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The bromination of 2-amino- and 2-acetylamino-4-(2-furyl)thiazoles 
has been studied, and it has been shown that bromination takes place 
first in the furan ring and then, with an excess of bromine, also in the 
thiazote ring in position 5. 

It iS known [1-3] that 4 -subs t i tu ted  2 - amino th i a -  
zo les  gene ra l l y  b r o m i n a t e  read i ly  in pos i t ion  5 of the 
th iazo le  r ing .  However ,  in the b romina t ion  of 2-  
a m i n o -  and 2 - a e e t y l a m i n o - 4 - ( 2 - f u r y l ) t h i a z o l e s  (VIIa, 
b) the na tu re  of the subst i tuent ,  i . e . ,  the furan r ing ,  
must  na tu ra l ly  exe r t  a fundamental  inf luence on the 

d i r ec t ion  of the reac t ion .  

mobi le  [5, 6], it i m m e d i a t e l y  f o r m s  a th iouron ium sa l t  
with an e x c e s s  of th iourea ,  a n d f r o m t h i s  the m e r c a p t o  

d e r i v a t i v e  can then be obtained.  
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The ac t ion  of th iourea  on I did no~t lead to the f o r m a -  
t ion of th iouron ium sa l t s .  This  shows that b romine  in 
pos i t ion  5 of the furan  r ing  is not mobi le .  When 5- 

Br -~-~--COCH2 Ha| 

Hal= Br, CI 

0 ~s )_NHCOEH 3 

II 

l %'111 

--NHR ~ )  Dr--'~ $~--  NH2 
/ "s- 

p /  VII a R= H" b !t = Clt~CO 11| 

% \ 0 ~ 2  ~-s~_~.coc. ~ 

IV 

With the aid of ch romatography ,  UV and PMR s p e c -  
t r a ,  and independent  syn thes i s  we have shown that the 
b romina t ion  of VIIa and VIIb with an e q u i m o l e c u l a r  
amount  of b r o m i n e  takes  p lace  in posi t ion 5 of the 
furan  r ing.  The constants  of s amp le s  of 2 - a m i n o - 4 -  
( 5 - b r o m o - 2 - f u r y l ) t h i a z o l e  (I) obtained by the d i r e c t  
b romina t ion  of VIIa and by the r eac t ion  of 5 - b r o m o -  
2- (ha logenoace ty l ) furans  and 5 - b r o m o - 2 - d i a z o a c e t y l -  
furan  (VIII) with th iourea ,  and a lso  the constants  of 
t he i r  d e r i v a t i v e s ,  coincided comple te ly .  

2 - A m i n o - 5 - b r o m o - 4 - ( 5 - b r o m o - 2 - f u r y l ) t h i a z o l e  (III) 
and the c o r r e s p o n d i n g  2 -aee ty l amino  compound (IV) 
w e r e  obtained both by b romina t ing  VIIa and VIIb and by 
b romina t ing  I and 2 - a c e t y l a m i n o - 4 - ( 5 - b r o m o - 2 - f u r y l ) -  
th iazole  (II). Compound IV was a lso  obtained by the 
ace ty la t ion  of III. 

By analogy with FSId i ' s  work  [4], we  a t tempted  by 
the r eac t ion  of 2 - (d ib rqmoace ty i ) fu ran  with th iou rea  to 
obtain 2 - a m i n o - 5 - b r o m o - 4 - ( 2 - f u r y l ) t h i a z o l e ,  but in -  
s tead of th is  we i so la ted  the th iouron ium sa l t  V. In 
a mmon iaca l  solut ion,  the l a t t e r  is r ead i ly  conver ted  
into 2 - a m i n o - 4 - ( 2 - f u r y l ) - 5 - m e r c a p t o t h i a z o l e  (VI). 

It may be a s s u m e d  that  2 - a m i n o - 5 - b r o m o - 4 - ( 2 -  
fu ry i ) th iazo le  is f o r m e d  f i r s t ,  but s ince  halogen in 
pos i t ion  5 of the 2 -amino th i azo l e s  is usua l ly  f a i r l y  

b r o m o - 2 - ( d i b r o m o a c e t y l ) f u r a n  was condensed with 
th iou rea  and the product  was hydro lyzed  with aqueous 
ammonia ,  a compound containing b rom ine  and a m e r -  
capto group was  obtained.  In view of what has  been 
said above,  i t  may be a s s u m e d  that  the r e p l a c e m e n t  of 
b r o m i n e  by a mercap to  group took place  in the th iazole  
r ing  and not in the furan  r ing.  

E X P E R I M E N T A L  

2-Amino-4-(5-bromo-2-furyl)thiazole (I). a) With stirring, a 
solution of 4.8 g (30 mM) of bromine in 10 ml of glacial acetic acid 
was added dropwise at 40 ~ C to 4.99 g (30 raM) of VIIa in 230 ml of 
glacial acetic acid, and the mixture was heated to 65 ~ C, stirred for 
10 rain, and then left overnight. The excess acetic acid was distilled 
off in vacuum. The residue was treated with dilute aqueous ammonia. 
Yield 5.6 g (76%); mp 163-164 ~ C (from ethanol). Rf 0.66 (system 1)*; 
Rf 0.62 (system 2). PMR spectrum**: r ~ 6.4 ppm (NH 2, broad single0; 
r = 3.35 ppm (3, 4-H of a furan ring, singlet); T = 3.16 ppm (5-H of a 
thiazole ring, singlet); ratio of the intensities 2 : 2 : 1. )'max' nm 

*System 1: silica gel, benzene--alcohol (1 : 3); system 2: silica gel, 
methanol- chloroform (1 : 9). 

**Working frequency, 40 MHz; solvent, dimethyl sulfoxide; internal 
standard eyclohexane. 
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(log s)*: 247 (4.35), 293 (4.16). Found, %: C 34.26; H 2.16; Br 33.03; 
N 1:1..38. Calculated for CrHsBrN2OS, % C 34.30; H 2.06; Br 32.61; 
N 11.44. 

b) A solution of 2.2 g (10 raM) of VIII in 20 ml of ethanol was 
treated with a solution of 0.76 g (10 raM) of thiourea in 25 ml of 
ethanol, and the mixture was boiled for 6 hr and left to stand overnight. 
Then 100 ml of water and 50 ml of 25% aqueous ammonia were added. 
The precipitate was filtered off. Yield 1.94 g (78%); mp 163-184 ~ C 
(from ethanol). R0c 0.66 (system 17; Rf 0.62 (system 2). PMR spectrum: 
r m 6,4 ppm (NH 2, broad singlet); r = 3.35 ppm (3, 4-H of a furan ring, 
singlet); r = 3.16 ppm (5-H of a thiazole ring, singlet); ratio of the 
intensities 2: 2: 1. kma x, nm (log s): 247 (4.357, 293 (4.177. 

c) A solution of 8.7 g (30 raM) of 5-bromo-2-(chloroacetyl)furan 
or the corresponding amount of 5-bromo-2-(bromoacetyl)furan in 30 mI 
of ethanol was treated with a solution of 2.3 g (30 raM) of thiourea in 
80 ml of ethanol. After 5 minutes' boiiing. 100 m1 of water and 5 ml 
of 25% aqueous ammonia were added. Yield 5.16 g (70%); mp 163- 
184 ~ C (from ethanol). 

The hydrochlotide of I. This was obtained in a similar manner to I 
by method (c) but without the treatment with aqueous ammonia, with 
a yield of 60%. Mp 185-187 ~ C (from anhydrous ethanol). Found, %: 
C 29.50; H 2.26; N 10.08; S 11.61. Calculated for C~H~BrN2OS. HC1, 
%: C 29.86; H 2.15; N 9.95; S 11.39. 

Hydrobromide of I. This was obtained in a similar manner to I by 
methods (37 and (c) but without the treatment with aqueous ammonia, 
with a yield of 90%. Mp 1G9-171 ~ C (decamp., from CHaCOOH ). 
Found, %: C 25.88; H 1.99; Br 48.63; N 8.45. CaIculated for 
CTHsBrNaOS- HBr, %: C 25.79; H 1.86; Br 49.02; N 8.59. 

Picrate of I. Obtained from I by methods (a) and (b), Mp 206- 
208 ~ C (from ethanol). Found, %: C 33.01; H 1.91; N 14.85. Calcu- 
lated for CrHsBrNaOS �9 C6H2(NOa)aOH, %: C 32.92; H 1.70; N 14.7% 

2-Acetytamino-4-(5-bromo-2-furyl)thiazole (II). a) A solution of 
2.69 g (11 raM) of I obtained by method (a) or (b) in 50 ml of glacial 
acetic acid was treated with 2.25 g (22 mM) of acetic anhydride and 
baited for 4 hr. Yield 2.98 g (95%). Mp 215" C (from CHaCOOH ). 

Rf 0.79 (system 1); Rf 0.89 (system 2). Xma x, nm (log s): 250 (4.30), 
276 (4.36). Found, %: C 37.67; H 2.39; Br 28.09; N 9.82. Calculated 
for CsHrBrN202S, %: C 37.64; H 2.46; Br 27.83; N 9.76. 

b) A solution of 8.3 g (40 mM) of VIIb in 300 ml of glacial acetic 
acid was treated with 6.4 g (40 raM) of bromine in 20 ml of glacial 
acetic acid. The further operations were similar to the preparation of 
I by method (a). Yield 9.62 g (84%7. Mp 215" C (from CHaCOOH ). 

Rf 0.79 (system 1); Rf 0.89 (system 2). Xma x, nm (log aT: 250 (4.30); 
276 (4.36). 

2-Amino-8-bromo-4-(5-bromo-2-furyljthiazole (Ill). a)A solution 
of 2.9 g (12 raM) of I in 65 ml of glacial acetic acid was treated with 
1.92 g (12 mM of bromine in 20 ml of glacial acetic acid. The further 
procedure was similar to the preparation of I by method (a). Yield 
2.8 g (73%7. Mp 138" C (from ethanol). Xma x, nm (1% s): 250 (4.39), 

*The UV spectra were taken on an SF-4 spectrophotometer in 
ethanolic solutions. 

300 (4.17), Found, %: C 25.71; H 1,20; Br 49.96; N 8.64. Calculated 
for CvH4Br2N2OS, %: C 25.95; H 1.24; Br 49.33; N 8.65. 

b) A solution of 4.99 g (30 raM) of VIIa in 230 ml of glacial acetic 
acid was treated with 8.95 g (60 raM) of bromine in 20 ml of glacial 
acetic acid. The further procedure was as for the preparation of I by 
method Ca), Yield 8,6 g (88%). Mp 138 ~ C (from ethanol). Xmax, 
nm (log ~): 250 (4.40), 300 (4.1G). 

Hydrobromide of III. This was obtained in similar manner to tII, 
but without the neutralization with ammonia. Yield 90% ; mp 171- 
173 ~ C (decamp,, from CHsCOOH ). Found, %: C 20.96; H 1.22; 
Br 59.40; N 6,84; S 7.80. Calculated for CrH4BrzNaOS �9 HBr, %: 
C 20.76; H 1.24; Br 59.21; N 6.92; S 7.92. 

2-Acetylamino-5-bromo-4-(5-bromo-2-furyl)thiazole (IV). a) A 
solution of 3.24 g (i0 raM) of III in 50 ml of acetic acid was treated 
with 1.42 ml (15 mM) of acetic anhydride and was boiled for 3 hr. 
The yield of product was 3.75 g (98%7. Mp 225-226 ~ C (from ethanol). 
Found, %: C 29.72; H 1.78; Br 43.96; N 7.80; 8 8.70. Calculated for 
CgH6Br~NaOz8, %: C 29.53; H 1.65; Br 43.66; N 7.65; S 8.7G. 

b) A solution of 2.08 g (10 raM) of Vllrb in 150 ml of glacial acetic 
acid was treated with 3.2 g (20 mNl) of bromine in 15 ml of glacial 

acetic acid. The subsequent procedure was similar to the preparation of 
I by method (c). Yield 3.06 g (84%7. Mp 225-226 ~ C (from ethanol). 

8-[2-Amino-4-(2-furyl)thiazol-g~yl]thiouronium bromide (V). A 
mixture of 13.4 g (50 raM) of 2-(dibromoacetyl)furan and 7.6 g (100 
mM) of thiourea in 70 ml of ethanol was boiled for 20 rain. After 
cooling, a precipitate deposited. Yield 5.8 g (38%); mp 198-199 ~ C 
(decamp., from ethanol). Found, %o: C 29.84; N 2.831 N 17.33; 
S 20,11. Calculated for CsHsN4082 �9 HBr, %: C 29.91; H 2.82; N 17.44; 
S 19.98. 

2-Amino-4-(2-furyl)-g-mercaptothiazole (Vt). A solution of 2.5 g 
of V in ethanol was treated with dilute aqueous ammonia. Yield 0.82 g 
(53%). Mp 169-171 ~ C (decamp., from ethanol). Found, %: C 42.44; 
H 2.86; N 13.87; S 32.58. Calculated for CrH6N2OS2, %: C 42.40; 
H 3.08; N 14.131 8 32.35. 
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