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Abstract — The condensation of enamines derived from acetoacetanilides, heterocyclic aldehydes, and cyano-
thioacetamide yielded ammonium 5-arylcarbamoyl-5-heteryl-6-methyl-3-cyano-1,4-dihydropyridine-2-thio-
lates, which were subsequently used for the synthesis of substituted 2-alkylthio-1,4-dihydropyridines, 2-alkyl-
thiopyridines, and thieno[2,3-b]pyridines. The reaction of acetoacetamide with heteroaromatic adehydes and
cyanoselenoacetamide in the presence of N-ethylmorpholine yielded N-ethylmorpholinium 4-heteryl-5-car-
bamoy!-6-methyl-3-cyano-1,4-dihydrolyridine-2-selenolates, from which substituted 2-alkylseleno-1,4-di-

hydropyridines were prepared.

4-Heteryl-substituted pyridine and 1,4-dihydro-
pyridine derivatives exhibit cardiotonic [1], analgetic
[2], herbicidal [3, 4], and other kinds of biological
activity [5, 6]. Particularly active efforts are made to
find among these compounds calcium channel acti-
vators [7-12].

Proceeding with the development of new synthetic
routes to 4-heteryl-substituted 1,4-dihydropyridine-2-
thiols (-selenols) [13, 14], which are potentially bio-
active compounds, we studied the condensation of
enamines derived from acetoacetanilides (1) with het-
eroaromatic aldehydes Il and cyanoacetamide I11. We
found that this reaction (ethanol, 20°C) yields ammo-
nium 4-arylcarbamoyl-4-heteryl-6-methyl-3-cyano-
1,4-dihydropyridine-2-thiolates 1V. The reaction ap-
parently involves the Knoevenagel condensation [15]
yielding alkenes V, which subsequently akylate en-
amine | following the Stork reaction pattern [15] to
give products V1. We failed, however, to isolate these
products because of their easy subsequent regioselec-
tive intramolecular cyclization into compounds 1V.

The structures of salts 1V were proved by physico-
chemical and spectra methods (Tables 1, 2), and also
by akylation with alkyl halides V11 to obtain sulfides
VI1II. Thistransformation indicates that compounds 1V
are salts with the negative charge localized on the
sulfur atom [16], in line with the general relationships
of the chemistry of pyridinechalcogenones [17, 18].
Treatment of substituted 2-carbamoylmethyl-1,4-dihy-
dropyridine VII1g with 10% agueous KOH in DMF

resulted in aromatization of the dihydropyridine ring
and closure of the thiophene ring; the reaction product
was 3-amino-2-carbamoyl-6-methyl-4-(5-methylthien-
2-yl)-5-(2-methoxyphenylcarbamoyl)thieno[ 2,3-b] py-
ridine 1X. Note that the dehydrogenation of 2-alkyl-
thio-1,4-dihydropyridines under the conditions of the
Thorpe-Ziegler reaction was found previously in our
studies of the chemical properties of compounds re-
lated to VIII [13].

Treatment of a suspension of sdt IVa in ethanol
with 10% HCI yields substituted pyridine-2(1H)-thi-
one X. Thus, oxidation of intermediate 1,4-dihydropy-
ridines (apparently, with atmospheric oxygen) occurs
under the conditions of both base and acid catalysis.
The subsequent reaction of pyridinethione X with
alkyl halides V111 and VIIm in DMF in alkaline solu-
tion yields the corresponding 2-alkylthiopyridines Xla
and X1b whose structure was proved by physicochem-
ical and spectral data (Tables 1, 2).

The condensation of enamine I b and cyanothioacet-
amide I11 with furfural Ile yields substituted 3,4-di-
hydropyridine-2(1H)-thione X1l and not the corre-
sponding ammonium thiolate. Alkylation of XII with
compounds VIIb-VIleand VIIg-VIIk in DMF in the
presence of an akali yields the corresponding organic
sulfides XI11a—XlII1i. No products of oxidation of the
dihydropyridine core were detected in the reaction
mixture. At the same time, in condensation of en-
amine Ic and cyanothioacetamide I11 with 3-furan-
carbaldehyde 11f, the corresponding salt or dihydro-
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Table 1. Constants, yields, melting points, and elemental analyses of salts IVa-1Vd, XXa, and XXb, dihydropyridines
Villa-VIllh, XII, XIHa-XI11i, XIVa-X1Ve, XXlIlla, and XlIIb, thieno[2,3-b]pyridine I X, and pyridines X, Xla, XlIb,

and XV

] I Found, % Calculated, %

= ) mp, °C

=y = (solvent for Formula

§ £ | crystallization) C H N C H N
IVa 77 |147-1492 66.92 6.40 1554 | Cy5HygN50S 67.09 6.53 15.65
IVb 72 |295-2982 58.59 4.98 14.80 | Cy3H,4CINsO,S 58.78 5.15 14.90
IVe 70 |178-1802 5939 | 5.90 1142 | CyyHpgN,05S, 5048 | 582 | 1156
Ivd 81 |151-1532 5628 | 4.98 1137 |CyH,CIN,O,S, | 5649 | 515 | 11.46
Villa 62 |153-155 (BuOH) 64.78 5.55 11.96 [ CogHogN4O5S 64.91 5.67 12.11
VIllb 61 |188-190 (BuOH) 65.94 4.30 11.79 | CygH,,CIN4OS 66.02 4.48 11.85
Vlillc 82 |241-243 (BuOH) 57.27 3.88 16.03 | C,;H;gCIN5O,S 57.34 4.12 15.92
Villd 70 |235-237 (BuOH) 54.42 4.13 11.60 |C,7H,BrCINsO,S| 54.51 3.56 11.77
Ville | 81 |203-204 (BuOH) | 55.04 | 3.97 912 |CygH.BIN,O5S, | 55.17 | 4.13 9.19
VI 74 |212-214 (AcOH) | 6320 | 511 1044 | CogHpgN,05S, 6338 | 494 | 1056
Villg | 63 [115-117 (AcOH) | 57.96 | 470 1226 | CyHpoN,05S, 5813 | 488 | 1233
Villh | 69 [173-176 (AcOH) | 6411 | 504 1012 | CygHpgN,05S, 6395 | 518 | 10.29
IX 76 |305-308° (DMF) | 5821 | 4.19 1225 | CyHyoN,05S, 5839 | 445 | 12.38
X 68 |288-290 (AcOH) 66.71 4.32 1540 |CygH gN4OS 66.65 4.48 15.54
Xla 94 68-70 (EtOH) 65.70 4.28 1112 [ CygHoN4O4S 65.87 4.34 10.97
Xlb 84 |207-209 (AcOH) 65.41 4.07 10.78 | CygH,,CIN,O,S 65.56 4.13 10.92
X 77 |275-277° (EtOH) | 57.96 | 3.71 1127 |CigH,CINJO,S | 5814 | 380 | 11.30
Xllla 65 |278-279 (AcOH) 61.72 4.03 10.87 | CygH,1CIN,O5S 61.84 4.19 11.09
Xlllb 62 |235-238 (AcOH) 65.11 4.25 9.87 | C59H»3CIN,O5S 64.92 4.18 10.09
Xlllc 72 |178-179 (BuOH) 64.87 4.19 9.02 | Cy5H50CIN3O,S 65.00 4.36 9.10
Xllid 68 |274-275 (BUuOH) 53.30 3.29 9.54 | C,y5H,BrCIN,O5S| 53.48 3.45 9.60
Xllle 69 |278-280 (AcOH) 55.87 3.92 12.94 | C,yyH7CIN,O5S 56.01 4.00 13.06
XIIf 91 |175-177 (AcOH) 62.28 411 7.89 |C,7H5,CIN3O,S 62.36 4.26 8.08
Xlllg 73 |159-160 (BuOH) 59.28 514 8.49 |C,4H,,CIN3O,S 59.32 4.98 8.65
Xlllh 80 |193-194 (AcOH) 56.70 3.85 9.31 |C,;H;gCIN3O,S 56.82 4.09 9.47
XIi 69 |166-169 (EtOH) 57.62 4.27 9.03 |C,,H,CIN3O,S 57.70 4.40 9.18
XIVa 57 |220-221 (BuOH) 64.58 4.70 11.05 [Cy7HoyN4O4S 64.79 4.83 11.19
XIVb 64 |201-203 (BuOH) 67.58 4.70 10.04 [ C5yHoN4O4S 67.61 4.76 10.18
XIVc 65 |158-160 (EtOH) 68.11 4.89 9.13 [CygH3N3O5S 68.25 5.07 9.18
XIvd 63 |233-235 (AcOH) 56.12 3.87 954 [C,;H3BrN,O4S 55.96 4.00 9.67
XIVe 60 |217-219 (BuOH) 59.30 4.69 13.37 [ Cy1HygN4O4S 59.42 4.75 13.20
XV 72 |1210-212 (AcOH) 63.42 3.85 10.38 | C,ygH,,CIN,O5S 63.57 4.00 10.59
XXa 64 |261-2632 5095 | 5.64 1340 |CygH,,N,045e 5107 | 571 | 1323
XXb 67 |183-185% 4903 | 574 12.80 |CigH,uN,0,SSe | 4920 | 551 | 1275
XXllla 80 |191-193 (BuOH) 46.02 3.95 1228 |[C43H3N30OSSe 46.16 3.87 12.42
XXIlIb 71 |188-190 (MeOH) 46.12 3.17 1530 |[Cy4H1oN,OSSe 46.29 3.33 15.42

a Was not recrystallized. ® Sublimes at 240°C. © Sublimes at 200°C.

pyridinethione were not isolated. Chromatographic
analysis showed a complex composition of the mix-
ture. Addition of alkyl halides resulted in formation of
substituted 2-alkylthio-1,4-dihydropyridines XIVa-
XIVe in yields not exceeding 65%.

agent in condensation of enamine Ib and cyanothio-
acetamide 111 with pyridinecarbaldehyde I1b resultsin
formation of substituted pyridine XV.

Our results show that multicomponent condensa
tion involving enamines derived from acetoacetani-

The use of benzyl chloroacetate V11j as alkylating  lides (1), heteroaromatic aldehydes |1, cyanothioacet-
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Table 2. IR and 'H NMR spectra of salts IVa-IVd, XXa, and XXb, dihydropyridines VIl1a-VIIIh, XII, XIIl1a-XIlli,
XIVa-X1Ve, XXllla, and Xlllb, thieno[2,3-b]pyridine 1X, and pyridines X, Xla, Xlb, and XV

g IRVSp:nC,'t_rfm’ IH NMR spectrum, 8, ppm (J, Hz)
s ,
S |V(C=N)|v(CH), |CONH ()| C*H (9), .
V(C=0) | 5(CONH) | NH (5) | CoMe (3) other signals
IVa? |2175 |3310, 9.27, 8.65|4.58, 2.12|1.57 m [6H, (CH,)3], 1.80 s (3H, Me), 3.00 t (4H, CH,NCH,, J 4.68),
1684 7.06-7.63 m (5H, H arom.), 7.81 s (1H, C?H), 8.39 m (2H, H arom.)
Vb2 |2188 |3324, 9.34, 7.94|4.55, 2.08(3.08 t (4H, CH,NCH,, J 4.65), 3.75 t (4H, CH,OCH,, 7.13 d (2H,
3667 C?H and C®H of pyridine, J 9.02), 7.24 d and 7.56 d (2H each, CgH,, J
6.01), 841 d (2H, C3H and C°H of pyridine)
IVcd |2182 |3330, 8.21, 8.01(4.43, 2.20|2.37 s (3H, Me), 3.03 t (4H, CH,NCH,, J 4.65), 3.70 s (3H, MeO),
1672 3.82 t (4H, CH23OCH2), 6.64 m (3H, H arom.), 6.92 m (2H, H arom.),
8.15 d (1H, C°H of thiophene, J 3.32)
IVd® |2190 |3330, 9.22, 7.91|4.95, 2.19|2.06 s (3H, Me), 3.06 t (4H, CH,NCH,, J 4.66), 3.77 t (4H, CH,OCH,),
1664 6.63 d (1H, C*H of thiophene, J 5.04), 7.00 d (1H, C°H of thiophene),
712 d and 7.54 d (2H each, CgH,, J 8.84)
Villa 2202, |3295, 9.10, 9.04|4.88, 2.18|0.95 t (3H, CH3CH,CH,, J 7.20), 1.62 m (2H, CH;CH,CH,), 1.89 s
1730 |1660 (3H, Me), 3.85 d and 3.94 d (1H each, SCH,, 2J 16.0), 4.05 t (2H,
OCH,, J 7.15), 7.08 m (4H, CgH,), 7.33 d.d (1H, C°H of pyridine, J
2.70), 7.55 d (1H, C*H of pyridine, J 5.18), 8.96 d (2H, C°H of
pyridine)
Villb 2196 |[3327, 9.60, 9.21(4.75, 2.13|4.23 d and 4.26 d (1H each, SCH,, 2J 5.72), 6.96 d (2H, C3H and C°H
1655 of pyridine, J 4.64), 7.16 d and 7.55 d (2H each, CgH,, J 8.84),
7.28 br.s (5H, Ph), 839 d (2H, C?H and CPH, J 4.30)
Villc 2210 |[3339, 10.35,  |4.80, 2.16|3.16 s (2H, SCH,), 7.17 m (4H, H arom.), 7.56 m (3H, H arom. and
1660 9.66 NH,), 7.93 br.s (1H, NH,), 8.45 d (2H, C?H and CPH of pyridine,
J 1.62)
VIIld 2207 |3346, 10.50, |4.82, 2.17|3.86 s (2H, SCH,), 7.19 m (4H, H arom.), 7.40 d (2H, H arom., J 8.78),
1677 9.68 7.56 m (4H, H arom.), 8.43 d (2H, C?H and C®H of pyridine, J 3.82),
9.66 s (1H, NHCO)
Ville 2188 |3296, 10.49,  |4.71, 2.79|2.43 s (3H, Me), 3.73 s (3H, MeO), 3.84 d and 3.87 d (1H each, SCH,,
1665 8.31 23 12.52), 6.63 d (1H, C3H of thiophene, J 3.50), 6.76 d (1H, H arom.,
J 3.42), 6.87 t (1H, H arom., J 5.14), 6.92 d (1H, H arom., J 5.14),
7.05t (1H, H arom., J 5.03), 7.48 d and 7.55 d (2H each, 4-BrCgH,, J
8.86), 7.94 d (1H, C*H of thiophene, J 3.50), 9.63 s (1H, NHCO)
VI 2195 |3308, 10.38,  |4.37, 2.30|2.43 s (3H, Me), 3.73 s (3H, MeO), 3.84 d and 3.87 d (1H each, SCH,,
1654 8.10 23 12.32), 6.62 d (1H, C3H of thiophene, J 3.32), 6.78-6.93 m (4H,
H arom.), 7.06 t (1H, H arom., J 7.60), 7.24 t (2H, H arom., J 7.48),
7.60 d (2H, H arom., J 7.56), 8.13 d (1H, C*H of thiophene, J 3.32)
Villg 2200 |3345, 10.57,  |4.70, 2.25|2.44 s (3H, Me), 3.55 d and 3.64 d (1H each, SCH,, 2] 14.94), 3.72 s
1674 8.19 (3H, MeO), 6.64 d (1H, C3H of thiophene, J 3.18), 6.77-6.98 m (4H,
CgHy), 7.60 br.s and 7.93 br.s (1H each, NH,), 8.07 d (1H, C*H of
thiophene)
Villh 2204 |3296, 10.14,  |4.71, 2.27|2.29 s (3H, Me), 2.45 s (3H, Me), 3.73 s (3H, MeO), 3.88 s (2H,
1666 8.05 SCH,), 6.23 d (1H, C3H of thiophene, J 3.34), 6.79-7.20 m (H,
H arom.), 7.46 d (1H, H arom., J 7.58), 8.15 d (1H, C*H of thiophene),
9.77 s (1H, CONH)
IX —  |3204, 9.35 2.50 2.64 s (3H, Me), 3.79 (3H, Me0), 5.97 br.s (2H, C3NH,), 6.78-7.02 m
3345, (7H, H arom. and CONH,), 7.66 d (1H, H arom., J 7.02)
3412,
1676
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g IRVSp:nC,'t_rfm’ IH NMR spectrum, 8, ppm (J, Hz)
s ,
S |V(C=N)|v(CH), |CONH ()| C*H (9), .
V(C=0) | 5(CONH) | NH (5) | CoMe (3) other signals
xP 2224|3397, 9.76 2.54 1.87 s (3H, Me), 7.06 m (4H, CgH,), 7.54 d.d (1H, C*H of pyridine, J
1658 4.55), 7.89 t and 7.91 t (1H, C°H of pyridine, J 1.92), 8.68 s (1H, C°H
of pyridine), 8.73 d (1H, C®H of pyridine, J 1.90)
Xla |2218, |1675 9.20 2.44 1.85 s (3H, Me), 4.82 s (2H, SCH,), 6.89 d (1H, H arom., J 4.13),
1703 6.98 d (1H, H arom., J 2.43), 7.09 m (3H, H arom.), 7.44 s (1H,
H arom.), 7.52 m (2H, H arom.), 7.90 m (1H, H arom.), 8.68 d (2H,
H arom., J 8.25), 9.76 br.s (2H, 20H)
Xlb  |2226, |1673 9.75 2.38 1.89 s (3H, Me), 4.90 s (2H, SCH,), 7.02 m (4H, H arom.), 7.53 m (1H,
1714 H arom.), 7.62 d and 8.14 d (2H each, 4-CICgH,, J 8.29), 7.90 d (1H,
H arom., J 5.01), 869 m (2H, H arom.)
Xl |2254 |1662 11.98, |4.97 d |454 d (1H, C3H of pyridine, J 10.02), 6.33 d (1H, C3H of furan, J
9.96 (J 10.02),|1.94), 7.36-7.60 m (6H, H arom.)
2.13
Xllla |2188 3334, 1035, |4.94, 3.83 s (2H, SCH,), 6.09 d (1H, C3H of furan, J 3.10), 6.23 d.d (1H,
1675 9.59 2.16 C*H of furan, J 1.84), 7.01-7.37 (7H, H arom.), 7.58 m (3H, H arom.),
9.80 br.s (1H, CONH)
Xlllb [2197 3302, 10.43,  [4.99, 2.16|3.96 d and 4.09 d (1H each, SCH,, 2J 14.66), 6.12 d (1H, C3H of furan,
1677 9.64 J 3.12), 6.27 e. d (1H, C*H of furan, J 1.78), 7.19 d and 7.63 d (2H
each, CgH,, J 8.80), 7.53 m (4H, H arom.), 7.75 d (2H, H arom., J
7.22), 7.86 d (1H, C°H of furan, J 2.30), 8.12 d (1H, H arom., J 8.24),
9.82 br.s (1H, CONH)
Xlllc |2202 3295, 9.58, 9.19|4.82, 2.11|4.14 d and 4.32 d (1H each, SCH,, 2J 13.08), 5.95 d (1H, C3H of furan,
1590 J 2.82), 6.25 d.d (1H, C*H of furan, J 1.76), 7.18 d and 7.60 d (2H
each, CgH,, J 8.80), 7.28 m (5H, Ph), 7.41 d (1H, C°H of furan, J1.14)
Xlild {2200 3334, 10.47,  |4.97, 2.14|3.06 s (2H, SCH,), 6.09 d (1H, C3H of furan, J 3.08), 6.25 d.d (1H,
1645 9.62 C*H of furan, J 1.84), 7.19 d and 7.61 d (2H each, 4-CICgH,, J 8.84),
7.39 d (1H, C°H of furan, J 1.96), 7.42 d and 7.54 d (2H each,
4-BrCgH,, J 9.00), 9.63 s (1H, CONH)
Xllle [2189 |3302, 10.32,  |4.93, 2.14|3.58 s (2H, SCH,), 6.08 d (1H, C3H of furan, J 2.96), 6.27 d.d (1H,
3415, 9.60 C* of furan, J 1.12), 7.18 d and 7.60 d (2H each, CgH,, J 8.80),
1587 7.40 d (1H, C°H of furan, J 1.74), 7.55 br.sand 7.90 br.s (1H each, NH,)
XIIf |2203, 3332, 9.63, 9.18(4.97, 2.06(3.80 d and 4.04 d (1H each, SCH,, 2J 15.40), 5.13 s (2H, OCH,),
1711 |1618 6.08 d (1H, C®H of furan, J 2.70), 6.26 d.d (1H, C*H of furan, J 2.02),
7.20 d and 7.63 d (2H each, CgH,, J 8.78), 7.33 m (5H, Ph), 7.35d
(1H, C°H of furan, J 1.69)
Xlllg |2208, |3315, 9.61, 9.17(4.98, 2.11|0.93 t (3H, Me, J 6.14), 1.38 m (2H, CH,), 1.60 m (2H, CH,), 3.74 d
1714 |1672 and 3.95 d (1H each, SCH,, 2J 15.46), 4.08 t (2H, OCH2, J 6.56),
6.09 d (1H, C3H of furan, J 3.06), 6.27 d.d (1H, C*H of furan, J 1.84),
7.19 d and 7.62 d (2H each, CqH,, J 8.84), 7.42 d (1H, C°H of furan,
J 1.70)
Xllth |2202, |3307, 9.65, 9.20(4.93, 2.11|3.69 s (3H, Me0), 3.78 d and 3.94 d (1H each, SCH,, 2J 15.46), 6.09 d
1719 |1645 (1H, C°H of furan, J 3.04), 6.26 d.d (1H, C*H of furan, J 1.64), 7.19 d
and 7.62 d (2H each, CgH,, J 7.90), 7.42 d (1H, C°H of furan, J 0.80)
Xl 2198, |3295, 9.59, 9.17(4.92, 2.12|1.27 t (3H, Me, J 6.24), 3.72 d and 3.91 d (1H each, SCH,, 2J 15.08),
1714 |1668 4.14 g (2H, OCH,, J 6.24), 6.09 d (1H, C3H of furan, J 3.34), 6.27 d.d
(1H, C*H of furan, J 2.18), 7.18 d and 7.69 d (2H each, C4H,, J 8.58),
7.40 d (1H, C°H of furan, J 1.90)
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IH NMR spectrum, 8, ppm (J, Hz)

other signals

S IR spectrum,
= -1
. v, CM
&
S |v(C=N)|v(CH), |CONH (9)| C*H (9,
v(C=0)|3(CONH) | N*H (s) | COMe (9
Xlva |2196 |3300, 1040, |4.41, 2.28
1663 8.16
XIVb |2190 |3341, 1041, |4.51, 2.24
1672 8.16
XIVc |2205 |3294, 9.21, 8.164.39, 2.21
1666
XIvd |2198 |3337, 10.43,  |4.49, 2.25
1670 8.15
XIVe |2191 |3345, 10.34, |4.49, 2.23
1662 8.23
XV |2222, |1668 10.44 2.47
1718
XXa? |2180 |3330, 7.95 4.48, 2.08
3456,
1674
XXb2 |2175 3300, 8.03 4.67, 2.09
3474,
1682
XXllla|2188 |3420, 9.09 4.88, 2.10
1684
XXI11b| 2200, |3338, 9.30 4.99, 2.12
2252 |1660

3.78 s (3H, MeO), 6.43 s (1H, C?H of furan), 6.87 m (3H, H arom.),
7.03t (1H, H arom., J 7.52), 7.29 t (2H, H arom.), 7.50 d (2H, H arom.,
J 9.04), 7.60 d (2H, H arom., J 7.90), 8.09 d (1H, H arom., J 7.72),
9.91 br.s (1H, CONH)

3.75 s (3H, MeO), 4.97 d and 5.06 d (1H each, SCH,, 2] 16.15), 6.42 s
(1H, C?H of furan), 6.86 m (3H, H arom.), 7.57 m (5H, H arom.),
7.75d.d (2H, H arom., J 4.38), 7.86 d (1H, H arom., J 6.44), 8.07 d.d
(2H, H arom., J 4.66), 9.90 br.s (1H, CONH)

3.76 s (3H, Me0), 4.14 d and 4.27 d (1H each, SCH,, 2] 12.38), 6.28 s
(1H, C?H of furan), 6.87 m (3H, H arom.), 7.28 m (5H, Ph), 7.39 m
(I1H, H arom.), 748 m (1H, H arom.), 8.04 m (1H, H arom.)
3.78 s (3H, Me0), 3.70 d and 3.96 d (1H each, SCH,, 2] 14.19), 6.41 s
(1H, C®H of furan), 6.90 m (4H, H arom.), 7.38-7.58 m (5H, H arom.),
8.05 d (IH, H arom., J 7.66), 9.77 br.s (1H, CONH)

3.50 d and 3.71 d (1H each, SCH,, 2J 17.11), 3.77 s (3H, MeO), 6.41 s
(1H, C?H of furan), 6.91 m (4H, H arom.), 7.49 m (1H, H arom.),
7.58 br.sand 7.92 br.s (1H each, NH,), 8.02 d (1H, H arom., J 7.78)
4.20 s (2H, SCH,), 519 s (2H, OCH,), 7.20 d (2H, CgH,, J 8.82),
7.36 m (9H, H arom.), 8.64 d (2H, C?H and CPH of pyridine, J 4.66)
115t (3H, Me, J 6.25), 2.96 m (6H, CH,NCH, and CH5CH,), 3.74 t
(4H, CH,OCH,, J 4.38), 5.93 d (1H, C3H of furan, J 2.96), 6.28 d.d
(1H, C*H of furan, J 2.40), 6.65 br.s (2H, NH,), 7.45 d (1H, C°H of
furan, J 1.20)

117 t (3H, Me, J 6.25), 3.05 m (6H, CH%NCH2 and CH;CH,—),
6.65 br.s (2H, NH,), 6.88 m (2H, C3H and C*H of thiophene), 7.24 d
(1H, C°H of thiophene, J 4.6)

2.39 s (3H, Me), 6.90 m (2H, C3H and C*H of thiophene), 8.11 br.s
(2H, NH,), 7.36 d (1H, C°H of thiophene, J 4.01)

3.98 s (2H, CH%), 6.84 m (4H, C3H and C*H of thiophene and NH,),
342 d (1H, C°H of thiophene, J 3.98)

@ The N*H proton signal is not observed, probably besause of deuterium exshange. b The NIH proton signal is not observed, probably
besause of deuterium exchange.

amide |11, and akyl halides VII is a convenient route

ano-1,6-dihydropyridine-2-selenolate  XVII, which

to ammonium 5-arylcarbamoyl-4-heteryl-6-methyl-3-
cyano-1,4-dihydropyridine-2-thiolates 1V, 2-alkylthio-
1,4-dihydropyridines VIII, X1, and X1V, and the
corresponding dehydrogenated analogs X1 and X1V
(Scheme 1).

It appeared impossible to prepare by Scheme 1
selenium analogs of compounds 1V by using cyano-
selenoacetamide XVI instead of cyanothioacetamide
11 because of the predominance of the competing
condensation of enamine | with CH acid XVI. The
reaction yielded morpholinium 4-methyl-6-oxo-3-cy-

was prepared previously by the reaction of the aceto-
acetanilide enamine with cyano selenoacetamide [19]
(Scheme 2).

The replacement of enamine | by acetoacetamide
XVIII and the use of morpholine as catalyst result in
cyclodimerization of cyano selenoamide XV to 4,6-di-
amino-3-cyanopyridine-2(1H)-selenone  X1X, which
was prepared previousy by treatment of XVI with
bases [20] (Scheme 3).

With N-ethylmorpholine used as catalyst in the
reaction of acetoacetamide XVIII with cyanoseleno-
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Scheme 1.
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Me
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[, Ar = 2-MeCgH,, X = CH, (a); Ar = 4-CICgH,, X = O (b); Ar = 2-MeCgH,, X = O (c); Ar = 4-CICgH,, X = CH, (d);
1, Ht = 3-pyridyl (a), 4-pyridyl (b), 5-methylthien-2-yl (c), 3-methylthien-2-yl (d), 2-furyl (e), 3-furyl (f); 1V, Ar =
2-MeCgH,, Ht = 3-pyridyl, X = CH, (a); Ar = 4-CICgH,4, Ht = 3-pyridyl, X = O (b); Ar=2-MeOCgzH,, Ht = 5-methylthien-
2-yl, X = O (c); Ar = 4-CICgH,, Ht = 3-methylthien-2-yl, X = O (d); VII, Hlg = Cl (a-k), Br (I, m); VII, Z = CO,Pr (a),
Ph (b), CONH, (c), 4-BrCgH,NHCO (d), PANHCO (e), 2-MeCzH,NHCO (f), 1-naphthylcarbamoyl (g), CO,Et (h),
CO,Me (i), CO,CH,Ph (j), CO,BuU (K), 3,4-(HO),CgH3CO (1), 4-CICgH, (m); VIII, Ar = 2-MeCgH,, Ht = 3-pyridyl (a);
Ar = 4-CICgH,, Ht = 4-pyridyl (b-d); Ar = 2-MeOCgH,, Ht = 5-methylthien-2-yl (e-h); VIII, Z = CO,Pr (a), Ph (b),
CONHj, (c, g), 4-BrCgH,NHCO (d, €), PANHCO (f), 2-MeCgH,NHCO (h); XI, Z = 3,4-(HO),CgH;CO (a), 4-CICzH,CO
(b); X1, X1V, Z = PANHCO (a), 1-naphthylcarbamoy! (b), Ph (c), 4-BrCzH,NHCO (d), CONH, (e), CO,CH,Ph (f),
CO,Bu (g), CO,Me (h), COEt (i).

acetamide XVI and heteroaromatic aldehydes IIf and  sulting in formation of hetarylmethylenecyanoseleno-
I1g, the reaction changes pathway toward formation of ~ acetamides XXI in situ. They can be obtained and
N-ethylmorpholinium  4-heteryl-5-carbamoyl-6-meth-  isolated by two-component condensation of adehydes
yl-3-cyano-1,4-dihydropyridine-2-selenolates XX. The  11f and I1g with cyanoselenoacetamide XVI [21]. The
reaction involves the Knoevenagel condensation re-  subsequent reaction involves formation of the corre-
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Scheme 2.
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Scheme 4.
Ht
O
d NE
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M O H)N"Se 2
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sponding Michael adducts XX |1 whose regioselective  at 2175-2200 cm . The *H NMR spectra of XX and

cyclization yields substituted ammonium 1,4-dihydro-  XXII1 contain, along with the signals of protons in

pyridine-2-selenolates XX (Scheme 4). substituents (Tables 1, 2), also characteristic signals of

the N*H and C*H protons of the 1,4-dihydropyridine

The structures of salts XX were confirmed by their  ring at & 7.95-9.30 and 4.48-4.99 ppm, respectively,
transformation into the corresponding organic sele-  which is consistent with published data [22-25].

nides XXII1 by alkylation with VIIn and VIlo. The IR
spectra of substituted 1,4-dihydropyridines XX and EXPERIMENTAL
XXI1l contain characteristic absorption bands of the The IR spectra were taken on an IKS-29 spectrom-

stretching vibrations of the conjugated cyano group  eter (mulls in mineral oil). The *H NMR spectra were
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taken on Bruker WP-100SY (100 MHz, compounds
IVa, IVb, X, XII, XVII, XIX, XXa, XXb, XXllla,
XXI11b), Gemini-200 (199.975 MHz, compounds
IvVd, VIITb-VIIId, VIIIg,VIIh, XITTa=XI11i, XIVa,
XIVce-XIVe, XV), Bruker AC-200 (200.13 MHz,
compound Vllla), Bruker WM-250 (250.13 MHz,
compound X1b), Bruker AM-300 (300.13 MHz, com-
pound 1Vc), and Bruker DR-500 (500.13 MHz, com-
pounds Vllle, VIIIf, IX, Xla, XIVb) spectrometers
in DMSO-dg, internal reference Me,Si. The mass
spectra were recorded on a Kratos MS-890 spectrom-
eter (70 eV) (Table 3). The melting points were
determined with a Koefler unit. The reaction progress
was monitored by TLC (Silufol UV-254, acetone-
hexane, 3:5, development with iodine vapor).

Ammonium 5-arylcarbamoyl-4-hetaryl-6-me-
thyl-3-cyano-1,4-dihydropyridine-2-thiolates 1Va-
IVd. A mixture of appropriate enamine derived from
acetoacetanilide (1), heteroaromatic aldehyde 11, and
cyanothioacetamide 111 (10 mmol each) in 15 ml of
ethanol was stirred for 15-20 min at 20°C to obtain a
homogeneous phase, after which the mixture was al-
lowed to stand at 20°C for a day. The precipitate was
filtered off and washed with ethanol and hexane.

5-Arylcarbamoyl-4-hetaryl-2-Z-methylthio-6-
methyl-3-cyano-1,4-dihydropyridines VIlla-VIlih.
A suspension containing appropriate salt 1V and alkyl
halide VIII (10 mmol each) in 12 ml of DMF was
stirred for 5 h at 20°C and then diluted with an equal
volume of water. The precipitate was filtered off and
washed with water, ethanol, and hexane.

3-Amino-6-methyl-4-(5-methylthien-2-yl)-5-(2-
methoxyphenylcar bamoyl)-2-car bamoylthieno[2,3-
b]-pyridine IX. A 5.6-ml portion of 10% aqueous
KOH was added with stirring to a solution of 4.5 g of
VIllg in 15 ml of DMF. The mixture was allowed to
stand at room temperature for 48 h, after which it was
diluted with an equal volume of water. The precipitate
was filtered off and washed with water, ethanol, and
hexane.

6-M ethyl-5-(2-methylphenylcar bamoyl)-4-(3-py-
ridyl)-3-cyanopyridine-2(1H)-thione X. A dtirred
suspension of 4.5 g of 1Va in 20 ml of ethanol was
slowly acidified with 10% HCI to pH 6. The resulting
solution was filtered and kept for 48 h at room tem-
perature. The crystalline precipitate of X was filtered
off and washed with water, ethanol, and hexane.

6-M ethyl-5-(2-methylphenylcar bamoyl)-4-(3-py-
ridyl)-2-Z-methylthio-3-cyanopyridines Xla and
Xlb. To a stirred solution of 3.6 g of pyridinethione
X in 15 ml of DMF, we added in succession 5.6 ml
of 10% agueous KOH and 10 mmol of appropriate

alkyl halide VII. The resulting mixture was stirred
for 2 hand allowed to stand for a day at room tempera-
ture. Then the mixture was diluted with an equal
volume of water, and the precipitate was separated
and washed with water, ethanol, and hexane.

6-M ethyl-4-(2-furyl)-5-(4-chlorophenylcar ba-
moyl)-3-cyano-3,4-dihydropyridine-2(1H)-thione
X1l was prepared similarly to IV starting from ena-
mine 1b, furfura Ile, and cyanothioacetamide I11.

6-M ethyl-4-(2-furyl)-5-(4-chlorophenylcar ba-
moyl)-3-cyano-2-Z-methylthio-1,4-dihydropyridi-
nes XII1a-XlI11i wereprepared similarly to XI starting
from 3,4-dihydropyridinethione XI1 and appropriate
alkyl halides VII.

6-M ethyl-5-(2-methoxyphenylcar bamoyl)-4-(3-
furyl)-3-cyano-2-Z-methylthio-1,4-dihydropyri-
dines XIVa-XI1Ve. A mixture of 2.6 g of Ic, 0.9 ml
of 3-furancarbaldehyde |1, and 1.0 g of cyanothioacet-
amide I11 in 15 ml of ethanol was stirred for 15 min
at 20°C until the starting reactants fully dissolved,
after which it was allowed to stand at 20°C for a day.
Then 10 mmol of appropriate akyl halide VIl was
added, and the mixture was stirred for 2 h and then
allowed to stand for 48 h, after which it was diluted
with an equa volume of water. The precipitate was
filtered off.

5-Benzyloxycar bonylmethylthio-6-methyl-4-(4-
pyridyl)-5-(4-chlor ophenylcar bamoyl)-3-cyanopyri-
dine XV was prepared similarly to X1V starting from
enamine |b, 4-pyridinecarbaldehyde I1b, cyanothio-
acetamide 111, and benzyl chloroacetate VIlj.

Morpholinium 4-methyl-6-oxo-3-cyano-1,6-di-
hydropyridine-2-selenolate  XVII. A mixture of
1.5 g of cyanoselenoacetamide XV1, 2.6 g of enamine
Ic, and 0.83 ml of furfura Ile in 15 ml of absolute
ethanol was dtirred for 15 min at 20°C under argon
and then allowed to stand at 20°C for a day. The pre-
cipitate was filtered off and washed with absolute
ethanol and hexane; yield 64%. The melting point and
'H NMR spectrum are in agreement with published
data [19].

4,6-Diamino-3-cyanopyridine-2(1H)-selenone
XIX. A mixture of 1.5 g of cyanoselenoacetamide
XVI, 0.83 ml of furfura lle, 1 g of acetoacetamide
XVII1, and 0.9 ml of morpholine in 15 ml of absolute
ethanol was dtirred for 15 min at 20°C under argon
and then allowed to stand at 20°C for a day. The pre-
cipitate was filtered off and washed with absolute
ethanol and hexane; yield 61%. The melting point and
'H NMR spectrum are in agreement with published
data [20].
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Table 3. Mass spectra of compounds VIITb-VIIIh, IX, XIlla=XIlli, XIVa-XIVe, and XV, m/z (l,4, %)

Q

=}

gl [M]* Other peaks

S

VIlIb |473 (4) 394 (5), 381 (39), 346 (18), 318 (6), 254 (10), 241 (7), 153 (11), 127 (16), 92 (15), 91 (100), 77 (4),
65 (13), 51 (5), 39 (6)

Villc |440 (8) |422 (41), 348 (6), 286 (11), 240 (16), 227 (10), 222 (62), 208 (11), 191 (12), 163 (12), 155 (19), 153
(57), 140 (16), 129 (30), 128 (11), 127 (100), 126 (13), 125 (29), 100 (12), 99 (17), 91 (17), 90 (28),
75 (18), 65 (18), 64 (15), 63 (29), 62 (13), 61 (7)

Villd a 469 (11), 467 (11), 440 (10), 421 (28), 247 (10), 213 (32), 197 (12), 173 (98), 171 (100), 155 (15),
153 (39), 127 (24), 92 (14), 63 (18), 43 (16)

Ville a 411 (6), 396 (13), 363 (10), 315 (8), 287 (20), 261 (8), 241 (37), 213 (11), 199 (92), 197 (100), 171
(68), 149 (39), 134 (18), 123 (78), 108 (30), 90 (87), 80 (20), 63 (51), 51 (24), 39 (36)

VI a 1306 (12), 288 (11), 262 (25), 261 (36), 260 (15), 241 (20), 149 (45), 135 (34), 123 (50), 120 (32),
119 (100), 108 (49), 106 (36), 98 (13), 97 (25), 93 (90), 92 (26), 91 (62), 80 (43), 78 (18), 77 (19), 66
(17), 65 (35), 64 (34), 63 (29), 62 (11)

VIllg |454 (8) 455 (2) [M + 1]*, 437 (6), 409 (7), 398 (11), 397 (20), 396 (85), 315 (29), 304 (30), 288 (17), 287
(100), 285 (10), 274 (15), 273 (99), 259 (20), 258 (13), 241 (29), 155 (15), 123 (66), 108 (24), 92 (13),
78 (6), 77 (8), 65 (10)

VIllh |544 (3) 436 (9), 411 (7), 396 (100), 364 (10), 315 (19), 287 (56), 273 (42), 259 (21), 241 (20), 215 (8), 149
(23), 133 (28), 123 (39), 106 (47), 91 (22), 77 (29), 65 (14), 43 (15)

IX 452 (48) | 454 (13) [M + 2]*, 330 (100), 313 (69), 285 (24), 258 (16), 241 (13), 198 (8), 123 (9), 108 (10), 92
(14), 73 (35), 65 (19), 52 (10), 44 (41), 40 (15)

Xllla a 378 (9), 370 (26), 351 (14), 285 (16), 271 (9), 257 (81), 243 (32), 217 (19), 211 (36), 185 (24), 167
(18), 153 (62), 135 (54), 127 (70), 119 (42), 99 (18), 93 (100), 77 (34), 65 (38), 51 (16), 39 (39)

XI11b a 370 (4), 337 (25), 257 (11), 231 (10), 217 (34), 211 (98), 185 (24), 169 (72), 153 (57), 143 (100), 127
(42), 115 (69), 99 (20), 90 (25), 75 (17), 63 (24), 39 (17)

XIllc |462 (3) |461 (5) [M — 1]*, 370 (49), 335 (21), 307 (28), 243 (29), 217 (10), 127 (9), 99 (4), 91 (100), 77 (3),
65 (14), 39 (5)

XI11d a  |458 (4), 430 (6), 385 (5), 370 (69), 338 (17), 232 (19), 211 (39), 199 (80), 197 (80), 185 (16), 171
(90), 153 (100), 145 (11), 127 (72), 99 (18), 90 (74), 75 (16), 63 (49), 50 (17), 39 (28)

Xille |428 (4) |411 (6), 382 (5), 370 (91), 342 (10), 302 (33), 274 (21), 257 (100), 229 (18), 153 (26), 127 (56), 99
(12), 90 (10), 67 (14), 44 (15)

XI1f 519 (3) |370(9), 275 (8), 257 (19), 229 (5), 127 (13), 108 (19), 91 (100), 79 (12), 65 (6), 51 (5), 39 (4)

XIllg |486 (3) |487 (4) [M + 1]*, 485 (11) [M — 1]*, 359 (54), 342 (21), 331 (62), 316 (8), 303 (5), 275 (4), 257 (10),
243 (49), 229 (28), 216 (20), 185 (27), 127 (53), 107 (14), 91 (15), 77 (5), 67 (20), 57 (22), 41 (33)

XI11h |444 (4) |445 (5) [M + 1]*, 443 (10) [M — 1]*, 370 (38), 342 (11), 317 (62), 289 (42), 257 (100), 229 (18), 216
(14), 185 (13), 162 (10), 127 (31), 91 (15), 67 (18), 42 (9)

XI11i |457 (10)|370 (42), 342 (18), 331 (65), 303 (64), 285 (12), 257 (100), 243 (39), 229 (23), 216 (15), 185 (14),
127 (28), 91 (12), 77 (5), 67 (16), 42 (9)

XIVa |500 (4) |378 (11), 366 (37), 350 (10), 333 (32), 304 (20), 285 (21), 257 (54), 243 (29), 229 (21), 211 (56), 185
(12), 167 (35), 149 (32), 135 (27), 123 (100), 106 (48), 93 (70), 77 (34), 65 (31), 51 (16), 39 (15)

XIVb |550 (3) |428 (6), 381 (7), 366 (20), 243 (12), 185 (24), 169 (100), 141 (38), 115 (27), 80 (9), 67 (7), 51 (8),
39 (7)

XIVe |457 (8) |366 (39), 335 (10), 307 (11), 243 (56), 126 (59), 108 (12), 91 (100), 77 (4), 65 (14), 51 (3), 39 (4)

Xivd a  |458 (4), 420 (9), 366 (84), 293 (22), 265 (16), 243 (42), 229 (24), 199 (20), 171 (33), 155 (89), 135
(10), 123 (100), 108 (41), 91 (22), 77 (16), 67 (19), 44 (26)

XIVe |424 (23)|366 (47), 333 (10), 302 (29), 274 (18), 257 (56), 229 (21), 217 (10), 185 (14), 149 (18), 123 (100),
108 (26), 91 (22), 77 (11), 59 (6), 44 (17)

XV |528 (12)|402 (26), 327 (6), 254 (3), 127 (5), 99 (6), 91 (100), 77 (8), 41 (4)

2 The peak is lacking.
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N-Ethylmorpholinium 4-heteryl-5-carbamoyl-6-
methyl-3-cyano-1,4-dihydropyridine-2-selenolates
XXa and XXb. A mixture of 1 g of acetoacetamide
XVII1, 10 mmol of appropriate aldehyde Il, 1.5 g of
cyanoselenoacetamide XV1, and 10 mmol of N-ethyl-
morpholine in 15 ml of absolute ethanol was stirred
for 6 h at 20°C under Ar. The precipitate was filtered
off and washed with absolute ethanol and hexane.

6-M ethyl-5-car bamoyl-4-(2-thienyl)-3-cyano-2-
Z-methylseleno-1,4-dihydropyridines XXllla and
XXI11b were prepared similarly to compounds V111
starting from salts XX and akyl halides VIIn and
Vilo.
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