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Abstract

A green and efficient method was developed for the synthesis of some o,B-unsaturated compounds (3a-i) under microwave irradiation reaction. The purpose of
this study was to obtain a rapid, efficient, and environmentally friendly methodology from different aromatic aldehydes and cyanoacetamide in presence of sodium
acetate as a catalyst through a solvent free condition. All the synthesized compounds were confirmed by the analyses of IR and NMR data. Also, the compounds
were screened against four Gram-positive bacteria (Bacillus subtilis, Bacillus cereus, Bacillus megaterium, Staphylococcus aureus), five Gram-negative bacteria (Escherichia
coli, Salmonella typhi, Salmonella paratyphi, Shigella dysenteriae, Vibrio cholerae) and three fungi (Macrop/.;omina phaseolina, Aspergillus acheraccus, Penicillium). The
antimicrobial screening showed that the majority of the compounds were active against S. typhi, V. cholera and B. subtilis as well asagainst M. phaseolina when

compared with standard drugs.

Introduction

Microwave assisted irradiation (MWI) provides an alternative to
the conventional methods, for heating or introducing energy into the
system. This method utilizes the ability of mobile electric charges present
in liquid or conducting ions in solid to transform electromagnetic
energy into heat. The reactions followed by the microwave-assisted
irradiation are fast, clean, economic and eco-environmentally benign
[1]. This method has been proposed as the ‘technology of tomorrow’ as
various advantages were found.

Microwave heating began to gain wide acceptance following the
research works in 1986 by a group of Gedye and Giguere/Majetich.
Also, the use of microwave heating in chemical modification can
be traced little back in 1950s [2,3]. In the early times of microwave
method, the experiments were typically carried out in sealed teflon
or glass vessels in a domestic household microwave oven without
measuring any temperature or pressure [1]. Actually, the kitchen
microwave ovens are not designed for laboratory usage where the
acids and solvents can corrode the interiors quickly and therefore these
are not the safety systems. Due to these non-laboratory microwaves,
the results were often violent explosions due to the rapid heating of
organic solvents under closed vessel conditions which is little difficult
to control. In the 1990s several groups started the experiments with
solvent free microwave method that eliminated the risk of explosions.
In the techniques of laboratory-based microwave, the reagents are pre-
adsorbed onto either a more or less microwave transparent inorganic
support (silica, alumina or clay) or a strongly absorbing something
(graphite) [4] that additionally may have been doped with a reagent
or catalyst.
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The microwave assisted technique which is well-known for cooking
foods, has been successfully making inroads in various chemical
laboratories such as organic synthesis [5], nanomaterial synthesis
[6-9], nanotechnology [10] and solid-state chemistry. Under MWI
conditions, the organic reactions can be accelerated, and the ensuing
products selectivity can beobtained through choosing the appropriate
MW parameters. Therefore, offer several advantages over conventional
heating, such as immediate and rapid heating, high temperature
homogeneity, and selective heating [11,12].

2-Cyanoacetamide is commercially available. Cyanoacetamides are
very much useful and the versatile reagents for the synthesis of organic
compounds as well as the heteroaromatics [13-17] possessing the
biological activity and other special properties [18] with the availability
of having both the electrophilic and nucleophilic centers. Two of the
nucleophilic centers in cyanoacetamides are restricted on the NH
and the C-2 positions as the reactivity order of C-2 > NH. And two
electrophilic positions are attentively with the C-1 and C-3 situations as
the reactivity order of C-3 > C-1 (Figure 1) [19-21]. It is easy to undergo
in the condensation and substitution reactions for the existence of
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two electron-withdrawing groups in the extraordinary action of
cyanoacetamides as CH acidic and the active methylene compounds
[22-24].

During the years, microwave assisted techniques have been
extensively used for carrying out chemical reactions and have become
a very useful energy source for the rapid and efficient synthesis of a
variety of organic compounds [25-28] For rising many applications
of microwave techniques in organic synthesis, it has made the subject
of attention to many researchers and the interest has spread from the
academic laboratories to industry and engineering sectors.

A number of review articles have also appeared that cover the
underlying theory of microwave dielectric heating, the relevant
dielectric parameters, and microwave-assisted organic reactions [29].

In continuation to our earlier studies (Scheme 1a, 1b) directed at
the development of practical and efficient chemicalprocesses [30,31]
a sustainable green Knoevenagel condensation protocol was reported
here using MWI in presence of ammonium acetate under solvent free
conditions for the preparation of some cyanoacetamide derivatives
(Scheme 1c¢).

Experimental Section
Physical Measurements

Melting points were recorded with electro-thermal melting point
apparatus and were uncorrected. Thin layer chromatography (TLC) was
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Figure 1. Reactivity of cyanoacetamide derivatives
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Scheme 1. Microwave-assisted Knoevenagel condensation synthesis (previous and present
works)
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performed on Kieselgel GF254 and the visualization was accomplished
by iodine vapor and UV Flame. The infrared (IR) spectra were recorded
by FTIR spectrophotometer (Model-8900, Shimadzu, Japan) using KBr
matrix in the range 4000-200 cm™. 1H-NMR (400 MHz and 500 MHz)
were recorded on JEOL GSx400, GEOL JNM-AL 400 (400 MHz) and
spectrometer in CDCI3 and CD30OD as solvent. Chemical shifts were
reported in § unit (ppm) with reference to TMS as an internal standard
and J values were given in Hz. All the reactions were carried out in
a commercially available LG microwave oven (MB - 3947C) having a
maximum power output of 800 W operating at 2450 MHz.

General procedure for the synthesis of compounds 3a-i

To a mixture of aromatic aldehyde and cyanoacetamide, catalytic
amount of ammonium acetate was added, and the reaction mixture
was irradiated under microwave condition at 160-320 watt for 30-60
sec. After the completion of reaction (checked by TLC, ethyl acetate:
n-hexane = 1:5, v/v), the obtained solid mass was recrystallized with
a mixture of ethyl acetate (Table 1) and n-hexane to get the pure solid
sample 3a-i.

Physical, analytical, and spectroscopic characterization data

of the compounds 3a-i are given hereafter.

Synthesis of 2-(4-methoxyphenylmethylene)-cyanoacetamide (3a)
Yield: 0.82 gm, 4.0741 mmol (99%), Melting Point: 193-195 °C

IR (KBr)v__(cm™):3448.72 (-NH,, sym, str), 3367.71 (-NH,, asym,
str), 3066.82 (=C-H), 3178.69 (s, C=C, Ar), 2935.66 (CH,-O, sym, str),
2846.93 (CH,-O, asym, str), 2210.42 (s, C=N), 1697.36 (s, C-O, amide),
1585.49 (s, C=C), 1180.44 (s, C-O, ether), 1107.14, 1026.13.

'H-NMR (400 MHz, CDsOD): 5H (ppm): 8.47 (s, 1H, C=CH), 8.19
(d, 2H, H-2, H-6, J=8.8 Hz), 7.24 (d, 2H, H-3, H-5, J]=8.8 Hz), 4.13 (s,
3H, OCH,,), -NH, (3.31).

Synthesis of 2-(phenylmethylene)-cyanoacetamide (3b)
Yield: 0.97 gm, 5.6391 mmol (99%), Melting Point: 98-100°C

IR (KBr) v__(cm™): 3313.71 (-NH,), 3163 (s, C=C, Ar), 2920.23
(=C-H), 2360.87 (s, C=N), 1697 (s, C-O str, amide), 1573.91 (s, C=C),
1597.06, 1288.45, 1207.44, 1107.14, 1064.71, 1029.99.

'H-NMR (400 MHz, CD,0D): §,, (ppm): 8.19 (s, 1H, C=CH), 7.95
(d, 2H, H-2, H-6), 7.54 (m, 3H, H-3, H-4, H-5), 4.84 (s, 2H, -NH,).

Synthesis of 2-(4-methylphenylmethylene)-cyanoacetamide (3c)
Yield: 0.78 gm, 4.1880 mmol (99%), Melting Point: 136-138°C

IR (KBr) v__ (cm™): 3387(-NH,, sym, str), 3317.56 (-NH,, asym,
str), 2920.23 (=C-H), 2360.87 (s, C=N), 1698 (s, C-O, amide), 1593.20
(s, C=C), 1508.33 (s, C=C, Ar), 1373.32, 1184.29, 1215.15, 1107.14.

'H-NMR (400 MHz, CD,0D): §__ (ppm): 8.15 (s, 1H, C=CH), 7.87
(d, 2H, J=8.0 Hz, H-2, H-6), 7.34 (d, 2H, J=8.0 Hz, H-3, H-5), 4.84 (s,
2H, -NH,), 2.41 (s, 3H, CH,).

Synthesis of 2-(2-chlorophenylmethylene)-cyanoacetamide (3d)
Yield: 0.93 gm, 4.5241 mmol (99%), Melting Point: 140-142°C

IR (KBr) v _(cm™): 3471.87 (-NH,, sym, str), 3414 (-NH,, asym,
str), 3155.54 (=C-H, Ar), 2341.58 (s, C=N), 1604.77(s, C=C), 1037.70
(s, C-C).

'H-NMR (400 MHz, CD,0D): §, (ppm): 8.55 (s, 1H, -CH), 8.12 (d,
1H, J=8.4 Hz, H-6), 7.55 (m, 3H, H-3, H-4, H-5), 4.86 (s, 2H, -NH,).
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Table 1. Compounds 3a-i from aldehyde derivatives and cyanoacetamide

MWI/Time . o . .o
SI. No. Substrate 1 Reagent 2 (watt/sec) Product 3 Yield (%) of 3 Melting Point (°C)
H,CO
H,CO
1a \©\ 2 160/30 CN 99 (3a) 193-195
CHO —
ONH,
L .
1b CHO 2 160/40 99 (3b) 98-100
ONH,
H;C H,C
1c \©\0H0 2 160/30 <%_{N 99 (3¢) 136-138
ONH,
Cl
Cl
CN
1d 2 160/50 99 (3d) 140-142
CHO —_—
ONH,
CH,
CH,3 HyC—N
A
Te H,C \@\ 2 160/40 N 99 (3¢) 176-178
CHO —
ONH,
cl
Cl
1f \©\ 2 320/60 CN 93 (3f) 190-192
CHO —
ONH,
NO,
1g @\ 2 160/30 CN 92 (3g) 120-122
CHO
ONH,
CH; ZN\__CH,
/ CN
1h / \ 2 160/30 _ 87 (3h) 120-122
CHO
S ONH,
C18H370 c18H37°
1i \©\cm 2 160/40 %_{:N 81 (3i) 78-80
ONH,
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Synthesis of
cyanoacetamide (3e)

2-(4-N,N-dimethylaminophenylmethylene)-

Yield: 0.91gm, 4.2431 mmol (99 %), Melting Point: 176-178 °C

IR (KBr)v__(cm™):3406.29 (-NH,, sym, str), 3356.14 (-NH,, asym,
str), 3159.40 (=C-H, Ar), 2862 (N—CH3), 2341.58 (s, C=N), 1685.79(s,
C-O, str, amide), 1608.63 (s, C=C), 1562.34, 1438.90, 1365.60, 1238.30,
1188.15, 1064.71.

'H-NMR (400 MHz, CDCL): §__ (ppm): 8.88 (d, 2H, J=8.8 Hz, H-2,
H-6), 8.00 (s, 1H, C=CH), 6.78 (d, 2H, J=8.8 Hz, H-3, H-5), 4.84 (s, 2H,
-NH,), 3.09 (s, 6H, 2CH,).

Synthesis of 2-(4-chlorophenylmethylene)-cyanoacetamide (3f)
Yield: 0.56 gm, 2.7310 mmol (93%), Melting Point: 190-192 °C

IR (KBr) v (cm™): 3452.58 (-NH,, sym, str), 3367.71 (-NH,,
assym, str), 3155.54 (=C-H,) 2341.58 (s, C=N), 1701.22 (s, C-O, amide),
1585.49 (s, C=C), 1485.19 (=C-H, Ar), 1458.18, 1381.03, 1207.44,
1091.71, 1006.84.

'H-NMR (400 MHz, CD,OD): §,, (ppm): 8.17 (s, 1H, CH), 7.95 (d,
2H, J=8.8 Hz, H-2, H-6), 7.54 (d, 2H, J=8.8 Hz, H-3, H-5), 4.84 (s, 2H,
-NH,).

2

Synthesis of 2-(3-nitrophenylmethylene)-cyanoacetamide (3g)
Yield: 0.63 gm, 2.8890 mmol (92%), Melting Point: 120-122 °C

IR (KBr) v (cm™): 3414 (-NH,, sym, str), 3116.97 (-NH,, assym,
str), 2360.87 (s, C=N), 1700 (s, C-O, amide), 1604.77 (s, C=C), 1527.62
(s, C=C, Ar), 1477.47, 1377.17, 1350.17.

'H-NMR (400 MHz, CD,OD): §, (ppm): 8.83 (s, 1H, H-2), 8.40 (d,
1H, J=8.0 Hz, H-4), 8.39 (s, 1H,C=CH), 8.30 (d, 1H, J=7.2 Hz, H-6),
7.79 (t, 1H, J=8.00 Hz, H-5), 4.84 (s, 2H, —NHZ).

Synthesis of 2-(3-methylthiophene-2-yl-methylene)-cyanoacetamide
(3h)

Yield: 0.51 gm, 2.6573 mmol (87%), Melting Point: 120-122°C

IR (KBr) v (cm™): 3360 (-NH,, sym, str), 3336.85 (-NH,, assym,
str), 2341.58 (s, C=N), 2206.57 (thiol), 1697 (s, C-O, amide), 1585 (s,
C=C), 1508.33, 1361.74, 1315.45, 1253.73.

'H-NMR (400 MHz, CD,0D): §, (ppm): 8.43 (s, 1H, C=CH), 7.82
(d, 1H, J=5.2 Hz, H-5), 7.08 (d, 1H, J=5.2 Hz, H-4), 4.84 (s, 2H, -NH.),
2.45 (s, 3H, -CH,).

Synthesis of 2-(4-octadecyloxyphenylmethylene)-cyanoacetamide
(3i)

Yield: 0.54 gm, 1.2691 mmol (81%), Melting Point: 78-80°C

IR (KBr) v (cm™): 2920.23 (=C-H), 2850.79 (=C-H), 2360.87 (s,
C=N), 1693.50 (C-O, str, amide), 1577.77 (s, C=C), 1261.45 (s, C=C-H,
Ar).

"H-NMR (400 MHz, CD,OD): §,, (ppm): 8.24 (s, 1H, C=CH), 7.93
(d, 2H, J=8.2 Hz, H-2, H-6), 7.81 (d, 2H, J=8.2 Hz, H-3, H-5), 4.02 (t,
2H, -OCH, J=6.4 Hz), 3.93 (s, 2H, -NH,), 1.82 (m, 10H), 1.24 (m, 22H),
0.87 (s, 3H, CH,).

Anti-microbial Activity Assessment

In the present study, nine synthesized unsaturated compounds
were used against nine human pathogenic bacteria and three
phytopathogenic fungi. Among the bacteria strains four was Gram-
positive, viz. Bacillus subtilis, Bacillus cereus, Bacillus megaterium,
Staphylococcus aureus and five were Gram-negative, viz. Escherichia
coli, Salmonella typhi, Salmonella paratyphi, Shigella dysenteriae, Vibrio
cholerae. Antifungal activities of the compounds were also studied
against three phytopathogenic fungi, viz. Macrophomina phaseolina,
Aspergillus acheraccus, Penicillium.

The disc diffusion method [32] and poisoned-food technique
[33] were used for antibacterial and antifungal activities, respectively.
The tested compounds were dissolved in chloroform and methanol
to get a solution of 1 mg ml™'. The inhibition zones were measured in
millimeters at the end of an incubation period of 48 hours at (35+2)
°C. chloroform and methanol alone showed no inhibition. Nutrient
agar (NA) and potato dextrose agar (PDA) were used as basal media
to test the bacteria and fungi, respectively. Commercial antibacterial
Ampicillin and antifungal Nystatin were also tested under similar
conditions for comparison. The test culture of the bacteria and fungi
were collected from the Department of Pharmacology, Chittagong
Veterinary and Animal Science University, Chittagong, Bangladesh.

The antimicrobial activity results of the synthesized
compounds (3a-i) are given below (Table 2-3):

Antibacterial activities

The antibacterial screening data presented in the Table 2 suggest
that compound 3i showed highest activities against Gram-positive
Bacillus subtilis (15mm) and compound 3e showed highest activities
against Gram-negative Vibrio cholerae (15 mm). Most of the tested

Table 2. Zone of inhibition observed against Gram-positive and Gram-negative bacteria by the test chemicals

Diameter of Zone of inhibition in mm (200pg (dw)/ disc)

Comp.
NO-p B. subtilis B. cereus B. megaterium S. aureus E. coli S. typhi . . S. dysenteriae V. cholerae
paratyphi
3a - 6.5 - --- 09 --- --- --- 06
3b --- - - - - *10 - 06 -
3¢ - -—- - -—- - *11 - -—- -
3d 07 - 06 8.5 - -—- - 06 08
3e - - - -—- *11 -—- - -—- *15
3f --- - -—- - - *10 - - -—-
3g *11 --- --- --- 06 08 - - -
3h --- - - *11 *14 07 - - 08
3i *15 *12 *12 *14 *12 *14 *12.5 *11 *13
** Ampicillin *19 *18 *16 *22 *10 *20 *18 *22 *32
Where, “*” means marked inhibition, “**” means standard inhibition of antibiotic, “---” means no inhibition and “dw” means dry weight
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chemicals showed good inhibition and some were unable to show any
inhibition against the tested microorganisms.

Antifungal Activities

Macrophomina phaseolina, Asparagillus acheraccus and Penicilium
were selected for mycelial growth test. The result of the percentage
inhibitions of mycelial growth of the selected chemicals are presented
in Table 3. The efficiency of the chemicals on mycelial growth of the
selected fungi are mentioned below:

The antifungal screening data presented in the Table 3 suggest that
compound 3i showed maximum inhibition against Macrophomina
phaseolina, the compounds 3a and 3i were found to be very effective
against the tested fungus while other chemicals showed no inhibition
against Aspargillus acheraccus and the compounds 3d and 3i were found
to be very effective against the tested fungus while other chemicals
showed no inhibition against Penicillium.

Results and discussion

There are many methods already mentioned in earlier for the
synthesis of a,B-unsaturated compounds have been developed and
employed successfully on the light of green chemistry aspects. In
the present work, we synthesized nine compounds from different
aromatic aldehydes and active methylene compound cyanoacetamide
in the presence of catalytic amount of NH,OAc through Knoevenagel
condensation process using microwave irradiation, as indicated
in Scheme 2 and Table 1. The corresponding reactions proceeded
smoothly with excellent yields (81-99%). The important feature of this
procedure is the survival of a variety of functional groups such as nitro,
chloro and amino under the reaction conditions. The structures of the
products were established from their IR, and NMR. For example, the
IR spectrum of compound 3c displayed a band absorption 2210.42
cm™ for C=N group. The absorption bands at 1585.49 cm™ due to C=C
bond of aromatic ring and 1180.44 was due to C-O ether. The 'H NMR
spectrum of 3¢ exhibited two doublet signals resonated at 6 8.19 ppm
and at § 7.24 ppm with both the J values of 8.80 Hz were designated
to four aromatic protons of H-2, H-6), H-3’ and H-5" A three-proton

Table 3. Percent Inhibition of fungal mycelial growth by the test chemicals.

% Inhibition of fungal mycelial growth (100pg (dw) /ml PDA)
Compound

No. Macmpho.mina Aspargillus Penicillium
phaseolina acheraccus
3a 5.01 *18.1 -
3b 11.11 --- -
3c - - ---
3d 11.11 - 13.79
3e - - -
3f --- --- -
3g 333 --- -
3h 12.69 - -
3i *72.22 *13.6 57.5
**Nystatin *71.78 *12 ---

»

Where, “*” means marked inhibition, “**” means standard inhibition of antibiotic, “---
means no inhibition and “dw” means dry weight

Ar on NH,0AC R\ /CN
o * g > —
ONH,  mwi |_/ \c
Time ONH,
1 2 3

Scheme 2. The reaction of cyanoacetamide 2 with aldehyde derivatives
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singlet displayed at § 4.13 ppm attributed to ~-OCH, group and a two-
proton singlet at § 3.31 ppm. The microanalytical data of the compound
3c is also in good agreement with the assigned structure. Similarly, the
peaks in NMR spectra of rest of the compounds were accordance with
the assigned structures.

Most of the compounds showed good to moderate antimicrobial
activities and a few of them were unable to show inhibition for some
pathogens. For the antifungal activity, all the compounds showed
excellent results against all fungi and are comparable to that of the
standard antibiotic, ampicillin and Nystatin.

Conclusions

Microwave technique is a convenient way towards the goal of
green and sustainable chemistry and is strongly recommended to use
in synthetic organic chemistry laboratories. Based upon the fact, the
present investigation was planned, and considerable interest has been
shown in the synthesis of «,$-unsaturated compounds by Knoevenagel
condensation process. The advantages of this method are high yields,
relatively short reaction times, low cost, simple experimental and
as isolation procedures, and finally, it is in agreement with the green
chemistry protocols. A series of title compounds were synthesized
from various substituted aromatic aldehydes and cyanoacetamide with
sodium acetate as the catalyst to yield 3a-i. The synthesized compounds
were confirmed by TLC, IR and NMR spectra. The antimicrobial activity
tests were also performed of the synthesized compounds against some
bacteria and fungi. Under mild, conventional conditions, these types of
reactions can take as long as 15-24 h whereas these reactions reported
here are complete within 0.5-1 min under microwave heating is truly
remarkable.
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