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INTRODUCTION

According to the literature study, benzimidazole and its
derivatives have an enormous role in the preparation of novel
pharmaceuticals [1-3]. The parent component of the series is
commonly referred to as benzimidazole, however benzoglyox-
aline is frequently used as an alternative term [4]. This moiety
plays a critical role in diverse pharmacological benefits such
as antitumour [5], antiviral [6], antimicrobial [7], antifungal [8],
antihelminthic [9], anti-inflammatory [10], antihistaminic [11],
proton pump inhibitor [12], antioxidant [13], antitubercular
activity [14]. In the same way, Mannich bases have an excellent
therapeutic profiles, relatively safe and well-tolerated mole-
cules [15,16]. Ketone, aldehyde and a primary and secondary
amine form a complex molecule called Mannich base [17,18].

Mannich bases also act as vital pharmacophores which
are employed for the preparation of different therapeutic agents
holding the group of aminoalkyl chains [19]. They offered
various pharmacological benefits, such as anti-inflammatory
[20], anticancer [21], antipyretic [22], antibacterial [23], anti-
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In present work, the newly synthesized benzimidazole Mannich base derivatives were design, synthesized and evaluated the in silico and
in vitro antitubercular activity. These compounds were synthesized by condensation reaction between 1-(1H-benzo[d]imidazol-1-yl)ethanone |
and aliphatic/aromatic amines. The synthesized compound structures were identified by FTIR, *C NMR, 'H NMR and mass spectroscopies.
The results indicated that these derivatives have significant antitubercular activity against Mycobacterium tuberculosis (M.tb) cell wall
enzyme enoyl acyl carrier protein reductase (InhA), EthR regulatory protein in H73Rv strain. The results found in the in vitro study are |
firmly similar to the in silico study. Among the synthesized compounds, 3d and 3e exhibited the highest activity due to the connection of
the electron-donating group to the Mannich base. Therefore, these compounds deserve the development of new antitubercular agents.

Keywords: Benzimidazole, Mannich base, Aliphatic/aromatic amines, Antitubercular activity. |

fungal [24], anthelmintic [25], anticonvulsant [26], analgesic
[27], antitubercular [28], anti-HIV [29], antimalaria [30], anti-
viral agent [31], antipsychotic [32], efc. Some of the medicinal
compounds having Mannich base are fluoxetine, atropine and
ranitidine, etc. The above benefits and our interest in the synthe-
sized compounds containing benzimidazole and Mannich base
encourage us to synthesize a series of the novel benzimidazole
Mannich base derivatives. These compounds were produced
from needed materials and the construction of the structures
was recognized by different spectral studies and screened for
tuberculosis by using in vitro and in silico methods. The experi-
mental outcome recommended that all Mannich base derivatives
showed excellent antitubercular activity against Mycobacterium
tuberculosis. The therapeutic activity of the synthesized Mannich
base derivatives (3a-e) is similar to standard drugs.

EXPERIMENTAL

The chemicals and solvents were acquired from leading
pharma companies like Sigma, Alrich, Ranbaxy and Dr. Reddy.
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Functional groups present in the compounds were identified
from Perkin-Elmer FT-IR spectrophotometer, ranges 4000-400
cm'. Using Bruker Avance III™ instrument, '"H NMR spectra
(400 MHz) were used to analyze the protons that exist in the
synthesized Mannich bases from chemical shift using deuterated
chloroform as solvent. Shimadzu mass spectrometer was used
to analyzed the molecular weight of the synthesized com-
pounds, whereas Perkin-Elmer analyzer (2400 CHN) was
employed to identify the elements (CHN) present in the synthe-
sized Mannich base derivatives.

Synthesis of 1H-benzo[d]imidazole: O-Phenylene diamine
0.5 mol (54 g) taken in a 250 mL round bottom flask was added
to 90% formic acid (0.75 mol, 34.6 g) gradually and then the
mixture was warmed in a water bath for 2 h. After cooling, 10%
NaOH was added slowly to turn the mixture alkaline. The preci-
pitated solid was isolated by vacuum filter, rinsed with little water
and recrystallized from ethyl alcohol [33-36].

Synthesis of 1-(H-benzo[d]imidazole-1-yl)ethenone:
Benzimidazole (1 mmol), acetyl chloride (0.5 mmol) and sodium
carbonate (1 mmol) were mixed in a round bottom flask followed
by the addition of 3 mL of DMSO solvent. The content was
agitated for 10 min and connected through a reflux condenser
and heated for 1 h followed by the addition of 10 mL of water
and extracted with ethyl acetate. The hot solution was cooled
to 28 °C and the oil layer on the solid surface was eliminated by
rinsing with water. The separated 1-(H-benzo[d]imidazole-1-
yl)ethenone was rinsed with water and recrystallized from ethyl
alcohol [37].

Synthesis of 3-amino-1-(1H-benzo[d]imidazol-1-yl)-
propan-1-one Mannich base derivatives (3a-e): The above
synthesized 3-amino-1-(1H-benzo[d]imidazol-1-yl)-propan-
1-one (0.1 mol), formaldehyde (0.1 mol) and aliphatic/aromatic
amines (0.1 mol) were mixed in 30 mL of ethyl alcohol and
refluxed for 4 h and left overnight untouched. The solid obtained
was rinsed with aqueous solvent and recrystallized from acetone
[38] (Scheme-I).

1-(1H-Benzo[d]imidazol-1-yl)-3-(dimethylamino)pro-
pan-1-one (3a): Yield: 79%; m.p.: 202-204 °C; colour: light
yellow; FTIR (Vina, cm™): 3063 (strz, Ar-proton), 1587 (str.,
Ar-carbon), 1680 (C=0); 'H NMR (CDCl;, § ppm): 2.54 (t,

2H, J = 9.6 Hz, CH,-proton), 2.92 (s, 6H, CHs-proton), 3.84
(t, 2H, J = 8 Hz, CH,-proton), 7.42-7.54 (m, 2H, Ar-proton),
7.85-7.94 (m, 2H, Ar-proton), 8.11 (s, 1H, CH-proton); “C NMR
(DMSO-ds, & ppm): 30.5 (C-1), 46.7 (C-2), 46.7 (C-3), 58.4
(C-4),170.42 (C-5), 123.25 (C-6), 123.25 (C-7), 114.12 (C-8),
120.46 (C-9), 137.25 (C-10), 137.25 (C-11), 142.23 (C-12);
MS (m/z, %): 217 (49) [M*], 202 (32), 173 (100), 145 (22),
117 (33),90 (46), 51 (63), 39 (28); Anal. calcd. (found) % for
C,Hi5sN50, (m.w. 320): C, 66.34 (66.49); H, 6.96 (7.18); O,
7.36 (7.35); N, 19.34 (19.32).

1-(1H-Benzo[d]imidazol-1yl)-3-(diethylamino)propan-
1-one (3b): Yield: 75%; m.p.: 224-226 °C; colour: white; FTIR
(Vaax, cm™): 3055 (str., Ar-proton), 1537 (str., Ar-carbon), 1678
(C=0); 'HNMR (CDCl;, § ppm): 1.06 (t, 6H, J = 9.2 Hz, CH;-
proton), 2.72 (t, 2H, J = 6.4 Hz, CH»-proton), 3.04 (q, 4H, J =
6.8 Hz, CH»-proton), 3.73 (t, 2H, J = 6.8 Hz, CH,-proton),
7.35-7.42 (m, 2H, Ar-proton), 7.61-7.74 (m, 2H, Ar-proton),
8.12 (s, 1H, CH-proton); *C NMR (DMSO-ds, § ppm): 13.5
(C-1),13.5(C-2),31.3(C-3),49.52 (C-4),49.52 (C-5), 53.54
(C-6), 170.37 (C-7), 123.36 (C-8), 123.36 (C-9), 114.35 (C-10),
120.15 (C-11), 137.46 (C-12), 137.46 (C-13), 142.51 (C-14),
MS (m/z, %): 245 (36) [M*], 173 (43), 159 (100), 117 (38), 90
(31), 76 (26), 50 (42); Anal. calcd. (found) % for C;4H;oN50,
(m.w. 320): C, 68.54 (68.42); H, 7.81 (7.56); O, 6.92 (6.91);
N, 17.13 (17.37).

1-(1H-Benzo[d]imidazol-1-yl)-3-(ethyl(methyl)amino)-
propan-1-one (3c): Yield: 85%; m.p.: 213-215 °C; colour:
white; FTIR (Vina,, cm™): 3043 (strz, Ar-proton), 1508 (str,
carbon), 1658 (C=0); '"H NMR (CDCl;, § ppm): 1.05 (t, 3H, J
= 9.2 Hz, CHs-proton), 2.32 (s, 3H, CH;-proton), 2.62 (t, 2H,
J=11.2Hz, CH,-proton), 2.83 (q, 2H, J = 9.2 Hz, CH,-proton),
3.85 (t, 2H, J = 11.2 Hz, CH,-proton), 7.19-7.25 (m, 2H, Ar-
proton), 7.89-7.98 (m, 2H, Ar-proton), 8.15 (s, 1H, CH-H); *C
NMR (DMSO-ds, 6 ppm): 13.2 (C-1), 30.7 (C-2), 46.36 (C-3),
53.76 (C-4), 55.3 (C-5), 170.24 (C-6), 123.21 (C-7), 123.21
(C-8), 114.34 (C-9), 120.42 (C-10), 137.53 (C-11), 137.53
(C-12),142.76 (C-13); MS (m/z, %): 231 (391) [M"], 173 (100),
159 (49), 117 (32), 76 (44), 51 (34); Anal. calcd. (found) %
for C;3H7N;0 (m.w. 320): C, 67.51 (67.24); H, 7.41 (7.32);
0, 6.92 (6.90); N, 18.17 (18.36).

N

NH, N Cl—C—CH Sodium
10% NaOH \ *  carbonate A
+ HCOOH +
1 h, Reflux
NH, Formic acid II\II Acetyl chloride
Benzene-1,2-diamine 1H -Benzo[dlimidazole C—CH;
(0]
N 4 ) 1-(1H -Benzo[dJimidazol-
HCHO \ Ry R, L-vDeth
> 3a= -CH; -CH, “YDethanone
Dif ferent‘ allph‘atlc/ N 3b= -C,Hs -CHjs
aromatic amine
P 3c= -C,H; -CH;
C—CHZ—CHZ—N\ 3d= -CHs -CeHs
R2 3e= -C6H5 -H
\ J

(3a-e) Mannich base derivatives

Scheme-I: Synthetic protocol for various potent Mannich base derivatives (3a-e)



Vol. 36, No. 4 (2024)

Design, Synthesis and Antitubercular Activity of Novel Benzimidazole Mannich Base Derivatives 971

1-(1H-Benzo[d]imidazol-1-yl)-3-(diphenhlamino)pro-
pan-1-one (3d): Yield: 75%; m.p.: 367-369 °C; colour: white;
FTIR (Vinax, cm™): 3273 (str., Ar-proton), 1534 (str, Ar-carbon),
1685 (C=0); '"H NMR (CDCls, 8 ppm): 2.70 (t, 2H, J = 10.4 Hz,
CH,-proton), 3.58 (t, 2H, J = 8.4 Hz, CH,-proton), 6.78 (q, 2H,
J = 7.6 Hz, Ar-proton), 7.14-7.24 (m, 6H, Ar-proton), 7.34-
7.43 (m, 4H, Ar-proton), 7.62-7.77 (m, 2H, Ar-proton), 8.10
(s, 1H, CH-proton); “C NMR (DMSO-ds, & ppm): 30.6 (C-1),
55.8 (C-2), 39.56 (C-3), 121.83 (C-4), 121.83 (C-5), 129.54
(C-6), 129.54 (C-7), 129.54 (C-8), 129.54 (C-9), 123.12
(C-10), 123.12 (C-11), 119.25 (C-12), 119.25 (C-13), 114.63
(C-14), 120.14 (C-15), 146.54 (C-16), 146.54 (C-17), 137.43
(C-18), 137.43 (C-19), 137.43 (C-20), 142.06 (C-21), 142.06
(C-22); MS (m/z, %): 341 (30) [M*], 264 (58), 159 (100), 105
(40), 94 (76), 65 (32); Anal. calcd. (found) % for C,,H9N;O
(m.w. 320): C, 77.40 (77.16); H, 5.61 (5.72); O, 4.69 (4.65);
N, 12.31 (12.42).

1-(1H-Benzo[d]imidazol-1-yl)-3-(phenylamino)pro-
pan-1-one (3e): Yield: 84%; m.p.: 295-297 °C; colour: cream
yellow; FTIR (Vina, cm™): 3156 (str:, Ar-proton), 1525 (str, Ar-
carbon), 1642 (C=0); '"H NMR (CDCls, 8 ppm): 2.75 (t, 2H, J
= 10.4 Hz, CH,-proton), 3.55 (t, 2H, J = 8.8 Hz, CH,-proton),
4.02 (s, 1H, NH-proton), 6.62 (d, 2H, J = 5.2 Hz, Ar-proton),
6.84(q, 1H,J=7.2 Hz, Ar-proton), 7.31-7.38 (m, 2H, Ar-proton),
7.78-7.83 (m, 2H, Ar-proton), 7.90-8.01 (m, 2H, Ar-proton),
8.10 (s, 1H, CH-proton); “C NMR (DMSO-ds, 8 ppm): 12.1
(C-1),12.76 (C-2),39.56 (C-3), 39.56 (C-4),39.98 (C-5),40.19
(C-6,7,8), 44.90 (C-9), 74.28 (C-10), 111.34 (C-11), 119.84
(C-12), 121.93 (C-13), 122.90 (C-14), 142.33 (C-15), 143.48
(C-16); MS (m/z, %): 265 (29) [M*], 173 (57), 146 (46), 107
(100), 92 (44), 39 (30); Anal. calcd. (found) % for C;cHsNsO,
(m.w. 320): C, 72.43 (72.26); H, 5.70 (5.83); O, 6.03 (5.99);
N, 15.84 (15.02).

In silico docking method: In this work, a docking study
was performed by using iIGEMDOCK software [39]. The crystal
structures of InhA in complex with a DNA encoded library (PDB
ID: 5G0OV) and EthR complex (PDB ID: S5NIO) were acquired
from the protein data bank. A set of 5 different ligands 2D
structures was built in ChemDraw and later converted to the
3D structure. The best conformation of the ligand was preferred
and employed to calculate the strength of the bond between
the ligand and InhA/EthR. Mycobacterium tuberculosis (M.tb)
cell wall enzyme enoyl acyl carrier protein reductase (InhA)
and EthR play a chief role in mycolic acid formation.

Microplate alamar blue assay (MABA): In vitro anti-
tubercular activity of newly synthesized Mannich base deri-
vatives (3a-e) was estimated against M. tuberculosis H73Rv
strain using MABA technique [40]. In brief, 96-well plates
are rinsed with sterile deionized water. Each well was filled
with 100 UL of 7H9GC broth. The Mannich base derivatives
tested were 0.2 to 100 pg/mL. Inoculate M. tuberculosis H73Rv
(100 pL) was inoculated. The well plates were covered with
parafilm and incubated at 37 °C for 7 days. Later, 50 pL of syn-
thesized compounds (1:1) of MABA reagents and 10% Tween
80 was included in the plate and incubated overnight. The colour
of the plate changes to pink pointing out the growth of M.
tuberculosis H73Rv strain. The minimum inhibitory concen-

tration (MIC) is defined as the least quantity of Mannich base
which prohibits the formation of pink colour.

RESULTS AND DISCUSSION

A novel benzimidazole Mannich base derivatives were
synthesized by performing the interaction between 1-(1H-benzo-
[d]imidazol-1-yl)ethanone and different aliphatic/aromatic
amines.The FTIR spectrum of the Mannich bases exhibited a
strong deep peak in the region of 3063, 3055, 3043, 3273,
3150,1587, 1537, 1508, 1534, 1525, 1680, 1678, 1658, 1685
and 1642 cm™ could be attributed to aromatic proton, aromatic
carbon and ketone groups present in it. The aromatic ring prod-
uced a stretching peak between 3273-3043 and 1587-1507 cm™.
An intensive peak at 1685-1642 cm™ is due to the existence of
the ketone group in the synthesized analogues. The 'H NMR
spectroscopy of analogues gave the additional information for
the conformation of the prepared benzimidazole Mannich base
derivatives. The '"H NMR spectra showed a triplet at 8 2.32-
2.75 ppm related to CH,-proton, a singlet at § 2.32-2.92 ppm
related to CH;-proton; a triplet at 8 3.55-3.85 ppm indicating
CH,-proton, A multiplet at 6 8.01 ppm related to Ar-proton; a
doublet at § 6.62 ppm related to Ar-proton; a quartet at §2.81-
3.02 related to CH,-proton; a quartet at 8 6.76-6.84 related to
Ar-proton. A singlet at § 8.01-8.15 corresponds to CH proton.
The weight of the compounds was estimated by the Shimadzu
mass spectrometer. The molecular weights such as 217, 245,
231, 341 and 265 correspond to the 3a-e compounds.

Docking studies: The therapeutic activity of the synthe-
sized Mannich base derivatives (3a-e) has been assessed from
iGEMDOCK score after the successful connection with M.
tuberculosis cell wall enzyme InhA and regulatory protein EthR.
The effective antitubercular drugs are absolutely docked to a
hydrophilic and hydrophobic centre of the InhA and regulatory
protein EthR target and exhibit excellent scores. The synthe-
sized compounds 3d and 3e executed better than the standard
drug (isoniazid) regarding binding nature and stability with
the InhA and regulatory protein EthR. Each ligand molecule
(3a-e) has shown an excellent affinity towards InhA/EthR target
due to the development of the link between the ligand and some
hydrophobic and hydrophobic residue present in the InhA/EthR.
Among the synthesized compounds, 3d and 3e exhibited admi-
rable scores due to the existence of electron-donating groups
(Table-1). The overall decreasing order of InhA/EthR inhibition
activity of synthesized analogues was found to be 3d > 3e >
3a > 3b > 3c. The interaction of each Mannich base derivative
with the InhA/EthR is shown Fig. 1.

TABLE-1
BINDING AFFINITY OF MANNICH BASE DERIVATIVES (3a-e)
AGAINST Mycobacterium tuberculosis ENOYL ACYL CARRIER
PROTEIN REDUCTASE InhA/REGULATORY PROTEIN EthR

Compound InhA docking fitness  EthR docking fitness
3a -76.5719 -92.0505
3b -71.3316 -92.0651
3c -71.3297 -79.3923
3d -89.0493 -108.196
3e -91.6251 -98.285
Isoniazide (std. drug) -73.6466 -73.6054
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Fig. 1. Interaction of synthesized compounds and Mycobacterium tuberculosis InhA/EthR regulatory prtein

MABA: The MIC values of synthesized compounds (3a-e)
were calculated using MABA method. The MIC investigation
showed that all the Mannich base derivatives displayed strong
inhibiting activity against Mt.b H37Rv with the ranges of 0.463
uM to 0.784 uM, respectively as mentioned in Table-2. The
results demonstrated that all the synthesized Mannich base
derivatives are highly effective against M. tuberculosis. The
ability of Mannich base to inhibit H37Rv strain due to the strong
bactericidal activity against M. tuberculosis. Therefore, these
Mannich bases have the potency to develop anti-mycobacterial
agents, although it requires for additional study to understand
their function as an antitubercular agent.

TABLE-2
MINIMUM INHIBITORY CONCENTRATION VALUES
OF MANNICH BASE DERIVATIVES (3a-e¢) AGAINST
Mycobacterium tuberculosis HI3Rv STRAIN

Compound MIC (uM)
3a 0.584
3b 0.621
3c 0.673
3d 0.463
3e 0.522
Isoniazide (std. drug) 0.435

Conclusion

Benzimidazole Mannich base derivatives (3a-e) were syn-
thesized by adopting the condensation reaction between 1-(1H-
benzo[d]imidazol-1-yl)ethanone and aliphatic/aromatic amines.
Furthermore, these analogues were screened for antitubercular
activity using in silco and in vivo methods using iGEMDOCK
and microplate alamar blue techniques. The results indicated
that all the analogues demonstrated admirable activity against
the InhA enzyme and regulatory protein EthR in M.tb H37Rv
strain. Among the synthesized benzimidazole analogues, com-
pounds 3d and 3e were found more efficiently attached to the
target protein through electron donating groups and offered
excellent antitubercular activity.
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