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SYNTHESIS AND PROPERTIES
OF 3-CYANO-4-(4-CYANOPHENYL)-
1,4-DIHYDROPYRIDINE-2(3H)-THIONES

A. Krauze and G. Duburs

Piperidinium  3-cvano-4-(4-cvanophenyi)- 1, 4-dihvdropyridine-2(3H)-thiolates  were  obtained by the
condensation of  1.3-dicarbonyl compounds, 4-cvanobenzaldetvde, and cvanothioacetamide in the
presence of an equimolar amount of piperidine. The acidification of these thiolates gave the corresponding
1. 4-dihvdropyridine-2(3H)-thiones and  pyridine-2(1H)-thione.  Alkvlation of  1.4-dihvdropyridine-2-
thiolates or the reaction mixture of the three-carbon  condensation using iodacetamide gave
2-carbamovimethylthio-1,4.5.6-1ctrahvdro- or 1 4-dihvdropyridines, which ‘were characterized by their
conversion to 4,7-diltvdrothienof2,3-b] pyvridines.

Kceywords: pyridines, thicnopyridines, alkylation, intramolecular cyclization.

3-Cyano-1.4-dihydropyridine-2(3H)-thioncs have attracted attention as reactive compounds [1. 2] with
cardiovascular 3, 4]. hcpatoprotective [5]. and antioxidant activity [6). The corresponding 2-alkylthio-1.4-
dihydropyridines and 4.7-dihydrothicno[2.3-h]pyridines also display hepatoprotective [S], antioxidant [6]. and
cven more pronounced cardiovascular activity [7-10].

In a continuation of our study of partially hydrogenated pyridine-2-thiones [2. 11], we synthesized
4-(4-cyanophcnyl)-3-cyano-1,4-dihydropyridine-2{3H)-thioncs 6 in an attempt to find ncw biologically active
compounds. The alkylation of 6 gave 2-alkylthio-1.4-dihydropyridines 9, while subscquent Thorpe-Zicgler
cyclization gave 4.7-dihydrothicno[2,3-h)pyridines 10.

For this purposc, we sclected the asymmetric three-carbon condensation of a 1.3-dicarbony! compound,
aldchyde, and cyanoacctamide [12]. The condensation of acetylacctone 1a and acctoacctate csters 1b.c with
4-cyanobenzaldchyde 2 and cyanothioacctamide 3 in the presence of an cquimolar amount of piperidine gives
piperidinium  3-cyano-1.4-dihydropyridine-2-thiolates Sa,c as the primary products with a slight impurity of
unstablc 6-hydroxy-1.4,5.6-tctrahydropyridine-2-thiolates 4a,c (as indicated by 'H NMR spectroscopy), which
undergo dehydrogenation upon recrystallization from cthanol to give thiolates 5a,c.

Bricf heating ot [.4-dihydropyridine-2-thiolates 5 with an excess of hydrochloric acid in cthanol at reflux
gave 1,4-dihydropynidine-2(3H)-thiones in high yicld. In the case of the S-acetyl derivatives, reerystallization from
cthanol gave a slight amount of less soluble pyridine-2(1H)-thione 7a.

1.4,5,6-Tetrahydropyridine-2-thiolate (4d) or 1.4-dihydropyridine-2-thiolate (5d) could not be isolated in
the condensation of cthyl benzoylacctate (1d) with 2 and 3 in the presence of an equimolar amount of piperidine.
Acidification of the reaction mixture also did not give thionc 6d but 2-carbamoylmethylthio-6-hydroxy-1.4,5.6-
tetrahydropyridine (8) was formed in 70% yicld upon alkylation of the reaction mixture with iodacctamide. Brief
heating of 6-hydroxy-1,4,5.6-tctrahydropyridine 8 in a solution of hydrochloric acid in cthanol at rcflux gave a
more stablc derivative, 1 4-dihydropyridine 9d, in 84% yield.
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2-Carbamoylmethylthio-6-methyl-1.4-dihydropyridine 9¢ was obtained in high yicld by the alkylation of thiolate
5c¢ with iodacctande. 2-Carbamoylmethylthio-3-cyano-1.4-dihydropyridine 9¢ was characterized by its conversion
to 4.7-dihydrothicno[2.3-h]pyridinc 10 by the action of potassium hydroxide.

The cyano group stretching bands are most characteristic for these products. These bands are found at
2252-2254 ¢m™' for | 4-dihydropyridine-2(3H)-thiones 6, indicating lack of conjugation of the nitrile group. The
CN group stretching band is shifted with increasing conjugation to 2242 em’ for pyridine-2( 1H)-thione 7a.
2196-2206 cm’ for |4.5.6-tetrahydro- and | .4-dihydro-3-carbonitriles 5, 8, and 9, and 2176-2178 em™ for

The 'H NMR signal for 4-H at 442464 ppm for { 4-dihydropyridine-2-thiolates 5 and
1 4-dihydropyridines 9 and at 5.12 ppm for 4.7-dihydrothicno{2.3-h]pyridine 10 arc the most characteristic
evidence tor the hydrogenated structure of these compounds. The 'H NMR spectra ot | 4-dihydropyridine-2(3H)-

thioncs 6 show signals corresponding to ¢is and frans tsomers in 3:2 ratio in the case of 6a and 1:1 ratio in the case
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of 6b. In the casc of 6b, precise interpretation is difficult duc to overlap of the ¢is and 1rans 3-H and 4-H protons
and the ¢is and rrans protons of the cthyl group. The signals with */s4 = 6.6-6.8 Hz were assigned to the cis isomer
and the signals with “Jia = 2.4-2.6 Hz indicate rans-diequatorial arrangement of 4-H and 5-H [12, 13].

The 'H NMR spectrum of 1.4.5.6-tetrahydropyridine 8 has characteristic doublets for 4-H and 5-H at 4.16
and 2.92 ppm with “Jua=12.4 Hz, indicating trans-diaxial arrangement of 4-H and 5-H.

EXPERIMENTAL

The IR spectra were taken on a Perkin—Elmer S80B spectrometer for vascline mulls. The 'H NMR spectra
were taken on a WH 90/DS spectrometer for solutions in CDClz or DMSO-d, with TMS as the interal standard.
The reaction course and purity of the products were checked by thin-layer chromatography on Silufol UV-254
plates with 1:1:2 acctone-hexane—chloroform as the cluent. Products 5-9 were recrystailized trom cthanol, while
10 was recrystallized from 1:10 DMF-cthanol.

Pipcridinium 5-Acetyl-3-cvano-4-(4-cyanophenyl)-6-methyl-1.4-dihydropyridine-2-thiolate (5a). A
mixture of acctylacetone (3.0 g, 30 mmol) and p-cyanobenzaldehyde (3.93 g. 30 mmol) was dissolved with heating
in cthanol (25 ml). Then, pipenidine (1 ml, 10 mmol) was added and the mixture was stirred at room temperature
for 15 min. A sample of cyanothicacctamide (3.0 g, 30 mmol) and piperidine (2 ml. 20 mmol) were added and the
mixture was stirred for 15 min. The precipitate formed was filtered oft and washed with cold cthanol (20 mi) to
give 10.83 g (91%%) of compound Sa: mp >110°C (dec.). IR spectrum: 1620 (C=0), 2176, 2222 (C=N), 2528
(NH>'). 3316 cm™ (NH). 'H NMR spectrum (DM SO-d,,): 1.60 (6H. m. (CH-):): 1.98 (3H, s, 5-COCH;): 2.28 (3H.
s, 6-CH;): 3.0 (4H. m, N(CH»):): 4.42 (1H. s. 4-H): 7.24 and 7.70 (4H. dd and dd. 4-C.H.): 8.34 ppm (1H. s, NH).
Found, %: C 63.05: H 6.68: N 13.96: S 7.87. C» H24N,OS-H:0. Calculated. "o: C 63.29: H 6.58: N 14.06; S §.05.

Piperidinium 3-Cyano-4-(4-cvanophenyl)-5-methoxycarbonyl-6-methyvl-1.4-dihydro-2-thiolate (5b)
was obtained in 86" yicld analogously to Sa using mcthyl acetoacctate nstead of acctylacetone: mp >105°C
{dec.). IR spectrum: 1697 (C=0). 2176, 2228 (C=N). 2510 (NH,), 3244, 3334 em’” (NH). 'H NMR spectrum
(CDCl3): 1.66 (6H, m. (CH-)1): 2.35 (3H. 5. 6-CH:): 3.03 (4H. m, N(CH:):): 3.54 (3H, s, OCHz): 4.56 (1H, s, 4-H):
6.68 (1H, br. s, NH). 6.88 (2H, br. s, NH-> ). 7.30 and 7.52 ppm (4H. two d. 4-CcH.). Found. %: C 63.31: H 6.19;
N 14.06; S 8.01. C,H-3N,O-S. Calculated, %0: C 63.61: H 6.10: N 14.13; S 8.09.

Piperidinium 4-(4-Cyanophenyl)-5-cthoxycarbonyl-6-methyl-1.4-dihydropyridine-2-thiolate (5c) was
obtained in 82% yield analogously to 5a using cthyl acctoacctate instead of acctylacctone; mp 141-143°C.
IR spectrum: 1692 (C=0). 2178, 2224 (C=N), 2504 (NH:'). 3182, 3248 em (NH). 'H NMR spectrum (CDCls):
118 (3H, t. CH2CH:): 1.62 (6H. m, (CH:):): 2.33 (3H. s. 6-CH:): 2.98 (4H. m, N(CH:):); 3.98 (2H. g, CH:CH.):
457 (1H. s, 4-H): 6.62 (1H. br. s, NH): 7.32 and 7.52 (4H. two d. 4-C.H4): 7.85 ppm (2H. br. s, NH; ). Found. "o:
€ 64.23; H 6.38: N 13.49: S 7.99. C:-H..N,4O-S. Calculated. %: C 64.38: H6.36: N 13.65: S 7.81.

5-Acetyl-3-cyano-4-(4-cvanophenyl)-6-methyl-1,4-dihydropyridine-2(3H)-thione (6a) and 5-Acetyl-3-
cvano-4-(4-cyanophenyl)-6-methylpyridine-2(1H)-thione (7a). A samplc of piperidinium salt 5a (3.81 g,
10 mmol) was dissolved with heating in 0.5 M (25 ml) hydrochloric acid in cthanol. A precipitate crystallized out
after 5-10 min. The precipitate was filtered off and washed with cthanol (10 mi) and water (20 mi) to give 2.72 g
(92%) of product, which was recrystallized from cthanol, scparating out 0.05 g (2%) of insoluble 7a; mp >270°C
(dec.). IR spectrum: 1697 (C=0), 2232, 2242 (C=N), 3186 cm’ (NH). 'H NMR spectrum (DMSO-d.): 1.90 (3H, s.
5-COCHy;): 2.44 (3H, s, 6-CH:): 7.62 and 8.02 (4H, two d, 4-C.HJ): 14.40 ppm (1H. br. s, NH). Found. %: C 65.28:
H4.01: N 14.25: S 10.88. C, H;;N:OS. Caleulated, *: C 65.51: H 3.78: N 14.32: S 10.93. A samplc of compound
6a (1.83 g. 62%) crystallized out of the filtrate; mp =175°C (dec.). IR spectrum: 1653 (C=0), 2234, 2252 (C=N),
3276 ¢m’ (NH). 'H NMR spectrum in CDClL: 218 (1.8H. s, ¢is-COCHs): 2.24 (1.2H, s, trans-COCH:): 2.50
(1.8H, s, ¢is-6-CH:): 2.56 (1.2H. s, rruns-6-CH:): 4.20 (0.4H. d, ./ = 2.6 Hz. truns-3-H): 4.28 (0.6H. d, ./ = 6.6 Hz,
cis-3-Hy, 4.38 (0.6H, d. J = 6.6 Hz. cis-4-H): 4.46 (0.4H. d. J = 2.6 Hz, rrans-4-H): 7.3-7.7 (4H, m, cis- and
trans-CoHa): 8.68 ppm (1H. br. s, ¢is- and trans-NH). Found, %: C 64.95: H 4.44: N 14.29: S 10.84. C,,H:N:OS.
Calculated, %: C 65.07: H4.44; N 14.23: S 10.86.
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3-Cyano-4-(4-cyanophenyl)-5-cthoxycarbonyl-6-methyl-1,4-dihydropyridine-2(3H)-thione (6¢) was
obtained in 84% yicld from salt Sc analogously to 6a: mp 114-116°C. IR spectrum: 1638, 1696 (C=0), 2226, 2252
(C=N), 3125, 3200 cm’ (NH). '"H NMR spectrum (CDCh): 1.17 and 1.22 (3H, two t, cis- and trans-CH-CH,); 2.52
and 2.56 (3H. two s. cis- and trans-6-CH;); 3.9-4.6 (4H, m, cis- and trans-(3-H and 4-H) and cis- and
trans-CH-CHaz): 7.1-7.7 (4H. m, cis- and rruns-CHy):; 9.03 and 9.06 (1H, two br. s, ¢is- and irans-NH). Found, "%:
C 62.49: H4.81: N 12.80: S 9.66. Cy-H,:N:0-S. Calculated, %: € 62.75; H4.65: N 12.91: S 9.85.

2-Carbamoylmecethylthio-3-cyano-4-(4-cyanophenyl)-S-ethoxycarbonyl-6-hydroxy-5-phenyl-1,4,5.6-
tetrahydropyridine (8). A mixture of cthyl benzoylacetate (5.76 g, 30 mmol) and 4-cvanobenzaldehyde (3.93 ¢,
30 mmol) in cthanol (15 ml) and piperidine (0.5 ml) was stirred for 10 min at room tempcrature. Then,
cyanothioacetamide (3.0 g, 30 mmol), cthanol (20 ml), and pipenidine (2.7 ml) were added and stirred for 2 h at
room temperaturc. A sample of iodacctamide (6.1 g, 33 mmol) was added. The reaction mixture was brictly heated
and then stirred for 1 h at room temperature. The precipitate formed was filtered oft and washed with ethanol
(30 ml), water (30 ml), and an additional 10 ml of cthanol to give 9.65 g (70%) of compound 8: mp >190°C (dcc.).
IR spectrum: 1667, 1740 (C=0), 2196, 2240 (C=N), 3164, 3356 cm’' (NH. OH). 'H NMR spectrum (DM SO-d,):
0.48 (3H, t. CH.CHj;): 2.92 (1H. d, J = 12.4 Hz, 5-H): 3.38 (2H. q, CH-CH:): 3.56 (2H, br. s, SCH»): 4.16 (I H. d.
J=12.4 Hz, 4-H); 6.48 (IH, s, OH); 7.2-7.9 (11H, m, 4-C,Hs, 6-C,Hs, CONH.): 9.24 ppm (I1H, br. s, NH).
Found, %: C 62.34; H4.83: N 12.21: S 6.95. C:3H2:N,O-S. Calculated, %: C 62.32: H4.79: N 12.11; S 6.93.

2-Carbamoylmethylthio-3-cvano-4-(4-cyanophenyl)-5S-cthoxycarbonyi-6-methyl-1.4-dihydropyridine
(9¢). A mixture of salt Sc¢ (4.10 g. 10 mmol) and iodacctamide (2.03 g. Il mmol) in cthanol (50 ml) was brictly
heated on a watcer bath and filtered. The precipitate formed was filtered oftf and washed with ¢thanol (15 ml), water
(20 ml), and an additional 5 mi of cthanol to give 2.79 g (73%) of compound 9¢, mp 184-186°C. IR spectrum:
1646, 1683, 1704 (C=0). 2196, 2228 (C=N). 3160, 3348 cm”' (NH. NH:). 'H NMR spectrum (DMSO-d.): 1.07
(3H. t, CH:CH;): 2.35 (3H. s. 6-CH3): 3.64 and 3.74 (2H. two d, J = 15 Hz, SCH:): 3.95 (2H. q. CH:CH:): 4.64
(1H. s, 4-H): 7.38 and 7.78 (4H. two d, 4-C.H;): 7.62 and 7.90 (2H. two br. s. CONH:): 10.49 ppm (1H, s, NH).
Found. %: C 59.59; H 4.65: N 14.43:; S 8.53. CoHsN4O:S. Calculated. %: C 59.67: H 4.74: N 14.65: S 8.39.

2-Carbamoylmethylthio-3-cyano-4-(4-cvanophenyl)-5-ecthoxycarbonyl-6-phenyl-1.4-dihvdropyridine
(9d). A samplc of tetrahydropyridine 8 (4.625 g, 10 mmol) in 0.5 M hydrochlonic acid (40 ml, 20 mmol) in cthanol
was heated at reflux for 10 min. The mixture was stirred at room temperature for |1 h. The precipitate formed was
filtered off and washed with cthanol (25 mi) to give 3.72 g (84%) of compound 9d: mp 202-204°C. IR spectrum:
1680, 1686 sh (C=0). 2196, 2236 (C=N). 3206. 3260, 3304, 3412 cm” (NH. NH:). '"H NMR (DMSO-d,): 0.68
{3H. t, CH-CH:): 3.68 (2H. q. CH-CH3): 3.74 (2H, two d, J = 15 Hz, SCH-): 4.62 (1H, s, 4-H); 7.3-7.9 (1 1H, m,
4-C,Hs. 6-CsHs and CONH:): 10.82 ppm (1H. s. NH). Found. %: C 64.65: H 4.55; N 12.50; S 7.31. C24H2N,O:S.
Calculated, %: C 64.85: H4.53: N 12.60; S 7.21.

2-Amino-2-carbamoyl-4-(4-cyanophenyl)-5-ethoxyvearbonyl-6-methvi-4,7-dihydrothicno|2,3-b|-pyridine
(10). A mixture of dihydropyridine 9¢ (1.91 g. 5 mmol) and potassium hydroxide (0.28 g. S mmol) in cthanol
(20 ml) was brictly hcated until the solid dissolved and then stirred for 3 h at room temperaturc. A samplc ot water
(20 ml) was added over 30 min. The precipitate formed was filtered off and washed with water (50 ml) and cthanol
(10 ml) to give 1.22 g (64%) of compound 10: mp 216-218°C. IR spectrum: 1662, 1702 (C=0), 2228 (C=N), 3168,
3324, 3420 cm” (NH, NH:). '"H NMR spectrum (DMSO-d.): 1.14 {3H, t. CH-CH;): 2.33 (3H., s, 6-CH); 3.93 (2H.
g. CH.CHs); 5.12 (1H, s. 4-H); 6.32 and 6.52 (4H, two br. s, CONH- and 3-NH-); 7.46 and 7.72 (4H, two d,
4-C,Hy): 9.85 ppm (1H, s, NH). Found, %: C 59.44: H 4.69; N 14.52: S 8.29. C,yHsN4OsS. Calculated, %o
C 59.67: H 4.74: N 14.65: S 8.39.
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