interfere with the organic reactions. Also, they are water and
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air insensitive and possess remarkably high thermal stability.? Many
of these materials are derived from the 1-alkyl-3-methylimidazolium
cation. By changing the anion or the alkyl chain at the cation, a wide
variation in properties such as hydrophobicity,'®!! viscosity, density,
and solvation can be obtained. Although ionic liquids were initially in-
troduced as alternative green reaction media, today they have marched
far beyond this border, showing their significant role in controlling the
reaction as catalyst.!>!® Herein, we report the dramatic influence of
a new tailor-made, task-specific, and stable ionic liquid, 3-[2-(1-butyl-
1H-imidazol-3-ium-3-yl)ethyl]-4,5-dimethyl-1,3-thiazol-3-ium bromide
1 (Scheme 1), in benzoin condensations.

( 1-butylimidazole Em (S | R
—\[ Nt N+—\[
DMF, 110°C B B

3 R=CHjs 1 R=CHjg
4 R= CH2CH20H 2 R= CH2CH20H

SCHEME 1

Benzoin condensation was traditionally catalyzed by cyanide anion
and thiazolium salts. Also, a number of heterocyclic systems such as
immobilized imidazole,'* triazoles,'>16 and thiazoles were used for ben-
zoin condensation.!” However; we have found that a specific ionic lig-
uid efficiently promotes the benzoin condensation. By use of this ionic
liquid, 3-[2-(1H-imidazol-3-ium-3-yl) ethyll4,5-dimethyl-1,3-thiazol-3-
ium dibromide 1, we were successful in catalysing benzoin type con-
densations within a reasonable period of time (Table I) with high to
moderate yields.

RESULTS AND DISCUSSION

At first, 4-methyl-5-(2-hydroxyethyl) thiazole was selected for the
preparation of the ionic liquid. It is easily obtained from the sulfite
cleavage of thiamine.!® The ionic liquid, 3-[2-(1-butyl-1H-imidazol-
3-ium-3-yl)ethyl]-5-(hydroxyethyl)-4-methyl-1,3-thiazol-3-ium dibro-
mide 2 (Scheme 1), was obtained by reaction of 1-butylimidazole
with  3-(2-bromoethyl)-5-(2-hydroxyethyl)-4-methyl-1,3-thiazol-3-ium
bromide 4. Compound 4 is prepared by reaction of 4-methyl-5-(2-
hydroxyethyl) thiazole with 1,2-dibromoethane. Benzoin is obtained
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from the reaction of benzaldehyde in the ionic liquid 2 in the presence
of triethylamine (2 equiv.) and ethanol (2 equiv.). We have found,
however, that the presence of the 5-(2-hydroxyethyl) group decreases
the activity of the catalyst, possibly by providing an alternate and
competing route (Scheme 2b), which leads to the formation of a fused
perhydrofurothiazoline ring system (12). This has been shown for
2-(1-hydroxyalkyl) and 2-(1’-hydroxyaryl) derivatives of thiamine in
protic?® and aprotic?! media under the influence of a variety of bases.
It should be noted that the presence of the 4,5 double bond of the
thiazolium nucleus is of crucial importance in restoring the aromatic
character of the thiazolium ring in the transition state of the reaction.
This, in fact, is equivalent to the conversion of enamine 10 to imine 11,
whose formation is essential for the production of acyloin and benzoin
(Scheme 2a).

SCHEME 2

4,5-Dimethylthiazole is the better choice for the preparation of the
catalyst. 4,5-Dimethylthiazole was mixed with 1,2-dibromoethane at
110°C for 6 h. The resulting thiazolinium bromide 3 was reacted with
1-butylimidazole in DMF, which afforded the ionic liquid 1. The new
ionic liquid 1 is used as the catalyst and solvent for the preparation
of benzoins and acyloins. The major advantage of this method is the
simple recovery of catalyst and solvent, thus providing a convenient
economical synthesis of these classes of compounds. Furthermore, the
present approach is superior, not only with respect to the yields, but
also in its range of applicability as compared to the cyanide catalyzed
benzoin condensation. For example, whereas our method results in 90
% yield of furoin (Table I), the benzoin condensation of 2-furaldehyde
affords furoin in low yield. Also, by use of this new ionic liquid 1 we
obtained 4,4'-dinitrobenzoin (Table I) in 85% yield; its preparation is
not possible by the classical benzoin condensation method.

In the case of acyloins, although the yields were lower relative to
those of benzoins, from an economical point of view and because of
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TABLE I Synthesis of Acyloins and Benzoins

Acyloins, benzoins Yield® (%) Time (h)
Butyroin 80 96
Palmitoin 51 96
Benzoin 92 12
Furoin 90 12
4,4’-Dinitrobenzoin 85 12
4,4'-Dimethylbenzoin 83 12

%Comparison of spectral data (IR, NMR, UV) and
thin layer chromatography with authentic sample also
confirmed structure and purity of the reported acyloins
and benzoins.

the ease of experimental procedure this approach is prefered over the
standard acyloin condensation.

In the case of benzoins (Table I) additional stability of the imine «-
carbanion (11, Scheme 2), is provided by the resonance contribution
of the aromatic ring. This, in turn, results in good yields and short
reaction times. For acyloins, longer reaction times are required due to
the absence of such resonance stabilization (Table I). Furthermore, a
low yield may be expected for palmitoin because of the hindrance in the
approach of its large prerequisite aldehyde molecule to the thiazolium
nucleus.

A variety of bases may be used to generate the catalytically ac-
tive thiazolium ion.21~23 The use of hydroxides was avoided since they
are known to also cause opening of the thiazolium ring and render it
inactive.? Alkoxides were also not considered since they are known to
be excellent catalysts for aldol condensation of aliphatic aldehydes. Tri-
ethylamine, on the other hand, is a poor catalyst for aldol condensation
and is incapable of opening the thiazolium ring. We have found that the
use of two equivalents of triethylamine produces optimal yields.

The convenience of this experimental procedure encouraged us to
evaluate the potential use of the ionic liquid 1 in the synthesis of com-
pounds of the type R*COCHOHR” where R’ = aryl and R” = alkyl, or
vice versa (Scheme 3).

(0]

Q lonic liquid 1 Q I o Q
! )L + )L — R+ Rt R * R
R “H ‘R H R R R "R
NEt,
OH OH OH OH
6 7 8

EtOH
R = Anyl 5
R" = Alkyl

SCHEME 3
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r r r

SCHEME 4

At first glance, the major shortcoming of such an approach would
appear to be the equivalent possibility of concomitant formation of four
different products. However, on further inspection it seems reasonable
to assume that formation of 5 and 7 is favored over 6 and 8. This is
based on the fact that in the case of 5 and 7 the transition state of
the reaction involves an imine «-carbanion which is further stabilized
by resonance contribution of the aromatic ring (14, Scheme 4). Such
a transition state is lower in energy and is therefore expected to be
reached easier as compared to the transition state for the formation of
6 or 8 in which resonance stabilization is absent (13, Scheme 4). In fact,
whereas benzoins are formed in 90% yields within a few hours with the
ionic liquid 1, acyloins could only be obtained in moderate to good yields
after four days (see Table II).

It appears reasonable to assume that formation of benzoin (7, Scheme
3) may be suppressed by keeping the concentration of the aromatic alde-
hyde low during the course of the reaction, since most of the aromatic

TABLE IT Synthesis of Compounds 5-8

Condition 5+6 7 8

(a) 73 6 n.d
(b) 62 10 n.d
(c) 57 14 n.d
(d) 43 20 n.d

(a) Both aldehydes added simultaneously.

(b) 1/2 Benzaldehyde added with acetaldehyde
and 1/2 added after 24 h.

(c) 1/4 Benzaldehyde added with acetaldehyde
and the rest added in 24 h intervals.

(d) Benzaldehyde added dropwise to the
reaction mixture during 3 days.

n.d = not determined.
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aldehyde would be presented in the form of “active aldehyde”?®27 (14,
Scheme 4) and little free aldehyde would be available for benzoin forma-
tion. It should be noted, however, that a low concentration of aromatic
aldehyde and a very high concentration of aliphatic aldehyde would
have two undesirable consequences. First, most of the catalyst would
be tied up in the form of “active aliphatic aldehyde,” leading mainly
to the formation of acetoin and a very small amount of 6 (Scheme 3).
Second, with diminishing availability of aliphatic aldehyde (due to ace-
toin formation), production of 5 and 6 will decrease, and the aromatic
aldehyde will have no choice but to self condense (benzoin formation,
see Table II).

It is, therefore, clear that to obtain good yields of 5 (or 6), there should
be an excess of aliphatic aldehyde available to the “active aromatic alde-
hyde.” The use of an of excess aliphatic aldehyde and the reversibility
of the formation of the “active aliphatic aldehyde” (vide supra) would
fulfill such a requirement.

To test these hypotheses, we used a 2 : 2 : 2 : 10 : 20 molar ratio of
ionic liquid 1 : triethyl amine : ethanol : benzaldehyde : acetaldehyde
in a set of experiments. All reactions were run for four days with the
only variable parameter being the mode of addition of the aromatic
aldehyde to the reaction mixture. As shown in Table II, the best yield
was obtained under condition a (Table II).

It is evident that due to the presence of triethylamine in the reaction
medium, equilibrium may be established between 5 and 6 by simple
keto-enol tautomerism. In most cases we observed a ca. 2 : 1 ratio of
5 : 6 by 'H NMR. This, however, presents no difficulty since 6 may be
quantitatively converted to 5 in ethanol using trace amounts of potas-
sium carbonate (see Experimental). Furthermore, the conversion of 5
to 6 have also been reported to proceed in quantitative yields in both
acidic and basic media.?8~3° Conversion of 5 to 6 under the influence of
carboligase has also been reported.??—32

It should be noted that the synthesis of 5 or 6 by conventional means
of C-C bond formation involves multi-step reaction sequences, leading
to very poor yields of the hydroxy ketones.?8:3%-33-36 Bjochemical syn-
thesis of these compounds involving thiamine-containing enzymes, also
results in very poor yields.?? In the present approach—due to the nature
and conditions of the reaction—formation of acetoin and some benzoin
is unavoidable. Nevertheless, these compounds, which are valuable in
their own rights, may be easily separated from 5 and 6 by distillation
because of the large differences in their boiling points.

It should be mentioned that, the presence of ethanol or isopropanol
is necessary for the promotion of the reaction. For example, benzoin
is obtained in 92% yield in the presence of ethanol. Under the same
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conditions in the absence of ethanol the yield of the reaction was found
to be 40%.

The solvent-catalyst is regenerated by heating at 70°C for 30 min un-
der reduced pressure, mixing with ether containing 1% HCI, decanting,
and heating at 80°C under vacuum for 30 min. It is advisable to devote
a batch of the solvent-catalyst to one type of reaction. In this manner,
after 5 cycles the same batch of ionic liquid was found to catalyze the
benzion condensation of benzaldehyde in 90% yield.

EXPERIMENTAL

The 'H NMR spectra were measured with a Jeol JNM-PMX60 spec-
trometer. Infrared spectra were obtaind with a Perkin-Elmer 267 spec-
trophotometer. Thin layer chromatography was performed on silica gel
(Macerey-Nagel Co., Plygram Sil G/uv 254). All chemicals were pur-
chased from Aldrich.

3-(2-Bromoethyl)-4,5- dimethyl-1,3-thiazol-3-ium Bromide (3)

4 5-Dimethylthiazole (45.2 g, 0.4 mol) and 1,2-dibromoethane (75.2 g,
0.4 mol) were heated together in an oil bath (110°C) for 6 h. After cooling
acetone (200 mL) was added and the crude solid product was filtered off
and washed with acetone (2 x 50 mL). The precipitate was collected and
recrystallized from ethanol / ether (2 : 1), mp = 185-186°C. 'H NMR
(DMSO-d6): § = 10.3 (s, 1H), 5.1 (t, J = 6.2 Hz, 3H), 4.1 (t, J = 6.2 Hz,
3H), 2.6 (s, 6H).

3-[2-(1-Butyl-1H-imidazol-3-ium-3-yl)ethyl]-4,5-dimethyl-1,3-
thiazol-3-ium Dibromide (1)

1-Butylimidazole (12.4 g, 0.1 mol) and 3-(2-bromoethyl)-4,5-dimethyl-
1,3-thiazol-3-ium bromide (30.1 g, 0.1 mol) were allowed to react in
DMF (100 mL) for 60 min at 110°C. The mixture was then diluted with
diethyl ether (300 mL). The ether was decanted and fresh ether was
added; this step was repeated twice. After the third decanting of ether,
any remaining ether was removed by heating the mixture to 60°C and
stirring while on a vacuum line. The pure oily product was obtained in
quantitative yield. 'TH NMR (DMSO-d6): § = 10.3 (s, 1H), 9.6 (s, 1H),
8.1(s, 1H), 8.0 (s, 1H), 4.9 (br. s, 4H), 4.3 (t, J = 7.2 Hz, 2H), 2.6 (s, 6H),
1.6 (q, J = 7.2 Hz, 2H), 1.2 (m, 2H), 0.8 (t-like, 3H).
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General Procedure for Preparation of Acyloins and Benzoins

A three-neck flask equipped with nitrogen inlet and outlet tubes and
reflux condenser was charged with ionic liquid (85 g, 0.2 mol), ethanol
(9.2 g, 0.2 mol), and triethylamine (20.2 g, 0.2 mol). To the stirring
mixture—under nitrogen atmosphere—we added 1 mole of freshly dis-
tilled aldehyde. The mixture was heated at 80°C for the time spec-
ified in Table I and then allowed to cool to room temperature. The
mixture was extracted with ethyl acetate (2 x 50 mL). The ethyl ac-
etate was removed under reduced pressure. Palmitoin, benzoin, furoin,
4,4'-dinitrobenzaldehyde, and 4,4’-dimethylbenzaldehyde were recrys-
tallized from ethanol. Bytyroin was purified by vacuum distillation.

Preparation of Compounds 5-8

Tonic liquid 1 (85 g, 0.2 mol), ethanol (9.2 g, 0.2 mol), and triethylamine
(20.2 g, 0.2 mol) were mixed at room temperature. Under nitrogen atmo-
sphere, a mixture of acetaldehyde (88 g, 2 mol) and benzaldehyde (106
g, 1 mol) were added dropwise to the suspension. After 4 days at room
temperature, the reaction mixture was extracted with ethyl acetate.
Ethyl acetate, ethanol and acetoin were removed from the mixture by
distillation at atmospheric pressure. The residue, distilled under re-
duced pressure, gave a mixture of 5 and 6 (bp'?: 130-135°C). Benzoin
(m.p.: 136-137°C) was separated from the residue by crystallization
from ethanol.

Conversion 1-Hydroxy-1-phenylpropane-2-one (6) to 2-
Hydroxy-1-phenylpropane-1-one (5)

A mixture of 5 and 6 (3 g, 0.02 mol) in ethanol (40 mL) was added to
a solution of sodium potassium carbonate (0.276 g, 0.002 mol) in water
(15 mL). After 8 days at room temperature, the mixture was extracted
with ether. The ethereal layer was dried and evaporated to dryness.
The product was obtained as a pure oil (100%).
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