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ABSTRACT 
In the present study, derivatives of imidazole-isoindoline-1,3-dione were synthesized by cyclization of benzil, 4-
nitrobenzaldehyde, and ammonium acetate in glacial acetic acid at reflux conditions followed by reduction and 
coupling with phthalic anhydride derivatives. All newly synthesized compounds were explicated by spectroscopic 
techniques and screened for their biological activities against Gram-positive, Gram-negative, and fungi strains. 
Antimicrobial screening results revealed that 7 was the most active compound. 
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INTRODUCTION 
Heterocycles containing imidazole gallows occupied a unique position in heterocyclic chemistry. The 
imidazole moiety is an important constituent in various biomolecules such as histidine, histamine, nucleic 
acid, purines, biotin, and pilocarpine alkaloids.1,2 Imidazole analogs have attracted the attention of many 
chemists due to their wide range of biological and pharmaceutical properties such as analgesic,3 anti-
convulsant,4 anti-inflammatory,5 anticancer,6,7 antimalarial,8 and antimicrobial.1,9 Selected examples10 of 
marketed drugs containing imidazole skeleton are shown in Fig.-1. 

 
 

Fig.-1: Selected Examples of Drugs containing Imidazole Skeleton 
 

Also, isoindoline-1,3-dione nucleus is a vital drug candidate known to possess different biological 
properties such as antimycobacterial,11 antimicrobial,12-15 antimalarial,16 antiviral,17 antitumor,18 and 
antitubercular.19  
So, considering this reported distinct activity of imidazole and isoindoline-1,3-dione structural motifs, we 
synthesized new imidazole-isoindoline-1,3-dione derivatives and screened their antibacterial activity 
against Gram-positive, Gram-negative bacterial strains, and their antifungal activity against fungi strains. 
 

EXPERIMENTAL 
Material and Methods 
All chemicals required for the synthesis were directly used without further purification. The purity of the 
compounds was checked by TLC on pre-coated silica gel aluminium sheets (Merck) (eluents petroleum 
ether -AcOEt in various proportions) and spots were visualized by UV lights. 1H and 13C-NMR spectra 
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were recorded on a JEOL spectrometer (600 MHz) and all chemical shifts were referred to in parts per 
million from TMS and deuterated solvent (chloroform-d or DMSO-d6) as an internal standard. All 
characterization was performed at Sophisticated Analytical Instrument Facility (SAIF), IIT Bombay, 
Mumbai. 
 
Procedure 
The synthesis of 2-[4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl]isoindoline-1,3-dione derivatives 
were obtained in a four-step synthesis (Scheme-1). The reaction step including three-component reaction 
(cyclization) of benzil 1, 4-nitrobenzaldehyde 2, and ammonium acetate 3 in glacial acetic acid at reflux 
conditions for 4 h to afford 2-(4-nitrophenyl)-4,5-diphenyl-1H-imidazole 4 in good yield. The reduction 
of 4 with Fe/HCl produced 2-(4-aminophenyl)-4,5-diphenyl-1H-imidazole 5 according to the previous 
study.20 At the final step, 5 reacted with phthalic anhydride and its derivatives (4-fluoro and 3-methyl 
phthalic anhydride) to obtain 2-[4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl]isoindoline-1,3-dione 
derivatives 6-8 (Table-1). Furthermore, we have attempted reacting 5 with 3-nitro & 4-nitrophthalic 
anhydride, but reactions were not completed, even after 18 h of duration.  

 
Scheme-1: Synthesis of 2-[4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl]isoindoline-1,3-dione derivatives (6-8). 

Reagents and Conditions; a: Glacial AA, reflux, 4h, b: Fe/HCl, ethanol/water, reflux, 6h, c: Phthalic anhydride and 
its derivatives (4-fluoro and 3-methylphthalic anhydride), Glacial AA, reflux, 3h. 

 
Table-1: Synthesis of Compounds 6-8 

Entry Name of the Compound Yield (%) 
1 2-[4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl]isoindoline-1,3-dione (6) 85 
2 2-[4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl]-4-fluoroisoindoline-1,3-dione (7) 86 
3 2-(4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl)-3-methylisoindoline-1,3-dione (8) 36 
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2-(4-nitrophenyl)-4,5-diphenyl-1H-imidazole (4) 
Procedure (irrespective of weight of the reactants) followed according to the previous study,20 2.36 g of 4 
was obtained as a dark yellow powder. 1H-NMR (600 MHz, CDCl3): δ-7.29-7.35 (m, 6H, Ph), δ-7.51-
7.66 (m, 4H, Ph), δ-8.05 (d, J = 8.2 Hz, 2H, Ph), δ-8.24 (d, J = 8.5 Hz, 2H, Ph), δ-10.15 (s, 1H, NH). 13C-
NMR (150 MHz, CDCl3): δ-124.39, 125.51, 127.88, 128.01, 128.76, 135.48, 143.43, 147.53. Analysis for 
C21H15N3O2 (341.36): Calculated: C, 73.89; H, 4.43; N, 12.31; O, 9.37. Found: C, 73.78; H, 4.32; N, 
12.11; O, 9.27. 
 
2-(4- aminophenyl)4,5-diphenyl-1H-imidazole (5) 
Procedure (irrespective of weight of the reactants) followed according to the previous study,20 0.41 g of 5 
was obtained. 1H-NMR (600 MHz, DMSO-d6): δ-5.36 (s, 2H, NH2), δ-6.62 (d, J = 8.4 Hz, 2H, Ph), δ-
7.26-7.57 (m, 10H, Ph), δ-7.75 (d, J = 8.5 Hz, 2H, Ph), δ-12.21 (s, 1H, NH). 13C-NMR (150 MHz, 
DMSO-d6): δ-113.62, 118.19, 126.52, 126.82, 127.65, 128.35, 146.87, 149.17. 13C-NMR (150 MHz, 
CDCl3): δ-17.74, 121.46, 126.54, 126.59, 127.82, 128.12, 128.19, 128.27, 128.43, 129.00, 129.73, 
130.78, 130.96, 132.00, 132.48, 134.00, 136.87, 136.94, 138.62, 144.64, 167.10, 167.75. Analysis for 
C21H17N3 (311.38): Calculated: C, 81.00; H, 5.50; N, 13.49. Found: C, 80.78; H, 5.32; N, 13.21. 
 
2-(4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl)isoindoline-1,3-dione (6) 
0.100 g (0.32 mmol) of 2-(4-aminophenyl)-4,5-diphenyl-1H-imidazole (5) and 0.048 g (0.32 mmol) of 
phthalic anhydride was taken in 10 ml of the single necked round bottom flask, which then refluxed in 5 
ml glacial acetic acid for 3 h. The reaction mixture was then cooled and poured onto crushed ice. The 
crude product was filtered, washed several times with water and then dried. Yield: 0.120 g (85%). 1H-
NMR (600 MHz, DMSO-d6): δ-7.32-7.69 (m, 13H, Ph), δ-7.91-8.22 (m, 13H, Ph), δ-12.98 (s, 1H, NH). 
13C-NMR (150 MHz, DMSO-d6): δ-123.49, 125.61, 127.37, 127.49, 127.84, 128.50, 129.55, 130.75, 
131.55, 131.78, 132.92, 134.81, 144.80, 166.96, 168.65. Analysis for C29H19N3O2 (441.48): Calculated: 
C, 78.90; H, 4.34; N, 9.52; O, 7.25. Found: C, 78.58; H, 4.22; N, 9.30; O, 7.07. 
 
2-(4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl)-4-fluoroisoindoline-1,3-dione (7) 
0.110 g (0.36 mmol) of 2-(4-aminophenyl)-4,5-diphenyl-1H-imidazole (5) and 0.059 g (0.36 mmol) of 4-
fluoro-phthalic anhydride was taken in 10 ml of single necked round bottom flask, which then refluxed in 
5 ml glacial acetic acid for 3 h. Yield: 0.140 g (86%). 1H-NMR (600 MHz, CDCl3): δ-7.32-8.35 (m, 17H, 
Ph), δ-12.88 (s, 1H, NH). 13C-NMR (150 MHz, CDCl3): δ-111.22, 111.38, 117.22, 117.37, 121.55, 
121.70, 125.63, 126.25, 126.31, 127.43, 127.78, 128.50, 129.68, 131.63, 134.58, 144.77, 165.11, 165.71, 
166.02, 166.79. Analysis for C29H18FN3O2 (459.47): Calculated: C, 75.81; H, 3.95; F, 4.13; N, 9.15; O, 
6.96. Found: C, 76.01; H, 4.10; F, 4.35; N, 9.30; O, 6.75. 
 
2-(4-(4,5-diphenyl-1H-imidazol-2-yl)phenyl)-3-methylisoindoline-1,3-dione (8)  
0.115 g (0.37 mmol) of 2-(4-aminophenyl)-4,5-diphenyl-1H-imidazole (5) and 0.060 g (0.37 mmol) of 3-
methyl-phthalic anhydride was taken in 10 ml of single necked round bottom flask, which then refluxed 
in 5 ml glacial acetic acid for 3 h. Yield 0.060 g (36%). 1H-NMR (600 MHz, CDCl3): δ-2.72 (s, 3H, CH3), 
δ-7.20-8.22 (m, 17H, Ph). 13C-NMR (150 MHz, CDCl3): δ-17.74, 121.46, 126.54, 126.59, 127.82, 
128.12, 128.19, 128.27, 128.43, 129.00, 129.73, 130.78, 130.96, 132.00, 132.48, 134.00, 136.87, 136.94, 
138.62, 144.64, 167.10, 167.75. Analysis for C30H21N3O2 (455.51): Calculated: C, 79.10; H, 4.65; N, 
9.22; O, 7.02. Found: C, 79.33; H, 4.89; N, 9.03; O, 7.17. 
 

RESULTS AND DISCUSSION 
The antimicrobial activity of the newly synthesized heterocyclic compounds 6-8 was performed on two 
Gram-positive bacterial strains (Staphylococcus aureus & Streptococcus pyogenes) and two Gram-
negative bacterial strains (Escherichia coli & Pseudomonas aeruginosa). The antifungal activity was 
carried out on three fungal strains (Candida albicans, Aspergillus niger & Aspergillus clavatus). The 
determination of biological activities was examined using the agar-diffusion method (Broth Dilution 
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Method) in which the minimum inhibitory/fungicidal concentration (MIC) (μg/ml) of the investigated 
compounds were determined and compared with Gentamycin, Ampicillin, Chloramphenicol, 
Ciprofloxacin, Norfloxacin as standard antibacterial drugs and Nystatin, Griseofulvin as standard 
antifungal drugs.  
The results of the antibacterial and antifungal screening are summarized in Table-2. Results revealed that 
compounds 7 and 8 showed more efficacy against E. coli and compounds 6 and 7 were more effective 
against S. aureus than the standard Ampicillin as they have lower MIC values than the standard. All 
compounds showed lower fungal activity compared to the standard Nystatin. However, compound 7 had 
better antifungal activity (MIC=250 µg/mL) against C. albicans than the standard Griseofulvin (MIC=500 
µg/mL), but less active against A. niger and A. clavatus compared with both the standards. The improved 
antibacterial and antifungal activity was observed in the presence of the EWG group (i.e. fluoro). 
 

Table-2: Antimicrobial Activity of the newly synthesized Compounds against G+, G- and Fungal Strains 
  Antibacterial Activity Antifungal Activity 

Minimum Inhibition Concentration Minimum Fungicidal 
Concentration 

microgram/mL microgram/mL 
Compounds Codes E.coli P.aeruginosa  S.aureus S.pyogenes C.albicans A.niger A.clavatus 
  MTCC 

443 
MTCC 441 

MTCC 
96 

MTCC 
442 

MTCC 
227 

MTCC 
282 

MTCC 
1323 

6 
NR-
16 

125 125 100 250 500 500 500 

7 
NR-
17 

50 100 125 250 250 1000 1000 

8 
NR-
23 

12.5 250 250 500 500 500 500 

Gentamycin 0.05 1 0.25 0.5 - - - 
Ampicillin 100 - 250 100 - - - 

Chloramphenicol 50 50 50 50 - - - 
Ciprofloxacin 25 25 50 50 - - - 

Norfloxacin 10 10 10 10 - - - 
Nystatin - - - - 100 100 100 

Griseofulvin - - - - 500 100 100 

 
CONCLUSION 

In this study, we have synthesized 2-[4-(4,5-diphenyl-1H-imidazole-2-yl)phenyl]isoindoline-1,3-dione 
derivatives (6-8) by the conventional method. The synthesized compounds were explicated by 
spectroscopic and analytical techniques. The antimicrobial activity of synthesized compounds revealed 
that the aromatic ring with the electron-withdrawing group had more efficacy in terms of antibacterial and 
antifungal activities. 

ACKNOWLEDGEMENT 
The authors are thankful to Prof. INN Namboothiri, Dr. Suyog Marathe, Dr. Rajesh Kenny, SAIF IIT 
Mumbai, Microcare Laboratory Surat, University of Mumbai, Patkar College, and A. P. Shah Institute of 
Technology, for their support. 

REFERENCES 
1. F. Bellina, S. Cauteruccio, and R. Rossi, Tetrahedron, 63(22), 4571(2007), 

DOI:10.1016/j.tet.2007.02.075 
2. S. Khanage, P. Mohite, and R. Pandhare, Analytical Chemistry Letters, 10(4), 517(2020), 

DOI:10.1080/22297928.2020.1838319 
3. U. Ucucu, N. G. Karaburun, and I. Isikdag, II Farmaco, 56(4), 285(2001), DOI:10.1016/s0014-

827x(01)01076-x 
4. P. Cozzi, G. Carganico, D. Fusar, M. Grossoni, M. Menichincheri, V. Pinciroli, R. Tonani, F. Vaghi, 



 
 Vol. 14 | No. 2 |1121-1125| April - June | 2021 

1125 
ISOINDOLINE-1,3-DIONE DERIVATIVES                                                                                                         S. S. Sankhe and N. R. Chindarkar  
 

and P. Salvati, Journal of Medicinal Chemistry, 36(20), 2964(1993), DOI:10.1021/jm00072a017 
5. J. G. Lombardino and E. H. Wiseman, Journal of Medicinal Chemistry, 17(11), 1182(1974), 

DOI:10.1021/jm00257a011 
6. Y. Ozkay, I. Isikdag, Z. Incesu, and G. Akalin, European Journal of Medicinal Chemistry, 45(8), 

3320(2010), DOI:10.1016/j.ejmech.2010.04.015 
7. D. Kumar, M. Jacob, M. Reynolds, S. Kerwin, Bioorganic and Medicinal Chemistry, 10(12), 

3997(2002), DOI:10.1016/s0968-0896(02)00327-9 
8. R. Jain, S. Vangapandu, M. Jain, N. Kaur, S. Singh, P. Singh, Bioorganic and Medicinal Chemistry 

Letters, 12(13), 1701(2002), DOI:10.1016/S0960-894X(02)00289-5 
9. C. Valdez, J. Tripp, Y. Miyamoto, J. Kalisiak, P. Hruz, Y. Andersen, S. Brown, K. Kangas, L. Arzu, 

B. Davds, F. Gillin, J. Upcroft, P. Upcroft, V. Fokin, D. Smith, K. Sharpless, and L. Eckmann, 
Journal of Medicinal Chemistry, 52(13), 4038(2009), DOI:10.1021/jm900356n  

10. E. Vessally, S. Soleimani-Amiri, A. Hosseinian, L. Edjlali, and A. Bekhradnia, RSC Advances, 7(12), 
7079(2017), DOI:10.1039/c6ra25816f 

11. H. Akgun, I. Karamelekoglu, B. Berk, I. Kurnaz, G. Saribiyik, S. Oktem, and T. Kocagoz, Bioorganic 
and Medicinal Chemistry, 20(13), 4149(2012), DOI:10.1016/j.bmc.2012.04.060 

12. A. Khalil, M. Berghot, and M. Gouda, European Journal of Medicinal Chemistry, 45(4), 1552(2009), 
DOI:10.1016/j.ejmech.2009.12.064 

13. N. El-Gohary and M. Shaaban, Archiv der Pharmazie - Chemistry in Life Sciences, 348(9), 
666(2015), DOI:10.1002/ardp.201500037 

14. A. Abdel-Rahman, O. Ali, and A. Abdel-Megeed, Journal of Heterocyclic Chemistry, 50(3), 
484(2013), DOI:10.1002/jhet.1119 

15. S. S. Sankhe and N. R. Chindarkar, Journal of the Indian Chemical Society, 98(3), 1(2021), 100027, 
DOI:10.1016/j.jics.2021.100027 

16. P. Gomes, M. Araujo, M. Rodrigues, N. Vale, Z. Azevedo, J. Iley, P. Chambel, J. Morais, and R. 
Moreira, Tetrahedron, 60(26), 5551(2004), DOI:10.1016/j.tet.2004.04.077 

17. A. Golub, O. Yakovenko, A. Prykhod'ko, S. Lukashov, V. Bdzhola, and S. Yarmoluk, Biochim 
Biophys Acta (BBA) - Proteins Proteomics, 1784(1), 143(2008), DOI:10.1016/j.bbapap.2007.10.009 

18. M. Zahran, T. Salem, R. Samaka, H. Agwa, and A. Awad, Bioorganic and Medicinal Chemistry, 
16(22), 9708(2008), DOI:10.1016/j.bmc.2008.09.071 

19. J. Santos, P. Yamasaki, C. Chin, C. Takashi, F. Pavan, and C. Leite, Bioorganic and Medicinal 
Chemistry, 17(11), 3795(2009), DOI:10.1016/j.bmc.2009.04.042 

20. L. Wan, X. Wang, S. Wang, S. Li, Q. Li, R. Tian, and M. Li, Journal of Physical Organic Chemistry, 
22(4), 331(2009), DOI:10.1002/poc.1481 

[RJC-6309/2020] 


