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HETEROCYCLIC SYNTHESIS WITH 
ISOTHIOCYANATE AND SULFUR: A NOVEL ROUTE 

FOR THE SYNTHESIS OF 
PYRIDIN0[2,3-d]THIAZOLE, THIAZOL0[4',5':2,3] 

PYRIDIN0[4,3-d]PYRIDAZINE AND 
THIAZOLO[4,5-b]ISOQUINOLINE DERIVATIVES 

HUSSEIN F. ZOHDI, RAFAT M. MOHAREB* and 
WAGNAT W. WARDAKHAN 

Department of Chemistry, Faculty of Science, Cairo University, Giza, Egypt 

(Received September 22, 1994; itt final form November 7, 1994) 

The reaction of phenyl isothiocyanate and sulfur with the Knovenagel condensated adducts la-e af- 
forded the pyridino[2,3-d]thiazole derivatives 3a-e. The latter compounds proved to be versatile starting 
materials for the synthesis of polyfunctionally substituted thiazolo[4',5':2,3]pyridino[4,3-d lpyridazine 
and thiazolo[4,5-b]isoquinoline derivatives. Chemical and spectroscopic evidence for the structures of 
the new compounds, along with a sequence leading to their formation is described. 

Key words: Pyridino(2,3-d 1thiazoles. thiazolo(4'.5':2,3]pyridino(4,3-d]pyridazines, thiazolo(4.5-b]iso- 
quinolines. 

I NTR 0 D U CTI ON 

Thiazoles and their fused derivatives are very versatile reagents that have been 
utilized for the synthesis of various heterocyclic compounds.' -s Moreover, they 
possess interesting and diverse pharmacological Recently we inves- 
tigated the reaction of phenyl isothiocyanate with Knovenagel condensated adducts 
la-c,e followed by heterocyclization of the resulted adducts with a-halogenated 
ketones.' There has been an interest in utilizing the reaction of phenyl isothio- 
cyanate and sulfur with simple active methylene reagents to develop an easy and 
efficient route for the synthesis of polyfunctionally substituted fused thiazole deriva- 
tives.'"-12 We now report an extension of such a synthetic route utilizing the Knov- 
enagel condensed adduct la-e. This resulted in the synthesis of pyridino[2,3-d]thiazole 
derivatives, which have latent functional substituents that can be utilized for further 
chemical transformations. 

Thus, the reaction of the Knovenagel condensed adducts la-e, obtained via the 
simple condensation of acetoacetanilide derivatives and ethyl ~yanoace ta t e , ' ~ . ' ~  
with phenyl isothiocyanate and elemental sulfur in refluxing dimethylformamide 
containing a catalytic amount of triethylamine afforded the pyridino[2,3-d Jthiazole 
derivatives 3a-e (Scheme I). Evidence for the assigned structure 3 was provided 
by elemental analysis and spectral data. The 'H nmr spectrum of 3a, for example, 
revealed the presence of a singlet at 6 2.21 ppm due to the methyl protons and a 
multiplet at 6 7.23-7.49 ppm corresponding to the two phenyl protons. Moreover, 
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180 H. F. ZOHDI. R. M. MOHAREB and W. W. WARDAKHAN 

C6 H4 Me-p 

C6 H' Ofle-p 

SCHEME I 

- Et  UH I 
3a-e 

TABLE I 
Physical and analytical data of the newly synthesized compounds 

Analysis 
Conpd Solvent m.p. Yield" Mol. Formula Calcd. / Found ( X I  
(Color) ('C) ( X I  (M. tit. ) C H N  5 

32 
(Orange 1 

36 
(Orange) 

32 

32 
( Ye1 low 1 

(Yellow) 
3e 

(Orange) 
l a  

(White) 
4b 

(Yellow 
4c 

(Yellow 1 
4d 

(Yellow) 
4e 

(Yellow 1 

Dioxane 

Dioxane 

DMF 

DMF 

Dioxane 

Dioxane 

Dioxane 

DMF 

Dioxsne 

Dioxane 

148 

210-13 

245-8 

178 

210-12 

162 

140 

199 

206 

133 

71 

79 

79 

66 

67 

72 

78 

73 

66 

63 

63.9 3.5 11.2 17.1 
63.8 3.2 11.0 16.8 

64.7 3.9 10.8 16.5 
64.5 4.2 10.9 16.1 
64.7 3.9 10.8 16.5 

64.4 4.2 10.6 16.6 

62.2 3.7 10.4 15.8 
62.0 3.9 10.8 15.4 

58.6 2.9 10.2 15.6 
58.9 3.3 10.0 15.3 
64.3 4.0 18.7 8.6 
64.0 3.6 18.5 8.6 
65.1 4.4 18.1 8.2 
65.0 4.7 18.3 8.3 

65.1 4.4 18.1 8.2 

65.0 4.1 18.3 7.9 
62.5 4.2 17.3 7.9 
62.2 4.0 17.2 7.8 
58.9 3.5 17.2 7.8 
58.6 3.5 17.1 8.2 
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PYRIDINO THIAZOLES 181 

TABLE 1 (Continued) 

Analys i a 
Conpd Solvent map. Yield Mol. Formula Calcd. / Found ( X )  

(Color 1 ( ' C )  ( X I  ( M . W t . 1  C H N  5 

If 
(Orange) 

4s 
(Orange) 

4h 
(Brown) 

4f 
( B u f f )  

4J 
(Brown) 

5a 
(ye1 low ) 

56 
(Orange) 

5c 
(Ye1 low ) 

5d 
(Ye1 low ) 

5e 
(Ye1 low) 

68 
(Orange ) 

66 
(Brown ) 

6c 
(Yellow) 

6d 
(Yellow) 

6e 
(Ye1 low ) 

8 
(Orange) 

9 
( B u f f )  

I1 
(Orange) 

12 
(Yellow) 

EtOH/DMF 

EtOH 

MeOH 

EtOH 

Dioxane 

EtOH 

Dioxane 

EtOH 

EtOH 

EtOH 

DMF 

DMF 

D i oxane 

Dioxane 

DMF 

Dioxane 

Dioxane 

DMF 

DMF 

135 

188-90 

245-7 

166-9 

161 

133 

145 

201-4 

169 

222 

> 300 

224-7 

> 300 

231-4 

190 

>300 

189 

141 

231-4 

55 

65 

80 

52 

68 

63 

69 

63 

74 

58 

73 

80 

62 

74 

69 

79 

64 

76 

72 

C16HIJN10S 
(449.53) 

(463.56) 
CIrH11NsOS 

C21HlINP 

ClIHlIN14S 

(463.56) 

(479.59) 

(484.02) 

(479.58) 

(493.61) 

(493.61) 

(509.60 ) 

(514.07) 

(480.56) 

C~~Hl~ClN~OS 

C2Pl TNlOSl 

CI IHI 9NPl 

CtTHUNPSl 

ClTHlJNl O P l  

%PI SCl N P l  

CZSH16NIOlSl 

C21Hl$"2 
(494.59) 

(494.59) 

(510.58) 

(515.05) 

(441.52) 

(407.53) 

(426.52) 

C21H11N40kS2 
(471.49) 

CITHIINkolSl 

CtrHI,NIoP2 

CIIHlICl NlOl Sz 

CtlHlr NP32 

ClOHIJNIOSl 

C11HIIN+0S2 

69.5 4.3 15.6 
69.3 4.0 15.7 
69.9 4.6 15.1 
69.6 4.4 15.3 
69.9 4.6 15.1 
70.2 4.8 15.0 
61.6 4.4 14.6 
67.5 4.0 14.4 
64.5 3.7 14.4 
64.2 4.1 14.3 
65.1 3.6 14.6 
64.8 3.4 14.9 
65.1 3.8 14.6 
64.7 4.2 14.5 
65.1 3.8 14.6 
65.4 4.2 14.2 
63.6 3.7 13.7 
63.4 4.0 13.5 
60.7 3.1 13.6 
60.6 3.2 13.2 
65.0 3.3 11.6 
64.7 3.0 11.4 
65.6 3.7 11.3 
65.4 3.8 11.1 
65.6 3.7 11.3 
65.4 4.0 11.6 
63.5 3.5 10.9 
63.3 3.8 11.2 
60.6 2.9 10.9 
60.5 3.1 10.6 
62.6 3.3 15.8 
63.1 2.8 16.2 
58.9 3.2 10.3 

64.5 3.3 13.1 
64.1 3.6 13.3 

61.0 3.0 9.4 

59.4 3.0 10.5 

61.1 2.7 8.9 

7.1 
7.0 
6.9 
6.8 
6.9 
7.4 
6.7 
6.6 
6.6 
6.9 
13.4 
13.2 
13.0 
13.2 
13.0 
13.1 
12.6 
12.4 
12.5 
12.1 
13.3 
13.0 
13.0 
12.6 
13.0 
12.9 
12.5 
12.9 
12.4 
12.0 
14.5 
14.8 
23.6 
23.4 
15.0 
14.7 
13.6 
13.2 
- ' 

*' Calculated before cryetalization. 
Mass spectra showed t h e  correct molecular ion. 
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182 H. F. ZOHDI. R. M. MOHAREB and W. W. WARDAKHAN 

TABLE 11 
Spectroscopic data for the compounds listed in Table I 

Conpd . Ir (ca-') 
( S e l e c t e d  bands)  

'H nmr ( 8  ppm) 

3a 
36 

3c 

3d 

3e 

4s 

4b 

4c 

Id 

4e 

4f 

4R 

4h 

4i 

4j 

5a 

5b 

5c 

5d 

5e 

6a 

2220 ( C N ) ;  1690 ( C O ) .  
2220 ( C N ) ;  1690 (CO); 
1200 (C=S). 
2225 ( C N ) ;  1695 ( C O ) ;  
1190 (C=S). 
2220 ( C N ) ;  1690 ( C O ) ;  
1190 (C=S). 
2225 ( C N ) ;  1685 (CO); 
1200 (C=S). 
3450, 3420 "HI);  
2225 (CN); 1695 (CO). 

2225 (CN); 1685 (CO). 

2220 (CN); 1680 (CO). 
3460, 3425 (NH!); 
2225 ( C N ) ;  1690 (CO). 
3465, 3440 "HI); 
2225 ( C N ) ;  1690 (CO). 
3430 ( N H ) ;  2220 (CN); 
1685 (CO) .  
3440 ( N H ) ;  2225 (CN); 
1690 (CO) .  
3435 ( N H ) ;  2220 (CN); 
1695 (CO) .  
3420 ( N H ) ;  2220 (CN); 
1695 (CO). 
3445 ( N H ) ;  2225 (CN); 
1695 (CO) .  
3425 ( N H ) ;  2225 (CN); 
1695 (CO); 1195 (C=S). 
3430 ( N H ) ;  2225 (CN); 
1695 (CO); 1190 (C=S). 
3420 ( N H ) ;  2220 (CN); 
1685 (CO); 1200 ( C i s ) .  
3440 ( N H ) ;  2215 (CN); 
1680 (CO); 1200 (C=S). 

3430 ( N H ) ;  2220 (CN); 
1690 (CO); 1200 (C=S). 
1690, 1680 ( 2  C O ) ;  

3455, 3420 "HI); 

3460, 3410 "Hi); 

2 .21 ( s ,  3H, C H J ) ;  7.32-7.49(m, 10H, aromatic p r o t o n s ) .  
2.23, 2 .79(2s ,  6H, 2CHJ); 7.30-7.52(mI 9Hl a romat i c  
p r o t o n s ) .  
2.26, 2 .81(2s ,  6H, 2CH3); 7.32-7.45(m, 9H, a romat i c  
p ro tone ) .  
2.25, 3 .87(2s ,  6H, CHj, OCHj); 7.29-7.45(mI 9H, 
aromatic p r o t o n s ) .  
2.24 (6, 3H, CHI); 7.32-7.52(n, 9H, aromatic p ro tons ) .  

2 .22(s ,  3H, C H J ) ;  3 .82(s ,  2H, N H I ) ;  7.32-7.50(mI I O H ,  
aromatic p ro tons ) .  

7.48111, 9H, aromatic p ro tons ) .  
2.21, 2 . 8 0 ( 2 ~ ,  6 H ,  2CH3); 3 . 9 8 ( ~ ,  2H9 NHI); 7.33- 
7.48(m, 9Hl aromatic p ro tons ) .  
2.24, 3.83(2s,  6H, CH,, OCH,); 3 , 7 9 ( ~ ,  2H, NH!); 7.33- 
7 .47(a ,  9H, aromatic p r o t o n s ) ,  
2 . 2 2 ( s ,  3H, CH,); 3 .72 ( s ,  2H, N H r ) ;  7.33-7.45(n, 9H, 
aromatic p r o t o n s ) .  
2 .25 ( s ,  3H, CHI);  7.33-7.58(m, 15H, a romat i c  
p r o t o n s ) ;  8 . 2 7 ( s ,  l H ,  N H ) .  
2.24, 2.77(2s,  6H, 2CH,); 7.34-7.52(m, 14H, aromatic 
p r o t o n s ) ;  8 . 4 4 ( s ,  l H ,  N H ) .  
2.25, 2.79(2s,  6H, 2CH3); 7.32-7.53(m, 14H, a r o n a t i c  
p r o t o n s ) ;  8 .72 ( s ,  l H ,  NH). 
2.23, 3 .83(2eI  6H, CHjt OCHj); 7.35-7.57(ml 14H, 
aromatic p r o t o n s ) ;  8 .79(8 ,  1 H ,  N H ) .  
2 .24 ( s ,  3H, CHJ); 7.32-7.48(m, 14H, aromatic p r o t o n s ) ;  
8 . 4 3 ( s ,  l H ,  N H ) ;  
5 . 9 8 ( s , l H ,  CHIN); 7.32-7.59(m915H, aromatic p ro tons )  
8 . 3 2 ( s ,  l H ,  NH). 
2 .73(s ,  3 H ,  CHI) ;  5 .93 ( s ,  l H ,  CH=N); 7.34-7.53(mI 14H, 
aromatic p r o t o n s ) ;  8 .36(s ,  l H ,  NH). 
2 .79(s ,  3H, CHI) ;  5 .90(s ,  l H ,  CH-N); 7.32-7.55(m, 14H, 
aromatic protons); 8.40(s ,  l H ,  N H ) .  
3 .82 ( s ,  3H, OCHI); 5 .96 ( s ,  1 H ,  CH=N);  7.30-7.56(m, 14H 
aromatic p r o t o n s ) ;  8 .38(s ,  1 H ,  NH).  

6 . 0 1 ( s ,  l H ,  CH=N); 7.32-7.50(m, l4H, aromatic p ro tons )  
8 .40 ( s ,  l H ,  N H ) .  
7 .21 ( s ,  l H ,  py r idaz ine  3-H) ;  7.32-7.59(m, 15H, 

2.22, 2 . 7 9 ( 2 ~ ,  6H, 2CH1); 3 . 7 9 ( ~ ,  2H, N H t ) ;  7.33- 

1200 (C=S).  aromatic p ro tona ) .  
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PYRIDINO THIAZOLES 183 

TABLE 11 (Continued) 

Conpd. Ir (ca-’) ‘H nmr ( 8  ppm) 
(Selected bands) 

6b 

6c 

6d 

6e 

8 

9 

11 

12 

1695,  1680 ( 2  CO). 
1200 (C=S). 
1690,  1670 ( 2  CO); 
1160 (C=S). 

1195 (C=S). 

1195 (C-S). 

1695 (CO); 1205 (C=S). 
3460,  3420 (NHI); 
1690 (CO); 1200 (C=S). 
3450; 3425 ( N H I ) i  
2220 (CN); 1685 (CO); 
1190 (C=S). 

1695-1680 ( 2  C O ) ;  

1695-1675 ( 2  CO);  

3445-3415 ( 2  NHZ); 

3430,  3415 “ H I ) ;  
1700-1680 ( 3  CO); 
1190 (C=S).  

2 . 6 1 ( e ,  3H, CH,); 7 . 2 2 ( s ,  l H ,  pyridaeine 3-H); 7 .32-  
7 .59(m, 14H, aromatic protons). 
2 . 6 4 ( s ,  3H, CHJ) ;  7 . 2 5 ( s ,  l H ,  pyridaeine 3-H); 7 .34-  
7 .59(m, 14H, aromatic protons). 
3 . 8 9 ( 8 ,  3H, OCHJ); 7 . 2 9 ( s ,  1H, pyridaeine 3-H); 7 .32-  
7 .53(m, 14H, aromatic protons). 
7 . 2 9 ( s ,  l H ,  pyridaeine 3-H); 7 .31-7 .58(01 ,  14H, 
aromatic protons). 
3 . 4 9 ,  4 . 2 1 ( 2 s ,  4H, 2NHt); 7 .32-7.53(m, 11H, aromatic 
protons). 
3.78(s, 2H, N H I ) ;  6 . 9 2 ( s ,  l H ,  thiophene 2-H); 7 .33-  
7 .52(m, 10H, aromatic protons). 
3 . 4 9 ( s ,  2H, NHI); 7 .32-7 .45(11 ,  12H, aromatic protons). 

4 . 5 2 ( s ,  2H, N H I ) ;  7 . 3 2 - 7 . 4 5 ( n ,  11H, aromatic protons). 

the mass spectrum of 3a showed the molecular ion at m/z 375. It is believed that 
the formation of compounds 3a-e proceed via the intermediacy of 2 followed by 
intramolecular cyclization via loss of ethanol. Further confirmation of structure 3 
was obtained by studying the reactivity of compounds 3a-e towards chemical re- 
agents. 

Thus, it was found that compounds 3a-e reacted with hydrazine hydrate and 
phenylhydrazine to afford the corresponding hydrazone derivatives, 4a-j, respec- 
tively (Scheme 11).  Structure 4 was established on the basis of analytical and spectral 
data. The IR spectrum of compound 4b, for example, showed amino absorption 
at v 3455 and 3420 cm-I, cyano absorption at v 2225 cm-’ and carbonyl absorption 
at v 1685 cm-I. Its ‘H nmr spectrum revealed, besides the aromatic multiplet at 
S 7.33-7.48 ppm, the presence of three singlets at 6 2.22, 2.79 and 3.79 ppm 
corresponding to the methyl, methoxy and amino protons, respectively. Also com- 
pounds 3a-e readily coupled, at the active methyl function, with benzenediazonium 
chloride at 0°C to afford the phenylhydrazono derivatives 5a-e. 

The latter compounds readily cyclized in ethanolic sodium hydroxide solution to 
afford the thiazolo[4’,5’:2,3]pyridino[4,3-d]pyridazine derivatives 6a-e. It is be- 
lieved that such cyclization took place through the addition of the phenylhydrazono 
NH group to the ortho-cyano group,Is followed by hydrolysis of the so formed 
imino group by the sodium hydroxide. l6 Evidence for the assigned structure 6 was 
provided by analytical and spectral data. The Ir spectrum of compound 6a, for 
example, showed two carbonyl absorption bands at v 1690 and 1680 cm-I. Its IH 
nmr spectrum revealed the presence of a singlet at S 7.21 ppm due to the pyridazine 
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184 H. F. ZOHDI. R. M. MOHAREB and W. W. WARDAKHAN 

5a - e  b a - e  

SCHEME I1 

H-3 and a multiplet at 6 7.32-7.59 ppm corresponding to the three phenyl protons. 
Its mass spectrum showed the molecular ion at m/z 480. 

On the other hand, compound 3a reacted with malononitrile in refluxing di- 
methylformamide containing a catalytic amount of triethylamine to afford the thia- 
zolo[4,5-b]isoquinoline derivative 8 (Scheme HI). The formation of the latter com- 
pound is assumed to proceed via the intermediacy of 7, followed by the addition 
of the active methylene protons to the cyano group. Evidence for the assigned 
structure 8 was provided on the basis of analytical and spectral data. Its Ir spectrum 
showed amino absorption at v 3445-3415 cm-’, cyano absorption at v 2220 cm-’ 
and carbonyl absorption at Y 1695 cm- I .  Its ‘H nmr spectrum revealed the presence 
of two D,O exchangeable singlets at 6 3.49 and 4.21 ppm due to the two amino 
groups, and a multiplet at 7.32-7.53 ppm corresponding to the eleven aromatic 
protons. 

The reactivity of the o-methylnitrilo group present in 3a towards the formation 
of thiophene  derivative^".'^ was explored. Thus, 3a reacted with elemental sulfur 
in dimethylformamide solution containing a catalytic amount of triethylamine af- 
forded the thieno[3‘,4’:4,5]pyridino[2,3-d]thiazole derivative 9,  (Scheme 111). Evi- 
dence for structure 9 was provided by analytical and spectral data. The l r  spectrum 
of 9 showed absorption bands at v 3460, 3420 cm- due to the amino group and 
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PYRIDINO THIAZOLES 185 

a carbonyl absorption band at Y 1690 cm-’; moreover, it revealed the absence of 
any absorption due to the cyano function. The ‘H nmr spectrum revealed the 
presence of a D,O exchangeable singlet at 6 3.78 pprn due to the amino protons, 
a singlet at 6 6.92 pprn for the thiophene H-2 and a multiplet at 6 7.33-7.52 ppm 
corresponding to ten aromatic protons. 

Compound 9 underwent (4 + 2) intermolecular cycloaddition with dienophiles 
(Scheme IV). Thus, compound 9 reacted with each of acrylonitrile or maleic an- 
hydride in dioxanelacetic acid solution to yield the thiazolo[4,5-b]isoquinoline de- 
rivative ll and furo[3”,4:5’,6’]isoquinolino[2’,3’:4,5]thiazole derivative 12, re- 
spectively. Evidence for structures 11 and 12 was provided by elemental analyses 
and spectral data. Thus, the Ir spectrum of compound 11 showed absorption bands 

9 

SCHEME IV 
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186 H. F. ZOHDI, R. M. MOHAREB and W. W. WARDAKHAN 

at v 3450, 3425 cm- '  due to the amino group, a cyano absorption band at v 2220 
cm-'  and a carbonyl absorption band at v 1685 cm-I. The 'H nmr spectrum 
revealed a D,O exchangeable singlet at  S 3.49 ppm due to the amino protons and 
a multiplet at S 7.32-7.47 ppm corresponding to the twelve aromatic protons. The 
formation of compound 11 is assumed to proceed via cycloaddition of acrylonitrile 
to the thiophene ring in 9 to afford the non-isolable intermediate 10, which spon- 
taneously aromatized via loss of H,S to afford the final product." 

EXPERIMENTAL 

All melting points were uncorrected. Ir spectra were recorded (KBr) on a Pye Unicam SP-1000 spec- 
trophotometer. 'H nmr spectra were recorded o n  a Varian EM-390 MHz spectrometer with DMSO- 
d,, as solvent and chemical shifts are expressed in 6 (ppm) units using TMS as internal reference. Ms 
spectra were recorded on an AEI MS 30 mass spectrometer operating at 70 eV. Microanalytical data 
were obtained from the Microanalytical Data Centre, Institut fur Organische Chemie der Universitlt 
Erlangen. Nurnberg, Germany. 

I-Aryl-3-cyano-4-methyl-7-phe~yl-2-oxo-pyridino[2,3-d]thiazonle-6-thione'3a-e. To a solution of the 
appropriate Knoevenagel adducts la-e (10 mmol) in dimethylformamide (30 mi) containing trieth- 
ylamine (0.5 ml), phenyl isothiocyanate (1.3 g,  10 mmol) and elemental sulfur (0.32 g, 10 mmol) were 
added. The reaction mixture was heated under reflux for 6 h, then left at room temperature for 24 h 
with stirring. The solid product formed in each case, upon dilution with water, was collected by filtration 
and crystallized from the proper solvent. 

I-Ar~l-.l-cyano-6-hydrazone-4-methyl-7-phenyl-2-oxo-pyridino[2,3-d]thiatole 4a-j. To a solution of 
the appropriate pyridino[2.3-d]thiazole derivative 3a-e (10 mmol) in dimethylformamide (50 ml), 
hydrazine hydrate (0.5 g, 10 mmol) or phenylhydrazine (1.1 g, 10 mmol) was added. The reaction 
mixture. in each case, was heated under reflux for 8 h, then poured into ice-cold water containing few 
drops of hydrochloric acid. The produced solid. in each case, was collected by filtration and crystallized 
from the proper solvent. 

I-Aryl-3-cya1io-2-oxo-7-phe~1ylhydrazonomethylpyridino[2,3-djthiazole-6-thione Sa-e. To a cold so- 
lution of the appropriate pyridino[2,3-d]thiazole derivative 3a-e (10 mmol) in ethanol (30 ml) containing 
sodium hydroxide (10 ml, 10%). a cold solution of benzenediazonium chloride (10 mmol) was added 
with stirring. The reaction mixture was kept at 0-5°C for 4 h and the precipitated solid product was 
collected by filtration and crystallized from the proper solvent. 

7-Aryl-8,Y-dioxo-l,6-diphenyl-5-thioxothiazolo[4',5':2,3~pyridino[4,3-d] pyridazine 6a-e. A solution 
of each of the appropriate 5a-e (10 mmol) in ethanol (30 ml) containing sodium hydroxide (0.5 g) was 
heated under reflux for 8 h. The reaction mixture, in each case, was then poured into ice-cold water 
and acidified with few drops of hydrochloric acid (pH 6). The produced solid, in each case, was collected 
by filtration and crystallized from the proper solvent. 

4-Cyar1o-3,5-diamino-l,Y-diphenyl-2-oxo-8-th~oxothiazolo[4,5-b]isoquinoline (8). To a solution of 3a 
(3.7 g. 10 mmol) in dimethylformamide (30 ml) containing triethylamine (0.5 ml), malononitrile (0.7 
g. 10 mmol) was added. The reaction mixture was heated under reflux for 5 h, then poured into ice- 
cold water. The so formed product was then collected by filtration, dried and crystallized from dioxane. 

8-Amino-5,6-diphenyl-7-0xothieno[3', 4':4,5]pryidino[2.3-d]thiarol-5-thione (9). To a solution of 3a 
(3.7 g,  10 mmol) in dimethylformamide (30 ml) containing triethylamine (0.5 ml), elemental sulfur 
(0.35 g, 10 mmol) was added. The reaction mixture was heated under reflux for 3 h, then evaporated 
iri vacuo. The solid product formed, upon triturating the remainder oily product with diethyl ether, 
was collected by filtration, dried and crystallized from dioxane. 

Reaction of compound 9 with dienophiles. To a solution of 9 (4.1 g, 10 mmol) in dioxane (30 ml) 
containing acetic acid (8 ml), acrylonitrile or maleic anhydride (10 mmol each) was added. The reaction 
mixture, was heated under reflux for 10 h (until the evolution of H2S has ceased). The solid product, 
formed upon cooling to room temperature, in each case, was collected by filtration, to afford 11 and 
12. respectively. 
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