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Abstract 

A facile, one-pot, atom economic approach has been developed for the synthesis of 1-(hetero)aryl-1,2,3-
triazoles linked to coumarins under mild conditions. The reaction initially proceeds by the palladium-catalyzed 
Sonogashira cross-coupling reaction of coumarin fluorosulfates with trimethylsilylacetylene (TMS acetylene), 

followed by the deprotection of TMS group and subsequent copper-catalyzed azide-alkyne cycloaddition 
(CuAAC) reactions. The salient features of this developed methodology are: step-economic one-pot synthetic 
approach, utilization of coumarin fluorosulfate as an atom-economical electrophilic coupling partner for 

Sonogashira coupling, and easy access to pharmacologically relevant 1,2,3-triazole derivatives. 
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Introduction 

 

Coumarins, first isolated from green plants, are an important class of oxygen-containing heterocyclic 

biomolecule belonging to the benzopyrone family.1 The naturally occurring coumarins and their synthesized 

derivatives are known to possess various biological activities such as antibacterial, anticancer, anti-inflammatory 

and antitubercular activities.2-5 Coumarin derivatives are also reported to possess good photophysical 

properties and the anticoagulant property of coumarins has been extensively studied worldwide.6-9 On the other 

hand, the 1,2,3-triazole motif linearly connected to other pharmacologically relevant heterocycles were found 

to possess good antiviral, anticancer and antibacterial properties.10-13 The presence of 1,2,3-triazole nucleus in 

many marketed drugs further highlights its significance as an important nitrogen-containing heterocyclic 

molecule.14 In view of these observations, the synthesis of new molecules containing coumarin and 1,2,3-

triazole molecule is highly important in medicinal chemistry, especially in drug-discovery research. 

In the last four decades, the palladium-catalyzed cross-coupling reactions of organic halides/pseudohalides 

with different coupling partners like boronic acids, alkenes, terminal acetylenes etc. have emerged as an 

essential tool in organic synthesis.15-20 Among these, Sonogashira cross-coupling reaction between 

halides/pseudohalides and terminal acetylenes has been utilized by various researchers throughout the world 

for the construction of highly challenging molecules containing alkynes.21-24 Different aryl halide surrogates such 

as arenediazonium salts and various pseudohalide leaving groups such as aryl nonaflates, triflates, fluorosulfates 

etc., have been successfully employed as electrophilic cross-coupling partners by various research groups in 

Sonogashira coupling reactions under mild or copper-free conditions.25,26 Even though the palladium-copper 

bimetallic catalytic systems are generally used in Sonogashira coupling because of the low-cost and availability 

of copper, several researchers have successfully employed gold and silver catalysts instead of copper 

nowadays.27-30 On the other hand, the copper-catalyzed cycloaddition reaction of azides and terminal alkynes 

(CuAAC) has emerged as an important tool for the synthesis of 1,2,3-triazole molecules with excellent 

regioselectivity and high yields.31-34 Furthermore, the coumarins linked to 1,2,3-triazoles have been reported to 

possess various pharmacological properties such as anticancer, anti-inflammatory and antitubercular 

activities.35,36 

In the modern arena of synthetic chemistry, the need for developing atom and step-economic synthetic 

approaches is highly significant owing to the global environmental hazards and climate change. The 

development of one-pot synthetic protocol as an alternative for multi-step synthesis is an important step for 

this vision of waste minimization and environmental friendliness.37-39 Recently, we reported the synthesis of 

various 4-methyl-7-alkynyl coumarin derivatives by employing the copper-free Sonogashira cross-coupling of 

coumarin fluorosulfate with different terminal alkynes in water.40 We also reported the facile CuAAC 

methodology for synthesizing diverse coumarins linked to 1-(hetero)aryl-1,2,3-triazoles connected via -OCH2 

linker recently.41,42 The success of these reactions encouraged us to develop a protocol for the synthesis of some 

pharmacologically relevant coumarin derivatives directly connected to 1,2,3-triazoles. As a continuation of our 

ongoing research work in the synthesis of novel pharmacologically relevant coumarin derivatives,43-45 we herein 

report our successful one-pot, atom-economic methodology for the synthesis of coumarins linked to 1,2,3-

triazoles. 
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Results and Discussion 
 

We started our synthetic plan by optimizing the multi-step synthesis of target compounds 6 as detailed in 

Scheme 1. The synthesis of coumarin fluorosulfate intermediate 1 was carried out according to our previously 

reported methodology.40 This fluorosulfate 1 was initially subjected to palladium-catalyzed Sonogashira cross-

coupling reaction with trimethylsilylacetylene (TMS acetylene) 2 to obtain intermediate 3, which was then 

deprotected to obtain the terminal acetylene 4. This acetylene intermediate was planned to react with different 

(hetero)aryl azides 5 to obtain the target compounds 6. 

 

 

 

 

Scheme 1. Initial optimization plan for synthesizing coumarins linked to 1,2,3-triazoles 6. 

 

The optimization of Sonogashira coupling reaction was initially carried out between coumarin fluorosulfate 

intermediate 1a and TMS acetylene 2 by employing our previously reported copper-free protocol in water.40 

However, we didn’t obtain the desired product 3a in our reaction conditions (Table 1, entry 2). Later, a series of 

catalysts, bases and solvents were screened to identify the optimal reaction conditions for the formation of 3a 

(Table 1). Gratifyingly, we got the expected product 3a in 65% isolated yield when the reaction was performed 

at 50℃ in Pd(PPh3)2Cl2 and copper iodide (CuI) catalysts, triethylamine (Et3N) base and DMF solvent (Table 1, 

entry 1). The reaction didn’t proceed in the absence of CuI (Table 1, entry 3). The utilization of other bases and 

solvents rendered the desired product in lower or negligible yield (Table 1, entries 4-7). After careful screening 

of the time taken for product formation, the reaction time was affixed to 6 hours (Table 1, entries 8,9). The 

employment of 5 mol % catalyst delivered the expected product in comparable yield whereas the lower catalyst 

loadings led to detrimental results (Table 1, entries 10-12). 
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Table 1. Optimization of reaction conditions for Sonogashira couplinga 

 
 

Entry Deviation from standard conditions Yieldb 3a (%) 

1 None 65 

2 Without CuI and H2O instead of DMF Nil 

3 Without CuI 20 

4 H2O instead of DMF trace 

5 Dioxane instead of DMF 30 

6 Na2CO3 instead of Et3N trace 

7 DBU instead of Et3N 20 

8 Reaction carried out for 3h 45 

9 Reaction carried out for 10h 60 

10 5 mol % Pd(PPh3)2Cl2 instead of 10 mol % 60 

11 2 mol % Pd(PPh3)2Cl2 instead of 10 mol % 35 

12 1 mol % Pd(PPh3)2Cl2 instead of 10 mol % 20 

aReaction conditions: coumarin fluorosulfate 1a (1 mmol), TMS acetylene 2 (1.1 mmol), 

Pd(PPh3)2Cl2 (10 mol%), CuI (10 mol %), base (3 mmol), solvent (3 mL). 
bIsolated yield. 

 

After optimizing the Sonogashira cross-coupling reaction, the deprotection of TMS group from 3a was easily 

achieved by performing a previously reported protocol.46 The reaction was carried out in excess potassium 

carbonate at room temperature in methanol (MeOH) solvent to obtain the terminal acetylene 4a in 90% isolated 

yield (Scheme 2). The CuAAC reaction of 4a with 5-azido-1-methyl-4-nitro-1H-imidazole 5a was then carried out 

in presence of CuI and Et3N to obtain the coumarin linked to 1,2,3-triazole 6aa in 85% isolated yield in DCM 

solvent at room temperature (Scheme 2).    

 

 

 

Scheme 2. Deprotection of TMS group and subsequent CuAAC reaction. 
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After obtaining the desired target compound 6aa in hand, our next attention was to evaluate the possibility 

of synthesizing 6aa in one-pot. Keeping this in mind, we initially performed the Sonogashira coupling reaction 

according to the previously optimized protocol. After that, we added potassium carbonate, methanol and azide 

5a to the same reaction vessel and continued the reaction at 50℃ for 6 hours (Scheme 3). To our delight, we 

obtained the desired product 6aa in 75% isolated yield. It is worth noting that the stoichiometry of azide 5a is 

reduced to 0.7 equivalence, taking into consideration the lower yield in the first step (Sonogashira coupling) of 

the overall reaction. 

 

 
 

Scheme 3. One-pot synthesis of 6aa.  

 

Reaction conditions: (1) coumarin fluorosulfate 1a (1 mmol), TMS-acetylene (1.1 mmol), Pd(PPh3)2Cl2 (10 mol 

%), CuI (10 mol %), Et3N (3 mmol), 2 mL DMF, 50℃ for 6h; (2) K2CO3 (3 mmol), azide 5a (0.7 mmol), 1 mL MeOH, 

50 ℃ for 6 h. 

 

After optimizing the one-pot protocol for the synthesis of coumarin linked to 1,2,3-triazole, we directed our 

attention to evaluate the substrate scope of this methodology. Keeping this in mind, the coumarin fluorosulfates 

1a-b and different (hetero)aryl azides 5a-e were reacted in one-pot according to our optimized reaction 

conditions (Scheme 4). To our delight, we obtained the desired triazole products 6aa-6ae and 6ba-6be in good 

to acceptable yields. The aryl azide 5d reacted with coumarin fluorosulfates 1a and 1b to render the expected 

products 6ad and 6bd in 68% and 70% isolated yields. Other heteroaryl azides furnished the required products 

in good to moderate yields (Scheme 4). 
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Scheme 4. Substrate scope of the optimized methodology.  

 

Reaction conditions: (1) coumarin fluorosulfate 1a-b (1 mmol), TMS-acetylene (1.1 mmol), Pd(PPh3)2Cl2 (10 mol 

%), CuI (10 mol %), Et3N (3 mmol), 2 mL DMF, 50℃ for 6h; (2) K2CO3 (3 mmol), azide 5a-e (0.7 mmol), 1 mL 

MeOH, 50℃ for 6h. Isolated yield in parenthesis. 
a1 equivalence of CuI used in second step because of the possible existence of 2-azido-1-benzothiophene in its 

tetrazole form. 
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Conclusions 
 

We successfully achieved the synthesis of some 1-(hetero)aryl-1,2,3-triazoles linked to coumarins by employing 

a one-pot, atom economic methodology in mild conditions. The utilization of coumarin fluorosulfate as a key 

electrophilic cross-coupling partner in Sonogashira cross-coupling reaction and the facile in situ deprotection of 

TMS group followed by its reaction with azides in same reaction vessel was the key for success of our developed 

protocol. This methodology can be adopted for the facile, step economic synthesis of other complex heterocyclic 

molecules linked to 1,2,3-triazole derivatives in future. 

 

 

Experimental Section 
 

General. All chemicals were purchased from commercial suppliers and used as delivered. 1H NMR, 13C NMR and 
19F NMR spectra were recorded at 400, 100 and 376 MHz or 600, 150 and 565 MHz respectively. Chemical shifts 

are reported in parts per million (ppm) and coupling constants in Hertz (Hz). Tetramethylsilane (TMS) (δ = 0.00 

ppm) or residual solvent peak in DMSO-d6 (δ = 2.50 ppm) and CDCl3 (δ = 7.26 ppm) served as internal standard 

for recording.47 Molecular weights of unknown compounds were determined by GCMS-QP2010 Ultra gas 

chromatograph operating at an ionization potential of 70 eV (EI) or Thermo Finnigan LCQ Advantage apparatus 

(ESI). Microanalyses were performed on PerkinElmer Series II CHNS/O 2400 elemental analyzer. Melting points 

were determined using a Stuart SMP 3 apparatus. Thin-layer chromatography (TLC) was performed using Merck 

silica gel 60 F254 TLC plates. 

 

Procedure for the synthesis of coumarin fluorosulfates 1a-b 

The synthesis of coumarin fluorosulfates 1a-b was carried out according to a previously reported procedure by 

us.40  

Procedure for the one-pot synthesis of triazoles by combining Sonogashira coupling and CuAAC 

In a sealed tube with screw cap, coumarin fluorosulfates 1a-b (1 mmol, 1 equiv.), trimethylsilylacetylene 2 (1.1 

mmol, 1.1 equiv.), CuI (0.1 mmol, 0.1 equiv.), Et3N (3 mmol, 3 equiv.) and DMF (2 mL) was added. The reaction 

mixture was degassed for 10 min. under N2 atmosphere and then Pd(PPh3)2Cl2 (0.1 mmol, 0.1 equiv.) was added. 

The reaction mixture was heated at 50℃ for 6 hours. After the completion of reaction monitored by TLC, K2CO3 

(3 mmol, 3 equiv.), azides   5a-e (0.7 mmol, 0.7 equiv.) and MeOH (1 mL) was added to the reaction mixture. 

The reaction mixture was heated at 50℃ for 6 hours.  After the specified time, the reaction mixture was filtered 

through celite and distilled under reduced pressure to obtain the crude product. The crude was purified by 

column chromatography in hexane-ethyl acetate in varying polarities to obtain the titled products 6aa-6ae and 

6ba-6be in varying yields.  

4-Methyl-7-(1-(1-methyl-4-nitro-1H-imidazol-5-yl)-1H-1,2,3-triazol-4-yl)-2H-chromen-2-one (6aa). Yield: 75% 

(264 mg); light brown solid; mp 201-204 °C; 1H NMR (400 MHz, DMSO-d6): δ = 2.48 (d, J = 1.6 Hz, 3H, CH3), 3.65 

(s, 3H, NCH3), 6.45 (d, J = 1.2 Hz, 1H, ArH), 7.93-7.99 (m, 3H, ArH), 8.19 (s, 1H, ArH), 9.35 (s, 1H, ArH); 13C NMR 

(100 MHz, DMSO-d6): δ = 18.5, 33.0, 113.3, 115.0, 120.2, 121.8, 123.7, 127.0, 127.3, 133.3, 136.9, 139.4, 145.8, 

153.5, 154.0, 160.1; MS (EI): m/z (%) = 352 (1) [M]+, 187 (100); Anal. Calcd for C16H12N6O4: C, 54.55; H, 3.43.14; 

N, 23.85%; Found: C, 54.60; H, 3.81; N, 23.73%. 

7-(1-(Benzo[d]thiazol-2-yl)-1H-1,2,3-triazol-4-yl)-4-methyl-2H-chromen-2-one (6ab). Yield: 70% (252 mg); off 

white solid; mp 220-223 °C; 1H NMR (400 MHz, DMSO-d6): δ = 2.42 (s, 3H, CH3), 6.34 (s, 1H, ArH), 7.52-7.60 (m, 

2H, ArH), 7.81 (d, J = 8.4 Hz, 1H, ArH), 7.95 (s, 1H, ArH), 8.00 (d, J = 7.6 Hz, 2H, ArH), 8.17 (d, J = 7.6 Hz, 1H, 
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ArH), 9.67 (s, 1H, ArH); 13C NMR (100 MHz, DMSO-d6): δ = 18.4, 113.6, 115.0, 120.3, 120.9, 122.0, 123.3, 126.6 

(2 peaks), 126.8, 127.8, 133.0, 133.3, 147.0, 150.1, 153.2, 153.9, 156.6, 160.0. 

MS (EI): m/z (%) = 360 (1) [M]+, 332 (100); Anal. Calcd for C19H12N4O2S: C, 63.32; H, 3.36; N, 15.55; S, 8.90%; 

Found: C, 63.54; H, 3.10; N, 15.43; S, 9.10%. 

1,3-Dimethyl-6-(4-(4-methyl-2-oxo-2H-chromen-7-yl)-1H-1,2,3-triazol-1-yl)pyrimidine-2,4(1H,3H)-dione 

(6ac). Yield: 68% (248 mg); off white solid; mp 282-285 °C; 1H NMR (400 MHz, DMSO-d6): δ = 2.48 (d, J = 1.6 Hz, 

3H, CH3), 3.16 (s, 3H, NCH3), 3.26 (s, 3H, NCH3), 6.26 (s, 1H, ArH), 6.45 (d, J = 1.6 Hz, 1H, ArH), 7.92-7.99 (m, 3H, 

ArH), 9.26 (s, 1H, ArH); 13C NMR (100 MHz, DMSO-d6): δ = 18.5, 28.6, 32.9, 99.1, 113.4, 115.1, 120.2, 121.9, 

125.6, 126.9, 133.2, 145.3, 145.9, 151.6, 153.5, 154.0, 160.1, 161.7; MS (EI): m/z (%) = 365 (1) [M]+, 337 (100); 

Anal. Calcd for C18H15N5O4: C, 59.18; H, 4.14; N, 19.17%; Found: C, 59.21; H, 4.39; N, 19.21%. 

7-(1-(2-Chloro-4-methylphenyl)-1H-1,2,3-triazol-4-yl)-4-methyl-2H-chromen-2-one (6ad). Yield: 73% (256 mg); 

light yellow solid; mp 233-236 °C; 1H NMR (400 MHz, DMSO-d6): δ = 2.31 (s, 3H, CH3), 2.46 (s, 3H, CH3), 6.28 (s, 

1H, ArH), 7.29 (d, J = 7.2 Hz, 1H, ArH), 7.44-7.46 (m, 3H, ArH), 7.56-7.59 (m, 2H, ArH), 9.21 (s, 1H, ArH); 13C NMR 

(100 MHz, DMSO-d6): δ = 14.1, 18.5, 115.5, 119.8, 120.0, 121.2, 124.5, 127.1, 127.3, 127.8, 128.4, 129.9, 131.2, 

133.3, 140.3, 141.9, 151.7, 153.5, 160.2; MS (EI): m/z (%) = 351 (2) [M]+, 323 (100); Anal. Calcd for C19H14ClN3O2: 

C, 64.87; H, 4.01; Cl, 10.08; N, 11.94%; Found: C, 64.72; H, 4.18; Cl, 9.73; N, 12.18%. 

7-(1-(5-(Tert-butyl)isoxazol-3-yl)-1H-1,2,3-triazol-4-yl)-4-methyl-2H-chromen-2-one (6ae). Yield: 65% (228 

mg); off white solid; mp 215-218 °C; 1H NMR (400 MHz, DMSO-d6): δ = 1.40 (s, 9H, 3CH3), 2.47 (d, J = 1.2 Hz, 3H, 

CH3), 6.43 (d, J = 1.6 Hz, 1H, ArH), 7.06 (s, 1H, ArH), 7.90 (d, J = 8.4 Hz, 1H, ArH), 7.98-8.04 (m, 2H, ArH), 9.53 (s, 

1H, ArH); 13C NMR (100 MHz, DMSO-d6): δ = 19.0, 28.7, 33.6, 93.8, 113.5, 115.0, 120.2, 121.7, 121.9, 126.8, 

133.3, 146.6, 153.4, 154.0, 157.6, 160.2, 184.6; MS (EI): m/z (%) = 350 (1) [M]+, 322 (100); Anal. Calcd for 

C19H18N4O3: C, 65.13; H, 5.18; N, 15.99%; Found: C, 65.53; H, 5.55; N, 15.71%. 

7-(1-(1-Methyl-4-nitro-1H-imidazol-5-yl)-1H-1,2,3-triazol-4-yl)-(4-(trifluoromethyl)-2H-chromen-2-one (6ba). 

Yield: 72% (292 mg); light yellow solid; mp 252-255 °C; 1H NMR (600 MHz, DMSO-d6): δ = 3.63 (s, 3H, NCH3), 7.08 

(s, 1H, ArH), 7.85 (d, J = 7.8 Hz, 1H, ArH), 8.03 (s, 2H, ArH), 8.18 (s, 1H, ArH), 9.36 (s, 1H, ArH); 13C NMR (150 MHz, 

DMSO-d6): δ = 33.1, 113.6, 114.1, 117.8, 122.1 (q, J = 273 Hz), 122.5, 123.6, 126.3, 127.8, 134.3, 136.9, 139.1 (q, 

J = 33 Hz), 139.4, 145.2, 154.9, 158.7; 19F NMR (565 MHz, DMSO-d6): δ = -63.6; MS (EI): m/z (%) = 406 (1) [M]+, 

241 (100); Anal. Calcd for C16H9F3N6O4: C, 47.30; H, 2.23; N, 20.69%; Found: C, 47.29; H, 2.10; N, 20.50%. 

7-(1-(Benzo[d]thiazol-2-yl)-1H-1,2,3-triazol-4-yl)-(4-(trifluoromethyl)-2H-chromen-2-one (6bb). Yield: 65% 

(269 mg); off white solid; mp 265-267 °C; 1H NMR (600 MHz, CDCl3+DMSO-d6): δ = 6.91 (s, 1H, ArH), 7.47-7.57 

(m, 2H, ArH), 7.78 (d, J = 8.4 Hz, 1H, ArH), 7.98 (d, J = 8.4 Hz, 1H, ArH), 8.06-8.14 (m, 3H, ArH), 9.77 (s, 1H, ArH); 
13C NMR (150 MHz, CDCl3+DMSO-d6): δ = 112.8, 113.8, 116.2 (q, J = 5 Hz), 120.4, 121.1 (q, J = 273 Hz), 122.1, 

122.2, 125.3, 125.9, 126.8, 132.5, 133.8, 139.5 (q, J = 32 Hz), 145.9, 149.4, 154.1, 155.6, 157.8; 19F NMR (565 

MHz, DMSO-d6): δ = -64.0; MS (EI): m/z (%) = 414 (1) [M]+, 386 (100); Anal. Calcd for C19H9F3N4O2S: C, 55.07; H, 

2.19; N, 13.52; S, 7.74%; Found: C, 54.86; H, 2.46; N, 13.67; S, 8.14%. 

1,3-Dimethyl-6-(4-(2-oxo-4-(trifluoromethyl)-2H-chromen-7-yl)-1H-1,2,3-triazol-1-yl)pyrimidine-2,4(1H,3H)-

dione (6bc). Yield: 63% (264 mg); off white solid; mp 278-281 °C; 1H NMR (400 MHz, DMSO-d6): δ = 3.36 (s, 3H, 

NCH3), 3.71 (s, 3H, NCH3), 7.04 (s, 1H, ArH), 7.15 (s, 1H, ArH), 8.04-8.07 (m, 3H, ArH), 9.43 (s, 1H, ArH); 13C NMR 

(100 MHz, DMSO-d6): δ = 28.8, 33.0, 99.5, 113.5, 115.2, 120.3, 122.1 (q, J = 274 Hz), 125.8, 127.1, 133.3, 138.6 

(q, J = 32 Hz), 145.4, 145.9, 151.7, 153.6, 154.1, 160.2, 161.8; MS (EI): m/z (%) = 419 (100) [M]+, 391 (100); Anal. 

Calcd for C18H12F3N5O4: C, 51.56; H, 2.88; N, 16.70%; Found: C, 51.67; H, 2.64; N, 16.62%. 

7-(1-(2-Chloro-4-methylphenyl)-1H-1,2,3-triazol-4-yl)-4-(trifluoromethyl)-2H-chromen-2-one (6bd). Yield: 

70% (284 mg); off white solid; mp 240-243 °C; 1H NMR (400 MHz, DMSO-d6): δ = 2.33 (s, 3H, CH3), 7.03 (s, 1H, 

ArH), 7.33 (d, J = 7.2 Hz, 1H, ArH), 7.45-7.49 (m, 3H, ArH), 7.57-7.60 (m, 2H, ArH), 9.38 (s, 1H, ArH); 13C NMR (100 
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MHz, DMSO-d6): δ = 14.1, 115.6, 119.9, 120.1, 121.0, 122.3 (q, J = 272 Hz), 124.4, 127.0, 127.3, 127.9, 128.4, 

129.9, 131.1, 133.2, 137.8 (q, J = 33 Hz), 141.9, 151.8, 153.6, 160.1; MS (EI): m/z (%) = 405 (100) [M]+, 377 (100); 

Anal. Calcd for C19H11ClF3N3O2: C, 56.24; H, 2.73; Cl, 8.74; N, 10.36%; Found: C, 56.07; H, 3.09; Cl, 8.61; N, 10.32%. 

7-(1-(5-(tert-Butyl)isoxazol-3-yl)-1H-1,2,3-triazol-4-yl)-4-(trifluoromethyl)-2H-chromen-2-one (6be). Yield: 

68% (275 mg); light yellow solid; mp 198-202 °C; 1H NMR (400 MHz, DMSO-d6): δ = 1.40 (s, 9H, 3CH3), 7.05 (s, 

1H, ArH), 7.37 (d, J = 7.2 Hz, 1H, ArH), 7.48-7.52 (m, 3H, ArH), 9.46 (s, 1H, ArH); 13C NMR (100 MHz, DMSO-d6): 

δ = 18.7, 28.8, 33.6, 113.2, 115.2, 120.5, 121.9 (q, J = 274 Hz), 123.9, 127.0, 127.2, 133.3, 136.9, 139.6 (q, J = 34 

Hz), 145.9, 153.7, 154.2, 160.2; MS (EI): m/z (%) = 404 (100) [M]+, 376 (100); Anal. Calcd for C19H15F3N4O3: C, 

56.44; H, 3.74; N, 13.86%; Found: C, 56.37; H, 3.38; N, 13.93%. 

 

 

Acknowledgements 
 

Grigory V. Zyryanov is thankful to the Russian Science foundation (Grant # 25-73-30016) for the financial 

support. 

 

 

References 

 

1. Borges, F.; Roleira, F.; Milhazes, N.; Santana, L.; Uriarte, E. Curr. Med. Chem. 2005, 12, 887-916. 

https://doi.org/10.2174/0929867053507315 

2. Kostova, I.; Raleva, S.; Genova, P.; Argirova, R. Bioinorg. Chem. Appl. 2006, 2006, 1-9.  

https://doi.org/10.1155/BCA/2006/68274 

3. Citarella, A.; Vittorio, S.; Dank, C.; Ielo, L. Front. Chem. 2024, 12, 1362992.  

https://doi.org/10.3389/fchem.2024.1362992 

4. Sahni, T.; Sharma, S.; Verma, D.; Kaur, P. Lett. Org. Chem. 2021, 18, 880-902.  

https://doi.org/10.2174/1570178617999201006195742 

5. He, X.; Li, R.; Choy, P. Y.; Liu, T.; Yuen, O. Y.; Leung, M. P.; Shang, Y.; Kwong, F. K. Org. Lett. 2020, 22, 7348-

7352. 

https://doi.org/10.1021/acs.orglett.0c02674 

6. Sayed, M.; Maity, D. K.; Pal, H. Photochem. Photobiol. A: Chem. 2023, 434,114265.  

https://doi.org/10.1016/j.jphotochem.2022.114265 

7. Bhattacharjee, S.; Bahadur, P.; Seth, D. J. Mol. Liq. 2023, 392, 123406.  

https://doi.org/10.1016/j.molliq.2023.123406 

8. Cocco, A.; Caria, P.; Sanna, G.; Stagi, L.; Cadoni, E.; Corpino, R.; Ricci, P. C.; Carbonaro, C. M.; Secci, F. ACS 

Omega 2021, 6, 33708-33716.  

https://doi.org/10.1021/acsomega.1c04810 

9. Habibi, W.; Talbi, S.; Hamri, S.; Hafid, A.; Khouili, M. J. Heterocycl. Chem. 2024, 61, 2070-2096.  

https://doi.org/10.1002/jhet.4918 

10. Olesen, P. H.; Sørensen, A. R.; Ursø, B.; Kurtzhals, P.; Bowler, A. N.; Ehrbar, U.; Hansen, B. F. J. Med. Chem. 

2003, 46, 3333-3341.  

https://doi.org/10.1021/jm021095d 

11. Hirose, T.; Sunazuka, T.; Noguchi, Y.; Yamaguchi, Y.; Hanaki, H.; Sharpless, K. B.; Omura, S. Heterocycles 2006, 

69, 55-61.  

https://doi.org/10.2174/0929867053507315
https://doi.org/10.1155/BCA/2006/68274
https://doi.org/10.3389/fchem.2024.1362992
https://doi.org/10.2174/1570178617999201006195742
https://doi.org/10.1021/acs.orglett.0c02674
https://doi.org/10.1016/j.jphotochem.2022.114265
https://doi.org/10.1016/j.molliq.2023.123406
https://doi.org/10.1021/acsomega.1c04810
https://doi.org/10.1002/jhet.4918
https://doi.org/10.1021/jm021095d


Arkivoc 2025 (5) 202512480  Rajini, M. et al. 

 

 Page 10 of 11 ©AUTHOR(S) 

https://doi.org/10.3987/COM-06-S(O)7 

12. Li, W.-T.; Wu, W.-H.; Tang, C.-H.; Tai, R.; Chen, S.-T. ACS Comb. Sci. 2011, 13, 72-78.  

https://doi.org/10.1021/co1000234 

13. Potratz, S.; Mishra, A.; Baeuerle, P. Beilstein J. Org. Chem. 2012, 8, 683-692. 

https://doi.org/10.3762/bjoc.8.76 

14. Zhou, C. H.; Wang, Y. Curr. Med. Chem. 2012, 19, 239–280. 

https://doi.org/10.2174/092986712803414213 

15. Loidreau, K.; Levacher, V.; Besson, T. Tetrahedron Letters. 2013, 54, 1160-1163.  

https://doi.org/10.1016/j.tetlet.2012.12.077 

16. Reddy, A. G. K.; Satyanarayana, G.; Tetrahedron. 2012, 68, 8003-8010.  

https://doi.org/10.1016/j.tet.2012.06.106 

17. Takeuchi, M.; Tuihiji, T.; Nishimura, J. J. Org. Chem. 1993, 58, 7388.  

https://doi.org/10.1021/jo00078a016 

18. Sugiura, H.; Nigorikowa, Y.; Saiki, Y.; Nakamura, K.; Yamaguchi, M. J. Am. Chem. Soc. 2004, 126, 14858.  

https://doi.org/10.1021/ja0478882 

19. Campeau, L. C.; Parisien, M.; Leblanc, M.; Fagnou, K. J. Am. Chem. Soc. 2004, 126, 9186-9187.  

https://doi.org/10.1021/ja049017y 

20. Kumar, S. J. Heterocycl. Chem. 2019, 56, 1168-1230. 

https://doi.org/10.1002/jhet.3504 

21. Doucet, H.; Hierso, J. C. Angew. Chem., Intl. Ed. 2007, 46, 834-871.  

https://doi.org/10.1002/anie.200602761 

22. Petricci, E.; Radi, M.; Corelli, F.; Botta, M. Tetrahedron Letters. 2003, 44, 9181-9184.  

https://doi.org/10.1016/j.tetlet.2003.10.028 

23. Leadbeater, N. E.; Marco, M. Org. Lett. 2002, 4, 2973-2976.  

https://doi.org/10.1021/ol0263907 

24. Choy, P. Y.; Gan, K. B.; Kwong, F. Y. Chin. J. Chem. 2023, 41, 1099-1118. 

https://doi.org/10.1002/cjoc.202200703 

25. Panda, B. ; Sarkar, T. K. Chem. Commun. 2010, 46, 3131–3133. 

https://doi.org/10.1039/c001277g 

26. Panda, B. Arkivoc, 2021,  (ix), 177–199.  

https://doi.org/10.24820/ark.5550190.p011.559 

27. Lecerclé, D.; Mothes, C.; Taran, F. Synth. Commun. 2007, 37, 1301-1311. 

https://doi.org/10.1080/00397910701226830 

28. Weibel, J.-M.; Blanc, A.; Pale, P. Silver in Organic Chemistry 2010, 285–328. 

https://doi.org/10.1002/9780470597521.ch10 

29. Panda, B. ; Sarkar, T. K. Tetrahedron Lett. 2010, 51, 301–305. 

https://doi.org/10.1016/j.tetlet.2009.11.003 

30. Panda, B. ; Sarkar, T. K. Synthesis 2013, 45, 817–829.  

https://doi.org/10.1055/s-0032-1318119 

31. Kumbhare, R. M.; Kosurkar, U. B.; Ramaiah, M. J.; Dadmal, T. L.; Pushpavalli, S. N. C. V. L.; Pal-Bhadra, M. 

Bioorg. Med. Chem. Lett. 2012, 22, 5424–5427.  

https://doi.org/10.1016/j.bmcl.2012.07.041 

32. Pawelec, G.; Ehninger, G.; Rehbein, A.; Schaudt, K.; Jaschonek, K. Int. J. Immunopharmacol. 1991, 13, 299–

304.  

https://doi.org/10.3987/COM-06-S(O)7
https://doi.org/10.1021/co1000234
https://doi.org/10.3762/bjoc.8.76
https://doi.org/10.2174/092986712803414213
https://doi.org/10.1016/j.tetlet.2012.12.077
https://doi.org/10.1016/j.tet.2012.06.106
https://doi.org/10.1021/jo00078a016
https://doi.org/10.1021/ja0478882
https://doi.org/10.1021/ja049017y
https://doi.org/10.1002/jhet.3504
https://doi.org/10.1002/anie.200602761
https://doi.org/10.1016/j.tetlet.2003.10.028
https://doi.org/10.1021/ol0263907
https://doi.org/10.1002/cjoc.202200703
https://doi.org/10.1039/c001277g
https://doi.org/10.24820/ark.5550190.p011.559
https://doi.org/10.1080/00397910701226830
https://doi.org/10.1002/9780470597521.ch10
https://doi.org/10.1016/j.tetlet.2009.11.003
https://doi.org/10.1055/s-0032-1318119
https://doi.org/10.1016/j.bmcl.2012.07.041


Arkivoc 2025 (5) 202512480  Rajini, M. et al. 

 

 Page 11 of 11 ©AUTHOR(S) 

https://doi.org/10.1016/0192-0561(91)90111-J 

33. Genin, M. J.; Allwine, D. A.; Anderson, D. J.; Barbachyn, M. R.; Emmert, D. E.; Garmon, S. A.; Graber, D. R.; 

Grega, K. C.; Hester, J. B.; Hutchinson, D. K.; Morris, J.; Reischer, R. J.; Ford, C. W.; Zurenco, G. E.; Hamel, J. 

C.; Schaadt, R. D.; Stapertand, D.; Yagi, B. H. J. Med. Chem. 2000, 43, 953–970. 

https://doi.org/10.1021/jm990373e 

34. Jordao, A. K.; Afonso, P. P.; Ferreira, V. F.; de Souza, M. C.; Almeida, M. C.; Beltrame, C. O.; Paiva, D. P.; 

Wardell, S. M.; Wardell, J. L.; Tiekink, E. R.; Damaso, C. R.; Cunha, A. C. Eur. J. Med. Chem. 2009, 44, 3777–

3783. 

https://doi.org/10.1016/j.ejmech.2009.04.046 

35. Mishra, K. N.; Upadhyay H. C. Front. Drug Discov. 2022, 2, 1072448.  

https://doi.org/10.3389/fddsv.2022.1072448 

36. Prsir, K.; Horak, E.; Kralj, M.; Uzelac, L.; Liekens, S.; Steinberg, I. M.; Kristafor, S. Molecules 2022, 27, 637.  

https://doi.org/10.3390/molecules27030637 

37. Ganesh, K. N.; Zhang, D.; Miller, S. J.; Rossen, K.; Chirik, P. J.; Kozlowski, M. C.; Zimmerman, J. B.; Brooks, B. 

W.; Savage, P. E.; Allen, D. T.; Voutchkova-Kostal, A. M. Org. Process Res. Dev. 2021, 25, 1455-1459.  

https://doi.org/10.1021/acs.oprd.1c00216 

38. Marco, A. B.; Rechelo, B. S.; Totoli, E. G.; Kogawa, A. C.; Salgado, H. R. N. Saudi Pharm. J. 2019, 27, 1-8.  

https://doi.org/10.1016/j.jsps.2018.07.011 

39. Ye, Z.; Zhang, X.; Ma, W.; Zhang, F. Green Chem. 2023, 25, 2524-2540. 

https://doi.org/10.1039/D3GC00175J 

40. Rajini, M.; Munusamy, V.; Joy, M. N.; Zyryanov, G. V. J. Heterocycl. Chem. 2025, 62, 568-574. 

https://doi.org/10.1002/jhet.70015 

41. Joy, M. N.; Beliaev, N.; Beryozkina, T. V.; Bakulev, V. A. J. Heterocycl. Chem. 2020, 57, 3173-3185.  

https://doi.ohttps://doi.org/10.1002/jhet.70015rg/10.1002/jhet.4025 

42. Joy, M. N.; Bodke, Y. D.; Telkar, S.; Bakulev, V. A. J. Mex. Chem. Soc. 2020, 64, 53-73. 

43. Joy, M. N.; Kovalev, I. S.; Shabunina, O. V.; Santra, S.; Zyryanov, G. V. Antioxidants 2024, 13, 1198.  

https://doi.org/10.3390/antiox13101198 

44. Khalymbadzha, I. A.; Fatykhov, R. F.; Butorin, I. I.; Sharapov, A. D.; Potapova, A. P.; Joy, M. N.; Zyryanov, G. 

V.; Melekhin, V. V.; Tokhtueva, M. D.; Deev, S. L.; Kukhanova, M. K.; Mochulskaya, N. N.; Tsurkan, M. V. 

Biomimetics 2024, 9, 44.  

https://doi.org/10.3390/biomimetics9010044 

45. Megha, G. V.; Bodke, Y. D.; Shanavaz, H, Muthipeedika, N. J. Chim. Techno Acta. 2022, 9, 20229419. 

46. Breed, D. R.; Thibault, R.; Xie, F.; Wang, Q.; Hawker, C. J.; Pine, D. J. Langmuir 2009, 25, 4370-4376. 

https://doi.org/10.1021/la801880u 

47. G. R. Fulmer, A. J. M. Miller, N. H. Sherden, H. E. Gottlieb, A. Nudelman, B. M. Stoltz, J. E. Bercaw and K. I. 

Goldberg, Organometallics. 2010, 29, 2176-2179. 

https://doi.org/10.1021/om100106e 

 

 

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY) 

license (http://creativecommons.org/licenses/by/4.0/) 

 

https://doi.org/10.1016/0192-0561(91)90111-J
https://doi.org/10.1021/jm990373e
https://doi.org/10.1016/j.ejmech.2009.04.046
https://doi.org/10.3389/fddsv.2022.1072448
https://doi.org/10.3390/molecules27030637
https://doi.org/10.1021/acs.oprd.1c00216
https://doi.org/10.1016/j.jsps.2018.07.011
https://doi.org/10.1039/D3GC00175J
https://doi.org/10.1002/jhet.70015
https://doi.org/10.1002/jhet.70015
https://doi.org/10.3390/antiox13101198
https://doi.org/10.3390/biomimetics9010044
https://doi.org/10.1021/la801880u
https://doi.org/10.1021/om100106e
http://creativecommons.org/licenses/by/4.0/

