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Abstract: In this study, 2′,4′,6′-Trimethoxyacetophenone was  reacted with various fluorine-substituted benzaldehydes 

in the presence of an aqueous solution of 50%-potassium hydroxide, and new chalcone derivatives in the structure of 

1,3-diaryl-2-propenone comprising both fluorine and methoxy groups in the aromatic B ring were obtained in high 

yields under mild conditions. In base-catalyzed Claisen-Schmidt condensations, MeOH is usually used as solvent. In 

the condensation reactions performed with mono-fluorine-substituted benzaldehydes in MeOH, the corresponding 

fluorine-substituted chalcone derivatives in the B ring were synthesized in high yield. On the other hand, when di- and 

tri-fluorine-substituted benzaldehydes were used, it was determined that a nucleophilic aromatic substitution (SNAr) 

occurred in the reaction condition and the condensation yield decreased. Consequently, fluorine-methoxy substituted 

chalcone derivatives were isolated by substitution of fluorine and methoxy group in para position in the aromatic B 

ring. On the other hand, it was found that when THF was used as the reaction solvent, chalcone derivatives carrying 

only fluorine atoms could be obtained with excellent chemical selectivity without any competitive aromatic 

nucleophilic substitution (SNAr) in the condition. Particularly in the synthesis studies of such fluorine-substituted 

chalcones, it was determined that the Claisen–Schmidt condensation ratio is dependent on the effect of the solvent in 

addition to steric and electronic factors. 
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1. Introduction 

Over the recent years, fluorine chemistry has played a significant role in various technological 

developments including the fields of fluoropolymers, materials science, pharmaceuticals and agricultural 

products.1 Having overcome the synthetic difficulties encountered in medicinal chemistry as well as 

structure-reactivity relationships observed in fluorine-containing compounds has increased the interest in 

studies in this field.2 In particular, the chemical properties that the C–F bond, the basic building block of 

organofluorine chemistry, exhibits as a substituent as well as type of structures and positions are carefully 

examined.3 Arenes containing fluorine in the aromatic benzene ring, which can be considered as the most 

important of these structures, are more suitable than hydrogen-based arenes against nucleophilic attacks 

owing specifically to their electronic properties. Therefore, fluorine-substituted arenes offer new 
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approaches in the synthesis of compounds that may be medicinally important due to nucleophilic aromatic 

substitution reactions.4 

When the mechanisms of nucleophilic substitution reactions on fluorine-containing aromatic 

compounds are examined, especially when all positions are fluorine-substituted, it is assumed that the 

nucleophile first develops into a transition complex as a result of a combination and then proceeds with 

the elimination of the fluoride anion.5 In this resonance stable transition complex, which is known as the 

Meisenheimer complex, a new carbon-nucleophile bond is formed. This step quickly occurs as the ring 

will then start to aromatize by elimination of fluoride anion as an easily separated group. What is important 

here is that there are many fluorine substituents as well as some electron withdrawing groups in the 

aromatic ring.6 Using polyfluoro-aromatic compounds that comprise a large number of fluorine in the 

aromatic ring, the fluorine ion at the ortho, meta, or para position is expected to be replaced by the 

nucleophile. When the reaction mechanism is examined, the negatively charged transition complex 

formed at the intermediate stage should be stabilized. This stability is achieved by the combined inductive 

effects of fluorine atoms in the ring. The nucleophilic attack occurs in the ortho and para positions as this 

inductive effect prevents p-π overlap of sp2 hybridized carbon-bound fluorine. The general stabilization 

of the negatively charged intermediate product is considered to be the case where fluorine in the para 

position is least effective. Therefore, the nucleophilic attack usually occurs from the para position in poly-

fluorinated arenes (Scheme 1).7 

 

 
Scheme 1. Nucleophilic aromatic substitution reaction of polifluoro arenes.7 

 

As can be understood from here, highly fluorinated aromatic compounds are used in various 

nucleophilic aromatic displacement reactions. To increase the efficiency of the nucleophilic aromatic 

substitution, Meisenheimer complexes are applied with strong electron withdrawing groups such as nitro, 

as well as by preferring structures comprising plenty of fluorine atoms.8 

In this study, in addition to the synthesis of chalcone derivatives containing fluorine in their 

structures, chalcone derived structures containing both fluorine and methoxy groups in different positions 

were effectively and quickly obtained through nucleophilic aromatic substitution reaction (SNAr), which 

is predicted to have occurred in the aromatic ring. 

In recent years, there have been several drug compounds that contain fluorine, which were 

medically approved by FDA which are of great importance in terms of both organic and medicinal 

chemistry.9 Compounds containing the C-F bond have become more attractive to the researchers due to 

small atomic radius, high electronegativity, nuclear spin of ½, and low polarization of the fluorine atom. 

In addition, it is reported that compounds that comprise fluorine atoms generally bind to target molecules 

more easily due to their higher metabolic stability.10 Again, because of the high lipophilic properties of 

these molecules and the ease of their membrane penetration, the C-F bond is biologically activated 

compared to the C-H and C-O bonds.11 

Chalcones are compounds that have 1,3 diaryl-2-propen-1-one structure, that comprise the -

unsaturated ketone group and that form a subgroup of the flavonoid family.12 Chalcones, which can be 

obtained both naturally and synthetically, have many biological properties such as being antibacterial, 

antiulcer, antiprotozoal, anthelmintic, insecticidal, amoebicidal, immunosuppressive, cytotoxic, α-

glucosidase  and anticancer.13-15 On the other hand, chalcones have been reported to be highly effective, 

especially in the anticancer armamentarium thanks to the different substituents (methoxy, amino, nitro, 

halogen, and hydroxyl groups) in different positions on the two aromatic rings they have.16 The chalcones 

show excellent cytotoxic activity not only in blocking the cellular division process but also in different 

cell death pathways.17 

Based on these issues, it was aimed in this study to obtain compounds that contain methoxy and 

fluorine in aromatic rings that are present in chalcone structure, in high yield, one-pot synthesis. 
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2. Experimental 

 
2.1. General 

All synthesized chalcone structures were verified using spectral techniques such as FT-IR, 1H-

NMR, 13C-NMR and Elemental analysis. The 1H-NMR and 13C-NMR spectra of chalcone compounds 

were measured using Varian 400 MHz and Bruker 400 MHz spectrometry in Chloroform-d at ambient 

temperature. Fourier transformed infrared spectroscopy (FT-IR) spectra were recorded in the wavenumber 

range of 400-4000 cm−1 using Perkin Elmer Spectrum One FT-IR spectrometer. The melting points were 

measured using a Gallenkamp melting point apparatus. The elemental analysis results were confirmed 

using a Leco CHNS-932 device. Commercially purchased solvents and chemicals were used. 

 

2.2. Chemistry 

2.2.1. General Procedure for Preparation of Compounds (7, 8, 10, 12, 14)  

To a solution of 2‵ ,4‵ ,6‵ -trimethoxy acetophenone, (0.48 mmol) in MeOH (10 mL) 

benzaldehyde derivatives 2, 3, 4, 5, 6 (0.77 mmol) and 50% KOH solution (0.13 mL) was added and 

resultant mixture was sequentially stirred overnight at room temperature. The solvent was evaporated in 

vacuum. Crude material was extracted with NH4Cl solution (10 mL) and dichloromethane (DCM) (15 mL 

x 3 ). The combined extracts were dried over Na2SO4. The solvent was removed in vacuum. 

 

(E)-3-(2-Fluorophenyl)-1-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (7): Crude product was precipitated 

with (DCM/Hexane). Final product yellow solid; yield 92%. Rf = (EtOAc/Hexane 30:70) = 0.23; m.p = 

103-106 °C; 1H-NMR (400 MHz, CDCl3) δ 7.59 – 7.50 (m, 2H), 7.36 – 7.30 (m, 1H), 7.17 – 7.13 (m, 

1H), 7.09-7.01 (m, 2H), 6.16 (s, 2H), 3.86 (s, 3H), 3.78 (s, 6H); 13C-NMR (100 MHz, CDCl3) δ 194.2, 

161.1 (d, C-16, JCF = 252.1 Hz), 162.6, 159.1, 136.2 (d, C-10, JCF = 3.3 Hz), 131.5 (d, C-14, JCF = 8.7 

Hz), 131.1 (d, C-12, JCF = 5.7 Hz), 128.9 (d, C-8, JCF = 2.9 Hz), 124.4 (d, C-13, JCF = 3.6 Hz), 123.2 (d, 

C-11, JCF = 11.8 Hz), 116.1 (d, C-15, JCF = 21.6 Hz), 111.6, 90.7, 55.9, 55.5; IR (KBr, cm-1) Vmax: 2941, 

1607, 1458, 1269, 1228; Elemental Analysis Anal. calcd for C18H17FO4 : C, 68.35; H, 5.42; Found: C, 

68.09; H, 5.51. 

  
(E)-3-(4-Fluorophenyl)-1-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (8): Crude product was precipitated 

with (DCM/Hexane). Final product yellow solid; yield 80%;  Rf = (EtOAc/Hexane 30:70) = 0.27; m.p. 

122-123 °C; 1H-NMR (400 MHz, CDCl3) δ 7.52–7.48 (m, 2H), 7.32 (d, 1H, B part of AB system, J = 

16Hz), 7.07–7.01 (m, 2H), 6.87 (d, 1H, A part of AB system, J = 16 Hz), 6.15 (s, 2H), 3.84 (s, 3H), 3.76 

(s, 6H); 13C-NMR (100 MHz, CDCl3) δ 194.1, 164.0 (d, C-20, JCF =249.8 Hz), 162.7, 159.1, 142.8, 131.5, 

130.4 (d, C-18, JCF = 8.4 Hz), 129.0, 116.1 (d, C-19, JCF = 21.7 Hz), 111.9, 90.9, 56.1, 55.7; IR (KBr, cm-

1) Vmax: 3502, 2941, 2841, 1651, 1599; Elemental Analysis Anal. calcd for C18H17FO4: C, 68.35; H, 5.42; 

Found: C, 68,16; H, 5.38. 

 

(E)-3-(2-Fluoro-4-methoxyphenyl)-1-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (10): Residue was 

purified via flash chromatography over silica gel using gradient elution with (EtOAc/Hexane). Final 

product yellow solid; yield 50%; Rf = (EtOAc/Hexane 40:60) = 0,5; m.p. 134-136 oC; 1H-NMR (400 

MHz, CDCl3) δ 7.48 (m, 2H), 6.92 (d, J = 16.2 Hz, 1H), 6.70 (d, J = 8.6 Hz, 1H), 6.60 (d, J = 12.2 Hz, 

1H), 6.15 (s, 2H), 3.85 (s, ,3H), 3.81 (s, 3H), 3.76 (s, 6H); 13C-NMR (100 MHz, CDCl3) δ 195.2, 164.4 

(dd, C-14, JCF = 211.9, 11.9 Hz), 164.1, 161.7(dd, C-16, JCF = 215.5, 11.7 Hz), 160.4, 136.4, 132.1, 131.5 

(d, C-12, JCF = 9,9 Hz), 121.0 (d, C-10, JCF = 11.5 Hz), 113.4 (d, C-13, JCF = 21.7 Hz), 112.9, 105.9 (d, 

C-15, JCF = 25.3, 25.3 Hz), 92.2, 57.3, 57.1, 56.9. IR (KBr, cm-1) Vmax: 2941, 1647, 1605, 1266, 1156, 

1127; Elemental Analysis Anal. calcd for C19H19FO5: C, 65.89; H, 5.53; Found: C, 65.53; H, 5.68. 

  
(E)-3-(3-Fluoro-4-methoxyphenyl)-1-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (12): Residue was 

purified via flash chromatography over silica gel using gradient elution with (EtOAc/Hexane). Final 

product yellow solid; yield 70%; Rf = (EtOAc/Hexane 40:60) = 0,46; m.p. 139-141 oC; 1H-NMR (400 

MHz, CDCl3) δ 7.30 – 7.19 (m, 3H), 6.97 – 6.88 (m, 1H), 6.81 (d, J = 16.0 Hz, 1H), 6.15 (s, 2H), 3.89 (s, 

3H), 3.84 (s, 3H), 3.75 (s, 6H); 13C-NMR (100 MHz, CDCl3) δ 195.3, 163.9, 160.3, 153.8 (d, C-15, JCF 
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= 245.2 Hz), 150.8 (C-14), 144.1, 129.7 (C-10), 129.5 (C-12), 127.0, 116.4, 114.5, 113.2, 92.2, 57.6, 57.3, 

56.9; IR (KBr, cm-1) Vmax: 2942, 1605, 1515, 1271, 1128; Elemental Analysis Anal. calcd for C19H19FO5: 

C, 65.89; H, 5.53; Found: C, 65.55; H, 5.46. 
 
(E)-3-(2,5-Difluoro-4-methoxyphenyl)-1-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (14): Crude product 

was precipitated with (DCM/Hexane). Final product yellow solid; yield 70%; Rf = (EtOAc/Hexane 30:70) 

= 0,33; m.p. 176-178 oC; 1H-NMR (400 MHz, CDCl3) δ 7.43 (d, J = 16.0 Hz, 1H), 7.29 – 7.24 (m, 1H), 

6.86 (d, J = 16.4 Hz, 1H), 6.69 – 6.65 (m, 1H), 6.15 (s, 2H), 3.89 (s, 3H), 3.85 (s, 3H), 3.77 (s, 6H); 13C-

NMR (100 MHz, CDCl3) δ 193.8, 162.8, 159.2, 157.9 (dd, C-16, JCF = 256.2, 2.2 Hz), 148.9 (dd, C-13, 

JCF = 242.1, 2.8 Hz), 134.9, 131.8 (dd, C-14, JCF = 5.8, 1.5 Hz), 129.9, 114.5 (dd, C-12, JCF = 20.5, 4.9 

Hz), 111.9, 106.5 (dd, C-11, JCF = 24.4, 2,8 Hz), 101.7 (dd, C-15, JCF = 28.4, 1.8 Hz), 91.0, 56.7, 56.1, 

55.7; IR (KBr, cm-1) Vmax: 2941, 1604, 1516, 1457, 1227, 1128; Elemental Analysis Anal. calcd for 

C19H18F2O5: C,62.63; H,4.98; Found: C,62.50; H,4.62. 

 

2.2.2. General Procedure for Preparation of Compounds (9, 11, 13)  

The general procedure described in 2.2.1 was applied using benzaldehydes 4, 5, 6 in THF instead 

of MeOH. 

 

(E)-3-(2,4-Difluorophenyl)-1-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (9): Crude product was 

precipitated with (DCM/Hexane). Final product yellow solid; yield 75%; Rf = (EtOAc/Hexane 30:70) = 

0.4; m.p. 129-131 oC; 1H-NMR (400 MHz, CDCl3) δ 7.55 (dd, J = 14.9, 6.7 Hz, 1H), 7.46 (d, J = 16.3 

Hz, 1H), 6.96 (d, J = 16.2 Hz, 1H), 6.90 – 6.80 (m, 2H), 6.14 (s, 2H), 3.84 (s, 3H), 3.76 (s, 6H); 13C-NMR 

(100 MHz, CDCl3) δ 195.1, 165.5 (dd, C-14, JCF = 224, 12.3 Hz), 164.06, 162.8 (dd, C-16, JCF = 227, 

11.7 Hz), 160.4, 136.4, 132.2, 131.5 (d, C-12, JCF = 9.9 Hz), 121.0 (d, C-10, JCF = 11.5 Hz), 113.4 (d, C-

13, JCF = 21.7 Hz), 112.9, 105.9 (d, C-15, JCF = 25.3 Hz), 92.2, 57.3, 56.9; IR (KBr, cm-1) Vmax: 2941, 

1654, 1606, 1128; Elemental Analysis Anal. calcd for C18H16F2O4: C, 64.67; H, 4.82; Found: C, 64.22; 

H, 4.83. 

 

(E)-3-(3,4-Difluorophenyl)-1-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (11): Crude product was 

precipitated with (DCM/Hexane). Final product yellow solid; yield 81%; Rf = (EtOAc/Hexane 30:70) = 

0.33; m.p. 115-117 oC; 1H-NMR (400 MHz, CDCl3) δ 7.37 – 7.28 (m, 1H), 7.25 – 7.20 (m, 2H), 7.18 – 

7.10 (m, 1H), 6.86 (d, J = 16.0 Hz, 1H), 6.15 (s, 2H), 3.85 (s, 3H), 3.77 (s, 6H); 13C-NMR (100 MHz, 

CDCl3) δ 194.8, 164.1, 160.4, 152.8 (dd, C-15, JCF = 251.3, 13.1 Hz), 151.9 (dd, C-14, JCF = 247, 13 Hz), 

142.49, 133.7 (C-10), 131.2, 126.4 (C-12), 119.1 (d, C-14, JCF = 17.6 Hz), 117.9 (d, C-16, JCF = 17.5 Hz), 

113.0, 92.2, 57.3, 56.9;  IR (KBr, cm-1) Vmax: 2940, 1604, 1515, 1266, 1128; Elemental Analysis Anal. 

calcd for C18H16F2O4: C, 64.67; H, 4.82; Found: C, 64.53; H, 4.83. 

 

(E)-3-(2,4,5-Trifluorophenyl)-1-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (13): Crude product was 

precipitated with (DCM/Hexane). Final product yellow solid; yield 74%; Rf = (EtOAc/Hexane 30:70) = 

0.4; m.p. 109-111 oC; 1H-NMR (400 MHz, CDCl3) δ 7.50 – 7.35 (m, 2H), 7.02 – 6.91 (m, 2H), 6.17 (s, 

2H), 3.88 (s, 3H), 3.80 (s, 6H); 13C-NMR (100 MHz, CDCl3) δ 193.3, 163.0, 159.4, 156.8 (dd, C-16, JCF 

= 249.4, 9.7 Hz), 151.2 (dd, C-13, JCF = 254.1, 12.8 Hz), 147.3 (dd, C-14, JCF = 244.5, 16.1 Hz), 133.6, 

131.8, 120.1 (C-10), 116.2 (ddd, C-12, JCF = 15.9, 11.6, 4.3 Hz), 111.6, 106.4 (ddd, C-15, JCF = 28.4, 

21.3, 11 Hz), 90.9, 56.1, 55.6; IR (KBr, cm-1) Vmax: 2943, 1605, 1508, 1129; Elemental Analysis Anal. 

calcd for C18H15F3O4: C, 61.37; H, 4.29; Found: C, 61.59; H,4.27. 

 

3. Results and Discussion  

Although new synthetic methods have been developed for the synthesis of chalcones, the base-

catalyzed Claisen-Schmidt condensation reaction is one of the most common methods used to obtain 

chalcones. In this study, commercially available fluorine-substituted benzaldehydes (2-6) and 2′,4′,6′-

Trimethoxyacetophenone (1) were treated with KOH, and using Claisen-Schmidt condensation, the 

synthesis of chalcones containing 2′,4′,6′-trimethoxy in the ring A, and chalcones containing only fluorine 

or fluorine-methoxy substituted groups in the ring B (7-14) were achieved. 
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Scheme 2. General synthesis method 

 

In the literature, in the synthesis of chalcones using Claisen-Schmidt condensation reactions, 

usually KOH is used as a base and MeOH is used as a reaction solvent.18 The nucleophilic property of 

MeOH is increased in a basic condition. The fluoro-benzaldehydes (2-6) selected in this study have the 

aldehyde group (CHO), which has both fluorine and electron withdrawing group in the aromatic B ring. 

In this study, a series of reaction experiments were performed not only for fluorine-containing chalcone 

derivatives 7, 8, 9, 11, 13 but also for the synthesis of fluoro-chalcone derivatives 10, 12, 14 that contain 

para methoxy substituents as a result of replacement of fluorine groups with the methoxy group, whose 

nucleophilicy increases in the basic condition, through a nucleophilic aromatic substitution reaction 

(SNAr) (Scheme 2). 

In the first stage, optimization experiments were performed for the reaction of 2,4,5-

trifluorobenzaldehyde (6) with output compound 2′,4′,6′-trimethoxyacetophenone (1) in MeOH 

accompanied by KOH. No conversion was observed in the reaction under conditions using KOH 1 

equivalent (Table 1, entry1). When KOH was used 5 molar equivalent, the compound 14 was obtained.  

 

Table 1. Optimization of the reaction conditions for the formation of chalcones 13 and 14.[a] 

 
Entry Base (50% KOH(aq)) [equiv.][b] Solvent Product Yield [%][c] 

1 1 molar eq. MeOH No reaction - 

2 5 molar eq. MeOH 14 70 

3 15 molar eq. MeOH 14 60 

4 45 molar eq. MeOH 14 55 

5 60 molar eq. MeOH 14 50 

6 5 molar eq. THF 13 74 
[a] A solution of 1 (1 molar eq.), benzaldehyde 6 (1.6 molar eq and KOH ([b] different eq.) in solvent 

(1 mL) was stirred overnight  at room temperature. After full conversion of acetophenone 1, the 

reaction was quenched with NH4Cl(aq). [c] Isolated yield. 
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As mentioned earlier, it is clear that the fluorine at the para position of the aromatic ring to which three 

fluorines are bound and where the methoxy groups are easily replaced through nucleophilic aromatic 

substitution reaction (SNAr). 

The compound 13 was not observed in this reaction condition, while it was determined that the 

reaction efficiency of isolated 14 was 70% yield (Table 1, entry 2). Later, when the amount of KOH was 

increased to improve the reaction efficiency, some decomposition products were formed in addition to 14 

in the reactions followed by 1H-NMR. As a result of this situation, the reaction efficiency for 14 was 

found to be decreased (Table 1, entry 3–5). From these results, it was concluded that if MeOH was used 

as a solvent in a condensation reaction with 6 comprising three fluorine, the fluorine in the para position 

was easily replaced by the methoxy group by a SNAr reaction. 

At this point, it was planned to compare the previous results with the results to be obtained by 

using a different solvent in lieu of MeOH as a reaction solvent. Considering the optimized reaction 

conditions in the previous experiments, the most suitable solvent for the reaction mixture in the basic 

condition was thought to be tetrahydrofuran (THF). In the condensation reaction performed with KOH in 

THF under optimized reaction conditions, the compound 13 was obtained with a 74% yield (Table 1, 

entry 6). 

In the next stage of the study, experiments were conducted using different fluorine substituted 

benzaldehydes (2, 3, 4, 5) in order to determine whether SNAr reaction would occur at different positions 

in the aromatic B ring and was dependent on the number of fluorine. 

 

Table 2. Optimization of the reaction conditions for the formation of chalcone 7 and 8.[a] 

 
Entry Base (50% KOH) 

[equiv][b] 

Solvent Fluoro -

Benzaldehyde 

Product Yield 

[%][c] 

1 5 molar eq. MeOH 2 7 92 

2 15 molar eq. MeOH 2 7 82 

3 60 molar eq. MeOH 2 7 82 

4 5 molar eq. THF 2 7 90 

5 5 molar eq. MeOH 3 8 80 

6 15 molar eq. MeOH 3 8 80 

7 60 molar eq. MeOH 3 8 80 

8 5 molar eq. THF 3 8 85 
[a] A solution of 1 (1 molar eq.), 4-florobenzaldehyde 3 (1.6 molar eq), and KOH ( [b] different eq.) 

in solvent (1 mL) was stirred overnight  at room temperature. After full conversion of  acetophenone 

1, the reaction was quenched with NH4Cl(aq). [c] Isolated yield. 

 

Particularly in experiments conducted in different amounts and solvents with para-fluoro-

benzaldehyde (3) comprising fluorine at the para position in the B ring, only the compound 8 was achieved 

with a high efficiency (Table 2, entries 5 and 8). When high base concentrations were reached, it was 

determined that the conversion to compound 8 and the reaction efficiency did not change (Table 2, entries 

6 and 7). It was concluded that the SNAr reaction did not take place when there was only one fluorine in 

the aromatic ring B. As mentioned in the introduction, the low percentage of fluorine in the aromatic ring 

in such systems reduces SNAr efficiency.19 While no replacement product was found in the experiments 

conducted simultaneously with ortho-fluorobenzaldehyde (2) under same conditions, condensation 

product (7) was  obtained with high efficiency (Table 2, entry 1–4). As a result of the absence of 

replacement, condensation efficiency increased and compound 7 was  obtained with 92% yield (Table 2, 

entry 1). 
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Based on the systematic data obtained from the experiments conducted with one- and three-

member fluorine-substituted derivatives of aromatic fluorine-substituted benzaldehydes (2, 3, 6), similar 

studies with two-member derivatives (4, 5) were made and the results shown in Table 3 were obtained. 

 

Table 3. Optimization of the reaction conditions for the formation of chalcone 9, 10, 11 and 12.[a] 

 
Entry Base (50% KOH) 

[equiv][b] 

Solvent Fluoro -

Benzaldehyde 

Product Yield [%][c] 

1 5 molar eq. MeOH 4 9 and 10[d] 35/50 

2 15 molar eq. MeOH 4 9 and 10[d] low yield/40 

3 60 molar eq. MeOH 4 9 and 10[d]   low yield/40 

4 5 molar eq. THF 4 9 75 

5 5 molar eq. MeOH 5 11 and 12[d] 20/70 

6 15 molar eq. MeOH 5 11 and 12[d] low yield/60 

7 60 molar eq. MeOH 5 11 and 12[d] low yield/60 

8 5 molar eq. THF 5 11 81 

[a] A solution of 1 (1 molar eq.), 4-florobenzaldehyde 3 (1.6 molar eq.), and KOH ([b] different eq.) in 

solvent (1 mL) was stirred overnight  at room temperature. After full conversion of acetophenone 1, the 

reaction was quenched with NH4Cl(aq). [c] Isolated yield. [d] mixture of product in the same reaction 

condition. 

 

In similar studies conducted with 4 and 5 fluoro-benzaldehydes, interestingly the relevant 

products 9-10 and 11-12 were observed in the reactions conducted with MeOH (Table 3, entries 1–3 and 

5–7). This brought about the conclusion that the SNAr reaction occurred again in MeOH, but the reaction 

rate was slow. When THF was used as a reaction solvent, only the relevant compounds 9 and 11 were 

isolated with high purity and efficiency as expected in experiments conducted with both 

fluorobenzaldehyde derivatives (4 and 5) (Table 3, entry 4 and 8). 

In these sequential experiments, which take place under basic conditions in MeOH, the methoxy 

anion attacking the electron-poor aromatic ring B acts as a nucleophile. In nucleophilic aromatic 

substitution reactions, it is often noted as a leaving group when there is fluorine in the electron-poor ring. 

In the attack of nucleophile at the para position, the negative charge can be delocalized to the oxygen of 

the carbonyl group. The negatively charged intermediate is also stabilized by electron with drawing group 

via carbonyl group. It is clear that fluorine substituents increase the nucleophilic aromatic substitution 

rate. In addition, an increase in the number of highly electronegative fluorides in ring B helps activate the 

ring toward attack.  

Based on these results, when there is only one Fluorine atom in aromatic ring B, there is no 

replacement of fluor with methoxy. Substitution only takes place where there is more than one fluorine 

atom and only at para position and only in MeOH. These evidences indicate that more electron deficiency 

is provided with more fluorine atoms, otherwise no substitution takes place. Para position is 

understandable since that position is more susceptible. Moreover, the results indicate that sole presence 

of more fluorine atoms and para position are not enough for the substitution; the reaction should take 

place in a protic solvent like MeOH. An explanation for that could be the hydrogen bonding with the 

carbonyl oxygen of the aldehyde, which makes the carbon atom of the para fluor more positive through 

conjugation, considering that Fluorine atom is the most electronegative atom and cannot donate its 

electrons as efficient as the other halogens. 
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4. Conclusion 

 

Base-catalyzed syntheses of chalcone derivatives (10, 11, 12, 13, 14), whose syntheses were 

previously unknown in the literature, were synthesized efficiently and in high yields. For the synthesis of 

target products in this study, an effective method was developed using THF as a solvent instead of MeOH, 

which is frequently used as a solvent in chalcone syntheses conducted in basic condition through Claisen–

Schmidt condensation reactions. The experiments conducted in this study revealed that THF has to be 

determined as the reaction solvent when synthesis of relevant chalcone derivatives (7, 8, 9, 11, 13) with 

fluorine-substituted benzaldehydes (2-6) used as output compounds is intended. 

On the other hand, in case MeOH was used as a reaction solvent, nucleophilic aromatic 

substitution reaction (SNAr) was determined to have occurred in the reaction condition. No substitution 

product was observed in the experiments conducted with fluorobenzaldehyde derivatives (2 and 3) 

containing only one fluorine-substituent. When the literature is examined, the syntheses of compounds 

(7, 8, 9) in basic condition and in MeOH have previously been performed.20-22 However, these compounds 

can be effectively and efficiently obtained in our reactions conducted in THF. 

In cases where the number of fluorine in the aromatic ring is two or three, it was determined that 

fluorine in the para position is competitively replaced with methoxy. The chalcone derivatives (10, 11, 

12, 13, 14) obtained as a result of the reactions conducted in MeOH and THF were also isolated in high 

purity and new compounds unknown in the literature were obtained. 
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