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Abstract: This study reports the use of 4-(trifluoromethyl)benzoate as a key synthone for preparing a series of 
heterocyclic derivatives. Reaction completion was verified by thin-layer chromatography (TLC), and the 
products were characterized by physical properties (color, yield, and melting point), Fourier-transform 
infrared spectroscopy (FT-IR), and nuclear magnetic resonance spectroscopy (¹H- and ¹³C-NMR). The 
corresponding hydrazide was obtained by reacting 4-(trifluoromethyl)benzoate with aqueous hydrazine, 
confirmed by the NH₂ stretching bands at 3359 and 3326 cm⁻¹ (FT-IR) and a signal at 4.56 ppm (¹H-NMR). 
Subsequent condensation with ethyl acetoacetate produced a pyrazoline intermediate, exhibiting an absorption 
band at 1606 cm⁻¹ (FT-IR) and a carbon signal at 161.13 ppm (¹³C-NMR). This intermediate was then 
employed in the synthesis of azo dyes by coupling pyrazolines with substituted anilines in pyridine, confirmed 
by characteristic FT-IR bands at 1446–1440 cm⁻¹ and ¹H-NMR signals at 2.23–2.39 ppm (CH). Further 
reactions with benzaldehyde derivatives in dioxane yielded chalcones, where ¹H-NMR signals at 8.14–8.43 
ppm corresponded to olefinic protons of the chalcone moiety. Finally, the enzymatic activity of selected 
compounds (SH1, SH2, SH3, SH6) was evaluated against alkaline phosphatase (ALP) using a phosphinate 
substrate, revealing significant bioactivity. 
Keywords: chalcone, azo dyes, pyrazine, acid hydrazide, enzymatic activity 
 

Introduction 
 

Chalcone  is one of the carbonyl compounds and a common chemical compound in biological 
and organic systems [1]. It serves as a source for synthesizing significant chemicals used in industry 
and medicine [2]. A carbonyl group in α-β unsaturated compounds is substituted with an unsaturated 
group (C=C) [3]. One bond separates the double bond (C=C) from the bond (C=O) [4], and the two 
bonds alternate between each other. Because of resonance, the chain system is stable because of the 
coupling between the two groups, which stands for the potential for charges to be dispersed among 
the four atoms [5]. Chalcones and their derivatives are valued due to the keto ethylenic moiety, CO-
CH=CH-. Moistures in the field of synthetic and heterocyclic organic chemistry [6] were produced 
by the condensation of acetophenones with benzaldehyde replacements [7] using Claisen-Schmidt 
synthesis [8]. α-β unsaturated compounds that dissolve in organic solvents but not in water are 
referred to as chalcones. When Kastanek carried out his initial investigations in 1899 to create 
naturally colored chemicals, he coined the name "chalcone" for the first time [9, 10]. Many plant-
based goods, including fruits, tea, and vegetables, include chalcone, a fundamental chemical scaffold 
[11]. Due to its anti-inflammatory properties [12], chalcone holds a significant position in 
biochemistry and medicine and possesses an extensive range of biological action. It showed good 
bacterial activity [13]. Azo dyes have been used for a very long time as both dyes and pigments 
because of their intense colors, which can be yellow, red, orange, blue, or green depending on 
molecular structure and delocalization [14]. The dye-fiber interaction and color intensity are 
determined by the chemical formula and structure of the textile and the dye [15]. The structural 
element of Azo dyes that gives them their color is the Azo (–N=N–) group. The reason the dye sticks 
to the fiber is because of the salt that is created between the ionic groups of the dye and the fiber. Due 



 
 
 

to the fact that most Azo dyes have acid-base characteristics, such as fixed isosbestic points, which 
indicate the number of equilibriums in such Azo dyes, these dyes are used to serve as markers of acid-
base [16]. Azo-functionalized dyes containing aromatic compounds have attracted increasing interest 
in recent years because of their broad color spectrum, brightness, simplicity of production, and 
superior dyeing capabilities [17]. Pyrazoline is a heterocyclic compound containing five atoms, two 
of which are nitrogen and three of which are carbon, containing a double bond between nitrogen and 
carbon called azomethine [18].   

 
Experimental part 

 
Chemical used. Chemicals prepared by Aldrich, BDH Thomas, Fluka, and Merck were used. 
2.1. Preparation of 4-(trifluoromethyl)benzo hydrazide (SH): Equal moles (0.001 mol) of 

ethyl 4-(trifluoromethyl)benzoate were mixed with aqueous hydrazine in 10 ml of ethanol. The 
mixture was stirred for 12 h, and the solution was concentrated, filtered, and recrystallized in ethanol 
[19]. TLC plates were used to confirm the completion of the reaction (Scheme 1).  

Pearly white (76%); mp =110-112 ℃; elemental analysis  C8H7F3N2O; IR (KBr) v(cm–1)= 3359, 
3326 (NH2), 3222 (NH), 3060 (Ar-CH), 1631 (C=O), 1577, 1504 (C=C), 929 (C-F) cm−1; 1H-NMR 
(DMSO-d6, 400 MHz): δ(ppm) = 9.96 (1H, s, NH), 7.94-7.67 (4H, d,d, Ar–H), 4.56 (2H, s, NH2); 
13C-NMR (DMSO-d6, 101 MHz): δ(ppm) = 162.73 (C=O), 140.86-128.61 (Ar-C=C), 126.0 (C-F), as 
in Fig. s 1-3. 

2.2. Preparation of 5-methyl-2-(4-(trifluoromethyl)benzoyl)-2,4-dihydro-3H-pyrazole-3-
one (SH1): Mix (0.001 mol) of 4-(trifluoromethyl)benzo hydrazide was mixed with ethyl acetoacetate 
in 15 ml of ethanol, and the mixture was raised in a water bath for 3 h. The solution was then filtered 
and recrystallized from ethanol [20]. TLC confirmed the reaction.  
white (72%); mp =131-133 ℃; elemental analysis  C12H9F3N2O2; IR (KBr) v(cm–1)=3091 (Ar-CH), 
2981, 2900 (CHALiphatic), 1656 (C=O), 1606 (C=N), 1550, 1485 (C=C), 1274 (C-N), 1058 (N-N), 900 
(C-F) cm−1; 1H-NMR (DMSO-d6, 400 MHz): δ(ppm) = 7.79-7.52 (4H, d, d, Ar–H), 3.33 (2H, s, CH2), 
2.19 (3H, s, CH3); 13C-NMR (DMSO-d6, 101 MHz): δ(ppm) = 168.68, 165.65 (C=O), 161.13 (C=N), 
135.21-129.29 (Ar-C=C), 125.97 (C-F), 51.87 (CH2), 15,51 (CH3) (Fig. s 4-6). 

2.3. Preparation of Azo dyes (SH2-SH3): On crushed ice, a cold aqueous solution of NaNO2 
(0.0069 g) was added dropwise with stirring to the nitrate solution of the amine derivative (0.001 
mol) previously dissolved in aqueous hydrochloric acid (10 mL). This process produced a clear 
solution of the diazonium salt of the amine. The temperature was maintained between 0 and 5°C. A 
solution of 5-methyl-2-(4-(trifluoromethyl)benzoyl)-2,4-dihydro-3H-pyrazole-3-one (0.001 mol) 
dissolved in pyridine (5 mL) was then filled with this mixture. The temperature was maintained 
between 0 and 5 °C while stirring the reaction mixture for 2 h. and then the mixture was added to 
water with continuous stirring. Afterwards, it was cleaned, filtered, and recrystallized from ethanol 
[21]. 

SH2: Yellow (75%); mp = 148-150◦C; elemental analysis  C18H11Cl2F3N4O2; IR (KBr) v(cm–1)= 
3089 (Ar-CH), 2985, 2935 (CHALiphatic), 1664 (C=O), 1618 (C=N), 1554,1508 (C=C),1446   (N=N), 
1267 (C-N), 1072(N-N), 997 (C-F), 767 (C-Cl) cm−1; 1H-NMR (DMSO-d6, 400 MHz): δ(ppm) = 
7.98-7.27 (7H, m, Ar–H), 2.23 (1H, s, CH), 1.76 (3H, s, CH3); 13C-NMR (DMSO-d6, 101 MHz): 
δ(ppm) = 168.86,165.00 (C=O), 159.34 (C=N), 137.54-125.74 (Ar-C=C), 123.03 (C-F), 59.38 (CH), 
22.45 (CH3). 

SH3: Off-White (68%); mp = 167◦C; elemental analysis  C18H11BrClF3N4O2 ; IR (KBr) v(cm–

1)= 3055 (Ar-CH), 2902, 2848 (CHALiphatic), 1662 (C=O), 1598 (C=N), 1548,1525 (C=C),  1440 
(N=N), 1284 (C-N), 1062 (N-N), 945 (C-F), 813 (C-Cl), 617 (C-Br) cm−1; 1H-NMR (DMSO-d6, 400 
MHz): δ(ppm) = 7.80-7.07 (7H, m, Ar–H), 2.39 (1H, s, CH), 2.03 (3H, s, CH3); 13C-NMR (DMSO-
d6, 101 MHz): δ(ppm) = 164.94,162.48 (C=O), 160.92 (C=N), 132.18-125.93 (Ar-C=C), 125.70 (C-
F), 54.69 (CH), 38.37 (CH3) (see Figures 7-12). 
 



 
 
 

2.4. Preparation of Chalcone (SH4-SH6): Mix (0.001 mol) of each of 5-methyl-2-(4-
(trifluoromethyl)benzoyl)-2,4-dihydro-3H-pyrazole-3-one and benzaldehyde substitutes with the 
addition of 5 mL of 10% NaOH in 20 mL of 1,4-dioxane and stir the mixture in a water bath for 3 
hours at 25-40°C, then neutralize the medium in the presence of HCl [22, 23], filter, and recrystallize 
from ethanol. 

SH4: Yellow (65%); mp = 220-222◦C; elemental analysis  C21H18F3N3O2; IR (KBr) v(cm–1)= 
3043 (Ar-CH), 2916, 2833 (CHALiphatic), 1650 (C=O), 1604 (C=N), 1560, 1508 (C=C), 1234 (C-N), 
1062(N-N), 918 (C-F) cm−1; 1H-NMR (DMSO-d6, 400 MHz): δ(ppm) = 8.43(1H, s, =CH), 7.84-7.32 
(8H, m, Ar–H), 3.06 (6H, s, (CH3)2), 2.42 (3H, s, CH3); 13C-NMR (DMSO-d6, 101 MHz): δ(ppm) = 
162.50, 161.25 (C=O), 147.28 (C=N), 139.43 (=CH), 133.67-111.17 (Ar-C=C), 125.96 (C-F), 52.46 
(CH3), 19.01 (CH3). 

SH5: Light Yellow (63%); mp = 207-209 ◦C; elemental analysis  C19H12ClF3N2O2; IR (KBr) 
v(cm–1)= 3024 (Ar-CH), 2918, 2856 (CHALiphatic), 1647 (C=O), 1608 (C=N), 1541, 1515 (C=C), 1282 
(C-N), 1062(N-N), 914 (C-F), 748 (C-Cl) cm−1; 1H-NMR (DMSO-d6, 400 MHz): δ(ppm) = 8.14 (1H, 
s, =CH), 7.80-7.17 (8H, m, Ar–H), 2.36 (3H, s, CH3); 13C-NMR (DMSO-d6, 101 MHz): δ(ppm) = 
169.34, 166.79 (C=O), 152.77 (C=N), 147.71 (=CH), 137.56-123.00 (Ar-C=C), 125.98 (C-F), 23.42 
(CH3). 

SH6: Light Yellow (70%); mp = 213-215 ◦C; elemental analysis  C19H12ClF3N3O4; IR (KBr) 
v(cm–1)= 3033 (Ar-CH), 2956, 2837 (CHALiphatic), 1645 (C=O), 1606 (C=N), 1558, 1467 (C=C), 1288 
(C-N), 1064 (N-N), 916 (C-F), 1506, 1326 (NO2) cm−1; 1H-NMR (DMSO-d6, 400 MHz): δ(ppm) = 
8.33 (1H, s, =CH), 7.58-6.76 (8H, m, Ar–H), 2.16 (3H, s, CH3); 13C-NMR (DMSO-d6, 101 MHz): 
δ(ppm) = 164.26, 161.92 (C=O), 149.87 (C=N), 138.07 (=CH), 131.88-121.77 (Ar-C=C), 123.05 (C-
F), 30.00 (CH3) (see Fig. s 13-21). 
 

 
Scheme 1. Prepared compounds (SH-SH6) 

 
2.5. Evaluation of enzymatic activity. The effect of the compounds (SH1, SH2, SH3, SH6) on 

the alkaline phosphate enzyme ALP in human blood serum (normal, non-diseased cases) was 
reported. Solutions of these compounds were prepared at 7 different concentrations (mg/10 ml), and 
were dissolved using DMSO in preparing these solutions. The concentration of the base material was 
0.3 mol. The enzyme activity was measured using the method described in the ready-made kit for 
measuring the enzyme activity GISSE DIAGNOSTICS [24] by adding 1 ml of the prepared 
compound solution to the base material solution. The inhibition is calculated by comparing the 
activity with and without the prepared compound under the same conditions according to the 
following equation [25]: 

 

%inhibition  =  100- [
  

  
] -100 

 



 
 
 

Results and discussions 
 

3.1. Characterization of prepared compounds (SH-SH6). In the first step, hydrazide was 
prepared by reacting ethyl 4-(trifluoromethyl) benzoate with hydrated hydrazine. The disappearance 
of the aliphatic (CH) bond was observed in the Fourier transform infrared (FT-IR) spectrum with a 
clear decrease in the (C=O) bond, due to its association with the amine group (NH) that appeared at 
(3222) cm-1 and the appearance of a double band for (NH₂) at 3359 and 3326 cm-1, as evidenced by 
the hydrogen nuclear magnetic resonance (1H-NMR) spectrum, which showed a signal at 9.96 ppm 
for (NH₂) and a signal at 4.56 ppm for (NH₂). As for the 13C-NMR nuclear magnetic resonance 
spectrum, a decrease in the value of (C=O) was observed for the same reason mentioned above [26]. 
In the second step, pyrazoline was synthesized by condensing equimolar amounts of the hydrazide 
(prepared in step one) with ethyl acetoacetate. FT-IR analysis confirmed the reaction by showing the 
disappearance of NH and NH₂ absorption bands and the emergence of an azomethine (C=N) 
stretching band at 1606 cm⁻¹, indicating the formation of a five-membered pyrazoline ring. The ¹H-
NMR spectrum further supported this transformation, revealing the absence of amine proton signals 
and the appearance of a signal at 3.33 ppm corresponding to the CH₂ group and a signal at 2.19 ppm 
corresponding to the CH₃ group. In addition, the ¹³C-NMR spectrum displayed a new carbonyl (C=O) 
resonance at 165.65 ppm and an azomethine (C=N) resonance at 161.13 ppm, providing further 
evidence of pyrazoline ring formation [27]. 

 

 
Fig. 1. FT-IR spectrum for the compound (SH) 

 

 
Fig. 2. 1H-NMR spectrum for the compound (SH) 
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Fig. 3. 13C-NMR spectrum for the compound (SH) 

 
 

 
Fig. 4. FT-IR spectrum for the compound (SH1) 

 

 
Fig. 5. 1H-NMR spectrum for the compound (SH1) 
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In the third step, azo dyes were prepared by reacting the resulting pyrazole SH1 with the 
diazonium salt prepared from aniline substituents. The Fourier transform infrared spectrum confirmed 
the reaction, as a signal appeared at (1446, 1440) cm-1 due to (N=N), which is a clear indication of 
the completion of the reaction. The hydrogen nuclear magnetic resonance (H-NMR) spectrum showed 
the disappearance of the CH2 group and the appearance of a signal at (2.23, 2.39) ppm due to (CH), 
in addition to an increase in the number of aromatic ring signals. The same applies to the 13NMR 
spectrum of carbon [28]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. 13C-NMR spectrum for the compound (SH1) 
 

In the fourth step, chalcones were prepared by reacting the pyrazoline prepared in the second 
step with benzaldehyde substituents. This reaction was confirmed by spectroscopic measurements. 
The FT-IR spectrum showed a decrease in the (C=O) group, but its association with the double bond 
that appeared at the same position as azomethine in the measurements at (1604-1608) cm-1. The 
hydrogen nuclear magnetic resonance (1H-NMR) spectrum showed a signal in the range (8.14-8.43) 
ppm that returned (=CH) consecutively with the carbonyl, indicating the completion of the reaction 
with the disappearance of the (CH2) group. Similarly, the 13C-NMR spectrum showed the 
disappearance of this group, revealing a group adjacent to the azomethine attributed to (=CH) in the 
range (138.07-147.71) ppm, evidence of the localization of the chalcones [29-35]. 

 

 
Fig. 7. FT-IR spectrum for the compound (SH2) 
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Fig. 8. 1H-NMR spectrum for the substance (SH2) 

 

 
Fig. 9. 13C-NMR spectrum for the compound (SH2) 

 

 
Fig. 10. FT-IR spectrum for the compound (SH3) 
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Fig. 11. 1H-NMR spectrum for the substance (SH3) 

 

 
Fig. 12. 13C-NMR spectrum for the compound (SH3) 

 

 
Fig. 13. FT-IR spectrum for the compound (SH4) 
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Fig. 14. 1H-NMR spectrum for the substance (SH4) 

 

 
Fig. 15. 13C-NMR spectrum for the compound (SH4) 

 

 
Fig. 16. FT-IR spectrum for the compound (SH5) 
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Fig. 17. 1H-NMR spectrum for the substance (SH5) 

 

 
Fig. 18. 13C-NMR spectrum for the compound (SH5) 

 

 
Fig. 19. FT-IR spectrum for the compound (SH6) 
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Fig. 20. 1H-NMR spectrum for the substance (SH6) 

 

 
Fig. 21. 13C-NMR spectrum for the substance (SH6) 

 
3.2. Enzymatic activity study. The compounds (SH1, SH2, SH3, SH6) showed that they have 

inhibitory activity against the basic ALP enzyme, as the study showed that the higher the 
concentration of the inhibitor, the lower the enzyme activity. This type of inhibition is competitive, 
as it competes with the substrate to bind to the active site of the enzyme. This inhibition can be 
removed by increasing the concentration of the substrate, which leads to the inhibitor binding to the 
active site of the enzyme and facilitates the binding of the substrate to the enzyme, which is the basic 
phosphines, the active site of the enzyme located on the surface of the enzyme [31-32] (Table 2 and 
Scheme 2). 
 

Table 2. Efficacy of ALP enzyme against compounds (SH1, SH2, SH3, SH6) 
Inhibitor 
Conce 

mg\10m
L 

SH1 SH2 SH3 SH6 

Activity 
% 

Activit
y 

Activity 
% 

Activit
y 

Activity 
% 

Activit
y 

Activity 
% 

Activit
y 

0 
178.000

0 
100.000 

178.000
0 

100.000 
178.000

0 
100.000 

178.000
0 

100.000 



 
 
 

0.0001 
167.910

0 
94.331 

176.100
0 

98.933 
161.300

0 
90.618 

142.450
0 

80.028 

0.001 
110.510

0 
62.084 

112.430
0 

63.163 
149.400

0 
83.933 93.4000 52.472 

0.01 83.6500 46.994 91.2300 51.253 91.4400 51.371 68.3000 38.371 
0.1 55.2100 31.017 72.8100 40.904 60.1100 33.770 40.3000 22.640 
1 41.4000 23.258 44.7600 25.146 38.1000 21.404 24.2000 13.596 
10 29.3200 16.472 22.1200 12.427 20.2200 11.360 15.7700 8.860 
100 13.8800 7.798 8.5200 4.787 6.4000 3.596 5.1000 2.865 

 

 
 

 
Scheme 2. Effect of compounds (SH1, SH2, SH3, SH6) on ALP 

 
Conclusions 

 
This study successfully synthesized a series of pyrazoline derivatives, azo dyes, and chalcones 

using ethyl 4-(trifluoromethyl)benzoate as a core structure. The characterization of these compounds 
was confirmed through FT-IR, 1H-NMR, and 13C-NMR spectroscopy, along with Thin Layer 
Chromatography (TLC) for reaction monitoring. The synthesized compounds exhibited high purity 
and good product yields, as demonstrated by their spectral and physical analyses. 

According to the study's findings on biological activity, the Alkaline Phosphatase (ALP) 
enzyme was significantly inhibited by a few produced chemicals (SH1, SH2, SH3, and SH6). SH2 had 
the strongest activity, and the inhibition was concentration-dependent, suggesting possible uses in 
pharmacological and biochemical research. The produced azo dyes also showed excellent color 
stability, which makes them viable options for industrial and textile dyeing applications. 

According to the results, chalcones and pyrazoline derivatives may be useful starting points for 
more research on drug development and enzyme inhibition. To fully investigate the therapeutic 
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potential of these substances, future studies should concentrate on extending biological assessments, 
such as antibacterial and anti-inflammatory evaluations. Furthermore, to maximize the potential for 
enzyme inhibition in pharmaceutical applications, structure-activity relationship (SAR) 
investigations are advised. All things considered, this study advances the domains of organic 
synthesis, enzymatic inhibition, and dye chemistry, laying a solid basis for upcoming developments 
in industrial and medical chemistry. 
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