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Abstract
In a multicomponent reaction (MCR), one can create multiple new bonds in a single
reaction from readily available starting materials; thus, MCRs are resource- and time-
effective and therefore economically favorable processes in diversity generation. In
contrast, there are MCRs where a multifunctional building block is introduced instead of
an additional diversity-holding component, and these can be derivatized using very
diverse reactions post-synthetically leading to novel chemotypes. The synthetic
applications of Meldrum*s acid are focusing primarily on reactions where it is applied as
an alternative for acyclic malonic esters. However, its highly acidic character broadened
its applications and made it a very useful reagent for MCRs or more precisely in tandem
or domino reactions. There are numerous examples reported for the use of the alkylidene
conjugates of Meldrum*s acid as dienophiles in hetero-Diels – Alder reactions, as well as
Michael acceptors. In most cases spontaneous or concomitant post-synthetic derivatization
increased its synthetic utility. This minireview gives a non-exhaustive insight into MCRs
involving Meldrum*s acid, describing various applications in combinatorial and diversity-
oriented synthesis.

1 Introduction

Multicomponent Reactions (MCRs) have been a versatile
tool for synthetic chemists in the preparation of structural-
ly diverse compounds. MCRs comprise reactions with
more than two reactants and the newly formed product
contains atoms of each precursor [1]. In contrast, the prob-
ability that three or more molecules collide in the right di-
rection and at the appropriate energy level is very low,
most of the known MCRs could be considered more pre-
cisely as domino or tandem reactions. MCRs are resource-
and time-effective, and therefore economically favorable
processes; thus, a vast number of diverse compounds can
be obtained in a parallel synthesis [2]. In recent years,
there has been a growing interest in MCRs in the chemical
and pharmaceutical industries, as MCRs not only lower
production costs due to their high convergence and atom
efficiency, but also reduces the environmental burden,
which is the major principle of green chemistry.

The enormous synthetic possibilities that MCRs offer
can be further increased by post-synthesis transformations,
which can be furnished by concomitant reaction of a suita-
bly functionalized or protected MCR product. These mod-
ifications can be either spontaneous reactions with the me-

dium, intramolecular rearrangements, or can take place
upon treatment with additional reagents.

Meldrum*s acid (1) described first by A. N. Meldrum [3]
is a white crystalline solid that can be easily prepared by
the condensation of malonic acid and acetone in acetic an-
hydride in the presence of a catalytic amount of concen-
trated sulfuric acid [4]. Meldrum*s acid shows several
unique features. It has an unusually high acidity [5]; the
pKa of Meldrum*s acid in DMSO is 7.325, but those of di-
medone and dimethyl malonate, corresponding to the cy-
clic diketone and acyclic ester analogues, are 15.87 and
11.16, respectively.

Furthermore, it is susceptible to electrophilic attack at
C5 and nucleophilic attack at C4 and C6. Additionally, its
unique ring-opening reactions make it a tremendously at-
tractive and useful building block. The synthetic applica-
tions of Meldrum*s acid are focusing primarily on reac-
tions where it is applied as an alternative for acyclic ma-
lonic esters, but there are numerous examples reported for
the use of the alkylidene conjugates of Meldrum*s acid as
dienophiles in hetero-Diels – Alder reactions. In most cas-
es spontaneous or concomitant post-synthetic derivatiza-
tion increases its synthetic utility. The MCRs involving
Meldrum*s acid generally retain the unique ring-captured
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malonic acid moiety, which can be released by loss of ace-
tone, when reacting with nucleophiles. This reaction is fre-
quently accompanied with partial decarboxylation. In this
way various diversity elements can be built into the diverse
MCR products. Frequently, nucleophiles in appropriate
proximity could intramolecularly attack the cyclic aceto-
nide fragment, leading to unique ring systems, which can
be used in Diversity-Oriented Synthesis (DOS) [6].

Based on the above findings, the MCRs involving Mel-
drum*s acid belong to those classes where it participates as
a multifunctional building block in the reaction instead of
one diversity-holding component, so the MCR product
can be further derivatized in a large variety of reactions
leading to diverse skeletons or chemotypes.

Corresponding to the initial step and the primary inter-
mediate formed involving Meldrum*s acid, the MCRs can
be classified into various subgroups. In most cases, a reac-
tive alkylidene Meldrum*s acid intermediate (a Knoevena-
gel adduct) participates in various secondary reactions.
This two-step feature is reflected, in many cases, in the
name of MCRs involving Meldrum*s acid [domino Knoe-
venagel –Diels – Alder, domino Wittig – Knoevenagel –
Diels – Alder, modified Hantzsch reaction, Yonemitsu re-
action (domino Knoevenagel – Michael reaction), etc.]. In
most of the above cases Meldrum*s acid, condensed first
with carbonyl moieties, could ultimately lead to a substi-
tuted propionic acid extension of the molecules. Domino
Knoevenagel-isonitrile-cycloaddition represents a unique
subclass, since the major product retains both carboxylic
groups of the masked malonic acid moiety.

Some MCRs cannot be clearly classified where, for ex-
ample, Meldrum*s acid reacts with unsaturated carbonyl
compounds in a Knoevenagel condensation and ring clo-
sure is followed by condensation. In other cases Mel-
drum*s acid acts as a Michael donor with its highly acidic
methylene moiety in an aldol-type reaction.

In the present minireview we follow this classification
providing a general description and examples to each sub-
class.

2 Domino Knoevenagel-hetero-Diels –Alder
Reactions

2.1 Diversity-Oriented Alkaloid Synthesis

In the reactions involving Meldrum*s acid (1), an aldehyde
(2), and a vinyl ether derivative (3) – that can be consid-
ered as a domino Knoevenagel-hetero-Diels – Alder reac-
tion (Scheme 1) – in the presence of EDDA (Ethylene Di-
ammonium Acetate) the initial step is a Knoevenagel con-
densation between the aldehyde and Meldrum*s acid. In
the second step the previously formed alkylidene Mel-
drum*s acid, as a hetero-diene, undergoes a Diels – Alder
reaction with the dienophile present [7].

If the transformation is performed in alcohol then the
cyclic acetonide ring is cleaved, yielding the lactone ester 7
(Scheme 1).

In the following examples, the application of the three-
component domino Knoevenagel-hetero-Diels – Alder re-
action is shown in the synthesis of alkaloids, such as (�)-
hirsutine 8, (þ)-dihydrocorynantheine 9, dihydroantirhin
10, emetine 11, and tubulosine 12 (Figure 1).

Hirsutine 8, a corynanthe indole alkaloid, showed a sig-
nificant inhibitory effect on the influenza A virus [8]. The
enantiopure Z-protected amino aldehyde (R)-13 was re-
acted with 1 and with enolether 15 in the presence of
EDDA to obtain lactone 17 via the Knoevenagel product
14 and loss of carbon dioxide and acetone. The ratio of the
diastereomers was better than 24 :1 for the preferred epi-
mer. The solvolysis of the lactone ring gave the corre-
sponding hemiacetal, which spontaneously transformed to
aldehyde 18 by methanol elimination. After removal of
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Scheme 1. Three- and four-component domino Knoevenagel –
hetero-Diels –Alder reactions.

Figure 1. Alkaloids synthesized by a three-component domino
Knoevenagel – hetero-Diels –Alder reaction.
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the Cbz group an intramolecular ring closure took place
followed by the double-bond saturation giving quinolizi-
dine 19. Removal of the Boc-group, condensation with
methyl formate, and methylation of the corresponding
enol resulted in hirsutine 8 (Scheme 2) [9].

The synthesis of (þ)-dihydrocorinantheine 9 [10], the 3-
epimer of hirsutine 8, followed a route similar to the syn-
thesis of hirsutine 8, albeit with a lower diastereoselectivi-
ty [11].

The same synthetic approach was used for the synthesis
of (�)-dihydroantirhin 10 [11], a vallesiachotamine-type
alkaloid, where the Cbz-group of 20 was removed by hy-
drogenolysis and the resulting secondary amine attacked
the lacton moiety to form the lactam- and aldehyde-con-
taining 21. Reduction of the amide and aldehyde functions
gave dihydroantirhin 10, which contained 10% of the 20-
epimer (Scheme 3).

The synthesis of emetine 11 [12] and tubulosine 12 [13]
was also solved with the same synthetic strategy starting
from the optically active tetrahydroisoquinoline derivative
22 (Scheme 4). Without the isolation of the resulting lac-
tone 24, it was treated with potassium carbonate, metha-
nol, and a catalytic amount of palladium on charcoal, first
under a nitrogen atmosphere and then under hydrogen at-
mosphere to give the desired benzoquinolizidine 25 to-
gether with its diastereomers. After separation of the dia-
stereomers, 25 was used for the synthesis of emetine 11
and tubulosine 12 via the amidation with phenylethyla-
mine 26 or triptamine derivative 27, respectively, followed
by a Bischler – Napieralski ring closure and an enantiose-
lective transfer hydrogenation.

2.2 Domino Knoevenagel-Pseudo-Hetero-Diels –Alder
Reaction

A proline-catalyzed enantioselective three-component re-
action between ketones, aldehydes, and Meldrum*s acid
was first described by List and Castello (Scheme 5) [14].
The enantioselectivity of these reactions was rather low;
however, using cyclic ketones the products (29a-d) were
obtained as single diastereomers.

The authors proposed a domino Knoevenagel-hetero-
Diels – Alder reaction mechanism where proline acts as a
catalyst for both the iminium ion and enamine formation
(Scheme 6). Formally the reaction could be determined as
a domino Knoevenagel – Michael reaction.
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Scheme 2. Synthesis of (�)-hirsutin 8.

Scheme 3. Synthesis of (�)-dihydroantirhin 10.
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In Scheme 7, a related organo-catalyzed reaction is
shown using a benzylidene acetone derivative 30 as the di-
ene component. The reaction is catalyzed by proline or
5,5-dimethylthiazolidine-4-carboxylic Acid (31, DMTC).
Barbas and co-workers [15] – using enantiopure proline or
DMTC – investigated the enantioselectivity, as well as its
dependence on the different dielectric constant of the sol-
vent. The best result was achieved using DMTC in metha-
nol, which produced 32a in 93% yield and 99% ee.

The authors proposed a mechanism for the reaction that
proceeds via a Knoevenagel condensation between Mel-
drum*s acid and the aldehyde, followed by the Diels – Ald-
er reaction of the aralkylidene Meldrum*s acid with the in

situ formed dieneamine through the reaction of the enone
with the chiral amine catalyst.

3 Domino Wittig –Knoevenagel-Pseudo-Diels –
Alder Reaction

The same product can be obtained under identical condi-
tions when the benzylidene acetone derivative is formed
in situ by a proline-catalyzed aldol reaction of acetone
with another equivalent of the aldehyde (Scheme 8) [16].
In this case two competing reactions can be envisaged.
Pseudo four-component domino aldol-Knoevenagel –
Diels – Alder reaction leads to spiro product 32, while
domino Knoevenagel – hetero-Diels – Alder reaction
yields the corresponding List – Castello product 29. To
avoid the formation of the byproduct 29, a new reaction
sequence was developed using a Wittig – Knoevenagel-
Diels – Alder reaction sequence, starting from 1-(triphe-
nylphosphanylidene)-propan-2-one (34), Meldrum*s acid,
and benzaldehyde, giving exclusively spiro product 32 with
high yield and excellent diastereomeric ratio [16].

4 Modified Hantzsch Synthesis

In the presence of a base, Meldrum*s acid readily reacts
with electrophilic olefins via Michael addition leading to
its functionalized alkyl derivatives. The reaction of Mel-
drum*s acid with 4-(2-hydroxyphenyl)but-3-en-2-one (35)
in the presence of ammonium acetate gave oxygen-bridg-
ed tetrahydro-2-pyridone 37 (Scheme 9) [17]. The forma-
tion of the product can be assumed as a Michael addition
between Meldrum*s acid and the unsaturated ketone, fol-
lowed by an aminal formation and an intramolecular nu-
cleophilic attack of the nitrogen atom at the dioxanedione
ring of 36.

The same research group applied Meldrum*s acid as a
second dicarbonyl component in the Hantzsch reaction to
obtain 1,2,3,4-tetrahydro-pyridin-2-ones (39) [17] as pre-
cursors of 4,7-dihydro-1H,3H-furo[3,4-b]pyridine-2,5-dio-
nes (40) or 4,7-dihydro-1H-pyrazolo[3,4-b]pyridines (41)
(Scheme 9) [18]. The key intermediate is a typical Knoeve-
nagel adduct with the aromatic aldehyde.

Recently, based on the above reaction, we have pre-
pared a 2000-member 3,4-dihydro-1H-pyridin-2-one li-
brary with potential activity against Benign Prostatic Hy-
perplasia (BHP) (Scheme 10). We found that the reaction
works only with aromatic aldehydes and ketoesters having
a methylene group at the carbonyl terminal. The alkyla-
tion was performed with active alkylating agents (42a – c)
in dry DMF using potassium t-butoxide as base in order to
reduce the formation of the O-alkylated product. The es-
ter moiety on the Dihydropyridine (DHP) ring was resist-
ant to hydrolytical conditions; thus, it allowed us to hydro-
lyze selectively the ester group exclusively on the spacer.
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Scheme 4. Syntheses of emetine 11 and tubulosine 12.

Scheme 5. Organocatalytic domino Knoevenagel –pseudo-het-
ero-Diels – Alder reaction.
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The amidation of 44 was performed in 1,2-dichloroethane
(DCE) using 1,1’-carbonyldiimidazole (CDI) as activating
agent [19].

5 Alkylidene Meldrum�s Acid Precursors

Eberle and Lawton described a reaction between Mel-
drum*s acid, aldehydes, and thiophenol in the presence of
piperidinium acetate in acetonitrile giving phenylthio-pro-
tected alkylidene Meldrum*s acid derivatives 47 [20]. The
mechanism of the reaction can be considered as a domino
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Scheme 6. Mechanism of the organocatalytic domino Knoevenagel – pseudo-hetero-Diels –Alder reaction.

Scheme 7. Enantioselective domino Knoevenagel – hetero-Diels –Alder reaction using DMTC catalyst.

Scheme 8. Domino aldol/Wittig –Knoevenagel-pseudo-Diels – Alder reaction.
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Knoevenagel – nucleophilic-addition reaction. Due to the
fact that these species are solid, easy-to-isolate, and stable
substances, in contrast to the alkylidene derivatives of
Meldrum*s acid, their phenylthio-protected derivatives are
advantageous. The reactions of 47 as alkylidene Mel-
drum*s acid precursors proceed through thiophenol elimi-
nation. The versatility of compound 47 is demonstrated in
Scheme 11.

The same versatility can be achieved if thiocarboxylic
acid 54 is used instead of thiophenol obtaining the thioac-
yl-protected alkylidene Meldrum*s acid derivatives (55)
(Scheme 12) [20].

Zia-Ebrahimi and Huffman reported the synthesis of a
novel methylene Meldrum*s acid precursor (Scheme 13)
via the three-component reaction of Meldrum*s acid 1,

aqueous formaldehyde 64, and pyridine [21]. The subse-
quent pyridine adduct 65 proved to be a stable source of
methylene Meldrum*s acid and in the synthesis of g-car-
boxyglutamic acid showed advantages over the classical
methods.

Practically, alkylidene Meldrum*s acids represent versa-
tile precursors for various unique scaffolds and building
blocks.

6 The Yonemitsu Reaction (Domino
Knoevenagel –Michael)

Yonemitsu and co-workers reported a proline-catalyzed
three-component domino Knoevenagel – Michael reaction
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Scheme 9. The modified Hantzsch synthesis.

Scheme 10. Solution-phase parallel synthesis of tetrahydro-pyrimidone library based on the modified Hantzsch synthesis.
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between Meldrum*s acid, indole, and aldehydes [22]. Sub-
sequent decarboxylation and ethanolysis of 67 led to ethyl
3-substituted (indol-3-yl)-propionates 68, used as inter-

mediates in the synthesis of indole alkaloids [23]. Sapi and
Laronze examined thoroughly the nature of the so-called
Yonemitsu reaction and reported several papers on its use-
ful application toward carbolines (69), unusual trypto-
phans (70), tryptamines (71), and indole heterocycles (72)
[24], thus extending it toward DOS (Scheme 14).

They also extended the reaction to 2-substituted indoles
(73) and, by altering the reaction conditions, a variety of
new scaffolds (74 – 77) were obtained (Scheme 15) [25].

We also successfully applied the Yonemitsu reaction to
produce a diverse indol-3-propionic acid amide compound
library [26] using the synthetic protocol originally devel-
oped by Yonemitsu and co-workers. Moreover, we suc-
cessfully extended the reaction from indoles to imida-
zo[1,2-a]pyridines (78) and utilized this reaction to pro-
duce an “azalogue” imidazo[1,2-a]pyridine-3-yl-propionic
acid amide 82 library (Scheme 16) [27].

7 Domino (Knoevenagel) –Cycloaddition-
Solvolysis – I-MCR (Isonitrile-MCR)

The condensation product of Meldrum*s acid and 4-nitro-
benzaldehyde (Knoevenagel adduct 83) reacts smoothly
with alkyl isonitriles (84) in the presence of alcohols to
give 2-[1-p-nitrophenyl-2-(alkylamino)-2-oxoethyl]malo-
nates (85) (Scheme 17) [28]. The authors propose two pos-
sible mechanisms for the reaction; however, the fact that
the reaction works well with tert-butanol as the alcohol
component makes pathway B more likely.

8 Biginelli-like Reaction

Shaabani et al. reported the utilization of Meldrum*s acid
in a pseudo four-component Biginelli-like reaction giving
s symmetric spiro heterobicyclic rings 93 (Scheme 18)
[29]. The reaction proceeds smoothly with electron-with-
drawing para-substituted benzaldehydes without any sol-
vent and catalyst, but when applying electron-donating
para-substituted derivatives only the Knoevenagel adducts
could be isolated. The classical Biginelli product 94 could
not be isolated in any of the cases.

Although the mechanism of the reaction has not been
proved yet, the authors offer two reasonable pathways
(Scheme 19). Along Pathway A, the addition of urea 92 to
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Scheme 11. Alkylidene Meldrum*s acid precursors as versatile
reagents. a) K3[Fe(CN)6], KOH. b) H2O2, MeCN. c) Meldrum*s
acid, NaIO4, MeCN/H2O. d) NaBH4, THF/EtOH. e) MeNO2,
Bu4NOH, MeOH/THF. f) 2,3-Dimethyl-1,3-butadiene, DCM.

Scheme 12. Alternative alkylidene Meldrum*s acid precursors.
a) 2,3-Dimethyl-1,3-butadiene, DMSO. b) 1,3-Butadienyl ace-
tate, DMSO. c) 2-Methoxypropene, K2CO3, MeCN. d) Hþ . e)
Morpholinocyclopentanone enamine, MeCN. f) RCH2NO2, Bu4

NOH, THF. g) Meldrum*s acid, NaIO4, MeCN/H2O. h) Morpho-
line, MeCN.

Scheme 13. Methylene-Meldrum*s acid precursor.
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aldehyde 91 leads to highly reactive N-acylimine deriva-
tive 95, which readily proceeds with Meldrum*s acid in a
Michael reaction giving ureide 96, to which a second alde-
hyde is added to produce N-acylimine intermediate 97.
Subsequently, intermediate 97 cyclizes to the spiro com-
pound 93.

Along Pathway B, a standard Knoevenagel condensa-
tion is assumed between Meldrum*s acid and the aldehyde,
followed by a Michael-type addition of the urea furnishing
ureide 96, which reacts with another molecule of aldehyde
and immediately cyclizes to the spiro compound 93. Not
only benzaldehydes with electron-donating substituents
decrease the reaction rate in both mechanisms A and B,
but also the Michael-type addition of urea to electron-rich
aralkylidene Meldrum*s acid is inhibited. Due to the fact
that the reaction proceeds with benzaldehydes containing
electron-donating substituents in the para position only up
to the Knoevenagel adducts 98, Pathway B is expected to
be more probable, thus proceeding through a domino
Knoevenagel – Michael reaction sequence.

9 Summary and Conclusion

Even though in this non-exhaustive account we described
several diverse applications there are still unexploited
areas regarding the application of Meldrum*s acid in
MCRs.

Several of the reactions are still not adapted to parallel
synthesis producing large combinatorial libraries; thus, pa-
rameter optimization and chemical evaluation are still re-
quired to identify which building blocks are suitable for
high-throughput synthesis. Interestingly, no examples were
reported using solid-phase synthesis or applying polymer-
supported reagents. In conclusion, Meldrums*s acid still
provides much room for the creativity of synthetic chem-
ists studying the diverse modification of the MCR adducts
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Scheme 14. The application of the Yonemitsu reaction in the synthesis of various indole derivatives.

Scheme 15. Yonemitsu reaction of 2-substituted indoles.

Scheme 16. Extension of the Yonemitsu reaction to imida-
zo[1,2-a]pyridines.
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concomitantly or post-synthetically. This holds the promise
of increasing both skeletal and fragmental diversity.
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Scheme 17. An I-MCR involving Meldrum*s acid.

Scheme 18. Biginelli-like reaction with Meldrum*s acid.

Scheme 19. Possible mechanism pathways for the Biginelli-like
reaction.
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