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T H I E N Y L M E T H Y L E N E C Y A N O T H I O A C E T A M I D E  

AND 2-ACETOACETOTOLUIDIDE IN T H E  

SYNTHESIS OF SUBSTITUTED DI- AND 

TETRAHYDRO-3-CYANOPYRIDINE-2-THIOLATES 

S. G. Krivokolysko, V. D. Dyachenko, and V. P. Litvinov 

Substituted di- and tetrahydro-3-qvanopyridine-2-thiolates, used in the synthesis of the corresponding 
2-(thiazol-2-yl)acl3,1onitriles and partialh; hydrogenated 2-al~Tlthiopyridines, were obtained .[)'om 
thielTvlmetlLvlenecyanothioacetamide and 2-acetoacetotoluidide in the presence o['N-metlTvhnorpholine or 
piperidine. 

We have previously developed [1, 2] suitable methods for the preparation of N-methylmorpholinima 
5-arylcarbamoyl-3-cyano-6-methyl-4-(2-thienyl)-l,4-dihydropyridine-2-thiolates and have studied their reactions 
with various substituted methyl halides. The corresponding tetrahydropyridine analogs were not isolated. Taking 
this into account, we have investigated in this work the influence of organic bases (N-methylmorpholine and 
piperidine) on the reaction of thienylmethylenecyanothioacetamide (I) with 2-acctoacetot01uidide (II) (Scheme 1). 

The reaction of toluidide 11 with the unsaturated nitrile I in the presence of piperidine gives piperidinium 
tetrahydropyridinethiolate IIIa. The analogous N-methylmorpholinium salt IlIb is obtained when 
N-methylmorpholine is used in place of piperidine. Compound IlIb easily loses water in solution and is stabilized 
as the substituted dihydropyridinium salt IV. A similar process occurs during the recording of the ~H NMR 
spectrum of salt IIla in DMSO-d~,. 

Substituted 2-acyhnethyl-l,4-dihydropyridines VIa-i have been obtained by treatment of DMF solution 
compound IV with the halides Va-i. The corresponding tetrahydropyridines VIIa-e have been obtained by the 
reaction of thiolate Ilia with compounds Va,j-m in ethanol. The ~H NMR spectra of the latter (VIIa-e) contain 
double set of signals for all protons indicating that a mixture of diastereoisomers is formed. The spin-spin coupling 
constants of the 4-H and 5-H protons of both the major and minor products are each equal to 12 Hz (Table I). This 
value of coupling constant indicates that these protons may have trans-diaxial orientation [3]. 

Tetrahydropyridines Vlla-c,e are quite stable and can be recrystallized from butanol. Heating of compound 
VIIa in glacial acetic acid causes its dehydration to the corresponding dihydropyridine derivatives Vla. On 
prolonged contact with DMF compound Vlld is converted to substituted thiazole Vllla, probably via an unstable 
intermediate of type IX. The same process occurs in ethanol, but addition of aqueous KOH shortens the reaction 
time and increases the yield of the end product Villa. These results permitted the development of a suitable 
method for the synthesis of thiazoles VIll by the reaction of the salt llIa with the o~-bromo ketones Vb-e,l,n-r in 
ethanol in the presence of equimolar quantity of 10% aqueous KOH (Scheme 2). The structures of products VIII 
correspond to spectroscopic results. However they were also independently synthesized from compounds 
Vb-e,l,n-r and nitrile I in DMF as described elsewhere [4]. 
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TABLE 1. IR and tH NMR Spectroscopic Data for the Compounds 
Synthesized 

Com- IR spectrum, v, cm "t PMR spectrum, 8. ppm, SSCC (,)'), Hz 
pound 

I 2 3 

Via 

Vlb 

Vie 

VId 

Vie 

VIf 

VIg 

Vlh 

Vii 

Vlla 

Vllb 

Vllc 

Vlld 

Vile 

3240-3360 (2NH, 
NH:), 2205 (CN), 
1635. 166(I. 1720 
(CO) 
3270 (2NH). 2203 
(CN), 1659, 1682 
(CO) 
3306 (2NH). 2201 
(CN), 1644. 1670 
(CO~ 

3285 (2NH), 2200 
(CN), 1620. 1650, 
1680 (CO) 
3290 (2NH), 2187 
(CN), 1630. 1650, 
1680 (CO 

3285 (2NH), 2186 
(CN), 1625. 1650, 
168(] (CO) 

3285 (2NH), 2200 
(CNk 1640. 1657, 
1680 (CO) 

3240-3315 (2NH), 
21911 (CN), 1605. 
1635. 1665. 1720 
ICO) 
315(I-3390 (2NHk 
218(I (CN). 1604, 
1650 [CO) 

3300. 3525 (2NH. 
NH:, OHk 2186 
(CN). 1590, [665 
(CO) 

3300, 3535 (3NH, 
OH), 2186 (CN), 
1560. 1660 (CO) 

3300. 3450. 3525 
{3NH, OHk 2203 
(CN), 1690 (CO) 

3330. 3410 (2NH, 
OH). 2166, 
2180 sh (CNI, 
15911, 1680 (CO) 

3325 (2NH. OH). 
2195 (CN), 1670 
(CO) 

1.97 (3H, s, 6-CH0; 2.15 (3H. s, CHsC,H..): 3.72 (2H, q. SCH.,): 5.10 
( I H. s, 4-H); 6.92-7.41 (7H, m, CH~C,H.. and 3H.h,r 7.59 and 7.90 
(2H. br. s, br. s, CONH,); 9.12 (I H, s. NH); 10.09 (I H, s, CONH) 

1.96 13H, s, 6-CHs): 2.12 (3H, s, CHsC,Ha): 4,73 (2H, s, SCH_,); 5.07 
(I H, s, 4-H): 6.90-7.50 (7H. m, CH,C~.H4 and 3H.h,o,,i); 7.80 and 7.95 
14H. d, d, BrC~,H~); 9.13 I 1 H, s, NH)" 9.23 ( I H, s. CONH) 

2.09 (3H. s, 6-CHd: 2.55 (3H. s, CHsC.H.,): 4.75 (2H. s. SCH_,): 5.1(I 
(I H, s, 4-H): 6.93-7.55 (7H. m, CH3C,,Ha and H.h,,~yl): 7.64 and 8.01 
(4H, d, d, C[C,,H.0:9.25 (I H, s, NH), 9.66 [ I H. s. CONH) 

1.98 (3H, s, 6-CH0; 2.14 (3H, s, CH~C~Ha)" 4.76 (2H. s. SCH:): 5.07 
( I H, s, 4-H): 6.90-7.50 and 8.09 ( I I H. m, q, CHxC,,H~. 3H, ,~ ,  and 
FC~,H.,): 9.12 ( I H, s, NH): 9.22 ( 1H. s, CONH) 

1.98 (3H, s, 6-CHs): 2.13 (3H, s, CH~C,I-h)" 2.38 (3H. s, CH~C,,H~): 
4.75 12H, s. SCH,), 5.07 (I FI, s, 4-Hi: 6.90-7.12 (TH, m. CH~C,,Lh 
and 3Ha,,=,~)" 7.41 and 7.90 (4H. d. ek CH~C,__Ha): 9.14 ( I H. s, NH): '-).22 
( I H, s, CON H) 

1.98 (3H, s, 6-CH~)" 2.14 (3H, s. C_.HsC,FI4): 4.82 (2H, s. SCH_-)" 5.09 
( I H, s, 4-H): 6.90-7.80 (I 2H, m, CH~C~Ha, 3H,h.~,~ and C,,H~)" 7.87 
mad 8.09 (4H, d. d, C~,H~C~I-I~): 9.12 (I H, s. NH); 9.24 ( I H. s, CONH) 

1.98 (3H, s, 6-CHq: 2.14 (3H, s, CHsC~H..)" 2.33 and 2.41 (6H. s, s. 
(CH_O,C~,H3): 4.66 (2H, q, SCH:)" 5.06 ( I H, s, 4-H): 6.90-7.75 ( 10H, 
CHaC,Ha, 3H.h,myl and (CH~).,C.Hs)" 9.10 (1H. s. NH)" O. 19 (IH. s, 
CONH) 

1.98 (3H, s, 6-CHs): 2.15 (3H, s, CH~C~H,): 3.66 (3H. s. COOCH~); 
3.98 (2H, q. SCH,): 5.11 (I H, s, 4-H)" 6.92-7,14 and 7.42 (7H, m, d, 
CH~C.,H.. and 3 H,hio,,0:9.13 ( I H. s, NH): 9.27 ( I H, s. CONH) 

2.01 (3H. s, 6-CH3); 2.17 (3H, s, CH,C~,H~): 2.53 (3H. s. SCHd: 5.06 
( I H, s. ~H)"  6.9 I-7.42 (7H, m, CH~C,,H., and 3 H,h,~,,0: 9. I 5 (I H, s. 
NH)" 9.19 (IH. s. CONH) 

1.38"" and 1.57 (3H, s. s, 6-CHs)" 1.93 and 1.95*z(3H, s, s, 
CHjC,Ha)" 2.73 and 2.98""(I H, d, d. ~.I = 12, s J =  12, 5-H): 
3.55-3.82 (2H. m, SCH.,): 4.22* and 4.30 (I H, d. d. ~J= 12, ~.I= 12, 
4-H)" 5.83 and 6.49""(I  H, s, s, OH); 6.90-7.47 (TH. m, CH~C,,H-. 
and 3Hth,~l): 7.55, 7.59 .2, 7.85 and 7.91.2 (2H, br. s. br. s, br. s, br. s. 
CONH.,); 8.42*-" and 8.80 ( 1H. s, s, NH): 8 .94"  and 0.24 ( I H, s. s, 
CONH) (7 : I)*s 

1.40 *2 and 1.60 (3H. s, s, 6-CH31" 1.94 and 1,96": (3H, s. s. 
CH~C,,H4): 2.77 and 3.00*" ( I H. d, d. ~,I = 12, sJ = 12, 5-H): 3.88 
(2H, s, SCHz); 4.24 *z and 4.40 ( 1 H, d, d, s./= 12, ' J  = 12, 4-H); 
5.86 and 6.49*" ( 1 H, s, s, OH): 6.95-7.43 and 7.59 ( 12H, m, d, 
CHsC,.H~, C~,H~ and 3Hm,~,,i): 8.05 *2 and 8.37 ( [ H, s, s. NH); 8.96*" 
and 9.25 ( 1 H, s, s, 5-CONH): 10.4 ( I H, s, CONH) ( 12 : I )*~ 

1.39" and 1.59 (3H. s, s. 6-CHs): 1.94 and 1.97": (3H. s, s, 
CH___~Ct, H~)" 2.75 and 2.99*" ( 1 H, d, d, sJ = 12, ~.1 = 12, 5-H): 3.90 
(2H, s, SCHD: 4.23*: and 4.40 (I H, d, d, sJ = 12. ~J= 12, 4-H): 5.83 
and 6.45*" ( I H, s, s, OH); 6.95-7.60 ( 11 H, m, 2CHsC,M4 and 
3H,h.~,91; 7.95*: and 8.29 ( I H, s, s, NH): 8.94*" and 9.24 (I H, s, s, 
5-CONH): 10.50 (I H, s, CONH) (7 : 1 )*~ 

1.35": and 1.59 (3H, s, s, 6-CHO: 1.95 (3H. br. s. CI-hC,,H,): 2.75 
and 2 . 9 8 "  (IH, d, d, sJ = 12,~J = 12, 5-H); 4.25": and 4.38 (IH, d, d, 
3 j =  12, ~J= 12, 4-H); 4.73 and 5 . 1 0 "  (2H, br. s, m. SCH,): 5.73 
and 6.20*: ( I H, br. s and s, OH); 6.95-7.80 and 8.00 (12H, m, d, 
CH~C,,FI~, C~,H~ and 3Ha,~,~ )" 9.19 ( I H. br. s, NH): 9.72 ( I H, br. s, 
C O N H ) ( 1 8 :  I) .3 

1.27 (3H, t, CH_jCH,S); 1.39"-" and 1.57 (3H, s, 6-CHd: 1.04 (3H, s, 
CFlaC,H4); 2 .73.2.90 and 3.12 (3H, d, m, m, ~J = 12, 5-H and 
CHsCH_.2,S): 4.26 *~' and 4.40 (I H, d, d, 3j = 12, ~.I = 12, 4-H), 5.73 and 
6.20 *2 (1H, s, s, OH); 6.95-7.[8 and 7.42 (7H, m, m, CH~C,H.~ and 
3H,h,~)O; 7.60 *2 and 7.84 ( 1 H. s. s, NH); 8.89*: and 9.23 ( I H, s, s, 
CONH) (14 : 11.3 
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TABLE 1 (continued) 

I 2 3 

Vil la  

Vl l lb  

VIl lc  

Vl l ld  

Vl l l e  

V l l l f  

V l l l g  

Vl l lh  

Vi l l i  

VHIj 

2215 (CN) 

2204 (CN) 

22OO (CN) 

2185 (CN) 

2175 (CN) 

2170 (CN) 

2180 (CN) 

2180 (CN) 

220O (CN) 

2180 (CN) 

7.43 and 8.01 (8H, m, m, C~,H~ and 3H,h,~0" 8.25 (I H, s, Hth~olrl); 
8.60 (IH,  s, CH=)  

7.33.7.68 and 7.95 (7H, t, d. m, BrC,,H.j and 3Hth,=>0:8.32 ( I H, s, 
Hth,.,,ob0; 8.60 ( IH,  s, CH =) 

7.31 and 8.06 (7H, m, m, FC~,H.z and H~,,=9); 8.22 ( I H, s. Hth,~oiyl); 
8.59 ( I H, s, CH =) 

7.32, 7.54 and 8.04 (7H, t, d. m, CIC~,I-[4 and 3H,h,~0:8.31 ( l H, s, 
H,h,~,,t~d: 8.60 ( I H. s, CH =) 

7.32, 7.68, 7.93-8. I 0, 8.21 (6H, t, d, m, d, (CH~J2C&H_~ and 3I-lth.~yt): 
8.37 ( 1 H, s. Htl~i.azc, lyl): 8.55 ( [ H, s. CH=} 

7.38-8.04 (7H, m, 4H~, .~y~ and 3H,h,~,): 8.47 ( 1H. s, Hth~az,,lyl): 8.50 
( I H. s, CH=); 8.74 ( I H. s, I"l~,,~,yt) 

3.89 (3H, s, OCH3); 7.17-8.(14 and 8.22 (7H, m. d, C~,H.I and Ha,i~yt)" 
8.19 ( I H, s, H~h=zoty0:8.57 ( I H. s, CH =) 
0.90, 1.53 and 2.60 (9H. t, m. t. CsHo): 7.32 and 7.92 (7H. m, m. 
C,,H.j and 3H,h,~r0" 8.16 ( I H. s, H~h,~019): 8.58 ( 1 H, s. CH=) 

0.90 and 2.13 (5H. m. m, C~H~): 7.29, 7.91 and 8.03 (3H. t. d, d. 
3H,h,~0; 7.38 ( I H. s. H,h,~.~,0; 8.40 ( I H, s, CH =) 

2.36 (3H. s. CH~): 7.30 and 8.00 (7H. m. m. C~,H.~ and 3Htu,~r0:8.19 
(1 H, s, H,,,~,olyd: 8.60 ( I H, s, CH=) 

* Hthienyl, Hthiazolyl, H ...... . i .yl- thienyl, thiazolyl, and coumarinyl protons 
respectively. 
.2 Signal of  the minor diastereoisomer. 
.3 Ratio of intensities of the signals of the major and minor 
diastereoisomers. 

EXPERIMENTAL 

~H NMR spectra of  compounds Ilia, V, VI were recorded on a Bruker WP-100 SY, compound VIId on a 
Bruker WM-250, and compounds VlIa-c,e on a Bruker AM-300 instruments in DMSO-d6 and with TMS as 
internal standard (1:2 mixture of DMSO-d6 and CDCI3 was used for salt Ilia to avoid its dehydration and 
decomposition). IR spectra of  Nujol mulls were recorded on an IKS-29 spectrophotometer. The course of  the 
reactions and the purity of  the products were monitored by TLC on SilufoI UV-254 plates with 3:5 acetone-heptane 
as eluent. Characteristics of  the compounds synthesized are given in Tables 1 and 2. 

Piperidinium 3-Cyano-6-hydroxy-6-methyl-5-(2-methylphenyl)earbamoyl-4-(2-thienyl)- 1,4,5,6- 
tetrahydropyridine-2-thiolate (llla).  Mixture of nitrile 1 (1.94 g, 10 mmol), anilide II (1.91 g, 10 mmol), and 
piperidine (1.48 ml, 15 mmol) in ethanol (20 ml) was stirred at 20~ for 3 h. The precipitate of  Ilia was filtered 
off, and washed with ethanol and acetone. Yield 4.41 g (88%), m.p. 150-152~ IR spectrum: 3165-3300 (2NH, 
OH), 2190 sh, 2162 (CN), 1670 cm l (CO). ~H NMR spectrum: 1.65 (6H, m, 3CH2); 2.03 (3H, s, 6-CH3); 2.31 (3H, 
s, CH3); 2.80 (IH, d, 3j=  12 Hz, 5-H); 3.02 (4H, m CH2NCH_,); 4.40 (IH, d, 3,/= 12 Hz, 4-H); 5.64 (IH, s, OH); 
6.90-7.30 and 7.60-7.90 (7H, two m, C~,Ha and thienyl); 8.74 (IH, s, NH); 8.84 ppm (IH, s, CONH). Found, %: 
C 60.88; H 6.13; N 11.62; S 13.48. C24H30N40_,S2. Calculated, %: C 61.25; H 6.42; N 11.90; S 13.63. 

N-Methylmorpholinium 3-Cyano-6-methyl-5-(2-methylphenyl)carbamoyl-4-(2-thienyl)-  1,4- 
dihydropyridine-2-thiolate (IV) was obtained as for IIIa with N-methylmorpholine (t.51 rrd, 15 retool) in place 
of  piperidine. Yield 3.66 g (78%); mp 280~ (decomp.). IR spectrum: 3150-3255 (2NH), 2180 (CN), 1650 cm "l 
(CO). JH NMR spectrum: 1.95 (3H, s, 6-CH3); 2.48 (3H, s, CH3); 2.50 (3H, s, NCH3); 2.81 (4H, m, CHzNCH2); 
3.69 (4H, m, CHzOCH2); 4.82 (1H, 4-H); 7.13, 7.44 and 7.87 (7H, two d, C_,H4 and thienyl); 8.44 (IH, s, Nit); 9.72 
ppm (IH, s, CONH). Found, %: C 61.28; H 6.44; N 11.62; S 13.46. C24H28N402S2. Calculated, %: C 61.51; H 6.02; 
N 11.96; S 13.68. 
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TABLE 2. Characteristics of Compounds Vla-i, VIla-e, and VIIIa-j 

Corn- Empirical 
pound formula 

Via C2t H2oNaO2Sz 

Vlb C2"IH.~2BrN ~O.,$2 

V lC C27H22C l N~O2S2 

Vld C27H22I:'N30.~O2 

Vie C2sH~:~N30~_S2 

Vlf C33H~TN302S~ 

Vlg C29Hr~N:~O2S.~ 

Vlh C22H21N~O3S., 

Vii C2oHtoN3OS: 

Vlla C2tH22NaO3S2 

Vllb C27H26N,IO352 

VIIc C:TH25BrN403S: 

Vlld C27H25N303S2 

Vile C2tHz.~N30_,S2 

Vllla C i~,H toN,.S2 

Vlllb C~H~BrN2S: 

Vlllc CI~,HgFN2Sz 

Vllld CL,HoCIN2S~ 

Vllle C,~H,~CI2N_~S, 

VIIlf C~oH~oN20~_S., 

Vlllg CkTH~:N2OS., 

Vlllh C2oH~sN2S: 

Vllli CI3bI~oN2S2 

Vlllj C :H ~_,N2S_, 

Calculated, % 

Found, % mp ~ Yield, % 
(recrystalliza- (method of 
tion solvent) preparation) 

254-256 73 (A) 
(AcOH) 85 (B) 
211-213 74 
(butanol) 
208-210 81 
(butanol) 
197-198 64 

(butanol) 
221-223 75 
(AcOH) 
178-180 88 

(butanol) 
222-224 61 
(butanol) 
156-158 83 
(ethanol) 
185-i87 67 
(AcOH) 
221-223 78 
(butanol) 
255-257 74 
(butanol) 
264-266 89 
(butanol) 
216-218 61 

171-173 64 
(butanol) 
156-158 61 (A) 

(butanol) 91 (B) 
78 (C) 

175-177 85 (B) 
(butanol) 78 (C) 
176-178 77 (B) 

(butanol) 66 (C) 
173-175 93 (B) 

(butanol) 86 (C) 
195-197 74 (B) 

(butanol) 71 (C) 
215-217 94 (B) 
(butanol) 89 (C) 
153-155 67 (B) 

(butanol) 63 (C) 
111-112 77(B) 

(butanol) 74 (C) 
105-107 60 (B) 

(butanol) 57 (C) 
157-159 78 (B) 

(butanol) 77 (C) 

3-Cyan•-6-methy•-5-(2-methy•pheny•)carbam•y•-2-Z-methy•thi•-4-(2-thieny•)-••4-dihydr•pyridines 
(Via-i). Method A. Halo ketone Va-i (10 mmol) was added to a stirred solution of salt IV (4.69 g, l0 mmol) in 
DMF (20 ml), the mixture was stirred for 30 rain, then water (10 ml) was added. The precipitate was filtered off, 
washed with water, ethanol, and hexane to give compounds VIa-i. 

Method B. Tetrahydropyridine VII (2.22 g, 5 retool) was heated in glacial acetic acid (30 mi) until it 
dissolved completely. The precipitate which formed over 12 h was filtered off and washed with ethanol and 
hexane to give compound Via ( 1.8 g, 85%) identical (mp, tH NMR spectrum) with a sample produced by method A. 
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3-Cyan•-6-hydr•xy-6-methy•-5-(2-methy•pheny•)•arbam•y•-2-Z-methy•thi•-4-(2-thieny•)-••4•5•6- 
tetrahydropyridines (VIla-e) were obtained by method A as described for VI from salt Ilia (4.71 g, 10 mmol) 
and halo ketone Va,j-m (10 mmol) in 80% ethanol (30 ml). 

2-(4-R-Thiazol-2-yl)-3-(2-thienyl)- acrylonitriles (VIIIa-j). Method A. Solution of tetrahydropyridine 
VIIc (2.52 g, 5 mmol) in DMF (20 ml) was kept at room temperature for 12 h. The precipitate of product VIIIa was 
filtered offand washed with ethanol and hexane. 

Method B. 10% Aqueous KOH (2.8 ml, 5 mmol) and r ketone Vb-e,l,n-r (5 mmol) were added to 
stirred suspension of salt IV (2.35 g, 5 mmol) in ethanol (30 ml). The precipitate of product VIII which formed 
after 10 rain was filtered off and washed with ethanol and hexane. 

Products VIIIa-j were synthesized by a known method [7] from nitrile I (0.97 g, 5 mmol) and the 
corresponding bromide VIb-e,l,n-r (5 mmol). 

Samples of the same structure made by different methods were identical in rap., IR spectra, and ~H NMR 
spectra. 

This work was performed by financial support from the Ukraine Ministry of Education (code l~K 1170) 
and the Russian Fund for Fundamental Research (project # 96-03-32012a). 
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