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The effect of different catalytic conditions for the Morita–Baylis–Hillman reaction has been evaluated
both experimentally and by chemometry. The use of either ultrasound at 0 �C, ultrasound with an imidaz-
olic ionic liquid at 0 �C or the ionic liquid catalyst at 0 and 50 �C was systematically tested. A strong syn-
ergic effect, which significantly increases the reaction rates and yields, was observed when the reactions
were performed using an imidazolic ionic liquid catalyst at both 0 and 50 �C.

� 2008 Elsevier Ltd. All rights reserved.
The Morita–Baylis–Hillman (MBH) reaction is an exquisite
chemical transformation, and represents an interesting alternative
to form new carbon–carbon bonds.1 MBH reaction has many
advantages as it presents a high atom economy, is organocatalyzed,
requires mild conditions, and is compatible with multiple func-
tional groups. Furthermore, this reaction provides highly function-
alized substrates, which can be used as substrate for the synthesis
of complex molecules such as natural products and drugs.2 The
MBH reaction can be broadly defined as a condensation reaction
between an activated olefin and an aldehyde catalyzed by a Lewis
base (tertiary amine or a phosphine) (Scheme 1).

In spite of their synthetic advantages, MBH reactions often suf-
fer from poor reaction rates and long reaction times. Searching to
circumvent this drawback different alternatives have been suc-
cessfully tried, such as the use of microwaves,3 ultrasound (US),4

Lewis acids,5 salts and metals,6 an aqueous medium7, and
organocatalysts.8

Ionic liquids have also been used as catalysts for the MBH reac-
tion.9 Substantial increases in the rate and yield of MBH reactions
have been observed.10 The usefulness of MBH reactions to form
new C–C bonds continues to encourage the development of im-
proved catalysts or catalytic systems to perform this reaction
properly.1b,c
ll rights reserved.
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).
In a study directed toward the synthesis of superior order sug-
ars, it was necessary to prepare rapidly some MBH adducts derived
from carbohydrates. Sugars as electrophiles work quite well; how-
ever, it often take several hours to achieve a good conversion.11 To
optimize this transformation, we decide to investigate the effect on
rate and yield of combining different additives/catalysts (routinely
employed in MBH reactions) and the possible synergism occurring
among them. As far as we know, this issue has never been ad-
dressed for MBH reactions. In this Letter, we disclose the prelimin-
ary results of this study.

To start our work, two classic additives/catalysts were chosen
for this reaction [ultrasound (US) and an ionic liquid (IL)], com-
bined with different temperatures in the presence of DABCO. Leahy
and Rafel have reported a significant increase in rate when they
performed the MBH reaction at 0 �C.12 They have rationalized this
in terms of the greater stability at 0 �C of the Z-aza-enolate TS as
compared to the E-TS. On the other hand, MBH reaction can be
accelerated at 50 �C.1c The present study thus evaluated the com-
bined use of (a) US with an IL at room temperature and 0 �C, (b)
an IL at 0 �C, (c) an IL with US at 50 �C, and (d) IL at 50 �C.

First, the type of IL catalyst was chosen. It is well known that IL
is presented in all steps of the MBH catalytic cycle, and stabilizes
the intermediates of this reaction by increasing its rate.10d IL can
be roughly divided into two categories: imidazolic and non-imi-
dazolic. Both types had already been used as catalysts for the
MBH reaction,9 but we decided to use an imidazolic ionic liquid
(1-butyl-3-methylimidazolium hexafluorophosphate, [bmimPF6]),
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Scheme 1. Morita–Baylis–Hillman reaction and its synthetic versatility.

Table 3
Results from the experimental planninga

Entry US IL Temperature Yield*,b,c (%)

1 � � � 50 53
2 + � � 82 80
3 � + � 55 55
4 + + � 25 24
5 � � + 7 5
6 + � + 30 30
7 � + + 95 96
8 + + + 92 89

* Yields from duplicate experiments.
a The experimental errors were estimated since their extents could be important

to evaluate if significant effects exist and if these errors could be attributed to the
interaction among the factors.

b All yields refer to the sum of isolated and purified products.
c All reactions were stopped after 30 min.
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since imidazolic ionic liquids are known to be effective catalysts for
MBH reactions and can be easily obtained from commercial
sources.

The reaction between isopropylidene-D-glyceraldehyde13 and
methyl acrylate was selected as a model MBH reaction. Several
experimental combinations were tested, and Table 1 summarizes
the main results.

As shown in Table 1, when US was used at room temperature
(rt) or in combination with the IL at 0 �C, a good conversion was at-
tained (entries 1 and 4). However, when US was combined with the
IL catalyst at rt or at 0 �C without the IL, the conversion was very
poor (entries 2 and 3).14 At 0 �C under stirring, the reaction dis-
played the lowest conversion (entry 5). To our surprise, however,
the use of IL with 0 �C with no US (just stirring) provided the best
result, a yield as high as 95% in just 30 min of reaction (entry 6).

This intriguing experimental result led us to evaluate the influ-
ence of each catalyst, separately or in combination, using chemo-
metric tools.15 The influences of the three catalysts are described
as a function named response surface, in which we hope to deter-
Table 1
MBH reaction with different catalytical combinations16
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Entry Conditions Yielda (%) Timeb,c (min)

1 US, rt 82 30
2 US, rt, IL 25 30
3 US, 0 �C 30 30
4 US, 0 �C, IL 92 30
5 Stirring, 0 �C 7 30
6 Stirring, 0 �C, IL 95 30

IL = (Bmim)PF6.
a All yields refer to the sum of the isolated and purified products.
b For proper comparison, reactions were stopped after 30 min.
c Diastereoselectivity was determined by NMR, and the relative stereochemistry

was determined by comparison with reported data.14 For all cases, the observed
diastereoselectivity was very poor (65:35; anti:syn).

Figure 1. Contour surface for the experimental design with IL and US at 0 �C and
room temperature.

Table 2
Experimental design for the MBH reaction between methyl acrylate and isopropyl-
idene-D-glyceraldehyde

Factorsa +b �b

US With Without
IL With Without
Temperature 0 �C rt

a All experiments were carried out in duplicate; the responses observed were
recorded considering eight possible combinations of the chosen factors.

b Signs (�) and (+) were attributed to the experimental conditions.

Table 4
New experimental design with aldehyde 1 and methyl acrylate
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Entry US IL Temperature (�C) Yield*,a,b (%)

1c � � 50 17 18
2 + � 50 48 52
3c � + 50 86 83
4 + + 50 62 60

*,a Yields in duplicate. All yields refer to the sum of isolated and purified products.
b All reactions were stopped after 30 min.
c Stirring was done.



Table 5
Comparative results of the Morita–Baylis–Hillman reaction in different conditions

Entry Aldehyde IL at 0 �C IL at 50 �C Room temperaturea

Time (h) Yieldb (%) Time (h) Yieldb (%) Timec (h) Yieldb,c (%)

1 4-NO2-Benzaldehyde 4 >99 4 >99 72 45
2 4-Methylbenzaldehyde 96 80 96 28 720 20
3 3-Pyridylcarboxaldehyde 1 95 1 90 4 90
4 2-Chloroquinolylcarbaldehyde 4 87 4 87 8 89
5 Benzaldehyde 24 71 24 36 144 25
6 2-Bromobenzaldehyde 96 60 96 95 102 12
7 Heptanaldehyde 96 34 96 15 168 15
8 Propionaldehyde 96 70 96 82 120 71

a Room temperature means that the reactions were carried out under stirring without IL or US.
b All spectroscopic data for the MBH adducts are compatible for the structure proposed, and yields refer to purified and isolated products.
c See Ref. 4.
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mine at which levels the three catalysts produce the best re-
sponses. An eight experiment factorial design factorial (23) was
conducted for the model MBH reaction. Table 2 depicts the plan-
ning matrix used, while Table 3 summarizes results from these fac-
torial experiments.

It is clear from these results that interaction effects are very sig-
nificant, and the following conclusions could be made: IL increases
the yield (and rate), but IL effect is more important at 0 �C (Table 3,
compare entries 1 and 3 with 5 and 7), and this experimental
observation justifies the high value found for IL + 0 �C (see statisti-
cal analysis in Supplementary data); at rt we observe an increase in
the yield of the reaction when the IL was added, and the reaction
was only stirred (Table 3, entries 1 and 3); however, the use of IL
plus US significantly decreases the yield (see Table 3, entries 3
and 4); hence US + IL have a negative sign, despite their importance
(the negative sign results from the good yield in the absence of US).

In Figure 1, we depict a contour surface obtained after statistical
analysis of our results (the statistical analysis is available in Sup-
plementary data).

The presence of both IL and US causes an increase on the yield of
the reaction (presence of IL and US is signaled as 1 in the Figure and
their absences as �1); however, the influence on yield is more pro-
nounced when only IL is used. However, the association of IL with
low temperature (0 �C) shows a synergism greater than that be-
tween US and low temperature.

These data lead to another question. What is the effect on rate
and yield if higher temperatures are associated with catalyst com-
bination? To answer this question, a new experimental design was
planned. Using the same model reaction, the additive/catalyst was
combined with temperature: (a) IL at 50 �C; (b) US at 50 �C. The re-
sults are summarized in Table 4.

At 50 �C, to our surprise a reaction profile quite similar to that
described for reactions carried out at 0 �C was observed.17 Both
US and IL increased the rate and yield of reaction; however, the lat-
ter seems to be more efficient. The yields are slightly lower than
those obtained using IL at 0 �C, perhaps a difference that could
be attributed to the increase in disorder in the IL supramolecular
structure, at the higher temperature.18

To test the generality of these results, several MBH reactions
using aromatic (having electron-donor and electron-withdrawing
substituents) and aliphatic aldehydes were carried out. Both tem-
peratures (0 and 50 �C) were used, associated with IL. The results
are summarized in Table 5.

Based on data summarized in Table 5 the synergic effect seems
to be general. For all, a clear improvement of the reaction rate and
yield is observed, when both conditions (IL at 0 �C and IL at 50 �C)
are compared with room temperature. Even deactivated aldehydes
as 4-methylbenzaldehyde (see entry 2) provide the corresponding
adduct in good yield and relatively short reaction times if we com-
pare with the same reaction performed at room temperature.
In some cases, the use of IL at 50 �C is less efficient and can be
replaced advantageously by using a lower temperature. Most prob-
ably these reactions should occur within the lamellar structure of
the ionic liquid and its better organization at lower temperature
could contribute to increase yield.

In summary, we demonstrate that the association of additives/
catalysts can render the Morita-Baylis-Hillman reaction faster
and efficient. The chemometric analysis shows clearly the occur-
rence of a synergic interaction between IL and US, IL and temper-
ature and US and temperature. Although, the synergic effects are
more pronounced when IL is associated with temperature.19
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