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            Abstract

            
               
Mannich bases are beta-amino ketone-carrying compounds that are the end products of the Mannich reaction. The Mannich reaction
                  is essential in the synthesis of nitrogen-containing compounds. The Mannich reaction, a nucleophilic addition reaction that
                  forms carbon-carbon bonds, is employed in the synthesis of numerous natural products, drugs and other compounds. There are
                  several aminoalkyl chain bearing Mannich bases with high curative value, such as fluoxetine, atropine, ethacrynic acid, trihexyphenidyl,
                  and many others. According to the literature, Mannich bases are highly reactive and have been demonstrated to have powerful
                  anti-inflammatory, anticancer, antifilarial, antibacterial, antifungal, anticonvulsant, anthelmintic, antitubercular, analgesic,
                  anti-HIV, antimalarial, antipsychotic, antiviral, antilipase activity and other properties. The primary source of, -α,β-unsaturated
                  ketone, which can be produced by deaminating the hydrogen atom of the amine group, is responsible for the biological action
                  of Mannich bases. However, a number of minor biological functions of Mannich bases have been reported, including their ability
                  to control blood pressure or prevent platelet aggregation, their impact on parasites and ulcers, and their use as medications
                  for mental health issues. Since there is a greater need for anticonvulsant pharmaceuticals, these anticonvulsant medications
                  containing N-mannich base groups will exhibit an increase in lipophilic nature and hence have improved blood-brain barrier
                  penetration. The overview concludes with a brief explanation of the potential of Mannich bases as inhibitors of various enzymes
                  or ligands for various receptors.
               

            
         

         
            Keywords

            Mannich base, Beta­amino ketone, Biological activity, Anti­microbial activity, Anti­cancer activity

         

         
            © This is an open access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
            credited.
            
         

         

      

      
         
               Introduction

            The most basic method of introducing C-C bond formation in organic synthesis is the Mannich reaction. Aldehyde, ketone and
               a secondary amine make up the three-component complex known as mannich base. The mannich base's antimicrobial, antimalarial,
               anti-HIV, anti-tubercular, anti-cancer, anti-inflammatory and anti-oxidant activities make them interesting pharmacologically.
               The complexity of aldehydes, ketones and amines had a major impact on the individual optimization of time, temperature and
               percentage yield of synthesized compounds. In the area of medicinal chemistry, the Mannich base has found several practical
               applications and it may be responsible for increasing physicochemical qualities. Mannich bases and their derivatives are being
               developed with the aim of improving their physicochemical and druglike characteristics, which may have greater influence over
               pharmacological applications.1, 2, 3 
            

            Many bioactivities, such as antineoplastic, diuretic, antipsychotic, anticonvulsant, centrally acting muscle relaxant, antibacterial and
               antiviral ones, are present in the Mannich base of heterocyclic compounds. Carbazole mannich bases serve as a helpful model
               for the identification and creation of prospective anti-cancer drugs. Lewis’s acids and bases, Bronsted acids, rare metal
               salts and organocatalysts can be used to catalyze the traditional Mannich reactions of aldehydes, ketones and amines. However,
               these catalysts come with a number of drawbacks that restrict their use, including difficult reaction product separation,
               prolonged reaction durations and harsh reaction conditions. Because of the significant pharmacophores with promising activity,
               Mannich bases generated from acetophenone are particularly interesting and have shown significant potential in medicinal chemistry
               and drug development. They frequently serve as starting points for the production of novel pharmacophores or medicines with
               therapeutic potential. Recently, several mannich bases with strong clinical support have been reported. In medicine, mannich
               base and its derivatives are regarded as the best pharmacophore.4, 5, 6

            The phenolic mannich base, which has the structural components of a phenolic hydroxyl group and an aminoalkyl moiety, exhibits
               a wide range of biological activities, including anti-oxidant, anti-inflammatory, biometal chelating, anticholinesterase,
               and monoamino oxidase inhibitory properties. Apoptosis, cell cycle arrest, depolarization of the mitochondrial membrane and
               poorer topoisomerase-II inhibition were all a result of the mannich base's cytotoxicity. A potent technique in medicinal chemistry,
               the Mannich base reaction helps to create novel chemical entities or improves the physicochemical characteristics of drug
               candidates.7, 8, 9 
            

            Many herbicidally active compounds have been prepared using the Mannich base reaction. The Mannich reaction could also be
               used to manufacture several other neonicotinoid pesticides. A helpful strategy for creating enantioenriched aminocarbonyl
               compounds with favourable pharmacological characteristics is the asymmetric form of the catalytic Mannich process. The microbiological
               properties of an amino methylated Mannich base and their properties for complexing with divalent transition metals may be
               improved. Metal complexes are also employed as preventative drugs in the treatment of infectious diseases.10, 11, 12

            It is claimed that mannich bases made from isatin derivatives have a variety of biological roles. They examined the in vitro inhibitory activity of the newly synthesized N-mannich base against a panel of gram-positive and gram-negative bacteria.
               The mannich base reaction has emerged as a key component in multidrug synthesis, enabling the quick and easy synthesis of
               a wide range of antibacterial, cytotoxin, and anticonvulsant substances. The associated heterocyclic intermediates also give
               rise to heterocyclic mannich bases, which also have a number of advantageous characteristics. But the majority of them engaged
               in empathetic pharmaceutical activities.13, 14, 15, 16 
            

            In this review, various biological applications of mannich bases are given based on the literature survey between the time
               period of 2012 to 2023. Only those kinds of literature indexed in Google Scholar, PubMed, Scopus, ScienceDirect, Embase, Web
               of Science and ResearchGate were collected by employing mannich base, biological applications, activities, antimicrobial,
               anticancer, therapeutic potential, efficacy as keywords, individually and in combination. Thus, it will be useful to design
               and develop novel mannich base and derivatives with potential applications.
            

         

         
               Antimicrobial Activity of Mannich bases

            Antimicrobials are viewed as one of the most successful forms of therapy in medicine, though their efficacy is adversely affected
               by antibiotic-resistant pathogens. Generally, mannich bases were synthesized by the reaction of an aldehyde, ketone and an
               amine. Thiosemicarbazide was condensed with the synthesized mannich bases to create thiosemicarbazide mannich bases. The compounds
               were examined using the BHI (brain heart infusion) broth dilution method for antifungal activity against Candida albicans and Aspergillus niger. Both C. albicans and A. niger have demonstrated comparable efficacy for alkyl components. In comparison to A. niger, aliphatic carbonyl compounds demonstrated good antifungal activity against C. albicans. Using fluconazole as the standard drug, the compound (1) (2E)-2[4-(morpholin-4-yl) butan-2-ylidene]hydrazine-1-carbothioamide
               demonstrated the highest activity against C. albicans and A. niger.2

            Some medications that contain a significant amount of imidazole nucleus include fungicides, angiotensin II receptor antagonists and
               oral anti-inflammatory medicines. The synthesis of many 3-substituted aminomethyl-5-(2-methyl-4-nitro-1-imidazomethyl)-1,3,4-oxadiazole-2-thiones
               with different substituent groups was described using a general and practical approach. Likewise, the antimicrobial activity
               of the newly synthesised Mannich bases was shown. When compared to the reference drug fluconazole, 3-substituted aminomethyl-5-(2-methyl-4-nitro-1-imidazomethyl)-1,3,4-oxadiazole-2-thiones
               (2,3,4) had greater inhibitory activity against C. albicans, Trichophytonmentagrophytes and S. aureus. Compared to fluconazole, the compounds with ethyl, fluoro, and bromo groups at para position in phenyl substituent showed
               higher activity against T. mentagrophytes.14 
            

            In addition to the tri-component synthesis of novel chiral benzimidazole Mannich bases via reaction between benzimidazole,
               aqueous 30% formaldehyde and an amine, the biological evaluation and DFT investigations of the new compounds were also presented.
               By comparing the minimal inhibitory concentration values of benzimidazole compounds to a reference drug, erythromycin, the
               antibacterial activity of these compounds was assessed against bacterial strains, including Gram-positive cocci, Staphylococcus aureus and Gram-negative bacilli, Pseudomonas aeruginosa and Escherichia coli. Inhibiting the growth of gram-negative microorganisms, the compound (5) (S)-1-(1-((Diphenylamino)-1H-benzo (d) imidazole-2-ylethanol
               proved effective against the tested strains. The antibacterial activity of the compound (6) (S)-1-(1 ((4 nitrophenylamino) methyl)-1H-benzo[d] imidazole 2 yl) ethanol has been demonstrated better activity against the
               Gram-negative bacilli strain P. aeruginosa.

            Phenolic components such as eugenol have good antifungal activity against Candida spp. When tested against Candida spp., the majority of the eugenol derivatives demonstrated significant antifungal activity, demonstrating that eugenol can produce
               better molecules when its structural properties are changed. Among the synthesized compounds, 4-allyl-2-methoxy-6-(morpholin-4-ylmethyl)
               phenyl benzoate (7) and 4-{5-allyl-2- [(4-chlorobenzoyl)oxy]-3-methoxybenzyl}morpholin-4-ium chloride (8) were found to be
               the most effective antifungal compounds with low IC­50 values.17

            A number of novel Mannich base derivatives of flavones (9, 10) with a benzylamine moiety were created using the Mannich reaction.
               The antifungal activity results are not ideal, but it has a greater antifungal effect than flavonoids. Following that, four
               bacteria were used to test these compounds antibacterial activity, which demonstrates better activity against S. aureus and Salmonella gallinarum. When compared to novobiocin, tested compounds demonstrated broad spectrum antibacterial activity against two gram-positive
               bacteria, S. aureus and Listeria monocytogenes, as well as two gram-negative bacteria, E. coli and S. gallinarum. The selected compounds inhibit Topo II and Topo IV with better IC50.18 A series of Mannich base derivatives Allyl-6-(4-alkylphenoxy)-3-((diethylamino) methyl)benzene-1,2-diol) and 4-alkll-6-(-alkllphenoxy)-3-((4-ethy)piperazine-1-yl)methyl)benzene-1,2-diol)
               (11,12) were prepared by the C-4-amino methylated modification of obovatol and all synthesized compounds were tested for in vitro antifungal activity against several phytopathogenic fungi using the spore germination method. The presence of diethylamino,
               pyrrolyl, 1-methyl-piperazinyl, or 1-ethyl-piperazinyl groups to the C-4 position of obovatol may increase the probability
               of providing potential antifungal compounds. compounds inhibited Botrytis cinerea spore germination more effectively than two positive controls, hymexazol and difenoconazole.19

            Mannich base of triazole derivatives containing nitro substituted thiophene proved highly promising antimicrobial activity.
               It was carried out in Mueller-Hinton broth. The compounds (13) 1-((1-(morpholinomethyl)-4-(5-nitrothiophene-2-yl) methylene
               amino)-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl) methyl)-4- ((5-nitrothiophene-2-yl) methyleneamino)-3-(thiophene-2-yl methyl)-1H-1,2,4-triazole-5(4H)-one
               was more effective against gram-negative bacteria than against gram-positive bacteria.20 

            A series of thieno[2,3-d]pyrimidine alkyne Mannich base hybrid (14) was designed, synthesised and tested for concentration-dependent
               antibacterial activity. Structure activity relationship (SAR) studies revealed that changing the substitutions on the C4 position
               of the thienopyrimidine ring and the terminal phenyl ring causes significant changes in biological activities. It was analyzed
               against four bacterial strains and was effective against E. coli.21

            The anti-Leishmanial capability of many novel lawsone Mannich bases produced from salicylaldehydes or nitro furfural against
               Toxoplasma gondii and Trypanosoma brucei parasites was examined. The antiparasitic activity of Lawsone Mannich bases against T. brucei and Entamoeba histolytica has been particularly promising. Compound (15), 3‐[(Hexadecylamino)(2‐hydroxyphenyl)methyl]‐2‐hydroxy‐1,4‐ naphthoquinone
               was a promising drug candidate for toxoplasmosis treatment.22 Using a molecular hybridization strategy, design, synthesis and testing of 6-fluoroquinazolinylpiperidinyl -modified 1,2,4-triazole-based
               Mannich base derivatives (16) as antibacterial agents against phytopathogenic bacteria and fungi. The results of the turbidimetric
               experiments against Xanthomonas oryzae pv. oryzae showed that certain drugs exhibited high in vitro antibacterial therapeutic activity.23 Analogues of N(benzimidazol-1-ylmethyl)-4- chlorobenzamide were created using the Mannich process. The synthesized derivatives
               were evaluated for in vitro antimicrobial activity against gram-negative, gram-positive and fungal strains. The most potent compound among the produced
               derivatives was determined to be derivative (17) N-[2-(2-chloro-phenyl)-benzimidazol-1-ylmethy]-4-chlorobenzam, which has
               a 2-chlorophenyl moiety at position 2 on the benzimidazole scaffold.24 The structure of the compound possessing antimicrobial activity is given in Figure  1, Figure  2.
            

            
                  
                  Figure 1

                  Compounds possessing antimicrobial activity
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                  Figure 2

                  Compounds possessing antimicrobial activity
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               Anticancer Activity of Mannich bases

            There are numerous life-threatening diseases prevalent worldwide, and cancer has gradually become a major threat to humans.
               The compounds were tested for antiproliferative activity against prostate cancer (PC3), Hep G2 (liver cancer), human colorectal
               cancer (HCT-116), human hepatocellular carcinoma (HePG-2), human epithelioid carcinoma (HeLa) and human breast cancer (MCF7)
               cell lines. In almost all of the cancer cell lines tested, the given compounds in Table  1 inhibited cell proliferation effectively. To assess the anticancer properties of the novel compounds, in vitro cytotoxicity experiments using the lung cancer cell lines A549 and H1975 were performed.25, 26 Table  1  shows the various compounds possessing anticancer activity with the effective cell line and their structures are given in
               Figure  3, Figure  4, Figure  5.
            

            
                  
                  Table 1

                  Mannish bases possessing anticancer activity with their effective cell line.

               

               
                     
                        
                           	
                              
                           
                           
                              Compound No
                              
                           

                           
                        
                        	
                              
                           
                           
                              Compound Name
                              
                           

                           
                        
                        	
                              
                           
                           
                              Cancer Cell Line (Type)
                              
                           

                           
                        
                        	
                              
                           
                            Ref.

                           
                        
                     

                     
                           	
                              
                           
                           18

                           
                        
                        	
                              
                           
                           1-Cyclopropyl-6-fluoro-7-(4-((1-hydroxynaphthalen-2-yl)methyl) piperazin-1-yl)-4-oxo-1,4 dihydroquinoline-3-carboxylic acid

                           
                        
                        	
                              
                           
                            HOP-92 (lung)

                           
                        
                        	
                              
                           
                            3

                           
                        
                     

                     
                           	
                              
                           
                           19

                           
                        
                        	
                              
                           
                           3-((4-Bromophenyl)(pyrrolidin-1-yl)methyl)-9H-carbazol’4-ol  

                           
                        
                        	
                              
                           
                           Hela (cervical) MDA-MB-231 (breast)

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                           20

                           
                        
                        	
                              
                           
                           N-((E)-5-(3-Hydroxyphenyl)-2-((E)-3-(3-hydroxyphenyl)- acryloyl)-3-oxo-1-phenylpent-4-en-1-yl)-acrylamide

                           
                        
                        	
                              
                           
                           A549 (lung) H1975 (lung)

                           
                        
                        	
                              
                           
                            25

                           
                        
                     

                     
                           	
                              
                           
                           21

                           
                        
                        	
                              
                           
                           3-[(3-chlorophenylamino)methyl]-5-(3,4-dimethoxyphenyl)-1,3,4-oxadiazole-2(3H)-thione

                           
                        
                        	
                              
                           
                           MCF-7 (breast) HeLa (cervical)

                           
                        
                        	
                              
                           
                            26

                           
                        
                     

                     
                           	
                              
                           
                           22

                           
                        
                        	
                              
                           
                           5-(3,4-Dimethoxyphenyl)-3-{4-[(2-trifluorobenzyl)piperazin-1-yl]methyl}-1,3,4-oxadiazole-2(3H)- thione

                           
                        
                        	
                              
                           
                           HeLa (cervical) MFC-7 (breast)

                           
                        
                        	
                              
                           
                            26

                           
                        
                     

                     
                           	
                              
                           
                           23

                           
                        
                        	
                              
                           
                           (E)-3' [(Dimethylamino) methyl] pterostilbene

                           
                        
                        	
                              
                           
                           HeLa (cervical)

                           
                        
                        	
                              
                           
                            27

                           
                        
                     

                     
                           	
                              
                           
                           24

                           
                        
                        	
                              
                           
                           1-3-bis-[(3-hydroxy-naphthalen-2-yl)-phenyl-methyl]-urea]

                           
                        
                        	
                              
                           
                           HEP-G2 (liver)

                           
                        
                        	
                              
                           
                            28

                           
                        
                     

                     
                           	
                              
                           
                           25

                           
                        
                        	
                              
                           
                           12-(1-(2-chlorophenyl)piperazine-1-ylmethyl)-berber-rubine

                           
                        
                        	
                              
                           
                           Caski (cervical)

                           
                        
                        	
                              
                           
                            29

                           
                        
                     

                     
                           	
                              
                           
                           26

                           
                        
                        	
                              
                           
                           [(2Z)‑6‑(Acetyloxy)‑2‑(3,4‑dimethoxybenzylidene)‑3‑oxo‑2,3‑dihydro‑1‑benzofuran‑7‑yl]methyl acetate  

                           
                        
                        	
                              
                           
                           PC-3 (prostate)

                           
                        
                        	
                              
                           
                            30

                           
                        
                     

                     
                           	
                              
                           
                           27

                           
                        
                        	
                              
                           
                           [(2Z)‑6‑(Acetyloxy)‑2‑(1,3‑benzodi‑ oxol‑5‑ylmethylene)‑3‑oxo‑2,3‑dihydro‑1‑benzofuran‑7‑yl] methyl acetate

                           
                        
                        	
                              
                           
                            PC-3 (prostate)

                           
                        
                        	
                              
                           
                            30

                           
                        
                     

                     
                           	
                              
                           
                           28

                           
                        
                        	
                              
                           
                           3,5,7-Trihydroxy-2-(4-methoxyphenyl) -6,8-bis [(dimethylamino) methyl]-4H-chromen -4-one

                           
                        
                        	
                              
                           
                            HeLa (cervical)

                           
                        
                        	
                              
                           
                            31

                           
                        
                     

                     
                           	
                              
                           
                           29

                           
                        
                        	
                              
                           
                           3,5,7-Trihydroxy-2-(4-methoxyphenyl) -6,8-bis [(dipropylamino) methyl]-4H-chromen-4-one

                           
                        
                        	
                              
                           
                           HCC1954 (breast) SK-OV-3 (ovarian)

                           
                        
                        	
                              
                           
                            31

                           
                        
                     

                     
                           	
                              
                           
                           30

                           
                        
                        	
                              
                           
                           5-(4-chlorophenyl) -3-(((4 hydroxyphenyl) amino)methyl)-1,3,4-oxadiazole2( 3H)-thione

                           
                        
                        	
                              
                           
                           MCF-7 (breast)

                           
                        
                        	
                              
                           
                            32

                           
                        
                     

                     
                           	
                              
                           
                           31

                           
                        
                        	
                              
                           
                            2-(2-chlorophenyl) -5-(2-fluorophenyl) -1,3,4-oxadiazole

                           
                        
                        	
                              
                           
                           MCF-7 (breast) MDA-MB-231 (breast)

                           
                        
                        	
                              
                           
                            33

                           
                        
                     

                     
                           	
                              
                           
                           32

                           
                        
                        	
                              
                           
                           2-(2-chlorophenyl) -5-(2 methoxyphenyl) -1,3,4-oxadiazole

                           
                        
                        	
                              
                           
                           MCF-7 (breast) MDA-MB-231 (breast)

                           
                        
                        	
                              
                           
                            33

                           
                        
                     

                     
                           	
                              
                           
                           33

                           
                        
                        	
                              
                           
                           (5β,7α,9β,10α)-7,14-Dihydroxykaur-17-(4-methyl) aniline 3,15-dione.

                           
                        
                        	
                              
                           
                           A549 (lung)

                           
                        
                        	
                              
                           
                            34

                           
                        
                     

                     
                           	
                              
                           
                           34

                           
                        
                        	
                              
                           
                           (5β,7α,9β,10α)-7,14-Dihydroxykaur-17-cyclohexyl-3,15- dione 

                           
                        
                        	
                              
                           
                           A549 (lung)

                           
                        
                        	
                              
                           
                            34

                           
                        
                     

                     
                           	
                              
                           
                           35

                           
                        
                        	
                              
                           
                           4’,7-Dimethoxy-5-hydroxy-6-[(dimethylamino) methyl]- flavothione

                           
                        
                        	
                              
                           
                           HeLa (cervical) HCC1954 (breast) SK-OV-3 (ovarian)

                           
                        
                        	
                              
                           
                            35

                           
                        
                     

                     
                           	
                              
                           
                           36

                           
                        
                        	
                              
                           
                           4’,7-Dimethoxy-5-hydroxy-6-[(piperidin-1-yl)methyl]- flavothione

                           
                        
                        	
                              
                           
                           HeLa (cervical) HCC1954 (breast) SK-OV-3 (ovarian)

                           
                        
                        	
                              
                           
                            35

                           
                        
                     

                     
                           	
                              
                           
                           37

                           
                        
                        	
                              
                           
                           2-Phenyl-3-(pyrrolidin-1-ylmethyl)imidazo[1,2-a]pyrimidine 

                           
                        
                        	
                              
                           
                           HeLa (cervical)

                           
                        
                        	
                              
                           
                            36

                           
                        
                     

                     
                           	
                              
                           
                           38

                           
                        
                        	
                              
                           
                           3-((4-methylpiperazin-1-yl)methyl)-2-phenylimidazo[1,2- α]pyrimidine

                           
                        
                        	
                              
                           
                           HeLa (cervical) Panc-1 (pancreatic) MDA-MB-231 (breast)

                           
                        
                        	
                              
                           
                            36

                           
                        
                     

                     
                           	
                              
                           
                           39

                           
                        
                        	
                              
                           
                           1,4-bis((2-(2-Tolyl)imidazo[1,2-a]pyrimidin-3-yl)methyl)piperazine

                           
                        
                        	
                              
                           
                           HeLa (cervical) Panc-1 (pancreatic)

                           
                        
                        	
                              
                           
                            36

                           
                        
                     

                     
                           	
                              
                           
                           40

                           
                        
                        	
                              
                           
                           3,5,7-trihydroxy-2-(4-hydroxyphenyl) -8-(piperidin-1-ylmethyl)-4H-chromen-4-one hydrochloride

                           
                        
                        	
                              
                           
                           HeLa (cervical) HCC1954 (breast)  SK-OV-3 (ovarian)

                           
                        
                        	
                              
                           
                            37

                           
                        
                     

                     
                           	
                              
                           
                           41

                           
                        
                        	
                              
                           
                           2-(4-Hydroxy-(3-((4-(4-fluorophenyl) piperazin-1-yl)methyl) benzylidene) -2,3-dihydro-1H-inden-1-one

                           
                        
                        	
                              
                           
                            HCA I and II (liver)

                           
                        
                        	
                              
                           
                            38

                           
                        
                     

                     
                           	
                              
                           
                           42

                           
                        
                        	
                              
                           
                           4-(4-Chlorophenyl) -5-cyclohexyl-2-[(4-phenylpiperazin-1- yl)methyl]-2,4-dihydro-3H-1,2,4-triazole-3-thione

                           
                        
                        	
                              
                           
                            T47D (breast)

                           
                        
                        	
                              
                           
                            39

                           
                        
                     

                  
               

            

            
                  
                  Figure 3

                  Compounds possessing antancer activity
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                  Figure 4

                  Compounds possessing anticancer activity
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                  Figure 5

                  Compounds possessing anticancer activity
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               Alzheimer's Activity of Mannich bases

            Cognitive decline and behavioural dysfunction are key features of Alzheimer's disease (AD), the most prevalent type of dementia
               in elderly people. Some of the mannich base compounds are given below which have strong inhibitory action against Alzheimer’s
               disease. 3-benzylidene/ benzylphthalide mannich base derivatives were evaluated as multifunctional agents and selective AChE,
               BuAChE and HuAChE inhibitors for the treatment of AD. The compound (43,44) Methyl 2 (-3’-((4-dimethylamino) benzyl)(ethyl)amino)methyl)-2-fluoro-4”hydroxyl-[1,1”-biphenyl]-4-yl) propanoate and (Z)-3-(4-hdroxy-3(piperidin-1-ylmethyl)benzylidene)-5,6-dimethoxyisobenzofuran-1(3H)-one
               exhibited good antiplatelet aggregation activity, Aβ1-42 aggregation inhibitor, biometal chelating ability anti-neuroinflammatory activity and appropriate BBB permeability and furthermore
               have a protective effect against H2O2-induced PC-12 cell damage, and they can ameliorate the scopolamine-induced learning
               and memory impairment.7, 40 The compounds possessing anticholinesterase activity are given in Figure  6.
            

            
                  
                  Figure 6

                  Compounds possessing anticholinesterase activity
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               Antidiabetic Activity of Mannich bases

            A number of conditions, including genetic flaws, endocrinopathies, exocrine pancreatitis and infections, can result in diabetes,
               a metabolic illness. Type 2 diabetes mellitus (T2DM) makes up more than 90% of all cases among the different kinds. Structures
               containing a separate nabumetone moiety of β-amino ketone were obtained using a one-pot, two-step, three-component Mannich
               reaction protocol. The structure-activity relationship points to the sulphanilamide unit as the most likely potent group of
               b-amino ketone and on this basis, a material strategy for the development of new anti-diabetic drugs is presented. The compound
               (45), 5-(6-Methoxynaphthalen-2-yl)-1-(5-methylisoxazol-3-ylamino)-1-(3-nitrophenyl)pentan-3-one shown potent activity.41

            Mannich bases of 1,3,4-oxadiazole derivatives incorporating benzothiazole scaffolds were synthesized and the antidiabetic
               activity was evaluated. In the STZ model, compound (46) 5-(Benzothiazol-2-yl) -3-[(3,4-dichlorophenylamino) methyl] 1, 3,
               4 oxadiazol as well as 5-(Benzothiazol-2-yl)-3-[(2-methyl-4-nitrophenylamino)methyl] -1,3,4-oxadiazol-2(3H) -thione (47) showed
               the greatest blood glucose level reduction, on par with the conventional medication glibenclamide.42 The compound possessing antidiabetic activity and the structures are given in Figure  7 .
            

            
                  
                  Figure 7

                  Compounds possessing anti-diabetic activity
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               Anti-Inflammatory Activity of Mannich bases

            A widespread occurrence, inflammation is caused by the dynamic interplay of cellular and humoral responses through a number
               of inflammatory mediators. Cyclooxygenase (COX), the enzyme that controls the rate of the prostanoid biosynthesis pathway,
               catalyzes the transformation of arachidonic acid into critical inflammatory mediators such prostaglandins (PGs), prostacyclins and
               thromboxanes. Dehydrozingerone-based mannich bases were designed and evaluated for anti-inflammatory potential by using the
               inhibition of heat-induced albumin denaturation method. Among the various derivatives, the compound (48) was found to be having
               highly potent anti-inflammatory action.43 (2E,6E)-2-({3-[(dimethylamino) methyl]-4-hydroxy-5-methoxyphenyl} methylidene)-6-(phenyl methylidene) cyclohexan-1-one (49)
               was synthesized and screened for anti-inflammatory activity via the inhibition of heat-induced albumin denaturation method.
               When compared to the standard drug diclofenac, the synthesized compound was found to be having higher anti-inflammatory potential.44

            A new class of 5-(3,4-dichlorophenyl)-1,3,4-oxadiazole-2(3H)-one Mannich bases was synthesized and evaluated their potential
               as anti-inflammatory agents. To establish a non-toxic concentration for screening for anti-inflammatory effects, the target
               compounds were first evaluated for cytotoxicity. The anti-inflammatory activity of the compound (50), 5-(3,4-Dichlorophenyl)-3-[4-(piperidin-4-yl)piperidin-1-yl]-methyl-1,3,4-oxadiazol-2(3H)-one
               was better than that of the reference drug indomethacin.45 The structures of the compounds possessing anti-inflammatory activity are given in Figure  8.
            

            
                  
                  Figure 8

                  Compounds possessing anti-inflammtory
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               Antitubercular Activity of Mannich Bases

            Despite advancements in our understanding of the infectious organism Mycobacterium tuberculosis, tuberculosis is still frustratingly challenging to treat and continues to claim a significant toll on human life. Malaria
               and HIV/AIDS are no longer the main infectious causes of death, respectively. Compound (51) (8-[(6-methoxy-1-octyl-1H-indol-3-yl)methyl]) -1,4-dioxa-8-azaspiro4, 5decane) is one of the potent derivatives of indolyl Mannich bases.46

            The antimycobacterial capacity of the uniqueimidazo[2,1-b]1, 3, 4thiadiazole (ITD) compounds was investigated. The 3,4-hydroxybenzene ring was fixed in the C-2 position of the ITD structure
               and the properties of the two series of compounds obtained by phenyl or 4-chlorophenyl in the C-6 position were compared.
               Mycobacterium smegmatis was found to be the most sensitive microorganism, with better MIC values in response to the standard drug Streptomycin. The
               compound 7-(4-{[2-(3,4-Dihydroxyphenyl)-6-(4-chlorophenyl) imidazo[2,1-b]1, 3, 4 thiadiazol-5-yl]methyl}piperazin-1-yl)-1-ethyl-6-fluoro-4-oxo-1,4-dihydroquinolon-3-carboxylic acid (52) showed excellent
               anti-tubercular activity.47 The structure of the compounds possessing anti-tubercular activity is given in Figure  9.
            

            
                  
                  Figure 9

                  Compounds possessing anti-tubercular activity
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                  Figure 10

                  Compounds possessing antioxidants activity
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                  Figure 11

                  Compounds possessing antilipase activity

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/ed63fb03-3962-4b95-81ea-fbf70b9a0f1dimage11.png]

            

         

         
               Antioxidant Activity of Mannich Bases

            Antioxidants are substances that prevent oxidation, a chemical reaction that can result in the production of free radicals
               (typically seen as autoxidation). This might trigger further chain processes, like polymerization. As a result, substances
               with halogen functionality, 12-(1-(4-Chlorophenyl) piperazine-1-ylmethyl) -berberrubine (53) and 12-(1-(2-Fluorophenyl) piperazine-1-ylmethyl)-berberrubine
               (54) might be thought of as possessing a significant amount of antioxidant power in the relevant assay. According to functional
               group presence and activity relationships, the final analogs' antioxidant efficacies can be rated as follows: F > Cl > NO2 > CH3 > OCF3 > CF3. Based on Gibbs free energy, an in vitro DPPH radical experiment revealed the molecule containing the anisidine moiety, 1-(4-iodophenyl)-3-((4-methoxyphenyl)amino)-3-phenylpropan-1-one
               (55) has a superior radical scavenging activity.5, 29

            The mannich base of 1,3,4-oxadiazole derivatives possessing 1,4-benzodioxan showed antioxidant activity. The most powerful
               activity was seen in compound (56), 5-(2,3-dihydrobenzo[b] 1,4 dioxin-6-yl)-3-(((3,4,5-trifluorophenyl)amino)methyl)-1,3,4-
               oxadiazole-2(3H)-thione i.e., having several fluoro substituents on the benzene.48 The compound shows antioxidant activity and the structures are given in Figure  10.
            

         

         
               Antilipase Activity of Mannich bases

            Inhibitors of lipases, which are present in the intestine, are called lipase inhibitors. When there is fat present, the pancreas
               secretes lipases. Lipase inhibitor’s main function is to lessen fat absorption from the gastrointestinal tract. When synthetic
               eugenol derivatives were tested in vitro for their ability to inhibit pancreatic lipase, compound (E)-1-(4-(4-([5-allyl-2-methoxyphenoxy]methyl)-1H1,2,3-triazol-1-yl)phenyl)-3-(4-methoxyphenyl)prop-2-en1-one
               (57) showed the most potent activity and the compounds (E)-1-(4-(4-([5-allyl-2-methoxyphenoxy]methyl)-1H1,2,3-triazol-1-yl)phenyl)-3-(4-chlorophenyl)prop-2-en1-one
               (58) and (E)-1-(4-(4-([5-allyl-2-methoxyphenoxy]methyl)-1H1,2,3-triazol-1-yl)phenyl)-3-(2,3-dichlorophenyl) prop-2-en-1-one
               (59) also exhibited moderate antilipase activity.1 The structures of these compounds are given in Figure  11.
            

         

         
               Conclusion

            In this review, the various biological applications of Mannich bases and their derivatives are discussed. The Mannich base
               and its derivatives, which are a significant class of molecules in synthetic chemistry, exhibit better pharmacological properties
               including antibacterial, anti-cancer, anti-inflammatory and antioxidant activities. Several biologically active, naturally
               occurring substrates or well-known medications have undergone chemical modification using the Mannich reaction in the last
               ten years to improve their biological activity. These mannich bases demonstrated better activities against various diseases
               with better potent action like the standard drugs. Thus, the Mannich reaction has established itself as a powerful tool in
               medicinal chemistry and can be used to synthesize novel chemical entities possessing a variety of exciting applications with
               better physicochemical properties.
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