
3. The structure of bis[6-(l-adamantyl)-3-cyanopyrid-2-yl] disulfide has been con- 
firmed by an x-ray structural examination. 
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CONDENSED PYRIDINES. COMMUNICATION 4.* 

THE MICHAEL REACTION IN THE SYNTHESIS OF SUB- 

STITUTED 3-CYANOPYRIDINE-2(IH)-THIONES 

Yu. A. Sharanin, A. M. Shestopalov, 
V. Yu. Mortikov, S. N. Melenchuk, 
V. K. Promonenkov, B. M. Zolotarev. 
and V. P. Litvinov 

UDC 542.91:547.825 

The only report of the use of the Michael reaction in the synthesis of substituted 3- 
cyanopyridine-2(iH)-thiones is in the preparation of 4,6-diaryl-3-cyanopyridine-2(iH)-thiones 
[2, 3]. These were obtained by reacting cha!cones with cyanothioacetamlde (I), to give, de- 
pending on the reaction conditions and the catalyst used~ either substituted 3-cyanopyridine- 
2(iH)-thiones [2], or their hydrogenated analogs [3]. 

We here describe an examination of the reaction of arylidenemalononitriles (II) with 
(I), or arylidenecyanoacetamides (llI) with malononitrile (IV), and ethyl cyanoacetate (V), 
and of arylidene derivatives of ethyl cyanoacetate (VI) with (I). Some new reactions of the 
Michael adducts formed have been observed. For example, in the reaction of (I) with (II) in 
the presence of an organic base, the previously unknown thioamides of 3-aryl-2,4j4-tricyano- 
2-butenoic acid (VII) were obtained via the Michael adduct (VIII). The formation of (VIII) 
was confirmed by the fact that the reaction between (III) and (IV) also gave the thioamlde 
(VII). 

We have shown that the thioamides (VII) react with ketones (IX) containing a methyl or 
methylene group in the ~ position to give pyridinethiones (X). The reaction appears to pro- 
ceed via the formation of the Michael adducts followed by elimination of malononitrile (IV) 
and intramolecular cyclization of the intermediate (XI). 

*For communication 3, see [I]. 

N. D. Zelinskii Institute of Organic Chemistry~ Academy of Sciences of the USSR, Moscow. 
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimlcheskaya, No. I, pp. !53-159, 
January, 1986. Original article submitted August 2, 1984. 
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TABLE 3. 
c, d) 

Mass Spectra of 3-Cyanopyridine-2(iH)-thiones (Xa, 

Com- I poun d Mol. wt. m/z (intensity, %). WM,% 

(Xa)) 

(xe) 

(x-d~ 

226 

240 

306 

229(1.), 228(7), 227(22), 226(i00), 225(7i), 224(3), 2i.i(7) 
i94(7), t93(6), i92(5), i91(3), i82(8), 167(3), 166(7), 
165(3), 164(3), t4i,(3), 140(9), t39(5), i28(4), 127(3), 
t15(3), i14(3),113(7),i12(3),i02(3),77(4),76(3),51(8),  
39(5) 
243(i.), 
213(3), 
.too(a), 
14~ (3), 
309(3), 
272(7), 
~40(7), 

242(8), 241t(22), 2~0(1~09), 2~9(85), 225(t.), 224(2), 
2i2(7), 2t1(5), 207(3), 206(2), 205(6), 18t(3), 
179(4), 1q7(3), i68(2), t.53(3), i52(4), 15t(4), 

i40(8), 127(3), i19(4), t i2(4),  77(5),76(3),39(3) 
308(9), 307(26), 306(t00), 305(47), 274(2), 273(4], 
270(4), 262(7), 247(3), 246(5),. 245(7), 226(4), 
95(.4), 77(3), 5f(3) 

38,3 

42,4 

56,3 

The thioamide IR spectrum contains absorption bands of the thioamide group in the region 
3204-3450 (vNH2) and 1618-1648 cm -I (bNH2), and also high-intensity valence vibration bands 
of the nitrile group in the region 2184-2190 cm -*, with the shoulder located at 2140-2148 
cm -*. It should be noted also that within the PMR spectra the proton signal for the CH group 
of these compounds is mixed in the strong polar region (6 4.24-4.32 ppm) as compared to the 
position of the proton signal of the methylene group of cyanothioacetamides (I) in Table i, 

The structures of the pyridinethiones (X) were confirmed by their elemental analyses 
and their IR and PMR spectra (Table 2). We have also examined the behavior of the pyridine- 
thiones (Xa, c, d) under electron impact, It was found that the intensities of the molecu- 
lar ions of these compounds are at a maximum, but the stability to electron impact (W M) is 

CN 

I Ar Rlc  r Ar I ArCH----C NC [ CN I R 1 [ CN R' [ CN 
\ _~[(NC4CH--CH--CH--CSNH2] --~ \ ~ /  ~,-co(Ix)>l \ ~ ' ~ /  -+ \ / 

(II) 
[ k Ar aN J NC CSNH~ l / %  / %  

CN L R~ o N S R ~ /  ~%S 
/ Cg~(cs)~ (IV) [ (VIII) ArCH=C (VIl) H2 H 
\ (XI) (X) 

(III) CSNH, 
( I I ) ,  ( I l l ) ,  ( V I I ) :  A r  = C6H~ (a);.  A r  ---- 4-F.C6H4{fi);  A r  = 4-C1CeH4 ( c ) ;  
A r  ---- 4-BrCeH 4 (a). 
( IX) :  l~ 1 = H ,  1~ 2 = CH 3 (a);  l~ 1 = n 2 = CH 3 (6); ~1 __ 1~2= (CH2)4 (c ) ;  

R 1 = CHACO, R 2 - -  CHa (d); R 1 = H,  R ~ = 4-FCsH4 ( e ) ;  

(X) :  R 1 = H ,  R ~ = CH3, A r  = C6H5 (a); R 1 = H ,  R 2 - -  CH3, 

.Ar  = 4-FC6Ha (b); R 1 = R 2 ---- CH3, A r  = C6H5 (6); 
R ~ = H ,  R 2 ---- 4-FC~Ha,  A r  ---- C~H~ (d); R ~ -  R ~ --~ (CH2)~, 
A r  = 4-BrC6H~ (,e); R ~ ---- CHACO, R 2 = C H a ,  A r  = 4-C1C6H~ (g). 

insufficiently great, falling within the range 38.3-56.3. The principal mode of fragmenta- 
tion of the ions of these compounds involves cleavage of the H v radical to give the stable 
1,3-thiazepine structure, which is isoelectronic with the eycloheptatrienyl cation, as noted 
previously in the case of phenyl sulfides [4] and aromatic sulfur compounds [5]. Another 
breakdown mode of the molecular ions is elimination of the HS" radical, as shown by the 
presence in the mass spectra of peaks with m/z 193, 207, and 273 for (Xa, c, and d), re- 
spectively (Table 3). 

The reaction of aru derivatives of ethyl cyanoacetate (VI) with (I) or of the 
arylidenecyanothioacetamides (III) with ethyl cyanoacetate (V) gives better than 70% yields 
of the 3,5-dicyanopyridinethiones (XII). In this case also, it appears that the first stage 
in the reaction is the formation of the Michael adducts (XIII), which we have been unable to 
isolate as a result of their rapid cyclization to the pyridinethiones (XII). These pyridine- 
thiones were also obtained by reacting (III) with (I), and in addition 6-amino-4-(4-bromo- 
phenyl)-3,5-dicyanopyridine-2(iH)-thione (Xllc) wassynthesized by another route, namely, 
cyclization of the thioamide (Vlld) in ethanol in the presence of piperidine. 
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Ar 
R t [ CN 

/ \ / ~  -Hs '  

CN 
/ 

ArCH----C 

(W) \COOEr 

-]+" 2 1 -~|+ Ar 
R ~ I CN P , h ~ / ~ R  \ S ' ~ /  

R2 S 
H 

(X a ,b ,d )  

~N Ar -'] C~'~CN ! cNI /CN 
c ~ c o o E t  (v) ArCH=C 

S , (III) CSHN~ 

L Et H2 
(xui)  

f 
Ar 

NC ! CN 

R S 
H 

(xiI) 

--H2S, --2H 
Ar 

NC 1 CN 

NC CSNH~ 

(vii) 

(IV} 

( V I ) :  A r  = 4-C1CsH 4 (a); Ar  = 4 -BrCsH 4 (b); ( X i I ) :  Ar  = 4-CICsH4,  
1t = O H (  a); Ar  = 4-BrC~H~, R = OH(b) ;  Ar  = 4-BrCsH~,  R = N H  2 (c); 
]3 -- piperidine:- 

The spectral properties of the pyridinethiones (XII), which confirm their structures, 
are given in Table 2. Their structures were also confirmed by the formation of 3-amino-4- 
aryl-2-benzoyl-5-cyanothieno [2,3-b ]pyridin-6(7H)-ones (XIV) when (XIIa, b) were reacted 
with phenacyl bromide 

Ar 
NC I NHz 

(XII a, b) PhCOCH2Br, KOH N(/~__/ 
- \ L )  --KBr, --g~O / /  \ 

O N S COPh H 
(XlV) 

,(XIV) : Ar = 4-C1C~bI~ (a); Ar = 4-BrCsH4 (b)- 

EXPERIMENTAL 

The IR spectra of the compounds were obtained on a Perkin--Elmer 457 spectrometer in KBr 
disks. PMR spectra were recorded on Varian FT-80A (80 MHz) and Bruker XL-90H (90 MHz) in- 
struments, in DMSO-d~ relative to TMS. Mass spectra were obtained on an MKh-1310 mass spec- 
trometer with direct introduction of the sample into the ion source. The ionization chamber 
temperature was 150"C, ionizing voltage 70 eV, and emission current i00 ~A. The purity of 
the compounds was checked by TLC on Si!ufol UV-254 plates in the system ethyl methyl ketone-- 
hexane, 3: 5. 

Thioamides of 3-Aryl-2,4,4-tricyano-3-butenoic Acid (VIIa-d). a) To a mixture of I0 
mmoles of (II) and I0 mmoles of (I) in 25-30 ml of ethanol was added 0.5 ml of triethyl- 
amine or piperidine at 25~ and the mixture stirred for 4-6 h. The solid was then filtered 
off, and washed with ethanol, hexane~ o r  isobutanoio 

b) A mixture of I0 mmoles of (III), i0 mmoles of (IV)~ and 0.5 ml of triethylamine in 
25-30 ml of ethanol was stirred for 4-6 h at 25~ the solid filtered off, washed with 
ethanol and hexane, and recrystallized. Compounds (VIIa-d), obtained by methods a) and b) 
were identical with respect to their melting points and IR and PMR spectra; data for (VIla-d) 
are given in Table !. 

3-Cyanopyridine-2(IH)-thiones (Xa-f). A mixture of i0 mmoles of the thioamide (Vli), 
10-20 mmoles of the ketone (IX), 0.4-0.8 ml of piperidine, and 25-30 ml of benzene was boiled 
with stirring for 3-4 h, and the hot mixture filtered, the filtrate cooled, and the solid 
which separated filtered off, washed with benzene and hexane, and recrystallized from acetic 
acid. Data for (Xa-f) ate given in Table 2. 
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4-Aryl-6-hydroxy-3,5-dicyanopyridine-2(iH)thiones (Xlla~ b). a) A mixture of I0 mmoles 
of (Vl), i0 mmoles of (I), 0.3-0.5 ml of piperidine, and 20-25 ml of ethanol was stirred for 
24-48 h at 250C, acidified with 2 ml of cone. HCI, and the solid filtered off, washed with 
ethanol and hexane, and recrystallized from acetic acid. 

b) A mixture of I0 mmoles of (III), I0 mmoles of (V), 0.3-0.5 ml of piperidine, and 20- 
25 ml of ethanol was stirred for 24-48 h at 25~ then worked up as in a) above. The 
pyridinethiones (Xlla, b) obtained by methods a) and b) were identical; data for them are 
given in Table 2. 

6-Amino-4-(4-bromophenyl)-3,5-dicyanopyridine-2(IH)-thione (XIIc). a) A mixture of i0 
mmoles of (llld), i0 mmoles of (I), 0.5 ml of piperidine, and 25 ml of ethanol was stirred 
for 2 h at 25~ boiled for 2 h, cooled, acidified with 2 ml of cone. HCI, and the solid 
filtered off and recrystallized from acetic acid. 

b) A mixture of 5 mmole of (Vlld), i ml of triethylamine, and 30 ml of ethanol was 
boiled for 5 h, cooled, acidified with 3 ml of glacial acetic acid, and the solid filtered 
off and recrystallized from acetic acid. The pyridinethiones (XII c) obtained by methods a) 
and b) were identical~ data for them are given in Table 2. 

3-Amino-2-benzoyl-4-(4-chlorophenyl)-5-cyanothieno[2,3-b]pyridin-6(7H)-one (XlVa). To 
a suspension of 2.88 g (i0 mmoles) of (Xlla) in 30 ml of DMFwas added dropwise with stirring 
5.6 ml of 10% KOH solution, followed after 5 min by 1.99 g (i0 ~moles) of phenaeyl bromide. 
The mixture was stirred for 20 min, a further 5 ml of i0% KOH added, stirrin~ continued for 
2 h at 25~ i0 ml of 15% HCI added, and the solid filtered off, washed with ethanol and 
hexane, and recrystallized from ethanol to give 3.27 g (81%) of (XlVa), mp 265~ IR spec- 
trum (KBr, ~, cm-~): 1658, 3312, 3485 (NH~), 2228 (CN). Found~ C 62.02; H 3.12; CI 8.63; 
N 10.64; S 8.03%. C2~H,2CIN30~S. Calculated: C 62.15; H 2.98; CI 8.74; N 10.53; S 7.90%. 

3-Amino- 2-b enzoy i-4- (4-b romophenyl)- 5-cy anothieno [ 2,3-b ] pyridin-6 (7H)-one (XIVb). Ob- 
tained similarly, from (XIIb), yield 83%, mp 216-217~ (from ethanol). IR spectrum (KBr, 9, 
cm-~): 1653, 3310, 3480 (NH2), 2230 (CN). Found: C 56.15; H 2.54~ Br 17.64; N 9.16; S 7.03%. 
C22H,2BrN,O=S. Calculated: C 56.01; H 2.69; Br 17.74; N 9.33; S 7.12%. 

CONCLUSIONS 

i. The reaction of arylidenemalononitriles with cyanothioaeetamide, or of arylidene- 
cyanothioacetamldes with malonodinitrile affords thioamides of 3-aryl-2,4,4-tricyano-2- 
butenoic acid, which condense with ketones carrying a methyl or methylene group in the 
position to give 3-cyanopyrldine-2(iH)-thiones. 

2. Arylidene derivatives of ethyl cyanoacetate react with eyanothioaeetamide to give 
4-aryl-6-hydroxy-3,5-dicyanopyridine-2(IH)-thiones, which then react with phenacyl bromide 
to give 3-amino-4-aryl-2-benzoyl-5-cyanothieno[2,3-b]pyridin-6(TR)-ones. 
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