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Abstract: A simple, convenient synthesis of a-methyl cinnamic acid derivatives had
been achieved by the Knoevenagel-Doebner condensation between succinic anhydride
and substituted benzaldehyde using sodium hydroxide as a base under microwave
irradiation. The present protocol has merits like easy workup, high yield, and avoiding

the use of toxic solvents.
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1. Introduction

Cinnamic acids are a type of compound
constructed through the phenylpropanoid
backbone (C6-C3) isolated from plants and
microorganisms, showing  fascinating
biological activities [1]. They have been
produced in the biochemical path that
yields lignin, the polymeric material that
furnishes mechanical assistance to the plant
cell wall [2]. Cinnamic acids are generated
in the biosynthetic pathway leading to
phenylpropanoids, coumarins, lignans,
1soflavonoids, flavonoids, stilbenes,
aurones, anthocyanins, spermidines, and
tannins [3]. Cinnamic acid, a natural

aromatic carboxylic acid, is an important
chemical found in plants such as
Cinnamomum cassia (Chinese Cinnamon)
and Panax ginseng, fruits, whole grains,
vegetables, and honey. The presence of an
acrylic acid group substituted on the phenyl
ring gives cinnamic either a cis or a trans
configuration, with the latter being the most
common of the two [4]. Some naturally
occurring  bioactive  cinnamic  acid
derivatives are shown in Figure 1. The
cinnamic acid derivatives have been shown
to have various biological activities [11].
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Figure 1. Naturally Occurring Cinnamic Acid Derivatives

Cinnamic  acids (o, P-unsaturated
carboxylic acids) are reactive molecules
due to the carboxylic acid and the polarized
alkenyl moiety. Cinnamic acid derivatives
are key starting materials for the synthesis
of natural products, heterocyclic molecules,
and biologically important molecules [12].
a-Methyl cinnamic acid moieties are the
crucial structural units present in various
biologically active molecules [13]. o-
Methyl cinnamic acid derivatives are a
valuable synthon for the synthesis of serine
protease  inhibitors. Due to the
pharmaceutical importance of a-methyl
cinnamic acids, many synthetic organic
chemists are attracted to the synthesis of
them. Very few methods have been
reported in the literature for the synthesis of
a-methyl cinnamic acid derivatives [14-
22]. Some of these reported methods have

2. Results and Discussion

The condensation of benzaldehyde and
succinic anhydride with a base was selected

shortcomings such as long reaction times,
hazardous reaction conditions, use of toxic
solvents. Hence, there is a need to develop
a new synthetic methodology for such
attractive molecules.

Microwave irradiation has gained much
attraction in organic synthesis because it
can be applied to activate numerous organic
reactions efficiently. This technology
furnishes a speedy way to obtain the
desired products in high yield with a few
minutes. Microwave irradiation was used in
various organic transformations [23-30].
Here, we have studied the synthesis of a-
methyl cinnamic acid starting from
succinic anhydride and various substituted
benzaldehyde. Sodium hydroxide was used
as a base reagent under microwave
irradiation.

as a model reaction (Figure 2). Initially, the
various metal hydroxide and carbonates,



such as sodium carbonate, potassium
carbonate, calcium carbonate, magnesium
carbonate, sodium hydroxide, potassium

hydrogen carbonate, strontium carbonate,
and barium carbonate, act as a catalyst for
the condensation reaction at room

hydroxide, lithium hydroxide, sodium temperature and microwave conditions.
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Figure 2. Model Reaction for Screening of Catalyst

Results are summarized in Table 1. The
model reaction is performed in a 50-mL
beaker using 5 mmol of benzaldehyde, 5
mmol of succinic anhydride and catalyst in

microwave ovens. From Table 1, it was
observed that NaOH was found to be an
efficient catalyst for the synthesis of -
methyl cinnamic acid with 95% yield.

Table 1. Screening of Basic Reagent®

Entry Catalyst Product Timeinsec  Timein hrs % Yield® % Yield®
(Microwave)  (Room (Microwave)  (Room
Temp.) Temperature)
1 Na:CO; 3a 160 34 55 43
2 K2COs 3a 120 28 68 46
3 CaCOs 3a 200 26 62 44
4 MgCOs; 3a 140 33 75 60
5 NaOH 3a 50 6 95 80
6 KOH 3a 120 10 85 62
7 LiOH 3a 180 12 78 60
8 NaHCOs; 3a 230 27 65 53
9 SrCOs 3a 240 48 80 58
10 BaCOs; 3a 250 45 68 49

a: Reaction condition — Benzaldehyde (5 mmol), succinic anhydride (5 mmol) and Base (2.5 mmol) of
catalyst under solvent free condition at microwave at 600 W and room temperature. b: isolated yield.



Similarly, succinic anhydride (5 mmol) and
benzaldehyde (5 mmol) were selected as
the model substrate to optimize the amount
of NaOH. The catalyst loading has been
optimized by increasing the amount of
NaOH from 10 mol % to 50 mol % for a 5
mmol scale reaction. When the reaction
was carried out in the absence of a catalyst,

the product formed in minor quantities and
the time required to form the product was
long (Table 2, entry 1). The yield has
increased with the increase in catalyst
amount (Table 2, entry 2-5). From the table,
it was observed that a 50 mol % catalyst is
sufficient to obtain the best yield in a short
reaction time.

Table 2. Optimizing Amount of Sodium Hydroxide®

Entry Catalyst % Time in sec % Yield
1 0 (without catalyst) 360 25
2 10 240 40
3 20 160 65
4 30 80 78
5 50 50 95

a: Reaction condition — Benzaldehyde (5 mmol), succinic anhydride (5 mmol) and NaOH (mol %)
of catalyst under solvent free condition at microwave at 600 W.

To study the effect of power watt on the
reaction, the model reaction of 1 mmol of
benzaldehyde, 1 mmol of benzaldehyde,
and 50 mol % of sodium hydroxide was
used. The reaction was irradiated at 100W,
200W, 300W, 400W, 600W, 800W and

1200W. The results of the study are
tabulated in Table 3 and the reaction well
proceeded at 600W. Hence, all the
reactions were performed at 600W in the
microwave oven.

Table 3. Effect Power on Synthesis of a-Methyl Cinnamic Acid (3a)*

Entry Power Watt Time in Seconds % Yield®
1 100 180 82
2 200 140 85
3 300 110 86
4 400 80 89
5 600 50 95
6 800 30 decomposed
7 1200 10 decomposed

a: Reaction conditions are: 5 mmol benzaldehyde, 5 mmol of succinic anhydride and
50 mol % of sodium hydroxide in a 50-mL beaker in microwave oven. b: isolated yield

after purification.



With these optimized reaction conditions in
hand, we have studied the convenience of
the method and it has been well evaluated

using a variety of substituted aryl aldehydes
for the synthesis of a series of compounds
with this simple approach (Figure 3).
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Figure 3. Synthesis of Substituted a-Methylene Cinnamic Acid Catalysed by NaOH

The results are summarized in Table 4. The
nature and position of the functional groups
on the phenyl ring affected the reaction
time and yields of the product. The results
indicated that aromatic ring bearing
electron-donating groups such as -OCH3, -
CH3, -NMe> and withdrawing groups like

nitro were afforded high yields of product.
The hydroxy substituted aldehydes did not
yield the respective cinnamic acid due to
reaction of sodium hydroxide with phenolic
-OH group, rather with succinic anhydride
and decrease in electrophilicity of aldehyde
carbonyl carbon by phenoxide ion.

Table 4. Synthesis of a-Methylene Cinnamic Acid Catalysed by NaOH?*

Entry | Aldehyde Product (3) | Time in sec | % Yield® | M.P. °C [Ref]
CHO 0
1 3a 50 95 79-80 [15]
CHO
2 Cl 3b 30 85 167-168[13]
CHO Br o]
Br\© WOH
3 3c 45 86 218
CHO
OMe
4 OMe 3d 80 75 162-163




CHO

OMe| OMe o)
MeO MQOKEEAHL
5 OMe 3e 180 NRe¢
CHO cl o)
©/CI MOH
6 3f 105 88 109-111[31]
CHO
MeO MEOW
7 OMe 39 55 90 142-143[31]
CHO OH o)
©/OH MOH
8 3h 200 NRe¢ -
CHO NO, o
9 3i 150 55 198-199[31]
CHO
10 OMe 3j 75 80 157-158[31]
CHO
11 Me 3k 55 85 166-168[31]
CHO
O .o
12 | N 3l a0 75 205-206[31]
CHO
/\O \;: \CH o
13 OH 3m 110 NR¢




CHO
MeO OMe " o ’
14 OH 3n 125 NRe¢
CHO
15| Br 30 40 89 | 175-176[31]
G OH
N
A\
@ :
16 CHO 3p 130 NR® .
CHO
17 i‘Noz 3q 45 91 | 201-202 [31]
. _CHO PP
18 ©/\/ 3r 130 60 165-166[32]
CHO
19 NO, 3s 140 55 206-207 [31]
0 0
CHO
o
20 OOO 3t 130 65 221-223

a: Reaction condition: 5 mmol benzaldehyde, 5 mmol succinic anhydride and 2.5 mmol of NaOH
in 50-mL beaker and irradiated in microwave oven. b: isolated yield. c: no reaction.

Here, we have reported the -efficient
synthesis of a-methyl cinnamic acid via a
condensation reaction between an aromatic
aldehyde and succinic anhydride using
aqueous sodium hydroxide solution under
microwave irradiation. This  novel
approach has been used in the preparation
of various a-methyl cinnamic acids at good

to high yields (up to 95%). The main
advantage of the present protocol is the
high yield, operational simplicity, easy
workup, easily available, and inexpensive
catalyst. The present protocol did not
proceed with the free -OH group and indole
due to the acidic character of the phenolic
OH and indole.



4. Experimental

General

Melting points were measured using the
open capillary method and are uncorrected.
IR spectra were recorded on Alpha T
BRUKER model. '"H NMR and *C NMR
spectra  were recorded at ambient
temperature on a BRUKER AVANCE
DRX-400 MHz spectrophotometer using

CDCI3 or DMSO-d6 as the solvent and
TMS as an internal standard. The purity of
newly synthesized compounds and the
development of reaction were monitored by
thin layer chromatography (TLC) on Merck
pre-coated silica gel 60 F254 aluminium
sheets, visualized by UV light.

General procedure for preparation of cinnamic acids:

A mixture of aromatic aldehyde (5 mmol),
succinic anhydride (5 mmol) and sodium
hydroxide (2.5 mmol) was placed in a 50-
mL borosil beaker. The reaction mixture
was mixed properly with a glass rod. The
mixture was irradiated in a microwave oven
at 600 W for an appropriate time
(monitored by TLC, Table 4). On cooling,
the reaction mass was acidified with dil.
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