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Prakash, et al.: Some New 2-(3-(4-Aryl)-1-phenyl-1H-pyrazol-4-yl) Chroman-4-ones: Synthesis and Evaluation

Seven new 2-(3-(4-aryl)-1-phenyl-1H-pyrazol-4-yl) chroman-4-ones (4a-4g) have been synthesized by cyclization 
of 2-hydroxychalcone analogues of pyrazole 3a-3g using conc. HCl in acetic acid. The structures of the compounds 
4a-4g were established by the combined use of 1HNMR, IR and mass spectra. All the seven compounds were 
tested in vitro for their antibacterial activity against two Gram positive bacteria namely Staphylococcus aureus and 
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Bacillus subtilis and two Gram negative bacteria Escherichia coli and Pseudomonas aeruginosa. The compounds 
4b, 4c, 4e, 4f, 4g have displayed good antibacterial activity when compared with commercially available antibiotic, 
ciprofloxacin. These compounds also were screened for their antifungal activity against two ear pathogenic fungi, 
namely Aspergillus Niger and A. flavus. The compounds 4a, 4c, 4d, 4g exhibited good antifungal activity when 
compared with commercially available antifungal, fluconazole.

Key words: 2-(3-(4-aryl)-1-phenyl-1H-pyrazol-4-yl) chroman-4-ones, antibacterial activity, antifungal activity, 
chalcone, pyrazole

There is resurgence in research activity in the 
flavanoid class of molecules due to excellent biological 
profiles reported in the recent times. These are used 
in numerous pharmacological applications such 
as antimalarial[1], anticancer [2], antiinflammatory[3], 
antibacterial[4], antifungal[5-7], and antiproliferative[8] 
activities. On the other hand, pyrazole and its 
derivatives, a class of well known nitrogen containing 
heterocyclic compounds, occupy an important position 
in the medicinal and pesticide chemistry with having 
a wide range of bioactivities such as antimicrobial,[9] 
anticancer[10], antiinflammatory[11], antibacterial [12], 
antifungal[13], and herbicidal [14,15].  A literature survey 
revealed that the title compounds 2-(3-(4-aryl)-1-
phenyl-1H-pyrazol-4-yl) chroman-4-ones (4a-4g) remain 
unknown. Led by these observations, the synthesis 
of some new 2-(3-(4-aryl)-1-phenyl-1H-pyrazol-4-yl)
chroman-4-ones (4a-4g) was undertaken with a view 
to evaluate their antibacterial and antifungal activities.

2-(3-(4-Aryl)-1-phenyl-1H-pyrazol-4-yl) chroman-
4-ones (4a-4g) were obtained by cyclization of 
2’-hydroxychalcones (3) using conc HCl in acetic 
acid. The chalcone derivatives of pyrazole analogues 
3a-3g were obtained by reacting pyrazole aldehydes 
(2) with 2’-hydroxyacetophenone (1) in methanolic 
KOH (Scheme 1).

All melting points were determined in open 
capillaries in electrical melting point apparatus and 
are uncorrected. The IR spectra were recorded with 
a buck scientific IR M-500 spectrophotometer. The 
1H  NMR spectra were scanned on a Bruker (300 
MHz) spectrometer in CDCl3 using tetramethylsilane 
as an internal standard. TLC was run on silica gel G 
plates using chloroform-methanol (9:1) as irrigant. All 
the new compounds gave satisfactory analytical results.

Pyrazole aldehydes (2) and 2’-hydroxychalcones  (3) 
were synthesized according to the literature 
method[16]. The general procedure for the synthesis of 
2-(3-(4-aryl)-1-phenyl-1H-pyrazol-4-yl) chroman-4-ones 

(4a-4g) is as follows (scheme 1). To a solution of 
2’-hydroxychalcone (0.01mol) in acetic acid (20  ml) 
was added 1 ml of conc HCl. The reaction mixture was 
refluxed for 6-8 h and was then poured on to crushed 
ice with vigorous stirring. The solid material, which 
separated, was washed with water and crystallized from 
alcohol to give the pure chromanones 4a-4g.

The antibacterial activity of seven new compounds 
4a-4g was evaluated by agar well diffusion method. 
All the cultures were adjusted to 0.5 McFarland 
standard, which is visually comparable to a microbial 
suspension of approximately 1.5×108 cfu/ml. Twenty 
millilitres of Mueller Hinton agar medium was poured 
into each Petri plate and plates were swabbed with 
100 µl inocula of the test microorganisms and kept 
for 15 min for adsorption. Using sterile cork borer of 
8 mm diameter, wells were bored into the seeded agar 
plates and these were loaded with a 100 µl volume 
with concentration of 4.0 mg/ml of each compound 
reconstituted in the dimethylsulphoxide (DMSO). All 
the plates were incubated at 37º for 24 h. Antibacterial 
activity of compounds 4a-4g was evaluated by 
measuring the zone of growth inhibition against the 
test organisms with zone reader (Hi Antibiotic zone 
scale). DMSO was used as a negative control whereas 
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Scheme 1: Synthetic Scheme for the formation of title compounds 
Ar: Phenyl (a); 4-methylphenyl (b); 4-methoxyphenyl (c); 
4-fluorophenyl (d); 4-chlorophenyl (e); 4-bromophenyl (f); 
4-nitrophenyl (g)
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ciprofloxacin was used as positive control. This 
procedure was performed in three replicate plates for 
each organis[17,18]. Minimum inhibitory concentration 
(MIC) of the various compounds 4a-4g against 
bacterial strains was tested through a macrodilution 
tube method as recommended by NCCLS. In this 
method, various test concentrations of synthesized 
compounds 4a-4g were made from 128 to 0.25 µg/ml 
in sterile tubes No. 1 to 10. One hundred microlitre 
of sterile Mueller Hinton Broth (MHB) was poured in 
each sterile tube followed by addition of 200 µl test 
compound in tube 1. Two fold serial dilutions were 
carried out from the tube 1 to the tube 10 and excess 
broth (100 µl) was discarded from the last tube No. 
10. To each tube, 100 µl of standard inoculum (1.5×108 
cfu/ml) was added. Ciprofloxacin was used as control. 
Turbidity was observed after incubating the inoculated 
tubes at 37º for 24 h[19].

The antifungal activity of the synthesized compounds 
4a-4g was evaluated by poison food technique .The 
moulds were grown on Sabouraud dextrose agar 
(SDA) at 25º for 7 days and used as inocula. The 
15 ml of molten SDA (45º) was poisoned by the 
addition of 100 µl volume of each compound having 
concentration of 4.0 mg/ml reconstituted in the DMSO 
and poured into a sterile Petri plate and allowed it to 
solidify at room temperature. The solidified poisoned 
agar plates were inoculated at the center with fungal 
plugs (8 mm diameter) obtained from the actively 
fungus growing on margins of the SDA plates and 
incubated at 25º for 7 days. DMSO was used as the 
negative control whereas fluconazole was used as the 
positive control. The experiments were performed in 
triplicates. Diameter of fungal colonies was measured 
and expressed as percent mycelial inhibition by 
applying the formula[20]. Percent inhibition of myelial 
growth = (dc-dt)/dc×100, where dc = average diameter 
of fungal colony in negative control sets, dt = average 
diameter fungal colony in experimental sets.

The structures of all the newly synthesized 2-(3-(4-aryl)-
1-phenyl-1H-pyrazol-4-yl)chroman-4-ones (4a-4g) were 
confirmed by their spectral (IR, 1H NMR and mass) and 
elemental analytical data. The lack of absorption band 
at 1640 cm-1 in the IR spectra of compounds 4a-4g and 
appearance of characteristic absorption band at 1680-
1690 cm-1 due to carbonyl group showed the absence 
of α,β-unsaturated carbonyl group, thereby suggesting 
the cyclic structure. The 1H NMR spectra of compounds 
4a-4g showed three characteristic doublets of doublet 

due to C(2) and C(3) protons in the regions δ 2.90-3.16 
and 3.13-3.74, 5.56-5.68, respectively. The C(5)–H of 
pyrazole ring appeared as a singlet at δ 8.12.

All the tested compounds 4a-4g possessed variable 
antibacterial activity against both gram-positive (S. 
aureus, B. subtilis) and gram negative (E. coli, P. 
aeruginosa) bacteria. On the basis of maximum 
inhibitory activity shown against gram positive bacteria 
compounds 4d, 4e and 4g were found to be most 
effective against S. aureus with zone of inhibition of 
25.1, 24.1 and 24.2 mm and in case of B. subtilis, 
compound 4d, 4e and 4g were most effective 
with zone of inhibition 22.6, 22.6 and 23.6  mm 
respectively. However in case of gram negative 
bacteria, compounds 4a-4g displayed moderate to low 
activity against E. coli  and P. aeruginosa (Table 1).

The MIC values of compounds ranged between 8 and 
64 µg/ml against gram positive bacteria, compounds 
4d, 4e and 4g showed highest MIC of 8 µg/ml 
against S. aureus whereas compounds 4e, 4g also 
showed highest MIC of 8 µg/ml against B. subtilis. 

TABLE 1: IN VITRO ANTIBACTERIAL ACTIVITY OF 
SYNTHESIZED COMPOUNDS 4a-4g
Compounds Diameter of growth of inhibition zone (mm)a

Staphylococcus 
aureus

Bacillus 
subtilis

Escherichia 
coli

Pseudomonas 
aeruginosa

4a

4b

4c

4d

4e
4f

4g
Ciprofloxacin

22.6 (16)

19.3 (64)

20.6 (32)

25.1 (8)

24.1 (8)
20.6 (32)

24.2 (8)
26.0 (5)

22.3 
(16)
21.6 
(32)
20.3 
(16)
22.6 
(16)

22.6 (8)
19.3 
(64)

23.6 (8)
24.0 (5)

15.3 (>128)

16 (128)

18.6 (64)

18.3 (64)

16.3 (128)
18.6 (64)

18.3 (64)
25.0 (5)

17.6 (64)

15.3 (>128)

16.6 (128)

16.3 (128)

17.6 (64)
18 (64)

16.6 (128)
22.0 (5)

a Values, including diameter of the well (8mm), are means of three replicates 
MIC values are given in parenthesis

TABLE 2: IN VITRO ANTIFUNGAL ACTIVITY OF 
SYNTHESIZED COMPOUNDS 4a-4g
Compounds Mycelial growth inhibition (%)

Aspergillus 
niger

Aspergillus 
flavus

4a
4b
4c
4d
4e
4f
4g
Fluconazole

55.5
55.5
66.6
61.1
33.3
38.8
66.6
81.1

61.1
55.5
66.6
66.6
50

55.5
61.1
77.7
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However, in case of gram negative bacteria, MIC of 
compounds ranged between 64 and 128 µg/ml   and 
compounds 4c, 4d, 4f and 4g showed highest MIC 
of 64 µg/ml  against E. coli and compound 4c, 4d 
and 4e showed highest MIC of 64 µg/ml against 
P. aeruginosa (Table  1). All the newly synthesized 
compounds showed low activity against gram negative 
bacteria as compared to gram positive bacteria. 

All the seven compounds 4a-4g were also screened for 
antifungal activity. Compounds 4c, 4d, 4g displayed 
good antifungal activity against Aspergillus flavus, 
whereas compounds 4a, 4c, 4d, 4g showed good 
activity against Aspergillus niger when compared 
with commercially available antifungal fluconazole 
(Table 2). From above discussion, it can be concluded 
that presence of substituents such as fluoro, chloro and 
nitro in the aryl ring of pyrazole moiety of compounds 
4a-4g enhance antibacterial activity.

The characterization data of all new compounds 4a-4g 
are summarized in Table  3 and spectral data are as 
follows; 4a: IR (KBr, cm-1): 1682; 1HNMR (CDCl3,δ): 
3.16 (dd, 1H, J=3.3, 13.9 Hz), 3.74 (dd, 1H, J=12.7, 
13.9 Hz), 5.68 (dd, 1H, J=3.3, 12.1 Hz), 8.11 (s, 1H), 
8.25 (dd, 1H, J=1.5, 7.8 Hz), 7.87 (d, 2H, J=7.8 Hz), 
7.30 (d, 2H, J=7.8 Hz), 6.98 (d, 1H, J=8.4 Hz), 7.61-
7.72 (m, 5H), 7.36-7.40 (m, 3H); MS m/z: 367.1; 4b: 
IR (KBr;cm-1) 1682; 1HNMR (CDCl3,δ): 2.31 (s, 3H), 
2.91 (dd, 1H, J=3.3, 16.8 Hz), 3.15 (dd, 1H, J=16.8, 
12.1 Hz), 5.57 (dd, 1H, J=3.3, 12.1 Hz), 8.04 (s,1H), 
7.96 (dd, 1H, J=1.5, 7.9 Hz), 7.76 (d, 2H, J=8.0 Hz), 
7.73 (d, 2H, J=8.1 Hz), 7.43-7.55 (m, 6H), 7.04-7.11 
(m, 2H); MS m/z: 381.15; 4c: IR (KBr;cm-1) 1687.4; 
1HNMR (CDCl3,δ): 3.48 (s, 3H), 3.03 (dd, 1H, J=3.3, 
16.8 Hz), 3.15 (dd, 1H, J=12, 16.8 Hz), 5.65 (dd, 
1H, J=3.3, 12 Hz), 8.12 (s, 1H), 7.97 (dd, 1H, J=1.5, 
7.9 Hz), 7.76 (d, 2H, J=8 Hz), 7.73 (d, 2H, J=8.1 
Hz), 7.43-7.55 (m, 6H), 7.05-7.10 (m, 2H); MS 
m/z:  397.15; 4d: IR (KBr; cm-1) 1685.1; 1HNMR 
(CDCl3,δ): 3.04 (dd, 1H, J=3.3, 16.2 Hz), 7.31 (dd, 
1H, J=12, 16.2 Hz), 5.62 (dd, 1H, J=3.3, 12 Hz), 

8.12 (s,1H), 7.97 (dd, 1H, J=1.5, 7.8 Hz), 7.75-7.82 
(m, 4H), 7.47-7.55 (m, 3H), 7.35 (m, 1H), 7.05-7.19 
(m, 4H); MS m/z: 384.13; 4e: IR (KBr; cm-1) 1685.3; 
1HNMR (CDCl3,δ): 3.03 (dd, 1H, J=3.3, 16.6 Hz), 
3.25 (dd, 1H, J=11.7, 16.6 Hz), 5.65 (dd, 1H, J=3.3, 
11.7 Hz), 8.12 (s, 1H), 7.97 (dd, 1H, J=1.5, 8.1 Hz), 
7.76 (d, 2H, J=8 Hz), 7.73 (d, 2H, J=8.1 Hz), 7.43-
7.55 (m, 6H), 7.05-7.10 (m, 2Hz); MS m/z: 403.11, 
401.13; 4f: IR (KBr; cm-1) 1682.3; 1HNMR (CDCl3,δ): 
3.03 (dd, 1H, J=3.3, 18.0 Hz), 3.23 (dd, 1H, J=12.0, 
18.0 Hz), 5.65 (dd, 1H, J=3.3, 12.0 Hz), 8.12 (s, 1H), 
7.97 (dd, 1H, J=1.5, 7.8 Hz), 7.60 (d, 2H, J=8.1 Hz), 
7.71 (d, 2H, J=8.1 Hz), 7.47-7.61 (m, 5H), 7.35 (m, 
1H), 7.04-7.13 (m, 2H); MS m/z: 445.01, 447.05; 4g: 
IR (KBr; cm-1) 1689.3; 1HNMR (CDCl3,δ):  3.02 (dd, 
1H, J=3.3, 18.0 Hz), 3.19 (dd, 1H, J=18.0, 12.1 Hz), 
5.56 (dd, 1H, J=3.3, 12.1 Hz), 8.26 (s, 1H), 8.38 (d, 
1H, J=8.4 Hz), 8.00 (m, 3H), 7.80 (m, 2H), 7.48-7.59 
(m, 4H), 7.51 (m, 3H); MS m/z: 411.12. 
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Vaidhun and Sathish: Out-patients Prescriptions and Drug-drug Interactions

The objective of the research work was to analysis the out patients drug interactions and alerts the healthcare professionals 
to prevent the future complications. The study was done in three pharmacies within a 200 meters distance of each other. 
The doctors involved were made aware of the study but data were collected without their knowledge. All prescriptions 
presented to the three pharmacies were analyzed during the five-month study period. A total of 500 prescriptions were 
analyzed and 64 drug-drug interactions were detected giving a drug-drug interaction rate of 12.8 percent but 436 (87.2%) 
prescriptions are free from drug interactions. Moderate drug interactions were found in 10.2%, Severe were 2.6% and 
contraindicated were 0% and also disease wise drug interaction analysis were carried out during the study results, more 
number of drug interactions reported in central nerves system followed by diabetes mellitus. Outpatient visits resulted 
in minimal numbers of clinically important drug-drug interactions, these interactions can have significant implications 
due to medication-related morbidity and mortality. Pharmacists can play a critical role in managing the medication 
therapy of patients at risk for clinically important drug-drug interactions. 

Key words: Drug-drug interaction, out-patient, pharmacies, prescriptions

Drug-drug interactions (DDIs) are a concern for 
patients and providers, as multiple medication use 
is becoming more common to manage complex 

diseases. The consequences of DDIs can range from 
no untoward effects to drug-related morbidity and 
mortality. Although DDIs are considered preventable 
medication-related problems[1,2]. Research has also 
shown that DDIs are associated with increased health 
care use[3,4].
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