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~~-C~#~oa~~de (1) shows intcrnmlccular cyclecondensation via relluxing iu cthanolic 
sodium e&oxide solution to give a pyridotbione derivative 5. Establlslunent of its structure ss well ss some of 
its chemical behaviour is discus& brietly. 

2-Pyridothiones are versatile reagents and their 
chemistry has received considerable attention re- 
Gently. I** several methods are reported for their 
synthesis..These include the use of 2-halopyridinel and 
2-hydroxy pyridine’ as starting compounds or via 
cycloaddition of isothiocyanates with unsaturated 
aldehydess and 1,3diketones.6 R&tly Soto and co- 
workers’ reported a preparation via the reaction of 
cyanothioacetamide with cimmmonitrik&rivatives. 

This paper deals with the use of ~ano~o~t~de 
(1)s as starting material undergoing self condensation 
in order to obtain 2-pyridothione derivatives. When 
cyanothioacetamide (1) was treated with alcoholic 
sodium ethoxide solution under reflux a single product 
was isolated with molecular formula C,H,N,S. Four 
possible isomeric structures 2-S are posslbie for the 
reaction product. The IR spectnun of the product 
reveals two NH, stretching bands at 3450-3300 cm- I, 
CH, stretching at 2980 cm- I, one CN stretching band 
at2220cm-XandC==Sat11!&1200cm-1.The’H- 
NMRspectrumrevealedasingletat63.55ppmforCH, 
protonsand two singlets at 8 5.45 and 6 6.23 ppm for the 
two NH, groups. Thus, structures 2 and 3 were 
eliminated based on the absence of the characteristic 
broad signal for an NH group in the ‘H-NMR 
spectrum of the product obtained. It seems diflicult to 
differentiate between the other two structures by the 
spectral date available. The only way to check the 
identity of the reaction product is to synthesize it by an 
unambiguous route or to identify its derivatives with 
authentic compounds synthesised in the same way. 
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This enhances us to prepare 5 via another route. On 
reacting 1 with 8 in ethanolic triethylamine 5 is isolated 
again, despite the expected relative reactivities of the 
methykne groups of 1 and 8 which should give the 
pyridine derivative 4. This parallels the reported 
preparation of the codimer of malononitrile and 
ethylcyanoacetate by Junek et aL9 
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Compound 5 reacted with salicylaldehyde to give the 
benxylidine derivative 12 which is readily cyclixed on 
refluxingin dimethylformamide via loss of ammonia to 
give the benxo(2,3’)-pyrano[2$b]pyridine derivative 
14. Compound 14 can also be obtained in one step 
by conducting the reaotion of 1 with salicykklehyde in 
dimethylformamide instead of alcohol The cyclixation 
via the damino group of pyridine to give 14 seems more 
logical than via the 4-amino pyridine which yields 13, 
sinoe it is reported that the amino group of a 
pseudoaromatic enaminonitrile is inactive.1o 

Compound 5 reacted with ~y~ot~~~ate to 
form a p~do[~~b]p~~ derivative 16 through 
intermediate formation of adduct IS. The structure of 
16 was established based on analytical and spectral 
data 

Compound 5 reacts with active methylene reagents 
to give lirsed heterocyclic products. Thus, it resets with 
rn~ono~~e to give a p~do[Z,3-b]p~~ne deriva- 

When benzylidinunalononitrile (6) was reacted with 
cyanothioacetamide (1) in ethanolic sodium ethoxide 

tive 18. The reaction is assumed to take place through 
intermediate formation of the Michael adduct 17. The 

solution the benqylidine of the 2-pyridothione 
derivative 9 was obtained which was found to be 

structure of 18 was confirmed by IR and ‘H-NMR 

identical with that produced via reacting equimol- 
spectra The IR spectrum revealed the presence of only 

ecular amounts of the q@ensatiou product 4 (or 5) 
one CN stretching band at 2220 cm”. The ‘H-NMR 

with ben&dehy&. oli the contrary, reacting the hen- 
spa&q revealed the .pr&nas -of six DzO ex- 

xylidine derivative 7 w&h malononitrile (8) under &e 
~dh~~bkprotons,rOurofwhich~at 6 5.45-5.89 

same conditions did not yield 9. This result established 
ppm urd the other two appear&b k23 ppm. These 

structure 5 for the product of self condensation of 
w(ke assigned to the three amino ftmctions. In a similar 

cyanothioacetamide. 
manner 5 reacts with ethylcyammc&te to give a 
pyrido[2,3-blpyridine derivative 19. ‘ITie structure of 
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~~~~~~On~~~~~~~ 5.41 (s, W, NH& 6.11& 2H, NH& 7.39 fs, 5H, C,H,)i d 
Compounds 18 and I9 were fouhd to CbupIe with 10.25 (a, br, lH, NH). (Found : C, 52.59: H, AtO; N. 81.35 ; S, 
bcnzcncdiazonium chloride to give the txmcqonding 1228. Calc for CI,H1,,NsS: C, 53.33; H. g.70; N, 31.11; S, 

p~~y~y~~onc derhtive8 Bhuxi 21, respectively. 1 l.SS”/,t 

Fwthrx s@dy of the chemistry of 5 is now 
undeitaken. 
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All m.ps are uncorractsdIRapectrawererecor&dona 
Pye-Unicam spcurophotoiireaar and ‘H-NMR spectra on 
a Varian EM-W MHZ mmnet& Microanalytical data 
m performed by the Microa&alytical Data Unit at Cairo 
University. 

2-CYan@4,6-d~mo-2-PY?i&th&~ (9 
hhthod (a). To a s& of 0.5 rnd -NaOEt @spared by 

dissolvinall.5nNametalin1S4mlabsEtOH1.1OOaflmol~of 
~~0~~~~~ is added. The m&are t he&d u&r 
reilux in a boiling water bath for 3 hr, then left to cool. The 
resultant Na salt is dissolved in the least amount of water then 
neutral&d with dil HCl till pH 6-7. The solid product, so 
formed on standing is calkcted by filtration. 

Me~hal(b).Toasoinofcyauothioacetamide20g(0.02mol) 
in EtOH 30 ml containing 0.5 ml of Et,N, malononitrile 1.2 g 
(O-02 mol) is added. The mixture is heated under retlux for 4 hr 
then evaporated in vactw. The solid product so formed on 
adding i&/water, is colkcted by 6ltraGon (WA yield). 

ComDound 5 formed red crvstals from DMF. vkld 65%. 
m.p. zM0”. IR (KBr): 3450&O cm-l (NHJ,.2b80 cmLi’ 
(CH& 2220 cm- 1 (CN), and 119GlMO cm-’ (C=S). ‘H- 
NMR: 3.55 (s, 2H, CH,), 5.45 (s, 2H, NH& and 6.23 (s, ZH, 
NH,). (Found: C, 43.22; H, 3.41; N, 33.34; S, 19.43. Cak for 
C,H,N,S: C, 43.37; H, 3.61; N, 33.73; S, 19.43x.) 

3-Cyano-4&diamincr-5-benzylidine-2-pyridothione (9) 
Method (a). To a sob of S Il.6 e 0.01 mold in EtOH WI ml) 

containing’d.25 ml of ~~~~~yde (1.08‘mi) & 
added and the whok mixtun: is heated under reffux for 4 hr, 
then tvapomted in DO. The solid product, so formed on 
adding k+atec ia colkcted by filtration. 

Me&&). To a swpensionif 6 (1.5 g, 0.01 mol) in NaOEt 
soln (rrrcrrared from 0.23 R Na metal and 40 ml abs EtOH) 
cyanithi~acctamide (1 & 0.01 mol) is added. The mixture ir; 
refluxed in a boiling wab bath for 4 br then evaporated fn 
oactw. The solid product, so formed on adding dil HCI, is 
colkcted by lIltration. 

Compound9formedyellowcrystalsfromdioxan,m.p.220- 
222”. yield 70”1, IR (KBr): 3450-3300 an-l (two NH,). 3050 
an-‘(CH aromatic~2985crm-‘(CH),22#)~-‘(~1635 
cm-’ (NH, deformation), and 12C0-1190 cm-’ (C=S). ‘H- 
NMR : 5.65 (s, 2H, NH,), 6.78 (s, 29 NH& 7.01 (s, lH, CH), 
and7.36(~,5H.C,H&(Found:C,61.2l;H,3.78;N,2218;S, 
1279. Cak for ClsHzoN,S: C, 61.41; H, 3.93; N, 2204; S, 
12.59%.) 

Method (a). To a sob of 5 (1.6 & 0.01 mol) in EtOH (50 ml) 
containing NaOH (5 ml, S!!$, benxenediaxonium chloride 
(0,Ol mol) @repa& by adding NaNO, (0.01 mol) to the 
appropriate quantity of aniline in HCI] is added with stirring. 
The mixture is left at room temp for 30 min and the ppt is 
colkcted by filtration. 

Method (b). To a soln of 11 (1.3 g, 0.01 mol) in NaOEt 
(prepared as above) cyauotbioasetamide (1 g, 0.01 mol) is 
added. The mixture is retluxed for 4 hr in a boiling water bath 
then evaporated in UM(O. Tbe solid pruduct, SO formed on 
adding diI HCi, is coBccted by filtration. 

cOmpoundlOformedre6oranpcrystals~mE1OH,aLp. 
154”, yield 80%. IR (KBr): 3450-3330 cm-’ (two NH2 and 
NHX301)59n-‘(CHaro~~~2220~n-‘(CN),3160cm- 
(NH, deformation), and 1200-l 190 cm- ’ (C=S). ‘H-NMR : 

ToaasolaofS(1.6g,O.Olmol)BrEtOff(30ml)~~ 
025mlofpipcrridinssaticgt~~C1:3inI)iPaddsdandths 
~oknnixtunLshut~uMia~xfor2hrthenevoponatcd 
in uucuu. The solid product, so formed on adding ke/wata 
together with a few drops of dil HCl, is&kctcd by @t&ion. 

Compound 12 formed ycuoW rrrystak frti EtOH, cep 
150-152”, yidd 65%. IR 356Oa” (OH), 3450-3300 cm-’ 
(twoNH,),#)50an-~(CNarormitic),22aOcm-’~1635- 
1625cm-‘(NR,d~tion~and1210_11~an-’(~~ 
*H-NMR:4.68(s,r,NH;).6.10(~2H.NH&and7.45j8:12 
(m,6H,CH,OH,C,H,).(Found:C,57.41;H,3.85;S, 11.67; 
N,2Q83.CalcforC,~H,0NN*OS:C,57.77;H,3.70;N,20.74;S, 
11.85;/,) 

3 - Cyan0 - 4 - amino - 2 - thiono - bemo(2’,33 - pyranoC2,3-b]- 
pVridrne (14) 

M~~(a~A~kofl2(O.Olrnol)~DMF(~~)kh~~ 
under reilux till evolution of ammonia ceases then evaporated 
in macaw. The remaining product is triturated with water and 
the solid product, so formed, is colkcted by titration (overall 
y=kld 72%). 

Method(b). To a soln of 5 (1.6 g. 0.01 mol) in DMF (30 ml) 
containing 0.25 ml of piperidine, salicylaldehyde (1.2 ml, 0.01 
mol)isaddedThewhokmixturebheattdundernfl~forShr 
then evaporated in txzuo. The solid product., so formed on 
adding ice/water, is collected by filtration. 

Compound 14 formed orange crystals from EtOH, m.p. 
l80”,~eld6s~.IR(KBr):~3350cm-‘(NH~3050nn~’ 
(CH aromati&222Oczn-‘(CN),and 1205-1195cm-1(C=S). 
‘H-NMR : 4.57 (s, 2H, NH,), and 7.37-8.01 (m, 5H, C,H, and 
py-ranc_CH). (Found: C, 61.31; H, 3.10; N. 16.89; S, 12.60. 
C~cforC,~H,N~OS:C,6l.~;H,2,76;N, 16.6O;S,12.649/,.) 

3-Cyano-4-amino-~7-dmmo-5-phenyl-p@do[2&b]- 
PFWM (16) 

A soln of ~y~~~ya~~ brepared by mixing 0.01 
mol of benxoyl chloride in 30 ml dry acetone and ammonium 
thiocyanate (0.01, mol) and heating in a boiling water bath for 
3OminJisaddedto 1.6g(O.Olmol)of5.ThemixWreisrefIuxed 
in a boiling water bath for 4 hr then evaporated in o(i~1lo. The 
solid product, so formed, is washed with alcohol and a&&d 
by suction. 

Compound 16 formed yellow crystals from DMF. yield 
80%, myp. 283-285”. IR 34-s cm-’ (NH,), 3200 ~rn-~~(&H), 
222Ocm-‘0n. 163Ocm- ’ (NH, deformation1 and 121s 
1195cm-‘(two&S).LH-NtiR:i35(s,2H,ti~7.35-7.48 
(m, SH. CsH& and 9.59-10.0 fbr, 2s, W, 2NH). (Found: C, 
53.78; H, 2.42; N, 22.11; S, 20.81. Cak for C,,H,N,S,: C, 
54.02; H, 2.91; N, 22.52; S, 20.56%.) 

Reaction ~$5 witk maiononitrile or ~hyk~~ 
To a soln of S (1.6 g, 0.01 mol) in 20 ml of DMF containing 

piperidine (0.5 ml) each malononitrile or ethylcyanoaa4aW 
(0.01 mol) is added. The mixture is boikd under reflux for 3 hr 
then evaporated in encuo. The solid product, so fonnai, is 
triturated with water then colkcted by 6ltration. 

Compound 18 formed yellow crystals from dioxan, yield 
800/,m.p. 260”. IR:3430-33ODcm-* (GreeNHI), 2220~~1~1 
(CN), 1650 cm-’ (NH, deformation), and 1220-1190 cm-* 
(e=s). ‘H-NMR: 3.50(~2~cH,~5.45-5.89(m,4H,2NH3, 
and6.23(s,2H,NH,).(Found:C,46.55;H.3.44;N,M.O;S, 
13.51. Calc for C,H,N.S: C, 46.55; H, 3.44; N, 36.20; S, 
13.790/,.) 

Compound 19formed yellow crystals from an EtOHdioxan 
mixture,yield8Z/~m.p.1809.IR:34M-3300cm~’(twoNH3, 
3200an-‘o,22~o-‘(cN).1700cm-1(c=o~16Hl 
cm-’ (NH, ddo~ti~~ and 119&1200cm-’ (C=S). ‘H- 
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NMR: 3.52 (4 2H, CH3.5.~5.84 (m, 4Ei. 2NH&, and 8.91 H,3.67;N,29.57;S,9.68C.$kforC~~H~,N,OS:C,53.43;H, 
(bro4lH.NH).(Fo~:C,~.55;H.3.23;N.30.17;$13.82. 3.lO;N,29.08;S,9.49%.) 
CalcforC&H,0NaS:C,46.35;H,3.OO;N,13.73;S,13.7~~.) 

Coupling of 18 or 19 wfrh benmwdiazonfum chloride 
Amhof~umchloridopqiuulbyadding 

NaNOl (0.01 mol) to aoiline (0.01 mol) containing HCI ia 
addad~artirmdsolnofUor19(O~lmol)inEtOH(50ml) 
containingNnOH(Sml~/~ThcmirturaisMtltroom~p 
for15min.Tbcra&antrolid,soformed,iacolkctaiby 
wrath. 

Cempouod2)formcdmdcrystahfromB1OH,yi&l76’/, 
m.p. >3w. IR 34%3300 an-’ (tbrcc NH3,22B an-’ 
(q 1650 cm-’ (NH, de&nation), and 1190-1200 an-’ 
IC=S). (Fotmd: C, 53.44: H, 3.65: N. 33.33. Calc for 
k,,H;&J,S: C, 53.37; H, 3.h;N. 33.33; s, 9.52%.) 

chn~21formedrcdd~EtOH.vicld800/, 
mp.302P.IR:3430-3300an-‘itwoNH3,3200cm-l~ 
2220 an-l (CN), 1700 cm-’ (C=O), 1650 cm-’ (NH, 
dcformation),and119&12OOcm-‘((=s).(Found:C,5321; 
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