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1. Introduction

The importance of heterocyclic chemistry in
biological system, as well as in chemotherapy is
now well established [1]. Substituted lactams con-
stitute central and important area of synthetic
organic, medicinal and pharmacological chemistry
[2,3]. Serving as attractive scaffolds for drug de-
sign and conferring drug-like characteristics into
numerous structural motifs, lactams, pyridones
and related heterocyclic systems are finding in-
creasing applications in organic and medicinal
chemistry. The backbone structure of these rigi-
dified peptidomimetics maintain or restrict biolog-
ically relevant dihedral angle, conformational and
stereochemical information derived from a parent
peptide array [4] Figs. 1 and 2.

Naturally occurring monosaccharides-like alka-
loids containing a piperidine moiety and their
analogues such as nojiromycin-�-lactams are sig-
nificant. Since they are potent and selective gly-
cosidase inhibitors [5,6] and thus, are expected to
have potential chemotherapeutic utilities such as
antidiabetic [7], novel anticancer [8,9] and anti-

HIV agents [10]. Prompted by the wide variety of
biological applications of �-lactams, it was consid-
ered worthwhile to prepare the new substituted
�-lactams in a simple and efficient manner with a
hope to get more biological potency.

Though there are number of drugs such as
ampicillin, cotrimoxazole etc. which exhibit an-
tibacterial activity, the preparation of these drugs
involves multi steps and needs expensive chemi-
cals and sophisticated reaction conditions. With
this in view, we thought of synthesising new com-
pounds starting from inexpensive reagents in a
simple procedure and successfully carried out the
reaction to get the title compounds [11]. This
paper describes the screening of antibacterial ac-
tivity of various synthesised 3,5-dicyano-4,6-di-
aryl-4-ethoxycarbonyl-piperid-2-ones (1) against
bacterium Escherichia coli and Bacillus cirroflagel-
losus were described.

2. Experimental

A series of 3,5-dicyano-4,6-diaryl-4-ethoxycar-
bonyl-piperid-2-ones (1) [11] prepared from aro-
matic simple imines and ethyl cyanoacetate were
screened for their antibacterial activities against
Gram negative bacterium E. coli, Gram positive
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bacterium B. cirroflagellosus. Results of such
studies are discussed in this paper.

2.1. E�aluation of antibacterial acti�ity

2.1.1. Principle
Methods used for analysing compounds for

antibacterial activity are varied. In this experi-
ment, the analysis was carried out by the paper
disc diffusion assay [12,13], which is a simple
and rapid method. The entire surface of the se-
lective agar is inoculated with the bacteria and
sterile filter paper discs of uniform size and
thickness containing known amounts of the
compounds is placed on the seeded agar. The
compound diffuses into the agar and prevents
the growth of the bacteria, indicated by a clear-
ing zone around the disc if the compound does
possess bactereocidal or bactereostatic effect. In
most studies inhibition zones are compared with
those determined for antibiotics.

3. Method

Briefly a lawn of the organism (E. coli ) was
prepared by spreading 50 ml of overnight cul-
tures (conc. 106–107 CFU/ml) onto agar set in
petri dishes. LB Agar medium was used for the
bacteria, made by adding 1.5 g of agar, 1 g of
NaCl, 1 g of tryptone and 0.5 g of yeast extract
to 100 ml of water (pH of the medium: 7.4).

Sterile filter paper discs (measuring 6 cm in
diameter) containing the required concentration
of the compounds are placed at equal distances
on the agar plate. Control experiments were per-

formed where only equivalent volumes of the
solvents without the added test compounds were
applied to the paper discs. Ampicillin at a con-
centration of 2 �g was used as the positive con-
trol. Plain dry discs were used as negative
controls. The plates were incubated at 37 °C for
24 h to check clearing zones around the discs.

The relative percentage inhibition with respect
to standard was calculated by using the follow-
ing formula.

Relative percentage inhibition of the test sample

=
100× (a−b)

(c−b)

Where, a, total area of inhibition of the test
sample; b, total area of inhibition of the solvent;
c, total area of inhibition of the standard drug.
The total area of the inhibition was calculated
by using area=�r2 where, r=radius of zone of
inhibition.

Fig. 1. Antibacterial activity of synthesised compounds against
E. coli.
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Fig. 2. Antibacterial activity of synthesised compounds against
B. ciroflagellosus.

process would be favoured by the removal of the
lactam ring. Biochemically the acylation could
destroy the activity of an essential cell constituent
[14,15]. Another possibility is that the synthetic
product (1) may act on a cell constituent not by
the covalent bond but by a non-covalent combi-
nation [16].

The compound 1a having no substituents on
the aromatic ring showed remarkable activity
against E. coli and B. cirroflagellosus, which may
be due to the electron withdrawing effect of the
benzene ring on lactam ring, which facilitates the
nucleophillic attack of the cell constituent at CO
or NH sites of the lactam ring. The compound
1b–d having electron releasing methoxy groups as
substituents on the aromatic rings showed promis-
ing activity against both the bacterium. The rela-
tively less activity of these compounds 1b–d with
respect to 1a is due to the fact that these electron-
donating groups reduces the positive charge on
the carbonyl carbon atom through inductive ef-
fect, thereby reducing the rate of the nucleophillic
attack of the cell constituent to an extent. 1e
having chloro substituent at para position of the
aromatic rings has showed considerable bacterial
activity, which may be due to anomalous be-
haviour of chlorine atom as it behaves both as
electron-withdrawing and electron-donating
group depending upon the situation which facili-
tates the nucleophillic attack of the cell
constituent.

5. Conclusion

It is interesting and significant to note from the
data in Table 1 that all the synthesised new prod-
ucts 3,5-dicyano-4,6-diaryl-4-ethoxycarbonyl-pip-
erid-2-ones (1) have showed some degree of an-
tibacterial activity against the bacterium E. coli
and B. cirroflagellosus. Though the synthesised
compounds exhibit relatively less bacterial activity
compared with that of standard drugs ampicillin
or cotrimoxazole, it is noteworthy to observe that
these drugs exhibits more bacterial activity, but
the preparation of these drugs requires multi step
process, which in turn is highly expensive, while
the lactams (1) [11] reported in this paper can be

4. Results and discussion

E .coli cells were found to be resistant to the
synthesised compounds (1) at the 20 and 100 �g
concentrations. Inhibition zones were observed
around the point where the test samples were
placed on the discs. The distance (r) between the
point of placement of the test sample and inhibi-
tion zone was measured, from this, the total area
of inhibition was calculated using the equation,
area=�r2. Similarly, the total areas of the zone
of inhibition were calculated for the standard
drug and the solvent used. The relative percentage
of inhibition with respect to the standard drug
was calculated using the equation as above, by
subtracting the area of zone of inhibition of the
solvent (since the solvent also shows some degree
of antibacterial activity) from the area of zone of
inhibition of the test sample. The same procedure
was used with B. cirroflagellosus.

One of the possible modes of action could be
that, the strained lactam of 2-piperdone (1) act to
acylate a critical cell constituent on the N�H, SH
or OH function, thereby blocking the function of
such cell constituent. Chemically, the acylation
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Table 1
Antibacterial activity of �-lactams

Compound B. cirroflagellosusE. coli

Area of zone of inhibition Relative percentage Area of zone of inhibition Relative percentage
(mm2)inhibition inhibition(mm2)

Concentration Concentration Concentration Concentration

100 �g 20 �g 100 �g 20 �g20 �g 100 �g 20 �g 100 �g

1a 183.8 179.0 85.5 80.7 268.8 260.1 68.5 65.2
1b 147.4 149.5 53.5 55.4 246.0 240.5 60.0 57.9

116.8 20.9 27.4 149.5109.3 141.01c 24.0 20.9
165.1 61.0 68.7 165.1 160.6 30.21d 28.5156.1
138.9 49.9 46.2 224.3143.0 232.31e 51.9 54.9

201.6aStandard 353.3b

Solvent 84.9c84.9c

a Ampicillin.
b Cotrimoxazole.
c Ethanol.

prepared in one step starting from inexpensive
imines and ethyl cyanoacetate in a simple proce-
dure. From this observation, it is concluded that
with a slight modification on the lactam ring, a
medicinal chemists or pharmacists can replace the
existing expensive drugs with this type of lactams
for the treatment of antibacterial activity.
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