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Abstract. A series of 4-(substituted benzylidene-amino)-2,3-dimethyl-1-phe-
nyl-3-pyrazoline-5-ones (3a-l) was obtained using sonochemical assisted reaction. 
The synthesized Schiff bases were evaluated for their antiviral, antibacterial, anti-
candida, DPPH scavenging and anti-tyrosinase activities in vitro. The antimicrobial 
screening results revealed that amongst the tested imines, compound 3l appeared to 
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be а promising one (with a minimal inhibitory concentration 47 ug/ml). The most 
potent DPPH scavengers were azometines 3a and 3g. No significant inhibition on 
the monophenolase activity in vitro of mushroom tyrosinase was observed. 

	 Keywords: 4-aminoantipyrine; Schiff bases; mushroom tyrosinase; anti-
microbial activity; DPPH scavenging activity

Introduction
4-Aminoantipyrine (4-amino-2,3-dimethyl-1-phenyl-3-pyrazoline-5-one) is an 

ubiquitous skeleton belonging to a five-membered partially saturated heterocyclic 
compounds with two adjacent nitrogen atoms. Antipyrine derivatives are of great 
worth due to the broad biological and pharmacological activities they exert: analge-
sic and anti-inflamatory (Turan-Zitouni et al., 2001; Sondhi et al., 2000; Yoshioka 
et al., 1981; Burdulene et al., 1999; Costa et al., 2006; Wong, 2002), antibacterial 
(Ali et al., 2012; Sayed et al., 1992; Vaghasiya et al., 2004), antiviral (Evstopov et 
al., 1992), antioxidant (Alam et al., 2012; Alam & Lee, 2012; Santos et al., 2010; 
Teng et al., 2011) activities. Besides their prominent biological significance, such 
compounds are also used as effective corrosion inhibitors (Govindaraju et al., 2009; 
Frignani et al., 1999; Huynh et al., 2000; Popova et al., 2004; Bentiss et al., 1999; 
Gopi et al., 2007).

Since the discovery of imines by Hugo Schiff as efficient metalloligands and lat-
er named in his honour, versatile condensation products bearing an imino (-N=CH–) 
group have been obtained. Schiff bases have also been known as anils, imines or 
azomethines which generally derived from the interaction of a carbonyl compound 
(aldehyde or ketone) and primary amine. Generally, the preferable methods for 
preparation of Schiff bases use aromatic aldehydes due to the formation of more 
effective conjugated systems in comparison with those, formed by condensation 
with aliphatic aldehydes. 

It is noteworthy to mention that the optoelectronic properties of conjugated 
Schiff bases find application in organic electronics such as organic and perovskite 
solar cells (Hindson et al., 2010; Petrus et al., 2015).

Indeed, the outstanding coordination behavior endows the mentioned com-
pounds to be important not only in the field of analytical chemistry (Jungreis & 
Thabet, 1969), but either in biochemistry. 

Azomethines are common enzymatic intermediates of various biochemical con-
versions. Moreover, they are also found as potent inhibitors of various enzymes 
such as β-glucosidase, lipoxygenase, urease, etc. (Aslam et al., 2015; Raykova et 
al., 2017). In this context, Yu. et al. (2015) considered the Schiff base as effective 
tyrosinase inhibitors. Tyrosinase is known as an oxidase, comprises two distinct 
reactions of melanogenesis: hydroxylation of a monophenol and further the conver-
sion of an o-diphenol to the corresponding o-quinone (Yaneva et al., 2017; Olivares 
& Solano, 2009; Robb, 1984). However, the tyrosinases isolated from different 
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(plant, animal, and fungal) sources differ with respect to their primary structure, 
size and activation characteristics, and others. All those tyrosinases possess two 
copper atoms which are coordinately bonded with three histidine residues at the 
tyrosinase active site (Decker & Tuczek, 2000). Decreasing tyrosinase activity has 
recently gained the attention of researchers due to the potential application of the 
corresponding compounds in medicine, in cosmetics and in agriculture. 

Literature survey reveals that Schiff bases are also highly efficient scavengers 
of various radical oxygen species (Alam et al., 2012). Тhey inhibit the NO (ni-
tric oxide) production, which is associated with effect on inflammatory mediator 
macrophages during the inflammation process (e.g., Diabetes type-1, arthritis) and 
human carcinogenesis (Surh et al., 2001). 

Considering the significant chemical and biological importance of azomethines, 
the aim of the present work was to synthesize a serias of 4-aminoantipyrine derived 
Schiff bases via sonochemical reaction and  to assess their in vitro antioxidant, an-
timicrobial and tyrosinase inhibitory activities. 

Results 
Sonochemical synthesis of the Schiff base analogues of 4-amino-1,5-dimethyl-

2-phenylpyrazol-3-one
Following the outlined a nucleophilic addition (AN) reaction on Scheme 1, a se-

ries of Schiff base (3a-l) derived from 4-aminoantipyrine (4-amino-2,3-dimethyl-
1-phenyl-3-pyrazolin-5-one (2)) and different substituted benzene carbaldehydes 
(1) have been synthesized.

Considering the greenness of organic reactions (Shoaib et al., 2015), herein the 
reaction is accelerated by sonochemical activation. The chemical structures of the 
azomethine products have been confirmed by melting points, UV, ¹H-and 13C-NMR, 
IR and mass spectral data. The results from the detailed structural characterization 
of the prepared Schiff bases are shown in the Experimental section.

The IR spectra of the newly formed imino group in all synthesized azomethines 
display a strong –C=N– stretching absorption band around 1609–1558 cm-1. Mean-
while, a carbonyl-carrying five membered pyrazoline-5-one ring is observed at a 
similar strong absorption at 1658–1615 cm-1. 

The results from the analysis of the 1H and 13C NMR spectra unambigiosly con-
firmed the structure of the synthesized azomethines 3a-l. The comlete assignment 
of the spectra is presented in the Experimental part. In the 1H NMR spectra of all 
product it was registered singlet resonance signal at 9.36 – 9. 77 ppm characteristic 
for the imine proton of azomethines. The 13C-NMR spectra of all products display 
resonance signal at 152.2-158.2 ppm characteristic for the –CH=N– skeletonof 
azomethines.

The positive-ion ESI-MS spectra of Schiff base (3a–l) consist of an intense pro-
tonated molecular ion peak and [M+Na]+.
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Biological activity: DPPH scavenging activity assessment
For estimation of primary index of antioxidant activity of Schiff bases, DPPH 

(1,1-diphenyl-2-picrylhydrazyl) test has been applied. This method is a rapid one 
and commercially available, stable, and cheap organic nitrogen free (1,1-diphe-
nyl-2-picrylhydrazyl) radical is used. Amongst many variations of the spectropho-
tometric DPPH method, Nenadis’s assay has been employed (Nenadis & Tsimidou, 
2002). 

	 DPPH scavenging abilities of the synthesized analogues (3a–l) of 4-ami-
noantipyrine has been carried out at a concentration of 48 μM along with the used 
standards (3,4-dihydroxybenzaldehyde and caffeic acid). 

	 As shown on Fig. 1. the results of radical scavenging activities (% RSA) re-
veal that all tested azomethines show lower DPPH activities than the used positive 
controls.  

As can be seen, 3l is the least active compound (% RSA=2.5) with para-nitro 
substituent in its structure. Similarly, a poor activity is also found in compound 3h, 
which possesses both a hydroxyl- and a deactivating nitro groups in 2, 5-position 
of benzylidene phenyl ring. 

Comparison between azomethines (3f and 3k) with a single hydroxyl group re-
veals that the para-substituted compound (3f) is more efficient as a scavenger than 
its meta-hydroxy analogue (3k). Moreover, introduction of an activating N,N-di-
methylamino para-substituent (3c) leads to~2-fold increased activity. This obser-
vation is with agreement of previously reported in literature work (Alam et al., 
2012). 
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Figure 1. Radical scavenging activities (% RSA)
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Azometines that have been born from 4-aminoantipyrine and vanillin or isovan-
illin (compounds 3a or 3i, respectively), demonstrated two folds greater scaveng-
ing activity at the expense of methoxy analogue with a para-phenolic hydroxyl 
group (3a).

Through the introduction into 3a of second methoxy substituents ortho to pa-
ra-hydroxyl group in benzylidene phenyl ring, leads to the most potent antioxidant 
compound 3g. Our results also endorse the statement that the addition of one or two 
methoxy groups at the ortho position relative to the para-phenolic hydroxyl group 
increased DPPH-scavenging effect by stabilizing the aryloxyl radical (Cuvelier et 
al., 1992).

As expected, the significant decrease in radical-scavenging activities is due to 
the replacement of phenolic group/s of 3j or 3g with methoxy groups, which pro-
duced compounds 3d and 3e, respectively. 

Surprisingly, although the presence of catechol moiety increases antioxidative 
activity, herein we have obtained that the DPPH scavenging activity of 3j (3,4-di-
hydroxy benzylidene phenyl ring) has remained less efficient than compound 3g. 
On the other hand, the presence of two hydroxyl phenolic groups in 2,4-position in 
benzylidene phenyl ring of azomethine (3b) leads to a significant decrease of the 
evaluated activity (up to 10 %).

In vitro antimicrobial activity
The development of novel antimicrobial drugs is an attractive area of re-

search due to the increasing resistance of microorganisms to the currently avail-
able drugs. It is well known that various nosocomial clinical isolates, such as 
Acinetobacter, Staphylococcus and Pseudomonas display resistance to many of 
the commercial available antibiotics (Bonapace et al., 2000; Chait et al., 2007; 
Drago et al., 2004).

The reports in the literature about the antimicrobial activities of 4-aminoan-
tipyrine core (Windholz & Budavari, 1983), along with the azomethine skeleton 
(Vaghasiya et al., 2004; Shi et al., 2007; da Silva et al., 2011; Mohini et al., 2013; 
Malladi et al., 2013; Shoaib et al., 2015; Kumar et al., 2017; Ei ashry et al., 2007) 
prompted us to obtain potential antimicrobials based on Schiff bases derived from 
4-aminoantipyrine.

Table 1. Аntibacterial and antifungal activities of Schiff bases expressed as 
minimal inhibitory concentrations MIC (µg.ml-1)

MIC (μg.ml-1)
Compound Staphylococcus aureus 209 Escherichia coli WF+ Candida albicans 562

 (3a) NT NT NT
(3b) 1500 1500 0
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(3c) 1500 0 375
 (3d) NT NT NT
 (3e) 1500 0 0
(3f) 750 0 375
(3g) 750 750 375
(3h) 1500 0 375
(3i) 0 0 0
(3j) 1500* 0 375
(3k) 1500 1500 375
(3l) 47 750 375

Tobramicyn 15.6 19.5 N.T
Ketocon-

azole N.T N.T <7.8

	
The azomethines were evaluated for in vitro antibacterial activity against 

Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli) bac-
teria, whereas the antifungal activity was tested against Candida albicans. As a 
conventional antibacterial agent tobramycin and an antifungal agent ketoconazole 
were included in the assay for comparison.

The test results, presented in Table 1, disclose that most of the Schiff bases were 
active against tested pathogenic fungus, exhibiting an MIC value of 375 μg.ml-1.

Moreover, in vitro antibacterial activity results indicate that among the tested 
azometines, compound 3l with a para-nitro group in its skeleton show the most po-
tent activity against Staphylococcus aureus 209, on the contrary to its the worst an-
tioxidant activity. In respect to the antibiotic-tobramicyn, compound 3l was 3-fold 
less active than the used reference drug. 

The other Schiff bases have shown no expressive antibacterial activities against 
the both pathogenic bacterial strains.

In addition, the evaluation of antiviral activity of azometines (3a-l) against po-
liovirus type 1 (LSc-2ab) and coxsackievirus B1 (CV-B1), representing the Enter-
ovirus genus of the Picornaviridae was also tested in vitro. None of the the tested 
Schiff bases showed antiviral effect against the replication of the representatives of 
the Picornaviridae family.

In vitro effects of the Schiff bases (3a-l) on mushroom tyrosinase
Pursuing the idea of finding of more potent and non-toxic tyrosinase inhib-

itors, herein we have estimated the synthetically obtained Schiff bases. Up to 
the best of our knowledge, this is the first report on evaluation of anti-tyrosinase 
activity of azomethines derived from 4-aminoantipyrine. Owing to the coordi-
nating properties of Schiff base ligands, we assumed that the tested imines could 
be promising tyrosinase inhibitors, due to their abilities to form stable complex-
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es with copper ions, which exist in the tyrosinase active center. In this study, 
we screened the anti-tyrosinase activity of synthesized compounds (3a-l) using a 
modified method from Kwak et al. (2011). L-Tyrosine was used as a monopheno-
lase substrate of tyrosinase, and  for comparison in the assay hydroquinone and 
kojic acid (5-hydroxy-2-(hydroxymethyl)-4-pyrone)) were selected as comparing 
standard tyrosinase inhibitors. 

Nevertheless, the tested Schiff bases (3a-l) are well known as excellent met-
al ligands, our results (data not shown) have shown that the compounds have 
either poor or no inhibitory activity on mashroom tyrosinase. Meantime, these 
results suggested that our compounds can be considered rather as activators of 
tyrosinase.

Conclusions
In summary, 4-aminoantipyrine derived Schiff bases (3a-l) were prepared son-

ochemically. The synthesized compounds were determined by UV, IR, 1H NMR, 
13C NMR, and ESI-MS. The results of antioxidant activity revealed that amongst 
the Schiff bases tested, 4-aminoantipyrine analogues 3a and 3g (derived from van-
illin and syringaldehyde, respectively) were the strongest scavengers of DPPH. 
Moreover, compound 3l showed promising antibacterial activity with MIC value 
of 47 μg.ml-1. Preliminary results on monophenolase activity of mushroom tyrosi-
nase indicated that Schiff bases behaved as activators rather than inhibitors of the 
enzyme. 

APPENDIX: EXPERIMENTAL
General
All chemicals (reagent grade) used were purchased from Sigma Aldrich 

(FOT, Bulgaria). Thin-layer chromatography (TLC) was conducted on precoat-
ed Kieselgel 60F254 plates (Merck, Germany). The organic solvents were of 
analytical grade. 

Melting points (mp) were determined on a Stuart SMP 10 apparatus, and the 
results were uncorrected. The UV spectra of the amides were measured with an 
Agilent 8453 UV–Vis spectrophotometer. Attenuated total reflectance infrared 
spectroscopy (ATR-IR) measurements were performed using Thermo Scientific 
Nicolet iS10 FT-IR device with ID5 ATR accessory (diamond crystal). The 1H- 
and 13C-NMR spectra were acquired on a Bruker Avance III 400 spectrometer, 
operating at 400.15 MHz for protons and 100.62 MHz for carbons. The spectra 
were recorded at a temperature of 25°C and spectral width of 5000 Hz and 20000 
Hz for 1H and 13C, respectively. Chemical shifts (δ) were reported in ppm down-
field from tetramethylsilane, and coupling constants (J) are reported in Hz. 

The mass spectra were obtained using an Esquire 3000 instrument (ESI pos. 
mode). 
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General method for the preparation of Schiff base analogues of 4-amino-2 3-di-
methyl-1-phenyl-3-pyrazolin-5-one (3a–l)

To 203.2 mg (1 mmol) 4-amino-2, 3-dimethyl-1-phenyl-3-pyrazoline-5-one dis-
solved in an anhydrous ethanol solution (10 mL) was added an anhydrous ethanol 
solution (10 mL) of substituted benzaldehyde (1 mmol), and the mixture was soni-
cated for 1–4 h under atmospheric conditions (Scheme 1). The progress of the reac-
tion was monitored by TLC in PE:EtOAc/ HE:EtOAc. The obtained precipitate was 
filtered off and purified by recrystallization with ethanol, and then dried in vacuo to 
produce the pure compound.

2,3–Dimethyl-1-phenyl-4-(4’-hydroxy-3’-methoxy benzylideneamino)-pyrazo-
line-5-one (3a) 

Lemon yellow crystal, yield 61%; M.p. 205-207°C; UV–Vis (C2H5OH, λmax 
nm): 205, 233, 337 nm; 1H NMR (DMSO-d6, δ ppm J Hz): 2.44 (s, 3H, -CCH3), 
3.16 (s, 3H, -NCH3), 3.82 (s, 3H, -OCH3), 6.87 (d, 1H, J=8.1 Hz, Ar-H), 7.18 (d, 
1H, J=2.2 Hz, Ar-H), 7.21 (dd, 1H, J=8.1, 2.2 Hz, Ar-H), 7.34 -7.39 (m, 2H, Ar-
H), 7.51-7.55 (m, 3H, Ar-H), 9.47 (s, 1H, -N=CH-Ph); [IR (ATR)umax] 3065, 2964, 
1624, 1581, 1518, 1381, 1377, 1287, 1250,  1184, 1113, 1025, 768, 709 cm-1; ESI-
MS: m/z 338.2 [M+H]+, 360.2 [M+ Na]+.
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No R1 R2 R3 R4
Yields, 

%
3а H OCH3 OH H 61

3b OH H OH H 90

3c H H N(CH3)2 H 87

3d H OCH3 OCH3 H 72

3e H OCH3 OCH3 OCH3 69

3f H H OH H 50

3g H OCH3 OH OCH3 30

3h OH H H NO2 81

3i H OH OCH3 H 89

3j H OH OH H 79

3k H OH H H 86

3l H H NO2 H 84

Scheme 1

2,3–Dimethyl-1-phenyl-4-(2’,4’-dihydroxy benzylideneamino)-pyrazo-
line-5-one (3b) 

Lemon yellow crystal, yield 90 %; M.p. 231-232 °C; UV–Vis (C2H5OH, λmax 
nm): 207, 246, 347 nm; 1H NMR (DMSO-d6, δ ppm J Hz): 2.35 (s, 3H, -CCH3), 
3.14 (s, 3H, -NCH3), 6.25 (d, J=2.3 Hz, 1H, m-CH), 6.34 (dd, J= 8.4, 2.3 Hz, 1H, 
m-CH),  7.23 (d, J=8.4 Hz,1H, o-CH), 7.37 (m, 3H, o-+ p-CH), 7.52 (t, J= 7.8 
Hz,1H, m-CH), 9.56 (s, 1H, -N=CH-Ph), 10.10 (s,1H, OH), 13.31 (s, 1H, OH); 13С 
NMR (DMSO-d6, δ ppm): δ 9.8 ( -CCH3), 35.4 ( -NCH3), 102.4 (m-CH), 107.6 (m-
CH), 124.5 (2 x o-CH, Ph), 127.0 (p-CH,Ph), 129.1 (2 x m-CH,Ph),  133.0 (o-CH), 
134.4 (Cq), 149.6 ( Cq, NCCH3), 158.2 ( -N=CH), 159.4 (>CO), 161.2 (=COH), 
161.8 (=COH); [IR (ATR)umax] 3459, 3054, 1625, 1587, 1514, 1428, 1368, 1312, 
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1222, 1160, 1123, 834, 699 cm-1; ESI-MS: m/z 324.3 [M+ H]+, 346.2 [M+ Na]+, 
669.2 [2M+ Na]+.

2,3–Dimethyl-1-phenyl-4-(4’-dimethylamino) benzylideneamino)-pyrazo-
line-5-one (3c)

Lemon yellow crystal, yield 87 %; M.p. 220-222°C; UV–Vis (C2H5OH, λmax 
nm): 205, 237, 336 nm; 1H NMR (DMSO-d6, δ ppm J Hz): 2.51 (s, 3H,-CCH3), 
3.05 (s, 6H, –N(CH3)2), 3.15 (s, 3H, -N–CH3), 6.79 (d, 2H, J = 8.2 Hz, Ar-H), 
7.36–7.54 (m, 5H, Ar-H), 7.81 (d, 2H, J = 8.2 Hz, Ar-H), 9.73 (s, 1H, -N=CH-Ph);  
[IR (ATR)umax] 1644, 1609, 1580, 1526, 1370, 1134, 816, 774 cm-1; ESI-MS: m/z 
335.3 [M+H]+, 357.2 [M+Na]+.

2,3–dimethyl-1-phenyl-4-(3’,4’-dimethoxy benzylideneamino)-pyrazo-
line-5-one (3d)

Lemon yellow crystal, yield 75 %; M.p. -191-192°C; UV–Vis (C2H5OH, λmax 
nm): 204, 232, 336 nm; [IR (ATR)umax] 1645, 1593, 1573, 1509, 1487,1414, 1257, 
1276, 1136, 1017, 809, 768, 706 cm-1; 1H NMR (DMSO-d6, δ ppm J Hz): 2.49 (s, 
3H, -CCH3), 3.12 (s, 3H, -N–CH3), 3.91 (s, 3H, OCH3), 3.94 (s, 3H, OCH3), 6.89 (d, 
1H, J = 2.4 Hz, Ar-H), 7.29–7.57 (m, 7H, Ar-H), 9.72 (s, 1H, -N=CH-Ph); ESI-MS: 
m/z 352.2 [M+H]+, 374.2 [M+ Na]+.

2,3–dimethyl-1-phenyl-4-(3’,4’, 5’-trimethoxy benzylideneamino)-pyrazo-
line-5-one (3e)

Lemon yellow crystal, yield 69%; M.p. 201-203°C; UV–Vis (C2H5OH, λmax nm): 
205, 233, 334 nm; 1H NMR (DMSO-d6, δ ppm J Hz): 2.46 (s, 3H, -CCH3), 3.20 (s, 
3H, -NCH3), 3.71 (s, 3H, OCH3), 3.84 (s, 6H, 2 x OCH3), 7.14 (s, 2H, Ar-H), 7.36-
7.55 (m, 5H, Ar-H), 9.61 (s, 1H, -N=CH-Ph); 13С NMR (DMSO-d6, δ ppm): δ 9.9 ( 
-CCH3), 35.4 ( -NCH3), 55.8 (3 x OCH3 ), 104.8 (2 x o-CH), 116.8 (Cq), 124.0 (2 x 
o-CH, Ph), 127.3 (p-CH, Ph), 129.6 (2 x m-CH, Ph), 133.6 (Cq), 135.1 (Cq), 139.8 
(Cq), 152.6 (Cq, =CCH3), 153.6 (=COCH3), 154.7 (-N=CH-Ph), 160.1(>C=O); [IR 
(ATR)umax] 1648, 1578, 1502, 1489, 1467, 1450, 1328, 1286, 1225, 1001, 951, 826, 
700 cm-1; ESI-MS: m/z 382.3 [M+ H]+, 404.3 [M+ Na]+.

2,3–Dimethyl-1-phenyl-4-(4’-hydroxy benzylideneamino)-pyrazoline-5-one (3f)
Lemon yellow crystal, yield 50 %; M.p. 233-234°C; UV–Vis (C2H5OH, λmax 

nm): 207, 230, 331 nm; 1H NMR (DMSO-d6, δ ppm J Hz): 2.42 (s, 3H, -CCH3), 
3.15 (s, 3H, -NCH3), 6.85 (d, 2H, J = 8.1 Hz, Ar-H ), 7.36-7.54 (m, 5H, Ar-H), 7.67 
(d, 2H, J = 2.5 Hz, Ar-H ), 9.51 (s, 1H, -N=CH-Ph); [IR (ATR)umax] 3448, 2929, 
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1654, 1609, 1580, 1509, 1495, 1454, 1377, 1274, 1230, 1139, 761 cm-1; ESI-MS: 
m/z 308.2 [M+ H]+, 330.2 [M+ Na]+.

2,3–dimethyl-1-phenyl-4-(3’,5’-dimethoxy-4’-hydroxy benzylideneami-
no)-pyrazoline-5-one (3g)

Yellow crystal, yield 51 %; M.p. 258-261°C; UV–Vis (C2H5OH, λmax nm): 205, 
238, 339 nm; 1H NMR (DMSO-d6, δ ppm J Hz): 2.46 (s, 3H, -CCH3), 3.12 (s, 3H, 
–NCH3), 3.90 (s, 3H, OCH3), 3.94 (s, 3H, OCH3), 6.97 (d, 1H, J = 2.4 Hz, Ar-H), 
7.30–7.52 (m, 5H, Ar-H), 9.49 (s, 1H, -N=CH-Ph); [IR (ATR)umax] 3158, 2995, 
1632, 1587, 1507, 1466, 1456, 1352, 1293, 1251,1208, 1141, 1111, 965, 771 cm-1; 
ESI-MS: m/z 368.2 [M+ H]+, 390.2 [M+ Na]+.

2,3–dimethyl-1-phenyl-4-(5’-Nitro-2’-hydroxy benzylideneamino)-pyrazo-
line-5-one (3h)

	 Yellow crystal, yield 68 %; M.p. 235-236°C; UV–Vis (C2H5OH, λmax nm): 206, 
308, 352 nm; 1H NMR (DMSO-d6, d ppm J Hz): δ 2.43 (s, 3H, -CCH3), 3.24 (s, 3H, 
-NCH3), 7.07 (d, J=8.9 Hz, 1H, m-CH), 7.38 (d, J= 8.3 Hz, 2H, o-CH,Ph),  7.41 (t, J=7.4 
Hz,1H, p-CH, Ph), 7.54 (dd, J=8.3,7.4 Hz, 2H, m-CH, Ph), 8.15 (dd, J= 8.9, 2.8 Hz,1H, 
p-CH), 8.52 (d, J=2.8 Hz, 1H, o-CH),  9.77 (s, 1H, -N=CH-Ph), 13.75 (s, 1H, OH); 
13С NMR (DMSO-d6, δ ppm): δ 9.8 ( -CCH3), 34.9 ( -NCH3), 117.4 (m-CH), 125.2 (2 
x o-CH, Ph), 125.4 (o-CH), 126.7 (p-CH), 127.5 ( p-CH,Ph), 129.2 (2 x m-CH,Ph),  
134.0 (Cq), 139.7 (Cq), 150.6 ( Cq, NCCH3), 153.3 ( -N=CH), 158.8 (>CO), 164.5 
(=COH); [IR (ATR)umax] 3081, 1652, 1622, 1558, 1517, 1433, 1332, 1289, 1232, 1070, 
751, 699 cm-1; ESI-MS: m/z 353.3 [M+H]+, 375.2 [M+Na]+, 727.2 [2M+Na]+.

2,3–Dimethyl-1-phenyl-4-(3’-hydroxy-4’-methoxy benzylideneamino)-pyrazo-
line-5-one (3i)

	 Beige powder, yield 89 %; M.p. 245-247°C; UV–Vis (C2H5OH, λmax nm): 
206, 231, 335 nm; 1H NMR (DMSO-d6, δ ppm J Hz): δ 2.42(s, 3H, -CCH3), 3.18 
(s, 3H, -NCH3), 3.89 (s, 3H, OCH3), 6.78 (d, 1H, J=8.1 Hz, Ar-H), 7.01 (dd, 1H, J 
= 8.1, 1.8 Hz, Ar-H), 7.15-7.58 (m, 6H, Ar-H), 9.45 (s, 1H, -N=CH-Ph); [IR (ATR)
umax] 3065, 2999, 2965, 1608, 1594, 1585, 1518, 1308, 1287, 1250, 1184, 1113, 
1026, 768, 710 cm-1; ESI-MS: m/z 338.2 [M+H]+, 360.2 [M+Na]+.

2,3–dimethyl-1-phenyl-4-( 3’,4’-dihydroxy benzylideneamino)-pyrazo-
line-5-one (3j) 

Yellow crystal, yield 68%; M.p. 287-289°C; UV–Vis (C2H5OH, λmax nm): 
206, 234, 337 nm; 1H NMR (DMSO-d6, δ ppm J Hz): δ 2.39 (s, 3H, -CCH3), 
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3.11 (s, 3H, -NCH3), 6.77 (d, 1H, J=7.9 Hz, m-CH), 7.01 (dd, 1H, J= 7.9, 2.0 
Hz, o-CH),  7.28 (d, 1H, J=2.0 Hz, o-CH), 7.35 (m, 3H, o-+ p-CH), 7.50 (t, 
1H, J= 7.9 Hz, m-CH), 9.36 (s, 1H, -N=CH-Ph); 13С NMR (DMSO-d6, δ ppm): 
δ 9.8 (-CCH3), 35.6 (-NCH3), 113.1 (o-CH), 115.6 (m-CH), 117.1 (Cq), 120.9 
(o-CH), 124.4 (o-CH, Ph), 126.7 (p-CH, Ph), 129.2 (m-CH, Ph), 134.8 (Cq), 
145.6 (=COH), 148.2 (=COH), 151.6 (Cq, NCCH3), 155.3 (-N=CH-Ph), 160.0 
(-N-CO); [IR (ATR)umax] 3490, 1617, 1583, 1526, 1487, 1446, 1378, 1388, 
1263, 865, 769, 705 cm-1; ESI-MS: m/z 324.3 [M+H]+, 346.2 [M+Na]+, 669.2 
[2M+Na]+.

2,3–Dimethyl-1-phenyl-4-(3’-hydroxy benzylideneamino)-pyrazoline-5-one 
(3k)

Beidge solid, yield 86 %; M.p. 266-270°C; UV–Vis (C2H5OH, λmax nm): 206, 
234, 337 nm; 1H NMR (DMSO-d6, δ ppm J Hz): δ 2.44 (s, 3H, -CCH3), 3.17 (s, 
3H, -NCH3), 7.27-7.36 (m, 5H, Ar-H), 7.46-7.48 (m, 3H, Ar-H), 7.61-7.64 (t, 1H, 
m-CH), 9.58 (s, 1H, -N=CH-Ph), 9.65 (s, 1H, OH); 13С NMR (DMSO-d6, δ ppm): 
δ 9.7 ( -CCH3), 35.5 ( -NCH3), 112.8 (o-CH), 116.3 (m-CH), 117.5 (Cq), 118.9 
(o-CH), 124.6 (2 x o-CH, Ar), 126.9 (p-CH, Ph), 129.1 (2 x m-CH, Ph), 134.6 
(Cq), 138.9 (Cq), 151.9 ( Cq, NCCH3), 154.4 ( -N=CH-Ph), 157.5 (-N-CO), 159.6 
(=COH); [IR (ATR)umax] 3139, 1615, 1591, 1578, 1449, 1387, 1285, 1235, 765, 
706, 688 cm-1; ESI-MS: m/z 308.2 [M+ H ]+, 330.2 [M+ Na]+.

2,3–Dimethyl-1-phenyl-4-(4’-nitro benzylideneamino)-pyrazoline-5-one (3l)
Orange solid, yield 86 %; M.p. -252-254°C; UV–Vis (C2H5OH, λmax nm): 205, 

248, 277, 384 nm; 1H NMR (DMSO-d6, δ ppm J Hz): δ 2.47 (s, 3H, -CCH3), 3.25 (s, 
3H, -NCH3), 7.37-7.56 (m, 5H, Ar-H), 8.06 (d, 2H, Ar-H),  8.28 (d, 2H, Ar-H), 9.66 
(s, 1H, -N=CH-Ph); 13С NMR (DMSO-d6, δ ppm): δ 9.7( -CCH3), 34.9 ( -NCH3), 
111.3 (m-CH, Ar), 115.6 (m-CH, Ar), 124.1 (2 x o-CH, Ph), 125.3 (2 x o-CH, Ar), 
127.4 (p-CH, Ar), 127.9 ( 2 x CH, Ar), 129.2 (2 x m-CH, Ph), 134.2 (Cq), 143.6 
(Cq), 147.8 (Cq), 150.8 ( Cq, NCCH3), 152.2 ( -N=CH), 159.1 (>CO); [IR (ATR)
umax] 3103, 3078, 2960, 1658, 1615, 1571, 1551, 1514 , 1336, 1313, 1129, 852, 763, 
740, 689 cm-1; ESI-MS: m/z 337.2 [M+H]+, 359.2 [M+ Na]+.

Evaluation of DPPH free radical scavenging activity (RSA) 
Each compound and concentration tested (3.6 mM) was mixed with 0.1 mM 

ethanolic solution of 1,1-diphenyl-2-picrylhydrazyl (DPPH●) stable free radical. 
The absorption at 516 nm was measured at the start and at 10 and 20 min. The tests 
were performed in triplicate at 27ºC and the results are expressed as percent radical 
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scavenging activity: % RSA = [Abs516 nm (t = 0) -Abs516 nm (t = t0) x 100/Abs516 nm (t = 0)], as 
proposed by Nenadis N.et al. (Nenadis & Tsimidou, 2002).

In vitro antibacterial and antifungal activities
The in vitro antibacterial activities of synthesized azometines were screened 

against the Staphylococcus aureus 209 (G+), Еscherichia coli WF+ (G-), whereas 
the antifungal activities were tested against pathogenic fungus Candida albicans 
562. All microorganisms were obtained from the Bulgarian National Collection for 
Microorganisms and Cell Cultures (NBIMCC). 

The minimal inhibitory concentration (MIC) of all samples was determined by 
the microdilution method described by Andrews (Andrews, 2001). Briefly, 50 µl of 
twofold serial dilutions of examined samples were added to 50 µl microbial sus-
pension adjusted to yield approximately 1.0 × 105 CFU ml-1. MIC was encountered 
as the lowest concentration of examined sample that inhibits the visible microbial 
growth after 24 h incubation at 37°C. For positive controls commercially available 
antibiotic tobramycin and ketoconazole were used. The solvent DMSO was tested 
as negative controls. Three replicates were done for each compound.

Antiviral tests
The antiviral activity of the newly synthesized compounds was tested by the 

multicycle viral cytopathic effect (CPE) inhibition assay. Monolayer FL cells in 
96-well plates were inoculated with 0.1 mL of the corresponding virus suspension 
containing 100 CCID50. Mock-infected cells served as toxicity and cell controls. 
After an hour for virus adsorption at 37⁰C virus inocula was discarded and the so 
treated cells were further inoculated with 0.2 mL of maintenance medium con-
taining 0.5 L/g concentrations of the compounds tested. Cells were incubated in a 
humidified atmosphere at 37⁰C and 5% CO2. When virus cytopathic effect (CPE) 
reached its maximum (on the 48th hour p.i.), viable cells were stained according 
to the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] pro-
cedure with slight modifications and the optical density (OD) of each well was 
read with a spectrophotometer at 540 nm, with 690 nm as a reference read-out. The 
percentage of CPE inhibition was calculated according to the following formula: % 
CPE = [ODtest sample – ODvirus control] / [ODtoxicity control – ODvirus control] x 100 (Sudo et al., 
1994); Pannecouque et al., 2008).

Cells and viruses	
The experiments for testing the antienteroviral activity of the synthesized com-

pounds were carried out with poliovirus type 1 [PV-1 (LSc-2ab)] and coxsackievi-
rus B1 (CV–B1) from the collection of The Stephan Angeloff Institute of Microbi-
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ology at the Bulgarian Academy of Sciences, Sofia, Bulgaria. Cells were grown in 
a humidified atmosphere at 37⁰C and 5% CO2 in a growth medium of Dulbecco 
modified Eagle’s medium (DMEM) (Gibco®, Invitrogen), containing 5% fetal bo-
vine serum (Gibco®, Invitrogen), supplemented with antibiotics (penicillin 100 IU/
mL, streptomycin 100 μg/mL and gentamycin 50 μg/mL) and 20 mM HEPES buff-
er (Gibco®, Invitrogen). For the antiviral assays serum in the maintenance medium 
was reduced to 0.5%. 

Mushroom tyrosinase activity assay
Tyrosinase activity assay was performed as previously described modified do-

pachrome method (Kwak et al., 2011) using L-tyrosine as the substrate (Chochkova 
et al., 2014).
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