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SYNTHESIS  OF 2 , 6 - D I A M I N O - 3 , 5 - D I C Y A N O - 4 - E T H Y L - 4 H -  

T H I O P Y R A N  AND ITS R E C Y C L I Z A T I O N  TO 6 - A M ~ O -  

3 , 5 - D I C Y A N O - 4 - E T H Y L P Y R I D I N E - 2 ( I  H) -THIONE 

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

The triple condensation of propionaldehyde, malononitrile, and cyanothioacetamide gives 2, 6-diamino-3,5- 
dio'ano-4-ethyl-4H-thiopyran, which recyclizes to give 6-amino-3, 5-dicyano-4-ethylpyridine-2(1H)-thione. This 
thione was used to synthesize substituted 2-alkylthiopyridines and the corresponding thieno[2, 3-b]pyridines. 

Alkyl-substituted 3-cyanopyridine-2(IH)-thiones, 3-cyano-2(1H)-pyridones, and their derivatives have been used as 
intermediates in the synthesis of various central nervous system depressants [1], drugs for the treatment of allergic disease [2] 
and cardiac insufficiency [3], as well as antifungal and antibacterial drugs [4]. However, the methods for the synthesis of such 
compounds are limited [5]. We have developed methods for the preparation of previously unreported 2,6-diamino- 
3,5-dicyano-4-ethyl-4H-thiopyran (I) and 6-amino-3,5-dicyano-4-ethylpyridine-2(1H)-thione (II), whose mechanism is given 
in the following scheme. 
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B = Piperidine, morpholine, N-methytmorpholine. IX--XI a Hal - CI, Z-  CONlt2; b CI, 
4-BrC6tl4NHCO; c CI, C6H4NHCO;d Br, 4-BrC6fI4CO; eCI, CN; f CI, COOEt; g Br, C6HsCO; 
h Br, 4-CH3C6H4CO; i CI, COOCH2Ph; i Br, 3,4-CI2C6113CO; k CI, COOPr; l Br, 2-thenoyl 
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The reaction of equimolar amounts of propionaldehyde (III), malononitrile (IV), and cyanothioacetamide (V) in ethanol 

at 25°C leads to the Knoevenagel condensation of C--H acids IV and V with aldehyde III to give substituted acrylonitriles VI 

and VII, which then undergo the Michael reaction with thioamide V or, correspondingly, with nitrile IV. The adduct formed 

(VIII) undergoes intramolecular cyclization to give thiopyran I, which is stable in the crystalline state and in ethanolic solution 

at room temperature. Heating the reaction mixture at reflux leads to opening of the thiopyran ring and formation of 

pyridinethione II (method A), which was also obtained in a single operation by heating a mixture of starting reagents III, IV, 

and V in ethanol at reflux in the presence of N-methylmorpholine (method B). This result indicates, in our opinion, that 

thione II is the product of thermodynamic control, while thiopyran is the product of kinetic control [6]. Similar behavior has 

been found for aryl derivatives of 4H-thiopyridines and 4H-selenopyridines [7, 8]. 

Pyridinethione II in basic media in DMF reacts with alkyl halides (IX) to give sulfides (X), which then undergo the 

Thorpe--Ziegler reaction to give substituted thienopyridines (XI) (method A). Products XI may also be obtained in one step 

from thione II and halides IX in the presence of two equivalents of KOH (method B). The formation of products XI indicates 

the regioselectivity of the alkylation at the sulfur atom. The structure of the products was supported by their spectral data. The 

IR spectra of these compounds show stretching bands for conjugated nitrile groups at 2190-2240 cm-1 and for amino groups 

at 3215-3420 c m -  l The most characteristic PMR signals for pyran I and pyridines II, X, and XI are the signals for the protons 

of the ethyl group at 6 0.87-1.26 ppm (3H, t, CH3) and 2.70-3.14 ppm (2H, q, CH2), amino group at 6 6.81-7.93 ppm (2H, 

br.s, NH2), and alkylthio group in the corresponding regions (Table 2). 

EXPERIMENTAL 

The IR spectra were taken on an IKS-29 spectrometer for Vaseline mulls. The PMR spectra were taken on a Bruker 

WP-100SY spectrometer at 100 MHz in DMSO-d 6 with TMS as the internal standard. The reaction course and purity of the 

products were monitored by thin-layer chromatography on Silufol UV-254 plates with 3:5 acetone--heptane as the eluent. The 

spots were developed with iodine vapor. 

2,6-Diamino-3,5-dicyano-4-ethyl-4H-thiopyran (I). A mixture of 10 mmoles propionaldehyde (III), 10 mmoles 

malononitrile (IV), 10 mmoles cyanothioacetamide (V), and three drops of organic base (B) in 20 ml ethanol was stirred for 

4 h at 20°C. The precipitate formed was separated and washed with ethanol and hexane to give yellow crystalline thiopyran 

in 61% yield, mp 150-152 °C (ethanol). IR spectrum, u, cm-  l : 2185 sh (CN), 3200-3425 (NH2), 1648 (6NH2). PMR spectrum, 

6, ppm: 6.81 (4H, br.s, 2NH2), 2.91 (1H, t, 4-H), 1.51 (2H, m, CH2), 0.87 (3H, t, CH3). Found: C, 52.30; H, 4.72; N, 

27.29; S, 15.69%. Calculated for C9HIoN4S: C, 52.41; H, 4.89; N, 27.16; S, 15.54%. 
6-Amino-3,5-dicyano-4-ethylpyridine-2(1H)-thione (II). A. Three drops of an organic base (B) were added to a 

suspension of thiopyran I in 15 ml ethanol and the reaction mixture was heated at reflux for 1 h. After cooling to room 

temperature, the mixture was brought to pH 4-5 by adding 10% hydrochloric acid and left for 24 h. The precipitate formed 

was filtered off and washed with ethanol and hexane to give thione II in 69% yield, mp 285-287°C (ethanol). IR spectrum, 

~,, cm- l :  3285-3370 (NH2), 2218 sh (CN). PMR spectrum, 6, ppm: 12.73 (1H, br.s, NH), 7.81 (2H, s, NH2), 2.65 (2H, q, 

CH2), 1.21 (3H, t, CH3). Found: C, 52.85; H, 3.88; N, 27.47, S, 15.68%. Calculated for C9HsNaS: 52.92; H, 3.95; N, 

27.43; S, 15.70%. 

B. A suspension of 10 mmoles aldehyde III, 10 mmoles dinitrile IV, and 10 mmoles thioamide V in 15 ml ethanol in 

the presence of three drops of base (B) was heated at reflux for 1 h. After cooling to 20°C, the reaction mixture was brought 

to pH 4-5 by adding 10% aqueous hydrochloric acid with stirring and left stand for 24 h. The precipitate formed was filtered 

off and washed consecutively with ethanol and hexane to give thione II in 60% yield, which was identical in its melting point 

and PMR spectrum to the sample obtained by method A. 

6-Amino-2-Z-methylthio-3,5-dicyano-4-ethylpyridines (Xa-X/). A sample of 5.6 ml (10 mmoles)10% aqueous KOH 

was added with stirring to a suspension of 10 mmoles thione II in 8 ml DMF at 20°C. After 1 min, l0 mmoles alkyl halide 

(IX) was added. The reaction mixture was then stirred for 3 h and diluted with 10 ml water. The precipitate formed was filtered 

off and washed consecutively with water, ethanol, and hexane to give pyridines (Xa-X/), whose indices are given in Tables 

1 and2. 

3,6-Diamino-2-Z-5-cyano-4-ethylthieno[2,3-b]pyridines (XIa-XI/). A. A sample of 5.6 ml (10 mmoles) 10% aqueous 

KOH was added with stirring to a suspension of 10 mmoles 2-alkylthiopyridine X in 10 ml DMF at 20°C and stirred for 4 h. 
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The reaction mixture was then diluted with 10 ml water, The precipitate formed was filtered off and washed with water, 

ethanol, and hexane to give XIa-XI/, whose indices are given in Tables 1 and 2. 

B, A sample of 5.6 ml (10 mmoles) 10% aqueous KOH was added with stirring to a suspension of 10 mmoles thione II 

in 10 ml DMF. After 1 min, 10 mmoles alkyl halide (IX) was added. The reaction mixture was then stirred for 3 h. Then, an 

additional 5.6 ml (10 mmoles) 10% aqueous KOH was added and stirring was continued for an additional 4 h. The mixture 

was diluted with I0 ml water. The precipitate formed was separated and washed consecutively with water, ethanol, and hexane 

to give XIa-XI/, which proved identical in their melting point and IR spectra to the product samples obtained using method A. 

This work was carried out with the financial support of the Russian Basic Research Fund (Project No. 96-02-32012a). 
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