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Multicomponent reaction of benzylidenemalononitrile, 2-acetyl-3-arylacrylates, and aque-
ous ammonia in alcohols at room temperature proceeds stereoselectively to give (4RS,6SR)-
4,6-diaryl-5,5-dicyano-2-methyl-1,4,5,6-tetrahydropyridine-3-carboxylates in 55—87% yields. 
In this reaction, ammonia acts as both the catalyst and the source of nitrogen for constructing 
tetrahydropyridine cycle.

Key words: tetrahydropyridines, multicomponent reactions, stereoselectivity, benzyliden-
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Tetrahydropyridine and its analogs, such as 1,4-di hydro-
pyridine, piperidine, and pyridine, exhibit a wide range 
of biological and pharmacological activities.1—4 Thus, 
tetrahydropyridines are effi  ciently used for the treatment 
of hypertension and stenocardia5,6 and are well known for 
other types of pharmacological activities, e.g., neuro-
protection, noncompetitive inhibition of topoisomerase I, 
antitumor activity, and inhibition of HIV protease.7—9 
Tetrahydropyridine and its analogs are valuable building 
blocks for construction of different fused polycyclic 
systems10,11 and nitrogen heterocycles.12—14 Tetra hydro-
pyridines are commonly synthesized from imines, the 
nitrogen atom of which serves as a source of nitrogen for 
the newly forming tetrahydropyridine cycle. Syntheses of 
tetrahydropyridines by aza-Diels—Alder15,16 reactions 
(both aza-dienophiles and aza-dienes can be employed) 
and domino addition—cyclization reactions17,18 involving 
imines were also described. The reactions of the last type 
are multicomponent ones. Over the years, the multi-
component synthesis is recognized as a versatile tool of 
the organic chemistry.19 Several publications were devoted 
to multicomponent synthesis of 4-aminotetrahydropyrid-
ines from aromatic amines, CH acids, and aromatic 
aldehydes.20,21 Recently, we have synthesized substituted 
piperidines using ammonium acetate as the source of 
nitrogen for the piperidine cycle.22—24 In continuation of 
our research on the application of electron-defi cient olefi ns 
as the building blocks in the synthesis of various cyclic 

(cyclopropanes25,26 and cyclohexanes27) and heterocyclic 
(pyrrolidines,28 spiro-pyrimidines,29,30 chromenes,31 
pyranopyridines,32 etc.), in the present work we describe 
multicomponent synthesis of substituted tetrahydropyrid-
ines from alkylidenemalononitriles, 2-acetyl-3-aryl-
acrylates, and aqueous ammonia as a source of the nitrogen 
atom for tetrahydropyridine cycle (Scheme 1, Table 1; for 
clarity, in Scheme 1 only one enantiomer for each structure 
is shown).

Scheme 1 

i. MeOH, ~20 °C.

Compound Ar R Compound Ar R
1—3   1—3

a Ph Me e 2-ClC6H4 Me
b 4-MeC6H4 Et f 4-ClC6H4 Me
c 4-MeOC6H4 Me g 4-BrC6H4 Me
d 4-FC6H4 Me h 4- O2NC6H4 Me

* Dedicated to Academician of the Russian Academy of Sciences 
B. A. Trofi mov on the occasion of his 80th birthday.
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The reaction of benzylidenemalononitrile 1a, methyl 
2-acetyl-3-phenylacrylate 2a, and ammonium acetate in 
refl uxing MeOH for 2 h (optimal reaction conditions for 
the synthesis of 2,6-diphenyl-3,3,5,5-tetracyanopiperidine 
from benzylidenemalononitrile, paraformaldehyde, and 
NH4OAc22) proceeds with very low conversion of the 
starting olefi ns and gives only trace amounts of the target 
tetrahydropyridine 3a.

Recently,33 we published multicomponent synthesis 
of piperidines that employed ammonia. The replacement 
of ammonium acetate with 25% aqueous ammonia dra-
matically changed the reaction outcome. Thus, signifi cant 
conversion of the starting olefi ns and formation of product 
3a were observed after stirring compounds 1a, 2a, and 
ammonia in MeOH at room temperature for 2 h. After 4 h 
stirring, complete conversion of compounds 1a and 2a was 
achieved and the yield of tetrahydropyridine 3a reached 
79%. Tetrahydropyridines 3b—h were synthesized under 
similar conditions (see Table 1). It is of note that the reac-
tions with the substrates bearing electron-withdrawing 
groups at the aromatic ring proceed faster (2—4 h, en-
tries 1, 4—8) than the reactions involving substrates with 
electron-donating substituents (8 and 12 h, entries 2 and 
3, respectively).

All the recorded 1H and 13C NMR spectra of com-
pounds 3 show one set of the signals evidencing the forma-
tion of only one diastereomer. The NOESY NMR ex-
periment revealed the dipolar coupling between the 4- and 
6-protons thus unambiguously indicating the 4RS,6SR 
confi guration (Fig. 1).

A plausible mechanism of the reaction is given in 
Scheme 2. Ammonia acting as both the nitrogen source 
and the base adds to benzylidenemalononitrile 1 via the 
aza-Michael addition mechanism. Further nucleophilic 

addition of anion A to 2-acetyl-3-arylacrylate 2 gives 
anion B. Subsequent intramolecular cyclization dictated by 
steric reasons gives the unstable intermediate (4RS,6SR)-
2-hydroxypiperidine C. Decomposition of intermediate C 
results in the fi nal product 3.

Scheme 2

In summary, we succeeded in synthesizing (4RS,6SR)-
4,6-diaryl-5,5-dicyano-2-methyl-1,4,5,6-tetrahydropyr-
idine-3-carboxylates in 55—87% yields by the multicom-
ponent reaction between benzylidenemalononitrile, 
2-acet yl-3-arylacrylates bearing both electron-withdraw-
ing and electron-donating substituents at the aromatic 
ring, and aqueous ammonia. The reaction is simple, easy 
to perform, and clean; the products can be isolated pure 
by fi ltration.

Experimental

1H and 13C NMR spectra were run on a Bruker AM-300 
instrument with working frequencies of 300.13 and 75.47 MHz, 
respectively. Mass spectrometry was performed with a Finningan 
MAT INCOS 50 instrument. IR spectra were recorded with 
a Specord M82 FTIR spectrometer in KBr pellets using Soft 

Table 1. Multicomponent synthesis of (4RS,6SR)-4,6-diaryl-
5,5-dicyano-2-methyl-1,4,5,6-tetrahydropyridine-3-carb-
oxylates 3a—h from benzylidenemalononitriles 1a—h, 2-ace-
tyl-3-arylacrylates 2a—h, and aqueous ammoniaa

Entry Reactants t/h Product Yield (%)b

1 1a + 2a 4 3a 79
2 1b +  2b 8 3b 70
3 1c + 2c 12 3c 66
4 1d + 2d 4 3d 78
5 1e + 2e 4 3e 73
6 1f + 2f 4 3f 72
7 1g + 2g 4 3g 87
8 1h + 2h 2 3h 55

a Reaction conditions: compound 1 (3 mmol), compound 2 
(3 mmol), ammonia (6 mmol, 25% aqueous solution), MeOH 
(5 mL), stirring, room temperature. TLC-monitoring of the 
reaction progress (TLC plates were developed with hexane—
ethyl acetate, 5 : 1).
b Isolated yields.

Fig. 1. Proton correlation in NOESY NMR spectrum of com-
pound 3a.
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Spectra software. Melting points were measured with a Gallen-
kamp apparatus.

Compounds 1 and 2 were synthesized by Knoevenagel con-
densation of aromatic aldehydes with malononitrile and ethyl 
acetoacetate, respectively, using AcONa as a catalyst.34 Thin 
layer chromatography was carried out with Merck precoated plates 
DC-Alufolien Kieselgel 60 F254. 

Multicomponent synthesis of (4RS,6SR)-4,6-diaryl-5,5-
dicyano-2-methyl-1,4,5,6-tetrahydropyridine-3-carboxylates 3 
(general procedure). A mixture of benzylidenemalononitrile 1 
(mmol), 2-acetyl-3-arylacrylate 2 (3 mmol), 25% aqueous am-
monia (0.45 mL, 6 mmol), and MeOH (5 mL) was stirred for 
the time specifi ed in Table 1. The reaction progress was monitored 
by TLC (development with hexane—ethyl acetate, 5 : 1). After 
the reaction completion, the mixture was maintained at –10 °C 
for 30 min for the complete precipitation of the product, the 
precipitate was collected by fi ltration and dried to give pure 
tetrahydropyridine 3.

Methyl (4RS,6SR)-5,5-dicyano-2-methyl-4,6-diphenyl-1,4,5,6- 
tetra hydro pyridine-3-carboxylate (3a). Yield 0.84 g (79%), white 
powder, m.p. 218—219 °C. 1H NMR (DMSO-d6), δ: 2.32 (s, 3 H, 
CH3); 3.11 (s, 3 H, OCH3); 4.83 (s, 1 H, CH); 5.27 (s, 1 H, CH); 
7.28—7.34 (m, 5 H, Ar + NH); 7.52 (dd, 4 H, Ar, 1J = 5.9 Hz, 
2J = 1.6 Hz); 7.63 (m, 2 H, Ar). 13C NMR (DMSO-d6), δ: 19.0 
(s, CH3); 47.8 (s, C(CN)2); 49.1 (s, CH); 49.7 (s, OCH3); 59.5 
(s, CH—N); 94.4 (s, C(CO2Me)); 112.8 (s, CN); 114.0 (s, CN); 
127.5 (s, 1 C, Ar); 127.9 (s, 2 C, Ar); 128.2 (s, 2 C, Ar); 128.4 
(s, 2 C, Ar); 128.6 (s, 2 C, Ar); 129.9 (s, 1 C, Ar); 134.3 (s, 1 C, Ar); 
139.1 (s, 1 C, Ar); 153.9 (s, C(CH3)); 166.3 (s, CO2Me). IR 
(KBr), ν/cm–1: 3387 (N—H), 3063 (C—H, Ar), 2839 (C—H, 
Ar), 2253 (C≡N), 1645 (C—H), 1431 (C=C), 1142 (C—N). MS 
(EI, 70 eV), m/z (Irel (%)): 357 [M]+ (78), 298 [M – CO2Me]+ 
(40), 202 [M – 2 Ph – H]+ (100), 154 [M – C12H13NO2]+ (15), 
127 [M – C12H13NO2 – CN – H]+ (43), 103 [M – C12H13NO2 – 
– 2 CN]+ (41). Found (%): C, 73.91; H, 5.37; N, 11.73. 
C22H19N3O2. Calculated (%): C, 73.93; H, 5.36; N, 11.76.

Ethyl (4RS,6SR)-5,5-dicyano-2-methyl-4,6-bis(4-methyl-
phenyl)-1,4,5,6-tetrahydropyridine-3-carboxylate (3b). Yield 
0.83 g (70%), white powder, m.p. 224—225 °C. 1H NMR 
(DMSO-d6), δ: 0.59 (t, 3 H, CH3, J = 7.3 Hz); 2.31 (s, 6 H, 
2 CH3); 2.37 (s, 3 H, CH3); 3.64 (qd, 2 H, OCH2, 1J = 12.2 Hz, 
2J = 6.6 Hz); 4.76 (s, 1 H, CH); 5.21 (s, 1 H, CH); 7.20 (dd, 4 H, 
Ar, 1J = 8.8 Hz, 2J = 2.2 Hz); 7.33 (d, 2 H, Ar, J = 8.1 Hz); 7.42 
(s, 1 H, NH); 7.52 (d, 2 H, Ar, J = 8.1 Hz). 13C NMR (DMSO-d6), 
δ: 13.4 (s, CH3); 18.9 (s, CH3); 20.6 (s, CH3); 20.8 (s, CH3); 
48.0 (s, C(CN)2); 48.9 (s, CH); 58.1 (s, CH—N); 59.3 (s, OCH2); 
94.5 (s, C(CO2Me)); 113.0 (s, CN); 114.1 (s, CN); 128.2 (s, 2 C, 
Ar); 128.6 (s, 2 C, Ar); 129.1 (s, 2 C, Ar); 129.6 (s, 2 C, Ar); 131.4 
(s, 1 C, Ar); 136.2 (s, 1 C, Ar); 137.0 (s, 1 C, Ar); 139.5 (s, 1 C, 
Ar); 153.6 (s, C(CH3)); 165.8 (s, C=O (CO2Et)). IR (KBr), 
ν/cm–1: 3366 (N—H), 3097 (C—H, Ar), 2902 (C—H, Ar), 2263 
(C≡N), 1458 (C—H), 1372 (C=C), 1120 (C—N). MS (EI, 70 eV), 
m/z (Irel (%)): 399 [M]+ (28), 298 [M – CO2Et]+ (28), 230 
[M – C11H8N2 – H]+ (100), 202 [M – 2 (4-Me)C6H4 – CH3]+ (32), 
158 [M – C14H17NO2]+ (18). Found (%): C, 75.14; H, 6.32; 
N, 10.50. C25H15N3O2. Calculated (%): C, 75.16; H, 6.31; 
N, 10.52. 

Methyl (4RS,6SR)-5,5-dicyano-4,6-bis(4-methoxyphenyl)-
7-methyl-1,4,5,6-tetrahydropyridine-3-carboxylate (3c). Yield 
0.82 g (66%), white powder, m.p. 155—156 °C. 1H NMR 
(DMSO-d6), δ: 2.29 (s, 3 H, CH3); 3.14 (s, 3 H, OCH3); 3.75 

(s, 3 H, OCH3); 3.79 (s, 3 H, OCH3); 4.73 (s, 1 H, CH); 5.17 
(s, 1 H, CH); 6.92 (d, 2 H, Ar, J = 8.8 Hz); 7.07 (d, 2 H, Ar, 
J = 8.8 Hz); 7.21 (d, 2 H, Ar, J = 8.8 Hz); 7.40 (s, 1 H, NH); 
7.54 (d, 2 H, Ar, J = 8.8 Hz). 13C NMR (DMSO-d6), δ: 19.0 
(s, CH3); 40.4 (s, C(CN)2); 45.9 (s, CH); 48.4 (s, OCH3); 55.0 
(s, OCH3); 55.2 (s, OCH3); 55.3 (s, OCH3); 59.0 (s, CH—N); 
94.6 (s, C(CO2Me)); 113.1 (s, CN); 113.5 (s, 2 C, Ar); 113.6 
(s, 2 C, Ar); 114.0 (s, CN); 128.6 (s, 1 C, Ar); 128.6 (s, 1 C, Ar); 
129.8 (s, 2 C, Ar); 130.8 (s, 2 C, Ar); 153.5 (s, C(CH3)); 158.8 
(s, C=O); 160.4 (s, 1 C, Ar); 166.5 (s, 1 C, Ar). IR (KBr), ν/cm–1: 
3387 (N—H), 3063 (C—H, Ar), 2937 (C—H, Ar), 2253 (C≡N), 
1445 (C—H), 1432 (C=C), 1130 (C—N). MS (EI, 70 eV), m/z 
(Irel (%)): 417 [M]+ (39), 232 [M – C11H8N2O – H]+ (100), 184 
[M – C13H15NO3]+ (18), 134 [M – C13H15NO3 – 2 CN]+ (43). 
Found (%): C, 69.03; H, 5.56; N, 10.06. C24H23N3O4. Calculat-
ed (%): C, 69.05; H, 5.55; N, 10.07.

Methyl (4RS,6SR)-5,5-dicyano-4,6-bis(4-fl uorophenyl)-2-
methyl-1,4,5,6-tetrahydropyridine-3-carboxylate (3d). Yield 0.92 g 
(78%), white powder, m.p. 210—211 °C. 1H NMR (DMSO-d6), 
δ: 2.34 (s, 3 H, CH3); 3.18 (s, 3 H, OCH3); 4.87 (s, 1 H, CH); 
5.33 (s, 1 H, CH); 7.25 (t, 2 H, Ar, J = 8.8 Hz); 7.33—7.45 
(m, 4 H, Ar); 7.62 (s, 1 H, NH); 7.69 (dd, 2 H, Ar, 1J = 8.9 Hz, 
2J = 5.7 Hz). 13C NMR (DMSO-d6), δ: 19.2 (s, CH3); 47.9 
(s, C(CN)2); 48.2 (s, CH); 49.9 (s, OCH3); 58.7 (s, CH—N); 
94.3 (s, C(CO2Me)); 112.8 (s, CN); 113.9 (s, CN); 115.2 (d, 2 C, 
Ar, 2JC—F = 22.1 Hz); 115.7 (d, 2 C, Ar, 2JC—F = 22.1 Hz); 130.5 
(d, 4 C, Ar, 3JC—F = 8.8 Hz); 135.2 (d, 2 C, Ar, 4JC—F = 3.3 Hz); 
154.1 (s, C(CH3)); 161.7 (d, 1 C, Ar, 1JC—F = 245.5 Hz); 163.0 
(d, 1 C, Ar, 1JC—F = 245.5 Hz); 166.2 (s, CO2Me). IR (KBr), 
ν/cm–1: 3351 (N—H), 3004 (C—H, Ar), 2844 (C—H, Ar), 2251 
(C≡N), 1507 (C—H), 1435 (C=C), 1249 (C—F), 1118 (C—N). 
MS (EI, 70 eV), m/z (Irel (%)): 393 [M]+ (66), 334 [M – CO2Me]+ 
(19), 220 [M – C10H5FN2 – H]+ (100), 172 [M – C12H12FNO2]+ 
(20), 145 [M – C12H12FNO2 – CN – H]+ (17). Found (%): 
67.15; H, 4.37; F, 9.66; N, 10.68. C22H17F2N3O2. Calculated (%): 
C, 67.17; H, 4.36; F, 9.66; N, 10.68.

Methyl (4RS,6SR)-4,6-bis(2-chlorophenyl)-5,5-dicyano-2-
methyl-1,4,5,6-tetrahydropyridine-3-carboxylate (3e). Yield 0.93 g 
(73%), white powder, m.p. 230—231 °C. 1H NMR (CDCl3), δ: 
2.48 (s, 3 H, CH3); 3.47 (s, 3 H, OCH3); 5.34 (s, 1 H, CH); 5.38 
(s, 1 H, CH); 7.36—7.52 (m, 3 H, Ar); 7.53—7.73 (m, 5 H, 
Ar + NH); 7.84 (d, 1 H, Ar, 1J = 7.3 Hz); 8.06 (s, 1 H, Ar). 13C 
NMR (CDCl3), δ: 20.1 (s, CH3); 44.8 (s, C(CN)2); 45.7 (s, CH); 
50.6 (s, CH—N); 57.3 (s, OCH3); 98.3 (s, C(CO2Me)); 112.0 
(s, CN); 112.4 (s, CN); 127.1 (s, 1 C, Ar); 128.0 (s, 2 C, Ar); 128.1 
(s, 1 C, Ar); 129.5 (s, 1 C, Ar); 129.9 (s, 1 C, Ar); 130.6 (s, 1 C, 
Ar); 131.0 (s, 1 C, Ar); 131.7 (s, 1 C, Ar); 134.9 (s, 1 C, Ar); 135.0 
(s, 1 C, Ar); 135.3 (s, 1 C, Ar); 152.8 (s, C(CH3)); 166.3 
(s, CO2Me). IR (KBr), ν/cm–1: 3410 (N—H), 3065 (C—H, Ar), 
2833 (C—H, Ar), 2250 (C≡N), 1476 (C—H), 1436 (C=C), 1155 
(C—N), 745 (C—Cl). MS (EI, 70 eV), m/z (Irel (%)): 425 [M]+ 
(71), 390 [M – Cl]+ (76), 366 [M – CO2Me]+ (100), 236 
[M – C10H5ClN2 – H]+ (73), 202 [M – 2 (2-Cl)C6H4 – H]+ 
(53),188 [M – C12H12ClNO2]+ (14). Found (%): C, 61.97; 
H, 4.03; Cl, 16.63; N, 9.86. C22H17Cl2N3O2. Calculated (%): 
C, 61.99; H, 4.02; Cl, 16.63; N, 9.86.

Methyl (4RS,6SR)-4,6-bis(4-chlorophenyl)-5,5-dicyano-2-
methyl-1,4,5,6-tetrahydropyridine-3-carboxylate (3f). Yield 0.92 g 
(72%), white powder, m.p. 181—182 °C. 1H NMR (CDCl3), δ: 
2.34 (s, 3 H, CH3); 3.19 (s, 3 H, OCH3); 4.87 (s, 1 H, CH); 5.32 
(s, 1 H, CH); 7.34 (d, 2 H, Ar, J = 7.7 Hz); 7.49 (d, 2 H, Ar, 
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J = 7.7 Hz); 7.65 (s, 4 H, Ar + NH). 13C NMR (CDCl3), δ: 19.2 
(s, CH3); 47.5 (s, C(CN)2); 48.2 (s, CH); 50.0 (s, CH—N); 58.7 
(s, OCH3); 94.0 (s, C(CO2Me)); 112.6 (s, CN); 113.7 (s, CN); 
128.4 (s, 2 C, Ar); 128.8 (s, 4 C, Ar); 130.2 (s, 2 C, Ar); 132.5 
(s, 1 C, Ar); 133.1 (s, 1 C, Ar); 134.8 (s, 1 C, Ar); 138.1 (s, 1 C, Ar); 
154.4 (s, C(CH3)); 166.1 (s, CO2Me). IR (KBr), ν/cm–1: 3403 
(N—H), 3068 (C—H, Ar), 2991 (C—H, Ar), 2253 (C≡N), 1623 
(C—H), 1433 (C=C), 1126 (C—N), 836 (C—Cl). MS (EI, 70 
eV), m/z (Irel (%)): 425 [M]+ (62), 366 [M – CO2Me]+ (18), 236 
[M – C10H5ClN2 – H]+ (44), 188 [M – C12H12ClNO2]+ (12), 
138 [M – C12H12ClNO2 – 2 CN]+ (95). Found (%): C, 61.96; 
H, 4.03; Cl, 16.62; N, 9.86. C22H17Cl2N3O2. Calculated (%): 
C, 61.99; H, 4.02; Cl, 16.63; N, 9.86.

Methyl (4RS,6SR)-4,6-bis(4-bromophenyl)-5,5-dicyano-2-
methyl-1,4,5,6-tetrahydropyridine-3-carboxylate (3g). Yield 1.34 g 
(87%), white powder, m.p. 197—198 °C. 1H NMR (DMSO-d6), 
δ: 2.34 (s, 3 H, CH3); 3.19 (s, 3 H, OCH3); 4.85 (s, 1 H, CH); 
5.31 (s, 1 H, CH); 7.27 (d, 2 H, Ar, J = 8.5 Hz); 7.60 (dd, 4 H, 
Ar, 1J = 8.5 Hz, 2J = 2.9 Hz); 7.66 (s, 1 H, NH); 7.79 (d, 2 H, 
Ar, J = 8.5 Hz). 13C NMR (DMSO-d6), δ: 20.4 (s, CH3); 
47.7 (s, C(CN)2); 50.4 (s, CH); 50.8 (s, CH—N); 61.2 (s, 
OCH3); 97.4 (s, C(CO2Me)); 111.6 (s, CN); 113.4 (s, CN); 122.6 
(s, 1 C, Ar); 125.3 (s, 1 C, Ar); 129.5 (s, 4 C, Ar); 131.9 (s, 2 C, 
Ar); 132.1 (s, 1 C, Ar); 132.7 (s, 2 C, Ar); 136.8 (s, 1 C, Ar); 
152.4 (s, C(CH3)); 166.5 (s, CO2Me). IR (KBr), ν/cm–1: 3408 
(N—H), 3063 (C—H, Ar), 2842 (C—H, Ar), 2250 (C≡N), 1461 
(C—H), 1316 (C=C), 1130 (C—N), 679 (C—Br). MS (EI, 
70 eV), m/z (Irel (%)): 515 [M]+ (6), 456 [M – CO2Me]+ (4), 
280 [M –C10H5BrN2 – H]+ (35), 153 [M – C12H12BrNO2 – Br]+ 
(31). Found (%): C, 51.27; H, 3.34; Br, 31.02; N, 8.15. 
C22H17Br2N3O2. Calculated (%): C, 51.29; H, 3.33; Br, 31.02; 
N, 8.16.

Methyl (4RS,6SR)-5,5-dicyano-2-methyl-4,6-bis(4-nitro-
phenyl)-1,4,5,6-tetrahydropyridine-3-carboxylate (3h). Yield 
0.73 g (55%), white powder, m.p. 250—251 °C. 13C NMR 
(DMSO-d6), δ: 2.40 (s, 3 H, CH3); 3.19 (s, 3 H, OCH3); 5.10 
(s, 1 H, CH); 5.55 (s, 1 H, CH); 7.61 (d, 2 H, Ar, J = 8.8 Hz); 
7.02 (d, 3 H, Ar + NH, J = 8.8 Hz); 8.31 (s, 2 H, Ar, J = 8.8 Hz); 
8.46 (d, 2 H, Ar, J = 8.8 Hz). 13C NMR (DMSO-d6), δ: 19.4 
(s, CH3); 46.5 (s, C(CN)2); 48.2 (s, CH); 50.0 (s, CH—N); 58.6 
(s, OCH3); 93.6 (s, C(CO2Me)); 112.2 (s, CN); 113.2 (s, CN); 
123.6 (s, 2 C, Ar); 123.8 (s, 4 C, Ar); 130.0 (s, 2 C, Ar); 140.7 
(s, 1 C, Ar); 146.7 (s, 1 C, Ar); 147.3 (s, 1 C, Ar); 148.7 (s, 1 C, 
Ar); 155.1 (s, C(CH3)); 165.8 (s, CO2Me). IR (KBr), ν/cm–1: 
3362 (N—H), 3087 (C—H, Ar), 2852 (C—H, Ar), 2253 (C≡N), 
1553 (C—H), 1438 (C=C), 1348 (N—O), 1125 (C—N). MS (EI, 
70 eV), m/z (Irel (%)): 447 [M]+ (100), 416 [M – OMe]+ (60), 
388 [M – CO2Me]+ (100), 247 [M – C10H5N3O2 – H]+ (44). 
Found (%): C, 59.04; H, 3.84; N, 15.65. C22H17N5O6. Calculat-
ed (%): C, 59.06; H, 3.83; N, 15.65.

This work was fi nancially supported by the Russian 
Science Foundation (Project No. 17-73-20260).

References

1. H. Kubota, M. Fujii, K. Ikeda, M. Takeuchi, T. Shibanuma, 
Y. Isomura, Chem. Pharm. Bull., 1998, 46, 351.

2. R. Jain, D. Chen, R. J. White, D. V. Patel, Z. Yuan, Curr. 
Med. Chem., 2005, 12, 1607.

3. A. Nakao, N. Ohkawa, T. Nagasaki, T. Kagari, H. Doi, 
T. Shimozato, S. Ushiyama, K. Aoki, Bioorg. Med. Chem. 
Lett., 2009, 19, 4607.

4. D. Schade, M. Lanier, E. Willems, K. Okolotowicz, P. Bush-
way, C. Wahlquist, C. Gilley, M. Mercola, J. R. Cashman, 
J. Med. Chem., 2012, 55, 9946.

5. S. Goldmann, J. Stoltefuss, Angew. Chem., Int. Ed. Engl., 
1991, 30, 1559.

6. B. J. Epstein, K. Vogel, B. F. Palmer, Drugs, 2007, 
67, 1309.aaaaa

7. S. R. M. D. Morshed, K. Hashimoto, Y. Murotani, M. Kawase, 
A. Shah, K. Satoh, H. Kikuchi, H. Nishikawa, J. Maki, 
H. Sakagami, Anticancer Res., 2005, 25, 2033.

8. L. Bazargan, S. Fouladdel, A. Shafi ee, M. Amini, S. M. 
Ghaff ari, E. Azizi, Cell Biol. Toxicol., 2008, 24, 165.

9. A. Hilgeroth, H. Lilie, Eur. J. Med. Chem., 2003, 
38, 495.aaaaaaaa

10. J. P. A. Harrity, O. Provoost, Org. Biomol. Chem., 2005, 
3, 1349.

11. V. Sridharan, P. A. Suryavanshi, C. J. Menéndez, Chem. Rev., 
2011, 111, 7157.

12. A. E. Sutton, B. A. Seigal, D. F. Finnegan, M. L. Snapper, 
J. Am. Chem. Soc., 2002, 124, 13390.

13. P. A. Suryavanshi, V. Sridharan, S. Maiti, J. C. Menéndez, 
Chem. Eur. J., 2014, 20, 8791.

14. M. B. Gawande, V. D. B. Bonifácio, R. S. Varma, I. D. 
Nogueira, N. Bundaleski, C. A. A. Ghumman, O. M. N. D. 
Teodoro, P. S. Branco, Green Chem., 2013, 15, 1226.

15. B. Han, J.-L. Li, C. Ma, S.-J. Zhang, Y.-C. Chen, Angew. 
Chem., Int. Ed., 2008, 47, 9971.

16. M. Rueping, A. P. Antonchick, Angew. Chem., Int. Ed., 2008, 
47, 5836.

17. R.-G. Han, Y. Wang, Y.-Y. Li, P.-F. Xu, Adv. Synth. Catal., 
2008, 350, 1474.

18. J. Zhang, W.-J. Yang, J. Sun, C.-G. Yan, Eur. J. Org. Chem., 
2015, 7571.

19. A. N. Vereshchagin, Russ. Chem. Bull., 2017, 66, 1765.
20. H.-J. Wang, L.-P. Mo, Z.-H. Zhang, ACS Comb. Sci., 2011, 

13, 181.
21. N. R. Agrawal, S. P. Bahekar, P. B. Sarode, S. S. Zade, 

H. S. Chandak, RSC Adv., 2015, 5, 47053.
22. A. N. Vereshchagin, K. A. Karpenko, M. N. Elinson, S. V. 

Gorbunov, Yu. E. Anisina, M. P. Egorov, Russ. Chem. Bull., 
2018, 67, 1534.

23. A. N. Vereshchagin, K. A. Karpenko, M. N. Elinson, E. O. 
Dorofeeva, A. S. Goloveshkin, M. P. Egorov, Mendeleev 
Commun., 2018, 28, 384.

24. A. N. Vereshchagin, K. A. Karpenko, M. N. Elinson, A. S. 
Goloveshkin, I. E. Ushakov, M. P. Egorov, Res. Chem. 
Intermed., 2018, 44, 5623.

25. M. N. Elinson, S. K. Fedukovich, A. N. Vereshchagin, A. S. 
Dorofeev, D. E. Dmitriev, G. I. Nikishin, Russ. Chem. Bull., 
2003, 52, 2235.

26. A. N. Vereshchagin, M. N. Elinson, N. O. Stepanov, G. I. 
Nikishin, Mendeleev Commun., 2009, 19, 324.

27. M. N. Elinson, A. N. Vereshchagin, S. K. Feducovich, T. A. 
Zaimovskaya, Z. A. Starikova, P. A. Belyakov, G. I. Nikishin, 
Tetrahedron Lett., 2007, 48, 6614. 

28. M. N. Elinson, S. K. Fedukovich, T. A. Zaimovskaya, A. N. 
Vereshchagin, G. I. Nikishin, Russ. Chem. Bull., 2003, 
52, 2241.



Polyfunctional tetrahydropyridines Russ. Chem. Bull., Int. Ed., Vol. 67, No. 11, November, 2018 2053

29. A. N. Vereshchagin, M. N. Elinson, E. O. Dorofeeva, N. O. 
Stepanov, T. A. Zaimovskaya, G. I. Nikishin, Tetrahedron, 
2013, 69, 1945.

30. A. N. Vereshchagin, M. N. Elinson, E. O. Tretyakova, T. A. 
Zaimovskaya, N. O. Stepanov, S. V. Gorbunov, P. A. Belya-
kov, G. I. Nikishin, Tetrahedron, 2012, 68, 1198. 

31. M. N. Elinson, F. V. Ryzhkov, A. N. Vereshchagin, A. D. 
Korshunov, R. A. Novikov, M. P. Egorov, Mendeleev Commun., 
2017, 27, 559.

32. M. N. Elinson, F. V. Ryzhkov, A. N. Vereshchagin, T. A. 
Zaimovskaya, V. A. Korolev, M. P. Egorov, Mendeleev 
Commun., 2016, 26, 399.

33. A. N. Vereshchagin, K. A. Karpenko, M. N. Elinson, S. V. 
Gorbunov, A. M. Gordeeva, P. I. Proshin, A. S. Goloveshkin, 
M. P. Egorov, Monatsh. Chem., 2018, 149, 1979.

34. A. N. Vereshchagin, M. N. Elinson, M. P. Egorov, RSC Adv., 
2015, 5, 98522. 

Received August 1, 2018;
in revised form October 10, 2018;

accepted October 11, 2018


	Diastereoselective multicomponent synthesis of(4RS,6SR)-4,6-diaryl-5,5-dicyano-2-methyl-1,4,5,6-tetrahydropyridine-3-carboxylates
	Abstract
	Experimental
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Newton-Bold
    /Newton-BoldItalic
    /Newton-Italic
    /Newton-Regular
    /Pragmatica-Bold
    /Pragmatica-BoldObl
    /Pragmatica-Book
    /Pragmatica-BookObl
    /SymbolMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


