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The CeCl3Æ7H2O–NaI system as promoter in
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Abstract—The arylidene malonates with two different geminal carboxylate functions, a suitable class of substrates of several
synthetic and pharmacological studies, are easily available through Knoevenagel condensation of ethyl tert-butyl malonate and
different aromatic aldehydes. The results have increased the potentialities of CeCl3Æ7H2O–NaI system as a type of water-tolerant
green Lewis acid promoter for carbon–carbon bond forming procedures.
� 2006 Elsevier Ltd. All rights reserved.
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The development of promoted organic reactions using
air-stable and water tolerant lanthanide salts as Lewis
acid catalyst is one of the important and challenging
subjects in organic synthesis chemistry.1 In the last
years, cerium trichloride heptahydrate (CeCl3Æ7H2O)
has attracted considerable attention because of its
diverse applications as a promoter in organic synthesis.2

In line with our group’s interests in exploring new and
potentially more concise procedures for carbon–carbon
bond forming promoted by Lewis acids, we have
increased the potentialities of the combination of
CeCl3Æ7H2O with NaI.3

In these years, we have observed that the CeCl3Æ7H2O–
NaI system promotes the addition of CH-acidic com-
pounds to different electrophiles.4 In connection with
our efforts on the synthesis of trisubstituted alkenes,5

we have herein observed that our combination can be
utilized as a green, mild, and efficient method for the
Knoevenagel condensation (Scheme 1) of malonate
derivatives (2) with aldehydes (1). The sequential reac-
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tion provides a new method for the synthesis of different
multifunctional molecules (3) in a single operation. The
corresponding alkylidene malonates appear as a suitable
class of building blocks useful for the synthesis of natu-
ral and non-natural bioactive compounds.6 In particu-
lar, the trisubstituted alkenes7 derived from our
procedure by Knoevenagel condensation with ethyl
tert-butyl malonate (ETBM) could serve as excellent
precursors to esters or acids 2-hydroxymethyl-3-aryl-2-
propenoic, useful building blocks for the preparation
of various biologically active molecules.8

It is noteworthy that our procedure has not only
increased the potentialities of CeCl3Æ7H2O–NaI system,
but it has also permitted to overcome the major restric-
tion to the broad application of the Knoevenagel reac-
tion, that is, the inability to arrest the coupling of
aldehydes with 1,3-diesters at the monoaddition stage
since these intermediates are highly Michael acceptors
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in their own right.9 Further, from a close analysis of the
literature methods for Knoevenagel condensation, we
did not find any general procedure for the synthesis of
arylidene-substituted unsymmetrical malonic acid deriv-
atives,10 versatile synthetic intermediates owing to the
various possible transformations of the different carb-
oxylic functionalities.6b However, when a monoester of
malonic acid is used in the Knoevenagel condensation
with carbonyl compounds, the decarboxylation occurs
spontaneously during the reaction.11

In a preliminary experiment, the Knoevenagel reaction of
benzaldehyde (4a) and ETBM (5) was explored to deter-
mine the optimal conditions (Scheme 2). We examined
the influence of the reactants ratio and of the relative
combination of the two promoter components on the
reaction. We found that the best choice was a 1:1.2 ratio
between 4a and 5 in a ca. 0.1 M solution in acetonitrile12

containing 1.35 equiv of CeCl3Æ7H2O and 1.35 equiv of
NaI. The use of a higher excess of cerium(III) chloride
(3.0 equiv) led to similar results, but lower amounts
(e.g., 0.65 equiv) gave lower chemical yields.

The reaction temperature is also important. In fact, the
first step of addition to the aldehyde moiety should be
carried out at room temperature, but the dehydration
and tert-butyl cleavage required a higher temperature
to proceed to completion. When the process was carried
out at room temperature, arylidenemalonate 6a was
observed in very low yield although formation of the ini-
tial adduct was observed.13 Thus, after a first addition
reaction at room temperature, the second step was
conducted at reflux.14 Under these conditions, selective
deprotection of tert-butyl ester15 was observed and
unsymmetrical malonic acid derivative 7a was obtained
in good yield. This procedure proved to be general and
could be applied to a range of aldehydes (see Table 1),
and good results were in fact obtained with aromatic
aldehydes.16 NMR spectroscopy clearly showed malon-
ate mono acid 7 as a unique product isolated without the
presence of decarboxylation product. It should be noted
that in the case of malonic acid addition to aromatic
aldehydes our procedure gives, contrary to the results
proposed by Weaver et al.,17 no evidence of a,b-unsatu-
rated malonic acids.

Except for the reaction of nicotinaldehyde (Table 1,
entry 6), the reactions of other aldehydes were found
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to be fairly stereoselective affording E-isomers in high
yields.10,18 In all cases, the olefinic proton signal for both
diastereomers were clearly distinguishable in their 1H
NMR spectra. The olefin proton signal for E-isomer
was downfield relative to the proton for the Z-isomer.
This is in agreement with the principle that hydrogen
cis-standing to the ester group shows a downfield shift.19

Though the E-selectivity has generally been observed in
all the cases, a satisfactory explanation is still not avail-
able at the present stage.

With aromatic aldehydes, this Knoevenagel reaction
proceeds smoothly to give the desired arylidenemalonate
derivatives. However, the electronic nature of the aryl
substituents in the aldehydes has an effect on the rate
of the reaction. It was found that electron-withdrawing
substituted aromatic aldehydes favored this reaction
(Table 1, entries 2 and 3), while the aromatic aldehydes
bearing electron-rich group on the aromatic ring gave
the corresponding trisubstituted alkenes after longer
reaction time (Table 1, entries 4 and 5). The Knoevena-
gel reaction promoted by CeCl3Æ7H2O–NaI system with
electron-poor heteroaromatic aldehydes afforded the
corresponding alkene in moderate diastereoselectivity,
but with high yield (Table 1, entry 6). An alternative
synthesis of the trisubstituted alkene 7 was tried by
Knoevenagel condensation of cheaper ethyl hydrogen
malonate,20 but our procedure gave very low yield of
adduct (GC–MS < 5%), and many side products are
formed. It is worthy to note that our procedure suc-
ceeded even in the presence of the coordinating hetero-
cyclic nitrogen on this substrate, which could in
principle affect the activity of a Lewis acid. In order to
further investigate the scope of the methodology, we at-
tempted the Knoevenagel reaction of the aliphatic alde-
hydes with ETBM (5). Unlike aryl aldehydes, adduct 6
was not observed and GC–MS analysis of the reaction
mixture showed malonic acid half ester as the main
product. Most probably, in our conditions, the alkylide-
nepropanedioic half esters are not stable and retro-aldol
reaction takes place, and the starting aldehyde was
recovered.

The mechanism of the reaction is not clear. Certainly,
the acceleration effect caused by the addition of metal
iodide (NaI) to CeCl3 has already been observed by
our group.21 This effect might be rationalized by a halo-
gen exchange reaction that leads to a more reactive spe-
cies, but previous experimental evidences prove that
CeI3 shows a very poor activity as Lewis acid in various
transformations.22,23 A more plausible process is the dis-
aggregation of the crystal lattice of CeCl3 by NaI or
which might lead to a notable increase in the Lewis acid-
ity of the cerium available at the particle surface.

In conclusion, this letter clearly demonstrates the power
and economic interest of a CeCl3Æ7H2O–NaI promoted
reaction in the field of synthetic organic chemistry. In
fact, the procedure effects Knoevenagel reaction of aro-
matic aldehydes and malonate derivative efficiently.24

The sequential reaction provides a new method for
arylidenemalonate formation in a single operation.
Extension of the present methodology to the synthesis



Table 1. Knoevenagel condensation of aromatic aldehydes 4 with ETBM (5) in the presence of CeCl3Æ7H2O–NaI in acetonitrile

Entry Aldehydea Time/h Conditions Productb Yieldc (%) E:Zd

1

4a

CHO
54 rt

7a

CO2Et

COOH
80 77:23

2.5 Reflux

2

4b

CHO

F3C

40 rt

7b

CO2Et

COOH
F3C

95 90:10
1.5 Reflux

3

4c

CHO

O2N

37 rt

7c

CO2Et

COOH
O2N

97 93:07
0.5 Reflux

4

4d

CHO

H3C

62 rt

7d

CO2Et

COOH
H3C

90 75:25
3.5 Reflux

5

4e

CHO

H3CO

64 rt

7e

CO2Et

COOH
H3CO

85 80:20
4.0 Reflux

6

4f

N

CHO
42 rt

7f
N

CO2Et

COOH

91 60:40
1.5 Reflux

a All starting materials were commercially available.
b All products were identified by their IR, NMR, and GC–MS spectra.
c Yield of products isolated after workup.
d E:Z ratios determined by NMR.
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of other trisubstituted alkenes, as well as studies dealing
with the transformation of electron-withdrawing func-
tionalities is currently under investigation and will be
reported in due course.
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