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Abstract 

Two chalcones (4a, 4b) and nine schiff bases (4c – 4k) of 7-hydroxy-3-formyl chromen-4-one 

have been synthesized. All the synthesized compounds 1–18 were screened for their hMAO 

inhibitory activity using recombinant human MAO isoforms. hMAO inhibitory activity was 

determined by measuring the production of H2O2 from p-tyramine, the common substrate for 

both hMAO-A and hMAO-B, using the Amplex1-RedMAO assay kit. The compounds and 

reference inhibitors did not react directly with the Amplex1-Red reagent indicating that they do 

not interfere with the measurements. The compounds were also confirmed, as they did not 

interact with resorufin by treating the maximum concentration of compounds with various 

concentrations of resorufin in order to detect if the fluorescence signal is the same with or 

without our compounds in the medium. No significant quenching of resorufin was observed. 
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1. INTRODUCTION 

Oxygen containing heterocycles are abundantly found in nature1. Flavone, isoflavones, 

flavanones, catechins, anthocyanins are some phytoconstituents collectively grouped as 

flavonoids and isoflavonoids. Chemically they are categorized as chromenes, chromenones, 

dihydrofurobenzofurans, chromanochromanones, benzofurochromans, xanthones and 

amphipyrones. Chromenones are naturally occurring compounds possessing diverse biological 

and pharmacological activities. Many synthetic analogues of chromenones have been evaluated 

for their anticancer2-4, anticonvulsant5, angioprotective, antiallergic, antihistaminic6, 

antimicrobial7, antioxidant8, anti-HIV9. 

Due to emergence of multi-drug-resistant strains of microbes10 like methicillin resistant 

staphylococcus aureous (MRSA), vancomycin resistant enterococci (VRE), multidrug resistant 

mycobacterium tuberculosis (MRD-TB) and penicillinase producing neisseria gonorrhoeae 



 

 

(PPNG), microbial diseases have become more complex to tackle. Many synthetic and semi-

synthetic antimicrobial drugs have been discovered and used in clinical practice. In spite of 

significant developments in antimicrobial therapy, the problem of drug resistance, spectrum of 

activity, potency, safety and toxicity remain unresolved. Many quinolones and fluoroquinolones 

like Norfloxacin, Lomefloxacin, Enoxacin, Ofloxacin, Ciprofloxacin, Levofloxacin, 

Sparfloxacin, Gatifloxacin, Moxifloxacin, Garenoxacin and Moxifloxacin are used in clinical 

practice. Structurally 4-quinolones and 4Hchromen-4-ones are very similar in many respects. 

Calchones11 and schiff’s bases12 of heterocyclic compounds are also versatile molecules 

possessing antimicrobial activity. Based on above impetus we attempted the synthesis of 

chalcones and schiff bases of 4H-chromen-4-ones (benzopyran-4-ones). 7- Hydroxy-3-formyl 

chromen-4-one was synthesized from 2,4-dihyroxy acetophenone by reported method13. 

Two calchones with various aromatic ketones (4a, 4b) were synthesized by claisen-schmidt 

condensation of 7-hydroxy-3-formyl chromen-4-one with substituted acetophenones by base 

catalyzed reaction followed by dehydration and nine schiff bases (4c-4k) were prepared. All the 

synthesized chalcones and Schiff bases were evaluated for their antimicrobial activity against 

two Gm+ organisms (Staphylococcus aureus, Bacillus subtilis) and two Gm-ve organisms 

(Escherichia coli, Pseudomonas aeruginosa).  

 

2. MATERIAL AND METHODS 

2.1 Experimental 

The following strategies have been used to find potent monoamine oxidase-B inhibitors. 

❖ QSAR studies of some reported monoamine oxidase-B inhibitors by using pharmacophore 

model. 

❖ Synthesis and biological evaluation of some (Z)-3-ethylidene-5,7-dimethylthiochroman-4-one 

and (Z)-2-ethylidene-4,6-dimethylbenzofuran-3(2H)-one derivatives. 

I. Design and Docking studies of newly designed molecules 

II. Synthesis of (Z)-3-ethylidene-5,7-dimethylthiochroman-4-one and (Z)-2-ethylidene-

4,6-dimethylbenzofuran-3(2H)-one derivatives. 

III. In vitro evaluation of monoamine oxidase-B  inhibitory activity. 

IV. In vivo biological evaluation. 

❖ ADME studies of newly synthesized molecules 



 

 

QSAR studies of some reported monoamine oxidase-B inhibitors by using pharmacophore 

model 

2.2 The work station 

Workstations are systems in which a computer with a full operating system and mass storage 

facility is integrated with graphical display. All the computational studies were performed on hp 

PC running on Pentium-D processor. 

2.3 Software 

2.3.1 Schrodinger (maestro 9): Schrodinger (maestro 9) is CADD software highly useful for 

pharmaceutical, life science and chemistry research focused in drug discovery. 

 

Schrodinger product profile 

• Ligand Preparation - Ligprep 

• Protein Preparation 

• ADME Screening - Qikprop 

• Docking Methods 

• Flexible Ligand Docking - Glide 

• Combinatorial Docking - Combiglide 

• Induced fit docking (Protein Flexibility) - IFD 

• Quantum polarised ligand docking - QPLD 

• QM/MM Docking (Metallo proteins) 

• High throughput Virtual Screening 

• Denovo, fragment based docking 

• Ligand Binding Affinity prediction - Liaison 

• Free energy calculation- MCPro+ 

• Pharmacophore Hypothesis generation, 3D QSAR and Database search- Phase 

• PKa Prediction 

• Epik - Hammat Taft method 

• Jaguar PKa- ab initio method 

• 2D QSAR- Strike 

• Molecular modeling - Macromodel 

• Binding site prediction - Sitemap 



 

 

• Quantum Mechanics - Jaguar, Qsite 

• Protein Modeling - Prime 

• Protein crystal structure refinement - PrimeX 

• Maestro GUI, Builder. 

 

The present work was performed on phase module, which is a versatile product
[23]

 for 

pharmacophore perception, structure alignment, activity prediction, and 3D database searching. 

Given a set of molecules with high affinity for a particular protein target, Phase uses fine-grained 

conformational sampling and a range of scoring techniques to identify common pharmacophore 

hypotheses, which convey characteristics of 3Dchemical structures that are purported to be 

critical for binding. Each hypothesis is accompanied by a set of aligned conformations that 

suggest the relative manner in which the molecules are likely to bind. 

Phase consists of the following four workflows: 

• Building a pharmacophore model (and an optional QSAR models) from a set of ligands. 

• Building a pharmacophore hypothesis from a single ligand (and editing it). 

• Preparing a 3D database that includes pharmacophore information. 

• Searching the database for matches to a pharmacophore hypothesis. 

2.4 QSAR Study 

2.4.1. Selection of data set 

Nicoletta Desideri et al developed the series (E)-3-Heteroarylidenechroman-4-ones as 

potent and selective monoamine oxidase-B inhibitors. The series consist of total 18 numbers of 

compounds with well defined monoamine oxidase-B inhibitory activity. The IC5o values were 

chosen for generating common pharmacophore hypotheses and 3D-QSAR study. The 

compounds of series with their inhibition data are detailed in table below. 

 

Table 1. The compounds of series with their inhibition data 

 

Comp. Name 

 

R R
1
 Ar hMAO-B 

(IC50) 



 

 

1A H H 

 

18.33 

 

1B H H 

 

.24 

1C Cl Cl 

 

.01 

1D H OCH3 

 

10.40 

1E H H 

 

2.94 

1F H H 

 

12.44 

1G H H 

 

8.23 

1H H H 

 

2.39 

1I H H 

 

.21 

1J Cl Cl 

 

10.51 

1K H H 

 

.18 

1L H H 

 

13.76 

1M H H 

 

20.20 



 

 

1N Cl Cl 

 

10.21 

1O H OCH3 

 

10.62 

1P H H 

 

3.77 

1R H H 

 

1.13 

1Q H H 

 

1.73 

 

Table 1 : 

2.4.2 Ligand preparation for pharmacophore model development 

Developing a pharmacophore model requires all-atom 3D structures that are realistic 

representations of the experimental molecular structure. The 3D structures of compounds in 

the series were sketched using maestro and the sketched structures were energy 

minimizes/cleaned up in same software in phase for the following actions: 

• Convert structures from 2D to 3D. 

• Add hydrogen atoms to ensure that the structure is an all-atom structure. 

• Remove counter ions and water molecules. 

• Add or remove protons to produce the most probable ionization state at the target pH. 

• Generate Stereoisomers. 

• Remove noncompliant structures. 

• Perform an energy minimization. 

2.4.3 Generation of the conformers 

Conformers for all ligands were generated in generate conformer option by keeping the: 

• No. of steps per rotatable bond-100 

• Pre process minimization steps-100 

• Post process minimization steps-50 

• Force field-OPLS-2005 

• Maximum relative energy defference-10 Kcal/mol 



 

 

• RMSD-Cutoff-1A° 

2.4.4 Defining the ligand set for model development 

In this option the sketched ligands were assigned active and inactive in activity threshold after 

converting the IC50 values in -Log10IC50. 

2.4.5 Pharmacophore sites creation 

This step was performed in the Create Sites step of the ‘Develop Pharmacophore Model’panel. 

The following sites were created for the pharmacophore: 

• Hydrogen bond acceptor (A) 

• Hydrogen bond donor (D) 

• Hydrophobic group (H) 

• Negatively charged group (N) 

• Positively charged group (P) 

• Aromatic ring (R) 

2.4.6 Finding common pharmacophores  

This step was performed in the ‘Find Common Pharmacophores’ option by keeping maximum 

and minimum number of sites-5 and specifying the number of actives to match in the ‘Must 

match’ section and selecting variants from the Variant list in the dialogue box. 

Pharmacophores from all conformations of the ligands in the active set were examined, and 

those pharmacophores that contain identical sets of features with very similar spatial 

arrangements were grouped together by the PHASE. Common pharmacophore hypotheses 

were identified using conformational analysis and a tree- based partitioning technique. The 

resulting pharmacophores were then scored and ranked. Pharmacophores with high-ranking 

scores were validated by a partial least square (PLS) regression-based. 

2.4.7 Scoring the hypotheses 

In the ‘Score Hypotheses’ step, common pharmacophores were examined, and a scoring 

procedure was applied to identify the pharmacophore from the best alignment of the chosen 

actives and provided a ranking of the different hypotheses for the next step. 

2.5 QSAR Model development 

For build up a 3D-QSAR model a best hypothesis was selected and model was build up in 

following steps: 

■ Displayed the ligands in the Alignments table. 



 

 

■ Selected the training set and the test set by applying 50% as random training set. 

■ Set parameters in the Build QSAR Model - Options dialog box. 

Determination of hMAO-A and -B activities  

The activities of hMAO-A and hMAO-B were determined using p-tyramine as common 

substrate and calculated as 177.00-9.55 pmol/mg/min (n = 3) and 140.90 11.70 pmol/mg/min (n 

= 3), respectively. The interactions of the synthesized compounds with hMAO isoforms were 

determined by a fluorimetric method described and modified previously activity [6, 7]. The 

production of H2O2 catalyzed by MAO isoforms was detected using Amplex1- Red reagent, a 

non-fluorescent, highly sensitive, and stable probe that reacts with H2O2 in the presence of 

horseradish peroxidase to produce the fluorescent product resorufin. The reaction was started by 

adding (final concentrations) 200 mmol/L Amplex Red reagent, 1 U/mL horseradish peroxidase, 

and p-tyramine (concentration range 0.1–1 mmol/L). Control experiments were carried out by 

replacing the synthesized compound and reference inhibitors. The possible capacity 

ofcompounds to modify the fluorescence generated in the reaction mixture due to nonenzymatic 

inhibition was determined by adding these compounds to solutions containing only the Amplex 

Red reagent in a sodium phosphate buffer. 

3. RESULT AND DISCUSSION 

3.1 Results of 3d-qsar study (Pharmacophore model generation) 

The pharmacophore model was generated by the PHASE with following features: 

• Two hydrogen bond acceptors (A) 

• One aromatic ring hydrogen bond donor (D) 



 

 

 

Fig. 2: A Common Pharmacophore of the Active Ligands (three H- donor & two H-acceptor) 

For build up a 3D-QSAR model a best hypothesis -AAR.4334 was selected and model was built 

by assigning PLS factor-3 on the basis of formula… 

=No. of training set compounds/5(model containing 21 no. of training set compounds). 

Table 2: Score of different parameters of the hypothesis- AAR. 4334 

S. No. Parameters Score 

1 Survival 3.73 

2 Survival inactive 1.831 

3 Post-hoc 3.73 

4 Site 0.96 

5 Vector 1 

6 Volume 0.766 

7 Selectivity 1.691 

8 Matches 13 

9 Energy 2.879 



 

 

10 Activity 4.452 

11 Inactive 1.9 

 

Where,  

Survival 

Weighted combination of the vector, site, volume, and survival scores, and a term for the number 

of matches. 

Survival inactive  

Survival score for actives with a multiple of the survival score for inactive subtracted. 

Post-hoc 

This score is the result of rescoring, and is a weighted combination of the vector, site, 

volume, and selectivity scores. 

Site 

This score measures how closely the site points are superimposed in an alignment to the 

pharmacophore of the structures that contribute to the hypothesis, based on the RMS 

deviation of the site points of a ligand from those of the reference ligand. 

Vector alignment score  

This score measures how well the vectors for acceptors, donors, and aromatic rings are 

aligned in the structures that contribute to the hypothesis, when the structures themselves are 

aligned to the pharmacophore. 

Volume 

Measures how much the volume of the contributing structures overlap when aligned on the 

pharmacophore. The volume score is the average of the individual volume scores. 

The individual volume score is the overlap of the volume of an aligned ligand with that of 

the reference ligand, divided by the total volume occupied by the two ligands. 

Selectivity  

Estimate of the rarity of the hypothesis, based on the World Drug Index. The selectivity is 

the negative logarithm of the fraction of molecules in the Index that match the hypothesis. A 

selectivity of 2 means that 1 in 100 molecules match. High selectivity means that the 

hypothesis is more likely to be unique to the actives. 

Matches  



 

 

Number of actives that match the hypothesis. 

Energy 

Relative energy of the reference ligand in kcal/mol. This is the energy of the reference 

conformation relative to the lowest-energy conformation. 

Activity 

Activity of the reference ligand. 

Inactive 

Survival score of inactives. The scoring function is the same as for actives. The large value 

of survival score indicates the better fitness of the active ligands on the common 

pharmacophore and validates the model. 

Table 3: 3D-QSAR statistical parameters: 

S. No. SD 
R-

squared 
F P RMSE 

Q-

square

d 

Pearso

n-R 

1 0.089 0.953 108.6 7.52E-11 0.549 0.389 0.262 

2 0.075 0.978 240.1 1.64E-13 0.397 0.143 0.381 

3 0.057 0.988 422.8 1.92E-15 0.402 0.618 0.524 

4 0.046 0.992 757.8 1.90E-17 0.343 0.793 0.827 

Where- 

■ SD- Standard deviation of the regression. 

■ R-squared Value of R
2
 for the regression. 

■ F- Variance ratio. Large values of F indicate a more statistically significant regression 

■ P- Significance level of variance ratio. Smaller values indicate a greater degree of 

Confidence. 

■ RMSE- Root-mean-square error. 

■ Q-squared Value of Q
2
 for the predicted activities. 

■ Pearson-R Pearson R value for the correlation between the predicted and observed 

activity for the test set. 

The large value of F indicates a statistically significant regression model, which is 

supported by the small value of the variance ratio (P), an indication of a high degree of 

confidence. 



 

 

Table 4:Fitness and predicted activity for test and training set of compounds 

Ligand 

Name 
QSAR Set # Factors 

Predicted 

Activity 
Pharm Set Fitness 

1 a test 1 2 3 4.91 4.93 5.01 active 1.88 

1 b training 1 2 3 5.04 5.02 5.09 active 2.67 

1 c test 1 2 3 5.01 4.97 5.02 active 2.65 

1 d training 1 2 3 4.99 4.96 5.00 active 2.7 

1 e test 1 2 3 4.96 4.94 4.98 active 2.58 

1 f test 1 2 3 4.54 4.68 4.56 inactive 0.56 

1 g training 1 2 3 4.66 4.51 4.52 active 3 

1 h training 1 2 3 4.68 4.54 4.56 active 2.83 

1 i test 1 2 3 4.79 4.65 4.66 active 2.73 

1 j test 1 2 3 4.80 4.67 4.68 active 2.74 

1 k test 1 2 3 4.87 4.73 4.75 active 2.71 

1 l training 1 2 3 4.85 4.68 4.68 active 2.7 

1 m training 1 2 3 4.63 4.49 4.50 active 2.92 

1 n test 1 2 3 4.69 4.55 4.56 active 2.85 

1 o test 1 2 3 4.75 4.60 4.61 inactive 2.76 

1 p test 1 2 3 4.79 4.63 4.64 inactive 2.79 

 

The large value of predicted activity and fitness for the active ligands also validate the model for 

activity prediction of newer analogs. 

The following figures show 3D-pharmacophore regions around compounds The blue and 

red cubes refer to ligand regions in which a molecular substitution with a specific feature 

behavior, respectively, increases or decreases binding affinity for the target. 

 

Fig. 3: Alignment of active ligands on pharmacophore region. 



 

 

 

Fig. 4: Alignment of inactive ligands on pharmacophore region. 

 

Fig. 5: Alignment of most active ligands on pharmacophore region 



 

 

 

Fig. 6:  Alignment of Inactive ligands on pharmacophore region 

 

Fig. 7: Electron withdrawing feature. 



 

 

 

Fig. 8: Phase activity v/s Phase predicted activity for test set of ligands 

 

Fig. 9: Phase activity v/s Phase predicted activity for training set of ligands 

All the synthesized compounds 1–18 were screened for their hMAO inhibitory activity [6, 7] 

using recombinant human MAO isoforms. hMAO inhibitory activity was determined by 

measuring the production of H2O2 from p-tyramine, the common substrate for both hMAO-A 



 

 

and hMAO-B, using the Amplex1-RedMAO assay kit. The compounds and reference inhibitors 

did not react directly with the Amplex1-Red reagent indicating that they do not interfere with the 

measurements. The compounds were also confirmed, as they did not interact with resorufin by 

treating the maximum concentration of compounds with various concentrations of resorufin in 

order to detect if the fluorescence signal is the same with or without our compounds in the 

medium. No significant quenching of resorufin was observed. The experimental data concerning 

to the inhibition of hMAO-A and hMAO-B inhibition by the novel compounds 1–18 were 

presented in Table 1, together with their selectivity indices. The selectivity index was expressed 

as SI = Ki (MAO-A)/Ki (MAO-B) for selectivity towards hMAO-B. Protein was determined 

according to the method of Bradford method [8] using bovine serum albumin as the standard. 

Compounds, 1–5, 7–17 and 19 were found to inhibit hMAO-B selectively and reversibly, while, 

compound 18 having bulkier aldehyde portion (anthracen-9-yl) was found to be competitive, 

reversible and selective inhibitor of hMAO-A isoforms with Ki=0.11_0.01mmol/L, while 

compound 6 and 20 which carrying 4-NO2, and thiophen-2-yl were found to be nonselective 

towards theMAO isoforms. The most potent MAO-B inhibitor in this series was compound 17 

(Ki=0.10_ 0.01mmol/L), which was carrying naphth-2-yl group at aldehyde position. It was also 

found to have potency and selectivity almost equal to selegiline, a well-known selective MAO-B 

inhibitor (Ki=0.12_0.01mmol/L), Compound 14 which was carrying 3,4-diOMe functional group 

exhibited the best selectivity (SI = 26.14) towards hMAO-B. The activity profiles of this series 

of compounds were then compared with their flavones counterparts reported earlier by our group 

[5]. In spite of structural variation viz: (i) fused furan in place of pyran and (ii) exocyclic double 

bond in place of endocyclic double bond, this series displayed similar activity profile as that of 

their flavone counterparts in potency as well as selectivity towards MAO isoforms. 

4. CONCLUSION  

A series of eighteen 2-(arylmethylidene)-2,3-dihydro-1-benzofuran-3-one derivatives were 

synthesized and screened for their potential to inhibit hMAO isoforms selectively. With the 

limited variations at single site, benzylidene portion the activity profile was recorded and a 

concise SAR was derived. In summary, weak to moderate electron pumping as well as electron 

withdrawing groups favor selectivity towards hMAO-B, while strong deactivators make them 

non-selective towards isoforms. Mono-substitution of methoxy group at o- and m-position 

increases potency while bi-substitution lead to the improved potency as well as selectivity.  
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