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A practical method for the synthesis of cinnamamides and piper
amides via a conceptually novel three component reaction of alde-
hydes, amines and Meldrum's acid has been reported. The reaction
proceeds under operationally simple conditions without the aid
of coupling reagents, oxidants, or catalysts, which are essential
for the preparation of cinnamamides/piper amides via known
methods. The formation of undesired chemical wastes that
generally originate from the use of coupling reagents, oxidants, or
catalysts has been avoided to make this reaction more atom
economical.

Cinnamamides are an important class of compounds having a
wide spectrum of bioactivities, such as anticancer,’ anti-
malarial,” anti-trypanosomal,® anti-oxidant,” anti-diabetic,’
anti-microbial activities,® etc.” In addition, cinnamamides are
found to be the key structural unit of many natural products
including piper amides.® A large number of cinnamamides
with wide structural diversity have been synthesized to investi-
gate the structure-activity relationship in the field of medicinal
chemistry.” The syntheses of cinnamamides and piper amides
mainly rely on the coupling reaction of cinnamic acid deriva-
tives which are prepared from the Knoevenagel condensation
of aromatic aldehydes and malonic acid (Scheme 1a).’
Oxidative amidation of cinnamaldehydes is another approach
for the synthesis of cinnamamides (Scheme 1b).'® Wittig or
Horner-Wadsworth-Emmons reactions were also used for the
synthesis of cinnamamides starting from aromatic aldehydes
(Scheme 1c)."" However, most of the methods rely on multistep
processes and involve the formation of unwanted by-products
originating from coupling agents, oxidants, phosphine-based
reagents, etc. Therefore, the development of an operationally
simple method without using additional catalysts, reagents, or
additives that produce hazardous chemical wastes is desirable.
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Herein, we report a one-step process for the preparation of
cinnamamides and piper amides via an unprecedented three
component reaction without the aid of any additional cata-
lysts, reagents or additives (Scheme 1d).

We anticipated that the Knoevenagel condensation of
Meldrum’s acid (1) with aldehyde 2 would provide enone 3
(Scheme 2)."*> The enone can react with amine 4 to produce
the corresponding amide 5 which can undergo decarboxyl-
ation to give the desired cinnamamide 6.
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Scheme 1 Strategies for the synthesis of cinnamamides.
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Scheme 2 Hypothesis for the one-step synthesis of cinnamamides.

Table 1 Optimization of reaction conditions?

O, H
(@) (0] T
+ Ph/\NHz 5 W conditions A N Ph
o._0O H
7< Cl 6a
Cl
Entry Conditions Yield” (%)
1 Toluene, rt, 12 h 0
2 Toluene, reflux, 12 h 67
3 Toluene, reflux, 24 h 64
4 Toluene, 110 °C, 8 h 68
5 Toluene, 110 °C, 2 h 56
6 DMF, 140 °C, 5 h 25
7 DCM, 40 °C, 5 h 5
8 m-Xylene, 140 °C, 5 h 66
9 Toluene, MW, 120 °C, 30 min 50
10 Methanol, 80 °C, 5 h 10
11 Neat, 120 °C, 12 h 60
12°¢ Toluene, 110 °C, 5 h 69
134 Toluene, 110 °C, 5 h 67

“All  reactions were carried out with 4-chlorobenzaldehyde
(1.42 mmol), benzylarnlne (1 eq., 1.42 mmol) and Meldrum s acid (1)
(1 eq., 1.42 mmol) in 3 mL of solvent. Isolated yield. “Reaction was
performed by using 1.2 eq. of benzylamine. ¢ Reaction was performed
by using 1.2 eq. of Meldrum’s acid (1).

According to our hypothesis, the investigation started
with a reaction of benzylamine and 4-chlorobenzaldehyde in
the presence of Meldrum’s acid (1) at room temperature
(Table 1, entry 1). However, the desired cinnamamide 6a was
not formed. Pleasingly, the desired cinnamamide 6a was iso-
lated with a 67% yield from the reaction which was carried
out in refluxing toluene for 12 h (Table 1, entry 2). Different
reaction conditions, such as solvents, temperatures, reactant
stoichiometry, etc., were evaluated to maximize the yield of
the desired product 6a (Table 1). The best yield of 6a (68%,
Table 1, entry 4) was obtained from the reaction of a mixture
of Meldrum’s acid (1), 4-chlorobenzaldehyde and benzyl-
amine in refluxing toluene without any other catalysts,
reagents or additives.

Next, the optimized conditions were used to test the sub-
strate scope of this three component reaction. A wide variety of
aromatic aldehydes 2 and amines 7 were reacted with
Meldrum’s acid to obtain the corresponding cinnamamides
6b-q with very good yields (Scheme 3). Substrates (aldehydes
and amines) having both electron-donating (e.g. Me, OMe) and
electron-withdrawing (e.g. F, Cl) groups were efficiently reacted
to obtain the desired cinnamamides. Unsaturated amides 6h
containing heteroaromatic groups were also prepared in very
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Scheme 3 Scope of the synthesis of cinnamamides.

good yields using this reaction. 9-Fluorenone also reacted with
benzylamine and Meldrum’s acid under the optimized reac-
tion conditions to form the desired amide 6k with a 60% yield.
Acyclic primary and secondary amines reacted smoothly to
produce the desired cinnamamides. Importantly, a potent
molecule, N-dodecylcinnamamide 60, which was synthesized
in two steps starting from cinnamic acid involving hazardous
reagents like SOCI,,"? was prepared in a single step using our
method. Aliphatic N-heterocycles and diheterocycles also par-
ticipated in the reaction.

A large number of bioactive cinnamamides have been iso-
lated from Piper species.® We were interested in applying our
methods for the synthesis of natural cinnamamides (piper
amides). Accordingly, the optimized reaction conditions were
used to prepare structurally diverse piper amides 8a-i with
good to very good yields (Scheme 4).

This journal is © The Royal Society of Chemistry 2019
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Scheme 4 Scope of the synthesis of piper amides.

The yield of this one-step reaction was observed to be
higher than or comparable to those of the known methods.
However, our method is superior to all the known methods in
the context of atom economy, step economy and the reduction
of undesired chemical waste (see Table S1 in the ESI{).

The reaction was found to be effective in gram-scale syn-
thesis, which indicated its potential for practical application
(Scheme 5). Natural cinnamamides 8a and 8b were synthesized
in 1.8-6.0 grams using this methodology.
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Scheme 5 Preparative scale synthesis of selected unnatural and natural
cinnamamides.
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Scheme 6 (a) Controlled experiments and (b) the proposed mechanism
of the three component reaction.

Additional reactions were performed to understand the
reaction mechanism of this three component coupling
reaction (Scheme 6a). The reaction of benzylamine with
Meldrum’s acid (1) at room temperature gave monoamides of
malonic acid 9 with good yields (70%). The desired cinnam-
amide 6e was formed with a very good yield (78%) when acid 9
was reacted with 4-methoxybenzaldehyde under the standard
conditions. This observation indicates that the reaction pro-
ceeds via the malonic acid derivative 9. However, the reaction
of benzylidene derivative 10 with benzylamine under the
standard reaction conditions provided the desired product 6e
with a 10% yield. In addition, direct condensation of 4-OMe-
cinnamic acid 11, which can be formed in situ,"* and benzyl-
amine gave the corresponding cinnamamide 6e with a poor
yield (15%). These studies indicate that the reactions via benzyl-
idene derivative 10 and cinnamic acid derivative 11 provide a
minor contribution to the total yield of cinnamamides.

Based on the experimental evidence, a plausible mecha-
nism for the three component coupling reaction is shown in
Scheme 6b. The reaction of amine 4 with Meldrum’s acid 1
provided monoamides of malonic acid 12 and acetone. The
observed cinnamamide 15 can be formed via two possible
pathways. The aldol reaction of 12 and an aromatic aldehyde

Green Chem., 2019, 21, 5803-5807 | 5805
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can provide beta-hydroxy acid 13. In the second possibility, the
Knoevenagel condensation of 12 and an aldehyde could occur
to provide benzylidene derivative 14 via the corresponding
alcohol 13. Decarboxylation of 14 and/or decarboxylation
assisted dehydration of alcohol 13 gave the thermodynamically
more stable trans-cinnamamides 15.

Conclusions

We have developed an original three component reaction of
aldehydes, amines and Meldrum’s acid to obtain a wide
variety of cinnamamides and piper amides with very good
yields which are superior to those obtained using most of
the known methods. The reaction enables the synthesis of
cinnamamides without using coupling reagents, oxidants or
catalysts that produce undesired chemical wastes. The reaction
is highly atom economical producing CO, and acetone as the
by-products. We believe that this method will find wide appli-
cations for the rapid synthesis of a library of medicinally
important cinnamamides/piper amides to facilitate the identi-
fication of the most potent molecule.
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