
Russian Chemical Bulletin, Vol. 49, No. 3, March. 20017 4X7 

N-Methylmorpholinium 4-aryl-5-cyano- 
3-methoxycarbonyl-2-oxo- 1,2,3,4-tetrahydropyridine-6-thiolates: 

synthesis and properties 
S. G. Krivokolysko, a V. D. Dyachenko, a and V. P. Litvino~* 

a]~ G. 571evchenko Lugansk State Pedagogical Unive~:sitv, 
2 ut. Oboron,mya, 34S011 Lugansk, Ukraine. 

Fax: (0(54 2) 53 O00& E-mail: k~zb@lgpi.hGansk.ua 
~ N. D. Zelin.sky Institute ~ Organic Chemisto.', Russian ,4cademy of Sciences, 

47 Leninskv prosp., 1f7913 Moscow, Russian Federation. 
Fax: +7 (095) 135 5328. E-maih vpl@cacr.ioc.ac.nt 

Reactions of aromatic aldehydes '~,ith cyanodfioacelamide and dimcth'.,l mahmate in the 
presence of .%methyhnorpholine afforded N-methyhnorphotinittm 4-aryl-5-cyano-3- 
methoxycarbonyl-2-oxo-l,2.3,4-tetr:lhydropyridine-6-tkiolates- The latter were used to syn- 
thesize substituted 6-(alkylthio)-2-oxo- 1,2.3,4-tetmhydropyridincs. 
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At present, there are sti l l  few substituted sulfur- 
containing tetrahydropyridines: in addition, this group 
of organic compounds is inadequately studied. ! Hove- 
ever. considering their potential biological importance, z 
investigations aimed at developing convenient methods 
lbr the synthesis of such hmerocycles become topical. 

In the present work, a method for the synthesis of 
N-methy ln lo rpho l in ium 4-a ry l -5 -cyano-3-met  hoxy- 
carbonyl- 2-oxo- I, 2,3,4-tet  rahyd ropyridine-6-t hiolates 
(I) is proposed. The method is based on the reaction of 
aromatic aldehydes 2 with cyanothioacetamide (3) and 
dimethyl malonate (4) in the presence of an exccss of 
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N-nlethylnaorpholine in ethanol (-20 ~ This  reaction 
seems to proceed via an intermediate Michael adduct 5. 
Alkylation of salts 1 with halides 6 gave the correspond- 
ing 6-(alkylthio)- 1.2,3.4-tetrahydropyridines 7. 

In the IH NMR spectra of compounds 1 and 7 (see 
Table I), the H(3) and H(4) protons of the tetrahydro- 
pyridine ring appear as doublets at 6 3.56--3.97 and 5 
3.97--4.47, respectively (3JH(3),H~4 ~ = 4.0--8.6 Hz). Ac- 
cording to the Carplus--Conroy equation, 3 such spin- 
spin coupling constants have to correspond to a tor- 
sional C(3)H--C(4)H angle of 30--60 ~ or 114--140 ~ . 
I H NMR data fbr isostructural analogs of compounds 1 
and 7 z suggest that these protons are trans-diequatorial, 
the aryl substituent and the COOMe group being ar- 
ranged trans-diaxially. 
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Compound Ar R 
7a 4-CIC6H4 H 
7b 4-C C6H 4 Me 

1, 2: Ar = 4-CIC6H ~ Ca), 2-MeOC6Ha {b) 7C 4-CLC6H4 CONH2 
Compound Hal R 7d 4-C1C6H4 4-BrC6H4NHCO 
6a I H 7e  2-MeOC6H4 H 
6b | Me 7l 2-MeOC6Ha Me 
6c CI CONH 2 7g 2-MeOCsH4 CONH2 
6d CI 4-BrC6H4NHCO 7h 2-MeOC6H4 4-BrC6H4NHCO 

Q Ar ,Q Ar 

MeO/ iJ+ , . . , , , . ,~  CN HalCH~R .fi',. A 1 CN L.,2 ,o._,>. =eOo'S  2 
7 a - - h  
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W h e n  react ing wi th  s o d i u m  e thoxide  in e t h a n o l  
(~50 ~ c o m p o u n d  7e  is t r ans fo rmed  in to  t e t r a -  
hydropyr id ine  8. The  k t t te r  was also ob t a ined  in an  
i n d e p e n d e n t  way f rom t h i o l a t e  9 prepared a c c o r d i n g  to 
the k n o w n  procedure  "l by re l luxing a mixture  o f  a lde -  
hyde  2b, c y a n o t h i o a c c t a m i d e  3, and  M e l d r u m ' s  acid 10 
in the  presence  o f  N - m e t h y t m o r p h o l i n e ,  

Experimental 

IR spectra were recorded on an IKS-29 spectrophotometer 
(Vaseline oil). IH NMR spectra were recorded on Broker WP- 
100 SY (100 blllz) {for compounds 1 and 9), Bruker WM-250 
{250 MHz) (for 7), and Bruker AC-300 instruments (300 
MHz) (for 8) in DMSO-d~ with Me4Si as the internal stan- 
dard, The course of the reactions was monitored, and the 
purity of products v, as checked, b), TLC on Silufol UV-254 
plates in acetone--hcxane (3 : 5). 

N-Methylmorpholinium 4-aryl- 5-cyano-3- methoxyearbonyl- 
2 -oxo- l .2 ,3 .4 - t e t rahydropyr id ine -6 - th io la tes  (1). Cyano-  
thioacetamide (3) (2 g, 20 mmol) and, alter 5 rain. dimethyl 
malonate (4) (2.29 mL, 20 mmoh and N-methyhnorpholine 
(2.53 mL, 25 mmot) were added in succession with stirring to 
a mixture of the corresponding aldehyde 2a,h (20 retool) and 
three drops of N-methylmorpholine in 30 mL of EtOH ~ -20 ~ 
After the starting compounds were dissolved, the reaction 
mixture was kept for 12 h_ The precipitate that formed was 
filtered off and washed with acetone. The spectral parameters 
for compounds I are presented in Table 1. 

N- Methylmorpho| ininm 4- (4 -ch lo rnphenyl ) -$ -cyano-3-  
methoxycarbonyi- 2-oxo- 1,2,3,4- tetrahydropyridine-6-thiolate 
( l a ) .  Yield 5.43 g (64%). m.p. 160--163 ~C. Found (%}: C. 
54.03: H. 5.44; N, 9.73; S. 7.68 CIgH?2CIN304S. Calculated 
(%~: C, 53.83; H. 5.23: N, 9.91; $. 7.56. 

N-Methylmorpholinium 5-cyano-3-methoxyearbonyl-4-(2- 
methoxyphenyl)-2-oxo- i ,2,3,4-tetrahydropyridine-6-thiolate 
( lb) .  Yield 5.96 g (71%), m.p. 154--156 ~C, Found (%): C, 
57.53: H, 6.28: N, 9.77; S. 7,49. C20H!~N3OsS. Calculated 
(%): C. 57.26; H, 6.01: N, 10.02: S, 7.64. 

6-A|kyl th io-4-aryi -  5-cyano-3-  methoxycarbonyl -2 -oxo-  
[,2.3.4-tetrahydropyridines t7). A mixture of the correspond- 
ing salt I (5 mmol) and halide 6 (5 retool) in 20 mL of 80% 
EtOH was heated until the starting compounds were dissolved 
and then filtered through a paper filter. After 12 h, the precipi- 
tate that formed was isolated and washed with EtOH and 
hexane. The spectral parameters lbr compounds ? are presented 
in Fable I. 

4- (4- Chiorophenyl)-S-cyano-3-methoxycarbonyl-6-methyl- 
thio-2-oxo- 1.2,3,4-tetrahydropyridine (7a). Yield I 36 g (81%), 
m.p. 186--188 ~ Found (%t: C, 53.77; H, 3.68: N, 8.59: S, 
9,36. CIsHI3CIN2OjS, Calculated I,%): C, 53.49; H. 3,89; N, 
8.32; S. 9,52. 

4- (4-Chiorophenyl)-  5-cyano-f-ethyl thio-  3 -methoxycar -  
bonyl-2-oxo-l ,2,3,4-tetrahydropyridine (7b). Yield 1.49 g 
(85%), re.p, 161--163 ~'C. Found (%): C, 5492: H, 4.44: N. 
769; S. 9.42. CI~,HtsCIN,O3S. Calculated (%): C, 54,78: H, 
4,3l: N, 7.98: S, 9.14, 

6- Carbamoylmet hylthio-4-14-chlorophenyl)-  5 -cyano-  3- 
methoxycarbonyl-2-oxo-l,2,3.4-(etrahydropyridine (7c). YiCd 
12 g (63%}. m.p. 207--209 ~C. Found (%): C, 50.85: H, 3.58: 
N, 11.2I; S, 8.77. CIf, HI4CtN304S. Calculated (%): C, 50 60: 
H, 3.72: N, 11.06; S, 8.44. 

6-(4- Bromophenylcarbamoylmethylthio)-4-(4-chiorophenyl)- 
5-cyano-3- methoxycarbonyl-2-oxo- ! ,2,3,4- tetrahydropyridine 
(7d). Yield 2.49 g (93%), re,p, 239--241 ~ Found (%): C, 
49.78; H. 3.53: N, 7_56; S, 6.22. C22HlyBrCIN304S. Calcu- 
lated (%i: C, 49.41; H, 3.20: N, 7,86; S, 6.00. 

5 - C y a n o - 3 - m e t h o x y c a r b o n y l - 4 - ( 2 - m e t h o x y p h e n y l ) - 6 -  
methylthio-2-oxo-1,2,3,4-telrahydropyridine (7e). Yield 1.25 g 
(75%), re.p. 176--17~ ~ Found (%): C, 579I :  H, 405 ;  N. 
8.49: S. 9.84. C~,HI~N204S. Calculated (%): C, 57.82; H, 
4,85; N, 8.43: S, 9.65. 

5-Cyano-6-ethylthio-  3- methoxycarhonyl -4- (2-methoxy-  
phenyl)-2-oxo-l,2,3,4-tetrahydropyridine (70.  Yield I 14 g 
(66%), m.p. 153--155 ~ Found (%): C, 58.77: H. 5.45: N, 
8.41, S. 9.41. C17HIgN,O4S. Calculated t%): C, 58.94: H, 
5.24: N. 8.09, S, 9.26. 

6-Carbamoylmethylthio-5-cyano-3-methoxyearbonyl-4-(2- 
methoxyphenyl)-2-oxo-l,2,3,4-tetrahydropyridine (7g). Yield 
1.71 g (91%), m.p. 2t 1--213 :'C. Found (%): C, 54.72: H, 4.28: 
N, 11,33: S, 866. CI7HtTN3OsS. Calculated (%): C, 54.3'0: H, 
4,56: N, 11.19: S. 8.54, 

6-(4-  Bromophenylcarbamoylmet hy l th io ) -5 -cyano-3-me-  
thoxycarbonyl-4-(2-methoxyphenyl)-2-oxo- 1,2,3,4-tetrahydro- 
pyridine (7h). Yield 2.31 g 187%). m.p. 223--225 ~ Found 
(%): C. 52.33; H, 4.06: N, 7.68; S, 6.39. C23H20BrN3OsS. 
Calculated (%): C. 52,08: H, 3.80: N, 7.92: S, 6.05. 

5-Cyano-4-(2-methoxyphenyl)-6-methylthio- Z-oxo- 1,2,3,4- 
tetrahydropyridine (8). A. A solution of EtONa prepared from 
Na metal (0.te~ g, 7 retool) and EtOH (10 mL) was added with 
stirring to a suspension ofcompound 7e ( 1.66 g, 5 retool) in 
12 mE of EtOH. The reaction mixture was heated to ~50 ~ 
kept at this temperature for30 rain, and then filtered throt.gh a 
paper filter. After 12 h. the precipitate that formed was isolated 
and washed with EtOH and hexane. 

B. A mixture of salt 9 (I.81 g, 5 retool) and Mel ~,6a) 
(0.31 mL. 5 mmoll in 30 mLof  EtOH was heated to the boiling 
point and filtered through a paper filter. After 12 h, the 
precipitate that formed was isolated and washed with EtOH and 
hexane. Yield (A) 0.86 g (63%), (B) 1,25 g (91%). m.p. 191-- 
193 -~C. Found (%): C, 6].52; H, 5.34; N, 10.03; S, 11.81. 
CI4HI4N202S. Calculated (%): C, 61.29; H. 5.14; iN, 10.21; S, 
1[.69. JR, v/cm-:l: 3200 (NH), 2190 (CN), 1680 (CO). IH 
NMR, ,5 :2 ,53 (s, 3 H, SMe); 2.59 /dd. I H, H(3),  
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Table | .  Spectral parameters ~br compounds la,b and 7a--h 

Corn- IR. v/cm -i  IH NMR, 6, J/Hz 
pound 

ia 315{5 (NH), 2190 {CN), 2.801s. 3 H, NMe); 3.18 {t, 4 H, CH2NCH2, ;J = 4.5): 3.56 
1690, 1735 !CO) (m, 4 H, OMe and H(3)): 3.77 (t, 4 H, CIt2OCH 2. 3 j =  4.5): 

3.97 (d, I H. H(4I, 3 j =  8l; 7.25 and 7.37 (both d, 4 H, Ar, 3 j =  7.2).: 
9.12 (br.s, 1 H, NH) 

Ib 2.76 is. 3 H. NMe): 3.14 it. 4 H, CH2NCH 2, 3j = 4.5); 3,41 
{d, I H. Hi3), 3 j =  4): 3.65 (s, 3 H, COOMe): 3.81 
(m, 7 H, OMe and CH2OCHz); 4.28 (d, I H, H{4), 3 j =  4); 
703--7.26 (m. 4 H, C6H45; 9.12 (br.s, I H, NH) 

7a 2.57 (s. 3 H. SMe); 3.64 (s, 3 H, OMe): 3.97 (d, I H, H(3), 3 j =  8.6); 
4.26 (,d, I H, Hi4), 3 / =  8.6); 7.28 and 7.39 (both d, 4 H, At, 3 j =  7.3): 
10.87 (br.s, I H, NH) 

7b 1.29 (t, 3 H, Me, 3j = 8.2); 3.07 (m, 2 H. SCH2): 3.68 (s, 3 H. OMe): 
3.95 (d, I H, Hi3), 3,/= 8.5); 4.28 (d, I H, H(45, 3j = 8.5): 7.27 and 7.139 
(both d, 4 H. At, 3/ = 7.2): 10.88 (br.s, I H. NH) 

7c 3.63 is, 3 H, OMe): 3.68 and 3.78 (both d, 2 H. SCH?, 2j = 14.5); 3.92 
~d, I H, H~3}, 3 j =  7.2); 4.27 (d, 1 H, Hi4), 3 j =  7.2): 7.28 and 7.39 
{both d, 4 H, At, 3j = 72) ;  7.51 and 7.84 (both br.s, 2 H, NH2): 
11.54 (br.s, 1 H, NH) 

7d 3.64 (s, 3 H, OMe): 3.87 (d, 1 H. H{3L 3j = 7.7): 3.94 (br.s, 2 1-1, SCIt2); 
4.29 (d, I H, H(4). -~J = 7.7); 7.24 and 7.36 (both d, 4 H. 4-CIC6H 4, 3,/= 7.2); 
7.45 :rod 7.5,3 (both d. 4 H, 4-BrC6H 4. 3 j =  7.6); 10.41 (br.s, 1 tt, CONH); 
11.1)8 (br.s, I H, Nit)  

7e 2.53 is, 3 H, SMel: 3.72 (s, 3 H, COOble}: 3.80 (d, I H, H(3), 3 j =  5.9); 
3.88 (s, 3 H, OMe): 4.43 (d, t H, H{4), 3j = 5.9); 6.93 It, ;J  = 6_8), 7.04 
(br.d, 3J = 75), and 730 it, ; j  = 6.8) (4 H, C~,Ha); 10.75 ibr.s, 1 H. NH) 

7f 1.32 {t. 3 H, Me. 3j = 7.8); 3.06 (m, 2 1-1, SCH2): 3.70 (s, 3 H, COOMe/; 
3.78 td. I It. 11(3), 3j = 5.9); 3.87 (s, 3 H, OMe); 4.44 (d, 1 H. t1(4), 
3 j =  5.9): 6.94 (t, ;J  = 7.15, 7.1/4 td, 3j___ 8.2), and 7.32 (t, 3j  = 7.1) 
(4 H, C~H,0. 10.75 (brs ,  I H, NH) 

7g 3.68 !br.s, 5 H, COOMe and SCHq:  3.80 (d, [ H, H(35, -~J= 6.4): 
4_87 {s, 3 H. OMe); 4.45 id. I H, Hi4), 3j = 6.4): 6.93 (t, ~J = 7.3L 
7.02 and 7.08 !both d, 3j = 77),  and 7.31 (t, 3j = 7.35 14 H. C6tt4): 
7.57 and 7.79 (both br.s, 2 H, NH2); 11.34 (br.s, 1 H, NH) 

7h 3.68 (s, 3 it. COOMe); 3.78 id, I H, H(3), 3j = 7.3): 3.85 (s, 3H, OMe); 
3.94 Is, 2 H. SC1"t2~; 4.47 (d. 1 H, Hi4), 3j = 7.3); 6.92 {t, 31 = 7.1), 
7.02 and 7.07 (both d, 3j = 7.6), and 7.31 (t, 3./= 7.1) (4 H, CoH4); 
7.44 and 7.56 (both d, 4 H, 4-BrC~,Ha, 3,/= 7.6); 10,35 ibr.s, 1 tt, CONH); 
10.92 (Or.s. I H, NH) 

3150 {Nit}, 2180 (CN), 
168{?, 174{) (CO) 

321t) {NH), 219() (CN), 
1680. t755 (CO) 

3180 (NH), 2203 (CN), 
1695, 1750 (CO) 

3140--3260 (NH, NH2), 
2204 (CN). 1665. 
1740 (CO) 

3210--3310 (NH), 
2205 (CNL 1680. 
1730, 1755 (CO~ 

3240 (NH), 2200 ((.':"4), 
1675, I750 iCO~ 

3210 {NH), 22{)4 {CN). 
1695, 1750 (CO) 

3210. 3420 (NH, Ntl2}, 
2t95 (CN), 1680. 
1730 {CO) 

3270, 3420 (NH), 
2205 {CN), Ib95. 
1760 {CO) 

2j = 17.2 Hz. 3j= 4.8 )tz): 2.87 (dd, 1 H. Hi3), 2 j =  17.2 Hz. 
-~J = 8.1 Hz}; 3.83 (s, 3 H, OMe); 4.24 (t, I H, H(4), 3j = 6.3 
Hz): 6.91 ( 3 j =  7.l Hz), 7.02 ( 3 j =  6.9 Hz), 7.25 (3j= 7.1 Itz) 
(aft t. 4 H, C6H~}: 10.34 (br.s, I H, NH). 

N-Methylmorpholinium 5-cyano-4-(2-methoxyphenyl)-2- 
OXO: !,.2,3,4-tetrahvdropyridine-6-thiolate (9) was obtained ac- 
cording to the known procedure) (Y]eid  2.82 g (78%},mp .  
148--150 ~ Found (ca): C. 60.07; H. 6.57: N, 11.68: S, 8.91. 
CIsH23N303S. Calculated (%): C, 59.81: H, 6.41: N, I 1.62; S. 
8.87. IR, v/cm-L: 3248 (NHL 2200 (CN). 1680 ( C O ) . ) H  
NMR, 8:2.27 {dd, I H, H(3), 2j = 15.5 Hz, 3j = 3.9 Hz): 2.65 
(dd, I H, H{3}, :J = 15.5 Hz. ~J = 7.8 Hz): 2.80 Is. 3 H, 
NMe); 3.19 (t, 4 H, CH2NCH > 3j = 4.7 Hz); 3.80 (m, 5 H, 
I-t14) and CH2OCH2); 6.80--7.32 {m, 4 H, C0tl,,); 8.54 (br.s. 1 
H, Ni l ) .  
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