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Chapter-I 

Introduction 

1.1. Schiff Condensation 

Imines are the compounds derived from the reaction of an 

aldehyde or ketone with primary amine in the presence of an acid as 

catalyst and were first reported by Hugo Schiff. The common structural 

feature of these compounds is the azomethine group with a general 

formula RHC=N-R’, where R and R’ are alkyl, aryl, cyclo alkyl or 

heterocyclic groups which may be variously substituted. These 

compounds are also known as anils, imines or azomethines.   

                     

Schiff bases are the intermediates in organic reactions and are 

further explored for their utility. Azomethine group of these compounds 

has a great attention as precursor in huge organic synthesis due to their 

biological applications such as antitubercular, anticancer, CNS 

depressant, antibacterial antimicrobial activity, anti-inflammatory, 

antico nvulsant, antitumor, antihypertensive activity, anti HIV activity, 

plant growth inhibitors, and insecticidal properties. The Schiff bases are 

an intermediate in the biologically important transamination, 

racemication reactions and amino protective groups in organic synthesis. 
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They were used as protective agent in natural rubber. An example of a 

biologically important aldehyde is pyridoxalphosphate, which is the 

active form of the vitamin B6. Vitamin B6 serves as a coenzyme by 

forming an imine with an amino acid grouping an enzyme. The coenzyme, 

bound to the enzyme, is involved in transamination reaction, the transfer 

of the amino group from one amino acid to another, which is important 

in the metabolism and the biosynthesis of amino acids. In the last step, 

enzyme-catalyzed hydrolysis cleaves the imine to pyridoxal and the 

modified amino acid. An imine linkage between the aldehyde derived 

from vitamin A and the protein opsin in the retina of the eye plays an 

important role in the chemistry of vision. Vitamins are also called 

coenzymes, meaning that they are important to the functioning of many 

enzymes, which are large proteins that catalyze chemical changes in cell.  

 Moreover the reactions of azomethine involving in ring closure 

reaction to generate a wide range of five, six and seven members rings of 

heterocyclic molecules by reacting with 2-aminopyridine, 4-isopropyl 

benzaldehyde, 3,4,5-trimethoxy benzaldehyde, 3-aminobenzo trifluride 

derivatives are playing vital role as active substances in biological 

systems  and liquid-crystalline compounds. Therefore the synthesis of 

such compounds has gained greater importance. A large number of 

different Schiff base ligands have been used as cation carriers in 

potentiometric sensors as they have shown excellent selectivity, 

sensitivity and stability for specific metal ions. Schiff bases have been 
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studied for their important properties in catalysis. They show catalytic 

activity in hydrogenation of olefins. They find applications in biomimetic 

catalytic reactions. 

An interesting application of Schiff bases is their use as an effective 

corrosion inhibitor, which is based on their ability to form a monolayer 

spontaneously on the surface to be protected. Many commercial 

inhibitors include aldehydes or amines, but presumably due to the C=N 

bond the Schiff bases function more efficiently in many cases. The 

principal interaction between the inhibitor and the metal surface is 

chemisorption. The inhibitor molecule should have centers capable of 

forming bonds with the metal surface by electron transfer. In such cases 

the metal acts as an electrophile and the inhibitor acts as a Lewis base. 

Nucleophilic centers, such as oxygen and nitrogen atoms, of the 

protective compound have free electron pairs which are readily available 

for sharing. Together with the atoms of the benzene rings they create 

multiple absorption sites for the inhibitor thus enabling stable monolayer 

formation. Synthesis, characterization and structure activity 

relationship (SAR) of Schiff bases have been studied worldwide. Several 

studies showed that the presence of a lone pair of electrons in sp2 

hybridized orbital of nitrogen atom of the azomethine group is of 

considerable chemical and biological importance. They involved in 

normal cell processes by the formation of a hydrogen bond between the 
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active centers of cell constituents and sp2 hybridized nitrogen atom of 

the azomethine group.  

        J.Popelis et.al., have reported the synthesis of imines by 

reacting furylacroleins and amino pyridines. They have employed zeolite 

molecular sieves as adsorbent. An interesting result revealed from their 

study was that the zeolites served as good dehydrating agents and 

catalyst for the synthesis [1]. Adnan dib has reported the synthesis of 

imines derived from acetyl acetone. The author also carried out 

computational study to explain the geometry, heat of formation and 

binding energy [2].  

 

Synthesis of 1-(4-methoxyphenyl)-3-[(1E)-2-(pyrimidin-5-yl) 

ethylidene]urea and its analogues using phenyl urea derivatives and 

aisaldehyde were reported by V.R.Nagavolu et.al. The team also reported 

the in-vitro anti-oxidant activities of the compounds employing hydrogen 

peroxide free radical inhibition method [3].  
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Sunita Bhagat et.al, have reported aqueous mediated synthesis of 

imines by reacting salicylaldehyde and aromatic amines employing 

microwave irradiations and established that the yield obtained by this 

method is higher than the conventional method [4]. Jumbad.H. Tomma 

et.al, have reported the Schiff bases containing pyrimidine units 

obtained by reacting chalcones with urea/ thio urea [5].  

 

2N-salicylidene-5-(p-nitro phenyl)-1,3,4-thiadiazole was prepared 

by reacting 4-nitrobenzoic acid and thiosemicarbazide in the presence of 

phosphorous oxy chloride and its antibacterial activity was reported by 

Emad yousif et.al, The results showed that the compound was active 

against S.aureus, S.typhi and E.Coli [6]. Rishikesh.V.Antre et.al. have 

reported the microwave irradiated synthesis of imines derived from 

pyridines attached with pyrazolone moiety [7]. 
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Hina zafar et. al, have reported the synthesis of macrocyclic Schiff 

base by reacting 1,2-diphenylethane-1,2-dione dihydrazone and 

dimethyl/diethyloxalate. They also investigated the antimicrobial and 

anticancer activities of the compounds. The results revealed that the 

synthesized compounds were possessed good activity against HeLa, 

MCF7 and Hep3B human cancer cell lines [8]. Wound healing bio 

materials was synthesized by Y. Dong and W. Wang. The authors have 
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prepared the Schiff bases as bio active hydrogels and employed it for 

healing the wounds and in the delivery of stem cells [9]. 

Hellen et.al, have synthesized the biopolymeric scaffolds using 

Chitosan and salicylialdehyde derivatives and investigated their 

antimicrobial and anti cancer activities. The results showed that the 

synthesized compounds were potent against MCF-7 human breast 

cancer cell line [10]. 

 

DNA interaction, molecular docking and antitumor activities of the 

compounds derived from o-vanillin have been reported. The results 

revealed that the compounds have effective binding via hydrogen bonding 

with active receptor protein DNA topoisomerase [11]. Anti cancer activity 

of the compounds derived from 3-aminopyrazole and dialdehydes were 

reported. The investigation showed that the synthesized compound 

possessed higher cytotoxicity and suggested that the heterocyclic moiety 

have effective bio activity [12]. 
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The compounds derived by reacting ethyl amino benzo nitro furan 

and salicylialdehyde derivatives were reported. The study reveals that the 

derived compounds are effective scaffolds on combating microbial 

infections [13].  

Antioxidant activity, antihypertensive activity and angiotensin-I 

converting enzyme inhibition activities of the compounds synthesized by 

reacting amino triazole and aromatic aldehydes were reported [14]. 

 

Aminophenazone and benzaldehyde derived compounds were 

reported and their analgesic and anti-inflammatory activities in mice and 

antipyretic activity in rabbits were investigated. The results showed that 

the compounds are effective in reducing fever in rabbits after 3-4 hours 

[15]. 
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Condensation product of salicylialdehyde and amino phenylmethyl 

thiazole and its anticancer activity against breast cancer MCF-7, liver 

cancer HepG2, lung carcinoma A549 and colorectal cancer HCT116 cell 

lines were evaluated. The results showed that the compound exhibits 

activity against the cell line in the order HepG2>MCF-7>A549>HCT116 

[16]. The compound derived from anisaldehyde and their adsorption 

properties were reported [17].   

 

 

The synthesis and pharmacological activity of N′-[(1Z)-(substituted 

aromatic) methylidene] pyridine-4-carbohydrazides and N-[3-chloro-2-
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(substituted aromatic)-4-oxoazetidin-1-yl]pyridine-4-carboxamides were 

reported. The compounds were investigated for 

their antidepressant activity and in the elevated plus maze test and 

passive avoidance test in mice for the evaluation of nootropic activity. 

The compounds exhibited higher antidepressant activity and the 

compounds with para nitro substitution on the aryl ring showed the 

highest nootropic activity. The results further confirm the fact that the 

2-azetidinone skeleton has potential as a CNS active agent and can be 

explored for the development of more potent and safe CNS active agents 

for therapeutic use [18]. 

           

 

The synthetic protocol of 2-Amino-benzimidazole condensation 

with acetyl acetone, ethyl cyanoacetate and 3, 4-dimethoxy benzaldehyde 

established to develop Schiff bases was reported. Further the 

antimicrobial activity of the ligands against bacterial strains and fungal 

strains were investigated [19]. The Schiff bases derived from the 

condensation between mono and diacetyl ferrocine and 2-

aminobenzenthiol in different molar ratio, lead to series of mono and 

binuclear complexes was reported. Synthesized Schiff bases were tested 

for the growth inhibitory activity against phytopathogenic bacteria and 

https://www.sciencedirect.com/topics/chemistry/antidepressant
https://www.sciencedirect.com/topics/chemistry/nootropic


11 | P a g e  

fungi, including some antibiotic resistant, make it interesting for a 

practical use as antimicrobial agent. It is obvious that the activity 

become more pronounced when two feroccine rings are coupled and more 

toxic against bacteria and fungi [20].  

The synthesis and structural characterization of mixed ligand 

complexes derived from 2,6-pyridinedicarboxaldehyde bis(o-

hydroxyphenylimine), 2,6-pyridine dicarboxaldehyde bis(p-

hydroxyphenylimine) and 2-aminopyridne are reported. The compounds 

have been screened for their antimicrobial activities and their findings 

have been reported by comparing with some known antibiotics [21]. 

Schiff base derived from 2-thiophene carboxaldehyde and 2-

aminobenzoic acid are reported. The synthesized compounds were 

screened for their antibacterial activity against bacterial species, 

Escherichia coli, Pseudomonas aeruginosa, Staphylococcus pyogones and 

Fungi (Candida). The activity data show that the compounds exhibit 

potent antimicrobial activity [22].  

2-Amino-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile 

was synthesized from 1-(3-fluoro-4-methoxyphenyl)ethanone, 

malononitrile, a mild base and sulfur powder using Gewald synthesis 

technique and the intermediate was treated with 1,3-disubstituted 

pyrazole-4-carboxaldehyde to obtain the Schiff bases. 1,3-disubstituted 

pyrazole-4-carboxaldehyde derivatives have been synthesized by 

Vilsmeier-Haack reaction in the course of a multi-step reaction. The 
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compounds have been screened for their in vitro antimicrobial activity 

and the results showed that the compounds have excellent activity [23]. 

 

5-methyl thiophene-2-carboxaldehyde-carbohydrazone was 

synthesized and evaluated for antioxidant activity employing hydroxyl 

radical scavenging, DPPH, NO, reducing power methods in vitro. The 

obtained IC50 value of the DPPH activity for the compound was found to 

be high. Microbial assay values of the above compound against 

Staphylococcus aureus, Escherichia coli, Rhizocotonia 

bataticola and Alternaria alternata  were found to be higher [24]. 

Przybylski P et. al., investigated the wide application of 

Schiff bases like pigments and dyes, catalysts, intermediates in 

organic synthesis as polymer stabilisers.  Further, biological 

activities such as antifungal, antibacterial, antimalarial, 

antiproliferative, anti-inflammatory, antiviral, and antipyretic 

properties have also been studied [25]. Guo Z et. al., reported that 

Imine or azomethine groups are present in various natural, 

natural-derived, and non-natural compounds which are 

responsible for their biological activity [26]. 
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 Kobayashi et.al, studied the addition of organometalic 

reagents or hydride which undergo reduction in the C=N group to 

form asymmetric carbon-carbon bond [27].  Ueno et.al, concludes 

that imines are useful in the formation of six member nitrogen 

containing heterocyclic compounds employing hetero Diel’s- Alder 

reaction [28].  Allen and Tidwell proposed Staudinger reaction with 

ketene to furnish biologically important β-lactam ring [29]. 

 

Malaria is a severe morbidity of humans and other animals. 

The imino group of Schiff bases has been found to be valuable 
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function to confer antimalarial activity. Secondary metabolite 

produced by plants belonging to the families Ancistrocladaceae 

and Dioncophyllaceae features an imine group in its structure. 

The compound has shown potent activity against P. falciparum. 

Some novel aldimine and hydrazone isoquinoline derivatives 

prepared by reacting 1-formyl-5-nitroisoquinoline with amines 

showed activity against a chloroquine-resistant Plasmodium 

falciparum strain (ACC Niger). In particular the compound  

N-[(1E)-(5-nitro-1-naphthyl)methylene]-1-[2-(trifluoromethyl)phenyl] 

methanamine showed an IC50 of 0.7 μg/mL against P. falciparium 

was reported by Rathelot et.al [30]. 

 

 Misbah ur Rehman et.al., reported the In-vitro antimicrobial 

studies of acetyl acetone derived compounds against B.subtilis, S. 

aureus, E.coli, P. aeruginosa, C. albicans, and A. niger. All the 

compounds were reported to exhibit moderate to good 

antimicrobial activity [31]. 
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 Dueke-Eze et.al., reported that 2-amino pyridine derivatives 

inhibit metabolic growth of S. aureus and E. coli. The antibacterial 

activity of the compounds depends on the nature of substituent 

present on the aldehyde [32]. 

          

Francis K. Ngounoue et.al, worked on acetyl acetone 

derivatives and their antimicrobial activitiy against E. coli, P. 

aeruginosa, S. typhi, S. aureus and antifungal activities against 

C.albicans [33]. Prasad A et al., investigated the compounds 

derived from acetyl acetone with amines such as aniline, 2-amino 

phenol, para-anisidine and hydrazine hydrate. The compounds 

exhibit high activity against the Bacterial strains [34]. 
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A series of novel 3-(4-(benzylideneamino) phenylimino) 4-

fluoroindolin-2-one derivatives were synthesized and evaluated 

for analgesic, anti-inflammatory, and ulcerogenic index activities. 

Results displayed that compounds exhibited significant analgesic activity 

and anti-inflammatory activity comparable to reference 

standard diclofenac sodium. Interestingly, the test compounds showed 

only mild ulcerogenic side effect when compared to aspirin [35]. Schiff 

base derived from 4-aminoantipyrine (4-amino-1,5-dimethyl-2-

phenylpyrazole-3-one) and benzaldehyde derivative was tested for its 

anti-inflammatory activity. The results showed promising anti-

inflammatory activity which could be use in the treatment 

of inflammatory diseases. The results of this study may lead to the 

development of a new therapeutic agent useful in fighting diseases 

caused by oxidative stress and inflammation [36].  

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/analgesic-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/diclofenac
https://www.sciencedirect.com/topics/medicine-and-dentistry/4-aminophenazone
https://www.sciencedirect.com/topics/medicine-and-dentistry/benzaldehyde-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/inflammatory-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/oxidative-stress
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A series of Schiff base derivatives of 4-aminophenazone (4APZ-1,5-

dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one) with different 

aldehydes were synthesized. The synthetic compounds were screened for 

their anti-inflammatory, analgesic and antipyretic activities. Carrageen, 

an-induced paw oedema (CIPO) and histamine induced paw oedema 

(HIPO) methods were used to determine the anti-inflammatory activity of 

commercial sample of 4APZ and its synthesized Schiff bases in mice. The 

anti-inflammatory activity was in the order of 4APZAB > 4APZBB > 

4APZCB > 4APZVn and all the test compounds exhibited considerable 

dose dependent inhibition of the paw oedema. The effect of the 

compounds on membrane stabilization was also determined which 

showed that compounds 4APZ (120 and 240 mg/kg doses), 4APZAB 

(160 mg/kg) and 4APZVn (600 mg/kg) produced highly significant 

inhibition (P < 0.001) of hypotonicity-induced haemolysis. Further, it was 

also observed that 4APZ (120 and 240 mg/kg doses), 4APZBB 

(500 mg/kg) and APZCB (150, 300 and 600 mg/kg dose) produced highly 

significant inhibition (P < 0.001) of albumin denaturation; a consistent 

dose dependent anti-inflammatory effect of test compounds was 

compared to the standard drug. Analgesic activity of the compounds was 

investigated by formalin-induced paw licking (FIPL) and acetic acid-

induced writhing (AIW) methods in mice. It was observed that 4APZ 

(240 mg/kg), 4APZAB (160 mg/kg), 4APZBB (500 mg/kg), 4APZCB 

(600 mg/kg) and 4APZVn (600 mg/kg) showed analgesic effect with 

highly significant (P < 0.001) reduction of paw licking and writhing 

activity in the treated mice. The order of analgesic effect of the 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/antipyretic-agent
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/chondrus
https://www.sciencedirect.com/topics/medicine-and-dentistry/histamine
https://www.sciencedirect.com/topics/medicine-and-dentistry/membrane-stabilization
https://www.sciencedirect.com/topics/medicine-and-dentistry/hemolysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/albumin
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compounds was 4APZAB > 4APZBB > 4APZVn > 4APZCB. Moreover, 

phenobarbitone-induced sleeping time (PIST) in mice was also studied 

but only 600 mg/kg of 4APZVn significantly increased the duration of 

induced sleep which also suggested its sedative property. Brewer's yeast 

was used to induce fever in rabbits and analyzed the compounds for their 

antipyretic activity. Different doses of 4APZ for different time durations 

(240 mg/kg-after 1 h, 120 and 240 mg/kg doses-after 2 h) produced 

highly significant (P < 0.001) inhibition of hyperpyrexia. Other 

compounds showed good antipyretic activity after 2, 3 and 4 h [37]. 

Although there are many therapeutic options for viral infections, 

currently available antiviral agents are not yet fully effective, probably 

due to the high rate of virus mutation. They may also cause any of a 

number of side effects. Salicylaldehyde Schiff bases of 1-amino-3-

hydroxy-guanidine tosylate are a good platform for the design of new 

antiviral agents. In fact, from a set of different 1-amino-3-

hydroxyguanidine tosylate-derived Schiff bases, 2-(3-allyl-2-

hydroxybenzylidene)-N-hydroxyhydrazine carboxi-midamide derivative 

was shown to be very effective against mouse hepatitis virus(MHV), 

inhibiting its growth by 50% when employed at concentrations as low as 

3.2 μM [38]. 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/sedative
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/saccharomyces-cerevisiae
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/leporidae
https://www.sciencedirect.com/topics/medicine-and-dentistry/hyperpyrexia
https://www.sciencedirect.com/topics/medicine-and-dentistry/virus-mutation
https://www.sciencedirect.com/topics/medicine-and-dentistry/murine-hepatitis-virus
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A new series of 3-(benzylideneamino)-2-phenylquinazoline-4(3H)-

ones were prepared through Schiff base formation of 3-amino-2-phenyl 

quinazoline-4H-one with various substituted carbonyl compounds and 

their cytotoxicity and antiviral activity were evaluated against herpes 

simplex virus-1(KOS), herpes simplex virus-2 (G), vaccinia virus, 

vesicular stomatitis virus, herpes simplex virus-1 TK-KOS ACVr, para 

influenza-3 virus, reovirus-1, Sindbis virus, Coxsackie virus B4, Punta 

Toro virus, felinecorona virus (FIPV), feline herpes virus, respiratory 

syncytial virus, influenza A H1N1 subtype, influenza A H3N2 subtype 

and influenza B virus. Compounds showed better antiviral activity 

against the entire tested virus [39]. 

Reactions of aromatic amines with 3,3′-bithiophene-2,2′-

dicarbaldehyde and 3,3′-bithiophene-4,4′-dicarbaldehyde gave the 2,2′-

(N-(aryl)diimino)-3,3′-bithiophene and 4,4′-(N-(aryl)diimino)-3,3′-

bithiophene in good yields. Orthophenylenediamine reacted 

with dicarbaldehyde to give dithieno[3,4-c;4′,3′-e]azepino[1,2-

a]benzimidazole and dithieno[2,3-c;3′,2′-e]azepino[1,2-a]benzimidazole 

and their characterization were reported [40]. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/antiviral-activity
https://www.sciencedirect.com/topics/medicine-and-dentistry/human-alphaherpesvirus-1
https://www.sciencedirect.com/topics/medicine-and-dentistry/human-alphaherpesvirus-1
https://www.sciencedirect.com/topics/medicine-and-dentistry/herpes-simplex-virus-2
https://www.sciencedirect.com/topics/medicine-and-dentistry/vaccinia-virus
https://www.sciencedirect.com/topics/medicine-and-dentistry/vesiculovirus
https://www.sciencedirect.com/topics/medicine-and-dentistry/human-parainfluenza-virus-3
https://www.sciencedirect.com/topics/medicine-and-dentistry/human-parainfluenza-virus-3
https://www.sciencedirect.com/topics/medicine-and-dentistry/mammalian-orthoreovirus-1
https://www.sciencedirect.com/topics/medicine-and-dentistry/sindbis-virus
https://www.sciencedirect.com/topics/medicine-and-dentistry/coxsackievirus-b4
https://www.sciencedirect.com/topics/medicine-and-dentistry/coronavirinae
https://www.sciencedirect.com/topics/medicine-and-dentistry/herpesviridae
https://www.sciencedirect.com/topics/medicine-and-dentistry/human-respiratory-syncytial-virus
https://www.sciencedirect.com/topics/medicine-and-dentistry/human-respiratory-syncytial-virus
https://www.sciencedirect.com/topics/medicine-and-dentistry/influenza-a-h1n1
https://www.sciencedirect.com/topics/medicine-and-dentistry/influenza-a-h3n2
https://www.sciencedirect.com/topics/medicine-and-dentistry/influenza-b-virus
https://www.sciencedirect.com/topics/chemistry/aromatic-amine
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Three new Schiff-base compounds were synthesized by treating 

4,4′-diaminodiphenyl sulfide and pyrrole/thiophene/furan-2-

carboxaldehyde in ethanol. The in vitro antibacterial and antifungal 

activities of the synthesized compounds were investigated using disc 

diffusion method. Schiff bases synthesized individually exhibited varying 

degrees of inhibitory effects on the growth of the tested microbial species 

[41]. 

 

Some new Schiff bases have been synthesized by the condensation of 

2-aminophenol, 2-amino-4-nitrophenol/2-amino-4-methylphenol/2-

amino benzimidazole with thiophene-2-carboxaldehyde/pyrrole-2-

carboxaldehyde. The in-vitro antibacterial activity of the synthesized 

compounds has been tested against Salmonella typhi, Bacillus 

coagulans, Bacillus pumills, Escherichia coli, Bacillus circulans, 

https://www.sciencedirect.com/topics/chemistry/schiff-base
https://www.sciencedirect.com/topics/chemistry/sulfide
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/antibacterial-activity
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/antibacterial-activity
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/disk-diffusion
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/disk-diffusion
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Pseudomonas, Clostridium and Klebsilla pneumonia by disc diffusion 

method. The quantitative antimicrobial activity of the test compounds 

was evaluated using resazurin based microtiter dilution 

assay. Ampicillin was used as standard antibiotics. Schiff bases 

individually exhibited varying degrees of inhibitory effects on the growth 

of the tested bacterial species. The antioxidant activity of the synthesized 

compounds was determined by the 1,1-diphenyl-2-picrylhydrazyl(DPPH) 

method. IC50 value of synthesized Schiff bases were calculated and 

compared with standard BHA [42]. An inexpensive and efficient catalyst, 

P2O5/SiO2 was employed to synthesize Schiff bases in higher yield was 

reported. The reaction was carried out at solvent-free condition and with 

simple synthetic procedure [43]. A new Schiff base, 3,5-dihydroxy-N'-

(2,4,5-trimethoxybenzylidene)benzohydrazide hydrate (DTBH) was 

synthesized and characterized by elemental analysis and X-ray single 

crystal diffraction. The compound crystallized in a monoclinic system. 

The antibacterial activities, cytotoxicities and effects of the compound on 

the contractility of isolated jejunal smooth muscle (IJSM) of rats were 

evaluated. The compound showed no antibacterial activity. No cytotoxic 

effects were found on Caco-2 cell line within 360 µM. However, it 

indicated significant inhibitory effect on the contractility of isolated 

jejunal smooth muscle in a dose dependent manner. The inhibitory 

effects are related to the activation of α and β-adrenoceptors [44]. 
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1.2. Mannich Reaction 

 Mannich Reaction is a multi componet reaction (MCR) reported by 

Carl Mannich in 1912 which involves the reaction of non-enolizable 

aldehydes, amines, and enolizable ketones produced β-amino carbonyls 

also known as Mannich base. They have gained importance due to their 

applications in pharmaceutical industry and other applications 

including as agro chemicals and plant growth regulators. The chemistry 

of the amino alkylation of aromatic substrates by the Mannich reaction 

is of great interest for the synthesis and modification of biologically active 

compound having physical and chemical importance as well as 

physiological properties because the amino group can be easily converted 

into a variety of other functionalities. Mannich reaction offers a judicious 

method for introduction of basic amino alkyl chain in various 

drugs/compounds.  Owing to its special features, a serious attention has 

been focused by several researchers on the synthesis and development 

of new Mannich bases. 

 One-pot Mannich reaction of vanillin, aniline and cyclohexanone 

catalyzed by ionic liquid triethanol ammonium chloroacetate was 

reported. Mechanism of the reaction was investigated using the density 

functional theory. The reaction started with a nucleophilic attack of 

aniline nitrogen at the carbonyl group of vanillin. The intermediate α-

amino alcohol formed in this way was further subjected to protonation 

by the triethanol ammonium ion yielding the iminium ion. Theoretically, 

the obtained iminium ion and the enol form of cyclohexanone can build 

the protonated Mannich base via the anti and syn pathways. The 
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chloroacetic anion spontaneously abstracts the proton yielding the final 

product of the reaction anti 2-[1-(N-phenylamino)-1-(4-hydroxy-3-

methoxyphenyl)]methyl cyclohexanone. The syn pathway requires lower 

activation energy but the anti pathway yields a thermodynamically more 

stable product, which implies that the examined Mannich reaction is 

thermodynamically controlled [45]. 

Subrahmanian Supriya et al. have reported Mannich amino 

methylation reactions of a series of bis(α-aminoacidato)metal(II) 

complexes and their Single crystal XRD studies. One of the amino 

methylated product has been employed as a catalyst in the colour 

removal of the pyrocatechol violet dye [46]. Two series of  N,N'-bis[aryl-

(2-hydroxynaphthalen-1-yl)-methyl]-piperazines and N,N'-

bis(arylmethyl)-N,N'-bis(2-hydroxynaphthalen-1-yl-methyl)-

ethylenediamines were synthesized under solvent free conditions using 

micro wave irradiation and their X-ray diffraction studies have also been 

reported by Po-Jung J. Huang et al. [47]. 
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 Chew Hee Ng et al. have reported the effect of different α-

substituents in the reaction of copper (II) chelated amino acids with 

formaldehyde and acetamide [48]. Scott K. Bur and Stephen F. Martin 

have investigated the stereoselectivity and synthetic utility of some 

vinylogous derivatives synthesized by the addition of a dienol into an 

iminium ion [49].  

                  

 Three-component Mannich reaction of ketones, aromatic 

aldehydes and aromatic amines catalyzed by four Bronsted acidic ionic 

liquids comprising of iodide and borate was reported. Ionic liquids have 

been used as catalyst and solvent to produce some Mannich bases in 

high yield (75%) and shorter reaction time (20 minutes). Work up has 

been facilitated by simple extraction with water to recover ionic liquid for 

recycling up to four times without any significant loss in activity [50]. 

 3-hydroxy-2-methyl-5-(piperidin-1-ylmethyl)pyridin-4(1H)-one,       

3-hydroxy-2-methyl-1-propylpyridin-4(1H)-one and their analogues have 

been reported by Ahshin Fassihi et al. Further it is revealed from the 

antimicrobial evaluation, multiple linear regression analysis and QSAR 

studies of the synthesized compounds that are active against C. albicans 

and S. aureus [51].  
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 A new end-off type acyclic ligand possessing highly reactive 

aldehyde group and two N-methyl piperazine arms, 2,6-bis[(4-methyl 

piperazin-1-yl)]-4-formyl phenol which may lead to the extention of its 

structure in to a supramolecular moiety have been reported by K. 

Shanmuga Bharathi et al. [52]. 

 

Zhi-Liang Yuan et al. have reported a series of trimethyl 

siloxyfuran derivatives via asymmetric vinylogous Mannich reaction 

involving aldimines and trimethylsiloxyfuran using silver acetate as 

catalyst [53]. 
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Regioselective synthesis of 2-[(4-methylpiperzine-1-yl)methyl]-2H-

1,2,4-triazole-3(4H)-thiones and their pharmacological properties have 

been reported by Arun M. Isloor et al. Further they have studied that the 

compounds possessing p-chloro, p-methoxy and p-methyl substituents 

in phenyl ring exhibits potent antimicrobial activity [54].  

Cyclization of N-substituted thiosemicabazides resulted in 

pyrazoline derivatives with two chelating arms possessing in-vitro 

antiamoebic activities have been reported by Kakul Husain et al. [55]. 

 

A series of pyrazinamide derivatives were synthesized by 

Chaluvaraju K C and Ishwar Bhat K and their antimicrobial screenings 

were evaluated against E. coli, B. substilis, S. aures, A. Niger and  

C. albicans using amoxicillin, ciprofloxacin and ketoconazole as standard 

drugs [56]. 
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Cerium Chloride catalysed reaction and solvent free microwave 

irradiation methods were employed to synthesize 2-((2,4-

difluorophenylamino)(4-fluorophenyl)methyl)cyclohexanone and its 

analogous and their X-ray diffraction studies have been reported by U. 

Sankappa Rai et al. Further the antimicrobial evaluation of the 

synthesized compounds show that the compounds bearing halogen 

substitution, pyridine and indole substitution and methoxy substitution 

possess enhanced activity [57]. 

 

M. Lakshmi Kantam et al. have reported the nano crystalline 

magnesium oxide catalyzed synthesis of Ethyl-3-{[(4-

methylphenyl)sulfonyl]amino}-2-(methyl-sulfanyl)-3-phenylpropanoate, 

N-[2-Cyano-2-(methylsulfanyl)-1-phenylethyl]-4-methyl-1-

benzenesulfonamide and their analogues by reacting N-sulfonyl 

aldimines with sulfonium salts. Further was reported that the 

synthesized compounds bearing sulphur atom possess diverse biological 

activities [58]. 
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Trupti S. Chitre et al. have reported the synthesis, molecular 

docking studies and antimycobacterial evaluation of 1,3,4-(thiadiazol-2-

ylamino)methyl-5-(pyridin-4-yl)-1,3,4-oxadiazol-2-thiones. It is revealed 

from the study that the compound having methoxy group exhibit 

significant antimycobacterial activity [59]. 

 

Ahlam J. Abdul ghani and Nada M. Abbas have reported the 

synthesis of (Z)-N1-(1-(morpholinomethyl)-2-oxoindolin-3-

ylidene)ethane bis(thioamide), (Z)-N1-(1-((diphenylamino)methyl)-2-

oxoindolin-3-ylidene)ethane bis(thioamide) and their antimicrobial and 

cytotoxicity studies against human epidermoid larynx carcinoma (Hep-

2) cell line. [60] 
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Synthesis of acetophenone and 2-acetyl thiophene derivatives via 

conventional heating method and microwave irradiation method was 

reported by Ebru Mete et al. From the study it has been found that the 

compounds bearing unsaturated ketones show potent biological activity 

[61]. 

 

QSAR studies of quinoline derivatives have been reported by 

Arthur Y. Shaw et al. They have examined the variation in the anticancer 

activity by replacing some subtituents. It is revealed that the replacement 

of sulfonyl group with methylene group or the replacement of piperazine 

ring with ethylenediamine group increase the potency. On the other 

hand, as 8-hydroxyquinoline was replaced with phenol, 3-

hydroxypyridine and 1-naphthol, a dramatic decrease in activity was 

observed. These results indicating that 8-hydroxyquinoline is a crucial 

scaffold for activity [62]. 
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2-hydroxy-3-(phenyl((pyridin-2-ylmethyl)amino)methyl) 

naphthalene-1,4-dione15 and its derivatives exhibiting various biological 

and pharmacologic properties were reported by Amanda P. Neves et al 

[63]. 

 

 Elizabeth Malamidou-Xenikaki et al. have reported the synthesis 

of 9-(ω-nitroalkyl)-4,9-dihydro-3Hb-carbolines using  2-[1-( ω -

Nitroalkyl)-1H-indol-3-yl]ethylformamides through a diastereoselective 

intramolecular N-acyliminium cyclization reactions. Further they have 

investigated the improvement of the diastereoselectivity of the reactions 

using chiral tryptamine substrates and chiral acylating agents [64]. 
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Elena Maria Mosoarca et al. have reported the synthesis of N,N-

tetra-(4-antipyrylmethyl)-1,2-diaminoethane their cytotoxic evaluation 

against human tumor cell lines, glioblastoma multiforme, breast cancer, 

hepatoma and lung carcinoma and nontumor cell lines MDBK and 

BALB/c 3T3 clone 31 [65]. 

 

Nanocrystalline MgO catalysed synthesis of Betti bases (1-(a-

aminoalkyl)-2-naphthols) via Mannich pathway involving the 

condensation of napthol, aldehyde and alkylamine was reported by 

Bikash Karmakar and Julie Banerji. The report reveals that the metal 

oxide catalyst employed in the synthesis find excellent applications such 

as active adsorbent for gases and for destruction of hazardous chemicals 

[66]. 
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Resacetophenone derivatives synthesized using three variable 

electronegative atoms of urea, thiourea and guanidine and their 

antioxidant activities by DPPH have been reported by Arpit D. shah et al. 

Further they have reported that the synthesized compounds bearing 

oxygen and sulphur possess increased activity [67]. 

        

Synthesis of Mannich bases of thiosemicarbazide as 

mutual prodrugs was reported. The compounds were screened for anti-

fungal activity using BHI (brain heart infusion) broth dilution method 

against Candida albicans and Apergillus niger. Docking of synthesized 

compounds was done on CYP51A1, P45014DM (Lanosterol 14 α-

demethylase enzyme) using Vlife MDS 3.5 to conform the mechanism of 

antifungal activity. Docking study showed a strong hydrophobic 

interaction between amino acid residues Arganine 

(ARG141), Glutamine (GLU146), Leucine (LEU54), Lycine (LYC227), 

and Threonine (THR147) with the carbon of ketone, nitrogen of amine 

and sulfur of thiosemicarbazide. Strong Vander wall’s interactions are 

also observed with the carbon of ketone, nitrogen of amine and sulfur of 

thiosemicarbazide. Analogs with aromatic and substituted aromatic 

aldehydes showed least activity, while analogs with aliphatic aldehyde, 

https://www.sciencedirect.com/topics/chemistry/prodrug
https://www.sciencedirect.com/topics/chemistry/dilution
https://www.sciencedirect.com/topics/chemistry/amino-acid-residue
https://www.sciencedirect.com/topics/chemistry/glutamine
https://www.sciencedirect.com/topics/chemistry/leucine
https://www.sciencedirect.com/topics/chemistry/threonine
https://www.sciencedirect.com/topics/chemistry/nitrogen
https://www.sciencedirect.com/topics/chemistry/aliphatic-aldehyde
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ketones and amines showed greater activity in C. albicans compared to A. 

niger. Analogs having morpholine as amine showed almost similar 

activity in both [68].  

 

Recyclable bismuth nitrate catalyzed, environmental pollution 

free, one pot synthesis was by reported by sheik Mansoor et al. by 

reacting benzaldehyde, acetophenone and substituted aromatic amines 

employing simple procedure and mild condition [69] . 

https://www.sciencedirect.com/topics/chemistry/morpholine
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Pandeya S N and Neha Rajput have reported sulphated zirconia 

catalyzed synthesis of benzodiazepine derivatives which are having 

chloro group found to possess anticonvulsant activity and good central 

and pheripheral analgesic activity  [70, 71].  

 

Sindhu T. J et al. have reported the synthesis, comparative 

molecular docking studies and antibacterial activities of 1, 4-Oxazine 

and 1, 4- Thiazine derivatives [72]. 1-{(2E) -1-[(2-methylphenyl) amino]-

3-phenylprop-2-en-1-yl) thiourea and  1-{(2E)-1-[(2-methylphenyl) 

amino]-3-phenylprop-2-en-1-yl}urea exhibit antibacterial activity against 

Staphylococcus aureus, Klebsiella Pneumonia,  Salmonella typhi, 

Escherichia coli and Pseudomonas aeraginosa and anti oxidant activity 

have been reported by G.Vishnuvardhanaraj et al. [73]. 
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N-[1-piperidinobenzyl] acetamide, N-[1-morpholino(-4-

nitrobenzyl)] benzamide36 and their analogues and their antibacterial 

activity against Agrobacterium sp have been reported by Rimpy gupta et 

al. [74].  

                 

Wafaa S. Hamama et.al have investigated the behavior of Mannich 

reaction towards 6-amino-1,3-dimethylpyrimidine-2,4(1H,3H)-dione. 

Further they have reported a series of cyclized derivatives viz, 6-(4-(6,8-

Dimethyl-5,7-dioxooctahydropyrimido[4,5-d]pyrimidin-3(4H)-yl)phenyl)-

1,3-dimethyl-5,6,7,8-tetrahydropyrimido[4,5-d]pyrimidine-2,4(1H,3H)-

dione employing different pathways with varying yield [75]. 
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Rathi Paresh P et al. have reported the synthesis of 2-[(1, 3-

benzothiazol-2-ylamino) methyl]-5-methyl-2, 4-dihydro-3h-pyrazol-3-

one and its in-vitro anti-inflammatory activity by bovine serum albumin 

denaturation inhibition method [76]. 

 

A series of N-Mannich bases of benzimidazolyl substituted 

derivatives were reported. The synthesized compounds were evaluated 

for their antimicrobial, anthelmintic and insecticidal activities using 

standard drugs, streptomycin, Nystatin, piperazine hydrochloride and 

cypermethrin respectively. The result showed that all the compounds 

possess promising activity against the selected microbes [77]. 

 Baldwin Mathew V et al. have reported the synthesis, 

antitubercular activities and molecular docking studies of some pyrazine 
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derivatives. The synthesized compounds were subjected to docking 

studies against viral protein CFP 10-ESAT6 complex (3FAV) from 

Mycobacterium tuberculosis using Argus lab software. The result 

indicates that the compounds having sulfadimidine shows best ligand 

pose energy and potent antitubercular activity [78]. Synthesis of 3-

dihydroxanthone derivatives and their molecular docking studies and 

kinetic studies show their potency as anticholinesterase agents were 

reported by Jiangke Qin et al. [79]. 

                 

 

Dong Ho Park et al. have reported a series of 2,4-diaryl-3-

azabicyco[3.3.1]nonan-9-ones and their antioxidant properties [80]. 

Iodine catalyzed flavanone and tetrahydropyrimidine derivatives were 

reported by Veerababurao Kavala et al. [80]. Someshwar D. Dindulkar et 

al. have reported the synthesis of 2-naphthol derivatives employing 

copper triflates as an efficient catalyst under solvent free conditions [81]. 
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 Onkara. P et al. have reported the ionic liquid phase and 

microwave assisted synthesis of 3-substituted aminophenyl-4-

hydroxycoumarins. Further docking studies of the synthesized 

compounds were carried out using VLife MDS 3.5 software incorporating 

GA docking method to study their antimicrobial activity. [82]. 

 

Suman bala et al. have reported the synthesis of β-amino carbonyl 

derivatives possessing heterocyclic ring with two/three hetero atoms and 

their diverse biological and pharmacological activities viz., antimicrobial, 

anticonvulsant, anti-inflammatory, anthelmintic, anticancer, 

antioxidant and analgesic activities [83]. 
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M. Sivakami et al. have reported the synthesis, antioxidant and 

cytotoxic activities of 1-(naphthalein-2-yloxy)(phenyl)(methyl) thiourea 

using HeLa cell line . Further the report shows that the synthesized 

compound contains thio urea has enhanced antimicrobial and cytotoxic 

activities [84]. K. Chakkaravarthi et al. have reported the synthesis of 3-

(phenyl(p-tolylamino)methyl) naphthalene-2-ol and 3-((1H-

benzo[d]imidazole-1-yl)methyl)naphthalene -2-ol. Further the study 

reveals that the compound possessing benzimidazole and napthol moiety 

have excellent antioxidant property [85]. Beena Thomas et al. have 

reported 2, 3-bis(4-chlorophenyl)-5-(morpholin-4-ylmethyl)-1,3-

thiazolidin-4-one and its analogues and their antitubercular activities 

[86]. 
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 Synthesis of 1-(3-(5-Chloro-2,4-dihydroxyphenyl)-3-

oxopropyl)piperidin-1-ium chloride and their analogues. These 

compounds are subjected to evaluation of Hsp90 ATPase inhibition 

activity by the colorimetric Malachite green assay and antiproilferative 

effect against PC3 pancreatic carcinoma cells have been reported by 

Sayan Dutta Gupta et al. The activity profiles of the synthesized 

compounds were correlated well with their docking results [87]. 

 

 Ionic liquid phase synthesis and antitubercular activities of 1-((5-

benzoyl-2,4-dihydroxyphenyl) (2-chloro-6-methoxyquinolin-3-yl) methyl) 

urea57 and its analogues were reported by Hitendra M. Patel et al. [88]. 
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Sheela Joshi et al. have reported the synthesis and LD50 test of 

derivatives of 2-amino-9 [{(1,3 di hydroxy propane-2yl) oxy} methyl] 6-9 

dihydro-3H-purine-6-one (Ganciclovir derivatives). This study reveals 

that the compounds are potential source with less side effect [89]. 

Gheorghe Roman have investigated the chemistry of electron-rich, 

monocyclic five-membered heterocycles with one heteroatom, thiophene 

and furan derivatives and their reactivity and applications [90]. 
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Chapter-II 

Synthesis of azomethine compounds via 
Schiff reaction (MA1-MA5) 

 

Materials and Methods 

Melting points were measured in an open capillary on Mel-Temp 

apparatus and are uncorrected. IR spectra were recorded on Perkin 

Elmer spectrometer using KBr pellets.1H and 13C NMR spectra were 

recorded on a Bruker AM-400 spectrometer for solution in DMSO-d6 with 

tetramethyl silane (TMS) as an internal standard. All the chemical shifts 

values were recorded as δ ppm. Mass spectra were recorded by EI method 

and HRMS was measured on a JEOL GC mate II mass spectrometer. 

Commercially obtained reagents were used without further purification. 

All reactions were monitored by TLC with silica gel-G coated plates.  

2.1.  Synthesis of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-

amine (MA1) 

  To the ethanolic solution of 1-phenylethanamine (12.8 mL, 0.1 M), 

2, 3-dichlorobenzaldehyde (17.5 g, 0.1 M) was added and refluxed for 6 

h. The mixture was poured into a beaker contain crushed ice. The solid 

separated out was washed, filtered and dried over vacuum and 

recrystallized using ethanol. (Colour: Deep Brown solid; M.P: 171 0C) 
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Scheme: 2.1- Synthesis of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine 

(MA1) 

2.1.1. FTIR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-

ethyl)-amine (MA1) 

The FT-IR spectrum of MA1 is presented in the Fig. 2.1. Aromatic 

C-H stretching in phenyl ring exhibits a band at 3068 cm-1. A strong 

absorption band appeared at 2964 cm-1 is due to C-H stretching. An 

absorption band at 1562 cm-1 indicates C=N stretching. A band 

appeared at 719 is due to C-Cl stretching. 

 

Fig. 2.1. FTIR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine 
(MA1) 
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2.1.2. 1H-NMR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-

ethyl)-amine (MA1) 

1H- NMR spectrum of MA1 in the Fig 2.2 has peaks ranges from 

7.2-7.5 are due to aromatic protons. Presence of azomethine and methine 

protons revealed from the peaks exhibited at 6.9 ppm and 5.9 ppm 

respectively. Methyl protons exhibited peak at 1.5 ppm. 

 

Fig.2.2. 1H-NMR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-
amine (MA1) 

2.1.3. 13C-NMR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-

ethyl)-amine (MA1) 

Fig. 2.3 represents the 13C-NMR spectrum of MA1. Azomethine 

carbon exhibits a peak at 162 ppm. Aromatic carbons show signals from 

120 to 128 ppm. A peak appeared at 72 ppm shows the presence of 

methine carbon. A peak obtained at 22 ppm is due to methyl carbon. 
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Fig.2.3.13C-NMR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-
amine (MA1) 

2.1.4. Mass spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-

ethyl)-amine (MA1) 

The Mass spectrum of MR4 is shown in the Fig 2.4. Exact mass of 

MA1 has been confirmed by its m/z appeared at 277.04. 

 

Fig.2.4. Mass spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine 
(MA1) 
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2.1.5. Antimicrobial Screening 

Materials and Methods 

 Bacterial cultures were obtained from Eumic analytical Lab and 

Research Institute, Tiruchirappalli. Bacterial strains were maintained on 

Nutrient agar slants (Hi media) at 4˚C. Oflaxacin and Amphotericin B are 

positive standards for bacteria and fungi strains respectively. 

Inoculum Preparation 

 Bacterial cultures were sub cultured in liquid medium (Nutrient 

broth) at 37˚C for 8 h and further used for the test (105-106 CFU/mL). 

These suspensions were prepared immediately before the test was 

carried out. 

Preparation of Culture Media 

Muller Hinton Agar (MHA) medium 

Muller Hinton agar medium is exclusively used for diffusion 

oriented Bacteriological experiments. 

Ingredients Grams / Liter 

Beef infusion 300 g 

Casein acid hydrolysate 17.50 g 

Starch 1.50 g 

Agar-agar 20 g 

The ingredients were added into the distilled water and boiled until 

the medium dissolve completely and the same was sterilized by 

autoclaving at 15 lb psi pressure (1210 C) for about 15 minutes. The 

nutrient broth was prepared by the same composition without agar. 
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Antimicrobial evaluation of MA1 

Table 2.1. Zone of inhibition of MA1 

Zone of inhibition of the compound MA1 given in the Table 2.1 and 

Fig 2.5.1-2.5.4 reveals that the compound exhibits very less activity 

against E.coli. It shows moderate activity against A. niger. Potency of the 

compound is found to be high against S. aureus. The compound is found 

to be potent against gram positive bacteria and less active against gram 

negative bacteria and moderate against fungi strain when compared to 

the standard drug employed.        

  

Fig.2.5.1.  

 

S. 
No 

Pathogen Zone of inhibition (mm/mL) 

25  µL 50 µL 75  µL 100 µL Control 

1. S. aureus 12 15 17 20 20 

2. E. coli 12 14 16 18 28 

3. A. niger 17 20 22 25 30 
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S. aureus A. niger E. coli 

   

Fig.2.5.2 Fig.2.5.3 Fig.2.5.4 

Fig.2.5.1-2.5.4.Zone of inhibition of MA1. 

2.2. Synthesis of (4-Isopropyl-benzylidene)-(3-trifluoromethyl 

phenyl)-amine (MA2) 

To the ethanolic solution of 4-isopropyl benzaldehyde (14.8 mL, 

0.1 M), 3-amino benzotrifluoride (16.0 mL, 0.1 M) was added. The 

reaction mixture was taken in a RB flask and kept over a magnetic stirrer 

and stirred for 6 h. The solid separated out was washed, filtered, and 

dried over vacuum and recrystallized using absolute ethanol. (Colourless 

solid; M.P: 180 0C) 

Scheme: 2.2- Synthesis of (4-Isopropyl-benzylidene)-(3-trifluoromethyl 
phenyl)-amine (MA2) 
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2.2.1. IR Spectrum of (4-Isopropyl-benzylidene)-(3-trifluoromethyl 

phenyl)-amine (MA2) 

The FT-IR spectrum of MA2 is presented in the Fig. 2.6. Aromatic 

C-H stretching in phenyl ring exhibits a band at 2965 cm-1. A strong 

absorption band appeared at 2876 cm-1 is due to C-H stretching. An 

absorption band at 1631 cm-1 indicates C=N stretching. A band appeared 

at 1018 cm-1 is due to C-F stretching. 

 

Fig. 2.6. IR Spectrum of (4-Isopropyl-benzylidene)-(3-trifluoromethyl phenyl)-

amine (MA2) 

 

2.2.2. 1H-NMR Spectrum of (4-Isopropyl-benzylidene)-(3-

trifluoromethylphenyl)amine (MA2) 

1H-NMR spectrum of MA2 has been given in the Fig 2.7. A peak at 

8.5 ppm indicates the azomethine proton. The signals ranges from 6.9 to 

7.5 ppm are assigned to aromatic protons. A peak observed at 2.5 ppm 
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indicates methine protons. Methyl protons are assigned by the signal 

obtained at 1.1 ppm. 

 

Fig. 2.7. 1H-NMR Spectrumof(4-Isopropyl-benzylidene)-(3-

trifluoromethylphenyl)amine (MA2) 

 

2.2.3. 13C-NMR Spectrum of (4-Isopropyl-benzylidene)-(3-

trifluoromethyl phenyl)-amine. (MA2) 

13C-NMR of the compound MA2 has been presented in the Fig 2.8. 

Azomethine carbon shows a peak at 161 ppm. The peaks ranging from 

124-138 indicate the aromatic carbons. CF3 carbon is indicated by a 

peak at 122 ppm. 
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Fig.2.8. 13C-NMR Spectrum of (4-Isopropyl-benzylidene)-(3-trifluoromethyl 
phenyl)-amine. (MA2) 

 

2.2.4. Mass Spectrum of (4-Isopropyl-benzylidene)-(3-

trifluoromethyl phenyl)-amine. (MA2) 

Fig. 2.9 represents the mass spectrum of the compound MA2. The 

peak appearing at m/z 291.12 confirms the calculated molecular mass 

of the compound. The intense peak at m/z 248.12 is the base peak.  

 

Fig.2.9. Mass Spectrum of (4-Isopropyl-benzylidene)-(3-trifluoromethyl 

phenyl)-amine. (MA2) 
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2.2.5. Antimicrobial evaluation of MA2 

Table 2.2. Zone of inhibition of MA2 

 

The compound MA2 possesses very high activity against S. aureus, 

less activity against E.coli and considerable activity against the fungi 

strain, A. niger when compared to the positive standard. In general the 

compound exhibit moderate activity against fungi pathogen and potent 

against gram positive bacteria. The results are shown in the Table 2.2 

and in the Fig. 2.10.1-2.10.4  

  

Fig.2.10.1  

 

 

S. No 

 

Pathogen 

Zone of inhibition (mm/mL) 

25  µL 50 µL 75  µL 100 µL Control 

1. S. aureus 10 12 15 19 20 

2. E. coli 11 12 14 16 30 

3. A. niger 10 14 16 18 30 
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S. aureus E. coli A. niger 

   

Fig. 2.10.2 Fig. 2.10.3 Fig. 2.10.4 

Fig.2.10.1-2.10.4. Zone of inhibition of MA2 

 

2.3. Synthesis of N-(4-isopropylbenzylidene)-4-nitro-2-

(trifluoromethyl)aniline (MA3)  

To the ethanolic solution of 2-amino-5-nitrobenzenetrifluride (20.4 

g, 0.1 M), 4-isopropylbenzaldehyde (15.0 mL, 0.1M) was added. The 

reaction mixture was taken in a RB flask and kept over a magnetic stirrer 

and stirred for 6 h. The solid separated out was washed, filtered, and 

dried over vacuum and recrystallized using absolute ethanol. (Colour: 

Brown solid; M.P: 106 0C) 

 

Scheme: 2.3- Synthesis of N-(4-isopropylbenzylidene)-4-nitro-2-
(trifluoromethyl)aniline (MA3) 



54 | P a g e  

2.3.1. IR spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-

(trifluoromethyl)aniline (MA3) 

FT-IR spectrum of MA3 is shown in the Fig 2.11. Aromatic C-H 

stretching frequencies are indicated by the band at 3024 cm-1. C=N 

stretching frequency is noticed by a band at 1632 cm-1. A band at 1584 

cm-1 shows the NO2 stretching. C-F absorption exhibited a band at 1055 

cm-1. 

 

Fig.2.11. IR spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-
(trifluoromethyl)aniline (MA3) 

 

2.3.2. 1H-NMR spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-

(trifluoromethyl)aniline (MA3) 

1H-NMR spectrum of MA3 is given in the Fig 2.12. A peak at 8.5 

ppm indicates the azomethine proton. The signals ranges from 6.9 to 7.5 

ppm are assigned to aromatic protons. A peak observed at 2.5 ppm 
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indicates methine protons. Methyl protons are assigned by the signal 

obtained at 1.2 ppm. 

 

Fig.2.12. 1H-NMR spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-
(trifluoromethyl)aniline (MA3) 

 

2.3.3. 13C-spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-

(trifluoromethyl)aniline (MA3) 

13C-NMR of the compound MA3 is presented in the Fig 2.13. 

Azomethine carbon shows a peak at 162 ppm. The signal appeared at 

146 ppm is due to nitro group carbon bonded in aromatic ring. The peaks 

ranging from 122-135 indicate the aromatic carbons. CF3 carbon is 

indicated by a peak at 121 ppm. 
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Fig. 2.13. 13C-spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-
(trifluoromethyl)aniline (MA3) 

 

2.3.4. Mass spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-

(trifluoromethyl)aniline (MA3) 

Fig. 2.14 represents the mass spectrum of the compound MA3. 

The molecular ion peak appearing at m/z 336.31 confirms the calculated 

molecular mass of the compound. The peak appearing with high 

intensity at m/z 293.11 is the base peak.  

 

Fig.2.14. Mass spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-

(trifluoromethyl)aniline (MA3) 
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Mass Fragmentation 

 

2.3.5. Antimicrobial evaluation of MA3 

Table 2.3. Zone of inhibition of MA3 

 

S. No 

 

Pathogen 

Zone of inhibition (mm/mL) 

25  µL 50 µL 75  µL 100 µL Control 

1. S. aureus 17 20 25 30 20 

2. E. coli 18 22 26 30 32 

3. A. niger 13 16 18 20 30 
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Table 2.3 and the Fig 2.15.1-2.15.4 represent the results of the 

antimicrobial evaluation of the compound MA3. It shows that the 

compound is found to possess greater activity against S. aureus and E. 

coli and moderate activity against A. niger. The compound is more active 

against bacterial stain than the fungi when compared to the positive 

standard.  

  

Fig.2.15.1 

S. aureus E.Coli A.niger 

   

Fig.2.15.2-2.15.4. Zone of inhibition of MA3 
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2.4. Synthesis of 3-(trifluoromethyl)-N-(3,4,5-

trimethoxybenzylidene)aniline (MA4) 

To the ethanolic solution of 3, 4, 5-trimethoxy benzaldehyde (19.0 

mL, 0.1 M), 3-aminobenzotrifluride of (16.0 g , 0.1M) was added. The 

reaction mixture was taken in a RB flask and kept over a magnetic stirrer 

and stirred for 6 h. The solid separated out was washed, filtered and 

dried over vacuum and recrystallized using absolute ethanol. (Colour: 

Brown solid; M.P: 184 0C). 

 

Scheme: 2.4- Synthesis of 3-(trifluoromethyl)-N-(3,4,5-

trimethoxybenzylidene)aniline (MA4) 

2.4.1. IR spectrum of 3-(trifluoromethyl)-N-(3,4,5-

trimethoxybenzylidene)aniline (MA4) 

The FT-IR spectrum of MA4 is provided in the Fig. 2.16. Aromatic 

C-H stretching in phenyl ring exhibits a band at 2939 cm-1. A strong 

absorption band appeared at 2836 cm-1 is due to C-H stretching. An 

absorption band at 1586 cm-1 indicates C=N stretching. A sharp band 

noticed at 1122 cm-1 is attributed to C-O-C Stretching. A band appeared 

at 1001 cm-1 is due to C-F stretching. 
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Fig. 2.16. IR spectrum of 3-(trifluoromethyl)-N-(3,4,5-
trimethoxybenzylidene)aniline (MA4) 

2.4.2.1H-NMR spectrum of 3-(trifluoromethyl)-N-(3,4,5-

trimethoxybenzylidene)aniline (MA4) 

1H-NMR spectrum of MA4 is shown in the Fig 2.17. A peak at 8.9 

ppm indicates the azomethine proton. The signals ranges from 6.9 to 7.5 

ppm are assigned to aromatic protons. Methyl protons are assigned by 

the signal obtained at 3.9 ppm. 

 

Fig. 2.17.1H-NMR spectrum of 3-(trifluoromethyl)-N-(3,4,5-
trimethoxybenzylidene)aniline (MA4) 
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2.4.3. 13C-NMR spectrum of 3-(trifluoromethyl)-N-(3,4,5-

trimethoxybenzylidene)aniline (MA4) 

13C-NMR spectrum of the compound MA4 has been presented in 

the Fig 2.18. Azomethine carbon shows a peak at 162 ppm. The signal 

appeared at 155 ppm is due to methoxy group attached in aromatic ring. 

The peaks ranging from 125-137 indicate the aromatic carbons. CF3 

carbon is indicated by a peak at 123 ppm. Carbon of methoxy group 

exhibited a peak 58 ppm.  

 

Fig. 2.18. 13C-NMR spectrum of 3-(trifluoromethyl)-N-(3,4,5-
trimethoxybenzylidene)aniline (MA4) 

2.4.4. Mass spectrum of 3-(trifluoromethyl)-N-(3,4,5-

trimethoxybenzylidene)aniline (MA4) 

Fig. 2.19 represents the mass spectrum of the compound MA4. 

The peak appearing at m/z 339.11 confirms the calculated molecular 

mass of the compound. The intense peak at m/z 255.09 is the base peak.  
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Fig.2.19. Mass spectrum of 3-(trifluoromethyl)-N-(3,4,5-
trimethoxybenzylidene)aniline (MA4) 

2.4.5. Antimicrobial evaluation of MA4 

Table 2.4. Zone of inhibition of MA4 

 

Zone of inhibition of the compound MA4 is represented in the Table 

2.4 and Fig 2.20. From the table and Fig., it has been understand that 

the compound is active against gram positive and negative bacteria. 

Further the compound is found to be less active against fungi.  

  

S. 
No 

Pathogen 
Zone of inhibition (mm/mL) 

25  µL 50 µL 75  µL 100 µL Control 

1. S. aureus 11 14 16 18 20 

2. E. coli 14 18 21 25 28 

3. A. niger 10 12 15 16 30 



63 | P a g e  

  

Fig.2.20.1 

 

S. aureus E. coli A. niger 

   

Fig.2.20.2 Fig.2.20.3 Fig.2.20.4 

Fig.2.20.1-2.20.4 Zone of inhibition of MA4 

2.5.  Synthesis of 3-methyl-2-((3,4,5-

trimethoxybenzylidene)amino)butanoic acid (MA5) 

To the ethanolic solution of 3, 4, 5-trimethoxybenzaldehyde (19.0 

mL, 0.1 M), L-Valine (16.0 g, 0.1M) was added. The reaction mixture was 

taken in a RB flask and kept over a magnetic stirrer and stirred for 6 h. 
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The solid separated out was washed, filtered and dried over vacuum and 

recrystallized using absolute ethanol. (Colour: Yellow solid; M.P: 132 0C) 

 

Scheme: 2.5- Synthesis of 3-methyl-2-((3,4,5-
trimethoxybenzylidene)amino)butanoic acid (MA5) 

2.5.1. FT-IR spectrum of 3-methyl-2-((3,4,5-

trimethoxybenzylidene)amino)butanoic acid (MA5) 

FT-IR spectrum of MA5 is shown in the Fig 2.21 exhibits a band at 

3418 cm-1 indicates OH stretching. A band appeared at 2938 cm-1 is 

attributed to aromatic C-H stretching. A band at 2836 cm-1 is due to 

aliphatic C-H stretching. C=N stretching vibration is noticed at 1585  

cm-1. An absorption band at 1646 cm-1 indicates the carbonyl stretching 

of carboxylic acid.  

 

Fig.2.21. FT-IR spectrum of 3-methyl-2-((3,4,5-
trimethoxybenzylidene)amino)butanoic acid (MA5) 
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2.5.2. 1H-NMR spectrum of 3-methyl-2-((3,4,5-

trimethoxybenzylidene)amino)butanoic acid (MA5) 

1H-NMR spectrum of MA5 has been shown in the Fig 2.22. A sharp 

peak appeared at 9.9 ppm indicates the presence of OH proton. Aromatic 

protons are indicated by the signals range from 6.9-7.4 ppm. Methine 

protons in which carboxylic group and methyl groups attached show 

peaks at 3.9 and 2.5 respectively. Signal of methoxy group proton is 

appeared at 1.2 ppm. 

 

Fig. 2.22. 1H-NMR spectrum of 3-methyl-2-((3,4,5-
trimethoxybenzylidene)amino)butanoic acid (MA5) 

 

2.5.3. 13C-NMR spectrum of 3-methyl-2-((3,4,5-

trimethoxybenzylidene)amino)butanoic acid (MA5) 

13C-NMR of the compound MA5 has been presented in the Fig 2.23. 

Carbonyl carbon of carboxylic acid shows a peak at 178 ppm. 

Azomethine carbon exhibits a peak at 162 ppm. The peaks ranging from 
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122-137 indicate the aromatic carbon. CH3 and CH carbons are 

indicated by peaks at 62 and 57 ppm respectively.  

 

Fig.2.23. 13C-NMR spectrum of 3-methyl-2-((3,4,5-

trimethoxybenzylidene)amino)butanoic acid (MA5) 

 

2.5.4. Mass spectrum of 3-methyl-2-((3,4,5-

trimethoxybenzylidene)amino)butanoic acid (MA5) 

Fig. 2.24 represents the mass spectra of the compound MA5. The 

peak appearing at m/z 295.14 confirms the calculated molecular mass 

of the compound. The intensity of the molecular ion peak reveals that 

the peak itself is the base peak. 

 
Fig.2. 24. Mass spectrum of 3-methyl-2-((3,4,5-

trimethoxybenzylidene)amino)butanoic acid (MA5) 
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2.5.5. Antimicrobial evaluation of MA5 

Table 2.5.Zone of inhibition of MA5 

Antimicrobial evaluation of the compound MA5 shows that the 

compound possesses lesser activity against E.Coli and A. niger and 

excellent activity against S.aureus when compared to the positive 

standard. The results are given in the Table 2.5 and Fig 2.25. 

  

Fig.2.25.1 

S. aureus E. coli A. niger 

   

Fig.2.25.2 Fig.2.25.3 Fig.2.25.4 

Fig.2.25.1-2.25.4 Zone of inhibition of MA5 

S.No Pathogen 
Zone of inhibition (mm/mL) 

25  µL 50 µL 75  µL 100 µL Control 

1. S. aureus 10 12 14 16 20 

2. E. coli 11 13 16 18 30 

3. A. niger 12 14 17 18 30 
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Chapter-III 

Synthesis of azomethine compounds via 
Schiff reaction (MA6-MA10) 

 

3.1.  Synthesis of (E,E)-1,1'-(pentane-2,4-diylidene)bis(3-

phenylurea) (MA6) 

To the ethanolic solution of acetyl acetone (10.2 mL, 0.1 M), two 

equivalents of phenyl urea (24.0 g, 0.1 M) was added. The reaction 

mixture was refluxed for 6 h, cooled and poured into a beaker containing 

crushed ice. The solid separated out was washed, filtered and dried over 

vacuum and recrystallized using absolute ethanol. (Pale brown solid, 

M.P: 132 0C)  

 

Scheme 3.1: Synthesis of (E,E)-1,1'-(pentane-2,4-diylidene)bis(3-phenylurea) 

(MA6) 

 

3.1.1. IR spectrum of (E,E)-1,1'-(pentane-2,4-diylidene)bis(3-

phenylurea) (MA6) 

The IR spectrum of MA6 has been presented in the Fig 3.1 NH 

stretching and bending frequencies exhibited bands at 3428 and 1593 

cm-1 respectively. A strong absorption band at 3036 cm-1 is due to 

aromatic CH stretching. A strong absorption band at 1656 cm-1 is 
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assigned to C=O stretching. A band appeared at 1613 cm-1 is due to C=N 

stretching. 

 

Fig.3.1. IR spectrum of (E,E)-1,1'-(pentane-2,4-diylidene)bis(3-phenylurea) (MA6) 

3.1.2. 1H-NMR spectrum of of (E,E)-1,1'-(pentane-2,4-

diylidene)bis(3-phenylurea) (MA6) 

1H-NMR spectrum of MA6 has been given in the Fig 3.2. A peak 

observed at 8.5 ppm indicates NH protons. The signals appearing from 

6.9 to 7.4 ppm are assigned to aromatic protons. The peaks appeared at 

5.9 and 2.5 ppm are due to methylene and methyl protons respectively.  
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Fig. 3.2. 1H-NMR spectrum of of (E,E)-1,1'-(pentane-2,4-diylidene)bis(3-
phenylurea) (MA6) 

 

3.1.3.13C-NMR spectrum of of (E,E)-1,1'-(pentane-2,4-

diylidene)bis(3-phenylurea) (MA6) 

13C-NMR of the compound MA6 has been presented in the Fig 3.3. 

Azomethine carbon exhibits a peak at 165 ppm. Carbonyl carbon shows 

a peak at 160 ppm. The peaks ranging from 119-129 indicate the 

aromatic carbons. CH2 and CH3 carbons of ester are indicated by peaks 

at 35 and 27 ppm respectively. A peak at 42 ppm is due to methine 

carbon.  

 

Fig.3.3. 13C-NMR spectrum of of (E,E)-1,1'-(pentane-2,4-diylidene)bis(3-
phenylurea) (MA6) 
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3.1.4. Mass spectrum of (E,E)-1,1'-(pentane-2,4-diylidene)bis(3-

phenylurea) (MA6) 

Mass spectra of the compound MA6 has been given in the Fig. 

3.4. The peak noticed at m/z 336.16 indicates the molecular ion peak. 

The intense appearing at m/z 216.12 is the base peak.  

 

Fig.3.4. Mass spectrum of (E,E)-1,1'-(pentane-2,4-diylidene)bis(3-phenylurea) 
(MA6) 

 

3.1.5. Antimicrobial evaluation of MA6 

 The results of antimicrobial evaluation depicted in the Table 3.1 

and Fig.3.5.1-3.5.5 shows that the compound MA6 possess moderate 

activity against S. aureus, C. Albicans and A. niger and higher activity 

against E. coli. Activity of the compound is found to be maximum in the 

case of gram negative bacteria than the gram positive bacteria and fungi 

strains when compared to the positive standards. The compound 

possesses excellent antibacterial activity than the antifungal activity. 
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Table 3.1: Zone of inhibition MA6 

  

Fig.3.5.1. 

S. aureus E. coli C. albicans A. niger 

    

Fig.3.5.2. Fig.3.5.3. Fig.3.5.4. Fig.3.5.5. 

Fig.3.5.1-3.5.5.Zone of inhibition MA6 

S.No Pathogen 
Zone of inhibition (mm/mL) 

25 µL 50 µL 75 µL 100 µL Control 

1. S. aureus 12 14 16 18 21 

2. E.coli 14 16 18 20 18 

3. C. albicans 11 13 15 16 20 

4. A.niger 12 14 16 18 22 
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3.2.  Synthesis of 4-(((5-bromopyridin-2-yl)imino)methyl)phenol 

(MA7) 

To the ethanolic solution of 4-hydroxybenzaldehyde (12.2 g, 0.1 

M), 2-amino-5-bromopyridine (17.3 g, 0.1 M) was added. The reaction 

mixture was refluxed for 6 h, cooled and poured into a beaker containing 

crushed ice. The solid separated out was washed, filtered and dried over 

vacuum and recrystallized using absolute ethanol.  (Yellow solid; M.P: 

112 0C) 

 

Scheme 3.2: Synthesis of 4-(((5-bromopyridin-2-yl)imino)methyl)phenol (MA7) 

3.2.1. IR spectrum of 4-(((5-bromopyridin-2-yl)imino)methyl)phenol 

(MA7) 

FT-IR spectrum of the compound MA7 has been given in the Fig. 

3.6. A band at 3453 cm-1 shows the OH stretching. Aromatic CH 

stretching frequency is noticed by a band at 3022. C-H and C=N 

stretching of azomethine are indicated by the band at 2937 and 1628 

cm-1 respectively. A sharp band appears at 635 cm-1 is due to C-Br 

stretching. 
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Fig.3.6. IR spectrum of 4-(((5-bromopyridin-2-yl)imino)methyl)phenol (MA7) 

3.2.2. 1H-NMR spectrum of 4-(((5-bromopyridin-

2yl)imino)methyl)phenol (MA7) 

1H-NMR spectrum of the compound MA7 has been represented in 

the Fig. 3.7. A peak appeared at 8.9 ppm is assigned to OH proton. 

Aromatic protons are indicated by signals ranging from 7.9 to 6.4 ppm. 

Methine proton shows a peak at 6.1 ppm.  

        

Fig.3.7. 1H-NMR spectrum of 4-(((5-bromopyridin-2-yl)imino)methyl)phenol (MA7) 
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3.2.3. 13C-NMR spectrum of 4-(((5-bromopyridin-2-yl)imino)methyl) 

phenol (MA7) 

13C-NMR spectrum of MA7 has been given in the Fig.3.8. A peak 

appears at 166.2 ppm indicates the carbon in which the OH group is 

bonded in the phenyl ring. Azomethine carbons exhibit signals at 158 

ppm. The signals range from 116-127 ppm is assigned to aromatic 

carbons. The carbon in which the bromine atom is bonded in the phenyl 

ring is indicated by the signal at 111.  

 

Fig.3.8. 13C-NMR spectrum of 4-(((5-bromopyridin-2-yl)imino)methyl)phenol (MA7) 

3.2.4. Mass spectrum of 4-(((5-bromopyridin-2-

yl)imino)methyl)phenol (MA7) 

Mass spectra of the compound MA7 has been given in the Fig. 3.9. 

The peak noticed at m/z 276 indicates the molecular ion peak. The 

intensity of the peak shows that the molecular ion peak itself is the base 

peak.  
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Fig. 3.9. Mass spectrum of 4-(((5-bromopyridin-2-yl)imino)methyl)phenol (MA7) 

3.2.5. Antimicrobial evaluation of MA7 

The results of antimicrobial evaluation depicted in the Table 3.2 

and Fig 3.10 shows that the compound MA7 possess less activity against 

S.aureus and considerable activity against C.albicans and A. niger. 

Activity of the compound is found to be maximum in the case of gram 

positive bacteria than the gram negative bacteria. The compound 

exhibits greater activity against E.coli than the standard drug employed. 

The compound possesses excellent antibacterial activity than the 

antifungal activity. 

Table 3.2: Zone of inhibition MA7 

S.No Pathogen 
Zone of inhibition (mm/mL)  

25 µL 50 µL 75 µL 100 µL Control 

1. S. aureus 10 12 14 16 21 

2. E.coli 12 14 16 18 18 

3. C. albicans 12 15 17 19 20 

4. A.niger 12 15 18 20 22 



77 | P a g e  

  

Fig.3.10.1 

S. aureus E. coli C. albicans A. niger 

    

Fig.3.10.2 Fig.3.10.3 Fig.3.10.4 Fig.3.10.5 

Fig.3.10.1-3.10.5Zone of inhibition MA7 

3.3.  Synthesis of 1-phenyl-3-(thiophen-2-ylmethylene)urea (MA8) 

To the ethanolic solution of thiophene-2-carbaxaldehyde (9.3 mL, 

0.1 M), N-phenyl urea (24.0 g, 0.1 M) was added. The reaction mixture 

was refluxed for 6 h, cooled and poured into a beaker containing crushed 

ice. The solid separated out was washed, filtered and dried over vacuum 

and recrystallized using absolute ethanol.  (Silky solid; M.P: 142 0C). 
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Scheme 3.3: Synthesis of 1-phenyl-3-(thiophen-2-ylmethylene)urea (MA8) 

3.3.1. IR spectrum of 1-phenyl-3-(thiophen-2-ylmethylene)urea 

(MA8) 

Fig 3.11 represents the FT-IR spectrum of the compound MA8. It 

shows a sharp band at 3221 cm-1 which indicates the NH stretching. 

Aromatic CH stretching frequency is exhibited by a band at 3061. C-H 

stretching of azomethine is indicated by a band at 1614. Carbonyl 

stretching is noticed by a band at 1655 cm-1. Appearance of a band at 

773 cm-1 indicates the C-S stretching. 

 

Fig.3.11. IR spectrum of 1-phenyl-3-(thiophen-2-ylmethylene)urea (MA8) 
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3.3.2. 1H-NMR spectrum of 1-phenyl-3-(thiophen-2-

ylmethylene)urea (MA8) 

1H-NMR spectrum of the compound MA8 is shown in the Fig 3.12. 

A peak noticed at 9.6 ppm accounts NH proton. Aromatic protons exhibit 

signals from 6.9 to 7.9 ppm. Presence of a peak at 6.2 ppm reveals 

azomethine proton.  

 

Fig.3.12. 1H-NMR spectrum of 1-phenyl-3-(thiophen-2-ylmethylene)urea (MA8) 

 

3.3.3. 13C-NMR spectrum of 1-phenyl-3-(thiophen-2-

ylmethylene)urea (MA8) 

13C-NMR spectrum of MA8 is shown in the Fig 3.13 has a peak at 

162 ppm is due to azomethine carbon. The signal at 159 is attributed to 

carbonyl carbon. The presence of aromatic carbons is indicated by the 

peaks ranges from 117-135 ppm.  
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Fig.3.13. 13C-NMR spectrum of 1-phenyl-3-(thiophen-2-ylmethylene)urea (MA8) 

3.3.4. Mass spectrum of 1-phenyl-3-(thiophen-2-ylmethylene)urea 

(MA8) 

Mass spectra of the compound MA8 is shown in the Fig.3.14. The 

peak observed at m/z 230.05 indicates the molecular ion peak. The peak 

appearing at m/z 153.02 with high intensity is the base peak.  

 

Fig.3.14. Mass spectrum of 1-phenyl-3-(thiophen-2-ylmethylene)urea (MA8) 
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Mass fragmentation 

 

3.3.5. Antimicrobial evaluation of MA8 

Results of antimicrobial screening of the compound MA8 are 

shown in the Table 3.3 and Fig 3.15.1-3.15.5 reveal that the compound 

possesses less activity against C.albicans and moderate activity against 

A.niger and E.Coli. Activity of the compound against S.aureus is found to 

be maximum when comparing to the positive standard. The compound 

is highly active against gram positive bacteria than the gram negative 

bacteria and fungi strains. Antibacterial activity of the compound is 

found to be higher than the antifungal activity. 

Table 3.3: Zone of inhibition of MA8 

S.No Pathogen 

Zone of inhibition (mm/mL)  

25 µL 50 µL 75 

µL 

100 µL Control 

1. S. aureus 13 16 18 20 21 

2. E.coli 10 12 14 16 18 

3. C. albicans 10 11 13 15 20 

4. A.niger 12 14 16 19 22 
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Fig.3.15.1 

S. aureus E. coli C. albicans A. niger 

    

Fig.3.15.2 Fig.3.15.3 Fig.3.15.4 Fig.3.15.5 

Fig.3.15.1-3.15.5.Zone of inhibition of MA8 

3.4.  Synthesis of 5-bromo-N-(2,3-dichlorobenzylidene)pyridin-2-

amine (MA9) 

To the ethanolic solution of 2, 3-dichlorobenzaldehyde (17.5 g, 0.1 

M), 2-amino-5-bromopyridine (17.3 g, 0.1 M) was added. The reaction 

mixture was refluxed for 6 h, cooled and poured into a beaker containing 

crushed ice. The solid separated out was washed, filtered and dried over 

vacuum and recrystallized using absolute ethanol.  (Ivory solid; M.P:  

138 0C) 
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Scheme 3.4: Synthesis of 5-bromo-N-(2,3-dichlorobenzylidene)pyridin-2-amine (MA9) 

3.4.1. IR spectrum of 5-bromo-N-(2,3-dichlorobenzylidene)pyridin-

2-amine (MA9) 

FT-IR spectrum of MA9 is shown in the Fig 3.16. A band noticed 

at 3050 cm-1 shows aromatic CH stretching. Azomethine C-H and C=N 

stretching frequency are indicated by the bands at 2961 and 1588 cm-1 

respectively. The bands appeared at 747 and 712 cm-1 are due to C-Br 

and C-Cl stretching respectively. 

 

Fig.3.16. IR spectrum of 5-bromo-N-(2,3-dichlorobenzylidene)pyridin-2-amine (MA9) 
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3.4.2. 1H-NMR spectrum of 5-bromo-N-(2,3-

dichlorobenzylidene)pyridin-2-amine (MA9) 

1H-NMR spectrum of MA9 is shown in the Fig 3.17. The signals at 

8.5 is indicating CH proton of azomethine. The signals exhibited from 6.1 

to 7.8 ppm indicates the aromatic protons.  

 

Fig.3.17. 1H-NMR spectrum of 5-bromo-N-(2,3-dichlorobenzylidene)pyridin-2-
amine (MA9) 

 

3.4.3. 13C-NMR spectrum of 5-bromo-N-(2,3-

dichlorobenzylidene)pyridin-2-amine (MA9) 

13C-NMR spectrum of MA9 is shown in the Fig 3.18. A peak 

appears at 160 ppm is due to azomethine carbon. The peaks noticed at 

142, 113 ppm are indicating the carbons in which cholrine and bromine 

atoms attached to the phenyl ring respectively. The signals appeared in 

the range of 126 to 140 ppm are due to aromatic carbons.  



85 | P a g e  

 

Fig.3.18. 13C-NMR spectrum of 5-bromo-N-(2,3-dichlorobenzylidene)pyridin-2-
amine (MA9) 

 

3.4.4. Mass spectrum of 5-bromo-N-(2,3-

dichlorobenzylidene)pyridin-2-amine (MA9) 

Fig. 3.19 represents the mass spectra of the compound MA9. The 

molecular ion peak appearing at m/z 327.92 confirms the calculated 

molecular mass of the compound. The peak appearing with high 

intensity at m/z 187.0 is the base peak.  

 

Fig.3.19. Mass spectrum of 5-bromo-N-(2,3-dichlorobenzylidene)pyridin-2-

amine (MA9) 
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3.4.5. Antimicrobial evaluation of MA9 

Zone of inhibition of the compound MA9 given in the Table 3.4 and 

Fig 3.20.1-3.20.5 reveal that the compound exhibits lesser activity 

against C. albicans and moderate against E. Coli and S. aureus. Potency 

of the compound is found to be high against A.niger. Further it is revealed 

that the compound is found to be potent against fungi strain than the 

bacterial strains when compared to the positive standard.  

Table 3.4: Zone of inhibition of MA9 

  

Fig.3.20.1 

  

S.No 
 

Pathogen 

Zone of inhibition (mm/mL)  

25 µL 50 µL 75 µL 100 µL Control 

1. S. aureus 12 14 16 18 21 

2. E.coli 10 14 14 16 18 

3. C. albicans 10 12 14 16 20 

4. A.niger 12 15 18 20 22 



87 | P a g e  

S. aureus E. coli C. albicans A. niger 

    

Fig.3.20.2 Fig.3.20.3 Fig.3.20.4 Fig.3.20.5 

Fig.3.20.1-3.20.5.Zone of inhibition of MA9 

3.5.  Synthesis of 5-bromo-N-(thiophen-2-ylmethylene)pyridin-2-

amine (MA10) 

To the ethanolic solution of thiophene-2-carbaxaldehyde (9.30 mL, 

0.1 M), 2-amino-5-bromopyridine (17.3 g, 0.1 M) was added. The reaction 

mixture was refluxed for 6 h, cooled and poured into a beaker containing 

crushed ice. The solid separated out was washed, filtered and dried over 

vacuum and recrystallized using absolute ethanol. (Brown solid; M.P: 

137 0C)  

 

Scheme 3.5: Synthesis of 5-bromo-N-(thiophen-2-ylmethylene)pyridin-2-amine (MA10) 

3.5.1. IR spectrum of 5-bromo-N-(thiophen-2-ylmethylene)pyridin-

2-amine (MA10) 

FT-IR spectrum of MA10 is shown in the Fig 3.21 exhibits a band 

at 3023 cm-1 indicates the aromatic CH stretching. The bands at 2943 
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and 1588 cm-1 are due to C-H and C=N stretching vibrations respectively. 

Bands observed at 824 and 633 cm-1 are due to C-Br and C-S stretching 

respectively. 

 

Fig.3.21. IR spectrum of 5-bromo-N-(thiophen-2-ylmethylene)pyridin-2-amine (MA10) 

3.5.2.1H-NMR spectrum of 5-bromo-N-(thiophen-2-

ylmethylene)pyridin-2-amine (MA10) 

1H-NMR spectrum of MA10 has been given in the Fig 3.22. 

Azomethine proton noticed by a peak at 7.9 ppm. The signals ranging 

from 6.9 to 7.5 ppm are attributable to the aromatic protons.  
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Fig.3.22.1H-NMR spectrum of 5-bromo-N-(thiophen-2-ylmethylene)pyridin-2-
amine (MA10) 

 
3.5.3.13C-NMR spectrum of 5-bromo-N-(thiophen-2-

ylmethylene)pyridin-2-amine (MA10) 

13C-NMR of MA10 has been given in the Fig 3.23. A peak at 159 

ppm indicates C=N carbon. The signals at 116, 139 and 147 ppm show 

the aromatic carbons. A peak at 113 ppm indicates the carbon in which 

the bromine atom is bonded in the phenyl ring. 

 

Fig.3.23.13C-NMR spectrum of 5-bromo-N-(thiophen-2-ylmethylene)pyridin-2-
amine (MA10) 
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3.5.4. Mass spectrum of 5-bromo-N-(thiophen-2-

ylmethylene)pyridin-2-amine (MA10) 

Mass spectrum of the compound MA10 has been depicted in the 

Fig. 3.24. The peak appearing at m/z 265.95 is the molecular ion peak. 

The intense peak noticed at m/z 197.98 is assigned as base peak.  

 

Fig.3.24. Mass spectrum of 5-bromo-N-(thiophen-2-ylmethylene)pyridin-2-
amine (MA10) 

3.5.4. Antimicrobial evaluation of MA10  

The compound MA10 possesses excellent antimicrobial activity 

against all the tested bacterial and fungi pathogens when compared to 

the positive standard. Potency of the compound is found to be very high 

against gram negative bacteria and fungi pathogen. The compound 

shows equally higher activity on comparing both bacteria and fungi 

pathogen hence it is observed that the compound may possess broad 

spectrum antimicrobial activity. The results are shown in the Table 3.5 

and in the Fig. 3.25.1-3.25.5 
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Table 3.5: Zone of inhibition of MA10 

  

Fig.3.25.1 

S. aureus E. coli C. albicans A. niger 

    

Fig.3.25.2 Fig.3.25.3 Fig.3.25.4 Fig.3.25.5 

Fig.3.25.1-3.25.5.Zone of inhibition of MA10 

 

S. No Pathogen 
Zone of inhibition (mm/mL)  

25 µL 50 µL 75 µL 100 µL Control 

1. S. aureus 16 19 21 23 21 

2. E.coli 15 17 20 22 18 

3. C. albicans 14 17 20 22 20 

4. A.niger 16 19 22 25 22 
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Chapter-IV 

Synthesis of β-amino carbonyl compounds 
using Mannich reaction (MA11-MA13) 

 

4.1.  Synthesis of 3-morpholino-1-(3-nitrophenyl)-3-(thiophen-2-

yl)propan-1-one (MA11) 

To the ethanolic solution of 3-nitro acetophenone, morpholine was 

added followed by thiophene-2-carboxaldehyde (9.3 mL, 0.1 M). The 

reaction mixture was kept at ice cold condition over a magnetic stirrer 

and stirred for about 3 h. The solid separated out was washed filtered 

and dried over vacuum. (Ivory solid; M.P: 142 0C) 

 
Scheme 4.1: Synthesis of 3-morpholino-1-(3-nitrophenyl)-3-(thiophen-2-

yl)propan-1-one (MA11) 
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4.1.1. IR spectrum of 3-morpholino-1-(3-nitrophenyl)-3-(thiophen-

2-yl)propan-1-one (MA11) 

 

Fig.4.1.IR spectrum of 3-morpholino-1-(3-nitrophenyl)-3-(thiophen-2-

yl)propan-1-one 

 

The FT-IR spectrum of MA11 given in the Fig 4.1 shows a band at 

3089 cm-1 is due to aromatic C-H stretching. C-S stretching of thiophene 

exhibits a band at 2924 cm-1. C-H stretching of methine group observed 

at the range of 2859 cm-1. A strong absorption band appeared at 1691 

cm-1 is attributed to C=O stretching frequency. The band appeared at 

1576 cm-1 shows the N-O vibrations. The frequency ranges at 1349 and 

1059 cm-1 are assigned to C-N and C-O-C stretching of morpholine. A 

band noticed at 661 cm-1 is due to C-S stretching.   
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4.1.2. 1H-NMR spectrum of 3-morpholino-1-(3-nitrophenyl)-3-

(thiophen-2-yl)propan-1-one (MA11) 

1H NMR spectrum of MA11 has been depicted in the Fig 4.2 show 

peaks ranges from 6.7 to 7.9 ppm indicate the aromatic protons of phenyl 

and thiophene ring. Methine proton shows a peak at 4.5 ppm. CH2 

protons of morpholine are assigned by the signals at 3.4 and 2.8 ppm. 

 

Fig.4.2. 1H-NMR spectrum of 3-morpholino-1-(3-nitrophenyl)-3-(thiophen-2-
yl)propan-1-one (MA11) 

 

4.1.2. 13C-NMR spectrum of 3-morpholino-1-(3-nitrophenyl)-3-

(thiophen-2-yl)propan-1-one (MA11) 

13C NMR of MA11 has been given in the Fig 4.3. Carbonyl carbon 

of the compound is indicated by a signal at 196 ppm. Aromatic carbons 

of phenyl and thiophene ring shows the signal ranges from 137 to 122 

ppm. The peaks obtained at 62 and 52 ppm are due to the carbons of 

morpholine. A peak appeared at 71 ppm shows the presence of methine 

carbon.  
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Fig.4.3. 13C-NMR spectrum of 3-morpholino-1-(3-nitrophenyl)-3-(thiophen-2-
yl)propan-1-one (MA11) 

4.1.4. Mass spectrum of 3-morpholino-1-(3-nitrophenyl)-3-

(thiophen-2-yl)propan-1-one (MA11) 

The Mass spectrum of MA11 has been represented in the Fig 4.4. 

The molecular ion peak appeared at m/z 347.8 shows the exact mass of 

the compound. The highest intensity peak observed at 164 is the base 

peak. 

 

Fig.4.4. Mass spectrum of 3-morpholino-1-(3-nitrophenyl)-3-(thiophen-2-
yl)propan-1-one (MA11) 
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4.1.5. Antimicrobial evaluation of MA11 

Results of antimicrobial screening of the compound MA11 are 

shown in the Table 4.1 and Fig 4.5, reveal that the compound possesses 

less activity against A.niger and Moraxella. Activity of the compound 

against B. subtilis and Trichophyton is found to be moderate as compared 

to the positive standards. The compound is highly active against gram 

positive bacteria than the gram negative bacteria. Antifungal activity of 

the compound is found to be higher than the antibacterial activity. 

S. 

No. 
Pathogens 

Zone of inhibition (mm/µL) 

25 µL 50 µL 75 µL 100 µL Control 

1. B. subtilis 18 21 23 26 30 

2. Moraxella 13 14 15 16 30 

3. A. niger 9 10 11 12 30 

4. Trichophyton 9 10 12 15 18 

Table 4.1: Zone of inhibition of MA11 

 
 

Fig.4.5: Zone of inhibition of MA11 
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4.2.  Synthesis of 3-((4-aminophenyl)amino)-1-phenyl-3-(thiophen-

2-yl)propan-1-one (MA12) 

To the ethanolic solution of acetophenone, p-Phenylene diammine 

(10.8 g, 0.1 M) was added followed by thiophene-2-carboxaldehyde (9.3 

mL, 0.1 M). The reaction mixture was kept at ice cold condition over a 

magnetic stirrer and stirred for about 7 h. The solid separated out was 

washed filtered and dried over vacuum. (Colour: Yellow solid; M.P: 151 

0C) 

 

Scheme 4.2: Synthesis of 3-((4-aminophenyl)amino)-1-phenyl-3-(thiophen-2-
yl)propan-1-one (MA12) 

 

4.2.1. IR spectrum of 3-((4-aminophenyl)amino)-1-phenyl-3-

(thiophen-2-yl)propan-1-one (MA12) 

FT-IR spectrum of MA12 is shown in the Fig 4.6. NH stretching is 

noticed by a band at 3396 cm-1. Aromatic CH and C=C stretching 

frequencies are exhibited by the bands at 3026 and 1516 cm-1 

respectively. A sharp absorption band at 1665 cm-1 is due to the carbonyl 

stretching of acetophenone. 
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Fig.4.6. IR spectrum of 3-((4-aminophenyl)amino)-1-phenyl-3-(thiophen-2-
yl)propan-1-one (MA12) 

 

4.2.2. 1H-NMR spectrum of 3-((4-aminophenyl)amino)-1-phenyl-3-

(thiophen-2-yl)propan-1-one (MA12) 

1H-NMR spectrum of MA12 has been given in the Fig 4.7. The 

peaks appeared at 9.2 and 7.9 ppm indicates NH2 ans NH protons 

respectively. The signals range from 7.5 to 6.9 ppm represents the 

aromatic protons. A peak appears at 4.4 ppm is due to methine proton. 

The signals at 3.4 and 2.9 ppm are assigned to methine and methylene 

protons respectively. 
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Fig.4.7. 1H-NMR spectrum of 3-((4-aminophenyl)amino)-1-phenyl-3-(thiophen-

2-yl)propan-1-one (MA12) 

 

4.2.3. 13C-NMR spectrum of 3-((4-aminophenyl)amino)-1-phenyl-3-

(thiophen-2-yl)propan-1-one (MA12) 

13C-NMR spectrum of MA12 is shown in the Fig 4.8 has a peak at 

199 ppm is due to carbonyl carbon. The signals from 135 to 127 ppm 

are attributed to the aromatic carbons. Methylene carbon exhibits a peak 

at 72 ppm. The presence of methine carbon is indicated by a peak at 58 

ppm.  

 

Fig.4.8. 13C-NMR spectrum of 3-((4-aminophenyl)amino)-1-phenyl-3-
(thiophen-2-yl)propan-1-one (MA12) 
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4.2.3. Mass spectrum of 3-((4-aminophenyl)amino)-1-phenyl-3-

(thiophen-2-yl)propan-1-one (MA12) 

Mass spectra of the compound MA12 is shown in the Fig. 4.9. The 

peak observed at m/z 321.97 indicates the molecular ion peak. The peak 

appearing at m/z 105.04 with high intensity is the base peak.  

 

Fig.4.9.Mass spectrum of 3-((4-aminophenyl)amino)-1-phenyl-3-(thiophen-2-
yl)propan-1-one (MA12) 

 

4.2.5. Antimicrobial evaluation of MA12 

The compound MA12 exhibits less activity against against 

Moraxella, A.niger and trichophyton. It has considerable activity against 

B. subtilis when compared to the positive standards. The compound is 

found to be more potent against fungi than the bacteria. Antifungal 

activity of the compound is found to be higher than the antibacterial 

activity. The results are shown in the Table 4.2 and Fig 4.10 
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S. 

No. 
Pathogen 

Zone of inhibition (mm/µL) 

25 µL 50 µL 75 µL 100 µL Control 

1. B. subtilis 10 12 15 18 32 

2. Moraxella - 9 10 11 30 

3. A. niger 11 13 14 15 28 

4. Trichophyton - 10 11 13 20 

Table 4.2: Zone of of inhibition of MA12 

  

Fig.4.10.Zone of of inhibition of MA12 

 

4.3.  Synthesis of 2-(pyrrolidin-1-yl(thiophen-2-

yl)methyl)cyclohexanone (MA13) 

To the ethanolic solution of cyclohexanone, pyrrolidine (10.8 g, 0.1 

M) was added followed by thiophene-2-carboxaldehyde (9.3 mL, 0.1 M). 

The reaction mixture was kept at ice cold condition over a magnetic 

stirrer and stirred for about 7 h. The solid separated out was washed 

filtered and dried over vacuum. (brown solid; M.P: 138 0C) 
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Scheme 4.3: Synthesis of 2-(pyrrolidin-1-yl(thiophen-2-
yl)methyl)cyclohexanone (MA13) 

 
4.3.1. IR spectrum of 2-(pyrrolidin-1-yl(thiophen-2-

yl)methyl)cyclohexanone (MA13) 

FT-IR spectrum of MA13 is shown in the Fig 4.11. NH stretching 

is noticed by a band at 3432 cm-1. Aromatic CH frequency is exhibited 

by the band at 3072 cm-1. A band at 2939 cm-1 indicates the C-H 

stretching of methine group. A sharp absorption band at 1646 cm-1 is 

due to the carbonyl stretching of cyclohexanone. The bands noticed at 

1371 and 702 are attributed to C-N and C-S stretching respectively. 

 

Fig.4.11. IR spectrum of 2-(pyrrolidin-1-yl(thiophen-2-
yl)methyl)cyclohexanone (MA13) 
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4.3.2. 1H-NMR spectrum of 2-(pyrrolidin-1-yl(thiophen-2-

yl)methyl)cyclohexanone (MA13) 

1H-NMR spectrum of MA13 is shown in the Fig 4.12. The signals 

exhibited from 7.9 to 6.9 ppm indicates the protons of indole ring. 

Methine proton shows a peak at 4.3 ppm. CH2 protons of pyrrolidine and 

cyclohexanone are indicated by the signals appeared at 2.9 to 1.9 ppm. 

 

Fig. 4.12. 1H-NMR spectrum of 2-(pyrrolidin-1-yl(thiophen-2-
yl)methyl)cyclohexanone (MA13) 

4.3.3. 13C-NMR spectrum of 2-(pyrrolidin-1-yl(thiophen-2-

yl)methyl)cyclohexanone (MA13) 

13C-NMR spectrum of MA13 is shown in the Fig 4.13. A peak 

appears at 189 ppm is due to carbonyl carbon of cyclohexanone. The 

peaks noticed in the range of 135-122 ppm are indicating the thiophene 

carbons. The signals appeared in the range of 22 and 28 ppm are due to 

pyrrolidine and cyclohexanone carbons. The signal appeared at 64 ppm 

is indicating the methine carbon. 
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Fig.4.13. 13C-NMR spectrum of 2-(pyrrolidin-1-yl(thiophen-2-
yl)methyl)cyclohexanone (MA13) 

4.3.4. Mass spectrum of 2-(pyrrolidin-1-yl(thiophen-2-

yl)methyl)cyclohexanone (MA13) 

Mass spectra of the compound MA13 has been given in the Fig. 

4.14. The molecular ion peak appearing at m/z 263.13 well fit with the 

calculated molecular mass of the compound. Intensity of the peak shows 

that the molecular ion peak itself is the base peak.  

 

Fig.4.14. Mass spectrum of 2-(pyrrolidin-1-yl(thiophen-2-
yl)methyl)cyclohexanone (MA13) 
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4.3.5. Antimicrobial evaluation of MA13 

The compound MA13 possesses very less activity against 

Moraxella. It shows considerable activity against B. subtilis, A.niger and 

Trichophyton. Activity of the compound is higher in the case of gram 

positive bacteria than the gram negative bacteria. Potency of the 

compound against A.niger is found to be higher when compared to other 

strains. The results are shown in the Table 4.3 and Fig 4.15. 

S. 

No. 
Pathogen 

Zone of inhibition (mm/µL) 

25 µL 50 µL 75 µL 100 µL Control 

1. B. subtilis 12 15 17 20 32 

2. Moraxella - - 7 9 30 

3. A.niger 13 15 18 20 28 

4. Trichophyton 9 10 11 12 20 

Table 4.3: Zone of inhibition of MA13 

  

Fig.4.15.Zone of inhibition of MA13 
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Chapter-V 

Synthesis, characterization and DFT 
studies of MA14 & MA15 

 

5.1.  Synthesis of 2-ethoxy-4-(((2-

(trifluoromethyl)phenyl)imino)methyl)phenol (MA14) 

To the ethanolic solution of 3-ethoxy-4-hydroxy benzaldehyde 

(16.6 g, 0.1 M), 2-trifluomethylaniline (9.9 g, 0.1 N) was added and 

refluxed for 6 h. The reaction mixture was cooled and poured in to a 

beaker containing crushed ice. The solid separated was washed, filtered 

and dried over vacuum and recrystallized using absolute ethanol. 

 

Scheme 5.1: Synthesis of 2-ethoxy-4-(((2-

(trifluoromethyl)phenyl)imino)methyl)phenol(MA14) 

 

5.1.1. IR spectrum of 2-ethoxy-4-(((2-(trifluoromethyl)phenyl)imino)   

methyl)phenol (MA14)                                                 

The FT-IR spectrum of MA14 is presented in the Fig. 5.1. A broad 

band appeared at 3314 cm-1 shows OH stretching. Aromatic C-H 

stretching in phenyl ring exhibits a band at 3043 cm-1. A sharp band 
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observed at 2926 cm-1 shows C-H stretching of methyl group. Strong 

absorption bands appeared at 2926 cm-1 and 2870 cm-1 are due to 

asymmetric and symmetric C-H stretching of methylene group. An 

absorption band at 1555 cm-1 indicates C=N stretching. A band 

appeared at 1025 cm-1 is due to C-F stretching. 

 

Fig.5.1. IR spectrumof 2-ethoxy-4-(((2-
(trifluoromethyl)phenyl)imino)methyl)phenol (MA14) 

 

5.1.2. Mass spectrum of 2-ethoxy-4-(((2-

(trifluoromethyl)phenyl)imino)methyl)phenol (MA14) 

Fig. 5.2 represents the mass spectra of the compound MA14. The 

molecular ion peak appearing at m/z 309.10 confirms the calculated 

molecular mass of the compound. The peak appearing with high 

intensity at m/z 293.10 is the base peak.  
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Fig.5.2. Mass spectrum of 2-ethoxy-4-(((2-
(trifluoromethyl)phenyl)imino)methyl)phenol (MA14) 

DFT Studies of 2-Ethoxy-4[(2-trifluoromethyl- phenylimino) 

methyl]phenol (MA14) 

 This study presents the molecular  properties  such as, vibrational 

spectra: FT-IR and FT-Raman, 1H NMR and 13C NMR chemical shifts, 

UV-Vis spectral parameters, HOMO, LUMO properties, atomic charges, 

NLO properties, NBO analysis, MEP surface and thermodynamic 

properties of 2-Ethoxy-4[(2-trifluoromethyl- phenylimino)methyl]phenol 

(MA14) molecule. Detailed analyses of structural, spectroscopic, 

magnetic, electronic, optical and thermodynamic properties of MA14 

molecule are not available in the literature. The quantum chemical 

investigations are performed by means   of DFT/B3LYP method with 6-

311++G(d,p) basis set, for the first time. The quantum chemical 

computation provides a powerful support for experimental studies. 

 All computational functions were carried out using Gaussian 

03W program package running under Windows XP [91]. The 

geometrical optimization of MA14 molecule was done using DFT 

method with Becke’s three-parameter hybrid exchange correlation 

functional (B3LYP) [92–95]. The 6-311++G(d,p) basis set augmented 
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by d polarisation functions on heavy atoms and p polarisation functions 

on hydrogen atoms as well as dif- fuse functions for both hydrogen and 

heavy atoms was used [96,97]. The optimised molecular structure, 

harmonic vibrational frequencies, UV-Vis spectra, 1H NMR and 13C NMR 

spectra, the frontier molecular orbital (FMO), MEP, NLO properties, NBO 

analysis, Mulliken atomic charges and thermodynamic properties of 

title molecule were done using B3LYP/6-311++G(d,p) level. 

 The vibrational assignments were done with the help of Gauss View 

molecular visualisation program [98]. In addition, the calculated 

vibrational bands were justified by means of TED analysis and the 

assignments of the fundamental vibrational modes using VEDA 4 

program [99]. The 1H NMR and 13C NMR chemical shifts were    calculated 

within GIAO approach [100] applying the same method and the basis set 

as used for geometry optimization. The UV-Vis. calculations of the title 

molecule were performed by the time dependent-DFT (TD-DFT) method. 

The HUMO, LUMO energy values and their shapes were computed by the 

same level. On the basis of computed HUMO and LUMO energy values of 

the title molecule, the molecular properties such as, electron affinity (A), 

ionisation potential (I), chemical hardness (η), chemical softness (S), 

electronegativity (χ ), chemical potential (μ), and electrophilicity index (ω) 

were computed. The NLO properties such as, dipole moment (μ), the 

mean polarisability (αtotal), the first hyperpolarisability (β0) were 

performed with the above mentioned computational level. The NBO 

analysis was done to know the interactions among the bonds and hyper 
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conjugative interactions in MA14 molecule. The MEP and its surfaces 

were simulated using the optimized molecular geometry of MA14 

molecule. 

Molecular geometry 

 The geometrical optimized molecular structure of MA14 molecule 

is shown in Figure 5.3. The computed geometrical parameters such as, 

bond lengths, bond angles and dihedral angles are summarised in  

Table 5.1. In the literature, experimental or calculated bond parameters 

for the molecule MA14 are not found; therefore the structure of MA14 

molecule is compared with the available X-ray diffraction data of similar 

compound (E)- 2-ethoxy-6-[(phenylimino)methyl]phenol [101]. The 

calculated bond lengths at B3LYP method are slightly more than the 

experimental values; which is, due to the theoretical calculations that 

belong to the gaseous phase while the observed results are valid for solid 

phase of the molecule. The bond length of C13–C16 is 1.521 Å. 

 

Figure.5.3. The optimised molecular structure of MA14 . 
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Table 5.1. The optimised molecular geometric parameters of 2E42TP 

using B3LYP/6-311++G(d,p) basis set. 

Bond parameters B3LYP/6-311++G(d,p) XRDa 

Bond lengths (Å)   

C1–C2 1.399 1.398 

C1–C6 1.409 1.398 

C1–C20 1.458 1.446 

C2–C3 1.392 1.387 

C4–C5 1.416 1.400 

C4–O10 1.355 1.3514 

C5–C6 1.381 1.382 

C5–O12 1.370 1.365 

C6–H9 1.081  

O10–H11 0.968  

O12–C13 1.440 1.432 

C13–H14 1.094  

C13–H15 1.090  

C13–C16 1.521 1.502 

C20–H21 1.099  

C20–N22 1.280 1.271 

N22–C23 1.396  

C23–C24 1.404 1.377 

C23–C25 1.413  

C24–C26 1.390 1.379 

C24–H27 1.084  

C28–C29 1.393  

C33–F34 1.354  

C33–F35 1.354  

C33–F36 1.357  

Bond angles (°)   

C1–C2–C3 120.62 120.74 

C1–C2–H7 119.73  

C3–C2–H7 119.64  

C3–C4–O10 120.13  
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C5–C4–O10 119.74 118.22 

C4–C5–C6 120.05 119.16 

C4–C5–O12 113.16  

C6–C5–O12 126.78 125.81 

C5–O12–C13 120.05 117.74 

O12–C13–H14 109.33  

O12–C13–H15 104.07  

O12–C13–C16 112.54  

C1–C20–N22 122.90 122.94 

H21–C20–N22 121.40  

C20–N22–C23 120.61 122.03 

N22–C23–C24 122.15 124.16 

N22–C23–C25 119.52  

C24–C23–C25 118.23 118.06 

C23–C24–C26 121.03 121.12 

C24–C26–C29 120.28 120.2 

C25–C28–C29 120.70 120.8 

C26–C29–C28 119.49 119.5 

F34–C33–F35 106.85  

F34–C33–F36 106.25  

F35–C33–F36 106.13  

Dihedral angles (°)    

C6–C1–C2–C3  −0.32 −0.6 

C6–C1–C20–N22 1.43 -1.6 

C2–C3–C4–O10 179.68 179.26 

O10–C4–C5–O12 -0.73  

O12–C5–C6–C1 -178.84 -178.76 

C4–C5–O12–C13 -180.02 178.76 

C6–C5–O12–C13 -0.84 -1.6 

C25–C23–C24–C26 -1.30 -1.4 

N22–C23–C25–C28 178.26 178.79 

N22–C23–C25–C33 -2.16  

C24–C23–C25–C28 1.80 1.2 
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 This elongation may be due to the repulsive nature between them 

which is, justified from Mulliken  atomic charges as: C13 = –0.245 and 

C16 = –0.357 a.u. The calculated C5–O12 and C1–C20 bond lengths  are  

1.370 and 1.458 Å, respectively which are in agreement with XRD  data  

[101].  The  C20–N22,  O10–H11, C5–O12 and C4–O10 bond lengths are 

1.280, 0.968, 1.370 and 1.355 Å are agreeable with literature [101]. 

Similarly, the angles C1–C2–C3,  C5–C4–O10   and  C1–C20–N22   are 

120.62°, 119.74° and 122.90° they are in agreement with literature [101]. 

The calculated dihedral angles N22–C23–C25–C33, O10–C4–C5–O12 

and C6–C1–C20–N22 are –2.16°, –0.73° and 1.43° which show the 

planarity nature of the molecule. The angles C6–C5–O12: 126.78°/C4–

C5–O12: 113.16° differ by 13.62° and this may be due to the intra- 

molecular hydrogen bonding O10–H11 ... O12 with hyper conjugation 

interaction energy 8.24 kJ/mol. 

Vibrational assignments 

 Vibrational spectral assignments are done at B3LYP/6- 

311++G(d,p) level for the present molecule which belongs to C1 point 

group. There are 36 atoms  and have 102 vibrational modes which are 

active in both IR and Raman. The computed (unscaled and scaled) and 

observed vibrational frequencies, IR intensities, Raman intensities, 

vibrational assignments, force constant and reduced mass of vibrational 

assignments are summarised in Table 5.2. The calculated and observed 

FT-IR and FT-Raman spectra of MA14 molecule are given in Figure 

5.4(a,b). The vibrational frequencies are justified on the basis of TED. 



114 | P a g e  

Table 5.2. The experimental and calculated frequencies of MA14 using 
B3LYP/6-311++G(d,p) level of basis set [Harmonic frequencies  

(cm-1),FT- IR,FT- Raman (cm-1) 

 Observed frequencies   

S. 
No. 

Scaled FT-IR FT-Raman Vibrational assignments 

1 3629.37 3450vw  νOH 

2 3106.33    νCH 

3 3104.39    νCH 

4 3091.83    νCH 

5 3086.03    νCH 

6 3078.29  3076vw  νCH 

7 3065.72    νCH 

8 3062.82 3043w 3046vw  νCH 

9 3017.38  3026vw  νCH 

10 2999.01    νCH 

11 2992.25 2976w 2978vw  νCH 

12 2945.84    νCH 

13 2936.17 2926w 2941vw  νCH 

14 2908.13 2870w 2869vw  νCH 

15 1627.12 1667vs 1661vs  νNC 

16 1585.55 1590s 1586vs  νCC+νCC 

17 1578.78    νCC+νCC+βCCC 

18 1572.98    νCC+νCC 

19 1556.55 1555vw 1554m  νCC+νCC+νCC 

20 1486.94    βCCC+νOC+βHCC+βHCC 

21 1468.57    βHCH+βHCH+ΓCHCH 

22 1463.74    βHCC+βHCC 

23 1450.2 1462vw 1462w  βHCH+βHCH 

24 1438.6 1449vw   βHCC+βHCH 
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25 1430.86    βCCC+βHCC+βHCC 

26 1422.16 1422vw   νCC+νCC+νCC 

27 1387.36 1385vw 1387m  βHOC+βHCN 

28 1369.96    ΓCHCH+ΓCHHH 

29 1350.62 1339w   βHCN+ΓCHCH+ΓCHHH 

30 1344.82  1316m  βHOC+βHCC+βHCN 

31 1287.78 1274m 1273w  νCC+νCC+βHCO 

32 1283.91    βHCO 

33 1278.11    νCC+βHCC 

34 1266.51 1238m 1239s  νCC+νCC+νOC 

35 1253.94    βHCC+βHCN 

36 1232.67    νCC+βHCC 

37 1230.74    νOC+βHCC 

38 1204.63    νCC+νNC 

39 1173.7    νCC+βHOC+βHCC 

40 1157.26 1164m   βHCC+ΓCHCO 

41 1148.56    νCC+βHCC+βHCC 

42 1132.12    νOC+βHCC 

43 1112.79 1114w 1116vw  βCCC+νCC+νFC 

44 1102.15    νCC+βHCC+βHCC 

45 1076.05    νFC+νFC+ΓCCFF 

46 1071.21    νFC+ΓCHCH 

47 1069.28    νFC+νCC+ΓCHCH 

48 1032.54 1025w   νFC+βHCC+βCCC 

49 1016.11    νCC+νOC 

50 1011.27    βCCC+νFC 

51 969.7    τHCNC 

52 962.93    ΓCCCH+ΓCCCH 

53 958.1    νCC+νOC+νCC 
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54 934.9 928vw 939w  ΓCCCH+ΓCCCH+τHCCH 

55 914.59    τHCCH 

56 873.99    νCC+νOC+ΓCHCH 

57 868.19    τHCCC 

58 853.68    ΓCCCH+τHCCC 

59 837.25 873vw 871vw  νNC+βCCC 

60 801.48 816m 812vw  ΓCCCH 

61 800.51    νOC+βHCC+βCCC 

62 786.98 779s 784m  βHCC+ΓCHCO 

63 758.94    ΓCCCH+τCCCC+ΓNCCC 

64 743.47    ΓCCCH+τHCCC+τCCCC 

65 735.73 731vw   νFC 

66 716.4    βCCC 

67 708.66    τCCCC+τCCCC 

68 642.92    βCCC+βFCF 

69 619.72 634m 639m  βCCC+βCCC+βCCC 

70 604.25    τCCCC 

71 579.11 596vw   νFC+τCCCC+ΓCCFF 

72 572.35 564s 564w  βCCN+ΓCCFF 

73 548.18    βCCO+βCCO+ΓFCFC 

74 539.47    νOC+βCCC 

75 525.94 522w 523vw  τCCCC+ΓNCCC 

76 494.03    βCCC+βCCC 

77 484.37    βCCN+βFCF+βFCF 

78 477.6    τHOCC 

79 462.13  467vw  βFCF+βFCF 

80 446.66 447m  τCCCC+τCCCC+τCCCO+τCCCO 

81 418.62    βCCO+βCCO 
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 The absorption bands in the region of 3100–3700 cm–1 result the 

presence of O–H stretching mode for free hydroxyl group [102]. Intra-

molecular hydrogen bonding if present in benzene moiety would reduce 

νOH mode to 3200–3550 cm-1 [103]. Based on this conclusion, the 

observed FT-IR band at 3450 cm-1 and its corresponding harmonic value 

3607 cm-1 is assigned to νOH (mode no: 1) with 100% contribution of 

TED. Generally, the O–H in-plane bending vibrations are observed in the 

region 1200–1350 cm-1. The O–H in-plane bending vibration is assigned 

to 1379 cm-1 (mode no: 27) and observed values: 1385/1387 cm-1  

FT-IR/FT-Raman and the O–H out-of plane bending vibration is assigned 

to 475 cm-1 (mode no: 78) with 88% TED contribution. These 

assignments find support from the literature [104]. 

 The C–H stretching vibrations generally are found in the region 

3000–3100 cm-1 in aromatic structure, which is, the characteristic region 

for the identification of νCH stretching vibrations [105]. In MA14, the 

νCH stretching modes are assigned to 3043/3046, 3076 cm-1 in FT- IR / 

FT-Raman and its corresponding harmonic values are 3044/3073 cm-1  

(mode nos: 8, 4). The mode nos:  2, 3, 5, 6 and 7 also belong to νCH. The 

νCH stretching of aliphatic is assigned to 2870/2869 cm-1 in FT- IR/FT-

Raman and its corresponding harmonic value is 2890 cm-1 (mode no: 

14). These assignments are pure mode ( > 92%) and they are also in line 

with the literature [105]. The C–H in-plane and out-of-plane bending 

vibrations are appeared in the regions: 1000–1600 cm-1 and 650–1000 

cm-1 [102,106–108]. The mode nos: 22, 25, 36, 37, 41, 42, 44 and 52, 
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54, 58, 60, 64 are assigned to βCH and TCH modes, respectively and 

also find support from observed FT-IR/FT-Raman bands: 1449, 1422, 

and 928/939, 816/812 cm-1. The in-plane and out-of-plane modes of 

C20H21 are attributed to mode nos: 30 and 51, respectively. These 

assignments have considerable TED value. 

CH2 vibrations 

 For the assignments of CH2 group frequencies there are six 

fundamental vibrations associated with CH2 group namely, υsym(CH2)-

symmetric stretch, υasy(CH2)-asymmetric stretch, sci(CH2)-scissoring, 

and ρ(CH2)-rocking modes which belong to in-plane vibrations. In 

addition to that wagging and twisting modes of CH2 group would be 

assigned as out-of-plane bending vibrations. The CH2 νasy and CH2 

νsym vibrations would appear in the range 2700–3000 cm–1 [104]. The 

CH2 νasy and νsym vibrations are assigned at 3026, 2941/2926 cm–1 

in FT-Raman/FT-IR and its corresponding harmonic values are 2999, 

2928 cm–1 (mode nos: 9, 12) with ( > 91%) contribution of TED. The other 

fundamental CH2 group vibrations which are CH2 scissoring, CH2 

rocking, CH2 wagging and CH2 twisting modes appear in the expected 

wave number region of 875-1475 cm–1 [109, 110]. According to TED  

(> 59%), the CH2 scissoring mode is assigned to 1459 cm–1 (mode no: 

21) with observed values 1462/1462 cm–1 in FT-IR/FT-Raman. 

Harmonic frequencies: 1342/1150 cm–1 (mode nos: 29, 40) with TED 

value ( > 33%) are assigned to ωCH2/TCH2 modes, respectively. These 

assignments are in line with the literature [109, 110] and also find 

support from observed FT-IR bands: 1339 and 1164 cm–1. 
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CH3 vibrations 

 Methyl groups are referred as electron-donating substituents in 

the aromatic ring system. The CH3 νasy vibrations are observed in the 

range 2925–3000 cm–1 and CH3 νsym vibrations in the range 2905–2940 

cm–1 [111, 112]. The CH3 νasy and νsym vibrations are assigned at 

2976/2978 cm–1 FT-IR/FT-Raman, respectively and its corresponding 

harmonic values are: 2980, 2974 and 2918 cm–1 (mode nos: 10, 11, 13). 

These assignments are within the expected region and also find support 

from TED value ( > 79%). According to Socrates [113], the βasy HCH and 

βsym HCH modes of CH3 group appear in the regions: 1440–1465 and 

1370–1390 cm–1, respectively. The weak FT-IR band around 1449 cm–1 

belongs to βasy HCH mode it is in good agreement with harmonic value 

1455 cm–1  (mode no: 22). The βsym HCH is assigned to harmonic 

frequencies 1441, 1430 cm–1  (mode nos: 23, 24) with TED contribution 

( > 18%). The vibrational absorptions noticed in the region 900–1070 cm–

1 are due to ρCH3 mode [114]. The ρCH3 vibrations of CH3 group appear 

as mixed vibrations. Based on this the calculated frequency 1065/869 

cm–1 (mode nos: 46/56) with considerable TED ( > 33%) observed at 

873/871 cm–1 in FT-IR/FT-Raman are designated as in-plane and out-

of- plane ρCH3 modes. The harmonic frequency 1361 cm–1 (mode no: 28) 

having 66% TED value is attributed to wagging CH3 which is justified 

with the help of Gauss View program. 



120 | P a g e  

= 

 

Fig.5.4. The combined theoretical and experimental FT-IR spectra and FT-

Raman spectra of MA14  (a) & (b). 

 

CN vibrations 

 The C=N stretching vibrations are assigned in the  region 1500–

1600 cm–1 by Silverstein [115] is close to the predicted region of 1600–

1670 cm–1 [116]. In the present study, the CN stretching mode is 

assigned to very strong bands: 1667/1661 cm–1 in FT-IR/FT-Raman 

spectra and its corresponding harmonic value is 1617   cm–1 (mode no: 

15). The mode no: 15 has moderate to strong intensity with TED value 

64%. According to Silverstein [115] the νC–N vibrations are appeared in 
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the region: 1266–1382 cm–1 for aromatic amines. The νC-N is assigned 

to 1197 cm–1 (mode  no: 38)  with no observed FT-IR/FT-Raman bands. 

The CN in-plane and out-of-plane bending vibrations are observed at 

564/564 cm–1 and 522/523 cm–1 in FT-IR/FT-Raman spectra and its 

corresponding harmonic values are 569/523 cm–1 (mode nos: 72/75) 

with > 20% TED contribution. 

C-C vibrations 

 The C–C ring stretching vibrations of aromatic group generally 

appear in the regions of 1280–1380; 1430–1465; 1470–1540; 1575–1590 

and 1590–1625 cm–1 with variable intensity [117]. For the title molecule 

νCC vibrations are observed at 1590(s)/1586(vs) and 1555(vw)/1554(m) 

in FT-IR/FT-Raman spectra. These assignments find support from 

harmonic frequencies: 1576, 1569, 1563, 1547, 1413, 1280 and 1259 

(mode nos: 16–19, 26, 31 and 34) in addition to their TED value ( > 27%). 

The in- plane and out-of-plane bending modes of CCC are associated 

with smaller force constant than νCCC vibrations and hence they are 

assigned to lower frequencies. The harmonic in-plane CCC (1005, 832, 

796, 712, 639 and 616 cm–1/mode nos: 50, 59, 61, 66, 68 and 69) and 

out-of-plane CCC (704, 601, 576, 523, 444 and 342 cm–1/mode nos: 67, 

70, 71, 75, 80 and 84) bending modes have been found to be in line with 

the observed FT-IR bands:634 and 596, 522, 447 cm–1, respectively and 

their TED contributions are > 22%. The mode nos: 36 and 49 are 

attributed to νC25C33 and νC13C16 modes, respectively on the basis of 

TED value > 31%. 
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CO stretching 

 The C–O stretching vibrations are found in the range 1168–1310 

cm–1 [118]. Bharanidharan [119], assigned the phenolic νC-O mode at 

1201 (m) cm–1 in FT-Raman spectrum. The νC4-O10 vibration is 

assigned to 1238 (m)/1239 (s) cm–1 in FT-IR/FT-Raman spectra and its 

corresponding harmonic value is 1259 cm–1 (mode no: 34). This 

assignment is further supported by TED value 50%. The mode no: 42 

and 49 are attributed to νC5–O12 and νC13–O12 vibrations, respectively 

with considerable TED value (34 and 44%). The calculated 

wavenumbers: 545, 416 and 387, 186 cm–1 (mode nos: 73, 81 and 82, 

92) are designated as βC4C5O12, βC3C4O10 and τ C6C5C4O10, τ 

H19C16C13O12 modes, respectively. Similarly βC5O12C13/τ 

C5O12C13C16 modes are assigned to harmonic frequencies: 310/81 

cm–1 (mode nos: 86/97), respectively. These assignments have 

considerable TED value  (> 20%) and also find support from observed FT-

Raman bands 183, 307, 72 cm-1. 

CF3 vibrations 

 According to the work by Alpaslan [120], the harmonic wave 

number at 1113: FT-IR/1114 cm–1 is designated as νC-F mode. Further, 

the νC-F mode is assigned [121] at 1160 cm–1/FT-IR in the case of 2,3- 

dichloro.5-trifluoromethyl pyridine. In this study, the bands 1114/1116, 

731 cm–1 (FT-IR/FT-Raman) are assigned to νCF mode. These 

assignments are in line with calculated frequencies: 1106, 1069 and 731 

cm–1 (mode nos: 43, 45  and  65)  in  addition  to  their  TED  value  

(> 13%). The CF deformation vibrations are expected to occur in the 

region 490–590 cm–1 [122]. The observed FT-Raman bands 467, 367 and 
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564, 234 cm–1 confirm the presence of in-plane and out-of-plane bending 

vibrations of CF3, respectively. The harmonic frequencies 481, 459, 375 

and 569, 235 cm–1 (mode nos: 77, 79, 83 and 72, 89) are respectively in 

agreement with the experimental value. These assignments have TED 

value ( > 34% and > 19%), respectively. 

NMR 

 The isotropic NMR chemical shift analysis is used to identify 

relative ionic species, to determine different number of protons and 

carbon atoms and functional groups in a molecular structure as well as 

to calculate reliable magnetic properties which provide an accurate pre- 

diction of molecular geometries [123–126]. The 1H NMR and 13C NMR 

chemical shift of MA14  molecule are calculated at B3LYP/6-311 G(d,p) 

level with TMS as an internal standard. The calculated 1H NMR and 13C 

NMR chemical shift values are given in Table-5.3.  

Table 5.3- The theoretical (1H and 13C) chemical shifts (ppm) values of MA14. 

Atoms Theoretical Atoms Theoretical 

H21 8.21 C23 158.92 

H9 8.07 C4 157.65 

H31 7.84 C5 150.47 

H30 7.59 C26 137.32 

H32 7.23 C1 134.56 

H7 7.15 C33 134.52 

H27 7.13 C28 132.26 

H8 7.03 C2 132.10 

H11 5.79 C25 130.54 

H14 4.52 C29 127.90 

H15 4.29 C24 121.79 

H17 1.75 C3 117.37 

H18 1.18 C6 111.74 

H19 1.01 C13 66.33 

C20 164.17 C16 13.99 
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 The 13C NMR chemical shift values are calculated in the range of 

13.99−164.17 ppm, and 1H NMR are calculated in the range of 1.01–8.21 

ppm. The C20, C23, C4 and C5 atoms are connected with the 

electronegative atoms and their 13C NMR chemical shift values are 

assigned at 164.17, 158.92, 157.65 and 150.47 ppm. These carbons 

atoms have more chemical shift values than other carbon atoms in MA14  

molecule, and this is due to deshielding effect of electronegative N and    

O atoms. Carbon atoms of aromatic ring give resonance signals in the 

range of 100–150 ppm [123–126].   As the NMR chemical shift values for 

aromatic carbon atoms in MA14  molecule are calculated at the interval 

111.74–158.92 ppm. Due to intra-molecular hydrogen bonding, the 

proton NMR chemical shift for H21 atom is found at 8.21 ppm. The 

aromatic rings produce large deshielding effects and their π -bonding 

electrons act as a conductor [123]. The chemical shift of proton 

numbered at H21 is highly deshielded when compare with other protons 

due to the influence of adjacent Nitrogen atom. The C13 and C16  atoms 

show least chemical shift 66.33 and 13.99 ppm which is due to their 

repulsive nature between them (–0.245, –0.357 a.u) obtained from 

Mulliken atomic charges. 

Natural bond orbital 

 The natural bond orbital (NBO) analysis is a calculated bonding 

orbital with maximum electron density (ED) which is used to determine 

intra-molecular and inter-molecular bonding interactions, bond 

structures, bond species and natural atomic charges in a molecular 

system. In addition, it is used to study inter-molecular charge transfers 
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(ICT) or hyperconjugation interactions and the stability between Lewis 

type filled orbitals and non-Lewis type vacancy orbitals. The 

hyperconjugation interaction  energy  (or  the  stabilisation energy, E(2)) 

shows the interaction between donor and acceptor groups. The ED 

delocalisation between occupied bonded orbitals and unoccupied non-

bonded orbitals corresponds to stabilise donor acceptor interaction 

[127]. The interactions result a loss of occupancy from the localised NBO 

of the idealised Lewis structure into an empty non-Lewis orbital. For each 

donor (i) and acceptor (j) orbital the stabilisation energy E(2) associated 

with the delocalisation i → j is estimated as 

E(2) = ∆Eij = qiF(i, j)2/εj − εi 

where qi represents occupancy of donor orbital, εi and εj are the 

diagonal elements and F(i,j) is the off diagonal NBO Fock matrix element 

[128,129]. 
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+
+ 

Table 5.4: The second order perturbation theory analysis of Fock Matrix in 
NBO basis for MA14 

Type Donor NBO (i) ED/e Acceptor NBO (j) ED/e aE(2) 

kJ/mol 

bE(j)–E(i) a.u. cF(i,j) .u. 

σ –σ * BD (1) C 1 – C 2 1.974 BD*(1) C 1– C 6 0.02489 15.94 1.26 0.062 

π –π * BD (2) C 1 – C 2 1.655 BD*(2) C 3 – C 4 0.36709 76.53 0.27 0.064 

   BD*(2) C 5 – C 6 0.3416 80.58 0.28 0.065 

   BD*(2) C 20 – N 22 0.16772 84.56 0.28 0.07 

σ –σ * BD (1) C 1 – C 6 1.967 BD*(1) C 1 – C 2 0.02105 15.9 1.26 0.062 

   BD*(1) C 5 – O 12 0.02968 22.47 1.03 0.067 

σ –σ * BD (1) C 2 – H 7 1.979 BD*(1) C 1 – C 6 0.02489 20.13 1.08 0.065 

   BD*(1) C 3 – C 4 0.02137 13.31 1.09 0.052 

π –π * BD (2) C 3 – C 4 1.654 BD*(2) C 1 – C 2 0.39924 91.13 0.29 0.072 

   BD*(2) C 5 – C 6 0.3416 73.05 0.29 0.063 

σ –σ * BD (1) C 3 – H 8 1.978 BD*(1) C 1 – C 2 0.02105 14.31 1.09 0.055 

   BD*(1) C 4 – C 5 0.03795 17.32 1.04 0.059 

π –π * BD (2) C 5 – C 6 1.712 BD*(2) C 1 – C 2 0.39924 71.59 0.3 0.066 

   BD*(2) C 3 – C 4 0.36709 78.78 0.29 0.068 

σ –σ * BD (1) C 6 – H 9 1.974 BD*(1) C 1 – C 2 0.02105 18.74 1.1 0.063 

σ –σ * BD (1) O 10 – H 11 1.986 BD*(1) C 3 – C 4 0.02137 20.29 1.31 0.071 

σ –σ * BD (1) C 16 – H 18 1.988 BD*(1) C 13 – H 14 0.02227 10.75 0.89 0.043 

σ –σ * BD (1) C 16 – H 19 1.980 BD*(1) O 12 – C 13 0.02841 19.92 0.77 0.054 

σ –σ * BD (1) C 20 – H 21 1.985 BD*(1) C 1 – C 6 0.02489 18.37 1.1 0.062 

π –π * BD (2) C 20 – N 22 1.911 BD*(2) C 1 – C 2 0.39924 32.05 0.36 0.051 

σ –σ * BD (1) N 22 – C 23 1.980 BD*(1) C 1 – C 20 0.03152 13.26 1.27 0.057 

π –π * BD (2) C 23 – C 24 1.625 BD*(2) C 20 – N 22 0.16772 30.5 0.29 0.043 

   BD*(2) C 25 – C 28 0.35769 75.1 0.28 0.064 

   BD*(2) C 26 – C 29 0.33407 94.14 0.28 0.072 

σ –σ * BD (1) C 24 – C 26 1.978 BD*(1) N 22 – C 23 0.02452 16.23 1.16 0.06 

σ –σ * BD (1) C 24 – H 27 1.978 BD*(1) C 23 – C 25 0.03226 17.99 1.07 0.061 

π –π * BD (2) C 25 – C 28 1.692 BD*(2) C 23 – C 24 0.36845 88.37 0.29 0.071 

   BD*(2) C 26 – C 29 0.33407 70.67 0.29 0.063 

π –π * BD (2) C 26 – C 29 1.655 BD*(2) C 23 – C 24 0.36845 77.86 0.28 0.065 

   BD*(2) C 25 – C 28 0.35769 97.11 0.28 0.072 

σ –σ * BD (1) C 28 – H 31 1.978 BD*(1) C 23 – C 25 0.03226 19.58 1.07 0.063 

σ –σ * BD (1) C 29 – H 32 1.980 BD*(1) C 24 – C 26 0.01482 15.56 1.1 0.057 

n–σ * LP (1) O 10 1.978 BD*(1) C 4 – C 5 0.03795 23.64 1.13 0.072 

n–π * LP (2) O 10 1.855 BD*(2) C 3 – C 4 0.36709 124.22 0.35 0.096 

n–σ * LP (1) O 12 1.958 BD*(1) C 5 – C 6 0.02413 28.53 1.14 0.079 

   BD*(1) O 10 – H 11 0.01385 8.24 0.97 0.039 

n–π * LP (2) O 12 1.860 BD*(2) C 5 – C 6 0.3416 112.63 0.35 0.092 

   BD*(1) C 13 – C 16 0.01431 22.72 0.7 0.057 

n–σ * LP (1) N 22 1.868 BD*(1) C 1 – C 20 0.03152 12.18 0.83 0.045 

   BD*(1) C 20 – H 21 0.04227 53.14 0.73 0.088 

   BD*(1) C 23 – C 24 0.03025 23.43 0.9 0.065 

   BD*(2) C 23 – C 24 0.36845 32.05 0.36 0.05 

n–σ * LP (2) F 34 1.954 BD*(1) C 25 – C 33 0.05387 23.56 0.79 0.059 

n–σ * LP (3) F 34 1.937 BD*(1) C 33 – F 35 0.09886 39.83 0.65 0.071 

   BD*(1) C 33 – F 36 0.08849 44.31 0.64 0.074 

n–σ * LP (3) F 35 1.938 BD*(1) C 33 – F 34 0.09801 39.83 0.65 0.071 

n–σ * LP (2) F 36 1.956 BD*(1) C 25 – C 33 0.05387 23.35 0.79 0.059 

n–σ * LP (3) F 36 1.943 BD*(1) C 33 – F 34 0.09801 42.05 0.65 0.073 
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 The NBO data computed for the molecule MA14 at B3LYP/6-

311++G(d,p) is given in Table  5.4. The larger E(2) value the more 

intensive is the interaction between electron donors and acceptors i.e., 

the more donation tendency from electron donors to electron acceptors 

and greater the extent of conjugation of the whole system. The strong 

hyperconjugation interactions are computed between π & σ bonding 

electrons of the CC, CH, CO, OH, CN single and double bonds, π * and σ 

* antibonding ones of CC, CH, CO, OH, and CF single and CN double 

bonds. In addition, other strong hyperconjugation interactions are also 

found between the lone pair n electrons of O, N, F atoms and σ * and π * 

antibonding ones of C–C, O–H, C–H and C–F bonds. The π bond electrons 

are weaker than σ bond electrons. Therefore, π bonded groups have less 

ED than σ bonded ones. For the MA14  molecule, the EDs of the π bonds 

in the donor (i) groups are calculated at the interval of 1.625e–1.911e, 

whereas the EDs of the σ bonds in the donor (i) groups are found between 

1.967e–1.988e. The EDs of lone pair n electrons of O, N, and F atoms in 

donor (i) groups are found between 1.855e–1.978e. The strongest 

hyperconjugation interactions occur from lone pair n electrons of O10  

and O12  atoms to an antibonding π * electrons of C3–C4 and C5–C6, 

with interaction energy E(2) = 124.22 and  112.63 kJ/mol. It is evident 

from Table 5.4 the hydrogen (H11) is towards the oxygen (O12) and 

hence, the intra- molecular interaction takes place between the C5–O12 

and O10–H11 group (O–H ... C–O). Due to this reason the LP O12 transfer 

energy (8.24 kJ/mol) to acceptor antibonding orbital σ *O10–H11. The 

stabilisation energy values for π (C1–C2) → π *(C20–N22), π (C3–C4) → π 
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*(C1–C2), π (C23–C24) → π *(C26–C29), π (C25–C28)→ π *(C23–C24) and 

π (C26–C29) → π *(C25–C28) are computed as 84.56, 91.13, 94.14, 88.37 

and 97.11 kJ/mol. Likewise, the σ (C1–C6)  → σ *(C5–O12), σ (O10–

H11)→ σ *(C3–C4), σ (C2–H7) → σ *(C1–C6), σ (C16–H19) →σ *(O12–C13), 

σ (C28–H31) → σ *(C23–C25) hyper conjugation interactions are obtained 

as 22.47, 20.29, 20.13, 19.92 and 19.58 kJ/mol. 

UV-Visible 

 The UV-Vis electronic absorption spectrum of the MA14  molecule 

is recorded experimentally in the region 200–800 nm using DMSO 

solvent. The calculated and recorded UV-Vis spectroscopic parameters 

and its corresponding electronic transitions are given in Table 5.5.  

Table 5.5: The electronic transition of MA14  

Calculated at 

B3LYP/6-

311++G(d,p) 

Oscillator strength 

and gap (eV/nm) 

Calculated band gap 

(nm) 

Experimental 

band gap 

(eV/nm) 

Type 

Excited State-1 Singlet-A (f  = 0.5694) 3.7180 eV/333.47 nm 362.90 nm π –π * 

78  → 81 0.17474    

79 → 81 −0.21206    

80 → 81 0.58917    

Excited State-2 Singlet-A (f = 0.0348) 4.0189 eV/308.50 nm 308.35 nm π –π * 

76 → 81 −0.1417    

79 → 81 0.59947    

80 → 81 0.23103    

Excited State-3 Singlet-A (f = 0.1254) 4.3369 eV/285.88 nm 267.50 nm π –π * 

78 → 81 0.58777    

79 → 81 0.13888    

80 → 81 −0.11967    

80 → 82 0.18743    

80  → 83 −0.2103    
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 In addition, the simulated and recorded UV-Vis. Spectra are also 

given in Figure 5.5. The absorptions observed at 362.90 and 308.35 nm 

in the experimental UV-Vis spectrum using DMSO solvent can be 

assigned to π→π electronic transition in the MA14  molecule. According 

to Frank-Condon principle the maximum absorption peak (λmax) in a 

UV-Vis spectrum corresponds to vertical excitation. The calculated UV-

Vis spectrum shows an intense peak at 333.47 nm with an oscillator 

strength f = 0.5694 which is in line with the experimental λmax = 362.90 

nm. This electronic absorption corresponds to the transition from the 

ground state to the first excited state and is described as one electron 

excitation from the HOMO to the  LUMO.  Similarly, an electronic 

transition at 308.50 nm with an oscillator strength f = 0.0348 is in line 

with  the  observed data 308.35 nm. The absorption wavelength (λ), 

oscillator strength (f ) and excitation energies are calculated at TD-

DFT/B3LYP/6-311++G(d,p) level, for MA14  molecule. The band gap 

energy between HOMO and LUMO indicates the electrical transport 

properties of molecules [130]. 

 

 

Fig.5.5. Theoretical and experimental UV-Vis spectrum of MA14. 
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The MEP is associated with the ED and is generally   an important 

descriptor to identify the sites for electrophilic and nucleophilic reactions 

as well as hydrogen bonding interactions [131, 132]. MEP has vital role 

to explain the hydrogen bonding, chemical reactivity, presence of intra-

molecular and inter-molecular interactions, electronegativity and 

structure activity of molecule [133]. The MEP surface denotes the 

distance from a molecule at which a positive (test) charge experiences a 

certain amount of repulsion or attraction. The negative electro- static 

potential indicates a possibility of an attraction of proton by the 

concentrated ED in the molecules, while positive electrostatic potential 

indicates repulsion of the proton by the atomic nuclei where the nuclear 

charge is incompletely shielded due to the existence of low electron 

density. Therefore, the regions with red coloured parts represents 

negative electrostatic potential while blue ones represent the regions of 

positive electrostatic potential. Additionally, green coloured parts 

represent the regions of zero potential. The MEP surface of MA14  

molecule is calculated using the optimized molecular structure at B3LYP 

with 6- 311++G(d,p) level and its 3D plot is shown in Figure 5.6. The 

negative regions of MEP map are mainly localized on O10, N22, F34, F35 

and F36 atoms indicating the possible sites for electrophilic reactivity 

due to the electronegative property of these mentioned atoms. The 

positive region of MEP map localised on hydrogen atoms indicates the 

possible sites for nucleophilic attack. 
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Fig.5.6. MEP Plot of MA14 

HOMO–LUMO 

 The highest occupied molecular orbital (HOMO) and the lowest 

unoccupied molecular orbital (LUMO) play an essential role in quantum 

chemistry. These orbitals play a vital role in terms of electric properties 

as well as they determine the way the molecule interacts with other 

species [134–136]. Both orbitals take part in chemical reaction. The 

energy of the HOMO relates to the ionisation potential, whereas LUMO 

energy corresponds to the electron affinity. These orbitals are also called 

as frontier molecular orbitals (FMOs) which may be used to predict the 

absorption centres of the inhibitor molecule for corrosion of metal 

surfaces [137]. In order to provide a prudent qualitative indication of the 

excitation energies, HOMO and LUMO energies and HOMO–LUMO gap 

energy are done at B3LYP method with 6-311++G(d,p) level. The 

calculated values of HOMO and LUMO energies and HOMO–LUMO band 

gap energy of MA14 molecule are listed in Table 5.6.  
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Table 5.6. The Physico-chemical properties of MA14. 

Parameters Values 

HOMO -6.095 eV 

LUMO -1.986 eV 

Energy gap 4.109 eV 

Ionisation potential [I = –EHOMO] 6.095 eV 

Electron affinity [A = –ELUMO] 1.986 eV 

Electronegativity [χ = (I + A)/2] 4.041 eV 

Chemical potential [μ = –χ ] −4.041 Ev 

Chemical hardness [η = (I – A)/2] 2.055 eV 

Chemical softness [S = I/2η] 0.487 eV 

Electrophilicity index [ω = μ /2η] 3.982 eV 

 

 The HOMO and LUMO plot for MA14 molecule is given in Figure 

5.7. The molecules which have  more HOMO–LUMO energy band gap are 

called as ‘hard molecules’, whereas the molecules with a small HOMO–

LUMO energy band gap are called as ‘soft molecules’. Therefore, the 

molecules with the least HOMO–LUMO gap become more reactive. The 

computed HOMO and LUMO energy values for the MA14 molecule are 

found as –6.095 and –1.986 eV. The energy band gap between the HOMO 

and LUMO is obtained as 4.109 eV. The HOMO is localised on the whole 

molecule except ethyl group, CF3 and hydrogen atoms whereas; LUMO 

is localised over the whole molecule except ethoxy group bonded with C5 

atom and CF3 group. Normally larger the aromatic system, smaller is the 

HOMO–LUMO gap, which is due to the presence of mobile pi electrons in 

the aromatic ring. So, F3 negative is not involved in HOMO–LUMO part 

which is due to the presence of high electronegative fluorine group 
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attached with the aromatic ring. The calculated energy band gap between 

the HOMO and LUMO directly reveals that the charge transfer occurs 

within the molecule. 

 Density of state spectrum (DOS) is used to find out the 

contribution of groups with the molecular orbitals (HOMO–LUMO). DOS 

plot indicates the density of electrons per orbital and demonstrates an 

easy view of character of molecular orbitals in a certain energy range. 

The DOS spectrum is shown in Figure 5.8. The energy range from –20 

eV to –5 eV is called as filled orbitals and from –5 eV to 0 eV are called 

as virtual orbitals. The virtual orbitals are empty and also called as 

acceptor orbitals, whereas filled orbitals are called as donor orbitals. The 

green and red lines in the DOS spectrum show the HOMO and LUMO 

levels, respectively. A high intensity DOS at a particular energy level 

means that there are many states available for occupation. A zero 

intensity DOS reveals that there are no states which can be occupied by 

the system. The frontier molecular orbital (FMO) analysis is done in order 

to get the molecular orbital information with Gaussian curves of unit 

height and full width at half maximum (FWHM) of 0.3 eV using the 

Gaussum 2.2 program [138, 139]. The variations found on the peaks are 

due to movement of electrons between the C = C and C–C in the rings of 

the molecule. The obtained FMO energies are given in Table 5.7. 
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Table 5.7. The frontier molecular orbitals of MA14 

Occupancy 
Orbital 

Energies (a.u) 
Orbital 

Energies (eV) 
Kinetic 

Energy (a.u) 

O76 −0.295 −8.027 1.599 

O77 −0.278 −7.564 1.221 

O78 −0.260 −7.075 1.460 

O79 −0.248 −6.748 1.537 

O80 −0.224 −6.095 1.645 

V81 −0.074 −2.014 1.534 

V82 −0.038 −1.034 1.424 

V83 −0.022 −0.599 1.267 

V84 −0.012 −0.326 0.672 

V85 −0.012 −0.326 0.949 

 

Fig.5.7. HOMO LUMO plots of MA14 

 

Fig.5.8. Density of state spectrum of MA14 
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Mulliken atomic charges 

 Mulliken analysis is one of the simplest and most common method 

used to determine the electronic partial distribution of molecular atomic 

charges in a molecular system. It arises from Mulliken population 

analysis [140]. The calculation of effective charges plays a vital role in 

the field of quantum chemistry computation. This calculation describes 

the charge of every atom as positive or negative in a molecular system 

which plays an important role to increase or decrease the bond length 

between the atoms. The review of literature depicts that the effective 

atomic charge distribution plays an essential role in the field of chemical 

calculation to the molecular system, as the atomic charges effect dipole 

moment, polarisability, acidity–basicity behaviour, electronic structure 

and other properties of the molecular system [141]. It is also used to 

determine the electrostatic potential surfaces [142–144]. The Mulliken 

atomic charges of MA14 molecule are calculated using B3LYP/ 

6-311++G(d,p) level and are given in Table 5.8. The Mulliken charge plot 

is shown in Figure 5.9. From the Table 5.8 it is noticed that all hydrogen 

atoms have positive charges. It is clear that H11 and H8 atoms have more 

positive charge compare to other hydrogen atoms and this is due to the 

electro negative property of O10 atom. The computed Mulliken atomic 

charges of H11 and H8 are 0.305 and 0.196 a.u. The atomic charges of 

carbon atoms are found either positive or negative at the interval –1.131 

to +1.050 a.u. The most positive/negative Mulliken atomic charge of 

carbon atoms are at C1/C23 as +1.050/–1.131 which is due to the  

C20 = N22 linkage in between two benzene rings. 
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Table 5.8. The Mulliken atomic charges of MA14 

Atoms Charges (a.u.) Atoms Charges (a.u.) 

C1 

C2 

C3 

C4 

C5 

C6 

H7 

H8 

H9 

O10 

H11 

O12 

C13 

H14 

H15 

C16 

H17 

H18 

1.050 

−0.727 

−0.288 

−0.703 

0.016 

−0.169 

0.159 

0.196 

0.134 

−0.240 

0.305 

−0.208 

−0.245 

0.165 

0.190 

−0.357 

0.149 

0.15 

H19 

C20 

H21 

N22 

C23 

C24 

C25 

C26 

H27 

C28 

C29 

H30 

H31 

H32 

C33 

F34 

F35 

F36 

0.137 

−0.032 

0.103 

0.302 

−1.131 

−0.293 

0.964 

−0.037 

0.167 

0.168 

−0.548 

0.178 

0.184 

0.160 

0.386 

−0.067 

−0.068 

-0.156 

 

 

 

Figure 5.9. The Mulliken atomic charges of MA14. 
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PES SCAN 

 The aim of the conformational analysis of MA14 molecule is to 

provide a model for the molecular structure. Potential energy scan (PES) 

is a relationship between the energy of the molecule and its geometry. 

PES is important to visualise and understand the relationship between 

potential energy and molecular geometry and also help to understand 

how to compute chemistry programs, locate and characterise structures 

of interest [145]. Figure 5.10 shows the performance of PES scan for 

dihedral angle C5–O12–C13–C16 using B3LYP 6- 311++G(d,p) method 

for the title molecule.  

 

 

 

Figure 5.10. The potential energy surface around C5-O12-C13-C16 dihedral 

angle of MA14 molecule 

 

 The PES scan is carried out at the torsion angle C5–O12–C13–C16 

using a 10° step size and considering the full 360° range for 2E42TP. The 

conformational energy profile shows three maxima with an energy values 
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–0.281846, –0.284118 and –0.284411 (hartree) and four minima with 

energy –0.286826, –0.286785, –0.286612 and –0.284996 (hartree). The 

energy values obtained from the scan output reveal that the structure 

has the dihedral angle C5–O12–C13–C16 at scan coordinate 78.4487 

and possess minimum energy. 

Thermodynamic properties 

 The standard thermodynamic functions as heat capacity (C0p,m), 

entropy (S0m) and enthalpy (H0m) rotational constants, temperature and 

zero-point vibrational energy (ZPVE) for MA14 are computed using 

B3LYP/6-311++G(d,p) basis set at room temperature of 298.15 K, under 

1 atm pressure in vacuum and the results are shown in Table  5.9. The 

partition function plays an important role for both thermodynamic 

equilibrium and thermodynamic parameters. It has four species which 

are translational, electronic, vibrational and rotational one. It is used to 

find thermo- dynamic variables (heat capacity, entropy, equilibrium 

constants, total energy, pressure, thermal energy and rate constants, 

etc.) of a system. It is well known that total energy of any molecular 

system is the sum of electronic, vibrational, rotational and translational 

energies (E= Ee+Ev+Er+Et). The computed minimum total energy  

(-1123.178 a.u), ZPVE (170.428 kcal/mol) and total thermal energy 

(182.756 kcal/mol) are calculated. The major contribution to thermal 

energy comes from vibrational energy with 180.979 cal/mol × K value, 

whereas minor values belong to electronic energy with 0.000 cal/mol × 

K, translational and rotational energies with  0.889 cal/mol × K  one.  
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Likewise, the calculated heat capacity (Cv) and entropy (S) values are 

calculated as 74.956 and 149.514 cal/mol × K, respectively. The 

contributions of electronic, translational, rotational and vibrational 

energy to heat capacity and entropy are found as 0.000, 2.981, 2.981 

and 68.995 cal/mol × K and 0.000, 43.082, 34.909 and 71.524 cal/mol 

× K, respectively. The computed rotational constants (GHz) for MA14 are 

found as 0.481, 0.142 and 0.122 GHz, respectively. 

Table 5.9. Thermodynamic properties of MA14 molecule. 

Zero-point vibrational energy 170.428 (kcal/mol) Rotational constants 
(GHz) A(0.481), B(0.142), C(0.122) E(RB+HF–LYP)  = –1123.178 a.u 

 E  (Thermal) 

kcal/mol 

Cv   (Specific 

heat)cal/mol × K 

S (Entropy) 

cal/mol × K 

Total energy 182.756 74.956 149.514 

Electronic 0.000 0.000 0.000 

Translational 0.889 2.981 43.082 

Rotational 0.889 2.981 34.909 

Vibrational 180.979 68.995 71.524 

 

 For the first time a complete vibrational analysis was performed 

for MA14 molecule. The detailed interpretations of the vibrational spectra 

were carried out. The vibrational assignments were justified with the help 

of TED. The optimised geometrical parameters were calculated and 

compared with the reported XRD values. The calculated dihedral angles 

N22–C23–C25–C33, O10–C4–C5–O12  and C6–C1–C20–N22  are –2.16,  

–0.73 and 1.43°  which  showed  the  planarity  nature  of the molecule. 

The first order hyperpolarisability (β0) value was seventy times more 

than that of urea and hence   the present molecule possessed good NLO 
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property. The νO10–H11 mode was observed at higher frequency due to 

high energy transfer from LPO10 to π * C3–C4 (124.22 kJ) anti-bonding 

orbital. The experimental band at 363 nm was attributed mainly due to 

a HOMO → LUMO transition which was predicted as π → π * transition.  

The physico-chemical properties, Mulliken atomic charges, MEP and 

thermodynamic properties were also calculated. The H11 atom had more 

positive charge compared to other hydrogen atoms which was due to the 

electronegative property of O10 atom. The most positive/negative 

Mulliken atomic charge of carbon atoms were at C1/C23  as +1.050/–

1.131 which was due to  the C20 = N22  linkage in between two  benzene 

rings.   The potential energy surface was obtained depending  on the C5–

O12–C13–C16 torsional angle.  

5.2. Synthesis of 2-Ethoxy-4-(pyridin-2-yliminomethyl)-phenol 

(MA15)  

To the ethanolic solution of 3-ethoxy-4-hydroxy benzaldehyde 

(16.6 g, 0.1 M), 2-aminopyridine (9.4 g, 0.1 M) was added and refluxed 

for 6 h. The reaction mixture was cooled and poured in to a beaker 

containing crushed ice. The solid separated was washed, filtered and 

dried over vacuum and recrystallized using absolute ethanol. 

 

Scheme 5.2: Synthesis of 2-Ethoxy-4-(pyridin-2-yliminomethyl)-phenol (MA15) 
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5.2.1. IR spectrum of 2-Ethoxy-4-(pyridin-2-yliminomethyl)-phenol 

(MA15) 

The FT-IR spectrum of MA15 is depicted in the Fig. 5.11. A broad 

intense band appeared at 3263 cm-1 indicates OH stretching. Aromatic 

C-H stretching shows a band at 3061 cm-1. A sharp band appeared at 

2949 cm-1 shows C-H stretching of methyl group. Strong absorption 

bands appeared at 2829 cm-1 and 2749 cm-1 are due to asymmetric and 

symmetric C-H stretching of methylene group. An absorption band at 

1544 cm-1 indicates C=N stretching. A band appeared at 1150 cm-1 is 

due to C-O-C stretching. 

 

Fig.5.11. IR spectrum of 2-Ethoxy-4-(pyridin-2-yliminomethyl)-phenol (MA15) 

 

5.2.2. Mass spectrum of 2-Ethoxy-4-(pyridin-2-yliminomethyl)-

phenol (MA15) 

Mass spectra of the compound MA15 has been depicted in the Fig. 

5.12. The peak appearing at m/z 242.11 is the molecular ion peak (M+1). 

The intense peak noticed at m/z 226.11 is assigned as base peak.  
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Fig.5.12.Mass spectrum of 2-Ethoxy-4-(pyridin-2-yliminomethyl)-phenol 

(MA15) 

 

The experimental FT-IR and FT-Raman spectra of the title 

compound are compared with the theoretical spectra in Fig. 5.13 & 5.14 

respectively. The scaled calculated harmonic vibrational frequencies at 

B3LYP/6-311++G(d,p) level, observed vibrational frequencies are 

tabulated in Table 5.10.  Harmonic frequencies are calculated for gas 

phase of an isolated compound while the experimental ones are obtained 

for its solid phase. Hence, there is disagreement between the observed 

and the calculated frequencies in some modes. In order to improve the 

agreement between the calculated and the experimentally observed 

values, the calculated harmonic frequencies have been scaled down by 

0.9668.  



143 | P a g e  

 

Fig.5.13.IR spectrum of MA15 

 

 

 

Fig.5.14.Raman spectrum of MA15 
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The frequencies obtained by theoretical method are in accordance 

with the observed FT-IR and FT-Raman spectra. The present molecule 

belongs to C1 point group. The OH stretching are extremely sensitive to 

the formation of hydrogen bonding. The absorption bands in the region 

3700-3100 cm-1 result the presence of O-H stretching mode. In the 

present work, the OH stretching vibration is assigned at 3263 cm-1 and 

its harmonic value is calculated at 3633 cm-1. This decrease in νOH is 

due to intra-molecular hydrogen bonding. If it is present in a six 

membered ring moiety, the νOH mode would be reduced to 3200-3500 

cm-1.   The CH stretching vibrations are normally observed in the region 

3100-3000 cm-1 for the benzene ring and less than 3000 cm-1 for non-

aromatic compounds. In the present work, the CH stretching vibrations 

are assigned at 3025, 2980 and 2947 cm-1 in FT-Raman spectrum and 

its calculated values are: 3016, 2991 and 2944 cm-1. The CH bending 

vibrations are assigned at 1023, 1067 cm-1. It is difficult to assign νCN 

vibrations, since there is mixing of several vibrations are possible.  

Silverstein et al assigned CN stretching absorption in the region 1500-

1600 cm-1. In the present work, the band observed at 1657 cm-1 has been 

assigned to CN stretching vibration and its corresponding calculated 

frequency is 1634 cm-1. The CN in-plane bending vibration is observed 

at 1354 cm-1 in FT-IR and 1353 cm-1 in FT-Raman. The ring stretching 

vibrations are very important in the spectrum of benzene and their 

derivatives are highly characteristic of the aromatic ring itself. The bands 

between 1400 and 1650 cm-1 in benzene derivatives are usually assigned 

to C=C stretching modes. For the title molecule, the CC stretching 
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vibrations are undoubtedly assigned to 1438 cm-1 in FT-IR and 1430 cm-

1 in FT-Raman. These assignments are within the characteristic region 

and also find support from harmonic value 1436 cm-1. The CC in-plane 

bending vibration is assigned at 959 cm-1 and its corresponding 

harmonic value is 967.8 cm-1. The carbonyl stretching vibrations has 

been most extensively studied by IR spectroscopy. This multiply bonded 

group is highly polar and therefore gives rise to an intense IR absorption 

band 1168-1310 cm-1. Based on the above conclusion, the observed 

bands 1117 cm-1: FT-IR/1113 cm-1: FT-Raman however with weak 

intensity and its corresponding harmonic value 1130 cm-1 is designated 

as νCO mode is observed in the present investigation. The in-plane and 

out-of-plane vibrations are listed in Table. 
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Table 5.10. The experimental and calculated frequencies of MA15 using 
B3LYP/6-311++G(d,p) level of basis set [Harmonic frequencies  

(cm-1),FT- IR,FT- Raman (cm-1) 

 

S. 

No. 

 Observed frequencies  

Scaled FTIR FTRaman Vibrational Assignments 

1 3633 3263.8(m)  νOH 

2 3104   νCH 

3 3091   νCH 

4 3089   νCH 

5 3082   νCH 

6 3065   νCH 

7 3063 3061.14(vw) 3052.94(m) νCH 

8 3040   νCH 

9 3016  3025.61(m) νCH 

10 2997   νCH 

11 2991  2980.16(vw) νCH 

12 2944 2949.48(vw) 2947.04(m) νCH 

13 2936   νCH 

14 2901 2853.05(v) 2848.62(m) νCH 

15 1635 1657.1(vs) 1646.1(vs) νNC) 

16 1583 1581.85(vs)  νCC+νCC 

17 1580  1577.27(vs) νCC+νCC+νCC 

18 1561   νNC+νCC+νCC 

19 1547 1544.39(vw) 1544.88(s) νNC+νCC+νCC+βCCC 

20 1486   νCC+νCC+νCC+νOC 

21 1469 1458.25(vw) 1456.83(m) βHCH+βHCH 

22 1451   βHCH+βHCH 

23 1446   νNC+βHCC+βHCN 

24 1437 1438.55(w) 1430.07(vw) βHCH 

25 1422   νCC+νCC+νCC+βHCC 

26 1406  1407.01(vw) νNC+βHCC+βHCC 

27 1386 1390.2(vw) 1388.83(vw) νCC+βHOC+βHCN+ΓCHCH 
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28 1368   ΓCHCH+ΓCHHH 

29 1353 1354.23(w) 1353.69(vw) βHCN+ΓCHCH+ΓCHHH 

30 1344 1326.17(vw) 1317.95(m) βHOC+βHCN+ΓCHCH 

31 1284   βHCO 

32 1278 1278.59(m)  νNC+βHCC+βHCN 

33 1266 1261.94(w) 1262.92(vw) νCC+νCC+νCC+νOC 

34 1256   βHCC 

35 1240   νNC+νCC 

36 1232 1228.15(m) 1224.62(m) νOC 

37 1215   νNC 

38 1174 1168.71(w) 1198.56(vw) νCC+βHOC+βHCC 

39 1157 1154.93(vw)  ΓCHCO+ΓCHCH 

40 1133 1134.02(m)  νCC+νCC+βHCC+βHCC+βHCC 

41 1130   νOC+νCC+βHCC+βHCC 

42 1102  1113.08(w) νCC+βHCC+βHCC 

43 1080   νCC+νCC+βHCC+βHCC 

44 1067  1067.46(w) νCC+βHCC+βCCO 

45 1032 1024.54(vs) 1023.91(w) νCC+νCC+βHCC 

46 1016   νCC+νOC 

47 973   τHCCH+τHCCH+ΓCCNH 

48 971.6   βCCN+βCCC+ΓCCNH 

49 967.8   βCCC+τHCCH+τHCCH+ΓCCNH 

50 957.1  959.56(vw) νCC+νCC 

51 947.5 937.68(vw) 938.03(vw) τHCCH 

52 914.6 901.07(vw)  ΓCCCH+τHCCC 

53 875   νCC+νOC+βHCC 

54 868.2 865(s)  τHCCO 

55 859.5   τHCCH+τHCCH 

56 843 850.03(m)  νNC+βCCC+τHCCH 

57 803.4 819.3(m) 824.33(w) ΓCCCH+τHCCC 

58 798.6   νOC+ΓCCCH 

59 788.9   ΓCHCO+ΓCHCH 
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60 774.4 780.45(s) 780.08(w) ΓCHCO+τCNCC+ΓNCNC 

61 727   τHCCN+τCNCC+τCCCN 

62 721.2 722.79(w) 722.32(vw) νOC+βCCC 

63 709.6   τCCCC5+τCCCC 

64 637.1 646.78(w) 639.1(m) βCCN+βCCN 

65 614.9   βCCN+βCCC+βNCN 

66 603.3   τCCCC 

67 559.8 567.58(m) 566.97(vw) βCCO 

68 539.5   νOC+βCCC+βCCO 

69 525 517.28(vw) 514.12(vw) τCCCC+τCCCN+ΓNCNC 

70 492   βCCC 

71 476.6   βNCN+τHOCC 

72 470.8 465.63(vw)  τHOCC 

73 446.7   τCCCC+τCCCC+τCCCO+τCCCO 

74 412.8 428.26(vw) 426.59(w) βCCO+βCCO 

75 407   τCNCC+τCCCC+τCCCN 

     

ν: Stretching, β:in-plane-bending, Γ:out-of-plane bending, τ:Torsion, vw: 
very weak, w:weak,  

m:medium, s:strong, scaling factor:0.9668(Radom et al.,) 
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Summary and Conclusion 

 

The research work deals with the synthesis and characterisation 

of some azomethines and β-amino carbonyl compounds using Schiff 

condensation pathway and Mannich reaction respectively. Fifteen new 

compounds have been synthesized using simple synthetic procedure 

based on the recent literatures. 

 Twelve compounds listed below have been synthesized via Schiff 

Condensation 

(2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine (MA1)  

(4-Isopropyl-benzylidene)-(3-trifluoromethyl phenyl)-amine (MA2) 

N-(4-isopropylbenzylidene)-4-nitro-2-(trifluoromethyl)aniline (MA3) 

3-(trifluoromethyl)-N-(3,4,5-trimethoxybenzylidene)aniline (MA4) 

3-methyl-2-((3,4,5-trimethoxybenzylidene)amino)butanoic acid (MA5) 

(E,E)-1,1'-(pentane-2,4-diylidene)bis(3-phenylurea) (MA6) 

4-(((5-bromopyridin-2-yl)imino)methyl)phenol (MA7) 

1-phenyl-3-(thiophen-2-ylmethylene)urea (MA8) 

5-bromo-N-(2,3-dichlorobenzylidene)pyridin-2-amine (MA9) 

5-bromo-N-(thiophen-2-ylmethylene)pyridin-2-amine (MA10) 

2-ethoxy-4-(((2-(trifluoromethyl)phenyl)imino)   methyl)phenol (MA14)     

2-Ethoxy-4-(pyridin-2-yliminomethyl)-phenol (MA15) 

Three compounds mentioned below have been synthesized via Mannich 
reaction.  

3-morpholino-1-(3-nitrophenyl)-3-(thiophen-2-yl)propan-1-one (MA11) 

3-((4-aminophenyl)amino)-1-phenyl-3-(thiophen-2-yl)propan-1-one 
(MA12) 

2-(pyrrolidin-1-yl(thiophen-2-yl)methyl)cyclohexanone (MA13) 
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All the compounds have been characterized using FTIR, 1H & 13C-

NMR and mass spectral studies. The results of the spectral investigation 

are found to be in amicable agreement with the proposed structures of 

the synthesized compounds.  

Antimicrobial screening has been carried out at various 

concentrations for thirteen compounds MA1-MA13. Four bacterial 

pathogens viz., Staphylococcus aureus, Escherichia coli, Bacillus subtilis, 

Moraxella and three fungi strains viz., Candida albicans, Aspergilus 

niger, Trichophyton have been selected at random for the investigation. 

Hilton Agar dilution method employed for antimicrobial screening and 

Oflaxacin, Amphotericin B and Gentamicin were used as positive 

standards. Compound, MA10 possessed excellent antimicrobial activity 

against the tested bacteria and fungi pathogens. Zone of inhibition of 

MA10 is higher than the positive standard. Presence of thiophene ring 

and bromo substituted pyridine ring present in the compound may be 

the reason for its potency. Compounds MA7, MA9 and MA11 are 

exhibited equal antimicrobial activity compared to the standard drug. 

Compound MA6 exhibited moderate antimicrobial activity compared to 

the standard drugs. Considerable activity has been found in the 

compounds MA1, MA3, MA8 against bacteria stain and moderate activity 

noticed against fungi pathogens. Zone of inhibition of the compounds 

MA4 and MA5 are moderate against bacteria strains. Compounds MA12 

and MA13 possessed very less activity against all the tested microbial 

strains. 
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Density functional theory (DFT) studies have been carried out for 

the compounds MA13 and MA14. Characteristic absorption frequencies 

have been well established by FTIR spectral characterization and it is 

correlated with FT-Raman spectral studies.  
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Abstract 

2,3-dichloro-benzylidine-(2-trifluoromethyl-phenol)-amine (2DBTP) has been synthesized and characterized by 

various spectroscopic techniques including FT-IR, FT-Raman, UV-Vis and 1H, 13C NMR spectroscopy. The 

equilibrium geometry and harmonic vibrational frequencies were investigated by density functional theory (DFT) at 

B3LYP/6-311++G(d,p) basis set. The vibrational wavenumber assignments were made on the basis of total energy 

distribution (TED) calculations using Veda 4 program. The harmonic wavenumbers calculated at DFT were in line with 

the experimental values. The non-linear optical properties (NLO) were calculated. Stability of the molecule arises from 

hyperconjugative interactions and charge delocalization was analyzed by natural bond orbital (NBO) analysis. 

Molecular electrostatic potential (MEP), mulliken atomic charges were also calculated. The energy gap of the molecule 

was found by HOMO and LUMO calculation. TD-DFT calculations have been carried out on the optimized geometry to 

further understand the electronic transitions in the UV-Vis spectrum of the compound. In addition, the 1H and 13C NMR 

chemical shift values of 2DBTP in the ground state were also calculated using Gauge invariant atomic orbital (GIAO) 

method. The molecular docking solved the binding mode of 2XCT complex with the ligand. The investigated molecule 

revealed the inhibition activity of the ligand against anti-bacterial protein topoisomerase DNA gyrase enzyme (PDB ID: 

2XCT).    

Keywords. FT-IR, FT-RAMAN, NLO, NBO, NMR, docking studies. 

 
1. INTRODUCTION 

 

The Schiff base compounds or dynamic imine 

compounds are the condensed products of primary 

amines with carbonyl compounds were firstly 

reported by Hugo Schiff.[1,2] These compounds have 

numerous applications in various fields such as 

biological, analytical and inorganic chemistry. They 

also play a great role as an intermediate in catalysts, 

dyes, organic synthesis, corrosion inhibitors, 

polymer stabilizers and pigments.[3] Schiff bases 

have achieved great importance in medicinal and 

pharmaceutical fields due to broad spectrum of 

biological activities like anti-bacterial,[4] anti-

inflammatory,[5] anti-fungal, anti-cancer and 

herbicidal[6,7] activities. The electron conjugated 

system in compounds with donor-acceptor benzene 

derivatives display extremely large second-order 

optical nonlinearities. The conformation of 

molecules of aromatic compounds that are 

substituted with π-electron donors and acceptors 

which exhibit intra-molecular charge transfer. In 

addition, the Schiff base is of special interest in 

literature which shows thermochromic and 

photochromic properties.[8,9] Xuan and Zhai[10] have 

recorded and analyzed the FT-IR and FT-Raman 

spectra of the methyl 2,5-dichlorobenzoate molecule 

in the solid phase. The bond parameters were 

calculated using DFT with 6-311G(d,p) and             

6-311++G(d,p) basis sets and compared with the 

experimental data. Arjunan and Mohan[11] reported 

the vibrational spectra of 2-chloro-4-methylaniline 

and 2-chloro-6-methylaniline. Utilizing the observed 

FT-IR and FT-Raman data, a complete vibrational 

assignment and analysis of the fundamental modes 

of the compounds were carried out. The 

manifestations of NH-π interactions and the 

influence of bulky chlorine and methyl group on the 

vibrational modes of the amino group were 

investigated.  

In the present study, the vibrational and 

structural properties of Schiff base derivative: 

http://crossmark.crossref.org/dialog/?doi=10.1002%2Fvjch.202100077&domain=pdf&date_stamp=2022-02-17
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2DBTP have been studied by Gaussian 03 W 

software with basis set 6-311++G(d,p). The detailed 

interpretation of the vibrational spectra of the title 

molecule was justified on the basis of TED. NBO 

analysis was used to quantify the redistribution of 

electron density (ED) at various bonding and 

antibonding and E(2) energies, providing 

unambiguous evidence of stabilization arising from 

hyper conjugation of  various intra-molecular 

interactions. The non-linear optical (NLO) behavior, 

molecular electrostatic potential (MEP) and 

thermodynamic properties of the title molecule were 

also calculated. The electronic transition was studied 

using TD-DFT method. UV spectroscopic studies, as 

well as HOMO and LUMO analyses have been 

utilized to explain charge transport information 

within the molecule.  

 

2. MATERIALS AND METHODS 

 

2.1. Synthesis procedure 

 

Synthesis method of the compound is depicted 

schematically in scheme 1. 

0.01 M (1.72 g) 2,3 dichloro benzaldehyde and 

0.01 M (1.63 g) 2-amino benzotrifloride were 

dissolved in 40 ml ethanol and the solution was 

taken in 100 ml round-bottom flask. The reaction 

mixture was stirred for 3 h at room temperature in 

the presence of 10 drops of glacial acetic acid. The 

completion of the reaction was ensured by TLC. 

After completion the mixture was poured into 

crushed ice, crude solid developed was filtered, 

washed with water, dried in air and recrystallized 

using ethanol.       

 

 

 

 

 

 

 

 

 

 

 

 
Scheme 1: Synthesis of 2,3-dichloro-benzylidine-(2-

trifluoromethyl-phenol)-amine 

 

2.2. Instrumentation 

 

KBr pellet with FT-IR Shimadzu spectrometer was 

used to record FT-IR spectrum in the spectral range 

of 4000-400 cm-1. The spectrum was recorded with a 

scanning speed of 10 cm-1 per minute at room 

temperature with the spectral resolution of 2.0 cm-1. 

The FT-Raman spectrum was recorded in the region 

4000-50 cm-1 using 1064 nm line of Nd: YAG laser 

as excitation wavelength on Bruker IFS 66v 

spectrophotometer equipped with a FRA 106 FT-

Raman module with spectral resolution of 4 cm-1. 1H 

NMR spectrum was recorded on Bruker 400 MHz 

spectrometer and 13C NMR spectrum was recorded 

on Bruker 100 MHz spectrometer. The UV-Vis 

absorption spectrum was recorded in the range of 

200-800 nm using Shimadzu-2600 spectrometer.  

 

2.3. Computational procedure 

 

The optimization of structure and vibrational 

assignments were performed by Gaussian 03 W 

software package[12] at DFT/B3LYP/6-311++G(d,p) 

level of theory. Density functional theory (DFT) 

method is more beneficial for its low computational 

cost with high accuracy. These important properties 

make DFT more practical and feasible for 

computations of different molecules. The geometry of 

2DBTP was optimized using DFT/B3LYP 

method.[13,14] At the optimized geometry for the title 

molecule no imaginary frequency was obtained, 

therefore a true minimum on the potential energy 

surface was found. The vibrational assignments were 

performed using GaussView 5.0 program 

package.[15,16] The wavenumber values computed at 

DFT level contains known systematic errors due to 

the negligence of electron correlation. In order to 

improve the calculated values in agreement with the 

experimental values, a spectral uniform scaling factor 

was used to offset the systematic errors due to the 

anharmonicity of vibrational bands. Hence, the 

vibrational frequencies calculated at DFT level were 

scaled down by proper scaling factor.[17, 18] The 

assignments of the calculated normal modes were 

made on the basis of TED analysis. The TEDs were 

computed from quantum chemically calculated 

vibrational frequencies using VEDA 4 program.[19] 

The electronic absorption spectrum for optimized 

molecule was calculated with time dependent density 

functional theory (TD-DFT) at B3LYP/6-

311++G(d,p) level. In order to investigate the 

nucleophilic and electrophilic attacks of the title 

compound the molecular electrostatic potential 

surface was evaluated. The 1H and 13C NMR 

chemical shifts were calculated with GIAO 

approach.[20] NBO analysis, Mulliken atomic charges 

and thermodynamic properties of title molecule were 

computed at same level. Further, to show NLO 

activity of 2DBTP molecule, the dipole moment, 

http://www.vjc.wiley-vch.de/
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linear polarizability and first order hyperpolarizability 

were obtained from molecular polarizabilities based 

on theoretical calculations.  

 

3. RESULTS AND DISCUSSION 

 

3.1. Molecular geometry 

 

The optimized structural parameters of 2DBTP 

molecule are calculated by DFT/B3LYP/6-

311++G(d,p) basis set are listed in table 1. The 

optimized molecular structure with atomic 

numbering is shown in figure 1. The calculated 

geometric parameters can be used as foundation to 

calculate other parameters for 2DBTP. The 

conformational analysis is carried out by means of 

the potential energy surface scan with DFT/B3LYP 

method at 6-311++G(d,p) basis set. During the scan, 

all the geometrical parameters were simultaneously 

relaxed; while the dihedral angle C18‒C16‒C25‒F28 

was allowed to vary in the steps of 10°, ranging from 

0° to 360° in a total of 36 steps. For this rotation 

minimum energy of -0.166252 Hartrees for 

C18‒C16‒C25‒F28 which is shown in figure 2. In the 

present work, we have focused on the most stable 

form of 2DBTP molecule to clarify molecular 

structure assignments of vibrational spectra. The 

carbon and hydrogen atoms are bonded with            

σ-bonds in the benzene ring and the substitution of 

chlorine atoms for hydrogen reduces the electron 

density (ED) at the ring carbon atom. In 2DBTP, the 

C‒Cl bond length varies from 1.735 to 1.748 Å 

which is due to the steric effect produced by the 

C=N linkage, respectively. The substitution at 

carbon atoms in a benzene ring exerts large 

attraction on the valence electron cloud of hydrogen 

atoms, which causes increase in C‒H force constants 

that results the decrease in corresponding bond 

length. The actual change in the C‒H bond length 

would be influenced by the combined effects of the 

inductive-mesomeric interaction and the electric 

dipole field of the polar substituent. The calculated 

bond lengths of C4‒C5, C5‒C6 and C1‒C6 are 1.387, 

1.389 and 1.393 Å, whereas C1‒C2, C2‒C3 and 

C3‒C4 are 1.402, 1.414 and 1.404 Å this variation is 

due to the attachment of electron withdrawing group 

(Cl and C=N linkage). Similarly, the bond lengths of 

C18‒C21, C17‒C19, C15‒C17 and C15‒C16 are 1.394, 

1.391, 1.403 and 1.412 Å, respectively which are in 

a good agreement with the literature,[21] whereas the 

C‒H bond lengths of benzene rings in 2DBTP varies 

from 1.082 to 1.084 Å. The benzene ring appears to 

be little distorted because of the C=N group linkage 

as seen from the bond angle C2‒C3‒C4 is calculated 

as 118.41° which is smaller than typical hexagonal 

angle of 120°. The dihedral angles C3‒C12‒N13‒C15, 

C25‒C16‒C15‒N13 and C2‒C3‒C12‒N13 are 177.153,      

-2.764 and -9.963°, which show the non-planar 

nature of the compound.  

 

 
Figure 1: The optimized molecular structure of 2DBTP 

 

3.2. Vibrational Assignments 

 

The 2DBTP molecule has 28 atoms and belongs to 

C1 point group symmetry; hence 78 fundamental 

vibrations are possible which are active in both IR 

and Raman spectra. For visual comparison, the 

observed and calculated FT-IR and FT-Raman 

spectra of 2DBTP at DFT/B3LYP level using 6-

311++G(d,p) basis set are shown in figures 3(a,b), 

respectively. The detailed vibrational assignments of 

fundamental modes of 2DBTP along with the 

calculated FT-IR and FT-Raman frequencies, IR and 

Raman intensities, force constant, reduced mass and 

normal mode descriptions (characterized by TED) 

are summarized in table 2. The vibrational 

assignments obtained at DFT/B3LYP/6-

311++G(d,p) force field are generally greater than 

the experimental values due to neglect of 

http://www.vjc.wiley-vch.de/
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anharmonicity in the real system. These 

discrepancies can be corrected explicitly either by 

computing anharmonic corrections or by introducing 

the scaled field or directly scaling the calculated 

wavenumbers with proper scaling factor.[17,18] 

 

Table 1: The optimized molecular geometric 

parameters of 2DBTP using  

B3LYP/6-311++G(d,p) basis set 

Parameters B3LYP/6-

311++G(d,p) 
Lit* 

Bond lengths (Å) 

C1-C2 1.402  

C1-C6 1.393  

C1-Cl10 1.748  

C2-C3 1.414  

C2-Cl11 1.735  

C3-C4 1.404  

C3-C12 1.472  

C4-C5 1.387  

C4-H7 1.084  

C5-C6 1.389  

C5-H8 1.083  

C6-H9 1.082  

C12-N13 1.273 1.280 

C12-H14 1.099 1.099 

N13-C15 1.399 1.396 

C15-C16 1.412 1.413 

C15-C17 1.403 1.404 

C16-C18 1.393  

C16-C25 1.509  

C17-C19 1.391  

C17-H20 1.084  

C18-C21 1.394 1.393 

C25-F26 1.355  

C25-F27 1.350  

C25-F28 1.356  

    Angles (°) 
 

 

C2-C1-Cl10 121.18  

C6-C1-Cl10 117.66  

C1-C2-Cl11 119.09  

C3-C2-Cl11 121.75  

C2-C3-C4 118.41  

N13-C12-H14 120.66  

N13-C15-C16 119.84  

N13-C15-C17 121.49  

C16-C25-F27 112.56  

F26-C25-F27 107.08 106.85 

F26-C25-F28 106.31 106.25 

F27-C25-F28 106.45 106.13 

          Dihedral (°) 
 

 

C6-C1-C2-Cl11 -179.004  

Cl10-C1-C2-Cl11 0.778  

C1-C2-C3-C4 -0.748  

C1-C2-C3-C12 179.181  

Cl11-C2-C3-C4 178.383  

Cl11-C2-C3-C12 -1.688  

C2-C3-C12-N13 -9.963  

C2-C3-C12-H14 172.058  

C3-C12-N13-C15 177.153  

N13-C15-C16-C25 -2.764  

N13-C15-C17-C19 -177.180  

*Taken from Ref. [21].

 

 

         

Scan coordinate 

Figure 2: The potential energy surface around C18-C16-C25-F28 dihedral angle of 2DBTP 
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Wavenumber (cm-1) 

Figure 3a: The combined theoretical and experimental FT-IR spectra of 2DBTP 

 

          
Wavenumber (cm-1) 

Figure 3b: The combined theoretical and experimental FT-Raman spectra of 2DBTP 

 

3.2.1. CH Vibrations 

 

In aromatic compounds, the C‒H stretching 

vibrations usually fall in the range of 3044-3087  

cm-1. [21] These vibrations are not being affected due 

to the nature and position of the substituent. In 

2DBTP, the νC‒H vibrations are found at 3117, 

3077/3085, 3002 cm-1 in FT-IR/FT-Raman and their 

corresponding harmonic values are 3085, 3081 and 

3046 cm-1 (mode nos: 1, 2 and 7) are pure modes 

with ˃ 96 % TED values. The mode nos: 3-6 are 

also pure modes with ˃ 98 % TED values are 

designated as νC‒H modes. The νC‒H of aliphatic 

group is observed at 2851 cm-1 in FT-IR and its 

corresponding harmonic value is 2880 cm-1 (mode 

no: 8). The C‒H in-plane bending vibrations were 

appeared in the range 1000-1300 cm-1 in the 

substituted benzenes and the out-of-plane bending 

vibrations in the range 750-1000 cm-1.[22] The mode 

nos: 14-16, 22, 24-26, and 37, 38, 40, 41, 43, 45 are 

assigned to βCH and ГCH modes, respectively and 

also find support from observed FT-IR/FT-Raman 

bands: 1449, 1417, 1178, 1150, 1128/1449, 1417, 

1180, 1153 cm-1. The in-plane and out-of-plane 

bending modes of C12‒H14 are assigned at 1355 and 

964 cm-1 (mode nos: 18 and 35), respectively which 

are in good agreement with the observed FT-IR/FT-

Raman bands: 1358/1358 cm-1 and 963/963 cm-1, 

these assignments are having ˃ 64 % contribution of 

TED.    

 

3.2.2. CN Vibrations 

 

According to Socrates[23] the νC=N stretching 
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vibrations appear around 1600-1670 cm-1 and Babu 

et al.,[24] assigned νC=N vibration at 1611/1627 cm-1 

in FT-IR/FT-Raman spectra. Which is further 

supported by earlier studies[21,25] νC=N stretching 

bands: 1667/1661 and 1657/1646 cm-1 in FT-IR/FT-

Raman spectra. Based on the above literatures, the 

scaled harmonic wavenumber 1633 cm-1 (mode no: 

9) is assigned to νC12=N13
 (76 % TED value) in which 

the calculated value is in good agreement with the 

experimental values: 1621/1620 cm-1 in FT-IR/FT-

Raman spectra. The νC‒N stretching modes are 

expected in the region 1100-1300 cm-1[26] and in the 

present study, νC15‒N13
 mode is observed at 

1210/1209 cm-1 in FT-IR/FT-Raman bands and its 

corresponding calculated value is 1215 cm-1 (mode 

no: 23) with considerable TED value. The mode nos: 

49, 59 and 67, 74 are assigned to βC3‒C12=N13, 

βC17‒C15‒N13 and τC2‒C3‒C12=N13, 

τC12=N13‒C15‒C17 modes, respectively.     

 

3.2.3. CC Vibrations 

 

The νC‒C ring vibrations are expected to fall in the 

regions: 1280-1380; 1430-1465; 1470-1540; 1575-

1590 and 1590-1625 cm-1 with variable intensity.[27] 

In the present study, νC‒C vibrations are observed at 

1580(m)/1578(vs), 1556(m)/1557(m), 1315(s), 

1266(m)/1266(m) cm-1 in FT-IR/FT-Raman spectra. 

These assignments find support from harmonic 

frequencies: 1571, 1553, 1548, 1529, 1280 and 1262 

cm-1 (mode nos: 10-13, 19, 21). The harmonic in-

plane and out-of-plane deformations of CCC are 

1030, 1006, 825, 731, 723, 629, 556 cm-1 (mode nos: 

32, 34, 42, 46, 47, 50, 53) and 740, 690, 576, 502, 

350, 288, 228 cm-1 (mode nos: 45, 48, 51, 56, 62, 65, 

67) are in line with the observed FT-IR values: 

1037, 986, 563 and 740, 700, 595, 511, 350 cm-1, 

respectively. These assignments are further justified 

by the TED values. The νC3‒C12
 and νC16‒C25

 modes 

are assigned to harmonic frequencies: 1156 and 

1270 cm-1 (modes nos: 25 and 20), respectively. The 

mode nos: 71/70 and 66/73 respectively belongs to 

βC2C3C12/βC18C16C25 and τC1C2C3C12/τC21C18C16C25 

modes. These modes also have considerable TED 

values. 

 

3.2.4. CF3 Vibrations 

 

Lipp and Seliskar[28] have studied the infrared 

spectra of a number of mono- and di-substituted 

fluorine derivatives and those of tri-and tetra-fluoro 

benzene by Rastogi et al.[29] They have assigned the 

frequency 1250 cm-1 to C‒F stretching mode of 

vibration. In the vibrational spectra of related 

compounds, the band due to the C‒F stretching 

vibration[23,30] may be found over a wide frequency 

range 1000-1360 cm-1, since the vibration is easily 

affected by adjacent atoms or groups. In the present 

investigation, the C‒F stretching vibrations are 

calculated at 1110, 1076, 1067 cm-1 (mode nos: 28, 

30, 31) find support from the observed values 1108, 

1051/1049 cm-1 in FT-IR/FT-Raman are in line with 

the reported values 1114/1116 cm-1 in FT-IR/FT-

Raman spectra.[21] The C‒F deformation vibrations 

generally appear in the region 490-590 cm-1.[23] The 

harmonic frequencies 490, 463, 453 and 576, 573 

cm-1 (mode nos: 57-59 and 51, 52) are attributed to 

βCF and ГCF modes, respectively. These assignments 

are further supported by their TED value (˃ 17 %). 

 

3.2.5. CCl Vibrations 

 

The vibrations that belong to the bond formed 

between the ring and the halogen atoms are worth to 

discuss here, since mixing of vibrations are possible 

due to lower molecular symmetry and the presence 

of heavy atoms on the periphery of molecule.[31] 

Generally, the νC‒Cl absorption is obtained in the 

broad region between 550 and 850 cm-1.[32] 

Therefore, the bands found at 459/462 cm-1 in FT-

IR/FT-Raman are being designated to νC‒Cl 

stretching mode of vibration and the corresponding 

force constant contribute nearly 40 % to the TED, 

are in line with the corresponding harmonic value 

463 cm-1 (mode no: 58). The calculated harmonic 

value at 723 cm-1 (mode no: 47) is also attributed to 

νC‒Cl mode. The calculated harmonic frequencies 

418, 215 and 228, 220 cm-1 (mode nos: 60, 69 and 

67, 68) having considerable TED values are 

assigned to βCCCl and ГCCCCl modes, respectively.   

 

3.3. NMR Analysis 

 

The NMR isotropic chemical shifts are continuously 

being used as an aid to identify the reactive organic 

as well as ionic species.[33] The Gauge invariant 

atomic orbital (GIAO) 1H and 13C chemical shift 

calculations of the present molecule has been made 

on the optimized geometry at B3LYP/6-

311++G(d,p) method and experimental values are 

listed in table 3. The 1H NMR is interesting since the 

hydrogen atom is the smallest of all atoms and its 

chemical shift will be more susceptible to inter-

molecular interactions. The typical range of 13C 

NMR chemical shift in organic molecules is greater 

than 100 ppm.[33,34] The singlet observed at 8.86 ppm 

is attributed to =C‒H proton. The protons of 

aromatic rings give the multiplets in the region 7.37-
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7.88 ppm. Aromatic proton adjacent to fluorine 

atoms appear at 7.88 ppm and aromatic proton 

adjacent to chlorine atoms appear at 7.71 ppm, 

respectively. Similarly, the multiplets appear in the 

region 122.6-149.65 ppm are attributed to aromatic 

carbon atoms. A singlet appear at 158.69 ppm is 

assigned to azomethine carbon. Whereas the signals 

appeared at 149.65 and 127.78 ppm are due to C‒Cl 

and C‒F3 respectively. The 1H and 13C NMR spectra 

of 2DBTP are shown in figures 4(a,b). 

 

3.4. NBO Analysis 

 

The NBO analysis results of the prominent charge-

transfer interactions in the isolated gas-phase 

molecule of 2DBTP. It is an essential tool to study 

inter- and intra-molecular bonding interactions and 

also a convenient basis to investigate charge transfer 

or hyperconjugative interactions in the molecular 

system. Some orbitals are electron donors and some 

are electron acceptors, the energy difference 

between the bonding and anti-bonding orbitals 

makes the molecule susceptible for interactions.[35,36] 

The large energy difference E(2) value means the 

strong interaction that implies the more donating and 

accepting tendency of electrons from one orbital to 

other. Delocalization of ED between occupied Lewis 

type (bond or lone pair) NBO orbitals and formally 

unoccupied (anti-bond or Rydgberg) non-Lewis 

NBO orbital corresponds to a stabilizing donor-

acceptor interaction. NBO analysis have been 

performed on 2DBTP at DFT/B3LYP/6-

311++G(d,p) level in order to elucidate the intra-

molecular rehybridization and delocalization of ED 

within the molecule. The strong hyperconjugative 

interactions are computed between π and σ bonding 

electrons of CC, CCl, CH, CN, CF and π* and σ* 

anti-bonding ones of CC, CCl, CH, CN, CF. The π 

bond electrons are weaker than σ bond electrons. 

Therefore, π bonded groups have less ED than C 

bonded groups. In the present study, the electron 

densities (EDs) of π bonds in the donor (i) groups 

are calculated at the interval of 1.632e to 1.915e, 

whereas the EDs of the σ bonds in the donor (i) 

groups are calculated between 1.966e to 1.995e. 

Similarly, the EDs of lone pair n electrons of Cl, N, 

and F atoms in donor (i) groups are found between 

1.861e to 1.993e. The E(2) energy values and types of 

transitions are listed in table 4. The strongest 

hyperconjugation interactions occur from lone pair n 

electrons of F27, N13 and Cl10, Cl11 to an anti-bonding 

σ* and π* electrons of C25‒F28, C12‒H14 and C1‒C2 

with interaction energies E(2) = 44.73, 54.18 and 

59.87, 67.36 kJ/mol. Lone pairs Cl11 → π*C1‒C2 and 

Cl10 → π*C1‒C2 transfer hyperconjugation energies 

67.36 and 59.87 kJ/mol, respectively. It is evident 

from the table 9 that the Cl11/C2 and Cl10/C1 atoms 

possess Mulliken atomic charge: 0.675/-0.750 and 

0.465/0.682 a.u. respectively, which cause greater 

inter-atomic force in between Cl11‒C2 on comparing 

with Cl10‒C1, hence more energy transfer to the anti-

bonding orbital (C1-C2). The stabilization energy 

values for π(C3‒C4) → π*(C1‒C2), π(C5‒C6) → 

π*(C3‒C4), π(C15‒C17) → π*(C19‒C21) and 

π(C19‒C21) → π*(C16‒C18) are computed as 89.91, 

92.01, 91.76 and 96.36 kJ/mol. Similarly, the 

σ(C3‒C4) → σ*(C2‒Cl11), σ(C5‒C6) → σ*(C1‒Cl10), 

σ(C16‒C18) → σ*(C15‒C16) and σ(C18‒H22) → 

σ*(C15‒C16) hyperconjugation interactions are 

obtained as 19.92, 19.08, 19.41 and 19.62 kJ/mol.  

 

Table 3: Theoretical and experimental (1H &13C) 

NMR isotropic chemical shifts (ppm) of 2DBTP 

Atoms 

Calculated 

(B3LYP/6-

311++G(d,p)) 

Exp. δ(ppm) 

H14 8.39 8.86 

H22 7.85 7.88 

H9 7.61 7.71 

H23 7.59 7.58 

H7 7.41 7.46 

H8 7.27 7.43 

H24 7.26 740 

H20 6.97 7.37 

C12 163.52 158.69 

C15 157.96 149.65 

C1 150.69 135.08 

C2 148.29 134.43 

C3 140.51 134.0 

C4 139.97 133.58 

C19 137.46 133.10 

C6 137.42 129.16 

C25 133.73 127.78 

C18 132.02 126.69 

C16 130.18 126.62 

C5 129.45 126.55 

C21 129.01 126.22 

C17 121.54 122.6 
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Figure 4a: 1H NMR spectrum of 2DBTP 

 

 
Figure 4b: 13C NMR spectrum of 2DBTP 

 

Table 4: The second order perturbation theory analysis of Fock Matrix in NBO basis for 2DBTP 

Type Donor NBO (i) ED/e Acceptor NBO (j) ED/e 
aE(2) 

KJ/mol 

bE(j)-E(i)         

a.u. 

cF(I,j)             

a.u. 

π-π* BD (2) C1 – C2 1.68605 BD*(2) C3 – C4 0.3772 69.33 0.31 0.065    
BD*(2) C5 – C6 0.32425 78.37 0.31 0.068 

σ-σ* BD (1) C1 – C6 1.97509 BD*(1) C1 – C2 0.0415 17.99 1.27 0.066 

σ-σ* BD (1) C1 – Cl10 1.98764 BD*(1) C2 – C3 0.03758 10.71 1.25 0.051 

σ-σ* BD (1) C2 – C3 1.96857 BD*(1) C1 – C2 0.0415 16.82 1.25 0.064    
BD*(1) C1 – Cl10 0.02847 18.83 0.87 0.056 

σ-σ* BD (1) C2 – Cl11 1.98744 BD*(1) C1 – C6 0.02707 11.38 1.27 0.053 

σ-σ* BD (1) C3 – C4 1.9671 BD*(1) C2 – C3 0.03758 17.24 1.23 0.064    
BD*(1) C2 – Cl11 0.02697 19.92 0.86 0.057    
BD*(1) C4 – C5 0.0144 11.46 1.28 0.053 

π-π* BD (2) C3 – C4 1.63316 BD*(2) C1 – C2 0.43342 89.91 0.25 0.067 
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BD*(2) C5 – C6 0.32425 79.79 0.28 0.066    
BD*(2) C12 – N13 0.13707 76.15 0.29 0.069 

σ-σ* BD (1) C3 – C12 1.9727 BD*(1) C1 – C2 0.0415 8.28 1.2 0.044    
BD*(1) N13 – C15 0.02607 17.66 1.12 0.061 

σ-σ* BD (1) C4 – C5 1.97877 BD*(1) C3 – C4 0.02027 12.55 1.26 0.055 

σ-σ* BD (1) C4 – H7 1.97817 BD*(1) C2 – C3 0.03758 17.95 1.06 0.06    
BD*(1) C5 – C6 0.01714 15.06 1.1 0.056 

σ-σ* BD (1) C5 – C6 1.972 BD*(1) C1 – C6 0.02707 14.02 1.26 0.058    
BD*(1) C1 – Cl10 0.02847 19.08 0.86 0.056 

π-π* BD (2) C5 – C6 1.64914 BD*(2) C1 – C2 0.43342 89.75 0.25 0.067    
BD*(2) C3 – C4 0.3772 92.01 0.28 0.071    
BD*(1) C3 – C4 0.02027 15.94 1.07 0.057 

σ-σ* BD (1) C6 – H9 1.97773 BD*(1) C1 – C2 0.0415 18.07 1.06 0.061 

π-π* BD (2) C12 – N13 1.91454 BD*(2) C3 – C4 0.3772 31.59 0.36 0.05 

σ-σ* BD (1) C12 – H14 1.98523 BD*(1) C2 – C3 0.03758 17.53 1.07 0.06 

σ-σ* BD (1) N13 – C15 1.97855 BD*(1) C3 – C12 0.03353 15.86 1.23 0.061 

σ-σ* BD (1) C15 – C16 1.96558 BD*(1) C12 – N13 0.01136 9.79 1.32 0.05    
BD*(1) C16 – C18 0.0193 18.03 1.27 0.066 

σ-π* BD (1) C15 – C17 1.97161 BD*(2) C12 – N13 0.13707 4.23 0.73 0.025    
BD*(1) C15 – C16 0.03214 17.28 1.25 0.064    
BD*(1) C17 – C19 0.01482 12.43 1.28 0.055 

π-π* BD (2) C15 – C17 1.63163 BD*(2) C12 – N13 0.13707 29.5 0.29 0.043    
BD*(2) C16 – C18 0.35207 74.98 0.28 0.064    
BD*(2) C19 – C21 0.32768 91.76 0.29 0.072 

σ-σ* BD (1) C16 – C18 1.9724 BD*(1) N13 – C15 0.02607 14.77 1.15 0.057    
BD*(1) C15 – C16 0.03214 19.41 1.26 0.068    
BD*(1) C21 – H24 0.01324 8.83 1.16 0.044 

π-π* BD (2) C16 – C18 1.69042 BD*(2) C15 – C17 0.3682 89.04 0.29 0.071    
BD*(2) C19 – C21 0.32768 71.42 0.29 0.063 

σ -σ* BD (1) C17 – C19 1.97737 BD*(1) N13 – C15 0.02607 16.32 1.15 0.06 

σ -σ* BD (1) C17 – H2O 1.97815 BD*(1) C15 – C16 0.03214 18.03 1.07 0.061    
BD*(1) C19 – C21 0.01612 14.98 1.1 0.056 

σ-σ* BD (1) C18 – C21 1.97834 BD*(1) C16 – C18 0.0193 13.35 1.27 0.057 

σ-σ* BD (1) C18 – H22 1.9775 BD*(1) C15 – C16 0.03214 19.62 1.07 0.063    
BD*(1) C19 – C21 0.01612 15.02 1.1 0.056 

σ-σ* BD (1) C19 – C21 1.97958 BD*(1) C17 – C19 0.01482 11.42 1.28 0.053 

π-π* BD (2) C19 – C21 1.65546 BD*(2) C15 – C17 0.3682 78.99 0.28 0.065    
BD*(2) C16 – C18 0.35207 96.36 0.28 0.072 

σ-σ* BD (1) C19 – H23 1.97978 BD*(1) C15 – C17 0.02938 16.15 1.08 0.058    
BD*(1) C18 – C21 0.0153 15.31 1.1 0.057 

σ -σ* BD (1) C21 – H24 1.97996 BD*(1) C16 – C18 0.0193 15.65 1.09 0.057    
BD*(1) C17 – C19 0.01482 15.65 1.1 0.057 

n-σ* LP (1) Cl10 1.99255 BD*(1) C1 – C2 0.0415 5.19 1.46 0.038 

n-σ* LP (2) Cl10 1.96866 BD*(1) C1 – C2 0.0415 20.33 0.85 0.057    
BD*(1) C1 – C6 0.02707 15.73 0.87 0.051 

n-π* LP (3) Cl10 1.91997 BD*(2) C1 – C2 0.43342 59.87 0.3 0.065 
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n-σ* LP (1) Cl11 1.99276 BD*(1) C1 – C2 0.0415 4.98 1.45 0.037    
BD*(1) C2 – C3 0.03758 6.65 1.45 0.043 

n-σ* LP (2) Cl11 1.96217 BD*(1) C1 – C2 0.0415 18.74 0.84 0.055    
BD*(1) C2 – C3 0.03758 21.25 0.83 0.058 

n-π* LP (3) Cl11 1.89675 BD*(2) C1 – C2 0.43342 67.36 0.3 0.067 

n-σ* LP (1) N13 1.8613 BD*(1) C3 – C12 0.03353 12.76 0.79 0.045    
BD*(1) C12 – H14 0.0436 54.18 0.72 0.089    
BD*(1) C15 – C17 0.02938 20.29 0.9 0.061    
BD*(2) C15 – C17 0.3682 37.7 0.37 0.055 

n-σ* LP (2) F26 1.9544 BD*(1) C16 – C25 0.05459 23.39 0.78 0.059    
BD*(1) C25 – F27 0.09654 20.13 0.66 0.051    
BD*(1) C25 – F28 0.089 16.53 0.64 0.046 

n-σ* LP (3) F26 1.93768 BD*(1) C25 – F27 0.09654 39.33 0.65 0.071    
BD*(1) C25 – F28 0.089 44.6 0.64 0.074 

n-σ* LP (2) F27 1.95171 BD*(1) C16 – C25 0.05459 24.35 0.78 0.06    
BD*(1) C25 – F26 0.09876 20.04 0.65 0.05    
BD*(1) C25 – F28 0.089 17.91 0.64 0.047 

n-σ* LP (3) F27 1.93583 BD*(1) C25 – F26 0.09876 41.76 0.64 0.072    
BD*(1) C25 – F28 0.089 44.73 0.64 0.074 

n-σ* LP (2) F28 1.95565 BD*(1) C16 – C25 0.05459 23.6 0.79 0.06    
BD*(1) C25 – F26 0.09876 15.86 0.65 0.045    
BD*(1) C25 – F27 0.09654 20.29 0.66 0.051 

n-σ* LP (3) F28 1.94245 BD*(1) C25 – F26 0.09876 43.68 0.65 0.074    
BD*(1) C25 – F27 0.09654 38.41 0.66 0.07 

aE(2)
  means energy of hyper conjugative interaction (stabilization energy).                                                                                                  

bEnergy difference between donor (i) and acceptor (j) nbo orbitals.                                                                                                            
cF(I, j) is the Fock matrix element between I and j nbo orbitals. 

 

3.5. UV-Vis spectral analysis 

The lowest singlet to singlet spin-allowed excited 

states are taken into account for the TD-DFT 

calculation to investigate the electronic properties of 

the molecular system. The experimental λmax values 

are obtained from the UV-Vis spectrum recorded in 

DMSO. The calculation was also performed in gas 

phase and DMSO, ethanol solvents. The calculated 

and the experimental absorption wavelengths (λmax) 

are given in table 5. The observed and the calculated 

UV-Vis spectra of 2DBTP are shown in figure 5. 

The energy gap between HOMO and LUMO is an 

important tool to determine the molecular electrical 

transport properties.[37] In the electronic absorption 

spectra, the calculated λmax values are obtained at 

278.74, 278.23 and 277.37 nm in DMSO, ethanol 

and gas phase with higher oscillator strengths f = 

0.4609, 0.4252 and 0.2540 is attributed to the most 

prominent π → π* transition which are in good line 

with the experimental λmax = 267.50 nm. As can be 

seen in figure 5 across the solvents against the gas 

phase there is red shift i.e., bathochromic shift the 

absorption of radiation is shifted towards longer 

wavelength with decrease in energy gap. 

 

Table 5: The experimental and computed UV-Vis parameters of 2DBTP 

Solvent 

TD-DFT/B3LYP/6-311++G(d,p) 
  

Oscillator 

strength (f)  
λmax (nm) Band gap (eV) 

Experimental 

λmax (nm) 
Type 

DMSO 0.4609 278.74 4.4481 267.50  - * 

Ethanol 0.4252 278.23 4.4563 -  - * 

Gas 0.2540 277.37         4.4701 -  - * 
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Wavelength (nm) 

Figure 5: Theoretical and experimental UV-Vis spectra of 2DBTP 

 

3.6. Molecular electrostatic potential  

The reactivity of a chemical compound is 

determined by molecular electrostatic potential map 

(MEP) which differentiates the electrophilic and 

nucleophilic sites in a molecule.[38] For this purpose 

the MEP has been calculated for 2DBTP compound 

at B3LYP/6-311++G(d,p) level. From MEP plot as 

shown in figure 6 the negative regions represented 

by red color, are preferable sites for electrophilic 

attack and the positive regions represented by blue 

color are favored nucleophilic attack. It is obvious 

from figure 6 that the regions around CF3, CCl and 

C=N represents the negative potential regions. These 

negative and positive sites help to predict the regions 

in a compound responsible for non-covalent 

interactions.[39]

   

 

 
Figure 6: MEP Plot of 2,3-dichloro-benzylidine-(2-trifluoromethyl-phenol)-amine  
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3.7. HOMO-LUMO analysis 

The HOMO energy characterizes the ability of 

electron donating orbitals, whereas LUMO energy 

characterizes the ability of electron accepting[40] and 

the energy gap between HOMO and LUMO 

characterizes the stability of a molecule. It is also an 

important tool to determine the molecular electrical 

transport properties because it is a measure of 

electron conductivity.[37] The electronic absorption 

corresponds that is mainly described by one electron 

excitation from HOMO to LUMO, an increase in 

values a molecule becomes more stable and 

decreases the intermolecular charge transfer which 

makes a compound to be NLO active.[41] We have 

obtained a plot of the frontier molecular orbital of 

the first and the last five orbitals of a molecule of 

each group (HOMO and LUMO) to analyze the 

main atomic contributions for these orbitals. The 

importance of observing these plots were to 

determine the chemical reactivity of 2DBTP. The 

HOMO (-6.748 eV), LUMO (-2.476 eV) and the 

energy gap values are 4.272 eV obtained using 

B3LYP/6-311++G(d,p) basis set. The HOMO-

LUMO pictures are shown in figure 7. DOS 

spectrum is used to calculate the contribution of 

groups to the molecular orbitals. The DOS plot 

shows population analysis for each orbital and 

demonstrates a simple view character of the Mos in 

a certain range. DOS spectrum is shown in figure 8, 

in which the lines start from -20 eV to -5 eV, are 

called filled orbitals and the lines start from -5 eV to 

0 eV, are called virtual orbitals. The physico-

chemical properties and frontier molecular energies 

for 2DBTP are given in tables 6 and 7, respectively.

   

 
Figure 7: HOMO, LUMO Plots and energy band gap of 2DBTP 

 

Energy (eV) 

Figure 8: Density of State Spectrum of 2DBTP 
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Table 6: The Physico-chemical properties of 2DBTP 

Parameters Values  

HOMO (eV) -6.748  

LUMO (eV) -2.476  

Energy gap (eV) 4.272  

Ionization potential [I = -EHOMO] (eV) 6.748  

Electron affinity [A = -ELUMO] (eV) 2.476  

Electronegativity [χ = (I+A)/2] 4.612  

Chemical Potential [μ = - χ] -4.612  

Chemical Hardness [η = (I-A)/2] 2.136  

Chemical Softness [S = I/2η] 2.970  

Electrophilicity Index [ω = 2/2 η] 4.980  

 
Table 7: The frontier molecular orbitals of 2DBTP 

Occupancy Orbital energies (a.u) Orbital energies (eV) Kinetic energy (a.u) 

O76 -0.3006 -8.183 1.826 

O77 -0.2841 -7.730 1.227 

O78 -0.2764 -7.521 1.665 

O79 -0.2655 -7.225 1.738 

O80 -0.2474 -6.732 1.560 

V81 -0.0912 -2.482 1.516 

V82 -0.0462 -1.257 1.452 

V83 -0.0442 -1.203 1.442 

V84 -0.0283 -0.770 1.379 

V85 -0.0197 -0.536 0.947 

 

3.8. Nonlinear optical properties 

 

A good NLO material has been frequently used in 

communication technology, signal processing, 

optical memory devices and optical switches. The 

NLO property originates with delocalized π 

electrons of an organic compound and increase with 

increasing conjugation in a compound. The presence 

of electron donor group and an electron acceptor 

group also increase the NLO properties. The static 

dipole moment (μ), the linear polarizability (α0) and 

the first order hyperpolarizability (β0) using the x, y, 

z components are calculated using the following 

equations.[42] 

μ =  

β0 =  

α0=  

β0 =  

 

Larger the dipole moment, stronger will be the 

intermolecular interactions.[43] The dipole moment 

(μ), the linear polarizability (α0) and the first order 

hyperpolarizability (β0) are calculated at B3LYP/6-

311++G(d,p) level and are summarized in table 8. 

The dipole moment (μ) value for 2DBTP 

compound is 2.1750 D. The calculated linear 

polarizability (α0) and first hyperpolarizability (β0) 

for 2DBTP compound are 0.431×10-30 and 

6.065×10-30 esu, respectively. Urea is one of the 

prototype materials which is used as a reference 
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material and frequently used for comparative 

purpose in the study of the NLO properties. The 

calculated values of μ and β0 for 2DBTP compound 

are greater than those of urea (μ and β0 of urea are 

1.3732 D and 0.3728×10-30 esu).[44] Theoretically, 

the first-order hyperpolarizability (β0) of the title 

compound is 16.26 times higher than urea, which 

indicates that the 2DBTP compound possess good 

NLO property. 

 

3.9. Mulliken atomic charges 

 

Mulliken atomic charge calculation[45] has an 

important role in the application of quantum 

chemical calculation to molecular system. Because 

of atomic charges affect dipole moment, 

polarizability, electronic structure and more 

properties of molecular system. The total atomic 

charges of 2DBTP molecule obtained by Mulliken 

population analysis at B3LYP/6-311++G(d,p) basis 

set is listed in table 9 and plotted in figure 9. From 

the results, it is clear that the substitution of Cl2 and 

CF3 groups in the aromatic rings leads to the 

redistribution of ED. The C1 (0.682 a.u) carbon is 

linked with C6‒H9 and C2 (-0.750 a.u) carbon atom 

with C3‒C12 has different atomic charges which may 

be due to their adjacent proton and carbon atoms. 

Highest positive atomic charge is at C16 (1.228 a.u) 

which is due to the inductive effect of CF3 group and 

least charge at C15 (-1.793 a.u) which is due to 

attachment of electronegative nitrogen (N11) atom. 

 

Table 8: The calculated dipole moment (μ), 

polarizability (α₀) and first-order hyperpolarizablity 

(β₀) values of 2DBTP 

Parameters 
B3LYP/6-

311++G(d,p) 

Dipole moment μ                                        Debye 

μx 1.9162                                                                    

μy -1.0272                                                                

μz -0.0581                                                                 

μ 2.1750 Debye              

Polarizability (α₀) × 10-30 esu 

αxx 187.250                                                                   

αxy -19.235                                                                 

αyy 138.051                                                                 

αxz 9.217                                                                  

αyz 5.085                                                                 

αzz 317.997                                                                

α0 0.431×10-30 esu                                  

Hyperpolarizability ( ) × 10-30 esu 

xxx                    403.098 

xxy -30.771 

xyy 42.161 

yyy -93.904 

xxz 85.733 

xyz 14.029 

yyz 5.594 

xzz 239.027 

yzz -20.389 

zzz -31.223 

β0 6.065×10-30 esu                                  

Standard value for urea (μ = 1.3732 Debye,  

β0 = 0.3728×10-30 esu); esu-electrostatic unit. 

 

   

Table 9: The Mulliken atomic charges of 2DBTP 

Atoms Charges (a.u.) Atoms Charges (a.u.) 

C1 0.682 C15 -1.793 

C2 -0.750 C16 1.228 

C3 0.238 C17 -0.230 

C4 -0.343 C18 0.279 

C5 -0.664 C19 -0.171 

C6 -0.234 H20 0.174 

H7 0.169 C21 -0.376 

H8 0.177 H22 0.186 

H9 0.202 H23 0.176 

Cl10 0.465 H24 0.165 

   Cl11 0.675 C25 0.515 

C12 -0.969 F26 -0.073 

N13 0.476 F27 -0.056 

H14 0.082 F28 -0.158 
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Figure 9: The Mulliken atomic charges of 2DBTP 

     

3.10. Thermodynamic properties  

 

The thermodynamic quantities such as the enthalpy 

(H), heat capacity at constant volume (Cv) due to 

vibrational motion and entropy (S) for 2DBTP 

molecule were calculated at B3LYP/6-311++G(d,p) 

basis set at the temperature of 298.15K, and at the 

pressure of 1 atmosphere. The structure dependent 

thermodynamic properties of the molecule are given 

in table 10. The thermal energy (Etherm) was 

calculated as the sum of the thermal energy 

corrections for molecular translation (Etrans), rotation 

(Erot) and vibration (Evib) at 298.15 K. The total 

electronic energy gives the total energy of the 

molecular system relative to separate nuclei and 

electrons. The zero-point vibrational energy (ZPVE) 

is attributed from the vibrational motion of the 

molecular systems at 0K and is the sum of the 

contributions from all the vibrational modes of the 

molecular system. The computed minimum total 

energy -1813.2694 a.u, zero point vibrational energy 

117.39168 kcal/mol and total thermal energy 

128.111 kcal/mol are calculated. The calculated 

vibrational energies contribute 126.333 kcal/mol to 

thermal energy, 58.118 cal/mol×K to specific heat 

and 61.378 cal/mol×K to entropy. 

  

Table 10: Thermodynamic properties of 2DBTP   

Zero-Point Vibrational Energy 117.39168 (kcal/mol) 

Rotational Constants (GHz) A(0.54822), B(0.15006), C(0.13320) 

E(RB+HF-LYP) = -1813.2694 a.u 

Molecular mass = 316.998 amu 

 E (Thermal) kcal/mol Cv (Specific heat) cal/mol×K S (Entropy) cal/mol×K 

Total Energy 128.111 64.079 139.182 

Translational 0.889 2.981 43.157 

Rotational 0.889 2.981 34.638 

Vibrational 126.333 58.118 61.387 

 

3.11. Molecular docking  

The docking studies reported in the present study are 

performed using Glide program[46,47] version 6.3, 

Schrodinger software. Molecular docking study is 

performed on topoisomerase DNA enzymes to find 

the binding and interaction properties of synthesized 

compound. The 3D crystallographic structure of 

topoisomerase was downloaded from Protein Data 

Bank (PDB ID: 2XCT). The protein complex was 

prepared by Protein Preparation Wizard in Maestro 

of Schrodinger software. The synthesized compound 

exhibits Glide score, Glide energy and Emodel value 

as -2.713, -31.467 and -43.422 kcal/mol are in line 

with the Glide score, Glide energy and Emodel value 

for the standard drug Norfloxacin as -7.29, -54.230 

and -83.073 kcal/mol. This shows that the present 

compound possesses anti-bacterial activity. The 

protein ligand interactions are shown in figure 10.
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Figure 10: 2D and 3D interactions of 2DBTP 

 

4. CONCLUSION 

 

The title molecule was synthesized and 

characterized by spectral analysis such as FT-IR, 

FT-Raman NMR and UV-Vis. A complete 

vibrational analysis was carried out for the first time 

on 2DBTP molecule. The bond parameters were 

calculated. The Cl11‒C2 was shortened due to the 

steric effect. The NBO results reflect the charge 

transfer occurred within the molecule and the 

maximum energy transfer took place from n-π* 

bonding orbital of chlorine atom to anti-bonding 

orbital of C1-C2. Lone pair Cl11 transferred more 

energy 67.36 kJ/mol to C1‒C2 anti-bonding orbitals 

compared with Cl10: 59.87 kJ/mol was due to the 

effect of inter-atomic force between Cl11‒C2. The β0 

value of 2DBTP is 16.26 times larger than urea, 

hence the molecule had good NLO property. The 

recorded UV-Vis spectral value agreed well with 

calculated value in DMSO solvent. The λmax 267.5 

nm was assigned to π-π* type. MEP gives the visual 

representation of the chemically active sites and 

comparative reactivity of atoms. The region around 

C15 atom possessed the most negative potential. 

Mulliken population analysis revealed that the most 

positive and most negative mulliken atomic charges 

at C16 (1.228 a.u)/C15 (-1.793 a.u) were due to the 

inductive effect of CF3 group and electronegative 

N11 atom. The synthesized 2DBTP ligand exhibited 

excellent ligand-protein interactions with the amino 

acids. The obtained docking results revealed that the 

titled compound possessed anti-bacterial activity.   
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Table 2: The experimental and calculated frequencies of 2DBTP using DFT/6-311++G(d,p) level of basis set [harmonic frequencies (cm-1), IR, Raman 

intensities (Km/mol)], reduced masses (amu) and force constants (mdynÅ-1) 

Mode 

No 

Calculated 

Frequencies (cm-1) 

Observed 

Frequencies (cm-1) IR 

Intensityb 

Raman 

Intensityc 

Reduced 

Mass 

Force 

Constant 
Vibrational Assignments 10%(TED)d 

Un 

scaled 
Scaleda FT-IR 

FT 

Raman 

1 3211 3085 3117(vw)  4.24 99.67 1.09 6.64 νC18H22(96) 

2 3207 3081 3077(vw) 3085(w) 2.29 107.47 1.10 6.64 νC5H8(99) 

3 3193 3068   9.19 85.04 1.10 6.58 νC21H24(99) 

4 3192 3067   6.01 52.31 1.09 6.55 νC6H9(99) 

5 3185 3060   5.49 34.50 1.09 6.52 νC17H20(99) 

6 3173 3049   2.84 19.00 1.09 6.45 νC4H7(98) 

7 3170 3046 3002(vw)  4.15 29.13 1.09 6.44 νC19H23(96) 

8 2998 2880 2851(vw)  33.07 23.67 1.09 5.75 νC12H14(100) 

9 1700 1633 1621(m) 1620(s) 198.08 3886.1 8.60 14.63 νN13C12(76) 

10 1635 1571 1580(m) 1578(vs) 58.43 1274.9 5.83 9.19 νC17C19(30) + νC18C21(50) 

11 1616 1553 1556(w) 1557(w) 10.91 1214.7 5.80 8.93 νC1C2(46) + νC3C4(30) 

12 1611 1548   40.09 793.29 6.10 9.33 νC18C21(15) + νC15C16(19) 

13 1591 1529   6.63 824.97 5.82 8.67 νC5C6(45) + νC3C4(21) 

14 1516 1457 1449(m) 1449(w) 48.27 332.07 2.64 3.57 βH20C17C15(24) + βH22C18C21(23) 

15 1480 1422   39.59 25.63 2.37 3.06 βC15C16C18(11) + βH23C19C21(27) + βH24C21C19(21) 

16 1475 1417 1417(s) 1417(vw) 2.81 557.97 2.21 2.83 βH7C4C3(21) + βH8C5C6(23) 

17 1453 1396   24.64 112.58 1.94 2.41 βH9C6C5(22) + βH14C12N13(30) 

18 1410 1355 1358(m) 1358(vw) 55.48 15.19 1.86 2.18 βH14C12N13(75) 

19 1332 1280 1315(vs)  1.72 60.80 4.51 4.72 νC19C21(30) + νC15C16(36) 

20 1322 1270   160.54 19.09 2.62 2.70 βC15C16C18(12) + νC16C25(24) + βH22C18C21(24) 

21 1313 1262 1266(m) 1266(m) 16.33 454.31 6.90 7.01 νC4C5(32) + νC1C2(31) 

22 1278 1228   127.66 343.15 2.74 2.64 νC16C25(17) + βH20C17C15(39) 

23 1265 1215 1210(w) 1209(w) 5.43 32.51 2.69 2.54 νN13C15(44) 

24 1226 1178 1178(vw) 1180(w) 20.26 734.73 1.73 1.53 νN13C15(14) + βH7C4C3(27) + βH9C6C5(16) 

25 1203 1156 1150(vw) 1153(w) 118.37 1322.1 2.09 1.78 νC3C12(26) + βH9C6C5(62) 

26 1188 1141   7.92 74.01 1.12 0.93 νC19C21(11) + βH20C17C15(10) + βH23C19C21(29) + 
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βH24C21C19(31) 

27 1175 1129 1128(vw)  37.46 191.54 1.68 1.37 βH8C5C6(38) + βC2C1C6(15) 

28 1155 1110 1108(w)  38.21 351.77 2.15 1.69 νC18C21(16) + νF28C25(17) + βH23C19C21(11) 

29 1129 1085   10.29 205.59 2.34 1.76 νC5C6(17) + βH7C4C3(11) + βH9C6C5(14) 

30 1120 1076   224.03 5.50 8.25 6.10 νF27C25(53) + νF26C25(14) 

31 1111 1067 1051(w) 1049(vw) 151.74 11.71 4.15 3.01 νF26C25(41) + νF28C25(25) 

32 1072 1030 1037(m)  48.11 175.07 5.94 4.03 νC4C5(20) + βC1C2C3(13) + νCl11C2(12) + βC2C1C6(10) 

33 1069 1027   57.01 215.40 2.57 1.73 νC19C21(19) + νF28C25(14) + βH22C18C21(10) 

34 1047 1006 986(vw)  88.99 122.16 7.29 4.71 νC19C21(14) + βC17C19C21(25) + βC18C21C19(20) 

35 1003 964 963(vw) 963(vvw) 7.43 410.45 1.55 0.92 ГC12C3N13H14(64) 

36 998 959   1.77 124.29 1.35 0.79 τH20C17C19H23(17) + τH23C19C21H24(44) 

37 986 947 949(vw)  0.39 65.37 1.34 0.77 ГC4C3C5H7(11) + τH8C5C6H9(75) 

38 970 932   4.34 22.58 1.39 0.77 τH20C17C19H23(36) + ГC18C16C21H22(45) 

39 943 906   5.43 462.03 5.19 2.72 νC3C12(15) + νCl10C1(12) + βC3C12N13(21) + βC2C1C6(19) 

40 920 884 899(w) 898(vw) 0.38 7.17 1.37 0.68 ГC4C3C5H7(52) + τH9C6C1C2(33) 

41 883 848 853(m)  0.43 20.94 1.53 0.70 τH20C17C19H23(31) + ГC18C16C21H22(22) + τH23C19C21H24(25) 

42 859 825   30.98 54.99 6.22 2.71 
νN13C15(14) + βC17C19C21(14) + βC18C21C19(30) + 

βC16C18C21(10) 

43 795 764  771(vw) 40.69 1.80 1.60 0.59 ГC4C3C5H7(18) + τH9C6C1C2(29) + τC1C6C2C3(19) 

44 783 752 759(m)  23.42 25.02 2.58 0.93 τC15C17C21C19(10) + ГN13C15C17C16(16) 

45 770 740 740(m)  49.91 73.11 1.57 0.55 ГC19C17C21H23(56) + τC17C19C18C21(10) + τC18C16C21C19(12) 

46 761 731   6.34 70.11 6.21 2.12 νF27C25(14) + βC17C19C21(35) 

47 753 723   17.79 24.46 7.54 2.52 νCl11C2(14) + νCl10C1(13) + βC4C5C6(49) 

48 718 690 700(s)  13.76 16.33 3.35 1.02 
τH9C6C1C2(16) + τC1C6C4C5(11) + τC3C2C4C5(37) + 

ГCl11C1C3C2(17) 

49 686 659 645(m)  22.58 29.28 6.69 1.85 βC1C6C5(10) + βC3C12N13(41) 

50 655 629   8.01 33.36 7.24 1.83 βC16C18C21(32) 

51 
600 576 595(w)  1.66 95.35 5.34 1.13 

νF27C25(10) + τC15C17C21C19(21) + ГC25C16F27F28(17) + 

τC21C18C16C25(11) 

52 596 573   0.93 34.89 7.04 1.48 βC15C17C19(14) + ГC25C16F27F28(28) 

53 579 556 562(s)  4.77 55.87 5.73 1.13 βC15C17C19(34) 

54 563 541   8.94 25.88 5.98 1.12 βC15C17C19(14) 

55 554 532   1.48 31.19 6.66 1.21 ГF27C16F26C25(37) 
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56 523 502 511(vw)  0.33 3.02 4.08 0.66 
τC1C6C4C5(35) + τC3C2C4C5(14) + ГCl10C2C6C1(13) + 

ГCl11C1C3C2(28) 

57 510 490   7.97 62.05 6.31 0.97 βF27C25F28(39) 

58 482 463 459(m) 462(vw) 6.85 218.16 8.02 1.10 νCl11C2(40) + βF27C25F28(39) 

59 472 453   0.28 126.69 6.12 0.80 βC17C15N13(22) + βF26C25F28(41) 

60 435 418   5.08 41.31 5.80 0.65 βC1C2Cl11(18) + βC2C1Cl10(23) 

61 412 396   0.54 59.13 10.63 1.06 νCl10C1(27) + βC2C1C6(13) + βF26C25F27(10) 

62 364 350  350(vvw) 0.56 39.97 6.56 0.51 βF26C25F27(16) + τC15C17C21C19(12) 

63 347 333   0.45 54.35 7.20 0.51 βF26C25F27(10) + βF26C25F28(11) + ГF27C16F26C25(32) 

64 330 317   3.17 82.61 9.94 0.64 βC15C16C18(13) + νC16C25(27) + βF27C25F28(10) 

65 300 288   1.99 19.24 6.32 0.33 τC17C19C18C21(52) 

66 269 258   6.09 121.36 5.68 0.24 
βC17C15N13(10) + ГF27C16F26C25(11) + ГCl11C1C3C2(13) + 

τC1C2C3C12(15) 

67 237 228   2.19 214.21 4.55 0.15 
τC2C3C12N13(11) + τC1C6C4C5(14) + τC3C2C4C5(14) + 

ГCl10C2C6C1(21) 

68 229 220  224(vw) 1.04 162.18 7.45 0.23 τC17C19C18C21(13) + ГCl10C2C6C1(16) + ГCl11C1C3C2(10) 

69 224 215   0.06 80.79 27.49 0.82 βC1C2Cl11(43) + βC2C1Cl10(44) 

70 185 178   1.63 89.19 7.05 0.14 βC12N13C15(10) + βC18C16C25(39) 

71 149 143   0.24 54.67 7.93 0.10 βC2C3C12(14) + τC21C18C16C25(35) 

72 133 128   1.16 725.13 4.72 0.05 τC1C6C2C3(35) + τC12N13C15C17(18) 

73 113 109  100(vw) 0.31 219.92 5.18 0.04 τC17C19C18C21(15) + τC21C18C16C25(44) 

74 68 65  66(w) 1.26 741.22 9.22 0.03 τC1C6C2C3(12) + τC12N13C15C17(28) 

75 55 53   0.20 298.10 9.81 0.02 βC3C12N13(13) + βC12N13C15(17) + τC18C16C25F26(28) 

76 40 38   0.22 185.26 15.26 0.01 βC12N13C15(12) + τC18C16C25F26(52) 

77 32 31   0.32 289.12 11.83 0.01 τC3C12N13C15(37) + τC1C2C3C12(34) 

78 13 12   0.19 3430.3 9.61 0.00 τC2C3C12N13(65) + τC12N13C15C17(22) 

ν: Stretching, β: in-plane-bending, Г: out-of-plane bending, τ: Torsion, vw: very weak, vvw: very very weak, w: weak, s: strong, vs: very strong, 

aScaling factor: 0.9608 (Random et al., 1970 and Pople et al., 1993).[17,18]  bIR absorption intensities. cRaman intensities. dTotal energy distribution calculated 

at B3LYP/6-311++G(d,p) level. dTotal energy distribution calculated at DFT/B3LYP/6-311++G(d,p)level
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ABSTRACT 

In the present work, three phenol derivatives Schiff and Mannich Bases were prepared and characterized using 
analytical and spectral methods such as FT-IR, 1H-NMR, 13C-NMR and Mass Spectral Studies. The molecular structure, 
vibrational frequencies and intensity vibrational bands were analyzed for Schiff base derived by treating 2-ethoxy-4-
(((2-(trifluoromethyl)phenyl)imino)methyl)phenol and interpreted with the help of Density Functional Theory (DFT) 
method with basis set 6-311++G(d,p). Further all the compounds are screened for Anti-microbial activity by disc diffusion 
method. Synthesized compounds such as (1-phenyl-ethyl)-amine(MA1), (3-trifluoromethyl phenyl)-amine (MA2) and 4-
nitro-2-(trifluoromethyl) aniline(MA3) compounds found to have antibacterial and antifungal activity 
Key words: Mannich Bases- Imines-azomethine compounds-DFT  
 
Received 04.12.2020                                                   Revised 03.01.2021                         Accepted 19.01.2021 
 
INTRODUCTION 
A reaction in which two molecules combine to form a single molecule is called condensation reaction. 
Usually a small molecule water is removed in this reaction [1]. Formation of peptide bond during the 
combination amino acid is because of condensation reaction, a covalent bond forms between the amine 
nitrogen of one amino acid and the carboxyl carbon of the second amino acid. Condensation reaction 
proceeds in a step-wise fashion to produce the addition product. It is a versatile class of reactions that can 
occur in acidic or basic conditions or in the presence of a catalyst. There are several type of condensation 
reactions exist, viz., aldol condensation, Claisen condensation, Knoevenagel condensation, Dieckman 
condensation (intramolecularClaisen condensation), Schiff Condensation and Mannich Condensation [2]. 
Of these several condensation reaction studied, the products of Schiff and Mannich reactions gained much 
attention among the researchers in the fields like Organic, Organometallic and Pharmaceutical chemistry 
due to their wide biological applications. The present research work focused on synthesis of organic 
compounds via. Schiff and Mannich reactions. Hence, it is essential to highlight the importance of Schiff 
and Mannich Bases. German chemist, Hugo Schiff in 1864 produced Schiff bases by reacting primary 
amines and carbonyl compounds [3-5]. Schiff base is also known as imine or azomethine group. Schiff 
bases are active against a wide range of organisms since they play an important role in living organisms, 
such as decarboxylation, transamination and C-C bond cleavage. Biological Properties Azomethine group 
of these compounds has a great attention as precursor in huge organic synthesis due to their biological 
applications such as, anticancer, CNS depressant, antibacterial, anti-inflammatory [6-8], anticonvulsant, 
anti-tumor, analgesic [9-11], anti- hypertensive activity, anti HIV activity, antimicrobial activity[12,13], 
anticovelcent [14], anti-tubercular [15], anti-cancer [16], anti-oxidant [17], plant growth inhibitors, and 
insecticidal properties. Schiff base ligands are essential in the field of coordination chemistry, especially 
in the development of complexes of Schiff bases because these compounds are potentially capable of 
forming stable complexes with metal ions. Metal-imine complexes have been widely investigated due to 
antitumor and herbicidal use. They can work as models for biologically important species. Ligands and 
complexes that include sulfur and nitrogen have wide applications for the synthesis of drugs. Drug 
resistances properties of Schiff base against antibacterial agents may be enhanced by the preparation of 
metal complexes, using a process of chelation with the coordination of transition metal ions. Schiff bases 

http://www.bepls.com
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have N atoms as their basic elements. Schiff base derivatives containing donor atom can act as good 
chelating agents for the transition of metal ions [18]. 
Photo- and thermochromic properties of Schiff bases find used in the following modern technolgies: 
optical computers, to measure and control the intensity of the radiation, in imaging systems, in the 
molecular memory storage, as organic materials in reversible optical memories and photodetectors in 
biological systems [19, 20]. Photochromic properties of Schiff compounds make them as photo stabilizers, 
dyes for solar collectors, solar filters. They are also exerted in optical sound recording technology [19]. 
Among others, worthy of interest in the properties associated with Schiff rules include: properties of 
liquid crystal [20], chelating ability [21], thermal stability [22], optical nonlinearity [23] and the ability to 
create the structure of a new type of molecular conductors using electrical properties to proton transfer 
[24]. Because of its thermal stability Schiff bases can be used as stationery phase in gas chromatography. 
The optical nonlinearity of these compounds allows us to use them as electronic materials, opto-
electronic (in optical switches) and photonic components [25]. Imine derivatives can be exerted to obtain 
conductive polymers. Schiff bases as an electrical conductor possess a variety range of uses: as catalysts 
in photo electrochemical processes, electrode materials and micro-electronic equipment, organic 
batteries or electrochromic display device (graphical output devices).Due to the presence of the imine 
group, the electron cloud of the aromatic ring and electronegative nitrogen, oxygen and sulfur atoms in 
the Schiff bases molecules [26], these compounds effectively prevent corrosion of mild steel, copper, 
aluminium and zinc in acidic medium.Carl Mannich developed a product by reacting formaldehyde and a 
primary or secondary amine or ammonia and a compound containing acidic proton, the final product 
formed is a β-amino-carbonyl compound also known as a Mannich base [27, 28]. The Mannich reaction is 
an example of nucleophilic addition of an amine to a carbonyl group followed by dehydration to the Schiff 
base. The Mannich-Reaction is employed in the organic synthesis of natural compounds such as peptides, 
nucleotides, antibiotics, and alkaloids (e.g. tropinone). Mannich compounds are used to possess potent 
activity like anti-inflamatory, anticancer, antibacterial, antifungal and antimicrobial activities [29]. 
 
MATERIAL AND METHODS 
Synthesis of azomethine compounds via Schiff reaction (MA1-MA3) 
Melting points were measured in an open capillary on Mel-Temp apparatus and are uncorrected. IR 
spectra were recorded on Perkin Elmer spectrometer using KBr pellets.1H and 13C NMR spectra were 
recorded on a Bruker AM-400 spectrometer for solution in DMSO-d6 with tetramethylsilane (TMS) as an 
internal standard. All the chemical shifts values were recorded as δ ppm. Mass spectra were recorded by 
EI method and HRMS was measured on a JEOL GC mate II mass spectrometer. Commercially obtained 
reagents were used without further purification. All reactions were monitored by TLC with silica gel-G 
coated plates. 
Synthesis of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine (MA1) 
To the ethanolic solution of 1-phenylethanamine (12.8 mL, 0.1 M), 2,3-dichlorobenzaldehyde (17.5 g, 0.1 
M) was added and refluxed for 6 h. The mixture was poured into a beaker contain crushed ice. The solid 
separated out was washed, filtered and dried over vacuum and recrystallized using ethanol. (Colour: 
Deep Brown solid; M.P: 171 0C) 

 
Scheme:1 - Synthesis of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine (MA1) 

Synthesis of (4-Isopropyl-benzylidene)-(3-trifluoromethyl phenyl)-amine (MA2) 
To the ethanolic solution of 4-isopropyl benzaldehyde (14.8 mL, 0.1 M), 3-amino benzotrifluoride. (16.0 
mL, 0.1 M) was added. The reaction mixture was taken in a RB flask and kept over a magnetic stirrer and 
stirred for 6 h. The solid separated out was washed, filtered, and dried over vacuum and recrystallized 
using absolute ethanol. (Colour: Colourless solid; M.P: 180 0C) 
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Scheme: 2- Synthesis of (4-Isopropyl-benzylidene)-(3-trifluoromethyl phenyl)-amine (MA2) 

 
Synthesis of N-(4-isopropylbenzylidene)-4-nitro-2-(trifluoromethyl) aniline (MA3) 
To the ethanolic solution of 2-amino-5-nitrobenzenetrifluride (20.4 g, 0.1 M), 4-isopropylbenzaldehyde 
(15.0 mL, 0.1M) was added. The reaction mixture was taken in a RB flask and kept over a magnetic stirrer 
and stirred for 6 h. The solid separated out was washed, filtered, and dried over vacuum and 
recrystallized using absolute ethanol. (Colour: Brown solid; M.P: 106 0C) 
 

 
 

Scheme: 3- Synthesis of N-(4-isopropylbenzylidene)-4-nitro-2-(trifluoromethyl) aniline (MA3) 
Antimicrobial study 
 Antibacterial activity evaluated against E.coli and S.aureus and antifungal activity performed against 
Aspergillusniger by disc diffusion method. Known concentration of compound at 100µg/disc were 
preloaded and placed over the agar surface seeded with test pathogen. Zone of inhibition for bacteria 
recorded after 24 h and antifungal activity confirmed after 5 days.oflaxacin and cyclohexamide used as 
positive control DMSO used as negative control.Relative inhibitory zone was calculated as follows 

RIZD= Zone of Test-Zone of negative control/zone of PC X 100 
 
RESULT AND DISCUSSION 
Spectral and Antimicrobial studies of (MA1) 
The FT-IR spectrum of MA1 is presented in the Fig. 1. Aromatic C-H stretching in phenyl ring exhibits a 
band at 3068 cm-1. A strong absorption band appeared at 2964 cm-1 is due to C-H stretching. An 
absorption band at 1562 cm-1 indicates C=N stretching. A band appeared at 719 is due to C-Cl 
stretching.1H- NMR spectrum of MA1 in the Fig 2. The peaks ranges from 7.2-7.5 are due to aromatic 
protons. Presence of azomethine and methine protons revealed from the peaks exhibited at 6.9 ppm and 
5.9 ppm respectively. Methyl protons exhibited peak at 1.5 ppm. Fig. 3 represents the 13C-NMR spectrum 
of MA1. Azomethine carbon exhibits a peak at 162 ppm. Aromatic carbons show signals from 120 to 128 
ppm. A peak appeared at 72 ppm shows the presence of methine carbon. A peak obtained at 22 ppm is 
due to methyl carbon. Mass spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine (MA1) is 
shown in the Fig 4. Exact mass of MA1 has been confirmed by its m/z appeared at 277.04. 
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Fig. 1. FTIR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine (MA1) 

 

.  
Fig. 2.1H-NMR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine (MA1) 

 

 
Fig. 3.13C-NMR spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine (MA1) 
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Fig. 4. Mass spectrum of (2, 3-Dichloro-benzylidene)-(1-phenyl-ethyl)-amine (MA1) 

 
Spectral and Antimicrobial studies of (MA2) 
The FT-IR spectrum of MA2 is presented in the Fig. 5. Aromatic C-H stretching in phenyl ring exhibits a 
band at 2965 cm-1. A strong absorption band appeared at 2876 cm-1 is due to C-H stretching. An 
absorption band at 1631 cm-1 indicates C=N stretching. A band appeared at 660 is due to C-F stretching. 
1H-NMR spectrum of MA2 has been given in the Fig. 6. A peak at 8.5 ppm indicates the azomethine 
proton. The signals ranges from 6.9 to 7.5 ppm are assigned to aromatic protons. A peak observed at 2.5 
ppm indicates methine protons. Methyl protons are assigned by the signal obtained at 1.1 ppm. 13C-NMR 
of the compound MA2 has been presented in the Fig. 7.Azomethine carbon shows a peak at 161 ppm. The 
peaks ranging from 124-138 indicate the aromatic carbons. CF3 carbon is indicated by a peak at 122 ppm. 
Mass Spectrum of (4-Isopropyl-benzylidene)-(3-trifluoromethyl phenyl)-amine. (MA2) given in Fig. 8 
represents the mass spectrum of the compound MA2. The peak appearing at m/z 291.12 confirms the 
calculated molecular mass of the compound. The intense peak at m/z 248.12 is the base peak.  
 

 
Fig. 5. IR Spectrum of (4-Isopropyl-benzylidene)-(3-trifluoromethyl phenyl)-amine (MA2) 
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Fig. 61H-NMR Spectrumof(4-Isopropyl-benzylidene)-(3-trifluoromethylphenyl)amine (MA2) 

 

 
 

Fig.7.13C-NMR Spectrum of (4-Isopropyl-benzylidene)-(3-trifluoromethyl phenyl)-amine. (MA2) 
 

 
Fig.8  Mass Spectrum of (4-Isopropyl-benzylidene)-(3-trifluoromethyl phenyl)-amine. (MA2) 

 
Spectral and Antimicrobial studies of (MA3) 
FT-IR spectrum of MA3 is shown in the Fig. 9. The band appears at 3314 cm-1 is due to NH stretching. 
Aromatic C-H and C=C stretching frequencies are indicated by the bands at 2988 and 1492 cm-1 
respectively. Carbonyl stretching frequency of ester is noticed by a band at 1697 cm-1, 1H-NMR spectrum 
of N-(4-isopropylbenzylidene)-4-nitro-2-(trifluoromethyl)aniline(MA3) given in the Fig. 10. A peak at 8.5 
ppm indicates the azomethine proton. The signals ranges from 6.9 to 7.5 ppm are assigned to aromatic 
protons. A peak observed at 2.5 ppm indicates methine protons. Methyl protons are assigned by the 
signal obtained at 1.2 ppm.13C-NMR of the compound MA3 is presented in the Fig. 11. Azomethine carbon 
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shows a peak at 162 ppm. The signal appeared at 146 ppm is due to nitro group carbon bonded in 
aromatic ring. The peaks ranging from 122-135 indicate the aromatic carbons. CF3 carbon is indicated by 
a peak at 121 ppm.Fig. 12represents the mass spectrum of the compound MA3. The molecular ion peak 
appearing at m/z 336.31 confirms the calculated molecular mass of the compound. The peak appearing 
with high intensity at m/z 293.11 is the base peak.  
 

 
Fig. 9. IR spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-(trifluoromethyl)aniline (MA3) 

 
 

 
Fig. 10.1H-NMR spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-(trifluoromethyl)aniline(MA3) 
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Fig. 11.13C-spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-(trifluoromethyl)aniline (MA3) 

 

 
Fig. 12. Mass spectrum of N-(4-isopropylbenzylidene)-4-nitro-2-(trifluoromethyl)aniline 

 
Antibacterial effect  
Zone of inhibition of the compound MA1 –MA3 is given in the Table 1  reveals that the compound exhibits 
very less activity against E.coli. It shows moderate activity against A. niger. Potency of the compound is 
found to be high against S. aureus. All the three  compound is found to be potent against gram positive 
bacteria and less active against gram negative bacteria and moderate against fungi strain when compared 
to the standard drug employed. All the test pathogens were highly sensitive to MA3 than MA1 and MA2. 
The compound MA2 possesses very high activity against S. aureus, less activity against E.coli and 
considerable activity against the fungi strain, A. niger when compared to the positive standard. In general 
the compound exhibit moderate activity against fungi pathogen and potent against gram positive bacteria. 
Fig. 13represent the results of the antimicrobial evaluation of the compound MA1 to MA3 Compared with 
standard. MA1 found 76% RIZD against fungi but moderate against bacterial pathogen. Similarly MA2 
found better against Staphylococcus and It shows 50 %  RIZD against E.coli and A.niger. the another 
derivative  MA3 is found to posses greater activity than standard against S. aureus and E. colibut moderate 
activity against A. niger. The compound is more active against bacterial stain than the fungi when 
compared to the positive standard.Many investigators have observed the importance of azomethines for 
their antibacterial and antifungal [30] 

 
Table 1.Zone of inhibition mm in diameter 

TEST 
PATHOGEN 

MA1 MA2 MA3 STANDARD NC 

S. aureus 20 19 30 20 2 
E. coli 18 16 30 24 3 
A. niger 25 18 20 30 3 
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Figure . Relative inhibitory zone of diameter 

 
CONCLUSION 
Biologically potent compounds having more Nitrogen in their structure wereeffected through 
condensation Schiff and Mannich base reactions.FT-IR, 1H-NMR, 13C-NMR and Mass Spectral data of all 
the compounds corroborated with the structure proposed in the scheme concerned. The results of the 
antimicrobial studies reveal that, the compounds have found to possess highest activity at 100 µg for all 
the selected microorganism.  
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