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SYNTHESIS  AND P R O P E R T I E S  

OF 3-CYANO-4-(4-CYANOPH ENYL)- 

1,4-DI HYDROPYRIDINE-2(3H)-TH IONES 

A. Krauze and G. Duburs 

Piperidinium 3-c')'ano-4-(4-cyam)phenyl)-l,4-dihydropyridine-2(3H)-thiolates were ohtained hv the 
condensation ~/" 1.3-dicarhonvl compounds, 4-cyam~henzaldehyde, and cvanothioacetamide in the 
presence q/'an equimolar amount O/piperi~fine. The acid(/icatim~ o/'these thiohttes gave the corresponding 
1,4-dihwh'ol).vridine-2(3H)-thiones atul p.vridine-2( IH)-thione. AIkvlution qf 1, 4-dihyth'op.vridine-2- 
thiolates 07" the reaction mixtttre ff[ the three-carhon condensation using io~ktcetamide gave 
2-carhamoyhneth.vlthio-l,4,5,6-tetrah.wh'o- or 1.4-dihvth'opyridines, which 'were characterized hv their 
con~'ersion to 4, 7-dih.vthvthieno[2, 3-h]p.vridines. 

Keywords: pyridincs, thicnopyridincs, alkylation, intramolecular cyclization. 

3-Cyano-l,4-dihydropyridinc-2(3H)-thioncs have attractcd attention as reactive compounds [1, 2] with 
cardiovascular [3, 4], hcpatoprotcctivc [5], and antioxidant activity [6]. The corresponding 2-alkylthio-l,4- 
dihydropyridincs and 4,7-dihydrothicno[2,3-h]pyridincs also display hcpatoprotcctivc [5], antioxidant [6], and 
cvcn more pronounced cardiovascular activity [7-10]. 

In a continuation of our study of partially hydrogcnatcd pyridinc-2-thioncs [2, 11], wc synthesized 
4-(4-cyanophcnyl)-3-cyano-l,4-dihydropyridinc-2(3H)-thioncs 6 in an attempt to find new biologically active 
compounds. The alkylation of 6 gave 2-alkylthio-l,4-dihydropyridines 9, whilc subsequent Thorpe-Zicglcr 
cyclization gave 4,7-dihydrothicno[2,3-h]pyridines 10. 

For this purpose, wc selected the asymmetric three-carbon condensation of a 1,3-dicarbonyl compound, 
aldchyde, and cyanoacctamidc [12]. The condcnsation of acetylacetone la and acetoacetate esters Ib,c with 
4-cyanobenzaldehydc 2 and cyanothioacetamide 3 in the presence of an cquimolar amount of piperidine gives 
pipcridinium 3-cyano-l,4-dihydropyridinc-2-thiolates 5a,c as thc primary products with a slight irnpurity of 
unstable 6-hydroxy-l,4,5,6-tetrahydropyridine-2-thiolates 4a,c (as indicated by tH NMR spectroscopy), which 
undergo dehydrogenation upon rccrystallization from ethanol to give thiolatcs 5a,c. 

Brief heating of 1,4-dihydropyridine-2-thiolates 5 with an excess of hydrochloric acid in ethanol at reflux 
gave 1,4-dihydropyridine-2(3H)-thiones in high yield. In the case of the 5-acetyl derivatives, rccrystallization from 
ethanol gave a slight amount of  less soluble pyridinc-2(l H)-thione 7a. 

1,4,5,6-Tetrahydropyridine-2-thiolatc (4d) or 1,4-dihydropyridine-2-thiolatc (5d) could not be isolated in 
the condensation of ethyl benzoylacctate (Id) with 2 and 3 in the prcsence of an equimolar amount of  piperidine. 
Acidification of  the reaction mixture also did not give thione 6d but 2-carbamoylmethylthio-6-hydroxy-l,4,5,6- 
tetrahydropyridinc {8) was tbnncd in 70% yield upon alkylation of the reaction mixture with iodacetarnidc. Brief 
heating of  6-hydroxy-l,4,5,6-tctrahydropyridinc 8 in a solution of hydrochloric acid in ethanol at reflux gave 
more stable derivative, 1,4-dihydropyridine 9d, in 84% yield. 
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2-('arbamoyh'nethylthio-6-nlethyl-l,4-dihydropyridmc 9c was obtaincd in high yield by the alkylation o f  thiolatc 
5c with iodacetamide. 2-Carbarnoylmcthylthio-3-cyano-l,4-dihydropyridinc 9c was characterized by its conversion 
to 4.7-dihydrothieno[2,3-h]pyridinc 10 by the action of  potassium hydroxidc. 

The cyano group stretching bands arc most characteristic for these products. Thcsc bands are found at 
2252-2254 crn -~ lbr 1,4-dihydropyridinc-2(3H)-thioncs 6, indicating lack of  conjugation of  thc nitrilc group. The 
CN group stretching band is shifted with increasing conjugation to 2242 cm ~ Ibr pyridinc-2( I H)-thionc 7a, 
2106-2206 cm ~ lbr 1,4,5.6-tctrahydro- and 1.4-dihydro-3-carbonitrilcs 5, 8, and 9, and 2176-2178 cm 4 lbr 
1,4-dihydropyridinc-2-thiolalcs 5 (\,u,, is obsc~'cd at 2222-2240 cnf '  for 4-CN-C,,IL ). 

The 'H NMR signal for 4-1t al 4.42-4.64 ppm for 1,4-dihydropyridinc-2-thiolates 5 and 
1,4-dihydropyridines 9 and at 5.12 ppm for 4.7-dihydrothicno[2,3-h]pyridinc 10 arc the most charactcristic 
evidcncc tbr the hydrogenated structure o f  these compounds. The ' H N M R spectra o f 1,4-dihydropyridinc-2(3 H)- 
thiones 6 show signals corresponding to cis and trans isomers in 3:2 ratio in thc casc a f 6 a  and 1:1 ratio in the case 
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ol '6b. In the case of 6b, precise interpretation is difficult due to overlap of the cL~' and trans 3-H and 4-H protons 
and the cix and t#'a#ls protons of  the ethyl group. The signals with ~.A4 = 6.6-6.8 Hz were assigned to the cis isolner 
and the sibmals with ~.A~ : _.4-,.6 Hz indicate trans-diequatorial arrangement of 4-H and 5-H [12, 13]. 

The ~H NMR spectrum of 1,4,5,6-tetrahydropyridinc 8 has characteristic doublets [br 4-H and 5-H at 4.16 
and 2.92 ppm with ~.A.4 = 12.4 Hz, indicating trans-diaxial arrangement of 4-H and 5-H. 

EXPERIMENTAL 

The IR spectra were taken on a Perkin-Elmer 580B spectrorncter for vaseline mulls. The ~H NMR spectra 
were taken on a WH 90/DS spectrometer for solutions in CDCI~ or DMSO-d,, with TMS as the internal standard. 
Tile reaction course and purity of  the products were checked by thin-layer chromatography on Silufol UV-254 
plates with 1:1:2 acetone hexane-chloroforrn as the cluent. Products 5-9 were recrystallized from ethanol, while 
10 was recrystallizcd from 1:10 DMF-cthanol. 

Piperidinium 5-Acetyl-3-cyano-4-(4-cyanophenyl)-6-meihyl-l,4-dihydropyridine-2-thiolate (5a). A 
mixture of  ace~lacetone (3.0 g, 30 mrnol) and p-cyanobcnzaldchyde (3.93 g, 3(I retool) was dissolved with heating 
in ethanol (25 ml). Then, piperidinc (I ml, 10 rnrnol) was added and the mixture was stirred at room temperature 
For 15 rnin. A sample of cyanothioacetamidc (3.0 g, 30 rnmoll and piperidine (2 ml, 20 rnmol) were added and the 
mixture was stirred for 15 rnin. The prccipitatc formed was filtcrcd off and washed with cold ethanol {20 ml) to 
give 10.83 g (91%) of compound 5a: mp >110~ (dec.). IR spectrum: 1620 (C-Ok 2176, 2222 {C-N), 2528 
(NH_,), 3316 crn ~ (NH). ~H NMR spectrum {DMSO-d,,): 1.60 (6H, m, (CHub): 1.08 (3H, s, 5-COCH~): 2.28 (3H, 
s, 6-CH~): 3.0 (4H. m, N(CH2)_,): 4.42 (I H, s. 4-Hi: 7.24 and 7.70 (4H, dd and dd, 4-C,,H~): 8.34 ppm ( 1 H, s, NH). 
I=ound, '!/o: C 63.(15: H 6.68: N 13.96: S 7.87. Cz~Hz~N~OS'HzO. Calculated, %: C 63.29: H 6.58: N 14.06: S 8.05. 

Piperidinium 3-Cyano-4-{4-cyanophenyl)-5-meihoxycarbonyl-6-meihyl-lA-dihydro-2-thiolale (5b) 
was obtained in 86"0 yield analogously to 5a using methyl acetoacctate instead of acctylacetonc: mp >105~ 

___."r {C-N), 2510 (NH:) ,  _~_44, 33_~4 cm l (NH). IH NMR spectrum {dec.). IR spectrum: 1697 (C=O), 2176, "~'~ "'~ ' 
ICDCI~): 1.66 (6H, rn, {CH_,h): 2.35 (3H, s. 6-CH~): 3.03 {4H, m, N(CH_,)_,): 3.54 (3H, s, OCH~): 4.56 (IH, s, 4-Hi: 
6.68 (IH, br. s, NH): 6.88 (2H, br. s, NH_, ): 7.30 and 7.52 ppm (4H, two d, 4-C,,H4). Found, %: C 63.31: H 6.19: 
N 14.06; S 8.01. C_,IH_,~N402S. Calculated, %: C 63.61: H 6.10: N 14.13: S ,~.09, 

Piperidinium 4-(4-Cyanophenyl)-5-ethoxycarbonyl-6-melhyl-l,4-dihydropyridine-2-thiolate (5c) was 
obtained in 82% yield analogously to 5a using ethyl acetoacctatc instead of acc tylacctone; mp 141-143~ 
IR spectrum: 1692 (C:O), 2178, 2224 (C-N), 2504 (NH_,), 3182, 3248 cm J (NH). ~H NMR spectrum (CDCI~): 
1.18 (3H, t, CHzCH~): 1.62 (6H, m, (('H_,h): 2.33 (3H, s. 6-CH~); 2.98 (4H, in, N(CI-Iz)z); 3.98 (2H, q, CH_,CH~): 
4.57 ( 1 H, s, 4-H): 6.62 ( I H, br. s, Nil); 7.32 and 7.52 (4H, two d, 4-C,,H4): 7.85 ppm (2H, br. s, NH~). Found, %: 
C' 64.23; H 6.38" N 13.49: S 7.99. C_~zH_~,,N~O_-S. Calculated. '%: C 64.38: H 6.36: N 13.65: S 7.81. 

5-Acetyl-3-cyano-4-(4-cyanophenylj-6-melhyl-l,4-dihydropyridine-2(3Hj-ihione (6a) and 5-Acetyl-3- 
cyano-4-(4-cyanophenyl)-6-meihylpyridine-2(IH)-ihione (7a). A sample of pipcridiniurn salt 5a (3.81 g, 
10 retool) was dissolved with heating in 0.5 M (25 ml) hydrochloric acid in ethanol. A precipitate crystallized out 
after 5-10 rain. The precipitate was filtered off and washed with ethanol (10 roll and water (20 roll to give 2.72 g 
(92%) of  product, which was recryslallizcd from ethanol, separating out 0.05 g (2%) of insoluble 7a: mp >270~ 
(dec.). IR spectrum: 1697 (C=OI, 2232, 2242 (C_=N), 3186 cl'n ~ (NH). ~H NMR spectrum (DMSO-&,): 1.90 (3H, s, 
5-COCH~): 2.'-44 (31-t, s, 6-C'H,): 7.62 and 8.02 (4H, two d, 4-C,,H4): 14.40 ppm (I H, br. s, NH). Found, %: C 65.28: 
H 4.01: N 14.25: S 10.8,',I. C~<,H~N~OS. Calculated, %: C 65.51: H 3.78: N 14.32: S 10.93. A sample of  compound 
6a (1.83 g, 62%) crystallized out of the filtrate: mp >175~ [dec.). IR spectrum: 1653 (C-O), 2234, 2252 (C-N), 
3276 cm i (NH). IH NMR spcctrum in CDC'I~: 2.18 (I.SH, s, cis-COCH,,): 2.24 (I.2H, s, trans-COCHO: 2.50 
{I .SH, s, cis-6-CH~): 2.56 ( 1.2H, s,/ran.v-6-('tt~): 4.20 {0.4H, d, . / -  2.6 Hz, truns-3-Hl: 4.28 (0.6H, d, . / -  6.6 Hz, 
cis-3-H): 4.38 (0.6H, d, .] 6.6 Hz, cLv-4-tt): 4.46 (0.4tt, d, J = 2.6 Hz, t#'ans-4-H): 7.3-7.7 (4H, m, cis- and 
trans-C~,H~): 8.68 ppm (1tt, br. s, cis- and trans-NH). Found, %: C 64.95: H 4.44; N 14.29: S 10.84. CI~,Hi~N~OS. 
Calculated, %,: C 65.07: H 4.44; N 14.23: S 10.86. 
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3•Cyan•-4-(4-•yan•phenyl)-5-eth•xycarb•nyl-6-methyl-•`4-dihydr•pyridine-2(3H)-thi•ne (6e) was 
obtained in 84% yield from salt 5c analogously to 6a: mp 114-116~ IR spectrum: 1638, 1696 (C=O), 2226, 2252 
(C-N), 3125, 3200 cm -I (NH). IH NMR spectrum (CDCh): 1.17 and 1.22 (3H, two t, cis- and trans-CH_,CH~): 2.52 
and 2.56 (3tt, two s, cis- and trans-6-CH~): 3.9-4.6 (4H, m, cis- and truns-(3-H and 4-H) and cis- and 
trans-CH_,CH~): 7. I-7.7 (4H, In, cis- and trans-C,Ha): 9.03 and 9.06 (l H, two br. s, cis- and trans-NH). Found, %: 
C 62.49: H 4.81; N 12.80: S 9.66. C~,-HI~N-O,S. Calculated, 'Vo: C 62.75; H 4.65: N 12.91: S 9.85. 

2-Carbam~y~me~hylthi~-3-cyan~-4-(4-cyan~phenyl)-5-eth~xycarb~nyl-6-hydr~xy-5-phenyl- 1,4,5,6- 
t e t rahydropyr id ine  (8). A mixture of  ethyl benzoylacctatc (5.76 g, 30 mrnol) and 4-cyanobenzaldchyde (3.93 g, 
30 rnmol) in ethanol (15 ml) and piperidine (0.5 ml) was stirred for 10 rain at room temperature. Then, 
cyanothioacetamide (3.0 g, 30 mrnol), ethanol (20 ml), and piperidinc (2.7 ml) were added and stirred for 2 h at 
room temperaturc. A sample of iodacetamide (6. I g, 33 mrnoJ) was added. The reaction mixture was briefly heated 
and then stirred for I h at room temperature. The precipitate fbmlcd was fihcrcd off  and washed with ethanol 
(30 ml), water (30 ml), and an additional l0 ml of ethanol to give 9.65 g (70%) of compound 8: mp >190~ (dec.). 
IR spectrum: 1667, 1740 (C=O), 2196, 2240 (C-N), 3164, 3356 cm ~ (NH, OH). ~H NMR spectrum (DMSO-d,,): 
0.48 (3H, t. CH_,CH3): 2.92 (IH, d , J  = 12.4 Hz, 5-H): 3.38 (2H, q, CH_,CH~): 3.56 (2H, br. s, SCH_~): 4.16 ( IH,  d, 
J -  12.4 Hz, 4-H): 6.48 (IH, s, OH): 7.2-7.9 ( I IH,  m, 4-C,,H.,, 6-C~,H~, CONH:): 9.24 pprn (1H, br. s, NH). 
Found, %: C 62.34; H 4.83: N 12.21: S 6.95. Cz.~H_,2N40_-S. Calculated, %: C 62.32: H 4.79; N 12,11; S 6.93. 

2-Carbamoylmethylthio-3-cyano-4-(4-cya nophenyl)-5-ethoxycarbonyl-6-meLhyl- 1,4-dihydropyridine 
(9c). A mixturc of  salt 5c (4.10 g, l0 retool) and iodacetamidc (2.03 g, I I retool) in ethanol (50 rnl) was briefly 
heated on a water bath and filtered. The precipitate lbrmed was liltercd offand washed with ethanol ( 15 ml), water 
(20 ml), and an additional 5 rnl of  ethanol to give 2.79 g (73%) of  compound 9c, rap 184-186~ IR spectrum: 
1646, 1683, 1704 (C=O), 2196, 2228 IC-N), 3160, 3348 c m  I [NH, NHz). ~H NMR spectrum (DMSO-d,,): 1.07 
(3H, t, CHzCHQ: 2.35 (3H, s, 6-CH~): 3.64 and 3,74 (2H, two d, d = 15 Hz, S('H:): 3.95 (2H, q, CH:CH~): 4.64 
(IH, s, 4-H): 7.38 and 7.78 (4H, two d, 4-C,,H4): 7.62 and 7.90 (2H, two br. s, CONH_,): 10.49 ppm ( IH,  s, NH). 
Found, %: C 59.59; H 4.65: N 14.43; S 8.53. Ct,,H~.~N40~S. Calculated, %: C 59.67: H 4.74: N 14.65: S 8.39. 

2-Carbam•ylmethyl•hi•-3-cyan•-4-(4-cyan•phenyl)-5-eth•xycarb•nyl-6-phenyl-l`4-dihydr•pyridine 
(9d). A sample o f  tetrahydropyridinc 8 (4.625 g, 10 retool) in 0.5 M hydrochloric acid (40 rnl, 20 retool) in ethanol 
was heated at reflux lbr 10 rain, Thc mixture was stirred at room temperature lbr 1 h. The precipitate lbn'ned was 
filtered off and washed with ethanol (25 ml) to give 3.72 g (84%) of compound 9d: mp 202-204~ IR spectrum: 
1680, 1686 sh (C=O), 2196, 2236 (C-N),  3206, 3260, 3304, 3412 crn l (NH, NHz). ~H NMR (DMSO-d~,): 0.68 
(3H, t, CH,CH~): 3.68 (2H, q, CH,CH~): 3.74 (2H, two d, J = 15 Hz, SCH_,): 4.62 (1H, s, 4-H): 7.3-7.9 (11H, m, 
4-C~,H., 6-C~,H~ and CONH:): 10.82 ppm (I H, s, NH). Found, %: C 64.65: H 4.55: N 12.50: S 7.31. C24H_~tN40"~S. 
Calculated, %: C 64.85: H 4.53: N 12.60: S 7.21. 

2•Amin••2•carbam•y•-4•(4-cyan•pheny•)•5-•th•xycarb•ny•-6-methy•-4•7-dihydr•thien•[••3-b•-pyridine 
(10). A mixture of  dihydropyridinc 9c (I.91 g, 5 retool) and potassium hydroxide (0.28 g, 5 retool) in ethanol 
(20 ml) was briefly heated until thc solid dissolved and then stirred lbr 3 h at room temperaturc. A sample of  water 
(20 ml) was added over 30 rain. The precipitate formed was filtered off  and washed with water (50 rnl) and ethanol 
(10 ml) to give 1.22 g (64%) of compound 10: mp 216-218~ IR spectrum: 1662, 1702 (C=O), 2228 (C-N) ,  3168, 
3324, 3420 cm -~ (NH, NHz). ~H NMR spectrum (DMSO-d,,): 1.14 (3H, t, CH:CH3): 2,33 (3H, s, 6-CH3); 3.93 (2H, 
q, CH,CH~): 5.12 (IH,  s, 4-H): 6.32 and 6.52 (4H, two br. s, CONH_, and 3-NH2): 7.46 and 7.72 (4H, two d, 
4-C,,H.~): 9.85 ppm (IH, s, NH). Found, %: C 59.44: H 4.69; N 14.52: S 8.29. Cv, HI.~N~O~S. Calculated, %: 
C 59.67; H 4.74: N 14.65: S 8.39. 
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