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Abstract 

A series of three chalcones with a nitro moiety in ring B (compounds 3a-c) was obtained 

by following a classic Claisen-Schmidt condensation procedure, which involved hydro-

alcoholic conditions at room temperature. The reaction yields are consistently high 

(>90%), and the spectroscopic data are in close agreement with the anticipated structures. 

The anti-inflammatory protective effect of 3a-c was evaluated using the carrageenan-in-

duced rat hind paw edema model. Moreover, a Tukey test was conducted to compare the 

data obtained herein with those for chalcones containing the nitro moiety in Ring A. 

Keywords: nitro-chalcone; Claisen- condensation; ring A; ring B; comparison;  

anti-inflammatory protective effect 

 

1. Introduction 

Chalcones (trans-1,3-diaryl-2-propen-1-ones) are biosynthetic products of the shiki-

mate pathway, belonging to the flavonoid family [1]. These compounds are considered 

precursors to closed-chain flavonoids and isoflavonoids, which have been identified in a 

variety of plant species, including fruits, vegetables, spices, tea, and soy-based foodstuffs 

[2]. Furthermore, chalcones are pivotal in the synthesis of numerous biologically essential 

heterocycles including indoles, pyrroles, and imidazoles [3]. Chalcones are α,β-unsatu-

rated ketones consisting of two aromatic rings (ring A, which is closer to the carbonyl 

group, and ring B, which is closer to the unsaturated moiety) [4]. The α,β-unsaturated 

carbonyl system, which is of high electrophilic character, adopts a nearly planar structure. 

Chalcones are characterized by the presence of conjugated double bonds and fully delo-

calized π-electron system on both benzene rings. This structural feature can give rise to a 

variety of substituent patterns [5]. 

A plethora of strategies for synthesizing these systems have been documented, pre-

dominantly centered on the formation of carbon-carbon bonds [6]. However, the most 

common method for synthesizing chalcones is the Claisen-Schmidt condensation, which 
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occurs between aldehydes and acetophenone derivatives under basic conditions. Addi-

tionally, reports of acid-catalyzed aldol condensations have appeared [7]. 

Structural modifications of chalcones have led to a substantial increase in structural 

diversity. This diversity has been advantageous in the development of novel medicinal 

agents that exhibit enhanced pharmacological activity and reduced toxicity [8]. These 

compounds have been reported to show a broad spectrum of biological activities, includ-

ing antimicrobial, antiviral, antihypertensive, antioxidant, cytotoxic, and anti-inflamma-

tory properties [9]. 

In an earlier study, Gomez et al. synthesized three chalcones bearing nitro moiety in 

ring A and evaluated their anti-inflammatory activity in a rat model of carrageenan-in-

duced edema. The three structures were evaluated for biological activity at a dose of 200 

mg kg−1, revealing a time-dependent anti-inflammatory protective effect following both 

oral and intraperitoneal administration [10]. 

In this report, we outline the synthetic methodologies used to obtain three chalcones 

bearing a nitro moiety in ring B (Scheme 1). Concurrently, we assess their anti-inflamma-

tory activity in the carrageenan-induced rat hind paw edema model. 

 

Scheme 1. Claisen-Schmidt condensation reaction with acetophenone and 2-nitrobenzaldehyde, 3-

nitrobenzaldehyde, and 4-nitrobenzaldehyde. 

2. Materials and Methods 

2.1. Chemistry 

The starting materials for the synthesis of compounds 3a-c were obtained from 

Sigma-Aldrich in reagent-grade quality. Thin-layer chromatography (TLC) was per-

formed on pre-coated silica gel F254 plates (Merck). The detection process involved 

quenching fluorescence under UV light (UV lamp, model UV-IIB) and iodine vapor. The 

melting points were measured using a Fisher-Jones apparatus and left uncorrected. Infra-

red spectra (IR) were recorded on a Perkin-Elmer Spectrum One FTMS spectrometer. 

NMR spectra were recorded on a Varian VX-400 spectrometer with tetramethylsilane 

(TMS) as an internal standard, and chemical shifts are reported in δ (ppm). 

The synthesis of chalcones 3a-c was accomplished via the Claisen-Schmidt reaction 

of acetophenone (1) and 2-nitrobenzaldehyde (2a), 3-nitrobenzaldehyde (2b), or 4-nitro-

benzaldehyde (2c). The reactions were carried out at room temperature, in ethanol with 

aqueous NaOH, in accordance with previously reported procedures [11]. 

In general, the corresponding nitrobenzaldehyde (1 mmol) was initially dissolved in 

ethanol (3 mL) in a 25 mL round-bottom flask. The mixture was stirred at 0 °C using an 
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ice bath. Subsequently, a solution of 0.1 equivalent of sodium hydroxide (0.05 M, aqueous) 

and acetophenone (1 mmol) was added to the reaction mixture, which was then left at 

room temperature for 3 h. After the reaction was complete, the mixture was cooled to 0 

°C for 24 h. The solid product obtained was separated by filtration and washed with cold 

water. A two-solvent recrystallization with dichloromethane and hexane subsequently 

purified the product. 

The procedure above was applied to synthesize 3a, yielding 4a, a β-hydroxyketone. 

A dehydration process was subsequently employed, in which 1 mmol of 4a was placed in 

a 5% aqueous sulfuric acid solution under reflux for 30 min. After the reaction was com-

plete, the product was separated by filtration, washed with cold water, and purified by 

recrystallization using a solvent pair of dichloromethane and hexane. 

E)-3-(2-nitrophenyl)-1-phenylprop-2-en-1-one (3a) 

Yield: 90%; m.p. = 115–116 °C; Yellow solid; 1H NMR spectrum (400 MHz, CDCl3) δ 

(ppm): 7.34 (d, J = 15.6 Hz, 1H), 7.51 (m, 2H), 7.58 (m, 2H), 7.72 (m, 2H), 8.01 (m, 2H), 8.04 

(dd, J = 5.64, 1.2 Hz, 1H), 8.13 (d, J = 15.6 Hz, 1H); 13C NMR spectrum (100 MHz, CDCl3) δ 

(ppm): 124.8, 127.0, 128.6, 128.6, 129.1, 130.2, 131.1, 133.0, 133.5, 137.2, 140.0, 148.3, 190.2 

[12]. IR (KBr, cm–1): 1663,1511,1337. 

(E)-3-(3-nitrophenyl)-1-phenylprop-2-en-1-one (3b) 

Yield: 94%; m.p. 132–134 °C; White solid; 1H NMR spectrum (400 MHz, CDCl3) δ 

(ppm): 7.56 (m , 4H), 7.67 (d, J = 16 Hz, 1H), 7.83 (d, J = 16 Hz, 1H), 7.93 (d, J = 7.8 Hz, 1H), 

8.05 (m, 2H), 8.25 (dd, J = 8.1, 2.1 Hz, 1H), 8.50 (dd, J = 2.1, 1.8 Hz, 1H); 13C NMR spectrum 

(100 MHz, CDCl3) δ (ppm):122.2, 124.4, 124.5, 128.5, 128.7, 129.9, 133. 2, 134.2, 136.5, 137.4, 

141.5, 148.5, 189.5 [12]. IR (KBr, cm–1): 1661, 1529, 1354. 

(E)-3-(4-nitrophenyl)-1-phenylprop-2-en-1-one (3c) 

Yield: 90%; m.p. 156–158 °C; Yellow solid; 1H NMR spectrum (400 MHz, CDCl3) δ 

(ppm): 7.53 (dt, J = 7.6, 1.5 Hz, 2H), 7.61 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 15.54 Hz, 1H), 7.78 

(d, J = 8.7 Hz, 2H), 7.81 (d, J = 15.54 Hz, 1H), 8.04 (dd, J = 7.8, 1.5 Hz, 2H,), 8.26 (d, J = 8.7 

Hz, 2H); 13C NMR spectrum (100 MHz, CDCl3) δ (ppm): 124.1, 125.5, 128.5, 128.7, 128.8, 

133.3, 137.4, 140.9, 141.4, 148.4, 189.5 [12]. IR (KBr, cm–1): 1659,1515, 1342. 

3-hydroxy-3-(2-nitrophenyl)-1-phenylpropan-1-one (4a) 

Yield: 90%; m.p. 87–89 °C; White solid; 1H NMR spectrum (400 MHz, CDCl3) δ (ppm): 

3.22 (dd, J = 17.6, 9.6 Hz, 1H), 3.70 (dd, J = 17.6, 2 Hz, 1H), 4.08 (OH, 1H), 5.85 (dd, J = 9.6, 

2 Hz, 1H), 7.45 (m, 3H), 7.58 (m, 1H), 7.68 (m, 1H), 7.95 (m, 4H).); 13C NMR spectrum (100 

MHz, CDCl3) δ (ppm): 46.4, 65.8, 124.3, 128.1, 128.2, 128.3, 128.6, 133.7, 133.7, 136.1, 138.5, 

140.1, 199.7. IR (KBr, cm–1): 1599, 1525, 1346. 

2.2. Anti-Inflammatory Activity 

The anti-inflammatory effects of chalcones 3a-c were evaluated using the carragee-

nan-induced rat hind paw edema model at doses of 25, 50, 100, and 200 mg kg−1, with 

dimethyl sulfoxide (DMSO) as the vehicle. 

The experiments were conducted on male Wistar rats weighing 180 to 220 g, housed 

in a temperature- and humidity-controlled facility maintained at 26 °C and 55% relative 

humidity, with a 12-h light/dark cycle. All experiments involving rodents and their care 

were conducted in accordance with the Guidelines on Ethical Standards for Investigation 

of Experimental Pain in Animals [13] and the Mexican Official Standard for Production, 

Care and Use of Laboratory Animals (NOM-062-ZOO-1999). 

The experiment was conducted with 15 groups, each consisting of 6 male Wistar rats. 

Firstly, the temporal progression of the inflammatory response to carrageenan was exam-

ined. Two experimental groups were utilized in this study. The initial measurement of the 

volume of the right hind paw was taken at a designated time (t = 0). Thereafter, one group 

administered a single dose of 50 μL of 0.3% carrageenan in isotonic saline solution via 
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intraplanar (i.pl) injection into the right hind paw. The second group was designated the 

control and received a single dose (50 μL) of isotonic saline solution in the right hind paw. 

The volume of the right hind paw of each rat was assessed in triplicate every hour for a 

period of six hours using a plethysmometer (Ugo Basile 7140). 

Twelve of the groups were treated with compound 3a, 3b, or 3c by intraperitoneal 

injection (ip) at doses of 25, 50, 100, and 200 mg Kg−1. The final group received a single 

oral dose (10 mg kg−1) of meloxicam, which served as a reference drug. After the admin-

istrations described above, a single dose i.pl. A Dose of 0.3% carrageenan in isotonic saline 

solution was injected into the right hind paw of each rat, as previously outlined [14]. 

The volume of the right hind paw was measured every hour for 6 h using the ple-

thysmometer technique. The maximum anti-inflammatory protective effect (MAPE) was 

calculated for each animal at each hour throughout the experiment. The MAPE was cal-

culated as a percentage using Equation (1). 

MAPE(%) = [(Vcarr − Vtreat)/(Vcarr − Vo)] * [100] (1) 

Vcarr denotes the volume of the hind paw of the rat to which carrageenan was admin-

istered i.pl. The volume of the rear paw of the rat that received either meloxicam or com-

pounds 3a, 3b, or 3c before carrageenan administration is denoted by Vtreat. Vo is defined 

as the volume of the rear paw of the rat at t = 0. The MAPE values are reported as the 

mean ± standard deviation. A comparison of the experimental groups was conducted us-

ing an analysis of variance (ANOVA) and a Tukey test. The statistical significance of the 

results was determined by a p-value cut-off of 0.05. 

3. Results and Discussion 

The three nitrochalcone isomers (3a-c) were obtained in excellent yields, and the β-

hydroxyketone compound (4a) was also obtained. The three chalcone compounds (3a-c) 

were solids and exhibited limited solubility in water but pronounced solubility in DMSO. 

The infrared (IR) spectra bands were consistent with the functional groups anticipated for 

the structures. The 1H-NMR coupling constants for the alkene protons were approxi-

mately 15 Hz, which indicated that the configuration of the double bond is E in all three 

compounds, as shown in Table 1. The subsequent assignment of the 1H and 13C NMR 

spectra corroborated the structures. 

Table 1. Results and Reaction Conditions for Chalcones 3a-c. 

Entry Compounds Conditions Time (min.) Yields (%)  3JH-H (Hz) 

1 4a 0.1 Eq NaOH 120 90 a -- 

2 3b 0.1 Eq NaOH 210 94 a 16.00 

3 3c 0.1 Eq NaOH 120 90 a 15.54 

4 3a 0.5 Eq NaOH 180 34 a 15.60 

5 3a 
(1) 0.1 Eq NaOH 

(2) H2SO4 5% 
150 90 b 15.60 

a Yield refers to pure products after filtration. b Global Yield. 

The application of carrageenan (i.pl.) in rats resulted in edema development, increas-

ing from a basal value of 1.2 ± 0.02 mL to a maximum of 2.4 ± 0.09 mL, observed 3 h after 

carrageenan administration. The control group demonstrated a baseline volume of 1.2 ± 

0.02 mL, with no statistically significant differences (p > 0.05) in volume observed during 

the experiment (Figure 1). A subsequent comparison of the volumes in the carrageenan 

and control groups revealed statistically significant differences (p < 0.05). 

Figure 2 illustrates the time course of the maximum anti-inflammatory protective ef-

fect (MAPE) and the area under the curve (AUC) for chalcones 3a, 3b, 3c at doses of 25, 
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50, 100, and 200 mg kg−1, as well as the reference drug meloxicam (10 mg kg−1, p.o.). The 

Tukey test applied to the AUC values in each chalcone group revealed that the differences 

in AUC, and thus in the anti-inflammatory protective effects of each tested chalcone, are 

statistically significant at p < 0.05. This finding indicates the presence of a dose-response 

relationship. 
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Figure 1. The temporal progression of the volume of the right rear paw of the rat. A marked increase 

in volume is evident following the i.pl. application of 0.3% carrageenan. Each data point represents 

the mean ± standard deviation (n = 6). 

The maximum protective effect (~70%) was observed at a dose of 200 mg kg−1, with 

the effect being achieved between 1–2 h post-treatment. The highest AUC for compounds 

3a-c was also observed at a dose of 200 mg kg−1: 364.8 ± 52.0; 392.3 ± 20.0 and 303.9 ± 43.4, 

respectively. For the reference group (meloxicam p.o.), the maximum effect (75.9 ± 1.9%) 

was attained 2 h after administration and remained steady (over 60%) throughout the 

experiment. The AUC for meloxicam was 377.7 ± 13.1. 

A subsequent comparison of the AUC values of chalcone 3a-c at a dose of 200 mg 

kg−1 with the reference drug (10 mg kg−1) revealed no statistically significant differences at 

p > 0.05. This finding suggests that, while the anti-inflammatory protective effect remains 

equivalent in magnitude, the potency may vary. To achieve an anti-inflammatory effect 

comparable to that of the reference drug, it was necessary to administer a 20-fold dose of 

the tested compounds. 

It is important to note that the anti-inflammatory protective effect was not affected 

by the position of the nitro group. The Tukey test revealed no significant differences 

among chalcones with the nitro group in ring A at a dose of 200 mg kg−1 [10]. Furthermore, 

the position of the nitro moiety in ring B exhibited comparable values to those observed 

for chalcones with a nitro group moiety in ring A [10]. Conversely, these findings imply 

that nitrochalcones with the nitro group moiety in ring B exhibit faster absorption (1–2 h) 

compared to those chalcones with the nitro group moiety in ring A (3–5 h). Consequently, 

the anti-inflammatory response is achieved more rapidly. This finding suggests that the 

absorption of nitrochalcones when administered via the intraperitoneal route is 

influenced by the substitution of the nitro groups on ring A or ring B. These observations 

warrant further investigations into nitrochalcones 
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Figure 2. The time course of the MAPE of chalcones 3a, 3b, 3c (25, 50, 100, and 200 mg kg−1, i.p.) and 

the reference drug meloxicam (10 mg kg−1, p.o.) on the carrageenan-induced paw edema in rats. 

Each data point represents the mean ± standard deviation (n = 6). Areas under the curve (AUC) for 

the temporal evolution of the anti-inflammatory protective effect of each chalcone and the reference 

drug. Each bar represents the average ± standard deviation (n = 6). * Statistically significant 

difference for the reference drug (p <0.05). 

4. Conclusions 

In this study, the synthesis of chalcones 3a-c was accomplished with high efficiency, 

and the spectroscopic characterizations of these compounds are in excellent agreement 
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with the anticipated structures. The intraperitoneal administration of these chalcones ex-

hibited a dose-dependent anti-inflammatory protective effect. The magnitude of this effect 

remained unaffected by the position of the nitro group moiety, neither on ring A nor on 

ring B. However, this anti-inflammatory effect was less potent than that of the reference 

drug. 
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