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S Y N T H E S I S  OF M E T H Y L - S U B S T I T U T E D  T H I A Z O L E  

B A S E S  WITH A C O N D E N S E D  F U R A N ,  T H I O P H E N E ,  

OR S E L E N O P H E N E  R I N G  

P .  I. A b r a m e n k o  and  V. G. Z h i r y a k o v  UDC 547.789.6'728'736'739 

Methyl-substituted heterocyclic bases with a furan, thiophene, or selenophene ring con- 
densed with a thiazole ring were synthesized by heating the appropriate o-bromo acetamido 
derivatives with phosphorus pentasulfide or by oxidation of thioacyl compounds with potas- 
sium ferrieyanide in alkaline media. 

Methyl-substituted thieno- and benzothienothiazoles have been previously synthesized [1-5]. Polymethine 
dyes of various types have been obtained from the quaternary salts of bases of this type, and their color has 
been studied [6-8]. It seemed of interest  to obtain dyes based on derivatives of heterocyclic bases containing 
a selenophene or  furan ring condensed with the thiazole ring and to study their spectral  and photographic 
propert ies.  

In the present communication we describe the synthesis of methyl-substituted selenopheno-, benzofuro-, 
and benzoselenopheno[2,3-d]thiazoles (I-III). 

I II l l !  IV 

2-Methylselenopheno[2,3-d]thiazole (I) was synthesized by acetylation of 2-aminoselenophene by the 
action of phosphorus pentasulfide on the acetamido derivative and subsequent oxidation of 2-thioacetamido- 
selenophene with potassium ferricyanide in alkaline media. 2-Methylbenzofuro[2,3-d]thiazole (II) and 2- 
methylbenzofuro[2,3-d]thiazole (IV), which was previously obtained by a different method [3], were synthesized 
similarly from the corresponding amino derivatives of benzofuran and benzothiophene. Base II was also syn- 
thesized by bromination of 2-acetamidobenzofuran and by heating phosphorus pentasulfide with 2-acetamido-3- 
bromobenzofuran (V, X = 0). 

NHCOCH~ 

V II, I11 

II X~O;  I1! X~Se;  V X=O, Se 

2-Methylbenzoselenopheno[2,3-d]thiazole (HI) was similarly obtained from 2-acetamido-3-bromoseleno- 
phene (V, X = Se). 

It should be noted that II is not formed in the reduction of 2,2 '-dinitro-3,3'-benzofuryl disulfide under 
various conditions because of facile opening of the furan ring in this case to give an intermediate amino deriva- 
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rive. The 2-hydroxycoumara in  es te r  of iminothioacetic acid was obtained instead of the expected II in the r eac -  
tion of 3 -b romo-2 -coumaranone  with thioacetamide.  

EXPERIMENTAL 

The UV spectra of the compounds were recorded with an SF-4 spectrophotometer. The IR spectra were 
recorded with a UR-10 spectrometer. The PMR spectrum of II in CDCI 3 was recorded with a Varian T-60 
spectro meter. 

2-Acetamidoselenophene. The double tin salt of 2-aminoselenophene hydrochloride was obtained by 
reduction of 17.5 g (0.I mole) of 2-nitroselenophene [9] with 90 g of stannous chloride in 230 ml of concentrated 
hydrochloric acid for 2.5-3 h at 43-45 deg C; workup gave the product in 50% yield. A mixture of 13.6 g (0.12 
mole) of acetic anhydride and 20 ml of ether was added dropwise to a suspension of 25 g (0.04 mole) of the 
double salt in 60 ml of water at 0-5 deg C, after which a solution of 26 g of sodium hydroxide in 60 ml of water 
was added dropwise, and the mixture was stirred at 0-5 dog C for 30 rain. The ether was then removed in 
vacuo, and the solid material was removed by filtration and washed with water to give 3.8 g (51.3%) of colorless 
prisms (from benzene) with mp 134-135 deg C. Found: C 38.4; H 3.6; N 7.4%. C~H?NOSe. Calculated: C 
38.3; H 3.7; N 7.5%. 

2-Th[oacetamidoselenophene. This compound was obtained by the action of 8.5 g (0.038 mole) of phos- 

phorus pentasulfide on 18.7 g (0.I mole) of 2-acetamidoselenophene in anhydrous pyridine at 85-95 deg C for 
30 rain by the method in [I0]. Workup gave 5.7 g (28%) of light-yellow prisms (from alcohol) with mp 121-122 
dog. Found: C 35.5; H 3.4; S 15.6%. C6HTNSSe. Calculated: C 35.3; H 3.45; S 15.7%. 

.2-Methylselenopheno[2,3-d]thiazole (I). This compound was synthesized by oxidation of 2-thioaeetamido- 
selenophene by the method in [I]. Workup gave 0.64 g (9.2%) of a light-yellow oil with bp 107-110 deg (7 ram). 
Found: C 35.65; H 2.4; N 6.9%. C6HsNSSe. Calculated: C 35.6; H 2.5; N 7.07o. 

o-Hydroxyphenylacetic Acid Lactone (2-Coumaranone). A 2.4-g sample of concentrated hydrochloric 
acid was added to a solution of 3.74 g (0.02 mole) of benzofuran-2-carboxylic acid azide [ii] in 20 ml of glacial 
acetic acid, and the mixture was refluxed gently for 15-30 rain. It was then vacuum evaporated, and the residue 
(an oil) was treated with ether. The ether extract was dried with sodium sulfate, and the ether was removed by 
distillation. The residue was fractionated, and the fraction with bp 247-255 deg C was collected to give 1.7 g 
(65%) of product, which solidified to give rhombic needles with mp 48~ (49~ (rap 47-48 deg C [12, 13]). 

3-Bromo-2-coumaranone. A solution of 5 g (0.02 mole) of dioxane dibromide in 20 ml of ether was added 
with stirring to a solution of 2.7 g (0.02 mole) of 2-coumaranone in 15 ml of ether (the reaction was initiated 
by UV light). After the ether solution became colorless, it was washed with water and dried with sodium sul- 
fate. The ether was removed by vacuum distillation, and the residue was treated with water. The solid mater- 
ial was removed by filtration, washed, and air dried to give 3.8 g (88%) of a product with mp 87-88 deg C. 
Recrystallization from petroleum ether gave colorless needles with mp 95-96 deg C. UV spectrum (in alcohol), 
•max (log e): 278 nm (4.34). IR spectrum (Nujol): 2950 and 2880 (vC-H and ~CH2) ; 1813 cm -! (vC=O). 

2-Hydroxy-3-coumaranyl Iminothioacetate Hydrobromide. A 2.14-g (0.01 mole) sample of 3-bromo-2- 
coumaranone was added to a solution of 0.8 g (0.0106 mole) of thioacetamide in 3.0 ml of anhydrous ethanol, 
and the mixture was refluxed for 3 h. The alcohol was then removed by vacuum distillation, and the residue 
was treated with anhydrous benzene. The resulting precipitate was removed by filtration and washed with 
benzene and ether to give 1.35 g (47%) of colorless crystals (from alcohol) with mp > 300 deg C. UV spectrum 
(in alcohol), kmax (log e): 322 (4.95) and 247 nm (4.93). IR spectrum (KBr): 2600-2900 cm -I (VOH). Found: 
Br 27.6; S 11.1%. CIoHgNO2S'HBr. Calculated: Br 27.7; S 11.1%. 

2-Acetamidobenzofuran. A solution of isocyanate, prepared by heating 37.4 g (0.2 mole) of benzofuran-2- 
carboxylie acid aside in 200 ml of anhydrous xylene at 120-125 deg C for 1 h in a stream of nitrogen, was 
added with stirring to a solution of methylmagnesium iodide, obtained from 28.4 g (0.2 mole) of methyl iodide 
and 4.6 g (0.2 g-atom) of magnesium in 300 rnl of anhydrous ether at 0-5 dog in a stream of nitrogen, after 
which the mixture was stirred with cooling for 1 h. A solution of 20 g of ammonium chloride in i00 ml of 
water was then added with cooling, and the reaction product was extracted with benzene. The benzene solution 
was washed with water, dried, and evaporated. The residue was chromatographed on neutral ammonium oxide 
in benzene to give 15 g (43%) of a product with mp 121-123 deg C. Recrystallization from benzene gave color- 
less plates with mp 129-130 deg C. IR spectrum (KBr): 3440-3480 (~NH); 3075 (vC_H) ; 1615, 1253, and 1109 
cm -I (characteristic ring bands). Found. C 68.4; H 5.1; N 7.87o. CIoHgNO 2. Calculated: C 68.5; H 5.1; 
N 8.0%. 
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2-Ace tamido-3 -b romobenzofu ran .  A solution of 16 g (0.1 mole) of b romine  in 100 ml  of e ther  was added 
at 10-15 deg C to a solution of 17.5 g (0.1 mole) of 2 -ace tamidobenzofuran  in 400 ml of ch lo ro fo rm,  and the 
mix ture  was s t i r r ed  at r oom t e m p e r a t u r e  for  1 h. It was then vacuum evapora ted ,  and the res idue  was 
eh romatographed  on neutra l  a luminum oxide in benzene to give 19.3 g (76%) of co lo r less  p r i s m s  ( f rom benzene) 
with mp 134-135 deg C. Found: C 47.0; H 3.1; Br 31.3%. Ct0HsBrNO 2. Calculated:  C 47.2; H 3.1; Br  31.5%. 

2-Thioace tamidobenzofuran .  A 2-g  sample  of phosphorus pentasulfide was added in the course  of 15-20 
min to a ref luxing solution of 4.05 g (0.023 mole) of 2-ace tamidobenzofuran  in 130 ml  of anhydrous benzene,  
a f te r  which the mix tu re  was ref luxed with s t i r r i ng  for  2 h. The benzene l ayer  was then decanted,  and the 
r e s idue  was t r ea t ed  with 130 ml  of boiling benzene.  The combined benzene solutions were  ex t rac ted  with 4% 
sodium hydroxide solution, and the alkal ine solution was f i l tered.  The f i l t ra te  was cooled with ice water  and 
acidified with dilute (1 : 1) hydrochlor ic  acid,  and the prec ip i ta te  was removed  by f i l t rat ion,  washed with water ,  
and dried to give 1.6 g (36%) of a product  with mp 88-89 deg C. Recrys ta l l i za t ion  f rom alcohol gave l ight-  
yel low p r i s m s  with mp 94-95 deg C. Found: C 62.6; H 4.6; N 7.1%. C10HgNOS. Calculated:  C 62.8; H 4.7; 
N 7.3%. 

2-Methylbenzofuro[2,3-d] thiazole  (I1). A) This compound was obtained by heating 3.8 g (0.015 mole) of 
2 - a c e t a m i d o - 3 - b r o m o b e n z o f u r a n  and 2.5 g of phosphorus pentasulfide at 130-140 deg C [5] for  5 mln.  Workup gave 
co lo r l e s s  needles  ( f rom pe t ro l eum ether) with mp 51-52 deg C in 8.6% yield. PMR s p e c t r u m  (CDC13) , 5 : 2 . 7 5  
(s, CH 3) and 7.1~,7.5 ppm (m, a rom a t i c  protons) .  Found: C 63.2; H 3.7; N 7.4; S 16.9%. Ci0HTNOS. Calcu-  
lated:  C 63.5; H 3.7; N 7.4; S 16.9%. 

B) This compound was also obtained by the addition of a solution of 7.65 g (0.04 mole) of 2 - th ioace tamido-  
benzofuran in 100 ml  of 5% sodium hydroxide solution to 270 ml of 10% po ta s s ium fe r r i cyan ide  solution at 0-5 
deg C (see [3]). Workup gave co lo r l e s s  needles  ( f rom pe t ro l eum ether) with mp 51-52 deg C in 35% yield. 

2-Acetamidobenzo[b]selenophene.  This compound was obtained by acetyla t ion of 10 g of the double tin 
sa l t  of 2-aminobenzose lenophene  hydrochlor ide  by the method in [14]. Workup gave 3.3 g of l ight-brown pla tes  
( f rom benzene) with mp 201-202 deg C. Found: C 50.5; H 3.9; N 5.8%. CI0HgNOSe. Calculated:  C 50.4; H 
4.0 ; N 5.9%. 

2-Bromo-3-acetamidobenzo[b]selenophene. This compound was obtained in 86% yield by the action of 
bromine on 2-acetamidobenzo[b]selenophene in chloroform by the method in [15, 16]. Found: C 37.7; H 2.4; 
Br 25.3; N 4.3%. CIoHyBrNOSe. Calculated: C 37.9; H 2.5; Br 25.0; N 4.4%. 

2-Methylbenzoselenopheno[2,3-d]thiazole (IIl). A method similar to the method used to prepare I was 
employed to obtain this compound from 3.17 g (0.01 mole) of 2-acetamido-3-bromobenzoselenophene and 3 g 
of phosphorus pentasulfide; the mixture was heated at 140-145 deg C for 20-30 min. Workup gave colorless 
plates (from petroleum ether) with mp 73-74 deg C (mp 73-74 deg C [17]) in 14% yield. UV spectrum (in alco- 
hol), ~max (log 5): 256 (4.12) and 300 nm (4.04). Found: C 47.5; H 2.9; N 5.5; S 12.6%. CIoHTNSSe. Calcu- 
lated: C 47.6; H 2.8; N 5.55; S 12.7%. 

2-Acetamidobenzo[b]thiophene. This compound was synthesized by acetylation of the double tin salt of 
2-aminobenzo[b]thiophenehydrochloride. Workup gave colorless plates (from benzene) with mp 222-223 deg C. 
Found: N 7.3%. CIoHgNOS. Calculated: N 7.3%. IR spectrum (KBr): 3300 (VNH), 1670 (amide C=O), and 
1510 cm -I (amide CONH). PMR spectrum: 7.1-7.8 (benzene ring protons), 6.90 (3-H), and 1.45 ppm (CH3). 

2-Thioacetamidobenzo[b]thiophene. A 10.0-g sample of phosphorus pentasulfide was added with stirring 
to a refluxing solution of 19.1 g (0.1 mole) of 2-acetamidobenzo[b]thiophene in 900 ml of anhydrous benzene, 
af te r  which the mix ture  was ref luxed with s t i r r ing  for  1.5 h. The benzene layer  was decanted, and the res idue  
was t r ea t ed  with 500 ml  of boiling benzene.  The benzene solutions were  combined and vacuum evapora ted  to 
half the i r  or ig inal  volume.  The concent ra te  was ex t rac ted  with 4% sodium hydroxide solution, and the alkal ine 
ex t rac t  was cooled with i c e w a t e r  and acidified with dilute (1 : 1) hydrochlor ic  acid. The resul t ing prec ip i ta te  
was r emoved  by f i l t ra t ion,  washed with water ,  and dried to give 12.9 g (62%) of a product  with mp 152-154 deg 
C. Ree rys t a l l i z a t i on  f r o m  50% alcohol gave light-.yellow p r i s m s  with mp 159-160 deg C. Found: C 58.0; H 
4.2; S 30.8%. C10H~NS 2. Calculated:  C 58.0; H 4.3; S 30.9%. 

2-Methylbenzothieno[2,3-d]thiazole.  This compound was synthesized by oxidation of 2 - th ioace tamidobenzo-  
thiophene under  the conditions in [3, 18]. Workup gave co lo r l e s s  c ry s t a l s  ( f rom alcohol) with mp 85-86 deg C 
in 78% yield. 

2 , 2 ' - D i n i t r o - 3 , 3 ' - d i b e n z o f u r y l  Disulfide. A solution of 3.2 g of sodium disulfide in 15 ml of 70% ethanol 
was added to a solution of 4.86 g of 2 - n i t r o - 3 - b r o m o b e n z o f u r a n  [19] in 50 ml  of anhydrous ethanol, and the 
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mixture  was ref luxed for  4-5 h. It was then cooled, and the precipi ta te  was removed by fi l trat ion,  washed with 
ethanol, and a i r  dried to give 3.5 g (90%) of a product  with mp 189-191 deg C .  Recrys ta l l i za t ion  f rom alcohol 
gave l ight-yellow needles with mp 207-209 deg C. UV spec t rum,  Xmax (log e): 330 nm (in alcohol) (4.81). 
Found: C 49.4; N 7.1; S 16.4%. C16HaN20682. Calculated: C 49.5; N 7.2; S. 16.5%. 
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