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A new method has  been developed for  the b romina t ionof th iophene  and its de r iva t ives .  The 
method cons is t s  in the action of N-bromosucc in imide  in acet ic  anhydride and glac ia l  acetic 
acid on the thiophene de r iva t ives .  In the bromina t ion  of 2-acetyl thiophene and its d e r i v a -  
t ives ,  the bromine  r ep laces  the hydrogen atom in the 5 posi t ion of the thiophene r ing.  

Up to the p resen t  t ime,  there  have been no indications in the l i t e ra tu re  of the poss ib i l i ty  of r e p l a c e -  
ment  of the hydrogen atom in the 5 posi t ion of the thiophene ring by  bromine  by d i rec t  b romina t ion  of 2- 
acetylthiophene and i ts  de r iva t ives .  The brominat ion  of 2-acyl thiophenes  in the 4 posi t ion of the thiophene 
r ing is known [1, 2]. The bromina t ion  of thiophene and its de r iva t ives  with N-bromosucc in imide  in glacia l  
acetic acid and ch lo ro fo rm was descr ibed  in 1968 [3]. However ,  2-  and 3-acetyl thiophenes  could not be 
b romina ted  by this method; this was explained by the s t rong deact ivat ing effect  of the acetyl  group.  

In the p resen t  pape r  we have studied the r eac t ion  of 2-acetyl thiophene (I); 4 - b r o m o - ,  4 -n i t ro - ,  5- 
b r o m o - ,  and 5-n i t ro -2-ace ty l th iophenes  (II-V); 5 -ace ty l -2 ,2 ' -d ie th ieny l  (VI); and thiophene (VII) with N- 
b romosucc in imide  in acet ic  anhydride and in acetic a n h y d r i d e - g l a c i a l  acet ic  acid at 20-130~ 

5-Substi tuted 2-acetyl thiophenes  IV and V and 4-n i t ro -2-ace ty l th iophene  (III) a re  not b romina ted  
under  the conditions that we studied.  The 5 posi t ion of the thiophene ring is b romina ted  by the action of N- 
b romosucc in imide  on I, II, and VI in acet ic  a n h y d r i d e - g l a c i a l  acetic acid. The method that we developed 
for the brominat ion  was also used  to obtain 2-bromothiophenes  f rom thiophene. The yields of 2 - b r o m o -  
thiophene were  identical  (7L1%) for  both bromina t ion  in acetic anhydride and in acet ic  a n h y d r i d e - g l a c i a l  
acetic acid but were  apprec iab ly  higher  than those given in [3]. A study of the compos i t ion  of the products  
obtained in the bromina t ion  of I in var ious  media  and at different  t e m p e r a t u r e s  via  the method in [4] demon-  
s t r a t ed  that  II is  absent in the mix tu res  and that the m a j o r  const i tuent  of the product  is IV. We did not de-  
tec t  the cor responding  2- (w-bromoace ty l )  der iva t ive  in the products  of the brominat ion  of I, II, and VI 
(negative reac t ion  with an alcohol solution of s i lve r  n i t ra te) .  

In o rde r  to de te rmine  the opt imum conditions for  the brominat ion  of ketones I, II, and VI, we studied 
the effect  of the addition of g lac ia l  acet ic  acid to acetic anhydride and the effect  of t e m p e r a t u r e  on the 
yields of the b romo ketones (see Table 1). The brominat ion  of I in acet ic  a n h y d r i d e - g l a c i a l  acet ic  acid 

TABLE 1. Resul ts  of the Brominat ion  of 2-Acetylthiophene and Its 
De r ivat ive  s 

Ketone:bromosuccin- ~ Ylela ot 
Starting ketone imide:(CH3CO)~O: Temp., Time, h xomo ketone, 

CHsCOOH molar ratio ~o 

2-Aeetylthi0Phene 

4-Bromo-2Lacetyl 2 
fliiophene 

5-Acetyl-2,2'-di- 
thienyl 

1:1:4:0 
1:1:4:0 
1:1:4:1 
1:1:4:1 
1:1:4:1 
1:1:4:1 
1:1:4:1 
1:1,5:4:1 
1:2:4:1 
I : l : 4 : M  
1:1:0:84 

40 
80 
20 
40 
80 

130 
80 
80 
80 
20 
20 

69 
68 
72 
66 

33 
42 
48 
91 
90 
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proceeds more efficiently than in acetic anhydride.  We were able to brominate II only in acetic anhydr ide -  
glacial  acetic acid at 80 ~ Dithienyl derivative VI is readi ly brominated in both acetic anhydr ide -  glacial  
acetic acid and in acetic acid, and the yields of 5 - ace ty l -5 ' - b romo-2 ,2 '  -dithienyl in bo thcases  are identical. 
Thus the catalyzing effect of glacial  acetic acid in the bromination of I and II may to a cer ta in  extent serve 
as an indication of the ionic cha rac t e r  of the react ion.  

The presence  of e lee t ron-accep tor  groups in the 4 position of the thiophene ring of 2-acetylthiophene 
(II and III) hinders brominat ion (III could not be brominated, and about 50% of the s tar t ing ketone was i so-  
lated in the bromination of II with an equimoleeular  amount of N-bromosuccinimide) .  These qualitative 
data on the effect of substituents in the thiophene ring on the bromination also to a cer ta in  degree indicate 
the ionic cha rac t e r  of the react ion.  

The fact that ring bromination is not observed in the react ion of N-bromosuccinimide with I as the 
tempera ture  of the react ion mixture is ra i sed  above 90-100 ~ (the s tar t ing I is almost completely reco~vered) 
while the bromosuccinimide is complete ly  consumed is interest ing.  It can be assumed that at t empera tures  
above 90-100 ~ the react ion of N-bromosuccinimide with the react ion mixture components is radical  in 
cha rac te r ,  and radical  bromination of acetic anhydride is the principal reaction.  

The problem of the mechanism of the bromination of 2-acetylthiophene and its derivatives with 
bromosuccinimide in acetic anhydr ide -g lac i a l  acetic acid at various tempera tures  requires  special  study. 

EXPERIMENTAL 

The IR spec t ra  of CC14 solutions of the products of bromination of I were measured  with an IKS-14 
spec t romete r ;  the spec t ra  of the remaining compounds were obtained f rom KBr pellets .  

5-Bromo-2-acetyl th iophene (IV). The component rat ios and react ion conditions are indicated in 
Table 1. At the end of the react ion,  the mixture was poured into water .  After complete hydrolysis  of the 
acetic anhydride, the react ion product was removed by filtration, washed with water,  and s team distilled 
to give co lor less  c rys ta l s  with mp 94-95 ~ (from ethanol) [5]. The IR spec t ra  of the synthesized bromo 
ketone and the sample obtained by acetylation of 2-bromothiophene were identical. 

4 ,5-Dibromo-2-acetyl th iophene.  This compound was s imi la r ly  obtained. After  hydrolysis  of the 
acetic anhydride, the react ion product was ext rac ted  with e ther .  The extract  was dried, the ether was r e -  
moved by distillation, and the residue was vacuum distilled to give unchanged II (30-50~), which boiled up 
to 145 ~ (15 ram), and a bromination product with bp 145-165 ~ (15 ram); the lat ter  was rec rys ta l l i zed  f rom 
ethanol to give a product with mp 85-86 ~ (rap 84-85 ~ [4]), The IR spect rum of the synthesized compound 
and that of a sample obtained by the method in [4] were identical. 

5 -Ace ty l -5 ' -b romo-2 ,2 ' -d i th i eny l .  The component rat ios and the react ion conditions are indicated in 
Table 1. At the end of the react ion,  the react ion mixture was fi l tered,  and the precipitate was washed 
success ive ly  with a small  amount of acetic acid and water .  Recrys ta l l iza t ion f rom ethanol gave light-yellow 
c rys ta l s  with mp 174-175 ~ (mp 170-172 ~ [6]). The IR spect rum of the synthesized preparat ion and that of a 
sample obtained via  the method in [6] were identical.  

2-Bromothiophene.  A 181.6-g (1.02 mole) sample of N-bromosuccinimide was addedin the course  of 
30-40 min to a mixture of 84.1 g (1 mole) of thiophene and 200 ml of acetic anhydride with s t i r r ing  while 
maintaining the tempera ture  at 20-30 ~ After  all of the bromosuccinimide had been added, the react ion mix-  
ture was allowed to stand at room tempera ture  for 1 h and was then poured into 600 ml  of cold water .  After  
hydrolysis  of the acetic anhydride, the heavy oil was separated,  and the aqueous layer  was saturated with 
salt  and extracted with e ther .  The e ther  ext rac ts  were combined with the bulk of the product,  and the mass  
was washed with water ,  sodium hydroxide solution, again with water,  and dried.  The ether  was removed by 
distillation, and the residue was distilled in vacuo or at a tmospheric  p ressu re  to give 119.2 ~ (74~) of 2- 
bromothiophene with bp 65-67 ~ (15 mm), 155-156 ~ (760 ram), and n~ 1.5871, and 10.36 g of 2 ,5-d ibromo-  
thiophene with bp 86-87 ~ (1 mm) and n~ 1.6288. 
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