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Abstract 

In this study, an alternative methodology for the aqueous synthesis of chalcones is pre-

sented. This procedure is performed on a green basis at room temperature (25–40 °C) and 

using KOH. From this method, thirty-seven derivatives were obtained with yields of up 

to 98%. In addition, many compounds were recovered sufficiently pure by direct filtration 

and washing with water. The manuscript is accompanied by a study that demonstrates 

that the yield of the products and the reaction mechanism, which occurs on-water and in-

water, are directly affected by the solubility and physical state of the starting materials. 

Keywords: aqueous synthesis of chalcones; green synthesis of organic compounds;  

sustainable chemistry; flavonoids; Claisen–Schmidt condensation 

 

1. Introduction 

Chalcones can be classified as flavonoids, a diverse group of secondary metabolites 

derived from plants that exhibit significant biological activities [1,2]. They function as in-

termediary metabolic products in the synthesis of various flavonoids, including fla-

vanones, flavones, and flavanols, among others [3]. Additionally, these compounds are 

present in different plant tissues, where they fulfill critical functions, for example, pig-

mentation, attraction or repulsion of insects, antifeedants, allelochemicals, and UV light 

protectors [4,5]. 

Chalcones have an interesting pharmacological profile, which gives them a high 

probability of becoming therapeutic agents [6,7]. The α,β-unsaturated carbonyl system 

present in chalcones makes them electrophilic, so, like in nature, chalcones are important 
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intermediaries for the synthesis of more complex molecules [8–14]. Numerous reports il-

lustrate the pharmacological properties of chalcones in the literature, including antioxi-

dants [15,16], anti-inflammatory [17], antiallergic [18,19], anticancer [14,20,21], antimicro-

bial [22,23], and antidiabetic [24], to mention a few. This versatility confers upon the chal-

cone framework the privileged structure denomination and underscores the necessity for 

the continuous development of new synthetic methodologies for its production [25–29]. 

Some examples of chalcones with important biological properties are shown in Figure 1. 

Licochalcone A and morachalcone A are natural chalcones obtained from plants, while 

compounds 1Ae and 1Ge are synthetic products synthesized using the methodology out-

lined here. Compound 1Ae exhibits important antiproliferative properties; for example, it 

is active against human A549 cells (lung cancer) [30], against human HCT116 cells (colon 

cancer), and against CAL51 cells (breast cancer) [31]. Compound 1Ge exhibits anti-inflam-

matory activity [32]. 

 

Figure 1. Chalcones with biological activity. Anti-inflammatory [7,32,33], cytotoxic [34], and 

anticancer [30,31]. 

Conventional methodologies employed for the synthesis of organic substances and 

active pharmaceutical ingredients (APIs) generate a substantial volume of waste and ne-

cessitate substantial energy consumption. A significant proportion of these methodologies 

are corrosive and hazardous [10,28,35]. This is not unexpected, as they were developed 

during a period that did not prioritize environmental considerations. Contemporary 

methods in organic synthesis are striving to adhere to the principles of sustainability and 

green chemistry, recognizing the imperative to safeguard our environment and natural 

resources. Consequently, traditional methodologies are being superseded by more sus-

tainable alternatives. Among the greener alternatives available that have been explored 

for the synthesis of chalcones are solvent-free reactions, microwave-assisted synthesis 

[36], ultrasound-assisted synthesis, mechanochemical methods [37], and the use of envi-

ronmentally benign catalysts [38–40]. These methodologies can often reduce reaction 

times, energy consumption, and waste generation while maintaining or improving prod-

uct yields. Conversely, the methodology presented herein uses water as the dispersion 

medium, or solvent, operates at a temperature range of 25–40 °C, and does not necessitate 

specialized equipment, specific catalysts, or additives, solely requiring potassium hydrox-

ide, a green base [41]. 
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2. Materials and Methods 

The melting points were determined using a Fisher–Jones apparatus (Thermo Fisher 

Scientific, Waltham, MA, USA) and are not corrected. 1H-NMR, 13C, and DEPTQ spectra 

were recorded at 25 °C on a Bruker Ascend™ 600 MHz (1H NMR and 150 MHz DEPTQ, 
13C) (Bruker, Billerica, MA, USA). Chemical shifts are expressed as δ (ppm) values relative 

to TMS, an internal standard, and coupling constant (J) values are given in Hertz. The 

majority of spectra were recorded in CDCl3. Multiplicities are described as s (singlet), d 

(doublet), dd (doublet double), dt (triplet double), t (triplet), q (quartet), or m (multiplet). 

All reagents were obtained from Sigma-Aldrich (Sigma-Aldrich, Burlington, MA, USA). 

Mass spectra were recorded on a JEOL JMS-700 MStation at a voltage of 70 eV (JEOL Ltd, 

Akishima, Tokyo, Japan). FTIR spectra were recorded on a Thermo Scientific Nicolet iS 50 

Fourier Transform Infrared Spectrometer (Thermo Fisher Scientific, Waltham, MA, USA). 

The chromatography solvents were of technical grade, and they were purified and dis-

tilled prior to use. 

Synthetic Procedure. Into a glass vial of 5 mL, water (either bottled water or distilled 

water, 1 mL), the corresponding acetophenone (0.5 mmol), the corresponding benzalde-

hyde (0.5 mmol), and potassium hydroxide (1N solution, 1 mmol, 1 mL) were introduced. 

The vial cap was placed, and the mixture was stirred at a rate of 850 r.p.m. for 48 h at a 

temperature range of 25–40 °C. The progression of the reaction was monitored by TLC. 

The solid obtained was filtered, washed with water (either bottled water or distilled water, 

2 × 1 mL) and allowed to dry overnight at room temperature. Finally, the solid was intro-

duced into a desiccator for a period of two days. 

(E)-1-phenyl-3-(phenyl)prop-2-en-1-one (1Aa). This compound was obtained pure 

enough after filtration to afford white crystals (91.6 mg, 88%), m.p. 56–58 °C (lit. 56–57 °C) 

[21]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.02 (d, 2H, J = 7.3 Hz), 7.81 (d, 1H, J = 15.7 Hz), 

7.67–7.63 (m, 2H), 7.59 (t, 1H, J = 7.4 Hz), 7.53 (d, 1H, J = 15.7 Hz), 7.51 (t, 2H, J = 7.6 Hz), 

7.44–7.40 (m, 3H). DEPTQ (150 MHz, CDCl3), δ (ppm) 190.8, 145.0, 138.5, 135.1, 132.9, 

130.7, 129.1, 128.8, 128.7, 128.6, 122.4. 

(E)-3-(3-fluorophenyl)-1-phenylprop-2-en-1-one (1Ab). This compound was ob-

tained pure enough after filtration to afford yellow crystals (91.5 mg, 81%), m.p. 47–49 °C 

(lit. 48 °C) [36]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.03 (d, 2H, J = 8.5 Hz), 7.91 (d, 2H, J 

= 15.9 Hz), 7.66 (d, 1H, J = 15.9 Hz), 7.66 (s, 1H), 7.60 (t, 1H, J = 7.3 Hz), 7.52 (t, 2H, J = 7.6 

Hz), 7.42–7.37 (m, 1H), 7.21 (t, 1H, J = 7.6 Hz), 7.17–7.11 (m, 1H). DEPTQ (150 MHz, CDCl3), 

δ (ppm): 190.4, 164.1, 143.4, 138.2, 137.4, 133.1, 130.7, 129.1, 128.9, 128.8, 124.7, 123.5, 117.6, 

114.7 

(E)-3-(4-fluorophenyl)-1-phenylprop-2-en-1-one (1Ac). This compound was obtained 

pure enough after filtration to afford white crystals (99.4 mg, 88%), m.p. 81–83 °C (lit. 79 

°C) [36]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.01 (d, 2H, J = 8.5 Hz), 7.77 (d, 1H, J = 15.7 

Hz), 7.64 (dd, 2H, J = 8.6, 5.4 Hz), 7.59 (t, 1H, J = 7.4 Hz), 7.51 (t, 2H, J = 7.6 Hz), 7.45 (d, 1H, 

J = 15.7 Hz), 7.11 (t, 2H, J = 8.6 Hz). DEPTQ (150 MHz, CDCl3), δ (ppm): 190.5, 165.1, 143.7, 

138.3, 133.0, 131.4, 130.5, 129.1, 128.8, 122.1, 116.4. 

(E)-3-(4-nitrophenyl)-1-phenylprop-2-en-1-one (1Ad). This compound was obtained 

pure enough after filtration to afford yellow crystals (103.8 mg, 82%), m.p. 156–158 °C (lit. 

157–159 °C) [42]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.28 (d, 2H, J = 8.8 Hz), 8.03 (d, 2H, 

J = 8.5 Hz), 7.82 (d, 1H, J = 15.8 Hz), 7.79 (d, 2H, J = 8.6 Hz), 7.64 (d, 1H, J = 15.7 Hz), 7.63 

(t, 1H, J = 8.5 Hz), 7.54 (t, 2H, J = 7.7 Hz). 13C NMR (150 MHz, CDCl3), δ (ppm): 189.6, 148.5, 

141.5, 140.0, 133.3, 130.4, 128.9, 128.8, 125.7, 124.3, 124.2. 

(E)-3-(4-methoxyphenyl)-1-phenylprop-2-en-1-one (1Ae). This compound was ob-

tained pure enough after filtration to afford white crystals (93 mg, 78%), m.p. 73–75 °C (lit. 

77–78 °C) [21]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.01 (d, 2H, J = 8.5 Hz), 7.79 (d, 1H, J 

= 15.6 Hz), 7.61 (d, 2H, J = 8.6 Hz), 7.58 (t, 1H, J = 7.4 Hz), 7.51 (t, 2H, J = 7.6 Hz), 7.42 (d, 
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1H, J = 15.6 Hz), 6.95 (d, 2H, J = 8.8 Hz), 3.87 (s, 3H). DEPTQ (150 MHz, CDCl3), δ (ppm): 

190.8, 161.9, 144.9, 138.7, 132.7, 130.4, 128.7, 128.6, 127.9, 120.1, 114.6, 55.6. 

(E)-1-(4-chlorophenyl)-3-phenylprop-2-en-1-one (1Ba). This compound was obtained 

pure enough after filtration to afford a yellow solid (104.4 mg, 86%), m.p. 99–101 °C (lit. 

94–95 °C) [43]. 1H NMR (600 MHz, CDCl3), δ (ppm): 7.96 (d, 2H, J = 8.5 Hz), 7.81 (d, 1H, J 

= 15.7 Hz), 7.64 (dd, 2H, J = 6.4, 3.5 Hz), 7.48 (d, 2H, J = 8.6 Hz), 7.47 (d, 1H, J = 15.5 Hz), 

7.45–7.40 (m, 3H). DEPTQ (150 MHz, CDCl3), δ (ppm): 189.4, 145.5, 139.4, 136.7, 134.9, 

130.9, 130.1, 129.2, 129.1, 128.7, 121.8. 

(E)-1-(4-chlorophenyl)-3-(3-fluorophenyl)prop-2-en-1-one (1Bb). This compound 

was obtained pure enough after filtration to afford a white solid (105.6 mg, 81%), m.p. 99–

101 °C (lit. m.p. not reported) [43]. 1H NMR (600 MHz, CDCl3), δ (ppm): 7.96 (d, 2H, J = 8.6 

Hz), 7.76 (d, 1H, J = 15.7 Hz), 7.48 (d, 2H, J = 8.7 Hz), 7.46 (d, 1H, J = 15.8 Hz), 7.42–7.37 (m, 

2H), 7.34 (dd, 1H, J = 8.6, 2.4 Hz), 7.15–7.09 (m, 1H). DEPTQ (150 MHz, CDCl3), δ (ppm): 

188.96, 164.07, 143.90, 139.64, 137.14, 136.43, 130.74, 130.07, 129.18, 124.73, 122.88, 117.76, 

114.74. 

(E)-1-(4-chlorophenyl)-3-(4-fluorophenyl)prop-2-en-1-one (1Bc). This compound 

was obtained pure enough after filtration to afford a white solid (104.3 mg, 80%), m.p. 

120–122 °C (lit. 124–125 °C) [43]. 1H NMR (600 MHz, CDCl3), δ (ppm): 7.96 (d, 2H, J = 8.5 

Hz), 7.78 (d, 1H, J = 15.7 Hz), 7.64 (dd, 2H, J = 8.6, 5.4 Hz), 7.48 (d, 2H, J = 8.5 Hz), 7.40 (d, 

1H, J = 15.7 Hz), 7.12 (t, 2H, J = 8.5 Hz). DEPTQ (150 MHz, CDCl3), δ (ppm): 189.1, 165.2, 

144.1, 139.5, 136.6, 131.2, 130.6, 130.0, 129.1, 121.4, 116.4. 

(E)-1-(4-chlorophenyl)-3-(4-nitrophenyl)prop-2-en-1-one (1Bd). This compound was 

obtained pure enough after filtration to afford yellow crystals (95 mg, 66%), m.p. 161–163 

°C (lit. 164–166 °C) [42]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.28 (d, 2H, J = 8.7 Hz), 7.98 

(d, 2H, J = 8.5 Hz), 7.83 (d, 1H, J = 15.6 Hz), 7.79 (d, 2H, J = 8.8 Hz), 7.59 (d, 1H, J = 15.7 Hz), 

7.51 (d, 2H, J = 8.5 Hz). DEPTQ (150 MHz, CDCl3), δ (ppm): 188.5, 148.9, 142.1, 141.0, 140.1, 

136.0, 130.1, 129.3, 129.1, 125.4, 124.4. 

(E)-1-(4-chlorophenyl)-3-(4-methoxyphenyl)prop-2-en-1-one (1Be). This compound 

was obtained pure enough after filtration to afford a white solid (107.7 mg, 79%), m.p. 

120–122 °C (lit. 119–123 °C) [44]. 1H NMR (600 MHz, CDCl3), δ (ppm): 7.95 (d, 2H, J = 8.6 

Hz), 7.78 (d, 1H, J = 15.6 Hz), 7.60 (d, 2H, J = 8.8 Hz), 7.47 (d, 2H, J = 8.6 Hz), 7.35 (d, 1H, J 

=15.5 Hz), 6.94 (d, 2H, J = 8.8 Hz), 3.86 (s, 3H). DEPTQ (150 MHz, CDCl3), δ (ppm): 189.3, 

162.0, 145.3, 139.1, 137.0, 130.5, 130.0, 129.0, 127.6, 119.4, 114.6, 55.6. 

(E)-1-(3-hydroxyphenyl)-3-phenylprop-2-en-1-one (1Ca). This compound was puri-

fied by column chromatography (Hexane 10:AcOEt 1) to afford a white solid (85.2 mg, 

76%), m.p. 134–136 °C (lit. 130–132 °C) [45]. 1H NMR (600 MHz, CDCl3), δ (ppm): 7.80 (d, 

1H, J = 15.7 Hz), 7.66–7.62 (m, 2H), 7.58 (d, 1H, J = 8.2 Hz), 7.53 (s, 1H), 7.50 (d, 1H, J = 15.7 

Hz), 7.43–7.40 (m, 3H), 7.38 (t, 1H, J = 7.9 Hz), 7.11 (ddd, 1H, J = 8.1, 2.6, 0.87 Hz). DEPTQ 

(150 MHz, CDCl3), δ (ppm): 190.6, 156.4, 145.4, 139.9, 135.0, 130.8, 130.1, 129.1, 128.7, 122.2, 

121.2, 120.4, 115.3. 

(E)-3-(3-fluorophenyl)-1-(3-hydroxyphenyl)prop-2-en-1-one (1Cb). This compound 

was obtained pure enough after filtration to afford a white solid (94.5 mg, 78%), m.p. 120–

122 °C (lit. 121–123 °C) [45]. 1H NMR (600 MHz, CDCl3), δ (ppm): 7.76 (d, 1H, J = 15.7 Hz), 

7.58 (s, 1H), 7.57 (d, 1H, J = 7.7 Hz), 7.48 (d, 1H, J = 15.7 Hz), 7.41–7.35 (m, 3H), 7.33 (d, 1H, 

J = 7.3 Hz), 7.14–7.08 (m, 2H). DEPTQ (150 MHz, CDCl3), δ (ppm): 190.4, 164.1, 156.6, 143.9, 

139.5, 137.3, 130.7, 130.1, 124.7, 123.3, 121.2, 120.7, 117.7, 115.3, 114.8. 

(E)-3-(4-fluorophenyl)-1-(3-hydroxyphenyl)prop-2-en-1-one (1Cc). This compound 

was purified by column chromatography (Hexane 10:AcOEt 1) to afford a white solid 

(100.5 mg, 83%), m.p. 123–125 °C (lit. 124–126 °C) [45]. 1H NMR (600 MHz, CDCl3), δ 

(ppm): 7.78 (d, 1H, J = 15.7 Hz), 7.63 (dd, 2H, J = 8.8, 5.4 Hz), 7.57 (d, 1H, J = 7.6 Hz), 7.54 

(s, 1H), 7.42 (d, 1H, J = 15.7 Hz), 7.38 (t, 1H, J = 7.8 Hz), 7.14–7.08 (m, 3H). DEPTQ (150 
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MHz, CDCl3), δ (ppm): 190.4, 165.2, 156.4, 144.1, 139.8, 131.3, 130.6 (2C), 130.1, 121.9, 121.2, 

120.5, 116.4 2(C), 115.3. 

(E)-1-(3-hydroxyphenyl)-3-(4-nitrophenyl)prop-2-en-1-one (1Cd). This compound 

was purified by column chromatography (Hexane 8:AcOEt 1) to afford a yellow solid 

(103.7 mg, 77%), m.p. 176–178 °C (lit. 177–180 °C) [46]. 1H NMR (600 MHz, CDCl3), δ 

(ppm): 8.28 (d, 2H, J = 8.8 Hz), 7.81 (d, 1H, J = 15.8 Hz), 7.78 (d, 2H, J = 8.7 Hz), 7.59 (d, 1H, 

J = 15.7 Hz), 7.63–7.57 (m, 1H), 7.50 (s, 1H), 7.41 (t, 1H, J = 7.9 Hz), 7.11 (dd, 1H, J = 8.0, 2.5 

Hz). DEPTQ (150 MHz, CDCl3), δ (ppm): 189.4, 158.47, 148.68, 141.80, 140.71, 139.08, 130.27 

(CH, C-6′), 129.10, 125.88, 124.40, 121.36, 120.75, 115.23. 

(E)-1-(3-hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1-one (1Ce). This com-

pound was purified by column chromatography (Hexane 10:AcOEt 1) to afford a yellow 

solid (101.7 mg, 80%), m.p. 141–143 °C (lit. 142–144 °C) [46]. 1H NMR (600 MHz, CDCl3), 

δ (ppm): 8.28 (d, 2H, J = 8.8 Hz), 7.81 (d, 1H, J = 15.8 Hz), 7.78 (d, 2H, J = 8.7 Hz), 7.59 (d, 

1H, J = 15.7 Hz), 7.63–7.57 (m, 1H), 7.50 (s, 1H), 7.41 (t, 1H, J = 7.9 Hz), 7.11 (dd, 1H, J = 8.0, 

2.5 Hz). DEPTQ (150 MHz, CDCl3), δ (ppm): 190.7, 162.0, 156.5, 145.3, 140.1, 130.5, 130.0, 

127.7, 121.0, 120.2, 120.0, 115.3, 114.6, 55.6. 

(E)-3-(4-hydroxy-3-methoxyphenyl)-1-(3-hydroxyphenyl)prop-2-en-1-one (1Cf). 

This compound was purified by column chromatography (Hexane 10:AcOEt 1) to afford 

a yellow solid (92 mg, 68%), m.p. 158–160 °C (lit. m.p. not reported) [47]. 1H NMR (600 

MHz, CDCl3), δ (ppm): 7.69 (d, 1H, J = 15.4 Hz), 7.54–7.52 (m, 1H), 7.49 (d, 1H, J = 15.5 Hz), 

7.40 (t, 1H, J = 2.1 Hz), 7.34–7.28 (m, 2H), 7.19 (dd, 1H, J = 8.2, 2.0 Hz), 7.01 (dd, 1H, J = 8.0, 

2.6 Hz), 6.82 (d, 1H, J = 8.0 Hz), 3.9 (s. 3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 192.7, 

159.1, 151.1, 149.4, 147.1, 141.1, 130.8, 128.2, 124.9, 121.1, 120.9, 120.1, 116.6, 115.8, 112.1, 

56.5. 

(E)-1-(4-nitrophenylprop-2-en-1-one (1Da).This compound was obtained pure 

enough after filtration to afford a yellow solid (117.8 mg, 93%), m.p. 148–150 °C (lit. 143–

144 °C) [43]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.36 (d, 2H, J = 8.9 Hz), 8.16 (d, 2H, J = 

8.9 Hz), 7.86 (d, 1H, J = 15.7 Hz), 7.70–7.64 (m, 2H), 7.49 (d, 1H, J = 15.7 Hz), 7.49–7.43 (m, 

3H). DEPTQ (150 MHz, CDCl3), δ (ppm): 189.2, 150.3, 147.0, 143.3, 134.5, 131.4, 129.6, 129.3, 

128.9, 124.0, 121.6. 

(E)-3-(4-fluorophenyl)-1-(4-nitrophenyl)prop-2-en-1-one (1Dc). This compound was 

obtained pure enough after filtration to afford a yellow solid (133 mg, 98%), m.p. 208–210 

°C (lit. 210–212 °C) [48]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.35 (d, 2H, J = 8.9 Hz), 8.13 

(d, 2H, J = 8.9 Hz), 7.83 (d, 1H, J = 15.6 Hz), 7.63 (d, 2H, J = 8.7 Hz), 7.36 (d, 1H, J = 15.6 Hz), 

6.96 (d, 2H, J = 8.8 Hz), 3.88 (s, 3H). DEPTQ (150 MHz, CDCl3), δ (ppm): 189.0, 165.5, 163.8, 

150.3, 145.6, 143.2, 130.9, 129.5, 124.0, 121.2, 116.5. 

(E)-3-(4-methoxyphenyl)-1-(4-nitrophenyl)prop-2-en-1-one (1De). This compound 

was obtained pure enough after filtration to afford a mustard yellow solid (110.5 mg, 78%), 

m.p. 182–183 °C (lit. 178–180 °C) [48]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.35 (d, 2H, J 

= 8.9 Hz), 8.13 (d, 2H, J = 8.9 Hz), 7.83 (d, 1H, J = 15.6 Hz), 7.63 (d, 2H, J = 8.7 Hz), 7.36 (d, 

1H, J = 15.6 Hz), 6.96 (d, 2H, J = 8.8 Hz), 3.88 (s, 3H). DEPTQ (150 MHz, CDCl3), δ (ppm): 

189.2, 165.2, 150.2, 146.9, 143.7, 130.8, 129.4, 127.3, 124.0, 119.2, 114.8, 55.64. 

(E)-1-(5-chloro-2-hydroxyphenyl)-3-(4-fluorophenyl)-prop-2-en-1-one (1Ec). This 

compound was obtained pure after filtration to afford a yellow solid (132.8 mg; 96%), m.p. 

158–160 °C (lit. 158–160 °C) [49]. 1H NMR (600 MHz, CDCl3), δ (ppm): 12.65 (s, 1H), 7.90 

(d, J = 15.4 Hz, 1H), 7.85 (d, J = 2.6 Hz, 1H), 7.71–7.64 (m, 3H), 7.48 (d, J = 15.4 Hz, 1H), 7.44 

(dd, J = 8.9, 2.5 Hz, 1H), 7.14 (t, J = 8.6 Hz, 2H), 6.99 (d, J = 8.9 Hz, 1H). 13C NMR (150 MHz, 

CDCl3), δ (ppm): 193.1, 165.0 (d, J = 253.4 Hz), 162.6, 145.7, 136.7, 131.3 (d, J = 8.9 Hz), 131.2 

(d, J = 3.6 Hz), 129.3, 124.1, 121.1, 120.8, 119.7 (d, J = 3.1 Hz), 116.9 (d, J = 22.1 Hz). 

(E)-1-(5-chloro-2-hydroxyphenyl)-3-(2-methoxyphenyl)-prop-2-en-1-one (1Eg). This 

compound was purified by column chromatography (hexane: ethyl acetate, 95:5) to afford 
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a yellow solid (119.8 mg, 83%), m.p. 132–134 °C (lit. m.p. not reported) [50]. 1H NMR (600 

MHz, CDCl3), δ (ppm): 12.78 (s, 1H), 8.18 (d, J = 15.6 Hz, 1H), 7.79 (d, J = 2.6 Hz, 1H), 7.61 

(d, J = 15.5 Hz, 2H), 7.39–7.32 (m, 2H), 6.95 (t, J = 7.5 Hz, 1H), 6.90 (dd, J = 8.6, 6.4 Hz, 2H), 

3.88 (s, 3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 193.38, 162.05, 159.18, 142.19, 135.94, 

132.61, 129.78, 128.93, 123.41, 123.37, 120.88, 120.81, 120.16, 120.04, 111.37, 55.67. 

(E)-1-(5-chloro-2-hydroxyphenyl)-3-(3-methoxyphenyl)-prop-2-en-1-one (1Eh). This 

compound was purified by column chromatography (hexane: ethyl acetate, 95:5) to afford 

a yellow solid (94.7 mg, 67%), m.p. 96–98 °C (lit. m.p. not reported) [50]. 1H NMR (600 

MHz, CDCl3), δ (ppm): 12.70 (s, 1H), 7.91 (d, J = 15.4 Hz, 1H), 7.87 (d, J = 2.6 Hz, 1H), 7.55 

(d, J = 15.4 Hz, 1H), 7.45 (dd, J = 8.9, 2.5 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.29 (d, J = 7.6 Hz, 

1H), 7.18 (t, J = 2.1 Hz, 1H), 7.02 (dd, J = 5.6, 2.1 Hz, 1H), 7.00 (d, J = 8.9 Hz, 1H), 3.89 (s, 

3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 192.8, 162.1, 160.0, 146.5, 136.2, 135.7, 130.1, 

128.8, 123.6, 121.5, 120.6, 120.3, 119.7, 117.0, 113.8, 55.5. 

(E)-1-(5-chloro-2-hydroxy-4-methylphenyl)-3-(3-fluorophenyl)-prop-2-en-1-one 

(1Fb). This compound was purified by column chromatography (hexane: ethyl acetate, 

95:5) to afford a yellow solid (120.6 mg, 83%), m.p. 138–140 °C. 1H NMR (600 MHz, CDCl3), 

δ (ppm): 12.5 (d, J = 1.1 Hz, 1H), 7.8 (d, J = 15.5 Hz, 1H), 7.8 (s, 1H), 7.5 (d, J = 15.4 Hz, 1H), 

7.4 (t, J = 1.5 Hz, 1H), 7.4–7.3 (m, 1H), 7.3 (dt, J = 9.5, 2.0 Hz, 1H), 7.1 (tt, J = 7.1, 1.6 Hz, 1H), 

6.9 (s, 1H), 2.3 (s, 3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 192.1, 163.1 (d, J = 247.3 Hz), 

162.1, 145.9, 144.4 (d, J = 2.8 Hz), 136.7 (d, J = 7.7 Hz), 130.7 (d, J = 8.1 Hz), 129.2, 124.8 (d, J 

= 3.1 Hz), 124.3, 120.9, 120.7, 118.9, 117.9 (d, J = 21.5 Hz), 114.8 (d, J = 22.0 Hz), 20.9. HRMS 

(FAB+): m/z [M+H]+ observed for [C16H12ClFO2]+: 291.0581, estimated: 291.0588. IR (cm−1) 

3414, 3061, 2965, 2922, 1646, 1580, 1487, 1450, 1359, 1223, 985, 849, 790, 747. 

(E)-1-(5-chloro-2-hydroxy-4-methylphenyl)-3-(4-fluorophenyl)-prop-2-en-1-one 

(1Fc). This compound was obtained pure after filtration to afford a yellow solid (136.6 mg, 

94%), m.p. 194–198 °C (lit. m.p. not reported) [51,52]. 1H NMR (600 MHz, CDCl3), δ (ppm): 

12.6 (s, 1H), 7.9 (d, J = 15.4 Hz, 1H), 7.9 (s, 1H), 7.7 (dd, J = 8.5, 5.5 Hz, 3H), 7.5 (d, J = 15.4 

Hz, 1H), 7.2 (t, J = 8.5 Hz, 2H), 6.9 (s, 1H), 2.4 (s, 3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 

192.7, 164.9 (d, J = 253.2 Hz), 162.5, 146.2, 145.1, 131.2 (d, J = 8.9 Hz), 129.6, 124.7, 121.1, 

119.9 (d, J = 2.1 Hz), 119.5, 116.8 (d, J = 22.1 Hz), 21.3. 

(E)-1-(5-chloro-2-hydroxy-4-methylphenyl)-3-(4-methoxyphenyl)-prop-2-en-1-one 

(1Fe). This compound was obtained pure after filtration to afford an orange solid (145.3 

mg, 96%), m.p. 110–112 °C (lit. m.p. not reported) [53]. 1H NMR (600 MHz, CDCl3), δ 

(ppm): 12.8 (s, 1H), 7.9 (d, J = 15.3 Hz, 1H), 7.8 (s, 1H), 7.6 (d, J = 8.6 Hz, 1H), 7.4 (d, J = 15.3 

Hz, 1H), 7.0 (d, J = 8.8 Hz, 1H), 6.9 (s, 1H), 3.9 (s, 1H), 2.4 (s, 3H). 13C NMR (150 MHz, 

CDCl3), δ (ppm): 192.8, 162.7, 162.5, 146.4, 145.7, 131.2, 129.6, 127.8, 124.6, 121.1, 119.6, 

117.7, 115.1, 56.0, 21.3. 

(E)-1-(5-chloro-2-hydroxy-4-methylphenyl)-3-(2-methoxyphenyl)-prop-2-en-1-one 

(1Fg). This compound was purified by column chromatography (hexane: ethyl acetate, 

95:5) to afford a yellow solid (113.5 mg, 75%), m.p. 178–180 °C. 1H NMR (600 MHz, CDCl3), 

δ (ppm): 12.8 (s, 1H), 8.2 (d, J = 15.6 Hz, 1H), 7.9 (s, 1H), 7.7 (ddd, J = 15.5, 7.9, 1.6 Hz, 2H), 

7.4 (ddd, J = 8.7, 7.4, 1.7 Hz, 1H), 7.0 (t, J = 8.2 Hz, 1H), 7.0 (d, J = 8.3 Hz, 1H), 6.9 (s, 1H), 

3.9 (s, 3H), 2.4 (s, 3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 193.0, 162.0, 159.1, 145.3, 141.6, 

132.4, 129.6, 129.3, 124.1, 123.5, 120.9, 120.5, 120.2, 119.2, 111.3, 55.7, 20.8. HRMS (FAB+): 

m/z [M+H]+ observed for [C17H15ClO3]+: observed: 303.0794, estimated: 303.0788. IR (cm−1) 

2920, 2848, 1627, 1599, 1566, 1489, 1463, 1364, 1241, 1189, 1167, 992, 792, 734. 

(E)-1-(5-chloro-2-hydroxy-4-methylphenyl)-3-(2-fluorophenyl)-prop-2-en-1-one 

(1Fi). This compound was purified by column chromatography (hexane: ethyl acetate, 

95:5) to afford a yellow solid (81.4 mg, 56%), m.p. 138–140 °C. 1H NMR (600 MHz, CDCl3), 

δ (ppm): 12.6 (s, 1H), 8.0 (d, J = 15.6 Hz, 1H), 7.8 (s, 1H), 7.7 (ddt, J = 15.6, 7.6, 1.4 Hz, 2H), 

7.4 (ddd, J = 8.0, 5.0, 1.8 Hz, 1H), 7.2 (td, J = 7.5, 1.1 Hz, 1H), 7.2 (ddd, J = 10.9, 8.3, 1.1 Hz, 
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1H), 6.9 (s, 1H), 2.4 (d, J = 0.7 Hz, 3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 192.4, 162.8 

(d, J = 255.6 Hz), 162.0, 145.8, 138.7 (d, J = 2.2 Hz), 132.5 (d, J = 8.9 Hz), 130.1 (d, J = 2.8 Hz), 

129.3, 124.7 (d, J = 3.5 Hz), 124.3, 122.7 (d, J = 11.2 Hz), 122.3 (d, J = 7.7 Hz), 120.6, 118.9, 

116.4 (d, J = 22.1 Hz), 20.9. HRMS (FAB+): m/z [M+H]+ observed for [C16H12ClFO2]+: 

291.0581, estimated: 291.0588. IR (cm−1) 2982, 2955, 2857, 1644, 1610, 1567, 1487, 1457, 1364, 

1269, 1191, 977, 746. 

(E)-1-(4-fluoro-2-hydroxyphenyl)-3-phenylprop-2-en-1-one (1Ga). This compound 

was obtained pure after filtration to afford a yellow solid (78.7 mg, 65%), m.p. 110–112 °C 

(lit. m.p. not reported) [54]. 1H NMR (600 MHz, CDCl3), δ (ppm): 13.2 (d, J = 1.5 Hz, 1H), 

7.9 (dtd, J = 15.1, 5.9, 3.0 Hz, 1H), 7.7 (dd, J = 6.6, 2.9 Hz, 2H), 7.6 (d, J = 15.5 Hz, 1H), 7.4 

(dd, J = 4.8, 1.9 Hz, 3H), 6.7 (dd, J = 10.4, 2.5 Hz, 1H), 6.7 (td, J = 8.5, 2.6 Hz, 1H). 13C NMR 

(150 MHz, CDCl3), δ (ppm): 192.6, 167.5 (d, J = 257.0 Hz), 166.2 (d, J = 14.4 Hz), 145.8, 134.5, 

132.0 (d, J = 11.9 Hz), 131.1, 129.1, 128.7, 119.9, 117.1 (d, J = 2.1 Hz), 107.2 (d, J = 2.1 Hz), 

105.2 (d, J = 23.3 Hz). 

(E)-1-(4-fluoro-2-hydroxyphenyl)-3-(3-fluorophenyl)-prop-2-en-1-one (1Gb). This 

compound was obtained pure after filtration to afford a yellow solid (93.7 mg, 72%), m.p. 

142–144 °C (lit. m.p. not reported) [55]. 1H NMR (600 MHz, CDCl3), δ (ppm): 13.1 (d, J = 

1.5 Hz, 1H), 7.9 (dd, J = 9.0, 6.3 Hz, 1H), 7.9 (d, J = 15.4 Hz, 1H), 7.6 (d, J = 15.4 Hz, 1H), 7.4–

7.4 (m, 2H), 7.4 (dq, J = 9.7, 1.4 Hz, 1H), 7.2–7.1 (m, 1H), 6.7 (dd, J = 10.3, 2.5 Hz, 1H), 6.7 

(ddd, J = 9.0, 8.0, 2.5 Hz, 1H). 13C NMR (150 MHz, CDCl3), δ (ppm): 192.3, 167.6 (d, J = 257.6 

Hz), 166.3 (d, J = 14.3 Hz), 163.1 (d, J = 247.2 Hz), 144.2 (d, J = 2.7 Hz), 136.7 (d, J = 7.6 Hz), 

132.0 (d, J = 11.8 Hz), 130.7 (d, J = 8.1 Hz), 124.8 (d, J = 2.9 Hz), 121.2, 117.9 (d, J = 21.4 Hz), 

117.0 (d, J = 1.9 Hz), 114.7 (d, J = 22.0 Hz), 107.3 (d, J = 23.1 Hz), 105.2 (d, J = 23.6 Hz). 

(E)-1-(4-fluoro-2-hydroxyphenyl)-3-(4-methoxyphenyl)-prop-2-en-1-one (1Ge). This 

compound was obtained pure after filtration to afford a yellow solid (98 mg, 72%), m.p. 

148–150 °C (lit. m.p. not reported) [55]. 1H NMR (600 MHz, CDCl3), δ (ppm): 13.3 (s, 1H), 

7.9 (td, J = 8.5, 2.6 Hz, 1H), 7.9 (d, J = 15.3 Hz, 1H), 7.6 (d, J = 8.7 Hz, 2H), 7.4 (d, J = 15.3 Hz, 

1H), 7.0 (d, J = 8.7 Hz, 2H), 6.7 (dd, J = 7.8, 2.6 Hz, 1H), 6.7 (td, J = 8.5, 2.6 Hz, 1H), 3.9 (s, 

3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 192.5, 167.3 (d, J = 256.6 Hz), 166.1 (d, J = 14.2 

Hz), 162.1, 145.6, 131.8 (d, J = 11.7 Hz), 130.6, 127.2, 117.3, 117.2 (d, J = 2.2 Hz), 114.6, 107.0 

(d, J = 22.8 Hz), 105.1 (d, J = 23.4 Hz), 55.5. 

(E)-1-(4-fluoro-2-hydroxyphenyl)-3-(2-methoxyphenyl)-prop-2-en-1-one (1Gg). This 

compound was obtained pure after filtration to afford a yellow solid (117 mg, 86%), m.p. 

138–140 °C. 1H NMR (600 MHz, CDCl3), δ (ppm): 13.3 (d, J = 1.4 Hz, 1H), 8.2 (d, J = 15.6 

Hz, 1H), 7.9 (dd, J = 8.9, 6.4 Hz, 1H), 7.7 (d, J = 15.6 Hz, 1H), 7.6 (dd, J = 7.7, 1.7 Hz, 1H), 7.4 

(ddd, J = 8.3, 7.4, 1.7 Hz, 1H), 7.0 (td, J = 7.5, 1.0 Hz, 1H), 7.0 (dd, J = 8.3, 1.0 Hz, 1H), 6.7 

(dd, J = 10.4, 2.5 Hz, 1H), 6.7 (ddd, J = 8.8, 8.0, 2.6 Hz, 1H), 3.9 (s, 3H). 13C NMR (150 MHz, 

CDCl3), δ (ppm): 193.2, 167.3 (d, J =256.5 Hz), 166.2 (d, J = 14.3 Hz), 159.1, 141.5, 132.3, 132.0 

(d, J = 12.0 Hz), 129.8, 123.5, 120.8, 120.6, 117.3 (d, J = 2.4 Hz), 111.4, 107.0 (d, J = 22.7 Hz), 

106.9, 105.1 (d, J = 23.6 Hz), 55.6. HRMS (FAB+): m/z [M+H]+ observed for [C16H13FO3]+: 

273.0929, estimated: 273.0927. IR (cm−1) 3092, 3063, 1640, 1610, 1595, 1571, 1510, 1457, 1374, 

1272, 1228, 1207, 1120, 971, 800, 753. 

(E)-1-(4-fluoro-2-hydroxyphenyl)-3-(3-methoxyphenyl)-prop-2-en-1-one (1Gh). This 

compound was obtained pure after filtration to afford a yellow solid (115.7 mg, 85%), m.p. 

128–130 °C (lit. m.p. not reported) [55]. 1H NMR (600 MHz, CDCl3), δ (ppm): 13.2 (d, J = 

1.3 Hz, 1H), 7.9 (dd, J = 9.0, 6.4 Hz, 1H), 7.9 (d, J = 15.4 Hz, 1H), 7.5 (d, J = 15.4 Hz, 1H), 7.4 

(t, J = 7.9 Hz, 1H), 7.3 (d, J = 8.2 Hz, 2H), 7.2 (t, J = 2.4 Hz, 1H), 7.0 (dd, J = 8.3, 2.6 Hz, 1H), 

6.7 (dd, J = 10.4, 2.6 Hz, 1H), 6.7 (ddd, J = 9.0, 8.0, 2.5 Hz, 1H), 3.9 (s, 3H). 13C NMR (150 

MHz, CDCl3), δ (ppm): 192.6, 167.5 (d, J = 257.0 Hz), 166.2 (d, J = 14.3 Hz), 160.0, 145.7, 

135.8, 132.0 (d, J = 11.7 Hz), 130.1, 121.3, 120.2, 117.1 (d, J = 2.2 Hz), 116.7, 113.8, 107.2 (d, J 

= 22.7 Hz), 105.2 (d, J = 23.3 Hz), 55.4. 
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(E)-1-(4-fluoro-2-hydroxyphenyl)-3-(2-fluorophenyl)-prop-2-en-1-one (1Gi). This 

compound was obtained pure after filtration to afford a solid (97.6 mg, 75%), m.p. 110–

112 °C. 1H NMR (600 MHz, CDCl3), δ (ppm): 13.1 (d, J = 1.4 Hz, 1H), 8.0 (d, J = 15.7 Hz, 

1H), 7.9 (dd, J = 8.9, 6.4 Hz, 1H), 7.7 (d, J = 15.7 Hz, 1H), 7.6 (td, J = 7.6, 1.7 Hz, 1H), 7.4 

(dddd, J = 8.7, 7.2, 5.1, 1.7 Hz, 1H), 7.2 (td, J = 7.6, 1.1 Hz, 1H), 7.2 (ddd, J = 11.0, 8.3, 1.2 Hz, 

1H), 6.7 (dd, J = 10.4, 2.5 Hz, 1H), 6.7 (ddd, J = 8.8, 8.0, 2.6 Hz, 1H). 13C NMR (150 MHz, 

CDCl3), δ (ppm): 192.7, 167.6 (d, J = 257.1 Hz), 166.3 (d, J = 14.4 Hz), 161.9 (d, J = 255.3 Hz), 

138.6 (d, J = 1.7 Hz), 132.4 (d, J = 8.9 Hz), 132.1 (d, J = 11.8 Hz), 130.3 (d, J = 2.8 Hz), 124.7 

(d, J = 3.6 Hz), 122.7 (d, J = 8.2 Hz), 122.6 (d, J = 11.3 Hz), 117.1 (d, J = 2.1 Hz), 116.5 (d, J = 

22.1 Hz), 107.2 (d, J = 22.7 Hz), 105.2 (d, J = 23.6 Hz). HRMS (FAB+): m/z [M+H]+ observed 

for [C15H10F2O2]+: 261.0724, estimated: 261.0727. IR (cm−1) 3079, 2967, 2935, 2855, 2837, 1636, 

1599, 1562, 1510, 1465, 1372, 1249, 1200, 1122, 1027, 975, 805, 744. 

(E)-1-(5-fluoro-2-hydroxyphenyl)-3-(4-fluorophenyl)-prop-2-en-1-one (1Hc). This 

compound was obtained pure after filtration to afford a yellow solid (123.6 mg, 95%), m.p. 

184–186 °C (lit. m.p not reported) [56]. 1H NMR (600 MHz, CDCl3), δ (ppm): 12.5 (s, 1H), 

7.9 (d, J = 15.4 Hz, 1H), 7.7 (dd, J = 8.7, 5.4 Hz, 2H), 7.6 (dd, J = 9.0, 3.0 Hz, 1H), 7.5 (d, J = 

15.4 Hz, 1H), 7.3 (ddd, J = 8.2, 3.2, 1.4 Hz, 2H), 7.1 (t, J = 8.6 Hz, 2H), 7.0 (dd, J = 9.1, 4.6 Hz, 

1H). 13C NMR (150 MHz, CDCl3), δ (ppm): 192.7 (d, J = 2.7 Hz), 164.5 (d, J = 253.2 Hz), 

159.8, 154.9 (d, J = 238.4 Hz), 145.0, 130.8 (d, J = 8.5 Hz), 130.6 (d, J = 3.3 Hz), 124.0 (d, J = 

23.4 Hz), 119.9 (d, J = 7.3 Hz), 119.4 (d, J = 6.0 Hz), 119.3 (d, J = 2.3 Hz), 116.4 (d, J = 22.0 

Hz), 114.5 (d, J = 23.3 Hz). 

(E)-1-(5-fluoro-2-hydroxyphenyl)-3-(4-methoxyphenyl)-prop-2-en-1-one (1He). This 

compound was purified by column chromatography (hexane: ethyl acetate, 95:5) to afford 

a yellow solid of 115.7 mg, 85%, m.p. 126–128 °C (lit. m.p. not reported) [55]. 1H NMR (600 

MHz, CDCl3), δ (ppm): 12.7 (s, 1H), 7.9 (d, J = 15.3 Hz, 1H), 7.6 (d, J = 8.8 Hz, 2H), 7.6 (dd, 

J = 9.1, 3.1 Hz, 1H), 7.4 (d, J = 15.4 Hz, 1H), 7.2 (ddd, J = 9.1, 7.7, 3.1 Hz, 1H), 7.0 (ddd, J = 

9.2, 7.5, 4.6 Hz, 1H), 7.0 (d, J = 8.7 Hz, 2H), 3.9 (s, 3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 

192.8, 162.3, 159.7 (d, J = 1.4 Hz), 154.9 (d, J = 238.2 Hz), 146.3, 130.8, 127.1, 123.6 (d, J = 23.7 

Hz), 119.8 (d, J = 7.2 Hz), 119.7 (d, J = 6.1 Hz), 117.0, 114.6, 114.5 (d, J = 23.5 Hz), 55.5. 

(E)-1-(furan-2-yl)-3-phenylprop-2-en-1-one (1Ia). This compound was obtained pure 

enough after filtration to afford a white solid (80.3 mg, 81%), m.p. 80 °C (lit. m.p. not re-

ported) [57]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.28 (d, 2H, J = 8.8 Hz), 8.03 (d, 2H, J = 

8.5 Hz), 7.82 (d, 1H, J = 15.8 Hz), 7.79 (d, 2H, J = 8.6 Hz), 7.64 (d, 1H, J = 15.7 Hz), 7.63 (t, 

1H, J = 8.5 Hz), 7.54 (t, 2H, J = 7.7 Hz). 13C NMR (150 MHz, CDCl3), δ (ppm): 178.2, 153.9, 

146.6, 144.2, 135.0, 130.8, 129.1, 128.7, 121.4, 117.6, 112.7. 

(E)-3-phenyl-1-(pyridin-2-yl)prop-2-en-1-one (1Ja). This compound was obtained 

pure enough after filtration to afford a white solid (89.4 mg, 85%), m.p. 70–72 °C (lit. 70–

72 °C) [58]. 1H NMR (600 MHz, CDCl3), δ (ppm): 8.74 (d, 1H, J = 4.7 Hz), 8.30 (d, 1H, J = 

16.0 Hz), 8.18 (d, 1H, J = 7.8 Hz), 7.94 (d, 1H, J = 16.0 Hz), 7.86 (td, 1H, J = 7.7, 1.6 Hz), 7.76–

7.70 (m, 2H), 7.50–7.44 (m, 1H), 7.43–7.37(m, 3H). 13C NMR (150 MHz, CDCl3), δ (ppm): 

189.5, 154.2, 148.9, 144.8, 137.0, 135.2, 130.6, 128.9 (2C), 126.9, 123.0, 120.9. 

3. Results and Discussion 

It was previously theorized that a chemical reaction could not occur unless reagents 

were liquid or in solution [59,60]. This theory led to the extensive use of organic solvents 

and the limited or non-use of water in organic product manufacturing. Water is incapable 

of dissolving many organic compounds. However, it should be noted that many organic 

solvents are volatile and toxic, and they frequently constitute most of the waste produced 

during a reaction. Consequently, the employment of water or environmentally friendly 

solvents has emerged as the prevailing approach in the development of novel methodol-

ogies. Historically, the synthesis of chalcones has been predominantly carried out in 
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ethanolic media under basic conditions, whereas the use of water as a reaction medium 

has been much less explored [61]. A comprehensive review of the extant literature re-

vealed six distinct water-promoted methodologies for synthesizing chalcones, all of which 

operate under the Claisen–Schmidt reaction conditions, employing aromatic ketones and 

aromatic aldehydes as starting materials (Scheme 1). 

 

Scheme 1. Water-promoted methodologies for the synthesis of chalcones [62–67]. 

In these methodologies, a variety of catalysts are employed, including, but not lim-

ited to, activated charcoal (AC); metallic salts such as ZnO and Pd(OAc)2; and the utiliza-

tion of quaternary ammonium surfactants such as dodecyltrimethylammonium bromide 

(DTAB) and cetyltrimethylammonium bromide (CTAB). The temperature range of the re-

actions extends from 0 °C to reflux, and the use of strong bases such as NaOH, KOH, and 

K2CO3 is employed. Under these conditions, reaction time is reduced, though the most 

optimal result was obtained when MW energy was used, since time is reduced to minutes. 

In comparison, the methodology presented herein operates at a temperature range of 25–

40 °C and is more straightforward, as it does not necessitate specialized equipment, spe-

cific catalysts, or additives, solely requiring potassium hydroxide, a strong, green base 

[41]. Unfortunately, under the conditions described the reaction time for this methodology 

increases to 2 days, which is the longest of those described in Scheme 1. 

Acetophenone 1A and salicylaldehyde 1a were the starting materials utilized during 

the screening of the reaction. Initially, potassium hydroxide (1 eq) and water (bottled or 

distilled, 2 mL) were tested to promote the reaction (Table 1, entry 1), which was per-

formed at a temperature range of 25–40 °C. As this reaction occurs independently of a 

surfactant agent, vigorous stirring was required to promote the formation of organic drop-

lets; consequently, the stirring rate was set at 850 rpm. Fortunately, after 4 days, a solid 

precipitate was obtained from the reaction. Subsequent analysis of the solid by 1H-NMR 

spectroscopy allowed its identification as the chalcone 1Aa. The experiment was repeated 
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(entry 2), but now using 1 mL of water, and chalcone 1Aa was obtained in an excellent 

yield (88%). In comparison, when the volume of water was reduced to 1 mL, stirring and 

filtering were more difficult, and a slurry was formed in the vial; therefore, 2 mL of water 

was established for the reaction. 

Table 1. Screening for the aqueous synthesis of chalcones. 

 

Entry Base Base (eq) Time (d) Yield (%) 

1 KOH 1 4 ND 

2 1 KOH 1 4 88 

3 Na2CO3 2 7 0 

4 K2CO3 2 7 0 

5 KOH 2 2 88 

6 KOH 3 2 88 

7 NaOH 2 2 88 

8 KOH/piperidine 2/0.1 M 2 85 

9 2 KOH 2 1 - 

Reactions were performed at a 0.5 mmol scale with 2 mL of water. Stirring was adjusted to 850 r.p.m. 

and temperature to 25–40 °C. 1 1 mL of water, 2 reactions performed at 60 °C. ND, Not Determined. 

Subsequent to demonstrating the capacity to obtain a chalcone under these condi-

tions, the impact of varying bases was examined. However, after a seven-day reaction 

period in the presence of weaker bases, such as Na2CO3 or K2CO3, no product formation 

was observed (entries 3 and 4). In an effort to reduce the reaction time, the effects of var-

ying quantities of strong base were examined. Notably, the use of 2 eq of KOH resulted in 

a significant reduction in the reaction time to 2 days (entry 5). A similar outcome was 

observed when NaOH was employed in equal proportion (entry 7). In addition, the effect 

of 3 eq. of KOH (entry 6) and KOH in the presence of piperidine (0.1 mol, entry 8) were 

tested; however, the reaction time remained unaltered (2 d). To determine whether a 

higher reaction temperature could enhance the reaction rate, an additional experiment 

was performed. In a previous report, the reaction was carried out in water at 70 °C in the 

presence of NaOH, affording the desired chalcone in 30% yield [68]. Accordingly, in the 

present study, the reaction was evaluated at 60 °C (entry 9); unfortunately, TLC analysis 

revealed the formation of multiple products, which precluded a conclusive evaluation of 

the reaction outcome. Therefore, the optimized reaction conditions were those described 

in entry 5. 

A 1H NMR study was conducted to verify the conversion time of starting materials 

to product under the best conditions (Figure 2). Initially, the aldol:chalcone ratio was de-

termined to be 8:33 (1 h). At the 4 h mark, the aldol concentration peaked at 39% while the 

chalcone concentration continued to rise, reaching 30%. At 6 h, the aldol concentration 

(26%) was half the chalcone concentration (51%), indicating the rapid conversion of aldol 

to chalcone and its enhanced stability. At 24 h, the reaction was still in progress, with a 

vast concentration of chalcone (85%) and the continued presence of aldol (9%). However, 

at 48 h, the aldol was undetectable, and the chalcone had reached a concentration of 100%. 

This experimental data enabled the determination of the reaction time to be 48 h (2 d). 
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Figure 2. 1H NMR study of the conversion time for chalcone 1Aa. 

Following the establishment of the reaction conditions (see Table 1, entry 5), the scope 

was investigated, and a total of nine distinct series of chalcones (1Aa–1Ja) were prepared 

(see Table 2). During the experimental phase, it was observed that the yield and the com-

pound’s acquisition were less influenced by the electronic effects of substituents on aro-

matic rings compared to their physical state and hydrophilicity/lipophilicity. Fortunately, 

it was found that most products were synthesized in good to excellent yields (66–98%) 

and in a pure state through simple filtration and water washing, though; column chroma-

tography was also used to purify several of the chalcones. Compound 1Dd (entry 19, 40% 

conversion) decomposes in the column, and we were unable to obtain it. In addition, this 

methodology can be extended to the preparation of heterochalcones (1Ia, 1Ja). Notably, 

the reaction was successfully scaled up to 50 mmol with chalcone 1Aa, resulting in 87% 

yield (entry 39). It is noteworthy that certain 2ʹ-OH-chalcones in series 1F, 1G, and 1H 

exhibit a propensity to cyclize, resulting in the formation of flavanones. However, the pre-

sent study focuses exclusively on the introduction of stable chalcones [12]. 

Table 2. Scope for the aqueous synthesis of chalcones. 

 

Entry Ar R 
Chalcone 

Yield (%) 

1 

1A Ph 

1a H 1Aa (88) 

2 1b 3-F 1Ab (81) 

3 1c 4-F 1Ac (88) 

4 1d 4-NO2 1Ad (82) 

5 1e 4-OMe 1Ae (78) 

6 

1B 4′-Cl-Ph 

1a H 1Ba (86) 

7 1b 3-F 1Bb (81) 

8 1c 4-F 1Bc (80) 

9 1d 4-NO2 1Bd (66) 

10 1e 4-OMe 1Be (79) 

11 1C 3′-OH-Ph 1a H 1Ca (76) 
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12 1b 3-F 1Cb (78) 

13 1c 4-F 1Cc (83) 

14 1d 4-NO2 1Cd (77) 

15 1e 4-OMe 1Ce (80) 

16 1f 3-OMe,4-OH 1Cf (68) 

17 

1D 4′-NO2-Ph 

1a H 1Da (93) 

18 1c 4-F 1Dc (98) 

19 1d 4-NO2 1Dd (-) 

20 1e 4-OMe 1De (78) 

21 

1E 2′-OH-5′-Cl-Ph 

1c 4-F 1Ec (96) 

22 1g 2-OMe 1Eg (83) 

23 1h 3-OMe 1Eh (67) 

24 

1F 

2′-OH-4′-Me-5′-Cl-Ph 

1b 3-F 1Fb (83) 

25 1c 4-F 1Fc (94) 

26 1e 4-OMe 1Fe (96) 

27 1g 2-OMe 1Fg (75) 

28 1i 2-F 1Fi (56) 

29 

1G 2′-OH-4′-F-Ph 

1a H 1Ga (65) 

30 1b 3-F 1Gb (72) 

31 1e 4-OMe 1Ge (72) 

32 1g 2-OMe 1Gg (86) 

33 1h 3-OMe 1Gh (85) 

34 1i 2-F 1Gi (75) 

35 
1H 2′-OH-5′-F-Ph 

1c 4-F 1Hc (95) 

36 1e 4-OMe 1He (85) 

37 1I Furane 1a H 1Ia (81) 

38 1J Pyridine 1a H 1Ja (85) 

39 1 1A 1a H 1Aa (87) 

Reactions were performed at a 0.5 mmol scale with 2 mL of water. Stirring was adjusted to 850 rpm, 

temperature to 25–40 °C. Time of 2 d. 1 50 mmol scale reaction. 

In this study, starting materials (SM) in both solid and liquid states were utilized (see 

Tables 2 and 3). While liquid starting materials were all water-insoluble (Lipophilic, L), 

among the solid materials, hydroxy ketones (1C, 1E, 1H) were water-soluble (Hydrophilic 

Solid, HS), while nitro ketone (1D) and nitro aldehyde (1d) were water-insoluble (Lipo-

philic Solid, LS). As previously mentioned, the physical state of reactants and their water 

solubility are significant factors because they affect the composition of the reaction system, 

the mechanism, the yield, and the reaction possibility itself. 

Table 3. W/SM-SM reaction systems. 

Ketone Aldehyde System 

Liquid 

(L) 
1A, 1B, 1G, 1I 

L 1a–1c, 1e, 1g, 1h 
W/L-L (Water/Lipophilic 

liquid–Lipophilic liquid) 

LS 1d 
W/L-LS (Water/Lipophilic 

liquid–Lipophilic Solid) 

Lipophilic 

Solid 

(LS) 

1D 

L 1a–1c, 1e, 1g, 1h W/L-LS 

LS 1d 
W/LS-LS (Water/Lipophilic 

Solid–Lipophilic Solid) 

Hydrophilic 

Solid 
1C, 1E–1H L 1a–1c, 1e, 1g, 1h 

W/L-HS (Water/Lipophilic 

liquid–Hydrophilic Solid) 
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(HS) 

LS 1d 

W/HS-LS (Water/Hydro-

philic Solid–Lipophilic 

Solid) 

HS 1f 

W/HS-HS (Water/Hydro-

philic Solid–Hydrophilic 

Solid) 

In accordance with these considerations, six distinct water/starting material–starting 

material (W/SM-SM) reaction systems can be delineated (Table 3). These include the fol-

lowing: water/lipophilic liquid–lipophilic liquid (W/L-L), water/lipophilic liquid–lipo-

philic solid (W/L-LS), water/lipophilic liquid–hydrophilic solid (W/L-HS), water/hydro-

philic solid–lipophilic solid (W/HS-LS), water/lipophilic solid–lipophilic solid (W/LS-LS), 

and water/hydrophilic solid–hydrophilic solid (W/HS-HS). As previously stated, most 

products were obtained in good yields, indicating that water can facilitate reactions, irre-

spective of the hydrophilicity/lipophilicity or physical state of SM. However, in instances 

where both SMs are solid and lipophilic, a water/solid system (W/LS-LS) is formed, re-

sulting in a suspension. Among the six systems that have been described, this last one 

presents the most significant challenges to the progression of the reaction. In theory, this 

reaction should not occur; however, product 1Dd was detected by 1H-NMR in low con-

version (10%, entry 19). Unfortunately, the product 1Dd could not be obtained. 

According to the system formed, different mechanisms can be proposed (Table 3, 

Figure 3, and Supplementary Material). In the W/L-L system, both SM (aldehyde and ke-

tone) are liquid and lipophilic. They follow the classical on-water mechanism (Figure 3a). 

The proximity of the SM molecules to each other enables their susceptibility to the pres-

sure exerted by the water on them, thereby facilitating the reaction process. In the inter-

phase, hydroxyl groups assist in enolate and chalcone formation by deprotonating the -

protons from the ketone and the aldol, respectively [59,69]. The resulting chalcone prod-

uct, due to its solid and water-insoluble nature, precipitates upon formation. During the 

experimental phase, it was observed that when an LS was mixed with a lipophilic liquid 

L, both reactants were incorporated into a lipophilic droplet, and a W/L-LS system was 

formed. This system exhibited a mechanism analogous to that of W/L-L (Figure 3a). In the 

case of the W/L-HS system, since the ketone is hydrophilic, the hydroxyl deprotonation 

and enolate formation take place in the water (Figure 3b). Subsequently, the reaction pro-

gresses to the interphase, where the process culminates in the formation of the chalcone. 

Hydroxyl groups facilitate the hydrogen removal from the aldol in the interphase, where 

both SMs are present. Therefore, this could be regarded as a variation in the on-water 

mechanism described for the W/L-L system. 

Aqueous reactions were observed to proceed even when both reactants are solids. In 

the W/LS-HS system, where one reactant is hydrophilic and the other is lipophilic, no 

problems were observed, even though the lipophilic solid was dispersed and forming a 

heterogeneous solid–liquid suspension (Figure 3c). The mechanism in this case could 

elapse in-water, by micro-solubilization of the lipophilic reactant [70], or in the solid–liq-

uid interphase. For the W/LS-LS system, the mechanism could elapse in the same way. 

Finally, the W/HS-HS system reaction proceeds in water, showing the possibility of car-

rying out the Claisen–Schmidt condensation in this solvent, despite the excess of water 

that, in theory, should avoid the reaction from advancing (Figure 3d) [70]. 
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Figure 3. Mechanism proposal. (a) Reaction on-water for W/L-L and W/L-LS systems; (b) Reaction 

on-water for W/L-HS system; (c) Reaction in-water for W/LS-HS and W/LS-LS systems; (d) Reaction 

in-water for W/HS-HS system. 

4. Conclusions 

The Claisen–Schmidt condensation can be performed in aqueous media, under basic 

conditions. Under the conditions outlined in this study, a substantial number of com-

pounds can be prepared with yields ranging from 56% to 98%, independent of the elec-

tronic nature of the substituents present in the starting materials. The yield and the mech-

anism by which the reaction proceeds (on-water, in-water) were found to be predomi-

nantly influenced by the hydrophilicity/lipophilicity of the starting materials and their 

physical state. Consequently, this methodology is not applicable when both starting ma-

terials are solids and water-insoluble (LSs). The results obtained herein demonstrate that 

water can and should replace volatile and contaminant organic solvents for the prepara-

tion of a large quantity of chalcones. Unfortunately, this methodology has some draw-

backs compared to the reported ones: the reaction time is quite long, which could result 

in significant energy expenditure, and a chromatography column was required to purify 

certain compounds. 
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