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Thiazolium and imidazolium cations from ionic
liquids as pre-catalysts in benzoin condensation—a

mini review

Abstract

Synthesis of benzoins and their substituted derivatives is well known for more than a
century since the original work of Liebig and Wohler. This important strategy to create
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new C-C bonds now uses N-heterocyclic carbenes (NHC) as catalysts, mainly derived

from azolium cations obtained from different ionic liquids. Although numerous
reports have been published to date, this article covers just the main aspects in the

NHC formation from azolium pre-catalysts.
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Introduction

Tonic liquids have been used as a green alternative to the most
common organic solvents;> among the most used ionic liquids,
those derived mainly from N,N’-dialkylimidazolium and thiazolium
cations have shown their importance also when they are used as
N-heterocyclic carbenes (NHC) catalysts in different types of
reactions,’” e. g. the “umpolung” (dipole inversion) reaction towards
the benzoin condensation,® previously prepared using sodium and
potassium cyanides as catalysts;” in 1943 this C-C coupling was
reported to work with diverse thiazolium salts,® a widely used reaction
that nowadays employs thiamine as a safer agent in the undergraduate
benzoin preparation laboratory experiment,” in spite of its lower
stability in comparison with imidazolium cations against air oxidation
in presence of base.' Initial studies about benzoin condensation using
deprotonated azolium salts with strong Brensted bases was reported
after fifty years of its first observation.'!

The aim of this document is to review relevant information
related to the N-heterocyclic carbene catalysed self-condensation of
benzaldehyde derivatives to prepare benzoins (1,2-diarylacyloines)
when non-chiral ionic liquids derived from thiazolium and
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Scheme | Main methodologies for NHC formation from imidazolium cations.
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imidazolium salts are used. Several reviews including other types of
reactions (mainly crossed and asymmetric versions) or with several
different cations has been already reported.'* '

Formation of N-heterocyclic carbenes from
lonic liquids used as pre-catalysts in benzoin
condensation

The self-condensation of (hetero)aromatic aldehydes, including
furfural and 2-thenaldehyde was performed at room temperature
without any base (neither solvent) using 1-butyl-3-methylimidazolium
tetrafluoroborate ([Bmim]BF,) and 3-benzyl-5-(2-hydroxyethyl)-
4-methylthiazolium chloride ([Bhmt]Cl) as pre-catalysts, through a
cathodic monoelectronic reduction of the imidazolium (thiazolium)
cation to form the catalytically active nucleophilic carbene
(imidazolium-2-ylidene or thiazolium-2-ylidene); this novel
alternative to prepare the active catalyst NHC avoids the normal use
of a Bronsted base for deprotonation on the azolium salt. Using this
galvanostatic control yields from moderate (32%) to very high (92%)
were obtained for the purified products.'®!® The existence of NHC
derived from {[Bmim]AcO} was later determined at 120°C by cyclic
voltammetry (Scheme 1)."”
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The spontaneous formation of a NHC derived from 1-ethyl-3-
methylimidazolium acetate [Emim]AcO was determined to occur
when the anisoin (Ar=p-MeOCH,-) condensation isotopic effect of
deuterium-C2 substituted [Emim]AcO was not observed. The kinetic
data analysis showed that the rate determining step is the addition of
the second aldehyde to the Breslow intermediate (formed from the
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carbene nucleophilic addition to the first aldehyde). The stepwise
mechanism where the NHC is initially formed, and not the concerted
addition to produce the Breslow intermediate, was also determined.'®
This pre-catalytic effect on benzoin condensations was initially
observed for ionic liquids formed from azolium cations with basic
counter-anions (e.g. acetate) (Scheme 2)."
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Scheme 2 Breslow intermediate formation by nucleophilic addition of NHC to aromatic carboxaldehyde.

In the case of solvent free microwave assisted reactions using
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU, 20 mol %) or sodium
methoxide (2mol%) as base, the ionic liquid counter-anion (BF,, OTH,
PF,, NTf,) did not affect the catalysis, giving good reaction yields for
the benzoin condensation.?*?' Similar condition and obtained yields
were reported with low frequency (30kHz) ultrasonic irradiation.?
Evidently, azolium cations with substituents in C2 cannot be used
as catalysts.!” Substituents on the azolium ring have low influence
in the catalyst,” as in polymer supported poly(styrene)-co-poly(4-
vinylbenzylethylimidazolium) acetate [as homopolymer and statistical
copolymer];* when steric hindrance increase for di- and tri-azolium
salts, the influence is notable an lower yields of the condensed
products are obtained.!” Most of the reaction reviewed select THF,
MeOH or solvent free conditions.

Conclusion

Seddon's and Plechkova are recognized authors in the field of
ionic liquids who critically analyse the “labyrinth” of information
about ionic liquids and their parallel use in research and industry.”
Thousands of journal articles have been written, and the information
related to benzoin condensation using azolium salts as pre-catalysts is
continually growing for this known model synthetic reaction. The use
of inert atmosphere, temperature control and low catalyst charge in
benzoin condensations are keys to avoid secondary reactions, mainly
competitive oxidations (benzil formation, benzoyl and benzoic acid
derivatives) or Cannizzaro’s by-products.
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