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Abstract—The Morita–Baylis–Hillman (MBH)-type reaction of �,� unsaturated �-lactone with various aldehydes has been
achieved without the direct use of a Lewis base. The new MBH process can be conveniently carried out by the slow addition of
the diethylaluminum iodide into the solution of lactone and aldehyde in dichloromethane at 0°C. Modest to good yields were
obtained (50–65%) for eight examples. © 2003 Elsevier Science Ltd. All rights reserved.

The Morita–Baylis–Hillman (MBH) reaction and
related processes have attracted widespread interest in
the past few decades.1 The resulting �-(hydroxy-
alkyl)acrylates and �-(aminoalkyl)acrylates from the
MBH reaction can provide numerous chemically and
biologically important precursors having an array of
multifunctional groups. We and others have developed
several methodologies for the synthesis of �-monosub-
stituted and �,�-disubstituted �-(hydroxyalkyl)acrylates
and �-(aminoalkyl)acrylates which cannot be normally
generated under classical MBH conditions.2–5 Surpris-
ingly, so far the synthesis of MBH lactones has not been
well documented. This situation is mainly due to the
fact that under normal conditions the MBH reaction
does not occur with �-substituted olefinic substrates.1c

Recently, we discovered that MBH-type reaction can
proceed in the presence of the Lewis acid, TiCl4 with-

out the direct use of any Lewis bases (Scheme 1).6 The
methods provided a concise synthesis of several MBH
cyclic ketones. Unfortunately, this method is only lim-
ited to the use of aliphatic aldehydes or the aromatic
aldehydes with strong electron withdrawing groups
(e.g. -NO2, -CF3). The limitation also exists for �,�-
unsaturated Michael acceptors in which when the
reaction substrates were changed to �,�-unsaturated
acyclic ketones, the reaction resulted in (Z)-2-(halo-
methyl)vinyl ketones.7 The later reaction was also
studied by using Lewis acid/Lewis base co-promoters
under different conditions.8 The similar method has
been established for the synthesis of �-chlorinated
MBH adducts using �,�-acetylenic ketones as the
substrates.9

We have overcome the shortcomings of the narrow
aldehyde scope by using diethylaluminum iodide to

Scheme 1.
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replace TiCl4 as Lewis acid promoter and halogen
source.10,11 The MBH-type reaction of �,�-unsatu-
rated cycloketones with a variety of aldehydes can be
smoothly performed to give enhanced yields. Mean-
while, the new MBH-type system has also extended
the scope to the use of �,�-ethyl thioacrylate as the
Michael-type acceptor (Scheme 1). Encouraged by
these findings, we revisited the MBH-type reaction of
�,�-unsaturated lactones with aldehydes and found
the reaction proceeded smoothly under the new con-
ditions. The method provided the novel synthesis of
MBH lactones which is represented by Scheme 2 with
the results summarized in Table 1.

A multi-step method has been reported for the syn-
thesis of �,�-unsaturated lactones-derived MBH
adducts recently.12 The method involved the use of
lithium phenylselenide for tandem Michael addition
followed by aldol reaction to give phenylseleno prod-
ucts. The final step of this synthesis is to perform
alkylation on selenium center which makes the elemi-
nation occur effectively.

Our present process can be conveniently carried out
by the slow addition of the dichloromethane solution
of diethylaluminum iodide into a stirred solution of
lactone and aldehyde in dichloromethane under the
protection of nitrogen gas (Scheme 3). The slow addi-
tion was performed over a period of 1 h at 0°C
before the reaction was warmed to room temperature.
The reaction typically takes 8–24 h for completion.
Interestingly, among these substrates, benzaldehyde
showed the fastest rate which occurred to completion
within 8 h. The reaction can also be finished at 0°C
in 8 h to give a similar yield. Entries 1–6 can also be
carried out at 0°C in prolonged periods (24 h) to give
similar results. However, those aldehydes with elec-
tron-donating groups (entries 7 and 8) have to be
performed at rt ever 24 h to give similar results as
shown in Table 1. Interestingly, carrying out the reac-
tion at low temperature (0°C) was proven to be cru-
cial in our �,�-unsaturated cycloketone-based system
where more unknown side products were observed,
and the yields were much decreased when the MBH
reaction was carried out at room temperature.

Table 1 shows the great substrate scope of aromatic
aldehydes which were used for convenient monitoring.
Our latest preliminary results revealed that nonaro-
matic adehydes can also be utilized. However, the

yields are not as good as those from their aromatic
counterparts. For all cases we studied, THF can also
be used as the solvent to give comparable results.
Similar to the situation of the �,�-unsaturated
cycloketone cases, a catalytic amount of Et2AlI for
the reaction have not been found promising. In fact,
a slightly excess amount of Et2AlI (1.2 equiv) was
necessary to achieve the complete conversion.

The mechanism of this reaction is suggested to be
similar to that of �,�-unsaturated cycloketone-based
system,11 where intermolecular multiple-component
addition serves as the first step. This step is assisted
by the coordination of Et2AlI with aldehyde to fur-
ther free the halide anion for the Michael-type addi-
tion. The intramolecular pathway is ruled out by the
rigid characteristic of �,�-unsaturated lactone. In con-
trast, in �,�-unsaturated thioester-based process an
intramolecular pathway at this step could occur due
to the flexible structure of the �,�-unsaturated
thioester. The later intramolecular pathway is similar
to that of the haloaldol reaction promoted by TiCl4–
nEt4NI as proposed by Oshima.13

As anticipated, the success of this reaction is
attributed to the irreversible deprotonation during the
reaction process (step C of Scheme 3). Releasing
CH3CH3 provides a powerful driving force and makes
the reaction irreversible. Since the �,�-unsaturated
cycloketone failed to give any product under our pre-
vious TiCl4-based conditions. This hypothesis can
account for the observation that �,�-unsaturated lac-
tone failed to give any MBH adducts when TiCl4 was
employed as the promoter and halide source. This
mechanism can also account for the observation that
a substoiciometric amount of diethylaluminum iodide
failed to promote the reaction to completion. Other
two factors that could benefit the reaction include the
stability of the resulting cyclic �,�-conjugate Baylis–
Hillman structures and the greater reactivity of
halogeno-aluminum enolates than their titanium coun-
terparts.

In summary, the MBH reaction of �,�-unsaturated
�-lactone with various aldehydes has been achieved.
The reaction has a great scope of aldehydes and pro-
vides an effective and concise approach to a variety
of MBH lactones. The resulting MBH adducts are
very useful for the synthesis of biologically important
compounds.

Scheme 2.
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Table 1. Results of Et2AlI-promoted MBH-type reaction14

Scheme 3.
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J=4.5 MHz, 1H), 4.32–4.40 (m, 2H), 3.50 (d, J=5 MHz,
1H), 2.47–2.50 (m, 2H). 13C NMR (125 MHz, CDCl3) �

164.6, 163.2, 161.3, 140.7, 136.48, 136.46, 134.7, 128.3,
128.2, 115.3, 115.1, 71.5, 66.2.
Compound 4: 1H NMR (500 MHz, CDCl3) � 7.32 (s,
4H), 6.68–6.70 (m, 1H), 5.55 (d, J=4.5 MHz, 1H),
4.33–4.41 (m, 2H), 3.49 (d, J=4.5 MHz, 1H), 2.47–2.51
(m, 2H). 13C NMR (125 MHz, CDCl3) � 164.9, 141.2,
139.4, 134.8, 133.9, 128.8, 128.2, 71.9, 66.5.
Compound 5: 1H NMR (500 MHz, CDCl3) � 7.46–7.48
(m, 2H), 7.24–7.27 (m, 2H), 6.69–6.71 (m, 1H), 5.29 (d,
J=2 MHz, 1H), 4.31–4.39 (m, 2H), 3.58 (d, J=5 MHz,
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164.5, 140.9, 139.8, 134.4, 131.4, 128.2, 121.6, 71.5, 66.2.
Compound 6: 1H NMR (500 MHz, CDCl3) � 8.21–8.23
(m, 2H), 7.58–7.60 (m, 2H), 6.75–6.76 (m, 1H), 5.66 (d,
J=5.5 MHz, 1H), 4.38–4.41 (m, 2H), 3.55 (d, J=6 MHz,
1H), 2.52–2.55 (m, 2H). 13C NMR (125 MHz, CDCl3) �

164.4, 148.0, 147.5, 141.6, 134.0, 127.3, 123.6, 71.7, 66.3.
Compound 7: 1H NMR (500 MHz, CDCl3) � 7.48–7.50
(m, 1H), 7.20–7.26 (m, 2H), 7.14–7.16 (m, 1H), 6.41–6.43
(m, 1H), 5.82 (s, 1H), 4.34–4.41 (m, 2H), 3.36 (d, J=3.5
MHz, 1H), 2.42–2.46 (m, 2H), 2.27 (s, 3H). 13C NMR
(125 MHz, CDCl3) � 141.0, 138.0, 135.2, 134.2, 130.8,
128.7, 127.7, 126.3, 126.2, 68.2, 66.2, 38.6.
Compound 8: 1H NMR (500 MHz, CDCl3) � 7.23–7.29
(m, 2H), 6.88–6.90 (m, 2H), 6.67–6.69 (m, 1H), 5.55 (s,
1H), 4.33–4.41 (m, 2H), 3.80 (s, 3H), 3.31 (s, 1H), 2.46–
2.50 (m, 2H).
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