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Abstract 

1,4-Dihydropyridines are one of the most used classes of antihypertensive drugs. The present communication 

describes the autocatalytic four-component reaction of 2,6-dihalogen-substituted benzaldehydes, 

malononitrile and cyclic amines results in the formation of previously unknown 1,4-dihydropyridine-3,5-

dicarbonitriles. The structure of these previously unknown compounds was confirmed by means of 1H and 13C 

NMR and IR spectroscopy, mass spectrometry and elemental analysis. 
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Introduction 

 

Systemic arterial hypertension is characterized by persistently high blood pressure (BP) in the systemic 

arteries.1 Approximately one in four adults have hypertension.2 The Global Burden of Disease study has shown 

that non-optimal BP continues to be the biggest single risk factor contributing to the global burden of disease 

and to global all-cause mortality, leading to 9.4 million deaths and 212 million lost healthy life years (8.5% of 

the global total) each year.3 

Antihypertensive pharmacotherapy has evolved over several decades driven by the development of 

various antihypertensive medication classes and large-scale outcomes trials proving their benefits on 

cardiovascular diseases morbidity and mortality.4 Dihydropyridines (DHPs) are one of the classes of 

antihypertensive drugs. DHP drugs are inhibitors of L-type voltage-dependent calcium channel that are mainly 

spread outside the central nervous system.5 Nowadays these are the most used drugs in the treatment of 

hypertension. The most used DHPs are Amlodipine, Felodipine, and Nifedipine (Figure 1) with a substituent in 

the o-position. 

 

 
 

Figure 1. Structure of the most used 1,4-dihydropyridines. 

 

However, 1,4-dihydropyridines have some disadvantages, such as relatively low bioavailability, insufficient 

tissue selectivity, and rapid elimination.6 

Thus, the synthesis of a new type of 1,4-dihydropyridines is an important challenge for researchers. 

4-Substituted pyridine-3,5-dicarbonitriles have a high conductance-type of calcium-activated K-channel 

opening effect and a smooth muscle relaxant effect for bladder based on the K-channel opening effect, which 

can be used in treating pollakiuria and urinary incontinence.7 

Multicomponent reactions have proven to be the best strategy for the construction of large and complex, 

heterocyclic structures with easy and comparatively simple steps.8,9,10 These reactions have been employed in 

various synthetic transformations where classical methods usually involve many steps with tedious 

procedures. The MCR approach provides high yields, atom-/step economy, reduced reaction time, is eco-

friendly, and acts as an amenable tool for the generation of a library of new chemical entities, especially in the 

drug discovery process.11 

The first multicomponent synthesis of 1,4-dihydropyridines (or perhaps even the first multicomponent 

process) was carried out by A. Hantzsch in 1881.12 He carried out the preparation of dihydropyridine 

derivatives by condensation of an aldehyde with two equivalents of a β-ketoester in the presence of ammonia.  

Modern methods for the synthesis of 1,4-dihydropyridine using modifications of the Hantzsc 

synthesis.13,14,15 In recent years, malononitrile and its derivatives have been increasingly used to carry out such 

transformations. 16,17,18 
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We previously carried out different types of multicomponent processes leading to substituted piperidines 

and tetrahydropyridines.19-22 These processes are three- and four-component reactions occurring under mild 

conditions. 

Now, we wish to report our results on the efficient autocatalytic four-component transformation of 

benzaldehydes 1, malononitrile and cyclic amines 2 into the previously unknown 1,4-dihydropyridine-3,5-

dicarbonitriles 3 in EtOH at 78 °C, as shown in Scheme 1. The corresponding cyclic amine in this reaction is 

both a reagent and a catalyst. 

 

 
 

Scheme 1. Multicomponent synthesis of 1,4-dihydropyridine-3,5-dicarbonitriles 3. 

 

 

Results and Discussion 
 

For the study, we have chosen 2,6-dihalogen-substituted benzaldehydes. This is due to the fact that 

compounds with ortho- or meta-substituents of electron-withdrawing nature possess optimum activity, while 

para-substitution shows a decrease in activity according to its electronic and steric effect.23 The importance of 

the ortho-substituents is to “lock” the conformation of the 1,4-DHP such that the C-4 position of the aromatic 

ring is perpendicular to the 1,4-DHP ring. This perpendicular conformation has been proposed to be essential 

for the activity of the 1,4-DHPs.24 

Transformation of 2,6-diclorobenzaldehyde 1b, malononitrile and morpholine 2b was chosen as a model 

reaction (Table 1). We studied this reaction in alcohols (Table 1, entries 1-3), as well as in the presence of an 

excess of amine (Table 1, entry 4). Under these conditions, compound 3d was obtained in 61-78% yields. It 

was found that the reaction proceeds better in ethanol and n-propanol, and the use of an excess of amine has 

practically no effect on the reaction yield. In addition, the effect of the reaction time was also considered 

(Table 1, entries 5 and 6). It was found that the reaction time also has little effect on the yield of the process. 

It is optimal to carry out the reaction in ethanol at reflux for 3 h and the amine 2 is taken in an equivalent 

amount (Table 1, entry 2). Under these conditions, 1,4-dihydropyridine-3,5-dicarbonitrile 3d is formed in 75% 

yield. 
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Table 1. Search for the optimal reaction conditions for the synthesis of 3 a 

 

№ Solvent 
Amount of 

2b (mmol) 
Time (h) Yield (%) 

1 MeOH 1 3 61 

2 EtOH 1 3 75 

3 n-PrOH 1 3 76 

4 EtOH 1.2 3 78 

5 EtOH 1 2 62 

6 EtOH 1 4 78 

a Reaction conditions: 2,6-diclorobenzaldehyde 1b (1 mmol), 

malononitrile (2 mmol), morpholine 2b were refluxed in 3 mL 

of solvent. Isolated yields. 

 

Compounds 3a–d were synthesized in 68–79% yields in optimal conditions (Table 2). The structure of 

these previously unknown 1,4-dihydropyridine-3,5-dicarbonitriles 3 was confirmed by means of 1H and 13C 

NMR and IR spectroscopy, mass spectrometry and elemental analysis. For all compounds, only one set of 

signals was observed in 1H and 13C NMR spectra. 

The autocatalytic reaction process is environmentally friendly because no amine catalyst becomes waste 

when reacted. This transformation is easily accomplished; the isolated compounds 3 do not require additional 

purification. 

The process of isolating the final 1,4-dihydropyridine-3,5-dicarbonitriles 3 is an easy work-up procedure, 

the reaction mixture was cooled to 0oC, the precipitated residue was separated by simple filtration. 

The pseudo four-component reaction has a high bond-forming index25 equal to 4: in one stage, two C-C 

bonds and two C-N bonds are formed. 

 

Table 2. Pseudo four-component reaction of benzaldehydes 1a,b, malononitrile and amines 2a,b a 

 

a Reaction conditions: benzaldehyde 1a,b (1 mmol), malononitrile (2 mmol), 

cyclic amine 2 (1 mmol) were refluxed in 3 mL of EtOH. Isolated yields. 

 

The reaction described above for obtaining new compounds 3 compares favorably with the fact that it 

proceeds in the green solvent ethanol, without a catalyst, and at the same time with good yields. In addition, 
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during the reaction, a second heterocyclic fragment appears in the final compound, and no preliminary 

synthesis of the starting materials containing this fragment is required. 

Taking into consideration the results of our colleagues in the synthesis of 6-sulfanyl-1,4-

dihydropyridines16, the following mechanism for the autocatalytic pseudo four-component reaction of 

benzaldehyde 1, malononitrile and cyclic amines 2 was proposed, as shown in Scheme 2. 

The first stage was a rapid Knoevenagel condensation of benzaldehyde 1 and malononitrile anion A, and 

then the formation of adduct 4 with the expulsion of a hydroxide anion. After that, the heterocyclization of 

adduct 4 and anion A occurs with the addition of amine 2. The formed anion B undergoes protonation and 

tautomerization to 1,4-dihydropyridine-3,5-dicarbonitrile 3. In this autocatalytic process, the amine 2 

deprotonates malononitrile, and also acts as a reagent, adding to dihydropyridine at the cyclization stage. 

 

 
 

Scheme 2. Proposed mechanism of benzaldehydes 1, malononitrile and amines 2 transformation into 1,4-

dihydropyridine-3,5-dicarbonitriles 3. 

 

If the studied pseudo four-component reaction is carried out with benzaldehyde under the found optimal 

conditions, then pyridine-3,5-dicarbonitrile 5 are formed, as shown in Scheme 3. 

 

 
 

Scheme 3. Multicomponent synthesis of 4-phenylpyridine-3,5-dicarbonitrile 5. 

 

Presumably, compounds 3 are not oxidized, since this would lead to the formation of sterically crowded 

bis-ortho,ortho'-disubstituted biaryl systems. 
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Conclusions 
 

The title compounds, 1,4-dihydropyridine-3,5-dicarbonitriles, were synthesized in good yield using the facile 

and efficient autocatalytic pseudo four-component approach with simple equipment and available starting 

compounds. The compounds 3 were characterized by spectroscopic methods and elemental analysis. The 

synthesis of dihalogen-substituted 1,4-dihydropyridine-3,5-dicarbonitriles allows new potential 

antihypertensive drugs, which are inhibitors of L-type voltage-dependent calcium channel. 

 

 

Experimental Section 
 

General. The solvents and reagents were purchased from commercial sources and used as received. 

All melting points were measured with Gallenkamp melting-point apparatus (London, UK) and were 

uncorrected. 1H and 13C NMR spectra were recorded in DMSO-d6 with Bruker AM300 spectrometer (Billerica, 

MA, USA) at ambient temperature. Chemical shift values are relative to Me4Si. The MS spectra (EI = 70 eV) 

were obtained directly with a Kratos MS-30 spectrometer (Manchester, UK). For elemental analysis, a 2400 

Elemental Analyzer (Perkin Elmer Inc., Waltham, MA, USA) was used. The IR spectra were recorded with a 

Bruker ALPHA-T FT-IR spectrometer (Billerica, MA, USA) in KBr pellet. 

 

Multicomponent synthesis of 1,4-dihydropyridine-3,5-dicarbonitriles 3 

A solution of benzaldehyde 1 (1 mmol), malononitrile (0.132 g, 2 mmol), and the corresponding cyclic amine 2 

(1 mmol) in ethanol (3 mL) was refluxed in a round-bottom flask for 3 h. After the reaction was finished, the 

reaction mixture was chilled to 0 °C to crystallize the solid compound 3, which was then filtered off, twice 

rinsed with ice-cold ethanol (2 × 2 mL) and dried under reduced pressure. 

2-Amino-4-(2-chloro-6-fluorophenyl)-6-(piperidin-1-yl)-1,4-dihydropyridine-3,5-dicarbonitrile (3a). Yellowish 

solid; yield 68% (0.243 g); mp 203–204 °C; 1H NMR (300 MHz, DMSO-d6): δ 1.47-1.75 (m, 6H, 3 CH2 pip), 3.01 (t, 
3J = 5.7 Hz, 4H, 2 CH2 pip), 4.88 (s, 1H, CH), 6.04 (s, 2H, NH2), 7.13–7.23 (m, 1H, CH Ar), 7.24-7.37 (m, 2H, 2 CH 

Ar), 7.82 (br s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): δ 21.8 (C(4``)H2 pip), 22.4 (2C, C(3``)H2 and C(5``)H2 

pip), 35.0 (C(4)H), 43.9 (2C, 2 CH2N pip), 52.1 (C(3)-CN), 62.5 (C(5)-CN), 115.1 (d, 2JC-F = 22.6 Hz, C(5`)H Ar), 

120.7 (C(3)-CN), 121.2 (C(5)-CN), 121.5 (C(3`)H Ar), 125.7 (C(2`)-Cl), 129.0 (d, 3JC-F = 10.2 Hz, C(4`)H Ar), 129.9 

(d, 2JC-F = 14.2 Hz, C(4`)H Ar), 148.0 (C(2)-NH2), 151.6 (C(6)-pip), 161.9 (d, 1JC-F = 249.6 Hz, C(6`)-F) ppm; IR (KBr): 

ν 3425, 3337, 3230, 2170, 2146, 1667, 1648, 1598, 1491, 1347, 783 cm-1; MS (m/z, relative intensity %): 340 

[37Cl, M − F]+ (2), 338 [35Cl, M − F]+ (11), 303 [M − F − Cl]+ (3), 145 [C7H5N4]+ (3), 132 [37Cl, C6H4ClF]+ (20), 130 

[35Cl, C6H4ClF]+ (55), 84 [C5H10N]+ (100), 28 [CH2N]+ (52); Anal. calcd. for C18H17ClFN5: C, 60.42; H, 4.79; N, 

19.57%; found: C, 60.53; H, 4.85; N, 19.52%. 

2-Amino-4-(2,6-dichlorophenyl)-6-(piperidin-1-yl)-1,4-dihydropyridine-3,5-dicarbonitrile (3b). Yellow solid; 

yield 79% (0.296 g); mp 192–193 °C; 1H NMR (300 MHz, DMSO-d6): δ 1.47-1.70 (m, 6H, 3 CH2 pip), 2.96 (t, 3J = 

5.2 Hz, 4H, 2 CH2 pip), 5.30 (s, 1H, CH), 6.05 (s, 2H, NH2), 7.29 (t, 3J = 8.0 Hz, 1H, CH Ar), 7.45 (d, 3J = 8.0 Hz, 2H, 

2 CH Ar), 7.51-8.01 (br s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): δ 1.47-1.70 (m, 6H, 3 CH2 pip), 2.96 (t, 3J = 

5.2 Hz, 4H, 2 N-CH2 pip), 5.30 (s, 1H, CH), 6.05 (s, 2H, NH2), 7.29 (t, 3J = 8.0 Hz, 1H, CH Ar), 7.45 (d, 3J = 8.0 Hz, 

2H, 2 CH Ar), 7.51-8.01 (br s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): δ 22.1 (C(4``)H2 pip), 22.9 (2С, 

C(3``)H2 and C(5``)H2 pip), 38.1 (C(4)H), 44.2 (2С, 2 CH2N pip), 51.6 (C(3)-CN), 62.3 (C(5)-CN), 120.4 (C(3)-CN), 

121.0 (C(5)-CN), 121.7 (C(4`)H Ar), 128.7 (br s, C(2`)-Cl), 128.9 (2C, C(3`)H and C(5`)H Ar), 130.3 (br s, C(6`)-Cl), 

137.8 (C(1`) Ar), 148.4 (C(2)-NH2), 151.9 (C(6)-pip) ppm; IR (KBr): ν 3425, 3338, 3227, 2171, 2142, 1654, 1600, 
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1493, 1344, 786, 773 cm-1; MS (m/z, relative intensity %): 338 [37Cl, M – HCl – H]+ (1), 336 [35Cl, M − HCl – H]+ 

(6), 255 [37Cl, M – Cl – C5H11N]+ (1), 253 [35Cl, M – Cl – C5H11N]+ (3), 146 [C7H6N4]+ (28), 113 [37Cl, C6H4Cl]+ (5), 

111 [35Cl, C6H4Cl]+ (12), 84 [C5H10N]+ (100), 27 [C2H3]+ (91); Anal. calcd. for C18H17Cl2N5: C, 57.77; H, 4.58; N, 

18.71%; found: C, 57.89; H, 4.69; N, 18.63%. 

2-Amino-4-(2-chloro-6-fluorophenyl)-6-morpholino-1,4-dihydropyridine-3,5-dicarbonitrile (3c). Yellowish 

solid; yield 69% (0.248 g); mp 209–210 °C; 1H NMR (300 MHz, DMSO-d6): δ 2.97 (t, 3J = 4.0 Hz, 4H, 2 N-CH2 

morph), 3.68 (t, 3J = 4.0 Hz, 4H, 2 O-CH2 morph), 4.88 (s, 1H, CH), 6.04 (s, 2H, NH2), 7.13-7.23 (m, 1H, CH Ar), 

7.24-7.37 (m, 2H, 2 CH Ar), 7.82 (s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): δ 35.0 (C(4)H), 43.9 (2C, 2С, 2 

CH2N), 52.1 (C(3)-CN), 62.5 (C(5)-CN), 64.6 (2С, 2 CH2O), 115.1 (d, 2JC-F = 22.6 Hz, C(5`)H Ar), 120.7 (C(3)-CN), 

121.2 (C(5)-CN), 121.6 (C(3`)H Ar), 125.7 (C(2`)-Cl), 129.4 (d, 3JC-F = 10.3 Hz, C(4`)H Ar), 130.0 (d, 2JC-F = 13.3 Hz, 

C(4`)H Ar), 148.1 (C(2)-NH2), 151.6 (C(6)-morph), 161.9 (d, 1JC-F = 252.6 Hz, C(6`)-F) ppm; IR (KBr): ν 3389, 3341, 

3204, 2171, 2146, 1647, 1596, 1487, 1421, 1348, 784 cm-1; MS (m/z, relative intensity %): 296 [35Cl, M – F – 

C2H4O]+ (1), 132 [37Cl, C6H4ClF]+ (24), 130 [35Cl, C6H4ClF]+ (100), 95 [C4H5N3]+ (38), 87 [C3H8N]+ (20), 57 [C3H5O]+ 

(34), 29 [CH3N]+ (36); Anal. calcd. for C17H15ClFN5O: C, 56.75; H, 4.20; N, 19.47%; found: C, 56.84; H, 4.27; N, 

19.41%. 

2-Amino-4-(2,6-dichlorophenyl)-6-morpholino-1,4-dihydropyridine-3,5-dicarbonitrile (3d). Yellow solid; yield 

75% (0.282 g); mp 162–163 °C; 1H NMR (300 MHz, DMSO-d6): δ 3.09 (t, 3J = 4.4 Hz, 4H, 2 N-CH2 morph), 3.75 (t, 
3J = 4.4 Hz, 4H, 2 O-CH2 morph), 5.29 (s, 1H, CH), 6.04 (s, 2H, NH2), 7.28 (t, 3J = 8.0 Hz, 1H, CH Ar), 7.44 (d, 3J = 

8.0 Hz, 2H, 2 CH Ar), 7.79 (s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): δ 38.3 (C(4)H), 43.4 (2С, 2 CH2N), 52.0 

(C(3)-CN), 62.6 (C(5)-CN), 63.8 (2С, 2 CH2O), 120.7 (C(3)-CN), 121.2 (C(5)-CN), 121.9 (C(4`)H Ar), 128.8 (br s, 

C(1`) Ar), 129.2 (C(3`)H Ar), 130.9 (br s, C(2`)-Cl), 135.2 (br s, C(6`)-Cl), 138.0 (C(5`)H Ar), 148.7 (C(2)-NH2), 

152.2 (C(6)-morph) ppm; IR (KBr): ν 3416, 3337, 3224, 2168, 2146, 1654, 1594, 1491, 1344, 786, 773 cm-1; MS 

(m/z, relative intensity %): 321 [37Cl, 35Cl, M – C3H4O]+ (1), 319 [35Cl, 35Cl, M – C3H4O]+ (6), 252 [35Cl, M − 

C4H9NO – Cl – NH]+ (1), 150 [37Cl, 37Cl, C6H4Cl2]+ (3), 148 [37Cl, 35Cl, C6H4Cl2]+ (22), 146 [35Cl, 35Cl, C6H4Cl2]+ (32), 

87 [C4H9NO]+ (42), 57 [C3H5O]+ (63), 29 [CH3N]+ (100); Anal. calcd. for C17H15Cl2N5O: C, 54.27; H, 4.02; N, 

18.61%; found: C, 54.37; H, 4.10; N, 18.53%. 

Multicomponent synthesis of 4-phenylpyridine-3,5-dicarbonitrile 5 

A solution of benzaldehyde 1c (0.106 g, 1 mmol), malononitrile (0.132 g, 2 mmol), and morpholine 2b (0.087 g, 

1 mmol) in ethanol (3 mL) was refluxed in a round-bottom flask for 3 h. After the reaction was finished, the 

reaction mixture was chilled to 0 °C to crystallize the solid compound 5, which was then filtered off, twice 

rinsed with ice-cold ethanol (2 × 2 mL) and dried under reduced pressure. 

2-Amino-6-morpholino-4-phenylpyridine-3,5-dicarbonitrile (5). Yellow solid; yield 52% (0.159 g); mp 192–193 

°C (lit. [15] ) mp 190–192 °C); 1H NMR (300 MHz, DMSO-d6): δ 3.11 (t, 3J = 4.9 Hz, 4H, 2 CH2), 3.77 (t, 3J = 4.9 Hz, 

4H, 2 CH2), 6.89 (s, 2H, 2-NH2), 7.36–7.45 (m, 2H, 2 CH Ar), 7.47–7.59 (m, 3H, 3 CH Ar) ppm. 

 

 

Supplementary Material 
 

Copies of 1H and 13C NMR spectra of compounds 3a-d are given in the Supplementary Material file associated 

with this manuscript. 

 

 

 

 



Arkivoc 2022, v, 126-134   Ryzhkova, Y. E. et al. 

 

 Page 133  ©AUTHOR(S) 

References 

 

1. Oparil, S.; Acelajado, M.; Bakris, G. et al. Nat. Rev. Dis. Primers 2018, 4, 18014. 

https://doi.org/10.1038/nrdp.2018.14  

2. Forouzanfar, M. H. et al. J. Am. Med. Ass. 2017, 317, 165-182.  

https://doi.org/10.1001/jama.2016.19043  

3. Forouzanfar, M. H. et al. Lancet 2016, 388, 1659-1724. 

https://doi.org/10.1016/S0140-6736(16)31679-8  

4. Ettehad D. et al. Lancet 2016, 387, 957–967.  

https://doi.org/10.1016/S0140-6736(15)01225-8  

5. De Luca, M.; Ioele, G.; Ragno, G. Pharmaceutics 2019, 11, 85. 

https://doi.org/10.3390/pharmaceutics11020085  

6. Ram C.V.S. Expert Rev. Cardiovasc. Ther. 2006, 4, 783-788. 

https://doi.org/10.1586/14779072.4.6.783. 

7. Harada, H.; Watanuki, S.; Takuwa, T.; Kawaguchi, K.; Okazaki, T.; Hirano, Y.; Saitoh, C. Patent 

US2003/232860 A1, 18 July 2000. 

8. Younus, H.A.; Al-Rashida, M.; Hameed, A.; Uroos, M.; Salar, U.; Rana, S.; Khan, K.M. Expert Opin. Ther. Pat. 

2021, 31, 267-289. 

https://doi.org/10.1080/13543776.2021.1858797  

9. Elinson, M. N.; Ryzhkova, Y. E., Ryzhkov, F. V. Russ. Chem. Rev. 2021, 90, 94-115.  

https://doi.org 10.1070/RCR4972   

10. Graebin, S. C.; Ribeiro, V. F.; Rogério, R. K.; Kümmerle, E.A. Curr. Org. Synth. 2019, 16, 855–899. 

https://dx.doi.org/10.2174/1570179416666190718153703  

11. John, S. E.; Gulatia, S.; Shankaraiah, N. Org. Chem. Front. 2021, 8, 4237-4287. 

https://doi.org/10.1039/D0QO01480J  

12. Hantzsch, A. Ber. Dtsch. Chem. Ges. 1881, 14, 1637-1638. 

https://doi.org/10.1002/cber.18810140214  

13. Mahinpour, R.; Moradi, L.; Zahraei, Z.; Pahlevanzadeh, N. J. Saudi Chem. Soc. 2018, 22, 876-885. 

https://doi.org/10.1016/j.jscs.2017.11.001  

14. Khodabakhshi, M. R.; Kiamehr, M.; Karimian, R. Polycycl. Aromat. Compd. 2021. 

https://doi.org/10.1080/10406638.2021.1884100  

15. Jassem, A. M.; Almashal, F. A. K.; Mohammed, M. Q. et al. SN Appl. Sci. 2020, 2, 359. 

https://doi.org/10.1007/s42452-020-2165-x  

16. Evdokimov, N. M.; Kireev, A. S.; Yakovenko, A. A.; Antipin, M. Yu.; Magedov, I. V.; Kornienko A. J. Org. 

Chem. 2007, 72, 3443–3453 

https://doi.org/10.1021/jo070114u  

17. Mohareb, R. M.; MegallyAbdo, N. Y. Molecules 2015, 20, 11535-11553. 

https://doi.org/10.3390/molecules200611535  

18. Bodaghifard, M. A.; Mobinikhaledi, A.; Asadbegi, S. Appl. Organometal. Chem. 2017, 31, e3557. 

https://doi.org/10.1002/aoc.3557  

19. Vereshchagin, A. N.; Elinson, M. N.; Anisina, Y. E. et al. Mol. Divers. 2018, 22, 627–636. 

https://doi.org/10.1007/s11030-018-9817-4  

20. Vereshchagin, A. N.; Karpenko, K. A.; Elinson, M. N. et al. Russ. Chem. Bull. 2018, 67, 1534–1537. 

https://doi.org/10.1007/s11172-018-2252-y  

https://doi.org/10.1038/nrdp.2018.14
https://doi.org/10.1001/jama.2016.19043
https://doi.org/10.1016/S0140-6736(16)31679-8
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.3390/pharmaceutics11020085
https://doi.org/10.1586/14779072.4.6.783
https://doi.org/10.1080/13543776.2021.1858797
https://dx.doi.org/10.2174/1570179416666190718153703
https://doi.org/10.1039/D0QO01480J
https://doi.org/10.1002/cber.18810140214
https://doi.org/10.1016/j.jscs.2017.11.001
https://doi.org/10.1080/10406638.2021.1884100
https://doi.org/10.1007/s42452-020-2165-x
https://doi.org/10.1021/jo070114u
https://doi.org/10.3390/molecules200611535
https://doi.org/10.1002/aoc.3557
https://doi.org/10.1007/s11030-018-9817-4
https://doi.org/10.1007/s11172-018-2252-y


Arkivoc 2022, v, 126-134   Ryzhkova, Y. E. et al. 

 

 Page 134  ©AUTHOR(S) 

21. Vereshchagin, A. N.; Karpenko, K. A.; Elinson, M. N. et al. Russ. Chem. Bull. 2018, 67, 2049–2053. 

https://doi.org/10.1007/s11172-018-2327-9  

22. Vereshchagin, A. N.; Iliyasov, T. M.; Karpenko, K. A. et al. Chem. Heterocycl. Comp. 2021, 57, 929–933. 

https://doi.org/10.1007/s10593-021-03002-5  

23. Shaldam, M. A.; Elhamamsy, M. H.; Esmat, E. A.; El-Moselhy, T. F. Int. Sch. Res. Notices 2014, 203518. 

https://doi.org/10.1155/2014/203518  

24. Hadjipavlou-Litina, D. In Ion Channels and Their Inhibitors, Gupta, S. P., Ed.; Springer: New York, NY, USA, 

2011; pp. 265–288. 

25. Tietze, L. F. Chem. Rev. 1996, 96, 115–136. 

https://doi.org/10.1021/cr950027e  

 

 

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/10.1007/s11172-018-2327-9
https://doi.org/10.1007/s10593-021-03002-5
https://doi.org/10.1155/2014/203518
https://doi.org/10.1021/cr950027e
http://creativecommons.org/licenses/by/4.0/

