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ACETOACETANILIDES IN SYNTHESIS OF 4-ARYL-5- 

ARYLCARBAMOYL-6-METHYL-3-CYANOPYRIDINE-  

2(1H)-THIONES 

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

The reaction of acetoacetanilides with arylmethylenecyanothioacetamides leads to 4-aryl-5-arylcarbamoyl-6- 
methyl-3-cyanopyridine-2(1H)-thiones, based on which we have obtained substituted 2-alkylthiopyridines and 

thieno[2, 3-b]pyridines. 

3-Cyanopyridine-2(1H)-thione and its derivatives are an important class of heterocyclic compounds of significant 
interest due to the diversity of their chemical reactions and the possibility of their practical application [1]. This fact, and also 
data on the biological activity of carbamoyl-substituted 3-cyano-3,4-dihydropyridine-2(1H)-thiones [2, 3] encouraged us to 
develop methods for synthesis of 3-cyanopyridine-2(1H)-thiones containing the arylcarbamoyl group. 

We have shown that the reaction of acetoacetartilides (Ia, b) with arylmethylenecyanothioacetarnides (Ha-e) in ethanol 
at 20~ in the presence of a two-fold excess of N-methylmorpholine leads to formation of 4-aryl-5-arylcarbamoyl-6-methyl-3- 

cyanopyridine-2(1H)-thiones (Ilia-e). Probably the reaction occurs through a step of formation of Michael adducts (IV), 
undergoing cyclization to substituted piperidines (V). Under the reaction conditions, the latter lose a water molecule and are 
dehydrogenated, forming the corresponding pyridinethiones IIIa-e. The chemical reactions support the structure of thiones 
IIIa-e, in particular alkylation by halides (Via-x), phenylehloroacetamide, or bromoacetylcoumarin and intramolecular 
cyclization of the 2-alkylthiopyridines formed (VIIt-x) to substituted thieno[2,3-b]pyridines (ViiIt-y). The spectral 
characteristics of the synthesized pyridines (VII-X) also support their structure. Thus the IR spectra of thiones III and their 
derivatives VII, IX, X contain characteristic absorption bands for stretching vibrations of the conjugated nitrile group in the 
2218-2232 cm -1 region. As a consequence of Thorpe-Ziegler cyclization [4], the signals mentioned above disappear in the 
spectra of thienopyridines VIII, which contain absorption bands for stretching vibrations of the amino group at 3200-,3450 
cm- 1. 

The PMR spectra of the obtained compounds III, VII-X contain signals from protons of the aromatic substituents in 
the form of multiplets (see the experimental section and Table 2), a signal from the proton of the amide group at 10.40 ppm 
in the form of a singlet, signals from protons of the methyl group in the form of a singlet in the 2.40-2.60 ppm region, and 
also characteristic signals from protons of alkyl substituents in the corresponding regions of the spectrum (Table 2). From 
comparison of the PMR spectra of compounds VII and VIII, it follows that the signals from the protons of the SCH 2 group 
in the form of a singlet in the 3.75-4.95 ppm region disappear in the spectra of 2-alkylthiopyridines VII on going to 
thienopyridine VIII, whose PMR spectra now contain a signal from the protons of the amino group as a broadened singlet in 
the 5.62-6.74 ppm region, confirming the direction of cyclization. 
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I a A r  1 - 2-CH3OC.6H4, b a r  1 - P h ;  II a A r  2 - 3 , 4 - ( C H 3 0 ) 2 C 6 H 3 ,  b A r  2 - 4 - F C 6 H 4 ,  

c Ar  2 - 4-BrCeH4,  d A r  2 - 4 -C2H50C6H4,  e Ar  2 - 4 - C H 3 0 C 6 H 4 ;  I I I a  A r  1 - 2 - C H 3 0 C 6 H 4 ,  
Ar  2 - 3 , 4 -  (CH30)  2C.6H3; b A r  1 - Ph ,  A r  2 - 4-FC6H4,  c Ar  I - Ph ,  Ar  2 - 4-BrC6H4,  d Ar  1 - P h ,  

Ar  2 - 4-C2H5OC6H4; �9 A r  1 - Ph ,  A r  2 - 4 -CH3OC6H4;  VI, VII, VIII a Ha l  - I, Z -  H ,  Ar  1 - P h ,  Ar  2 - 

- 4 - B ~ 4 ,  bHa l  - Br,  Z - 2-CH3C6H4, Ar  x - P h ,  A r  2 - 4-BrC6H4; c H a l -  I, Z - CH3, A r  I - Ph ,  
Ar  2 - 4-BrC6H4, d H a l  - Br, Z - 4 -BrC6H4CO,  Ar  I - Ph ,  Ar  2 - 4-BrC6H4;  e Ha l  - Cl, 

Z - 4 -BrC6H4NHCO,  At" 1 - Ph ,  Ar  2 - 4-BrC6H4;  f Hal  - 1, Z - H ,  Ar  I - Ph ,  Ar  2 - 4-C2H5OC6H4,  

.g H a l  - I, Z - CH3,  Ar  t - P h ,  A r  2 = 4-C2H5OC6H4;  h H a l  - CI, Z - C O O C H ( C H 3 ) 2 ,  

Ar  I - P h ,  A r  2 - 4 - C H 3 0 C 6 H 4 ;  . i Ha l  - CI, A r l .  Ph ,  Ar  2 - Ph ,  4 - C H 3 O C 6 H  4 ; J H a l  - Br,  

Z -  2-CH3C6H4,  Ar t  - P h ,  Ar  2 - 4 - C H 3 0 C 6 H 4 ;  k Ha l  - I,  Z - CH3, A r  I - P h ,  AJ "2 - 4-CH3OC.6H4, 

t H a l  - Br,  Z = C H - C H 2 ,  Ar  t - Ph ,  AJ "2 =4-CH3OC6H4;  m Hal  ~ Br,  Z = C2H5, A r l .  P h ,  
Ar  2 -4 - -CH3OC6H4 ,  n H a l -  C[, Z = P h N H C O ,  A r  1 = P h ,  A r  2 -  4-CH3OCeI-la,  0 H a l -  I,  Z - H ,  A r  t - 
- P h ,  Ar  2 - 4-CH3OC.6H4, p Hal  - Br, Z - 4 -CIC6H4CO,  A r t .  Ph ,  Ar  2 - 4 -CH3OC6H4,  q H a l  - CI, 

Z - CN, Ar t  - Ph ,  A r  2 - 4 -CH30C6H4;  r H a l  - Br,  Z - P h C O ,  A r t .  Ph ,  Ar  2 - 4 -CH3OC6H4;  

s H a l  - CI, Z -  4 -BrC6H4NHCO,  Ar t  - 2 -CH3OC6H4,  Ar  2 -  3 , 4 - ( C H 3 0 ) 2 C 6 H 3 ;  
Hal  = Br ,  Z = 4-BrC.6H4CO, Ar�94 - Ph ,  AJ "2 - 4 -CH3OC6H4;  .u Hal  = CI, Z - 4 - B r C e H 4 N H C  O,  

Ar  t - P h ,  A r 2 . 4 - C H 3 O C 6 H 4 ;  v Hal  = CI, Z -  CONH2,  Ar t  = Ph ,  Ar  2 - 4 -CH3OC6H4;  

w Ha l  = Cl, Z = C O O E I ,  Ar  1 - Ph ,  Ar  2 - 4 -CH3OC6H4;  x Ha l  - Br,  Z -  P h C O ,  Ar l  - P h ,  
A r 2 . 4 - F C , 6 H 4 ;  y Hal  - Br, Z - 2 - t h e n o y l  Ar 1 - Ph ,  Ar  2 - 4 -CH3OC6H4 

EXPERIMENTAL 

The IR spectra of the compounds were taken on an IKS-29 spectrophotometer in Vaseline oil. The PMR spectra were 
recorded on a Bruker WP-100 SU (100 MHz) in DMSO-D 6 solutions with TMS as the internal standard. The course of the 
reaction and the purity of the compounds obtained were monitored by TLC on Silufol UV-254 in an acetone-heptane system 
(3:5). 

4-Aryl-5-arylcarbamoyl-6-methyl-3-cyanopyridine-2(1H)-thiones (IIIa-e). A mixture of 0.01 moles acetoacetanilide 
Ia, b, 0.01 moles arylmethylenecyanothioacetamide IIa-e, and 2.02 ml (0.02 moles) N-methylmorpholine in 20 ml ethanol 
was stirred for 4 h at 20~ The precipitate formed was separated and then washed with ethanol and hexane. 

6-Methy•-4-(3•4-dimeth•xypheny•)•5-(2-meth•xypheny•carbam•y•)•3-cyan•pyridine-2(•H)-thi•ne 0rlla). Yield 
83%, mp 243-245~ (AcOH). IR spectrum: 2222 (CN), 3290 cm -1 (NH). PMR spectrum: 2.51 (3H, s, CH3); 3.66, 3.74, 
3.77 (3H, 3s, (CH30)3); 7.05-7.55 (7H, m, arom.); 9.73 (1H, s, NHCO); 14.14 ppm (1H, broad s, NH). Found, %: C 
63.60; H 4.91; N 9.49; S 7.20. C23H21N304S. Calculated, %: C 63.43; H 4.86; N 9.65; S 7.36. 
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6-Methyl-5-phenylcarbamoyl-4-(4-fluorophenyl)-3-cyanopyridine-2(1H)-thione (IIIb). Yield 68 %, mp 158-160"C 
(ethanol). IR spectrum: 2228 (CN), 3320 cm -1 (NH). PMR spectrum: 2.46 (3H, s, CH3); 7.00-7.75 (9H, m, arom.); 10.21 
ppm (1H, s, NHCO). Found, %: C 65.89; H 3.77; N 11.60; S 8.93. C,20H~4FN3OS. Calculated, %: C 66.10; H 3.88; N 
11.56; S 8.82. 

4-(4-Bromophenyl)-6-methyl-5-phenylcarbamoyl-3-cyanopyridine-2(1H)-thione fllIe). Yield 70%, mp 269-271 *C 
(AcOH). IR spectrum: 2224 (CN), 3330 cm -I  (NH). PMR spectrum: 2.45 (3H, s, CH3): 7.00-7.25 (5H, m, Ph); 7.35, 7.66 
(4H, 2d, 4-BrC6H4); 10.30 (1H, s, NHCO); 14.38 ppm (1H, broad s, NH). Found, %: C 56.54; H 3.22; N 9.81; S 7.64. 
C20H~4BrN3OS. Calculated, %: C 56.61; H 3.33; N 9.90; S 7.56. 

6-Methyl-5-phenylcarbamoyl-4-(4-ethoxyphenyl)-3-cyanopyridine-2(1ED-thione (Hid). Yield 74 %, mp 242-244 ~ 

(ethanol). IR spectrum: 2230 (CN), 3375 cm -1 (NH). PMR spectrum: 1.29 (3H, t, CH3); 2.45 (3H, s, C(6)-CH3); 4.01 (2H, 
q, CH2); 7.10-7.25 (5H, m, Ph); 6.97, 7.50 (4H, 2d, C(4)-Ar (atom.)); 10.26 (1H, s, NHCO); 14.30 ppm (1H, s, NH). 
Found, %: C 67.92; H 4.84; N 10.89; S 8.06. C22HI9N302S. Calculated, %: C 67.85; H 4.92; N 10.79; S 8.23. 

6-Methyl-4-(4-methoxyphenyl)-5-phenylcarbamoyl-3-cyanopyridine-2(1ED-thione (Hie). Yield 81%, nap 263- 

265~ (ethanol). IR spectrum: 2223 (CN), 3384 cm -1 (NH). PMR spectrum: 2.44 (3H, s, CH3); 3.74 (3H, s, CH30); 7.10- 
7.25 (5H, m, Ph); 6.98, 7.50 (4H, 2d, Cc4)-Ar (atom.)); 10.21 (1H, s, NHCO); 14.18 ppm (1H, broad s, NH). Found, %: 
C 67.24; H 4.37; N 10.95; s 8.63. C2~H~7N302S. Calculated, %: C 67.18; H 4.56; N 11.19; S 8.54. 

4-Aryl-5-arylcarbamoyl-6-methyl-2-Z-methylthio-3-cyanopyridines (VIIa-x, IX, X). A 5.6 ml portion (0.01 moles) 

of a 10% KOH aqueous solution was added with stirring to a suspension of 0.01 moles of the corresponding pyridinethione 
IIIa-e in 10 ml DMF. After 1 min, 0.01 moles alkylhalide VIa-x or phenylchloroacetamide or bromoacetylcoumarin 
respectively was added. The reaction mixture was stirred for 2 h, then 10 ml water was added. The precipitate formed was 
separated and washed with water, ethanol, and hexane. Compounds VIIa-x, IX, X were obtained (Tables 1 and 2). 

3-Amlno-4-aryl-5-arylcarbamoyl-6-methyl-2-Z-thieno[2,3-b]pyridines (VIIIt-y). A. A 5.6 ml portion (0.01 moles) 
of a 10% KOH aqueous solution was added with stirring to a solution of 0.01 moles of the corresponding pyridine VIIt-y in 
15 ml DMF. The reaction mixture was stirred for 4 h, then 15 ml water was added. The precipitate formed was separated 
and washed with water, ethanol, and hexane. Compounds VIIIt-y were obtained (Tables 1 and 2). 

B. A 5.6 ml portion of a 10% KOH aqueous solution was added with stirring to a suspension of 0.01 moles of the 
corresponding thione IIIb, c, e in 15 ml DMF. After 1 rnin, 0.01 moles alkylhalide VIt-y was added to the reaction mixture. 
After stirring for 30 rain at 20~ 5.6 ml of a 10% KOH aqueous solution was again added to the reaction mass and it was 
stirred for 4 h longer. Water (15 ml) was added to the reaction mixture. The precipitate formed was separated and then 

washed with water, ethanol, and hexane. Compounds VIIIt-y were obtained (Tables 1 and 2). 
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