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Abstract: Benzimidazole and its derivatives found variety of biological activities, for the searching of its potent anti-
inflammatory analogues, we synthesized four novel 4-(2-keto-1-benzimidazollinyl) piperidine derivatives (Q1 to Q4) by 
refluxing piperidine with substituted imidazole and subjected to in-vitro anti-inflammatory (ROS, NO) and antibacterial 
activities, structures were elucidated using  spectroscopic techniques. Results revealed that compound Q1 showed most 
effective anti-inflammatory activity with IC50 7.6±1.3 µg/ml compared with standard Ibuprofen having IC50 
11.2±1.9µg/mL. Compound Q3 showed good activity for Nitrite accumulation by stimulating macrophages test  similar 
to standard NG Methyl L-arginine acetate with IC50 value 24.2±0.8µg/mL. The antibacterial activity of these compounds 
were evaluated against selected Gram+ve E. faecalis, C. diphtheriae, S. aureus and Gram -ve organism E. coli, 
Enterobacter aerogenes and P. aeruginosa. Synthesized compounds showed low to moderate level of antibacterial 
activity Q1 showed the highest antibacterial activity against Enterococcus faecalis and Escherichia coli with zone of 
inhibition 18mm and Q3 showed highest activity against Corynebacterium diptheriae (ZOI:18mm). Structure-activity 
relationship (SAR) study revealed that among all the synthesized compounds unsubstituted naphthalene (Q1) and phenyl 
(Q3) ring containing derivatives were most potent. 
  
Keywords: Synthesis, 4-(2-keto-1-benzimidazollinyl) piperidine, anti-inflammatory, antibacterial, reactive oxygen 
species (ROS), Nitric oxide (NO). 
 
INTRODUCTION 
 
The tricyclic Benzimidazolinyl piperidine is heterocyclic 
aromatic compound formed by the fusion of benzene, 
imidazolinone and piperidine nucleus. Benzimidazolinyl 
piperidines are found to be a potential target for synthesis 
of several compounds having potential biological 
activities (Bender et al., 1996; David et al., 2008; Patel et 
al., 2014; Ekta et al., 2018). Recently active 
antileishmanial alkyl benzimidazoles were synthesized 
(Michele et al., 2017). Is has been found that 
benzimidazoles are used for the treatment of urinary tract 
infections (El-Gohary et al., 2017). Bender has reported 
significant antifungal and antibacterial analogues 
(Bender et al., 1996). It has been found by research that 
many antifungal and antibacterial analogues have also 
profound antimicrobial activity containing substituted alkyl 
and aryl groups. Nitroimidazoles containing compounds 
has been synthesized having antiamoebic properties 
(Vanelle et al., 2000; Kazimierczuk et al., 2002). 
Benzimidazole optimisation results wide range of 
therapeutically active antacids (Keri et al., 2015; 
Mamedov, 2016). Immunomodulatory active compounds 

and drugs have progressively being produced for the 
treatment of various human diseases including 
inflammatory disorders. The process of inflammation 
causes annihilation of tissues (Shah et al., 2012; Kathy et 
al., 2017). Reactive oxygen species (ROS) are causes of 
many sevior pathogenesis including tumor, 
atherosclerosis, diabetes, myocardial localized necrosis 
and Alzheimer's illness (Demirkiran et al., 2009). Under 
normal biological and physiological circumstances Nitric 
oxide gives anti-inflammatory effects, as Nitric oxide 
proved to be a pro-inflammatory mediator that induces 
inflammation Inhibitor of NO while arginine synthesized 
analogues have been used for the treatment of 
inflammation that induced by NO (Sharma et al., 2007). 
 
MATERIALS AND METHODS 
 
Chemicals were procured from Sigma Aldrich 
(Steinheim, Germany) and Merck (Hohenbrunn, 
Germany). The analytical grade solvents were used for 
analysis. Pre-coated silica gel TLC plates (GF-254) were 
used for analyzing the spot under UV254 lamp (Toshiba, 
Japan). For IR spectral analysis Jasco-320-A spectro-
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photometer (Easton, MD 21601 USA) was used. Bruker 
spectrophotometer (Karlsruhe, Germany) was used for 
1H-NMR spectra and obtained at 300,400 and 500 MHz in 
DMSO-d6 and MeOD. Mass spectra were recorded using 
JEOL mass spectrometer (Tokyo, Japan). 
 
Synthesis and spectral characterization 
Synthesis of 4(1-benzimidazolinyl-2-Keto)-Piperidine 
was done by refluxing equimolar with 2-acetophenone-2-
bromide, 4` nitroacetophenone-2-bromide, 3-phenoxy 
propyl bromide and 2,4 dibromo acetophenone separately 
in a round bottom flask by dissolved in 15-25mL 
methanol upon magnetic stirring (2 to 3 hours/25°C) 
(Scheme 1). Completion of the reaction was analyzed by 
taking thin layer chromatography. Crude solid part of the 
products first filtered and purified by washing with 
several portions of acetone. 
 
1 - (2- (naphthalen-1-yl)-ethyl-2oxo) - 4 - (2,3-dihydro-
2oxo-benzimidazol1yl) piperidiniumbromide (Q1)  
Yields: 85%: White shiny crystals; mp: 217±0.3; 
Solubility: DMSO, Ethanol; UVλmax (MeOH) nm: 234, 
238;  HR-EIMS: m/z (%) 465 (C24H24N3O2Br calcd 
465.11); 1H-NMR (300 MHz:DMSO) δm (ppm) 2.482-
2.499 (s, 2H, H-3, H-5); 3.158-3.557 (m, 6H, H-2, H-6, 
H-4); 3.875(s, 1H, H-1'''); 7.123-7.145 (d, 2H, H-6'', J= 
8.8 Hz); 7.759-7.780 (d,2H, H-6',J=8.4Hz); 7.817-7.843 
(m, 4H, H-3', H-7', H-5''); 7.884-7.889 (s, 2H, H-7''); 
7.988-8.010 (d, 2H, H-4', H-8'); (IR:KBr) cm-1: 750.14 (o-
substitution), 1319.31 (C-N), 1516.05 (C꞊C), 1639.16 
(C꞊C aromatic), 1716 (C=O), 28.23.40 (Ar-H), 3065.97 
(N-H) 
 
1- (2- (4-nitrophenyl) - 2-oxoethyl) - 4 - (2,3-dihydro-
2oxo-benzimidazol1yl) piperidiniumbromide (Q2) 
Yield: 88% ; mp: 209±0.6; Solubility: DMSO, Ethanol, 
Methanol; UVΛmax (MeOH) nm: 220, 238, 251; HR-
EIMS: m/z (%) 461 (C20H21BrN4O4 caltd. 461.3091); 1H-
NMR (MeOD: 500 mHz) δ (ppm): 2.032-2.060 (d, 2H, J-
15 Hz, H-3, H-5); 3.155-3.173 (m, 2H, H-2, H-6);  3.303 
(S, 2H, H-4); 4.498-4.547(M, 2H, H-7); 7.070- 7.113 (m, 
3H, H-7'', H-6'',H-5''); 7.254-7.271 (m 6H, H-2', H-3', H-
5', H-6', H-4''); (IR:KBr) cm-1): 748.12 (o-substitution), 
1369.65 (C-N), 1415 (Ar-NO2), 1649.04 (C꞊C aromatic), 
1716 (C=O), 2831.12 (Ar-H), 3065.97 (N-H). 
 
Mono (2-oxo-1-(1-(3-phenoxypropyl) piperidinium - 4 -  
(2,3-dihydro-2oxo-benzimidazol1yl monobromide (Q3)  
Yields: 83.5% : White crystals; mp: 209±0.7; Solubilty: 
DMSO, Ethanol, Methanol; UVλmax  (MeOH) nm: 233; 
HR-EIMS : m/z (%) 416 (C21H26BrN3O caltd 416.3546); 
1H-NMR(MeOH, 300 MHz ) δm (ppm); 2.05 (m,4H,H-3, 
H-5); 3.17-3.27(m, 6H, H-1, H-2); 3791-3.799 (s, 1H, H-
1'''); 7.25(m, 1H, H-6''); 7.601-7.698 (d, 2H, H-3', H-5', 
H-5'', H-6'', J=29.1 Hz); 8.090-8.1301 (d, 2H, H-2', H-6', 
J=12 Hz); 8.4971 (m, 1H, H-4''); (IR:KBr) cm-1: 742.59 
(o-substitution); 1192.01, (Ar-O-CH2), 1371.39 (C-N), 

1566.20 (C꞊C), 1645.28 (C꞊C aromatic), 1718 (C=O), 
2829.57 (Ar-H), 3066.82 (N-H) 
 
1-(2-(4-bromophenyl)-2-oxoethyl) - 4 - (2,3-dihydro-
2oxo-benzimidazol1yl) piperidinium bromide (Q4) 
Yield: 90.5%; white shiny crystals; mp: 218±0.3˚C; 
Solubility: DMSO, Methanol; UVλmax  (MeOH) nm: 226, 
240; HR-EIMS: m/z (%) 495(C20H21Br2N3O2 Caltd 
495.22);1H-NMR (MeOD, 500 MHz) δm (ppm); 2.021-
2.049 (s,1H, H-3, H-5); 2.0592-2.718 (m, 6H, H-2, H-4, 
H-6) ; 3.152-3.210 (t, 4H, H-1''', J=29Hz); 7.061-7.112 (d, 
4H, H-6'', J=25.5 Hz); 7.691-7.709 (s, 2H, H-3', H-5'); 
7.845-7.861( S, 2H, H-2', H-6'); 7.947-7.964 (s, 2H, H-5'', 
H-7''); (IR: KBr) cm-1: 740.67 (o-substitution), 1369.46 
(C-N), 1566.29 (C꞊C), 1645.26 (C꞊C aromatic), 1718 
(C=O), 2829.57 (Ar-H), 3066.82 (N-H) 
 
In-vitro Anti-inflammatory Activity 
Methods 
Helfand et al. (1982) described Luminol enhanced 
chemiluminescense method for analysis and in this regard 
Ibuprofen was used as standard (Helfand, Werkmeister, & 
Roder, 1982). Nitric oxide production was observed given 
by griess method following procedure given by Amparo 
et al. (2005)  
 
Antibacterial Activity 
Method 
Antibacterial activity of compounds was performed 
against Gram (+ve) organism including Enterococcus 
faecalis, Corynebacterium diphtheriae, Staphylococcus 
aureus, and Gram (-ve) microorganism included 
Escherichia coli, Enterobacter aerogenes and 
Pseudomonas aeruginosa by followed procedure given by 
Saleem et al. (2013). All samples were prepared by 
25µg/mL in DMSO (Dimethyl Sulfoxide) and the further 
procedure was done by agar diffusion method given by 
Alves et al. (2000) and Stepanovic et al. (2003). 
 
RESULTS  
 
4-(2-keto-1-benzimidazollinyl) piperidine derivatives 
were successfully synthesized in quantitative yield and 
characterized by the spectroscopic procedure. Infrared 
spectra revealed that stretching of bond showed the 
presence of carbonyl group of ketone moiety at frequency 
1716 and 1718, N-H stretching at 3066.82 and 3065.97 
confirmed the presence of formation of piperidine. 
 
All the compounds were evaluated for in-vitro studies 
including anti-inflammatory by two methods include 
oxidative burst (ROS) assay and Nitric oxide (NO) assay, 
results presented in table 1 represents % inhibitory effect 
of compounds and IC50 values of active compounds on 
production of reactive oxygen species (ROS) and nitric 
oxide (NO) mean ± SD of triplicates and all statistical 
analysis was performed using Excel based formula using 
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Microsoft Excel 2010. These synthesized compounds was 
evaluated further for antibacterial studies by agar disc 
diffusion method using Amikacin as standard drug 
showed in table 2 and graphically represented in fig. 1 
using MS Word 2010.  
 

DISCUSSION 
 
Table 1 Shown anti-inflammatory activity of four 4-(2-
keto-1-benzimidazollinyl) piperidine derivatives, It has 
been found that compound Q1 displayed most significant 
inhibitory activity for phagocytes ROS (80.43%) when 
compared to standard (73.2%). Compound Q3 showed 
comparable inhibitory activity in the production of Nitric 
oxide (NO) with IC50 value 24.75µg/mL. 

Antibacterial activity 
Tested compounds showed low to moderate level of 
activity against, both, Gram-ve and Gram+ve bacteria 
(table 2). Compounds Q1 showed highest antibacterial 
activity for seveal micro-organism, against Escherichia 
coli and Enterococcus faecalis (ZOI: 18mm). A moderate 
level of antibacterial activity was exhibited by compound 
Q2 against Staphylococcus aureus (ZOI: 14mm). 
Compound Q3 showed the highest antibacterial activity 
against Corynebacterium diptheriae (ZOI: 18mm). 
Highest  inhibitory  activity against Staphylococcus 
aureus (ZOI: 20mm) was exhibited by compound Q4. 
 
 
 

 
Scheme 1: Synthetic Scheme of 4-(2-Keto-1-benzimidazollinyl) Piperidine derivatives Where, X: Br. R: C13H12O 
(Q1); C9H9NO3(Q2); C10H14O(Q3); C9H9BrO(Q4) 
 
Table 1: In vitro Anti-inflammatory activity (ROS, NO) 
 

Anti-inflammatory Activity 
  ROS NO 

Compound Code 
%inhibition 
(25µg/mL) 

IC50±SD 
(µg/mL) 

% inhibition 
(25µg/mL) 

IC50± SD 
(µg/mL) 

Q1 80.43±1.06 7.6±1.3 25.6±3.0 - 
Q2 21.3±8.6 - 18.4±2.3 - 
Q3 31.14±1.16 - 91.7 ± 2.6 24.75±0.97 
Q4 30.62±2.79 - -20.5±8.5 - 

Ibuprofen1 73.2 ± 1.4 11.2±1.9 - - 
NGMethyl-L-arginineacetate2 - - 65.6±1.1 24.2±0.8 

1 Standard for ROS:   2 Standard for NO 
 
Table 2: Antibacterial activity against selected organisms 
 

  Zone of Inhibition (mm) 
Compound Code Gram positive organism Gram negative organism 

  Ef Cd Sa Ec E Pa 
Q1 18 - 9 18 9 - 
Q2 - 12 14 10 10 10 
Q3 10 18 8 12 - 11 
Q4 8 - 20 13 - - 
Amikacin  25 30 25 21 20 23 

*(Gram Positive) Enterococcus Faecalis=EF; Corynebacterium diphtheria= Cd; Staphylococcus aureus= Sa; (Gram Negative) 
Escherichia coli=Ec; Enterobacter= E; Pseudomonas aeruginosa= Pa 
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Structure-activity relationship (SAR) 
Regarding structure activity relationship of tested 
compound it is very clear that for anti-inflammatory 
activity unsubstituted phenyl group plays very important 
role for activity compounds Q1 and Q3 containing 
naphthalene and phenyl group showed significant activity 
however substitution with electronegative groups such as 
bromo (Br) and nitro (NO2) group decreases the activity. 
Along with phenyl group presence of carboxylic group is 
also important for oxidative burst method (fig. 2).  

 
Fig. 1: Antibacterial activity of compounds (Q1-Q4) at 
25g/mL concentration. 

 
Fig. 2: Substituents presents in compounds 
 

Compounds containing different substitution showed 
varied activity against selected microbes at tested dose of 
25g/mL. Compound containing bromo substituted 
phenyl ring (Q4) showed significant activity against 
Staphylococcus aureus, similarly compounds containing 
naphthalene ring showed good activity against 
Enterococcus Faecalis and Escherichia coli. 
 

CONCLUSION 
 

Conclusively, Synthesized 4-(2-Keto-1-
benzimidazollinyl) Piperidine derivatives (Q1-Q4) were 
evaluated for their (in vitro) anti-inflammatory and 
antibacterial activities. 
 
All the synthesized derivatives (Q1-Q4) showed varying 
capacity on antibacterial account. Compound Q1 showed 
high potential to reduce the inflammation as compared 
with potent anti-inflammatory agent Ibuprofen while 
compound Q3 have good nitric oxide inhibitory activity 
compared with standard NGMethyl-L-arginineacetate. 
Results revealed that 4-(2-Keto-1-benzimidazollinyl) 

Piperidines can be further proceed as a lead in future 
research for anti-inflammatory agents and other biological 
activities. 
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