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SYNTHESIS OF POLYFUSED HETEROCYCLIC 
SYSTEMS DERIVED FROM 

BIS(AMMONIOTHIO)-2-CYANOACRYLAMIDE 
A.  A. SULTAN, A. M. SOLIMAN and A. K. EL-SHAFEI* 

Chemistry Department, Faculty of Sciences, Sohag, Egypt 

(Rcceiwd Julv 27, 1994; in final form November 25, 1994) 

Some new functionally substituted 1,3-dithiol0(4,5-b)pyrrolo(2',3'-e)-~,X-benzoquinones were obtained 
starting with 1,3-dithiolo(4,5-b)-4.7-benzoquinone derivatives and active methylene reagents. The struc- 
ture of the obtained new compounds was assigned. 

Kc,! wwt / .s :  Bis( ammoniothio)-2-cyanoacrylamide. I ,3-dithiolo(4,S-b)-4,7-benzoquinonc. 1 ..3-dithiolo(4.5- 
h)pyrrolo( ".~'-e)-4.8-henzuquinone. 

INTRODUCTION 

The reported activity of a-oxoketene gem-thiols as precursors in the synthesis of 
many sulfur  heterocycle^,'-^ has prompted us to  use bis(ammoniothio)-2- 
cyanoacrylamideX 1. as a building block for the synthesis of polyfused heterocycles 
containing pyrrole, benzoquinone and 1,3-dithiolane nuclei. 

RESULTS AND DISCUSSION 

Compound 1 was obtained from reaction of either ethylcyanoacetatc or cyanoac- 
ctamide with CS2 and ammonia. The stirring of compound 1 with tetrahromo-l,4- 
henzoquinone at r.t. in aqueous ethanol gave the corresponding product 5.6-di- 
hromo-2-(2'-cyanoacrylamide)-l.3-dithiolo (4,5-b)-4,7-benzoquinone 2. which was 
then allowed to react with a series of primary aromatic amines including: aniline, 
p-toluidine, anisidine and p-nitroaniline in refluxing ethanol to give the dehydro- 
brominated products: viz,  6-arylamino-5-bromo-2-(2'-cyanoacrylamide)- I 3 d i -  
thiolo(4,5-b)-4.7-benzoquinone derivatives w, cf. Scheme I. 

A series of active methylene compounds including malononitrile, ethylcyanoac- 
etate, diethylmalonate, acetoacetic esters and acetylacetone were allowed to react 
with arylamine derivatives in DMF in presence of an equivalent amount of 
triethylamine. The reaction mixture was refluxed over different periods of time 
(2-5 hrs, cf. Table I )  to give the corresponding polyfused ring systems cf. Scheme 
i I .  In each case, the reaction mechanism involves a vinylic substitution of bromine 
atom in benzoquinone via an addition/elimination process. Subsequent cyclization 
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NCCH2CONH2 
NH40H 

CS, 

NH40H NCCH, COOU 
a 2  

H, NS 

0 

0 

SCHEME I 

gave the expected triheterocyclic ring systems. Thus, the reaction of 3a-d with 
rnalononitrile or ethylcyanoacetate gave 6-amino-7-arylamino-5-cyano-2(2‘-cy- 
anoacrylamide)-l,3-dithiolo(4,5-b)pyrrolo (2’,3’-e)-4,8-benzoquinone 4a-d or 6- 
amino-7-arylamino-5-carbethoxy-2-(2’-cyanoacrylamide)- 1,3-dithiol0(4,5-b)pyrrolo- 
(2’,3’-e)-4,8-benzoquinone M, respectively, via HBr elimination followed by a 
nucleophilic addition of HN-Ar atom at the cyano function and tautomerism. With 
diethylmalonate or ethylacetoacetate, the reaction mechanism involves elimination 
of HBr molecule followed by a nucleophilic addition to the carbonyl group with 
loss of ethanol molecule to give 7-arylamino-5-carbethoxy-2-(2’-cyanoacrylamide)- 
6-hydroxy-1,3-dithiolo(4,5-b)pyrrolo(2’,3’-e)-4,8-benzoquinone 6a-d or 5-acetyl- 
7-arylamino-2-(2’-cyanoacrylamide)-6-hydroxy-l,3-dithiolo(4,5-b)pyrrolo(2’ ,3’e)- 
4,8-benzoquinone m, respectively. The reaction of 3a-d with acetylacetone gave 
5-acetyl-7-arylarnino-2-(2-cyanoacrylamide)-6-methyl-l,3-dithiolo(4,5-b)pyrrolo(2,3- 
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POLYFUSED HETEROCYCLES 97 

TABLE 1 
Physical and analytical data of the prepared compounds 

~ ~ ~~ 

0 Comp. React. M.P( C) Yield Mol.Formula Analytical data (Cal./Found % )  

N S Br No. Time (Cryst.Solv.) % (m.Wt.) C H 

- 2 2h. 

- 3a lh. 

- 3b lh. 

- 3c 45min. 

- 3d 45min. 

- 4a 4h. 

- 4b 4h. 

- 4c 4h. 

- 4d 4h. 

- 5a 3h. 

- 5b 4h. 

- 5c 5h. 

Sa 4h. 

- 6a 3h. 

186 

(Ethanol ) 

202 

(Dioxane) 

280 

(Ethanol) 

300 

(Ethanol) 

165 

( CHC13) 

339 

(DMF 1 

321 

(Ethanol ) 

305 

(DMF f 

265 

(Dioxane) 

307 

( DMF ) 

305 

(Ethanol) 

308 

(Ethanol) 

235 

( DMF ) 

308 

(Dioxane) 

80 

67 

66 

69 

67 

66 

73 

75 

70 

66 

68 

75 

73 

70 

C H N O S  Br2 28.45 0.48 6.63 15.19 37.87 

(422.11) 28.38 0.93 6.12 15.23 37.34 

CI6H8N3O3S2Br 44.23 1.86 9.68 14.77 13.41 

(434.15) 44.28 1.32 9.18 15.12 19.20 

I 0 2 2 3 2  

C H N 0 S Br 45.52 2.25 9.38 14.31 17.83 

(448.17) 46.22 2.65 9.93 14.92 18.32 
17 10 3 3 2 

CI7HlON3O4S2Br 43.95 2.17 9.05 13.82 17.22 

(464.17) 43.32 1.82 8.82 13.35 17.98 

C H N 0 S Br 40.07 1.47 11.69 13.38 16.68 

(479.15) 39.85 1.97 11.05 13.91 17.11 
1 6 7 4 5 2  

c H N O S  54.39 2.16 16.71 15.30 

(419.26) 54.93 1.75 16.24 15.94 
1 9 9 5 3 2  

C20HllN503S2 55.40 2.56 16.17 14.80 

(433.28) 55.86 2.06 15.89 14.33 

C H N 0 S 53.42 2.47 15.59 14.27 

(449.28) 52.97 2.96 15.08 13.89 
20 1 1  5 4 2 

49.11 1.74 18.1 13.81 

(464.26) 49.67 1.45 18.53 14.21 
‘1 9H8N605S2 

C H N 0 S 54.05 3.03 12.02 13.75 

(466.30) 54.63 2.77 12.54 13.23 
21 14 4 5 2 

C H N 0 S 54.97 3.36 11.67 13.35 

(480.31) 55.12 3.87 11.24 13.81 

C H N 0 S 53.20 3.25 11.29 12.92 

(496.31) 53.86 2.79 11.76 12.64 

C H N 0 S 49.29 2.56 13.70 12.54 

(511.30) 49.64 2.08 13.21 11.98 

22 16 4 5 2 

22 16 4 6 2 

21 13 5 7 2 

C H N 0 S 53.93 2.80 8.99 13.72 

(467.28) 54.34 2.56 8.19 14.02 
21 13 3 6 2 
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98 A. A. SULTAN. A. M. SOLIMAN and A.  K .  EL-SHAFEI 

TABLE I (Continued) 

Comp. React. M.P(  C) Yield Mol.Formula Analytical data (Cal./Found % )  
No. Time (Cryst.Solv.) % (m.Wt. ) c H N S Br 

0 

- 6b- 4h. 

- 6c 4h. 

- 6d 5h. 

- 7a 3h. 

- 7b 5h. 

- 7c 4h. 

- 7d 5h. 

- 8a 4h. 

- 8b 4h. 

- 8c 5h. 

- 8d 4h. 

71 C22H1 5N306S2 
(481.30) 

68 C22H1 gN3'7'2 
(497.30) 

72 C21H12N408S2 
(512.28) 

73 '20Hl IN3O5'2 
(437.26) 

75 C21H13N305S2 
(451.28) 

65 C21H13N306S2 
(467.28) 

70 '20Hl ON407S2 
(482.26) 

68 C H N O S  
21 1 3  3 4 2 

(435.28) 

67 '2ZHl 5N304S2 
(449.30) 

74 '2ZHl 5N30!iS2 
(465.30) 

12 c n N O S  
21 12 4 6 2 

( 480.28) 

54.86 3.14 

55.12 3.53 

53.09 3.04 

52.86 3.45 

49.20 2.36 

48.86 2.84 

54.89 2.54 

55.08 2.11 

55.85 2.90 

55.54 2.45 

53.93 2.80 

54.23 2.34 

49.77 2.09 

49.33 2.35 

57.90 3.01 

57.45 3.33 

58.76 3.37 

58.43 2.97 

56.74 3.25 

56.34 2.97 

52.47 2.52 

52.89 2.13 

8.73 13.32 

9.02 13.97 

8.45 12.90 

8.88 12.34 

10.94 12.52 

10.43 12.07 

9.61 14.67 

10.03 14.98 

9.31 14.21 

9.87 13.97 

8.99 13.72 

9.27 13.94 

11.62 13.30 

12.01 12.98 

9.65 14.73 

9.23 15.18 

9.35 14.27 

9.85 13.98 

9.03 13.78 

9.34 13.45 

11.67 13.35 

12.08 13.64 

e)-4,8-benzoquinone 8a-d via HBr elimination followed by a nucleophilic addition 
to the carbonyl group with loss of water molecule and cyclization. 

The structure of the obtained products was assigned both by elemental analyses, 
IR and 'H-NMR spectra. The IR spectra of compounds 4a-d-8a-d revealed the 
NH2 group absorptions around 3400 Cm-' and 3280 Cm-', the CN group ab- 
sorptions around 2200 Cm-' and the carbonyl groups around 1650 Cm-'  . 'H-NMR 
spectra of these compounds showed a broad band around 6.50 ppm corresponding 
to CONHz protons. 
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POLYFUSED HETEROCYCLES 99 

TABLE I1 
IR and 'H-NMR spectra of the prepared compounds 

' H-NMR( DHSO-d ) IR(KB3) 6 
comp . 
No. Y(cm ) &PPm) 

2 - 

- 3a 

3b - 

3c - 

- 3d 

- 4a 

4b - 

- 4c 

4d - 

- 5a 

- 5b 

- 5c 

- 5d 

3409,3339(NH2),2209(CN),1678(C=0), 6.40(br,2H,CONH 2 ) .  

1650(C=O). 

3400,3310(NH2),3231(NH),2209(CN), 

1680(C=O),1640(C=O). 

3408,3310(NH ),3238(NH),2918,2853 
2 

(CH,aliph.),22lO(CN),l67O(C=o), 

1635(C=O). 

3409,3305(NH2),3227(NH),2910,2839 

(CH,aliph.),2209(CN),1684(C=O), 

1647(C=O). 

3408 

1680 

3441 

(CN) 

3440 

3300(NH ),3200(NH),2207(CN), 
2 

C=O),1635(C=O). 

3335.3290,3110(2NH2),2210 

1690(C=O),1650(C=O). 

3330,3285,3197(2NH2),2955, 

2889(CH,aliph. 

1637(C=O). 

3443,3320,3198 

2842(CH,aliph. 

1652(C=O). 

3435,3320,3280 

3101(2NH2),2900, 

,2209(CN),1686, 

3190 ( 2NH2), 2207 

(CN),1690,1640(C=O). 

3410,3300,3231,3110(2NH2),2910, 

2885(CH,aliph.),2199(CN),l687 

(C=O),1652(C=O). 

3439,3330,3290,3184(2NH2),2990, 

2980(CH,aliph.),2210(CN),l687, 

1645(C=O). 

3450,3330,3210,3185(2NH2),2915, 

2851(CH,aliph.),2215(CN),l680, 

1640(C=O). 

3438,3320,3270,1197(2NH2),2890, 

2870(CH,aliph.),2210(CN),l680, 

1635(C=O). 

8.90(br,lH,NH),8.10-7.9O(m,5H, 

arom.),6.35(br,2H,CONH ) .  

8.80(br,lH,NH),7.90-7.8O(m,4H, 

arom.),6.30(br,2H,CONH ),1.30(s, 

2 

2 
3H,CH ) .  

8.85(br,lH,NH),8.00-7.90(m,4H, 

arom.),6.20(br,2H,CONH ),3.90(s, 

3H,CH3). 

8.95 (br,lH.NH). 7.90-7.67 (m.4H. 

arom.),6.40(br,2H,CONH ) .  

8.10-8.00(m,5H,arom.),7.60(br, 

2H, NH ) ,6.90 (br, 2H, CONH ) . 
2 2 

7.90-7.75(m,4H,arom.),7.50(br,2H, 

NH ),6.55(br,2H,CONH ),1.20(s,3H, 

3 

2 

2 

2 2 
CH3). 

8.20-8.05(m,4H,arom.),7.40(br,2H, 

NH ),6.45(br,2H,CONH ),3.93(S,3H, 

OCH ) .  
2 2 

3 
7.90-7.82(m,4H,arom.),7.45(br,2H, 

NH ) ,6.35(br,2H,CONHt). 

7.95-7.85(m,5H,arom.),7.50(br, 

2H,NH ),6.45(br,2H,CONH ),4.1d- 
2 2 

3.95(q,2H,CH ),1.50-l.15(t,3H,CH3). 

7.85-7.45(m,4H,arom.),7.40(br,2H, 

NH ),6.54(br,ZH,CONH ),4.50-4.15 

(q,2H,CHZ),1.50(t,3H,CH3),1.25 

2 

2 

2 2 

(sr3H,CH3) * 

8.05-7.85(m,4H,arom.),7.35(br,2H, 

NH ),6.50(br,2H,CONH ),4.35-4.22 

(q,2H,CH ),3.90(S,3H,0CH3),1.45 

(t,3H,CH ) .  

2 2 

2 

3 

8.00-7.80(m,4H,arom.),7.35(br,2H, 

NH2),6.25(br,2H,CONH ),4.13-3.95 

(qrZH,CH2),1.50(t,3H,CH 3 ) .  
2 
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100 A. A. SULTAN, A. M. SOLIMAN and A. K. EL-SHAFEI 

TABLE I1 (Confinued) 

H-NHR ( DHSO-d6) 
1 

b(PFW 

3450(OH),3347,3231(NH2),2933,2900 

(CH,aliph.),2207(CN),1740,1658, 

1637(C=O). 

3445(0H),3310,3195(NHi).2900,2870 

(CH,aliph.),2210(CN),1730,1685, 

1638(C=O). 

3452(OH),3348,3233(NH2),2933,2898 

(CH,aliph.),ZZlO(CN),l735,1683, 

1642(C=O). 

3460(OH),3346,3248(NH2),2938,2887 

(CH,aliph.),2212(CN),1730,1680, 

1639(C=O). 

3460(OH),3350,3245(NH2),2900,2890 

(CH,aliph.),2208(CN),1684,1658, 

1637(C=O). 

3440(OH),3315,3200(NH2),2885,2870 

(CH,aliph.),2207(CN),1682,1657, 

1635(C=O). 

3455(OH),3350,3245(NH2),2910,2890 

(CH,aliph.),2205(CN),1680,1655, 

1635(C=O). 

346O(OH),3355,3256(NH ),2900,2878 

CH,aliph.),2210(CN),1683,1657, 

1639(C=O). 

3335,3220(NH ),2995,2880(CH, 

aliph.),2209(CN),l680,1660,1635 

(C=O). 

2 

2 

3320,3190(NH2),2910,2885(CH, 

aliph.),2211(CN),1680,1658,1637 

(C=O). 

3330,3225(NH2),2995,2880(CH, 

aliph.),221O(CN),1690,1660,1640 

(C=O) . 
3335,3228(NH ),2989,2870(CH, 

aliph.) ;2207(CN) ,1687,1646,1637 
2 

(C=O) . 

9.55(br,lH,OH),7.95-7.92(m,5H, 

arom.),6.30(br,2H,CONH ),4.40- 2 

2 3 
4.10(g,2H,CH ),1.50-1.35(t,3H,CH ) .  

9.70(br,lH,OH),8.00-7.87(m,4H, 

arom.),6.43(br,2HlCONH ),4.50- 
2 

4.39(q,2H,CH2),1.43-l.32(t,3H,CH3), 

1.24(~,3H,CH ) .  

9.65(br,lH,OH),8.10-7.97(m,4H, 

arom.),6.35(br,2H,CONH ),4.20- 

3 

2 
4.12(q,2H,CH ),3.85(8,3H,OCH ) ,  

1.35(t,3H,CH ) .  

9.55(br,lH,OH),8.11-7.96(m,4H, 

arom.),6.30(br,ZH,CONH ),4.15- 

3.98(q,2H,CH ),1.40(t,3H,CH ) .  

9.60(br,lH,NH),8.00-7.9O(m,5H, 

arom.),6.20(br,ZH,CONH ),3.60(s, 

3H, CH3) . 

2 3 

3 

2 

2 3 

2 

9.50(br,lH,0H),8.00-7.86(m14H, 

arom.),6.10(br,2H,CONH2),3.53 

(B,~H,CH,),~.~O(B,~H,CH,). 

9.60(br,lH,OH),8.15-7.95(m,4H, 

arom),6.25(br,ZH,CONH ),4.03 

(s,3H,OCH ),3.50(8,3H,CH ) .  

9.53(br,lH,OH),8.11-7.48(m,4H, 

arom.),6.33(br,2H,CONH ),3.10 

(8r3HrCH3) * 

2 

3 3 

2 

8.00-7.34(m,5H,arom.),6.3O(br,ZH, 

CONH ),3.55(s,3H,CH3),1.18(s,3H, 
2 

CH3) - 
7.95-7.80(m,4H,arom.),6.15(br,2H, 

CONH 2 ),3.65(s,3H,CH3),1.20-1.10 

(m, 3H, 2CH ) . 
8.11-7.97(m,4H,arom.),6.25(br,2H, 

CONH ),3.95(s,3H,CH3),3.80(s,3H, 

CH ) ,l. 30 ( a ,  3H, CH3). 

8.00-7.87(m,QH,arom ),6.30(br,ZH, 

CONH ),3.75(s,3H,CH3),1.30(s,3H, 

3 

2 

3 

2 
CH3). 
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POLYFUSED HETEROCYCLES 101 

3ad - - 

EXPERIMENTAL 

- 

UCCH, COOEt 

- 7a d 

SCHEME I1 

All melting points were determined on a Kofler melting point apparatus and were uncorrected. IR 
spectra were obtained on a FT-IR-710 (Nicolet) infrared spectrophotometer. 'H-NMR spectra were 
obtained on a Varian EM360 A at 60 MHz using TMS as the internal standard. Elemental analyses 
were carried out on an elemental analyzer model 240C. 

Bis(ammonio~hio)-2-cyanoacrylamide 1: A mixture of ethylcyanoacetate (12 mg, 0.11 mole), carbon 
disulfide (16.19, 0.21 mole) and 36 ml of aqueous ammonia (28%) was stirred at r.t. for 8 hrs. The 
crude product was collected and recrystallized from water-acetone to give light yellow prisms. Yield 
40%; m.p. 147-148°C (dec.). 

5.6-Dibromo-2-(2-cyanoacrylamide)-I,3-dithiolo-(S,4-b)-4,7-benzoquinone 2: An equimolar mixture 
(0.02 mole) of tetrabromo-p-benzoquinone and compound 1 in ethanol/water (1:2) mixture was stirred 
for 2 hrs at r.t. The precipitated product was collected and recrystallized from ethanol. 
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102 A. A. SULTAN, A. M. SOLIMAN and A. K. EL-SHAFEI 

6-Arylamino-5-bromo-2-(2’-cyanoacrylamide)-I ,3-dithiolo(4,5-b)-4,7-benzoquinone 3a-d 

General method: An equimolar mixture (0.02 mole) of compound 2 and aromatic amine was dissolved 
in dioxane and was then refluxed over different periods of time (40 min-2 hrs). On cooling the solid 
product was filtered off and recrystallized from the proper solvent. 

Reaction of Compounds 3a-d with Active Methylene Compounds 

General method for synthesis of compounds 4a-d-8a-d: An equimolar mixture (0.01 mole) of com- 
pounds 3a-d and the active methylene compound was dissolved in dimethylformamide and was treated 
with 0.01 mole of triethylamine. The reaction mixture was refluxed over varying periods of time (2-5 
hrs) until a solid was formed. The reaction mixture was cooled and the collected product was filtered 
off and recrystallized from the proper solvent. 
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