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Multicomponent Synthesis of Novel Unsymmetric 6-Aryl Substituted  

5-Nitropyridines 

We have previously studied a multicomponent reaction for the synthesis of unsymmetrical 5-nitro-1,4-

dihydropyridines using unsubstituted 2-nitroacetophenone, 1,3-dicarbonyl compounds, and various aldehydes 

such as formaldehyde, acetaldehyde, and furfural. This paper reports the use of unsymmetrical 3-acetyl-5-

nitro-1,4-dihydropyridines containing aryl substituents at the 6-position in a multicomponent synthesis reac-

tion. The starting aryl-substituted nitroacetophenones were prepared by two methods. The first method in-

volved the two-step Katritzky method, which is described in the literature. This method consists of preparing 

N-acylbenzotriazoles from the corresponding substituted derivatives of benzoic acid and 1,2,3-benzotriazole 

in the presence of thionyl chloride. This is followed by C-acylation of nitromethane in supernatron medium 

(t-BuOK – DMSO). A number of 2-nitroacetophenone derivatives were prepared from more commercially 

available aromatic aldehydes by the Henry reaction with nitromethane followed by oxidation of the resulting 

secondary nitroalcohols. The multicomponent reaction of 6-aryl-substituted 5-nitro-1,4-dihydropyridines and 

their subsequent aromatization into 5-nitropyridines allowed us to reduce the overall reaction time by more 

than 40 times and to increase the total yield of 5-nitro-6-arylpyridines by an average of twofold compared to 

the method described in the literature. Furthermore, the 3-acetyl-5-nitropyridines we have obtained are signif-

icant intermediates in the synthesis of novel, more complex heterocyclic systems with potential biological ac-

tivity. These systems include δ-carbolines and epoxybenzooxocyno[4,3-b]pyridines, which are currently of 

great interest for the study of their properties. 

Keywords: green chemistry, multicomponent reaction, substituted 2-nitroacetophenones, pyridine derivatives, 

5(3)-nitro-1,4-dihydropyridines, 5(3)-nitropyridines, 3-acetyl-5-nitropyridines, heterocyclic compounds. 

 

Introduction 

During the 1980s and 1990s, pharmaceuticals containing 1,4-dihydropyridine were developed and 

proved to be effective. These pharmaceuticals are now known as “Dihydropyridine calcium channel block-

ers” and are used as L-type calcium channel blockers [1]. They are commonly used to treat cardiovascular 

diseases such as hypertension, angina pectoris, arrhythmias, and for the prevention of heart disease. The 

drugs work by blocking the entry of calcium into the cells of the heart and blood vessels, causing them to 

relax and dilate [2]. 

Dihydropyridine calcium channel blockers primarily lower blood pressure by causing relaxation of the 

smooth muscle in the walls of blood vessels. In contrast, certain L-type calcium channel blockers, such as 

those from the phenylalkylamine class like verapamil, exert a notable impact on the heart [3-4]. 

An example of the use of compounds from the 1,4-dihydropyridine class in pharmacology is nifedipine. 

It was patented in 1967 and is listed in the World Health Organization’s Essential Medicines List. As of 

2021, this medication was the 128th most frequently prescribed drug in the United States, with over 4 million 

prescriptions [5–7]. 

Ongoing research continues to explore novel methods for synthesizing and discovering effective medi-

cations based on 1,4-dihydropyridine (1,4-DHP) and its derivatives (Fig.). 

For instance, over 20 years ago, the neuroprotective drug cerebrocrast 4 was discovered in the search 

for more effective drugs for high blood pressure. 

Cerebrocrast exhibits a high affinity for DHP-receptors and is recognized for enhancing cognitive abili-

ties. It functions as a nootropic agent, improving cognitive functions and memory, while also providing neu-

roprotective benefits by tackling age-related, hypoxic, and alcohol-induced neuronal disorders [8]. 
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Figure. The structural formulas of bioactive 1,4-DHPs  

The synthesis of symmetrical derivatives of 1,4-dihydropyridine of types 1 and 2 using the Hantzsch 

method with a double equivalent of the dicarbonyl compound is straightforward and yields are consistently 

high. However, the one-step synthesis of unsymmetrical derivatives of 1,4-dihydropyridine of type 3 using 

the Hantzsch method is challenging. This is mainly due to the different reactivity of the carbonyl compounds 

used, which leads to a mixture of different products, including symmetrical 1,4-dihydropyridines. 

The synthesis of unsymmetrical 5-nitropyridines of type 10a-c involves the reaction of enamines 

β-dicarbonyl compound and nitrochalcone, followed by oxidation of the obtained 1,4-dihydropyridines 9a-c 

(Scheme 1) [9]. This method of preparation requires the synthesis of starting enamines [11] and nitrochal-

cone [10], high time and energy costs, and 1,4-dihydropyridines 9a-c are formed with relatively low overall 

yields. 

 

 

Scheme 1. Three step synthesis of 4-substituted 5-nitro-6-phenylpyridines 

A one-step, three-component method for the preparation of 4-substituted 5-nitro-6-phenylpyridines 

11a-c, which are prepared from nitroacetophenone 5, enamine -dicarbonyl compounds 8a-c and triethylor-

thoformate [12-13], is also reported in the literature (Scheme 2). 

 

 

Scheme 2. A one-step method for the preparation of 4-substituted 5-nitro-6-phenylpyridines 
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This method, in comparison with the classical method, proceeds in one stage and does not require oxi-

dative aromatization. However, in our opinion, this method has a number of disadvantages, namely high du-

ration of all reactions (from 50 to 122 hours), long heating time, use of inert gas, use of more expensive tri-

ethylorthoformate, relatively low overall reaction yield, as well as an additional stage of preliminary prepara-

tion of β-dicarbonyl compounds 8a-c with enamine. 

In [14–16], we successfully applied and extensively tested the methodology for the four-component 

synthesis of 12-c type 1,4-DHP. Nitroacetophenone (or nitroacetone) 5, the corresponding β-dicarbonyl 

compound 7 in equivalent molar amounts, an excess of ammonium acetate and an aldehyde (formaldehyde, 

furfural, acetaldehyde) or its sources (urotropine, acetal) were used for the reaction (Scheme 3). 

 

 

Scheme 3. Synthesis of 4-unsubstituted and 4-substituted 5-nitro-6-phenylpyridines 

Therefore, our proposed method for the synthesis of 4-unsubstituted and 4-substituted 5-nitro-6-phenyl-

1,4-dihydropyridines and their subsequent conversion into pyridines enabled us to reduce the overall reaction 

time and increase the overall combined yield of 5-nitro-6-phenylpyridines by almost twofold compared to 

established methods in the literature. 

Experimental 

Materials 
1H and 13C NMR spectra were recorded on a Magritek spin solve 80 carbon ultra (81 and 20 MHz, re-

spectively) instruments using DMSO-d6 and CDCl3 the internal standard, with residual solvent signals (2.49 

and 39.9 ppm for 1Н and 13C nuclei in DMSO-d6; 7.25 and 77.0 ppm for 1Н and 13C nuclei in CDCl3). 

The physicochemical and spectral characteristics of compounds 19a-c were in agreement with the lit-

erature data [13]. 

6-aryl-5-nitro-1,4-dihydropyridines 18a-f (general method). To previously dissolved substituted ni-

troacetophenone (5 mmol) in glacial acetic acid (4-5 mL), 0.18 g (1.3 mmol) of urotropine, 1.16 g (15 mmol) 

of ammonium acetate and 0.50 g (5 mmol) of acetylacetone were added. The reaction mixture was stirred at 

60 °C for 3–10 min. The reaction mixture with crystalline precipitate was cooled to 0–5 °C, filtered, washed 

first with 50 % aqueous 2-propanol solution, then with water. The product was recrystallized from 2-

propanol. 

1-(2-methyl-5-nitro-6-(p-tolyl)-1,4-dihydropyridin-3-yl)ethan-1-one (18a). Yield 0.530 g (39 %), 

orange crystals, mp 157–159 °C. 
1H NMR (81 MHz, DMSO-d6) δ ppm: 2.16 (s, 3 H, CH3); 2.24 (s, 3 H, CH3); 2.37 (s, 3 H, CH3); 3.69 

(s, 2 H, CH2); 7.26 (br. s, 4 H, H-2,3,5,6 Ar); 9.15 (s, 1 H, NH). 13C NMR (20 MHz, DMSO-d6) δ ppm: 

18.0; 20.9; 27.2; 30.2; 111.0; 122.4; 127.6; 128.8; 131.0; 138.9; 143.4; 147.7; 197.0. 

1-(6-(4-bromophenyl)-2-methyl-5-nitro-1,4-dihydropyridin-3-yl)ethan-1-one (18b). Yield 0.826 g 

(60 %), red crystals, mp 166–167 °C. 
1H NMR (81 MHz, DMSO-d6) δ ppm: 2.15 (s, 3H, CH3); 2.25 (s, 3H, CH3); 3.70 (s, 2 H, CH2); 7.33 (d, 

J= 8.30 Hz, 2 H, H-2,6 Ar); 7.68 (d, J=8.30 Hz, 2 H, H-3,5 Ar); 9.23 (br. s., 1 H, NH). 13C NMR (20 MHz, 

DMSO-d6) δ ppm: 18.0; 27.0; 30.2; 111.1; 122.6; 122.8; 129.9 (2 C); 131.3 (2 C); 133.3; 143.2; 146.5; 

197.0. 

1-(6-(4-methoxyphenyl)-2-methyl-5-nitro-1,4-dihydropyridin-3-yl)ethan-1-one (18c). Yield 0.547 g 

(38 %), orange crystals, mp 264–266 °C. 
1H NMR (81 MHz, DMSO-d6) δ ppm: 2.23 (s, 3 H, CH3); 2.29 (s, 3 H, CH3); 3.77 (s, 2 H, CH2); 3.88 

(s, 3 H, OCH3); 7.00 (d, J=8.60 Hz, 2 H, H-3,5 Ar); 7.32 (d, J=8.60 Hz, 2 H, H-2,6 Ar), 9.03 (br. s., 1 H, 
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NH). 13C NMR (20 MHz, DMSO-d6) δ ppm: 18.0; 27.1; 30.2; 55.7; 110.8; 111.3; 120.4; 123.2; 123.8; 

128.5; 130.6; 143.6; 144.4; 156.2; 197.0. 

1-(6-(4-fluorophenyl)-2-methyl-5-nitro-1,4-dihydropyridin-3-yl)ethan-1-one (18d). Yield 0.856 g 

(62 %), orange crystals, mp 178–179oC. 
1H NMR (81 MHz, DMSO-d6) δ ppm: 2.16 (s, 3 H, CH3); 2.25 (s, 3 H, CH3); 3.70 (s, 2 H, CH2); 7.18–

7.54 (m, 4 H, H-2,3,5,6 Ar); 9.22 (br. s., 1 H, NH). 13C NMR (20 MHz, DMSO-d6) δ ppm: 18.5; 27.7; 30.7; 

111.6; 115.3; 116.4; 123.3; 130.5; 130.9 (2 C); 143.8; 147.2; 169.2; 197.6. 

1-(6-(2-methoxyphenyl)-2-methyl-5-nitro-1,4-dihydropyridin-3-yl)ethan-1-one (18e). Yield 0.706 g 

(49 %), orange crystals, mp 156–157 °C. 
1H NMR (81 MHz, DMSO-d6) δ ppm: 2.14 (s, 3 H, CH3); 2.24 (s, 3 H, CH3); 3.69 (br. s., 2 H, CH2); 

3.76 (s, 3 H, OCH3); 7.02–7.44 (m, 4 H, H-3,4,5,6 Ar); 9.15 (s, 1 H, NH). 13C NMR (20 MHz, DMSO-d6) δ 

ppm: 18.0; 27.1; 30.2; 55.7; 110.8; 111.3; 120.4; 123.2; 123.8; 128.5; 130.6; 143.6; 144.4; 156.2; 197.0. 

1-(6-(3,4-dimethoxyphenyl)-2-methyl-5-nitro-1,4-dihydropyridin-3-yl)ethan-1-one (18f). Yield 

0.429 g (27 %), orange crystals, mp 217–219 °C. 
1H NMR (81 MHz, DMSO-d6) δ ppm: 2.16 (s, 3 H, CH3); 2.24 (s, 3 H, CH3); 3.68 (s, 2 H, CH2); 3.75 

(s, 3 H, OCH3); 3.80 (s, 3 H, OCH3); 6.78 — 7.09 (m, 3 H, H-2,5,6 Ar); 9.13 (s, 1 H, NH). 13C NMR (20 

MHz, DMSO-d6) δ ppm: 18.0; 27.2; 30.2; 55.6; 55.7; 110.9; 111.5; 111.7; 120.5; 122.1; 125.1; 143.5; 147.5; 

148.5; 149.8; 196.9. 

6-aryl-5-nitropyridines 19a-f (general method). To a mixture of 1,4-dihydropyridine (0.2 mmol) in 

glacial acetic acid (1 mL) cooled to 0 °C, a solution of 0.03 g CrO3 (0.3 mmol) in H2O (0.5 mL) was added 

dropwise at such a rate that the temperature of the reaction mixture did not exceed 10 °C. After addition of 

the CrO3 solution, stirring was continued for 2 hours, and then the mixture was poured into an ice-water mix-

ture (20 mL) and neutralized with aqueous ammonia. The crystals were filtered and recrystallized from etha-

nol. 

1-(2-methyl-5-nitro-6-(p-tolyl)pyridin-3-yl)ethan-1-one (19a). Yield 0.481 g (89 %), white crystals, 

mp 97–98 °C. (lit. mp — 98–99 °C) [18]. 
1H NMR (81 MHz, CDCl3) δ ppm: 2.42 (s, 3H, CH3); 2.67 (s, 3H, CH3); 2.88 (s, 3H, CH3); 7.28 (d, 

J=7.10 Hz, 2H, H-3,5 Ar); 7.52 (d, J=7.10 Hz, 2H, H-2,6 Ar); 8.42 (s, 1H Py). 13C NMR (20 MHz, CDCl3) δ 

ppm: 21.2; 25.2; 29.3; 128.1; 129.1; 130.9; 133.3; 135.2; 137.6; 143.3; 152.7; 161.9; 197.5. 

1-(6-(4-bromophenyl)-2-methyl-5-nitropyridin-3-yl)ethan-1-one (19b). Yield 0.516 g (77 %), light 

yellow crystals, mp 146–147 °C. (lit. mp — 148–149 °C) [18]. 
1H NMR (81 MHz, CDCl3) δ ppm: 2.69 (s, 3H, CH3); 2.88 (s, 3H, CH3); 7.46 (d, J= 8.40 Hz, 2 H, 

H-3,5 Ar); 7.63 (d, J=8.30 Hz, 2 H, H-2,6 Ar); 8.47 (s, 1H, H-4 Py). 13C NMR (20 MHz, CDCl3) δ ppm: 

25.2; 29.3; 125.1; 129.9; 130.9; 132.0; 133.3; 134.6; 143.2; 152.7; 162.0; 197.4. 

1-(6-(4-methoxyphenyl)-2-methyl-5-nitropyridin-3-yl)ethan-1-one (19c). Yield 0.378 g (66 %), 

white crystals, mp 103–104 °C. (lit. mp — 101–102 °C) [18]. 
1H NMR (81 MHz, CDCl3) δ ppm: 2.64 (s, 3H, CH3); 2.86 (s, 3H, CH3); 3.85 (s, 3H, OCH3); 7.00 (d, 

J=8.60 Hz, 2 H, H-3,5 Ar); 7.32 (d, J=8.60 Hz, 2 H, H-2,6 Ar); 8.39 (s, 1H, H-4 Py). 13C NMR (20 MHz, 

CDCl3) δ ppm: 25.3; 29.1; 55.4; 114.3; 121.6; 127.8; 129.8; 130.2; 133.4; 143.0; 153.1; 161.6; 197.5. 

1-(6-(4-fluorophenyl)-2-methyl-5-nitropyridin-3-yl)ethan-1-one (19d). Yield 0.499 g (91 %), light 

yellow crystals, mp 119–120 °C. 
1H NMR (81 MHz, CDCl3) δ ppm: 2.76 (s, 3 H, CH3); 2.96 (s, 3 H, CH3); 7.13–7.34 (m, 2 H, H-3,5 

Ar); 7.60–7.77 (m, 2 H, H-2,6 Ar); 8.54 (s, 1 H, H-4 Py). 13C NMR (20 MHz, CDCl3) δ ppm: 25.2; 29.2; 

115.4; 116.5; 130.3; 130.8; 131.8; 133.4; 135.0; 143.3; 152.6; 157.9; 161.9; 170.3; 197.5. 

1-(6-(2-methoxyphenyl)-2-methyl-5-nitropyridin-3-yl)ethan-1-one (19e). Yield 0.418 g (73 %), 

white crystals, mp 144–145 °C. 
1H NMR (81 MHz, CDCl3) δ ppm: 2.76 (s, 3 H, CH3); 2.96 (s, 3 H, CH3); 3.79 (s, 3 H, OCH3); 6.98 (d, 

J=8.01 Hz, 1 H, H-3 Ar); 7.13-7.64 (m, 2 H, H-4,5 Ar); 7.80 (d, J=7.17 Hz, 1 H, H-6 Ar); 8.58 (s, 1 H, H-4 

Py). 13C NMR (20 MHz, CDCl3) δ ppm: 25.2; 29.2; 55.0; 110.6; 121.5; 125.6; 130.3; 130.8; 131.8; 132.7; 

144.3; 151.4; 156.4; 162.0; 219.8. 

1-(6-(3,4-dimethoxyphenyl)-2-methyl-5-nitropyridin-3-yl)ethan-1-one (19f). Yield 0.600 g (95 %), 

white crystals, mp 127–128 °C. 
1H NMR (81 MHz, CDCl3) δ ppm: 2.79 (s, 3 H, CH3); 3.01 (s, 3 H, CH3); 4.06 (s, 6 H, OCH3); 7.05 (d, 

J=8.80, 1 H, H-5 Ar); 7.33 (d, J=8.80, 1 H, H-6 Ar); 7.35 (s, 1 H, H-2 Ar); 8.51 (s, 1 H, H-4 Py). 13C NMR 
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(20 MHz, CDCl3) δ ppm: 25.3; 29.1; 56.0 (2 C); 111.1; 111.4; 121.7; 127.8; 129.9; 133.3; 143.2; 149.2; 

151.2; 153.0; 161.6; 197.4. 

Results and Discussion 

The previously described syntheses were based on the use of only unsubstituted 2-nitroacetophenone or 

nitroacetone in multicomponent reactions. In order to extend the possibilities of using this multicomponent 

reaction to synthesize new unsymmetrical derivatives of 5-nitropyridines containing an aryl substituent at the 

sixth position, it was necessary to synthesize aryl-substituted nitroacetophenones. For the preparation of aryl-

substituted nitroketones, the Katritzky method [17-18], which is carried out in two stages, is widely 

used (Scheme 4). 

In the first stage, the corresponding N-acylbenzotriazoles 15a-d are prepared by interaction of commer-

cially available substituted benzoic acid derivatives 14a-d with 1,2,3-benzotriazole in the presence of thionyl 

chloride. Further, the required nitroacetophenones 16a-d were prepared by C-acylation of nitromethane with 

the obtained N-acylbenzotriazoles 15a-d. The reaction was carried out in superbase (t-BuOK – DMSO), with 

the benzotriazole acting as a good leaving group. 

 

 

Scheme 4. Synthesis of aryl-substituted nitroketones by the Katritzky method 

Nitroacetophenones 16e, f were prepared from more readily available aromatic aldehydes by the Henry 

reaction with nitromethane, followed by oxidation of the resulting secondary nitroalcohols 17a, b [19] 

(Scheme 5). During the reaction, in addition to hydroxynitro compounds, nitroalkenes were formed in small 

amounts (up to 20 % according to GC-MS data), i.e. products of elimination of a water molecule from the 

nitro alcohols formed in the first stage. The purification of the obtained target nitro alcohols was carried out 

by column chromatography on silica gel (hexane/ethyl acetate) according to the provided method [19]. 

 

 

Scheme 5. Synthesis of aryl-substituted nitroketones by the Henry reaction 

The prepared aryl-substituted nitroketones were then incorporated into a multicomponent reaction for 

the synthesis of unsymmetrical 4-substituted 3-acetyl-5-nitro-1,4-dihydropyridines 18a-f according to the 

method described in [14] (Scheme 6). However, experimental syntheses showed that the aryl-substituted ni-

troketones used are rather poorly soluble in acetic acid, the solvent we use, which ultimately leads to their 

insufficient involvement in the reaction and, as a consequence, the formation of a significant amount of 

symmetrical side 3,5-diacetyl-1,4-dihydropyridine. To avoid unwanted side processes, we first predissolved 

the nitroacetophenones in acetic acid, and then added excess ammonium acetate and urotropine, and finally 

acetylacetone. 
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Scheme 6. Synthesis of 4-unsubstituted 3-acetyl-5-nitro-6-arylpyridines 

It was found that the yields of the corresponding 3-acetyl-5-nitro-6-aryl-1,4-dihydropyridines 18a-f are 

also related to the presence of electronic effects of the substituent in the aromatic ring. Thus, the donor sub-

stituents slightly reduce the yield of the target product due to a decrease in the partial positive charge on the 

carbon atom of the carbonyl group and, accordingly, lead to a decrease in the CH-acidity of the methylene 

group of nitroketones, which is the main reaction center in the Knoevenagel reaction. 

The oxidation of 5-nitro-6-aryl-1,4-dihydropyridines to the corresponding 5-nitro-6-arylpyridines 19a-f 

was carried out according to the standard method with chromium oxide (VI) in acetic acid solution at room 

temperature. The oxidation proceeded quite smoothly and in high yields (from 66 to 95 %) (Scheme 6). 

Conclusions 

Thus, we have extended the possible scope of application of the multicomponent reaction in the synthe-

sis of six new 6-aryl-substituted 3-acetyl-5-nitro-1,4-dihydropyridines, not previously described in the litera-

ture, whose oxidation afforded the corresponding 5-nitropyridines. 

The multicomponent reaction of 6-aryl-substituted 5-nitro-1,4-dihydropyridines and their subsequent 

aromatization to pyridines allowed the overall reaction time to be reduced by more than 40-fold and the 

overall yield of the target 5-nitro-6-arylpyridines to be almost doubled on average compared to the method 

reported in the literature [12-13]. 

In conclusion, the new 3-acetyl-5-nitro-6-arylpyridines 19a-f synthesized by us can be of great interest 

as intermediate synthons in the synthesis of more complex heterocyclic systems. For example, 3-(5)-

nitropyridines have proved to be good precursors in the synthesis of synthetic analogs of the alkaloid chindo-

line and other structural analogs of substituted δ-carbolines obtained by the Cadogan reaction [20-21]. The 

presence of 3-acetyl and 2-methyl groups in the structure of 5-nitro-6-arylpyridines 19a-f simultaneously 

suggests their potential use as important synthons and in the synthesis of epoxybenzooxocino[4,3-b]pyridine 

derivatives [22–24], which are structural analogs of natural integrastatins. 

Funding 

This research was conducted with the support of the Ministry of Science and Higher Education of the 

Russian Federation: “Priority 2030” in the Center of Nature-Inspired Engineering. 

Buk
eto

v U
niv

ers
ity



Multicomponent Synthesis of Novel Unsymmetric … 

ISSN 2959-0663 (Print); ISSN 2959-0671 (Online); ISSN-L 2959-0663 19 

Author Information* 
___________________________________________________________________________ 

*The authors' names are presented in the following order: First Name, Middle Name and Last Name 

Ilya Ivanovich Kulakov — Master Student, Laboratory of Theory and Optimization of Chemical and 

Technological Processes, University of Tyumen, 625003 Tyumen, Russia; е-mail: ku-

lakov.ii.chem@gmail.com; https://orcid.org/0009-0000-2141-1923 

Semyon Yuryevich Chikunov — Postgraduate Student, Higher School of Natural Science, Laboratory 

of Theory and Optimization of Chemical and Technological Processes, University of Tyumen, Tyumen, 

Russia; е-mail: s.y.chikunov@utmn.ru; https://orcid.org/0000-0003-1918-6936 

Andrey Vladimirovich Elyshev — Сandidate of chemical sciences, Laboratory of Theory and Optimi-

zation of Chemical and Technological Processes, Center for Nature-Inspired Engineering, Higher School of 

Natural Science, University of Tyumen, Tyumen, Russia; е-mail: a.v.elyshev@utmn.ru; 

https://orcid.org/0000-0001-8277-2626 

Ivan Vyacheslavovich Kulakov — Doctor of chemical sciences, Associated Professor, Center for Na-

ture-Inspired Engineering, Higher School of Natural Science University of Tyumen, 625003 Tyumen, Rus-

sia; е-mail: i.v.kulakov@utmn.ru; https://orcid.org/0000-0001-5772-2096 

Author Contributions 

The manuscript was written through contributions of all authors. All authors have given approval to the 

final version of the manuscript. CRediT: Ilya Ivanovich Kulakov investigation, formal analysis, data cura-

tion and writing–original draft preparation; Semyon Yuryevich Chikunov investigation, formal analysis; 

Andrey Vladimirovich Elyshev supervision, project administration, funding acquisition; Ivan 

Vyacheslavovich Kulakov conceptualization, methodology, validation, writing–review and editing and su-

pervision. 

Acknowledgements 

Spectrophotometric studies were carried out using the equipment of the Center for Collective Use “Ra-

tional Nature Management and Physico-chemical Research” and the Laboratory of Theory and Optimization 

of Chemical and Technological Processes of University of Tyumen. 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

 

References 

1 Brown, A. M., Kunze, D. L., & Yatani, A. (1984). The agonist effect of dihydropyridines on Ca channels. Nature, 311, 570–

572. https://doi.org/10.1038/311570a0. 

2 Bladen, C., Gündüz, M. G., Şimşek, R. et al (2014). Synthesis and Evaluation of 1,4-Dihydropyridine Derivatives with Cal-

cium Channel Blocking Activity. Pflugers Arch — Eur J Physiol, 466, 1355–1363. https://doi.org/10.1007/s00424-013-1376-z 

3 Xu, L., Li, D., Li, T., Yang, Y., Li, Y., & Hou, T. (2016). Binding mechanisms of 1,4-dihydropyridine derivatives to L-type 

calcium channel Cav1.2: a molecular modeling study. Molecular BioSystems, 12(2), 379–390. https://doi.org/10.1039/c5mb00781j 

4 Frishman, W. H. (2007). Calcium Channel blockers: Differences between subclasses. American Journal of Cardiovascular 

Drugs, 7(Suppl 1), 17–23. https://doi.org/10.2165/00129784-200707001-00003 

5 World Health Organization (2019). World Health Organization model list of essential medicines: 21st list 2019. 

https://iris.who.int/handle/10665/325771 

6 Kane SP. The Top 300 of 2021, ClinCalc DrugStats Database, Version 2024.01. ClinCalc: 

https://clincalc.com/DrugStats/Top300Drugs.aspx. Updated January 1, 2024. Accessed January 15, 2024. 

7 Kane SP. Nifedipine, ClinCalc DrugStats Database, Version 2024.01. ClinCalc: 

https://clincalc.com/DrugStats/Drugs/Nifedipine. Updated January 1, 2024. Accessed January 15, 2024. 

8 Soldatenkov, A. T., Kolyadina, N. M., & Shendrik, I. V. (2001). Osnovy organicheskoi khimii lekarstvennykh veshchestv 

[Foundations of Organic Chemistry of Drugs]. Moscow: Khimiia, 191 [in Russian]. 

9 Sagitullina, G. P., Glizdinskaya, L. V. & Sagitullin, R. S. (2007). Nitropyridines: IV. Synthesis of 3-(2-furyl)biphenyls by re-

cyclization of nitropyridinium salts. Russ J Org Chem, 43(4), 602–606. https://doi.org/10.1134/S1070428007040197 

Buk
eto

v U
niv

ers
ity

https://orcid.org/0009-0000-2141-1923
https://orcid.org/0000-0003-1918-6936
https://orcid.org/0000-0001-8277-2626
https://orcid.org/0000-0001-5772-2096
https://credit.niso.org/
https://doi.org/10.1038/311570a0
https://doi.org/10.1007/s00424-013-1376-z
https://doi.org/10.1039/c5mb00781j
https://doi.org/10.2165/00129784-200707001-00003
https://iris.who.int/handle/10665/325771
https://clincalc.com/DrugStats/Top300Drugs.aspx
https://clincalc.com/DrugStats/Drugs/Nifedipine
https://doi.org/10.1134/S1070428007040197


Kulakov, I.I., Chikunov, S.Y. et al. 

20 Eurasian Journal of Chemistry. 2024, Vol. 29, No. 2(114) 

10 Berestovitskaya, V. M., Aboskalova, N. I., Ishmaeva, E. A., Bakhareva, S. V., Berkova, G. A., Vereshchagina, Y. A., ... & 

Fattakhova, G. R. (2001). Synthesis and Structural Features of 1-Acyl-1-nitro-2-furyl (thienyl) ethenes. Russian journal of general 

chemistry, 71, 1942–1949. 

11 Baraldi, P. G., Daniele, S., & Manfredini, S. (1983). An Improved Preparation of Enaminones from 1,3-Diketones and Am-

monium Acetate or Amine Acetates. Synthesis, 1983(11), 902–903. https://doi.org/10.1055/s-1983-30557 

12 Sagitullina, G. P., Garkushenko, A. K. & Sagitullin, R. S. (2009). Synthesis of substituted 5-nitro- 6-phenylpyridines by the 

cyclo- condensation of nitroacetophenone, ethyl orthoformate, and enamines. Chem. Heterocycl. Comp., 45, 1147. 

https://doi.org/10.1007/s10593-009-0395-3 

13 Zobenko, Y. A, Pozhidaeva, S. A., Kuratova, A. K., Glyzdinskaya, L. V., Vorontsova, M. A., Sagitullina, G. P. (2017). New 

method for the synthesis of nitrobiaryls. Chem Heterocycl Compd., 53, 1014–1025. https://doi.org/10.1007/s10593-017-2164-z 

14 Kulakov, I. V., Oleshchuk, A. L., Koveza, V. A., & Palamarchuk, I. V. (2020). Multicomponent synthesis of 4-unsubstituted 

5-nitropyridine derivatives. Synthetic Communications, 50, 2432–2439. https://doi.org/10.1080/00397911.2020.1780261 

15 Koveza, V. A., Kulakov, I. V., Shulgau, Z. T., & Seilkhanov T. M. (2018). Multicomponent synthesis of unsymmetrical 5-

nitropyridines. Chemistry of Heterocyclic Compounds, 54(12), 1127–1130. https://doi.org/10.1007/s10593-019-02403-x 

16 Turgunalieva, D. M., Stalinskaya, A. L., Kulakov, I. I., Sagitullina, G. P., Atuchin, V. V., Elyshev, A. V., & Kulakov, I. V. 

(2023). Multicomponent synthesis of unsymmetrical derivatives of 4-Methyl-Substituted 5-Nitropyridines. Processes, 11(2), 576. 

https://doi.org/10.3390/pr11020576 

17 Katritzky, A. R., Zhang, Y., & Singh, S. K. (2003). Efficient conversion of carboxylic acids intoN-Acylbenzotriazoles. Syn-

thesis, 18, 2795–2798. https://doi.org/10.1055/s-2003-42462 

18 Katritzky, A. R., Abdel‐Fattah, A. a. A., Gromova, A. V., Witek, R. M., & Steel, P. J. (2005). Α-Nitro ketone synthesis using 

N-Acylbenzotriazoles. The Journal of Organic Chemistry, 70(23), 9211–9214. https://doi.org/10.1021/jo051231x 

19 Pan, Subhas Chandra; Maity, Rajendra (2018). Organocatalytic Asymmetric Michael/Hemiacetalization/Acyl Transfer Reac-

tion of α-Nitroketones with o-Hydroxycinnamaldehydes: Synthesis of 2,4-Disubstituted Chromans. Organic & Biomolecular Chem-

istry. https://doi.org/10.1039/c8ob00078f  

20 Shuvalov, V., Rupp, A., Kuratova, A., Fisyuk, A., Nefedov, A., & Sagitullina, G. (2019). Synthesis of δ-Carbolines and the 

Alkaloid Quindoline through a Molybdenum-Catalyzed Cadogan Cyclization and their Photoluminescent Properties. Synlett, 30. 

https://doi.org/10.1055/s-0037-1612416 

21 Shuvalov, V., Rupp, A., Fisyuk, A., Kuratova, A., Nefedov, A., & Sagitullina, G. (2019). Synthesis and Optical Properties of 

Alkaloid Quindoline, Its Structural Analogues and Substituted δ-Carbolines. ChemistrySelect, 4, 1696–1699. 

https://doi.org/10.1002/slct.201803515 

22 Stalinskaya, A. L., Martynenko, N. V., Shulgau, Z. T., Shustov, A. V., Keyer, V. V., & Kulakov, I. V. (2022). Synthesis and 

Antiviral Properties against SARS-CoV-2 of Epoxybenzooxocino[4,3-b]Pyridine Derivatives. Molecules, 27, 3701. 

https://doi.org/10.3390/molecules27123701 

23 Stalinskaya, A. L., Martynenko, N. V., Alkhimova, L. E., Dilbaryan, D. S., Vasilchenko, A. S., Dengis, N. A., Vlasen-

ko, V. S., & Kulakov, I. V. (2023). Synthesis and bacteriostatic properties of epoxybenzooxocino[4,3-b]pyridine derivatives. Journal 

of Molecular Structure, 1275, 134689. https://doi.org/10.1016/j.molstruc.2022.134689  

24 Stalinskaya, A. L., Chikunov, S. Y., Pustolaikina, I. A., Gatilov, Yu. V., Kulakov I. V. (2024). Synthesis of New Structural 

analogues of Natural Integrastatins with a Basic Epoxybenzo[7,8]oxocine Skeleton: Combined Experimental and Computational 

Study. Synthesis, 56, 329–345. https://doi.org/10.1055/s-0042-1751521 

 

 

Buk
eto

v U
niv

ers
ity

https://doi.org/10.1055/s-1983-30557
https://doi.org/10.1007/s10593-009-0395-3
https://doi.org/10.1007/s10593-017-2164-z
https://doi.org/10.1080/00397911.2020.1780261
https://doi.org/10.1007/s10593-019-02403-x
https://doi.org/10.3390/pr11020576
https://doi.org/10.1055/s-2003-42462
https://doi.org/10.1021/jo051231x
https://doi.org/10.1039/c8ob00078f
https://doi.org/10.1055/s-0037-1612416
https://doi.org/10.1002/slct.201803515
https://doi.org/10.3390/molecules27123701
https://doi.org/10.1016/j.molstruc.2022.134689
https://doi.org/10.1055/s-0042-1751521



