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Abstract—Trihexyl(tetradecyl)phosphonium chloride 1, a room-temperature ionic liquid, readily undergoes deuterium isotope
exchange reaction in deuterated solvents. Under basic conditions, ionic liquid 1 was reactive and 50% deuterium exchanged on
all four P–CH2 methylene groups in 9 h at ambient temperature, 30 min at 50 �C, or 12 min at 65 �C. In addition, ionic liquid 1
reacted with sodium salts of substituted benzoates apparently through the direct SN2 carboxylate alkylation to form esters 2 and
the resulting esters further converted, via Wittig reaction, to finally afford aryl ketones 4.
� 2007 Elsevier Ltd. All rights reserved.
Ionic liquids are organic salts that are liquid at low tem-
peratures (<100 �C).1 The wide liquid range, superior
thermal and chemical stability, strong solvent power,
and very low vapor pressure have made ionic liquids,
in particular room-temperature ionic liquids, attractive
in many areas of applications such as organic synthesis,
chemical catalysis, separation technology, and novel
electrolytes for solar and fuel cells.1

Today the ionic liquid research continues to be domi-
nated by dialkylimidazolium salts with fluorine-contain-
ing anions.1 Studies of quaternary phosphonium
systems, however, are much rare, although these tetra-
alkylphosphonium salts have long been used as phase
transfer catalysts.1,2 In our laboratory, we have been
interested in developing new ionic liquids and have a
program to evaluate ionic liquids as novel and stable
media for chemical and biochemical applications.3

While new and stable bicyclic imidazolium-based ionic
liquids are being developed in our laboratory,3a–c the
commercially available trihexyl(tetradecyl)phospho-
nium chloride 1 as a room-temperature phosphonium-
based ionic liquid was recently reported to be chemically
stable and remain inert with Grignard reagents such as
phenylmagnesium bromide under strongly basic condi-
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tions (i.e., the phosphonium cation was not deproto-
nated to produce the corresponding phosphorane).4,5

This result prompted us to further investigate phospho-
nium ionic liquids as we believed that these ionic liquids
would potentially provide the needed chemical stability
as useful media for organic synthesis and relevant bio-
chemical applications.

We envisaged that, besides being reported to be steri-
cally hindered at its central core,4 phosphonium ionic
liquids can be chemically stable for the reason that they
lack the acidic ring protons of the common imidazolium
cations, which limit their general use in synthetic reac-
tions particularly when basic anions are employed.6 Sev-
eral ionic liquids, especially those based on imidazolium
ions such as 1-butyl-3-methylimidazolium ([bmim]),
have been known to be chemically reactive.3f,6,7 Further-
more, these quaternary phosphonium salts were known
to be more stable to high temperatures for longer peri-
ods of time than those nitrogen-based cations.8 To test
its chemical stability, we first investigated this commer-
cially available ionic liquid 1 to see if it resists to solvent
deuterium isotope exchange.5,9

Using NMR to monitor the reaction, we quickly found,
however, that the ionic liquid 1 was chemically reactive
and readily underwent H–D exchange in basic CD3OD/
D2O (1:1, v/v) solution at ambient temperature (Fig. 1).
Figure 1 shows the time-dependant exchange rate
profile. The solvent exchange rate was measured by
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Figure 1. Solvent deuterium isotope exchanges at P–CH2 of ionic liquid 1 (20 mM) in CD3OD/D2O (1:1, v/v; 0.5 mL) containing 0.1 M KOD at
ambient temperature, 50 �C, and 65 �C, respectively. The progress of deuterium exchange reactions could be readily monitored by 1H NMR. The
inset detailed the progress of exchange reactions of the ionic liquid 1 within the first 200 min. Under the experimental condition, times required at
50% exchange for 1 were approximately 9, 0.5, and 0.2 h at ambient temperature, 50 �C and 65 �C, respectively.
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observing the changes in the 1H NMR integrals of all
four P–CH2 protons to that of terminal methyl hydro-
gens (non-exchangeable position) on all alkyl groups.
Results from Figure 1 showed that ionic liquid 1 was
50% deuterium exchanged at P–CH2 protons in approx-
imately 9 h (t1/2) at ambient temperature. For compari-
son, under similar experimental conditions, a bicyclic
imidazolium [b-3C-im][NTf2] ionic liquid recently devel-
oped in our laboratory apparently was much more resis-
tant than ionic liquid 1 to solvent isotope exchange
(t1/2 � 140 h).3b This result clearly demonstrated that
the commercial ionic liquid 1 possesses acidic and
exchangeable P–CH2 protons10 and is not as chemically
stable as expected.

Since many organic reactions take place under heated
conditions, we accordingly performed the solvent deute-
rium isotope exchanges of 1 at elevated temperatures (50
and 65 �C) to further explore their suitability for use as
solvents in organic synthesis.9 Results shown in Figure 1
unambiguously demonstrated that, under basic condi-
tions, ionic liquid 1 was highly reactive at elevated tem-
peratures. To be specific, ionic liquid 1 was 50%
deuterium exchanged within 30 min at 50 �C and
12 min at 65 �C, respectively.

Since in our laboratory we have been interested in devel-
oping microwave-accelerated reactions for organic syn-
thesis in ionic liquids3a,d,e and also noted a recent
report that nucleophiles such as sodium benzoate readily
decomposed the [bmim][BF4] ionic liquid under micro-
wave heating at high temperatures (175–225 �C),11 we
decided to conduct experiments to further investigate
the stability of the phosphonium ionic liquid 1 by micro-
waves under heated conditions. Previously, a mild and
high yielding protocol was described and reported for
direct carboxylate alkylation of organobromides with
the presence of Hunig’s base in trihexyl(tetradecyl)phos-
phonium bistriflamide ionic liquid.12 In our hand, after
several initial trials, it was quickly revealed that the
phosphonium cation of ionic liquid 1 was electrophilic
and evidently reacted with substituted benzoate salts
by microwaves at elevated temperature.13 Table 1
showed that, using microwaves (30 W) with temperature
controlled at 180 �C, substituted benzoate salts readily
reacted with ionic liquid 1 to afford aryl ketones 4. All
ketone products (4a–f) were isolated by chromato-
graphy and spectroscopically characterized.13 For all
compounds isolated, satisfactory 1H and 13C NMR,
IR, and MS results were obtained. For example, in IR
spectra, the strong carbonyl absorptions of ketone prod-
ucts 4 obtained by this reaction fall in the region of
1660–1685 cm�1. This is consistent with the figures
found generally for aryl ketones.14

On the basis of infrared carbonyl absorption frequencies
and characteristic NMR chemical shifts, we proposed a
mechanism to account for the fact that aryl ketones 4
are reaction products and benzoate esters 2 are the most
probable intermediates. Scheme 1 outlines the proposed
reaction mechanism. As a first reaction intermediate in
the sequence of reactions, the benzoate esters 2 were
formed from the direct SN2 attack of the carboxylate
nucleophile on the electrophilic hexyl or tetradecyl
groups attached to the phosphonium ionic liquid 1. As
soon as esters 2 were produced, each ester then served
as a Wittig substrate and accordingly coupled with
the deprotonated phosphonium 1 (ylide) to carry out
the ‘non-classical’ Wittig reaction to ultimately lead to
the formation of aryl ketone 4.15 Though aldehydes
and ketones are convenient substrates of the Wittig olef-
ination reaction, in the literature phosphonium ylides



Table 1. Reactions of benzoate salts with trihexyl(tetradecyl)phosphonium chloride 1, a room-temperature phosphonium ionic liquid, by microwaves
at 180 �C
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R1 P R2

3
+

1

Entry Starting benzoate Reaction time (min) Ketone product 4 Isolated yield (%)

1 R = H 20 R1 = C5H11 (4a) 3.8 (14.8a)
R2 = C13H27 (4b) 3.5

2 R = 2-NH2 20 R1 = C5H11 (4c) 7.6
R2 = C13H27 (4d) 2.2

3 R = 4-CH3 20 + 20 R1 = C5H11 (4e) 4.5
R2 = C13H27 (4f) 2.1

a Yield analyzed and determined by HPLC. Due to product volatility, actual isolated yield was much lower than the analysis yield.
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Scheme 1. Proposed mechanism for aryl ketone (4) formation from the reactions of ionic liquid 1 with sodium benzoates by microwaves with
temperature controlled at 180 �C. Though both hexyl (–CH2R1) and tetradecyl (–CH2R2) groups were accessible to reactions, tetradecyl group was
used here to demonstrate its involvement in the reaction mechanism.
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were also known to readily react with reagents with
functional groups such as esters, amides, and anhydrides
to form olefins in a manner analogous to that commonly
observed with aldehydes and ketones.15 In addition,
using benzoate salt as base, complete deprotonation of
1 might not occur. However, as long as the ylide was
in equilibrium with the phosphonium salt, the Wittig
reaction proceeded. In cases of sodium benzoate and
anthranilate (entries 1 and 2 in Table 1), a reaction time
of 20 min was sufficient to produce enough products for
analysis while two consecutive 20 min microwave irradi-
ations for the slow reacting sodium 4-methylbenzoate
(entry 3 in Table 1) were however required. We noted
further that, under the experimental condition, no Wit-
tig adducts (vinyl ethers) 3 were observed or isolated,
and only the hydrolyzed products (aryl ketones) 4 were
obtained (Scheme 1). Under our microwave condition
(30 W, 180 �C), we could not rule out the possibility of
any Hoffmann elimination reaction being taking place
in the presence of benzoate base, simply because of high
volatility of any terminal alkenes if formed. Results in
Table 1 clearly showed that isolated yields of all aryl
hexyl ketones (4a, 4c, and 4e) obtained were higher than
that of aryl tetradecyl ketones (4b, 4d, and 4f). This most
likely was due to the higher molarity of hexyl groups
present in 1.

In summary, we report here for the first time that tetra-
alkylphosphonium cation in ionic liquid 1 is acidic, elec-
trophilic, and can be chemically reactive.16 We have
demonstrated in this study that the commercial ionic
liquid 1 reacted with nucleophiles and, under basic con-
dition, readily underwent deuterium isotope exchange
reaction in deuterated solvents.
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