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Letters
Baylis–Hillman reaction in [bdmim][PF6] ionic liquid
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Abstract—A new use of ionic liquid [bdmim][PF6] as solvent for the Baylis–Hillman reaction is presented. Unlike the commonly
used [bmim][PF6] that evidently reacts with electrophilic aldehydes under basic conditions, ionic liquid [bdmim][PF6] is inert and the
Baylis–Hillman reaction in [bdmim][PF6] proceeds smoothly with better yield.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1. DABCO-catalyzed Baylis–Hillman reaction of aldehydes.
The Baylis–Hillman reaction has recently attracted
much attention as a useful C–C bond-forming reaction,
mainly because it readily undergoes the tandem
Michael–aldol sequence reaction facilitated by a base to
result in the formation of the b-hydroxy-a-methylene
carbonyl compounds starting from simple acrylic com-
pounds and aldehydes.1 The adduct consists of rich
functionalities, which can be employed for further
transformations to lead to the preparation of, for
example, the potent immunosuppressant ())-mycesteri-
cin E and the plant cell wall biosynthesis inhibitor
epopromycin B.2;3 However, the Baylis–Hillman reac-
tion often suffers from being inconveniently slow even
for the most favorable systems. Acrylates with aldehydes
in the presence of 1,4-diazabicyclo[2.2.2]octane (DAB-
CO) may require reaction times of days to weeks, and
ketones are often unreactive.1 Various efforts have been
made to find effective catalysts and optimal experimental
conditions to circumvent the sluggish nature of the
reaction and to improve the overall efficiency of this a-
substitution of acrylic compounds. Of nitrogen bases,
DABCO,4 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU),5

and most recently quinuclidine6 are by far most effective.
Physical methods such as high pressure7 and micro-
waves8 have also been recommended. Since polar sol-
vents6;9 such as methanol were known to accelerate the
Baylis–Hillman reaction by stabilizing its polar reaction
intermediate, room-temperature ionic liquids have
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recently been employed to facilitate the reaction
(Scheme 1).10

Room-temperature ionic liquids are a new class of
highly polar solvents that are entirely constituted of
ions.11 Ionic liquids have been considered as recyclable
and environmentally friendly substitutes for volatile
organic solvents, mainly owing to their attractive neg-
ligible vapor pressure, chemical and thermal stability,
nonflammability, and high ionic conductivity. Because
of these intriguing properties, ionic liquids have been
found to be the solvents of choice for a large array of
organic reactions.11 Also, the high solubility of ionic
liquids to many organic and inorganic compounds can
in principle lead to enhanced rates and improved yields
in reactions.12 We report here that, in comparison with
the popular 1-n-butyl-3-methylimidazolium hexafluoro-
phosphate ([bmim][PF6]),

13 the Baylis–Hillman reaction
proceeds smoothly and cleanly in a new ionic liquid, 1-n-
butyl-2,3-dimethylimidazolium hexafluorophosphate
([bdmim][PF6]),

14;15 with moderate to excellent yields.
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Table 1. Baylis–Hillman reaction of aliphatic, aromatic, and a,b-

unsaturated aldehydes with methyl acrylatea

Entry RCHO Isolated yield (%)

[bmim][PF6] [bdmim][PF6]

Aliphatic aldehyde

1 Butyraldehyde 44 58

2 Propionaldehyde 29 59

3 Valeraldehyde 34 66

Aromatic aldehyde

4 o-Anisaldehyde 50 61

5 p-Anisaldehyde 39 65

6 Benzaldehyde 63 79

7 p-Bromobenzaldehyde 52 74

8 o-Chlorobenzaldehyde 69 73

9 p-Chlorobenzaldehyde 66 99

10 p-Fluorobenzaldehyde 78 99

11 2-Furaldehyde 38 73

12 o-Nitrobenzaldehyde 45 79

13 2-Thiophenecarbox-

aldehyde

58 79

14 p-Tolualdehyde 57 80

15 3,4,5-Trimethoxybenz-

aldehyde

70 96

a,b-Unsaturated aldehyde

16 trans-Cinnamaldehyde 23 57

17 Crotonaldehyde 18 27

18 3-Methylcrotonaldehyde 13 19

a The reaction condition: methyl acrylate, 190lL (2.0mmol); aldehyde,

1.0 mmol; DABCO, 2.0mmol (224mg); ionic liquid, 100lL; ambient

temperature, 24 h.
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Recently, Afonso and Santos,10c and later Ko,10a

reported that ionic liquids such as [bmim][PF6] appeared
to accelerate the rates of the Baylis–Hillman reactions
studied. In addition, the reactions reported were, in
general, low yielding. In those studies, gas chromato-
graphy was employed to quantitatively measure the
conversion of the reaction and determine the rate
acceleration by comparing the ratio of integration of the
desired product and the starting aldehyde. Aggarwal
et al.10b quickly and elegantly pointed out, however, that
the ionic liquids used were all 1-n-butyl-3-methylimi-
dazolium-based and, in the presence of bases such as
DABCO or 3-hydroxyquinuclidine, the imidazolium
moiety in ionic liquids could be deprotonated at its C-2
position and the resulting nucleophile directly reacted
with and thereby consumed the aldehyde, leading to the
misinterpretation of both the reaction rates and lower
yields. Aggarwal, therefore, concluded that the com-
monly used ionic liquids are not all inert to chemical
reactions. The apparent reactivity of [bmim][PF6] under
basic conditions prompted us to prepare [bdmim][PF6]
in which its C-2 carbon is methylated and to study its
application to the Baylis–Hillman reaction and other
organic reactions, with the ultimate goal to develop
chemically inert ionic liquids. Our preliminary result of
its use as solvent for the Baylis–Hillman reaction dem-
onstrated that the [bdmim][PF6] ionic liquid is indeed
inert, while the [bmim][PF6] ionic liquid was evidently
reactive under our experimental conditions.

We investigated reactions of methyl acrylate and
DABCO with a variety of aldehydes such as aliphatic,
aromatic, and a,b-unsaturated aldehydes in both
[bdmim][PF6] and [bmim][PF6] ionic liquids (Table 1).16

All reactions were performed at ambient temperature
for 24 h. Simple aliphatic and aromatic aldehydes
worked well (entries 1–15). Our results shown in Table 1
clearly indicate that, regardless of the nature of alde-
hydes studied, the Baylis–Hillman reactions were all
with higher yields in [bdmim][PF6] than in [bmim][PF6]
ionic liquid. In cases of aromatic aldehydes in
[bdmim][PF6], good to excellent yields were obtained
(61–99%, entries 4–15). Both electron-deficient and
electron-rich aromatic aldehydes work equally well in
this new ionic liquid. It is noted that p-anisaldehyde
previously described as a slow reacting aldehyde in the
Baylis–Hillman reaction was found to give satisfactory
yield in [bdmim][PF6] after only 24 h (65%, entry 5).6 As
expected, aliphatic aldehydes with enolizable protons
tended to produce less Baylis–Hillman adducts, pre-
sumably due to possible competing aldol reactions
under basic conditions (58–66%, entries 1–3). The fact of
higher reaction yields obtained in [bmim][PF6] than in
[bdmim][PF6] under our experimental conditions is in
line with what Aggarwal previously suggested that
[bmim][PF6] ionic liquid is chemically reactive.10b To
verify that the low-yielding reaction in [bmim][PF6] was
in part attributed to its apparent reactivity with the
electrophilic aldehydes, we conducted the 2-furaldehyde
reaction with methyl acrylate in the presence of DABCO
as the representative example (Fig. 1). Results of the
HPLC analysis of the reactions clearly demonstrated
that, for the reaction performed in [bmim][PF6], the
Baylis–Hillman product was contaminated with the
aldehyde-conjugated [bmim][PF6] adduct (1) (Fig. 1c).
As expected, the reaction carried out in [bdmim][PF6]
proceeded smoothly and was free of 1 (Fig. 1b). The
chemical nature of the adduct 1 can be readily verified
and unambiguously confirmed using proton NMR (Fig.
2). The disappearance of the C-2 proton signal at d
9.07 ppm indicated the site of conjugation of
[bmim][PF6] with the aldehyde. For the results shown in
Table 1, ionic liquid of only limited amount (100 lL,
corresponding to 0.33 equiv) was used. If 1 equiv of ionic
liquid (300 lL) was employed for 2-furaldehyde reaction
with methyl acrylate and DABCO, a dramatic difference
in the isolated yields from two ionic liquids was
observed: 27% in [bmim][PF6] and 88% in [bdmim][PF6],
respectively. This result confirmed again that
[bmim][PF6] ionic liquid is chemically reactive under
basic conditions. Finally, the usefulness of this new ionic
liquid in the Baylis–Hillman reaction is illustrated with
a,b-unsaturated aldehydes, compounds that often are
either poor substrates or unreactive. Low to moderate
isolated yields were obtained after 24 h (19–57%, entries
16–18). Among a,b-unsaturated aldehydes tested, cin-
namaldehyde reaction in [bdmim][PF6] gave the best
result.

Using the reaction of p-chlorobenzaldehyde with methyl
acrylate and DABCO as the representative example, we
also demonstrated that the ionic liquid [bdmim][PF6]
was a useful solvent substitute and could be recycled for
the Baylis–Hillman reaction (Table 2).17 As shown in
Table 2, the Baylis–Hillman reaction was readily carried
out at room temperature for 24 h and the ionic liquid



Figure 1. HPLC analysis of crude reaction mixtures from the Baylis–

Hillman reaction of 2-furaldehyde with methyl acrylate and DABCO

both in [bmim][PF6] and in [bdmim][PF6]. (a) Co-injection of purified

Baylis–Hillman adduct and aldehyde-conjugated [bmim][PF6] (1). (b)

The crude mixture of the reaction carried out in [bdmim][PF6]. (c) The

crude mixture of the reaction carried out in [bmim][PF6]. Each sepa-

ration was carried out using a reversed phase column (Mightysil RP-

C18 GP) under the same conditions. The analysis was monitored at

254 nm.

Table 2. Reuse of ionic liquid [bdmim][PF6]
a

Cycle Isolated yield (%)

1 94

2 95

3 95

4 98

a The experimental condition: p-chlorobenzaldehyde, 422mg (3mmol);

methyl acrylate, 600lL (6mmol); DABCO, 672mg (6mmol);

[bdmim][PF6], 300lL; room temperature, 24 h.
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could be reused at least four times. In addition, no
apparent loss of yield of the reaction was observed.

In summary, the use of ionic liquid [bdmim][PF6] for
base-mediated reactions such as the Baylis–Hillman
reaction is recommended as a substitute for the com-
Figure 2. 1H NMR spectrum of the 2-furaldehyde-conjugated [bmim][PF6] ad

a small amount of [bmim][PF6] ionic liquid whose NMR signals were indica
monly employed [bmim][PF6], due to the fact that the
deprotonated 1-butyl-3-methylimidazolium could read-
ily react with electrophilic reactants, for example, alde-
hyde present in reaction mixtures. We are currently
investigating the general applicability of this room-
temperature ionic liquid for use in other important
reactions, including multi-step combinatorial organic
synthesis.
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