
Chemistry of Heterocycli~ Compounds, Vol. 34, No. 2, 1998 

MICHAEL REACTION IN SYNTHESIS OF 6-AMINO-4- (4 -  

B U T O X Y P H E N Y L ) - 3 , 5 - D I C Y A N O P Y R I D I N E - 2 ( 1 H ) -  

T H I O N E  

V. D. Dyachenko and V. P. Litvinov 

The reaction of 4-butoxybenzalcyanoacetic ester with cyanothioacetamide yielded 6-amino-4-(4-butoxyphenyl)- 

3,5-dicyanopyridine-2(1H)-thione, also synthesized by recyclization of 2,6-diamino-4-(4-butoxyphenyl)-3,5- 
dicyano-4H-thiopyran and condensation of 4-butyoxybenzaldehyde with a two-fold excess of  cyano- 
thioacetamide. Substituted 2-alkylthiopyridines and thieno[2,3-b]pyridines were obtained with the indicated 

pyridinethione. 

Arylmethylcyanoacetic esters react with cyanothioacetamide in the presence of tertiary amines like Michael addition 

with subsequent cyclization of the adducts formed into 4-aryl-6-hydroxy-3,5-dicyanopyridine-2(IH)-thiones [1-3]. When 2- 

thienylidenecyanoacetic ester is used, this reaction takes place as Thorpe dimerization [4] with subsequent heterocyclization 

in situ of the enaminonitrile formed into 4-amino-6-oxo-5-(2-thienylidene)-3-cyano-5,6-dihydropyridine-2(1H)-thione [3]. The 

use of cyanoselenoacetamide as the CH acid results in the formation of 4-aryl-6-oxo-3,5-dicyanopyridine-2(l H)-selenones [5], 

whose structure was established by XSA in [6]. 

In view of the ambiguity of the reactions of arylmethylenecyanoacetic esters with cyanothioacetamide and the broad 

synthetic and biological possibilities of the polyfunctionally substituted 3-cyanopyridine-2(1H)-chaicogenones formed [7], we 

investigated the reaction of 4-butoxybenzalcyanoacetic ester (I) with cyanothioacetamide (II) in the presence of a 1 t,h-fold 

excess of N-methylmorpholine (C), which unexpectedly led to the formation of 6-amino-4-(4-butoxyphenyl)-3,5- 

dicyanopyridine-2(1H)-thione (III). 

In the f'u'st stage, the reaction takes place as Michael addition [4] with the formation of adduct (IV), which 

decomposes into 4-butoxybenzalcyanothioacetamide (V) and cyanoacetic ester, i.e., in the given case, the Michael reaction 

follows the pattern of exchange with methylene components [8]. Acrylonitrile (V) formed in situ reacts with unreacted 

thioamide II, which results in adduct (VI). The latter is heterocyclized in the reaction conditions with elimination of hydrogen 

sulfide and hydrogen and is converted into 6-amino-4-(4-butoxyphenyl)-3,5-dicyanopyridine-2(1H)-thione III with a yield of 

38% on conversion to ester I (method A). Incorporation of a two-fold excess of cyanothioacetamide in the reaction increased 

the yield of target product to 85%, which confirms the proposed mechanism of the reaction examined above. In addition, 

product III can be obtained by the reaction of substituted acrylonitrile V, obtained by Knoevenagel condensation of 4- 

butoxybenzaldehyde (VII) with cyanothioacetamide II in the presence of N-methylmorpholine (method B) or by condensation 

of aldehyde VII with a two-fold excess of cyanothioacetamide II (method C), which also confirms the pathway of formation 

of thione III proposed above. The structure of compound III was demonstrated by spectral studies (see Experimental section) 

and synthesis from thiopyran VIII (method D), obtained in turn by three independent methods; one feature was the 
occurrence of the reactions via the same intermediate adduct (IX): 

T. G. Shevchenko Lugansk State Pedagogical Institute, Lugansk 348011. Ukraine. N. D. Zelinskii Institute of 

Organic Chemistry, Russian Academy of Sciences, Moscow 117913, Russia. Translated from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 2, pp. 213-219, February, 1998. Original article submitted March 17, 1997. 

188 0009-3122/98/3402-0188520.00 �9 Plenum Publishing Corporation 



OBu OBu ] OB~ 0 OBu 

3 .  / J .  L / 

~O S//xNH2J " H,N- " S  IStO 

Hz 

It. B 

l(,lcthod A 

NC 

E lO  ~ 

NC C O O E t  " ~ l ,  B 

Method A " ~  

OBu OBu 

Xl la -  k Vl  

.,~ H a l J - - ~ Z / K O H  1 - H z S '  - H  z 

OBu  - " ~ a - k  OBu 

N - NC CN 

H ~ N X " ~ N . " ~ S  / HzN- ~ 'N  f " S  
H 

X l l l a ,  b Ill 

X IV  a.-r 

OBu OBu 

,  thod  othod c / / 

clio / / 
, . ,  t 

/ 
)Bu 

M e t h o d  D 

It  2 

IX 
I 

M e t h o d  C T If, B 
/ 

OBu 

CN 

Ni l  z 

VI I I  

B = N- me thy l rno rpho l ine  

X I - - X I I  a Hal  - Br, Z - 4-CLC6H4; b Hal  - CI, Z - C H 3 C O O ;  c Ha l  - Br,  Z - P h C O ;  
d Ha l  - Br,  Z - CH2- 'CH;  e Ha l  - CI. Z - NH2CO; f Ha l  - 1, Z - H; g Ha l  - Br,  Z - 4 -BrC6H4CO;  

h Ha l  - Br, Z - 4 -CIC6H4CO;  i Hal  - CI, Z - E t C O O ;  J Ha l  - CI, Z - P h C H 2 C O O ;  

k Ha l  - Br, Z -  2-  oxo  -3-  p y r a n y l c a r b o n y l  ; l Ha l  - CI, Z - P h N H C O ;  m H a l  - CI, Z - CN; 

X l l l a  Z - P h N H C O ;  b Z  - CN;  XIV,  XV a R - 3,4-C1:,C~H3; b R - 2-  oxo  -3- py rany l  ; 

c R - 4-BrC, oH4; d R  - 4 -PhC6H4,  e R - 4-CIC6H4 

by the reaction of 4-butoxybenzalcyanothioacetamide V with malononitrile (method A), cyclocondensation of aldehyde VII 

with cyanothioacetamide II and malononitrile (method B), and the reaction of 4-butoxybenzalmalononitrile X with 

cyanothioacetamide II (method C). 
Pyridinethione Ill is alkylated by halides (XIa-k) in DMF in the presence of an aqueous solution of KOH at the sulfur 

atom with formation of corresponding sulfides (XIIa-k). The use of a two-fold excess of KOH in alkylation of compound III 

results in the formation of substituted thieno[2,3-b]pyridines (XIIIa, b), which corresponds to the general characteristics of the 

chemistry of 3-cyanopyridine-2(1H)-thiones [7]. 
The structure of compound V was demonstrated by spectral methods (see Experimental section) and by obtaining 

thiazoles (XIVa-e) with the Hansch reaction [4]. The structure of compounds VIII, XIIa-k, XllIa, b, and XIV a-e is in 

agreementwith the data from physicochemical and spectral methods of investigation (see Experimental.section and Tables 1-4). 

Convenient methods of synthesis of 6-amino-4-(4-butoxyphenyl)-3,5-dicyanopyridine-2(IH)-thione, used for 

preparation of substituted 2-alkylthiopyridines and thieno[2,3-b]pyridines, were thus developed based on the Michael reaction. 

EXPERIMENTAL 

The PMR spectra ,,,.,ere recorded on a Bruker WP-100 SY (100 MHz) in solutions of DMSO-D 6 with TMS as internal 

standard. The IR spectra were made on an IKS-29 spectrophotometer in liquid petrolatum. The evolution of the reaction and 

purity of the compounds obtained were monitored by TLC on Silufol UV-254 plates in acetone-heptane system (3:5). 
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4-Butoxybenzalcyanothioacetamide (V). Here 2 g (20 mmole) of cyanothioacetamide I1 and 2 drops of N- 

methylmorpholine were added to a solution of 3.5 ml (20 mmole) of 4-butoxybenzaldehyde VII in 15 ~nl of  ethanol at 20~ 

and stirred for 30 min. The sediment of product V formed was filtered off and washed with ethanol and hexane. Yield of  4.9 

g (94%). Yellow crystals. Mp = 131-1320C (from ethanol). IR spectrum: 3300, 3390 (NH2), 2220 ( C - N ) ,  1648 cm - l  

(NH2). PMR spectrum: 9.98 ( IH,  br. s, NH 2) and 9.46 (1H, br. s, NH2); 8.07 (IH,  s; CH=) ;  7.97 d and 7.13 d (at 2H, 

C6H4); 4.09 (2H, t, OCH2); 1.15-1.85 (4H, m, 2CH2); 0.94 ppm (3 H, t, CH3). Found, %: C 64.32; H 6.06; N 10.84; S 

12.49. Ct4Ht6N2OS. Calculated, %: C 64.59; H 6.19; N 10.76; S 12.32. 
6-Amino-4-(4-butoxyphenyl)-3,S-dicyanopyridine-2(1H)-thione (liD. A. Here 1.5 ml (15 mmole) of N-methyl- 

morpholine was added to a suspension of 2.7 g (10 mmole) of ester I and 2 g (20 mmole) of cyanothioacetamide II in 20 ml 

of ethanol, stirred at 20~ for 3 h, and held at the same temperature for 24 h. Then a 10% aqueous solution of HCI was 

added to the reaction mixture to pH 5, it was filtered, and the filtrate was held for 24 h at 20~ The sediment of product III 

formed was filtered off and washed with cold ethanol and hexane. Yield of 2.8 g (85%). Mp = 199-2010C (AcOH). IR 

spectrum: 3145, 3294, 3360 (NH2), 2215 ( C - N ) ,  1643 cm - l  (NH2). PMR spectrum: 12.00 (1H, br. s, NH); 8.24 (2H, br. 

s, NH2); 7.47 (2H, d, Ar) and 7.07 (2H, d, Ar); 4.05 (2H, t, OCH2); 1.30-1.85 (4H, m, 2CH2); 0.95 ppm (3H, t, CH3). 

Found, %: C 63.15; H 4.78; N 17.05; S 10.04. CI7HI6N4OS. Calculated, %: C 62.94; H 4.97; N 17.27; S 9.88. 

B. Here 1 g (I0 mmole) of cyanothioacetamide II and 1.5 mi (15 mmole) of N-methylmorpholine were added to a 

suspension of 2.6 g (10 mmole) of compound V in 15 ml of ethanol at 20~ and stirred for 4 h, then held at room 

temperature for 24 h. Then a 10% aqueous solution of HCI was added to the reaction mixture to pH 5 and it was held for 24 

h at 20~ The sediment of product III was filtered off and washed with cold ethanol and hexane. Yield of  2.9 g (89%). The 

product obtained was identical to the sample synthesized with method A (mp, TLC). 

C. Then 2 g (20 mmole) of cyanoacetamide II and 1.5 ml (15 mmole) of N-methylmorpholine were added to a 

solution of 1.7 ml (10 mmole) of 4-butoxybenzaldehyde VII in 15 ml of ethanol at 20~ stirred for 4 h, and held at the same 

temperature for 24 h. The reaction mixture was treated as described in method B, and 2.4 g (73%) of thione III was 

obtained, identical to the samples synthesized by methods A and B (mp, TLC). 

D. A suspension of 3.3 g (10 mmole) of thiopyran VIII in 15 ml of ethanol was boiled for 4 h in the presence of 1.5 

ml (15 mmole) of N-methylmorpholine. The reaction method was treated according to method B, and 2.2 g .(68%) of 

compound III, identical to the sample synthesized by method A (mp, IR spectrum), was obtained. 

2,6-Diamino-4-(4-butoxyphenyl)-3,5-dicyano-4H-thiopyran (VHI). A. Here 0.66 g (10 mmole) of malononitrile 

and 1 drop of N-methylmorpholine were added to a suspension of 2.6 g (10 mmole) of 4-butoxybenzalcyanothioacetamide V 

in 15 ml of ethanol at 20~ and the reaction mixture was stirred for 4 h. The sediment of product VIII was filtered off and 

washed with ethanol and hexane. Yield of 2.9 g (89%). Mp = 156-158~ (ethanol). IR spectrum: 3192, 3308, 3414 (NrH2), 

2185 sh ( C = N ) ,  1635 cm - I  (NH2). PMR spectrum: 7.14 (2H, d, Ar) and 6.90 (2H, d, Ar); 6.85 (4H, br. s, 2NH2); 4.19 

(IH, s, 4-H); 3.95 (2H, t, OCH2); 1.30-1.84 (4H, m, 2CH2); 0.93 ppm (3H, t, CH3). Found, %: C 62.38; H 5.40; N 

17.51; S 10.01. CI7HI8N4OS. Calculated, %: C 62.55; H 5.56; N 17.16; S 9.82. 

B. Then 1 drop of N-methylmorpholine was added to a suspension of 1.7 ml (10 mmole) of aldehyde VII, 1 g (I0 

mmole) of thioamide II, and 0.66 g (10 mmole) of malononitrile in 15 ml of ethanol at 20~ and stirred for 4 h. The 

sediment of product VIII was filtered off and treated according to method A. Yield of 2.5 g (78%). The product was identical 

to the sample obtained with method A (mp, TLC). 

C. Here 1 g (10 mmole) of cyanothioacetamide and 1 drop of N-methylmorpholine were added to a solution of 2.3 

g (I0 mmole) of 4-butoxybenzalmalononitrile X in 15 ml of ethanol at 20~ and stirred for 4 h. Method A was then 

followed, producing 2.9 g (90%) of compound VIII, identical to the sample prepared with method A (rap, IR spectrum). 

6-Amino-4-(4-butoxyphenyi)-2-Z-methylthio-3,5-dicyanopyridines (XIIa-k). Here 5.6 ml (10 mmole) of 10% 

aqueous solution of KOH was added to a solution of 3.24 g (10 mmole) of thione IIl in 8 ml of DMF while stirring and the 

reaction mixture was filtered through a paper filter into a beaker containing 10 mmole of the corresponding halide XI. The 

mass obtained was stirred for 3 h, then diluted with an equal volume of water, the sediment of product XII formed was 

filtered off and washed with water, ethanol, and hexane. The characteristics of synthesized compounds Xllla-k are reported 

in Tables I and 2. 

3,6-Diamino-4-(4-butoxyphenyl)-2-phenylcarbamoyl-5-cyanothieno[2,3-b]pyridine (Xllla). In succession, 5.6 ml 

(10 mmole) of 10% aqueous solution of KOH and 1.7 g (10 mmole) of ~-chloroacetanilide XI /were  added to a solution of 

3.24 g (I0 mmole) of thione III in 10 ml of DMF while stirring, stirred for 1 h. then diluted with another 5.6 ml of KOH 

solution, and stirring was continued for 3 h. Then the reaction mixture was diluted with an equal volume of water, and the 
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sediment of product XllIa was filtered off and washed with water, ethanol, and hexane. Yield of 3.2 g (71%). Mp = 118- 

120~ (AcOH). IR spectrum: 3210, 3305, 3480 (NH2), 2220 (C=N), 1658 cm -l  (CONH). PMR spectrum: 9.28 (IH, s, 
NH); 7.64 (2H, d, Ar) and 7.15 (2H, d, Ar); 7.25-7.50 (7H, m, Ph and C(6)-NH2); 5.88 (2H, br. s, C(3)-NH2); 4.06 (2H, 
t, OCH2); 1.30-1.85 (4H, m, 2CH2); 0.96 ppm (3H, t, CH3). Found, %: C 65.50; H 4.88; N 15.17; S 7.18. C25H23N502S. 
Calculated, %: C 65.63; H 5.07; N 15.31; S 7.01. 

4-(4-Butoxyphenyl)-3,6-diamino-2,5-dicyanothieno[2,3-b]pyridine (XIIIb) was prepared from thione III and 
chloroacetonitrile XIm by the method described above for compound XIIIa. Yield of 2.9 g (81%). Mp = 238-240~ IR 
spectrum: 3150, 3330, 3478 (NH2), 2198, 2220 (C-N) ,  1640 (NH2). PMR spectrum: 7.96 (2H, br. s, C(6)-NH2); 7.48 
(2H, d, Ar) and 7.18 (2H, d, Ar); 5.37 (2H, br. s, C(3)-NH2); 4.14 (2H, t, OCH2); 2.52-2.92 (4H, m, 2CH2); 1.39 ppm 
(3H, t, CH23). Found, %: C 62.82; H 4.90; N 19.09; S 8.71. CIgHI7NsOS. Calculated, %: C 62.79; H 4.71; N 19.27; S 

8.82. 
3-(4-Butoxyphenyl)-2-(4-R-thiazol-2-yl)-acrylonitriles (XVa-e). Then I0 mmole of c~-bromoketone XIV was added 

to a suspension of 2.6 g (10 mmole) of thioamide IV in 10 ml of DMF at 20~ and stirred for 1 h, then held for 24 h at the 
same temperature. The sediment of product XV formed was filtered off and washed with ethanol and hexane. The 
characteristics of compounds XVa-e are reported in Tables 3 and 4. 

The research was conducted with the f'mancial support of the Russian Fund for Fundamental Research (Project No. 
96-03-32012a). 
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