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SYNTMESE OF THIEN0(2,3-d)-1,3-THIAZINES AND 
RELATED STRUCTURES 
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Chemistry Department, Faculty of Science, Sohag, Egypt 

(Received Februav 16, 1994; in final form September 23, 1994) 

4-Amino-3-carbonyl-2-mercapto-S-(substituted)thiophene 2a,b was reacted with ethylchloroformate. 
benzoyld~lo.ride. benzaldehyde or acetic anhydride to give the corresponding thienothiazine &,b; &.b; 
6a.b or thienooxmine z. The N-pynyl derivative of 2 or & was cyclized into the corresponding 
pyrolothienothiazine derivatives @ or 14, respectively. 

Key words: Thienothiazine, thienooxazine, pyrrolothienothiazine, 2,s-dimethoxytetrahydrofuran. 

INTRODUCTION 

Ketene S,S-actals prepared by the reaction of ketones' or &riles2 as well as het- 
erocyclic ketene N,N-3-9 or N-S-acetalss.10-'4 have become a subject of current 
interest. Although several papers have appeared regarding their preparation and 
structural stdies in recent literaturelS the synthetic utility of these intermediates 
has not been extensively explored.'6 In our earlier we have reported 
the use of cyanoketene S,S-acetals or heterocyclic ketene N,O-acetals in the syn- 
thesis of various heterocycles. 

The objective of the present investigation i s  to obtain a suitably substituted 
thiophene ring system with a view to synthesizing thieno(2,3-d)-l,3-thiazines and 
related structures. Keten S,S-acetal prepared by the reaction of cyanoactamide 
with cS2 in ammonia solution at room temperature offers a convenient dithioic 
acid derivative. This product was alkylated with a-bromoactophenone or ethyl- 
chloroacetate in boiling EtOHEtONa solution followed by acidification. The main 
substrate 4-amino-3-carbamoyl-2-mercapto-5-(substituted)thiophene 2 was oh- 
tained in high yield. 

lr9 
a, X= -COPh 
b, X= -COOEt 
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2 A. M. SOLIMAN 

The reaction of compound 2a,b with ethylchloroformate or benzoylchloride in 
refluxing dioxane/triethylamine(TEA) afforded the corresponding thieno(2,3-d)- 
1 ,fthiazine derivatives &,b and 5a,b, respectively. The reaction mechanism in- 
volves dehydrohalogenation' followed by ring closure. The precursor of compound 
4a,b was obtained when the reaction was carried out at room temperature. Com- 
pound 2a,b was reacted with benzaldehyde in methanol in the presence of 20% 
H2S04 yielding 2,3-dihydrothieno(2,3-d)-1,3-thiazin-4-one derivative h,b .  This is 
formed via a nucleophilic attack of the mercapto group at the carbonyl function 
followed by dehydration and ring closure. The carbethoxy and carbamoyl groups 
in compound & were hydrolyzed in a 12% NaOH solution. The corresponding 
dicarboxylic acid salt was precipitated in the reaction media, filtered off, and 
cyclized in boiling acetic anhydride into 7-carboxy-5-mercapto-2-methyl-thieno( 3,2- 
d)-1 ,3-oxazin-4-one 2. 
In connection with our work on the synthesis of heterocyclic systems containing 

a bridgehead nitrogen atom20-22 and in light of several  report^^^-^^ which indicate 
that aryl or heteroaryl pyrroles are useful substrates for intramolecular cyclization 
reactions, compound & was used as a starting material. It was reacted with 2,5- 
dimethoxytetrahydrofuran in boiling acetic acid and the corresponding 6-carbeth- 
oxy-2-hydroxy-5-( l-pyrryl)-thieno-(2,3-d)-1,3-thiazin-4-one 8 was obtained. 

0 

"Nr7j X 
CLCOOEt  . 

OH ' TuPox* 

2 

(AC)ZO 

A 1 
CWNa 

SNa 

NaoH 

NaOOC 

SCHEME I 

a, X= -COPh 
b, X= -COOEt 
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3 

AL u Lp, x= on 
U, X= Ph 

SCHEME I1 

TABLE I 
Physical and analytical data of the prepared compounds 

Yield llol .Donnula Analytical data 
...................................................................... 
conrpound No. gip % (M. Wt) Calc./ Found (I) 

(cryat.solv.) C A N S 

2. 

2b 

3. 

3 b  

4. 

46 

51 

5b 

207 85 

(=OH) 
248 78 

( EtOH ) 

190 76 

(Benzene 

182 73 

( CHCl3 1 

255 68 

(Eta) 

267 70 

( Dioxane ) 

220 67 

(CHCl3) 

232 58 

( EtOH ) 

c1 2'1 ON2'2'2 
(279.05) 

'8'1 ON2'3'2 

(247.01) 

'1 5'1 4'2'4'2 
(351.40) 

'1 1'1 4'2'5'2 
(319.36) 

'1 3'INZ03'2 
(304.90) 

c9R8N204s2 
(272.86) 

'26'1 gN2'3'2 
(469.67) 

'1 2'1 6N204'2 
(437.63) 

51.65 3.87 10.04 22.98 

51.35 3.75 9.9 22.85 

38.90 4.37 11.43 25.96 

38.65 4.25 11.40 26.10 

51.27 4.30 7.97 18.25 

51.45 4.12 7.81 18.08 

41.37 4.73 8.77 20.08 

41.49 4.56 8.62 20.25 

51.21 2.83 9.19 21.03 

51.01 2.71 9.34 21.22 

39.61 3.17 10.27 23.50 

39.76 3.01 10.40 23.31 

66.48 3.68 5.96 13.65 

66.71 3.55 5.79 13.81 

60.37 3.95 6.40 14.65 

60.29 3.79 6.56 14.79 
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4 A .  M. SOLIMAN 

6a 

6b 

7 

8 

9 

10 

11 

12 

13 

14 

240 69 

( MeOH ) 

258 73 

( D i o x a n e  ) 

220 55 

( EtOH 

195 75 

(Benzene ) 

205 72 

( EtOH) 

223 56 

(DMF) 

280 82 

( D i o x a f m  ) 

240 55 

(THF) 

270 76 

( CHCl3 ) 

285 52 

(DMF) 

C26H1 gN2'2'2 
(455.83) 

C22H18N203S2 
(423.79) 

C H N 04S2 
8 5  
(243.60) 

'1 3H1 ON2OqS2 
(323.06) 

'1 IHgN2'bS2 
(294.72) 

'I 1'1 &N203S2 
(276.56) 

'1 2H1 2N203S2 
(297.21) 

'I 9'1 4N203S2 
(383.44) 

'1 TH1 ON2'3'2 
(355.10) 

'1 7H8N202S2 
(336.94) 

68.50 

68.66 

62.35 

62.52 

39 * 44 

39.61 

48.33 

48.14 

44.83 

44.98 

47.77 

47.65 

48.49 

48.63 

59.51 

59.38 

57.50 

57.63 

60.60 

60.47 

4.26 

4.14 

4.59 

4.42 

2.22 

2.38 

3.34 

3 .21  

2.20 

2.03 

1.56 

1.69 

4.36 

4 .21  

3.94 

4.09 

3.04 

3.19 

2.56 

2.69 

6.15 

6.01 

6.61 

6.75 

5.75 

5.58 

8.67 

8 .81  

9 . 5 1  

9.37 

10.13 

9.97 

9.47 

9 .61  

7 .31  

7.19 

7.89 

7.73 

8.41 

8.55 

14.07 

14.23 

15.13 

15.01 

26.32 

26- 47 

19.85 

19.99 

21.76 

21.91 

23.18 

23.34 

21.57 

21.42 

16.72 

16.86 

18.06 

18 .21  

19.03 

18.89 

Hydrolysis of compound 8 in ethanolic sodium hydroxide solution afforded the 
corresponding acid 9. This was cyclized in boiling polyphosphoric acid to the 
tetraheterocyclic system, 2-hydroxy-pyrrolo(2,l-e)pyrrolo(3,2-b)thieno(2,3-d)-1,3- 
thiazin-4,8-dione lo. Compound 3 was converted into its N-pyrryl derivative 1 
under the same reaction conditions followed by reaction with benzoyl chloride. 
The product 6-carbethoxy-2-pheny1-5-( l-pyrryl)thieno(2,3-d)-l,3-thiazin-4-one 12 
was hydrolized to the corresponding acid 13. It was then cyclized in boiling PPA 
to 2-phenyl-pyrrolo(2,l-e)pyrr.olo(3,2-b)thieno(2,3-d)-l,3-thiazin-4,8-dione 14. 

EXPERIMENTAL 

All melting points were determined on a Kofler melting point apparatus and were uncorrected. IR 
spectra were obtained on a Pye-Unicam SP3-100 infrared spectrophotometer. 'H-NMR spectra were 
obtained on a Varian EM 360 A at 60 MHz using TMS as the internal standard. Elemental analyses 
were carried out on an elemental analyzer 240C. 
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THIEN0(2,3-d)-1 .ITHIAZINES 5 

TABLE 11 
IR and 'H-NMR spectra of the prepared compounds 

2a 

2b 

3. 

3 b  

4. 

4b 

5. 

5b 

6. 

6b 

7 

8 

3420,3330,3298,3130,(ZWH2) 7.80-7.50(m,5H,arm.), 7.60-7.00(m, 

3450,3360,3290,3100,(2NH2~, 7.80-7.50(br,4H,2N€12),4.50-4.10 

1690,1660(2CIo) ,4H,ZN€12), 3.60 (br,lH,SH). 

2978-2950(C-H)alif.,1702- 

,1660 ( 2c Io )  

3447,3382,3330,3188(2NH2), 

2990-2955(C-H)alif.,l723, 

,1685(2CIo) 

3455,3355,3250,3150(2NE2) , 
2995-2945(C-H)alif.,l725, 

1660 (2cIo) 

3460(a),3390,3300(NH2), 

1685,1660(2C=0),1620(C=N) 
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6 A. M. SOLIMAN 

TABLE I1 (Continued) 

9 

10 

11 

12 

13 

14 

3450,3400(20H),1730,1680 

(2C=0),1620(C=N) 

3400(0H)~1680~1670(2cliO)r 

1620 (C=N) 

3420 ,'3230 (NH2 2990-2960 

(C-€I)alif.,1720,1665(2C4) 

11.50(s,lH,OH),9.50(s,lH,OH~, 

4.60-4.10(m,4H,Pyrryl). 

9.5o(s,l~,0~),4.90-4.40(m,3H, 

PYrrYl). 
7.50-7.30(br,2H,NHZ)4.50-4.20(m, 

4H,Pyrryl),4.00-3.70(q,2H,CH2est 

er),3.50(br,l~,sH),1.40-1.10(tr, 

3H,CH3 1.  

8.10-7.80(m,ZH,arom.)r7.50-7.10 

(m,3H,arOm.),4.50-4.1O(mr4H,qyrr- 

yl) , 3.90-3.50 ( q, ZH, CH2ester ) , 
1.50-1.10(tr,3H,CH ): 3 
11.50(1H,0H),8.10-7.70(m,5H,arom) 

4.50-4.10(mr4H,Pyrryl). 

8.20-7.90(m,5H,arom.),4.90-4.40 

(m,3H,Pyrryl). 

Synthesis of 4-amino-3-carbamoyl-2-mercapto-5-(subs~ituted)thiophene &,b. A mixture of cyano- 
acetamide (9.24 g, 0.11 mol) and carbon disulfide (9.00 ml, 0.15 mol) in 40 ml of ammonia solution 
(28%) was stirred at room temperature for 8 hours. The dithioic ammonium salt (9.7 g, 0.05 mol) was 
treated with an equivalent amount of a-bromoacetophenone (9.9 g, 0.05 mol) or ethylchloroacetate 
(5.35 g. 0.05 mol) in aqueous ethanol (200 ml). The reaction mixture was stirred for 2 hours at room tem- 
perature where the S-alkylated product was precipitated, filtered off and used in the next step without 
further purification. (0.05 mol) of compound la,b was refluxed with an equivalent amount of sodium 
ethoxide in ethanol (250 ml) for 4 hours. After cooling the reaction mixture was poured into ice water, 
acidified with dilute HCI, filtered off, washed with water and recrystallized from the proper solvent. 

Synthesis of 4-amino-3-carbamoyl-5-(substituted)-2-thioalkylated thiophene a,!. A mixture of com- 
pound 2& (0.01 mol), ethylchloroformate (0.96 ml, 0.01 mol) and triethylamine (1.39 ml, 0.01 mol) 
in 20 ml dioxane was stirred at room temperature for one hour. The precipitated product was collected 
by filtration and recrystallized from the proper solvent. 

Synthesis of 5-amino-2-hydroxy-6-(substituted)-thieno(2,3-d)-l,3-thiazin-4-one 4a.b. A mixture of com- 
pound 2 . b  (0.01 mol), ethylchloroformate (0.96 ml, 0.01 mol) and triethylamine (1.39 ml, 0.01 mol) 
in 20 ml dioxane was refluxed for 4 hours. The resulting precipitate was collected by filtration and 
recrystallized from the proper solvent. 

Synthesis of 5-benzoylamino-2-phenyl-6-(substituted) thieno(2,3-d)-l ,J-thiazin-l-one %,b. A mixture 
of compound 2& (5.7 mmol), benzoylchloride (1.4 ml, 11.4 mmol) and triethylamine (1.57 ml, 11.4 
mmol) in 25 ml dioxane was refluxed for 4 hours. The resulting precipitate was collected by filtration 
and recrystallized from the proper solvent. 

Synthesis of 5-n-(benzylidine)-2-phenyl-6-(substi~uted)-2,3-dihydro-thieno(2,3-d)-l,3-thiazin-4-one Q,b. A 
mixture of compound &,b (8.6 mmol), benzaldehyde (4 g, 37.5 mmol) and 5 ml of 20% H$O, in 
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THIEN0(2,3-d)-1 .ITHIAZINES 7 

methanol (20 ml) was refluxed for 15 min. The crude precipitate was collected, washed with ethanol. 
dried and recrystallized from the proper solvent. 

Synthesis of 7-carboxy-5~rc~ro-2-methyl-thieno(3,2-d)-2,3-oxazin40~ 1. Compound & (2.34 g, 
0.01 mol) was refluxed m &hanotic sodium hydroxide solution (50 ml, 12%) for one hour. The pre- 
cipitated sodium salt was filtered off, washed with alcohol and left to dry. The resulting sodium salt 
was refluxed for 3+0drs with aeetic anhydride (20 ml), on cooling the obtained product was filtered 
off, and recrystallizctr from the proper solvent. 

Synthesis of 2 - h y d w ~ ~ a ~ o x y - s ( I - p y r r y l ) - t h i e n o ( 3 , 2 - d ) - ~ , 3 - t h i a ~ ~ ~ ~  8 and 6-carberhoxy-2- 
phenyl-5-(l-pyrryf)-thieno(3,2-d)-l,3-thiuzin-4-one u. To (0.05 mol) of compound & or & in (50 ml) 
glacial acetic acid, (6.5 ml, 0.05 mol) of 2.5dimethoxytetrahydrofuran was added. The reaction mixture 
was refluxed for one hour. The cooled reaction mixture was poured into ice water, and the crude 
precipitate was recrystallized from the proper solvent. 

Synthesis of 2-hydroxy-6-carboxy-5-(1 -pyrryl)-thieno(2,3-d)-I ,3-thiazin-4-one 2 and 6-carboxy-2-phenyl- 
5-(l-pyrryf)-thimo(2,3-d)-1,3-thiuzin-4-one 13. (0.01 mol) of compound 3 or was refluxed for one 
hour in ethanolic sodium hydroxide solution (50 ml, 4%). The cooled section mixture was diluted with 
water and acidified with dilute HCI. The precipitate was filtered off, and recrystallized from the proper 
solvent. 

Synthesis of 6-carbethoxy-2-phenyl-5-(l-pyrryl)-thieno (2,3-d)-1,3-thkzin-4-one 12. A mixture of com- 
pound 11 (2.% g. 0.01 mol), belaoyl chloride (1.3 ml, 0.01 mol) and triethylamine (1.38 ml, 0.01 rnol) 
in 25 ml dioxane was refluxed for 4 hours. The resulting precipitate was collecting by filtration and 
recrystallized from the proper solvent. 

Synthesis of 2-hydroxy-pyrrol0(2,1 -e) pyrrolo(3,2-b)thieno(2,3-d)-1 ,3-thiazin-4-one lo and 2-phenyl-pyr- 
rolo(2,l-c)pymfo(3,2-b)thieno(2.3-d)-l,3-thiazin-4 one 14. To (25 ml) of a cold solution of poly- 
phosphoric acid, (0.005 mol)’of compound 9 or JJ was added portionwise and the reaction mixture was 
then heated for 30 min. After cooling the mixture was added to ice cold water. The separated solid 
was filtered off, washed with a 5% solution of sodium bicarbonate and then washed with water, dried 
and recrystallized from the proper solvent. 
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