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Abstract—The paper describes synthesis and antibacterial study of biologically active Mannich bases of carboxamide derivative
employing Mannich reaction of 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a pentahydroxy naphthacene car-
boxamide with various sulfonamides/secondary amines .They were analysed by elemental analysis and characterized by UV, IR
and 1H NMR spectroscopic studies. The Mannich bases were screened for antibacterial activity against various gram-negative bac-
teria at various concentrations and were analysed statistically. The result has shown that the compounds are quite active against
pathogens under study and were non-toxic. All the synthesized compounds were found to be low lethal as ascertained by LD50 test.
� 2006 Elsevier Ltd. All rights reserved.
The carboxamide derivatives represented as 4-(dimeth-
ylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a
pentahydroxy naphthacene carboxamide are antibiot-
ics which form a group of natural products having
notable antibacterial activity towards a broad range
of pathogenic micro-organisms and are characterized
by very low toxicity to the mammalian hosts of
these pathogens. These properties together with the
fact that the compounds are well absorbed and fully
active, when administered orally, have made tetracy-
cline one of the most useful families of chemothera-
peutic agents.

There range of activity includes an inhibitory or a
destructive effect on rickettsiae, large virus of the
lymphogranuloma-pesittacosis group gram +ve and
gram �ve cocci and bacilli. They are used for Rocky
Mountain spotted fever, typhus, Q-fever, viral pneumo-
nia and for some other viral and bacterial infections,
such as, conjunctivitis, trachoma brucellosis and for
the treatment of infections such as hemophilus influen-
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za, urinary tract infections, chronic bronchitis, etc. It
has also been used for cancer detection and bone
studies.1–4

Sulfa drugs are building blocks of several types of Man-
nich bases.5–10 The sulfonamide nucleus has well-known
pharmacological properties: antibacterial,11 anticancer,12

antiinflammatory,13 carbonic inhibitory,14 analgesic15

and insecticidal.16 In view of the above and in continua-
tion of our earlier study,17 we report antibacterial activity
of 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-
3,6,10,12,12a pentahydroxy naphthacene carboxamide
Mannich bases and their comparative study with
sulfonamides.

Various drugs obtained from Mannich reaction have
proved to be more effective and less toxic than their par-
ent compounds.18 The versatile utility of the Mannich
bases in polymers,19 dispersants in lubricating oil20

and in pharmaceutical chemistry21 prompted us to pre-
pare a series of amino methyl derivatives and evaluate
their biological significance and toxicity. Statistics are
used for final comparison.

In continuation of our earlier investigations, we report
the synthesis of Mannich bases of 4-(dimethylamino)-
1,4,4a, 5,5a, and 6,11,12a-octahydro-3,6,10,12,12a pen-
tahydroxy naphthacene carboxamide.22
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Mannich bases of 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-
octahydro-3,6,10,12,12a pentahydroxy naphthacene
carboxamide were achieved in two steps, in the initial
step we get Mannich bases from primary amines, that
is, sulfonamides and finally Mannich bases from second-
ary amines are synthesized. Scheme 1 summarizes the
procedures used to prepare the Mannich bases (4a–4f)
from the carboxamide derivative. These newly synthe-
sized compounds were characterized by elemental anal-
ysis, UV, IR, 1H NMR spectral studies.23

The antimicrobial screening was performed using paper
disc method on pathogenic strains of Salmonella enteri-
tidis and Pasturella multocida. The Mannich bases were
studied for their antibacterial property at concentrations
of 20–40 mgml�1 using methanol as solvent. The solvent
did not exhibit any activity at the concentrations used.

Table 1 reflects that Mannich bases 4a and 4b are statisti-
cally at par but these are significantly superior to com-
pounds 4c, 4e and 4f against S. enteritidis.The highest
zone of inhibition was recorded in concentration 40 mg/
ml followed by the concentration 30 and 20 mg/ml.
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Scheme 1. Synthesis of Mannich bases (4a–4f).

Table 1. Antibacterial screening of Mannich bases ( Zone of inhibition in m

Compound Salmonella enteritidis (concn in lg/ml)

20 30 40 A

4a 20.00 20.86 21.20 20

4b 21.06 21.22 22.06 21

4c 14.68 15.02 16.00 15

4d 13.20 13.86 14.20 13

4e 15.00 15.20 15.46 15

4f — — — —

Av of concn 19.00 19.17 19.95

S.Ed. CD at 5%

Compound 0.093 0.201

Concn 0.008 0017

Inter-action 0.024 0.051

Note: S.Ed., standard error of difference; CD, critical difference.
In case of P. multocida the minimum zone of inhibition
was recorded for Mannich base 4a, while the maximum
was noted for 4c.The concentration 40 mg/ml was found
to be significantly superior to all the concentrations. The
results were statistically analysed.24

Further, Table 2 reveals that Mannich bases are statisti-
cally superior to their corresponding sulfonamides in
exhibiting antibacterial activity. None of the sulfona-
mides had shown any activity at these concentrations.
From the statistical data it is revealed that in case of
S. enteritidis, Mannich bases 4a and 4c are significantly
superior to sulfadiazene and sulfanilamide in inhibiting
the growth of this pathogen. The rest sulfonamide fails
to show any activity against S. enteritidis.

On comparing the antibacterial activity of Mannich bases
to their corresponding sulfonamides against P. multocida,
it indicates that 4c, 4d, 4e and 4f have shown zone of inhi-
bition, thus proving superiority over sulfonamides.

The results were statistically evaluated by analysis of
variance. The null hypothesis was tested using F test.
i)00C(1/2 hour)

ii) reflux

4(a-f)

OH O OH O
O

NH

OH

OH
H

H

OH
CH3 H N

CH3

CH3

NH S NH

O

O

R

(3a-4a); R = Sulphadiazene

N

N

(3b-4b); R = Sulphamethoxazol3 N

O CH3

(3c-4c); R = Sulphanilamide NH2

(3d-4d); R = Sulphaguanidine NH.NH2

(3e-4e); R = Sulphadoxine
NN

OO CH3CH3

    COCH3(3f-4f); R = Sulphacetamide

m)

Pasturella multocida (concn in lg/ml)

v 20 30 40 Av

.68 20.40 20.80 21.86 21.02

.44 21.26 22.00 23.20 22.15

.23 28.36 28.60 29.08 28.68

.75 24.08 24.26 25.20 24.51

.22 22.15 23.30 24.40 23.28

26.20 27.26 28.30 27.25

23.12 23.76 24.58

S.Ed. CD at 5%

0.083 0.176

0.039 0.079

0.118 0.250



Table 2. Comparative study of antibacterial activity of Mannich bases and their parent sulfonamides (Zone of inhibition in mm)

Compound Salmonella enteritidis (concn in lg/ml) Pasturella multocida (concn in lg/ml)

20 30 40 Av 20 30 40 Av

4a 20.00 20.86 21.20 20.68 20.40 20.80 21.86 21.02

a 10.00 15.00 20.00 15.00 28.00 30.00 39.00 29.33

4b 14.68 15.02 15.50 16.00 21.26 22.00 23.20 22.15

b 15.00 15.00 18.00 16.00 24.00 26.00 28.00 26.00

4c 15.00 15.20 15.46 15.22 28.36 28.60 29.08 28.68

c 10.00 12.00 16.00 12.66 22.00 25.00 28.00 25.00

4d 13.20 13.86 14.20 13.75 24.08 24.26 25.20 24.51

d 10.00 15.00 18.00 14.33 20.00 25.00 25.00 23.33

4e 15.00 15.20 15.46 15.22 22.15 23.30 24.40 23.28

e — — — — 22.00 24.00 25.00 23.66

4f — — — — 26.20 27.26 28.30 27.27

f — — — — 20.46 21.22 22.15 21.27

S.Ed. CD at 5% S.Ed. CD at 5%

Mannich base and sulfonamides 0.329 0.706 0.220 0.456

Concentration 0.054 0.111 0.027 0.056

Interaction 0.154 0.331 0.096 0.200

Note: S.Ed, standard error of difference; CD, critical difference.
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If the values of the calculated F are higher than the
table value of F at 5% level, the character under
study is said to be significantly influenced by the
treatment. The significant or non-significant difference
due to each of the treatments was judged under each
character using standard error of difference (S.Ed)
and critical difference (CD) values. The S.Ed between
two treatments was calculated using error mean sum
of squares (EMS). The CD were computed by multi-
plying the S.Ed value with the t-table (at 5%) value
for the error degree of freedom in order to judge
the minimum difference in the means to qualify the
treatment effects.

The Mannich bases were also screened for their toxicity
by preliminary LD50 test. The test was performed on
white mice weighing 25 g. Doses were given orally as
well as intraperitoneally and mice were kept under
observation for 72 h for each trial.25 The Mannich bases
showed no adverse toxic effect even at an oral dose of
1600 mg/kg of the body weight of mice. However, when
dose was administered intraperitoneally, they proved to
be lethal at the dose level of 1000 mg/kg of the body
weight of mice.

In Conclusion the 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-
octahydro-3,6,10,12,12a pentahydroxy naphthacene
carboxamide (Mannich bases) appeared to be better
and more potent antibacterial agents than the sulfon-
amides themselves. We, therefore, conclude that the
Mannich bases could be used as constructive drug in
preference to sulfonamides. Our findings will prove
useful to those chemists, pharmacists and medicinal
chemists who are interested in the synthesis of poten-
tial Mannich bases as drugs with minimum side effects
and also having comparatively low cost. Understand-
ing of Mannich reaction, use of Mannich base for
large-scale production of chemicals and synthesis of
new exotic materials are some of the intellectual chal-
lenges for the future generation of chemists.
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