
C H E M I S T R Y  O F  B E N Z O [ b ] S E L E N O P H E N E  

IV.* BROMINATION AND ACETYLATION OF BENZO[b]SELENOPHENE 

N.  N.  M a g d e s i e v a  a n d  Vo A .  V d o v i n  UDC 547.739.307:543.422.6:541o67 

The brominat ion of benzo[b]setenophene with an equimolecular  amount of bromine and its 
acetylat ion with acetic anhydride in the presence  of boron t r ichlor ide  e therate  proceed 
to fo rm a mixture of i somer ic  2- and 3-substi tuted derivat ives;  2 ,3-dibromobenzo[b]sel -  
enophene is formed on brominat ion with two equivalents of bromine.  Benzo[b]selenophene- 
2-carboxyl ic  acid,  its acid chloride and methyl e s t e r ,  as well as 2-acetylbenzo [b]seleno- 
phene, were  synthesized f rom the lithium derivat ive of benzo [b]selenophene. 

The l i te ra ture  contains only one communicat ion [2] regarding the investigation of electrophtl ic  sub-  
sti tution in the benzo[b]selenophene se r i e s .  However,  the site of entry of the substituents was not proved 
in this communicat ion,  and in analogy with benzo[b]thiophene, it was only assumed that the electrophil ic  
substitution reactions of benzo[b]selenophene proceed unambiguously at the 3 position. In the present  pa-  
per ,  we have investigated the brominat ion and acetylat ion of benzo[b]selenophene. The sites of entry of 
the substituents were  determined by chemical  means on the basis of the PMR spec t ra  [3] and also by g a s -  
liquid chromatography (GLC). 

The PMR spec t rum of the monobromide isolated f rom the products  of the brominat ion of benzo[b]- 
selenophene with an equimolecular  amount of bromine at 20~ contains intense singlets with chemical  
shifts of 7.73 and 7.33 ppm. The ass ignment  of these signals to the c~- and fl-protons of the selenophene 
ring was made with allowance for the fact that the chemical  shifts of these protons in unsubstituted benzo-  
[b]selenophene are  7.76 and 7.36 [3], while bromine usually induces a slight shift of the signal of the ad-  
jacent proton in a romat ic  and he terocycl ic  compounds {from - 0 . 0 4  to + 0.01 ppm) [4-7]. Thus the mono-  
bromide isolated under the conditions indicated above is not a pure compound but a mixture of i somer ic  
2- and 3-bromobenzo[b]selenophenes~ 

We obtained 2-bromobenzo[b]selenophene by brominat ion of the 2-1ithio derivative of benzo[b]seleno- 
phene at - 70 ~ Dibromobenzo [b]selenophene was obtained by brominat ion of benzo[b]selenophene with two 
equivalents of bromine,  and the debrominat ion of 2,3-dibromobenzo [b]selenophene gave 3-bromobenzo [b]- 
selenophene. 

The PMR spec t rum of this dibromide in the region of a romat ic  protons contains two multiplets cha r -  
ac te r i s t ic  for benzo[b]selenophene derivat ives [3] centered at ~7.60 and ~7.15 ppm; the spec t rum does 
not contain singlets f rom H(cr) or  H(6) protons.  The FMR spec t rum of 3-bromobenzo[b]selenophene con- 
tains an intense singlet with a chemical  shift of 7.73 ppm (a,-proton), while the FMR spec t rum of 2 -b romo-  
benzo[b]selenophene contains a singlet with a chemical  shift of 7.33 ppm (fi-proton) (Figs. 1 and 2). 

Judging f rom the intensity of the singlets at 7.73 and 7.33 ppm, which cor responds  to the resonance 
signals of the 2- and 3-protons of benzo [b]selenophene, it can be assumed that the monobromide obtained 
in the brominat ion of benzo[b]selenophene with one equivalent of bromine at 20 ~ is a mixture of approxi-  
mately equal amounts of 2- and 3-bromobenzoselenophenes .  The composit ion of this mixture of i somer ic  

*~See [1] for communicat ion IIIo 

M. V. Lomonosov Moscow State Universi ty .  Translated f rom Khimiya Geterotsikl icheskikh Soedine- 
nii, NOo 1, pp. 15-19, January,  1972. Original ar t ic le  submitted September 29, 1970. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 [~"est 17th Street, New York, ,~/. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. :t 
copy of this article is available from the publisher (or $15.00. 

13 



2-H 
3-// 

L 

8,0 7,0 8,o 7,0 

Fig. i Fig. 2 

F i g .  1. P M R  s p e c t r u m  of  3 - b r o m o b e n z o [ b ] s e l e n o p h e n e  (10% so lu t i on  in CCI4). 

F i g .  2. P M R  s p e c t r u m  of 2 - b r o m o b e n z o [ 6 ] s e l e n o p h e n e  (10% s o l u t i o n  in CC14). 
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Fig .  3. C h r o m a t o g r a m  of  the  m o n o b r o m i d e  i s o l a t e d  f r o m  the p r o d u c t s  
of  the b r o m i n a t i o n  of benzo  [b ]se lenophene  wi th  an  e q u i m o l e c u l a r  amoun t  
of  b r o m i n e  a t  20 ~ in CC14. 

F ig .  4. PMR s p e c t r u m  of  m o n o a c e t y l  d e r i v a t i v e s  of  b e n z o [ b ] s e l e n o p h e n e  
i s o l a t e d  f r o m  the p r o d u c t s  of d i r e c t  a c e t y l a t i o n :  a) s i g n a l s  of the  m e t h y l  
p r o t o n s  of  the  a c e t y l  g r o u p .  

T A B L E  1. 
phene  D e r i v a t i v e s  

Substituent 

2-COOH 
2-COCI 
2-COOCH3 
2-COCH3 
COCH3* 
H 
2-Br 
3Br 
2 3-Br2 

C h e m i c a l  Shif ts  of  the  P r o t o n s  in  the  B e n z o [ b ] s e l e n o -  

H(2) 

8,75 
7.76 

7,78 

7Y8 

H(3) 

8,32 
8,41 
8,17 
7,95 
7,95 
7,36 
7,38 

7,38 

Functional group 

5,75 

2,52 
2,32; 2,50 

6, ppm 
Intensity ratio 

l : l  

1V3 
1:3 

1:1:3 

* P r o d u c t  of  the  d i r e c t  a c e t y l a t i o n  o f  b e n z o s e l e n o p h e n e .  
"~ P r o d u c t  of  d i r e c t  b r o m i n a t i o n .  

m o n o b r o m i d e s  was  a l s o  d e t e r m i n e d  by  m e a n s  of  GLC.  An a n a l y s i s  of the  e h r o m a t o g r a m  (F ig .  3) d e m o n -  
s t r a t e d  tha t  the m i x t u r e  c o n s i s t s  of 53% 3 - b r o m o -  and 47% 2 - b r o m o b e n z o [ b ] s e l e n o p h e n e .  G a s - l i q u i d  c h r o -  
m a t o g r a p h y  a l s o  d e m o n s t r a t e d  tha t  the m o n o b r o m i d e  i s o l a t e d  f r o m  the  b r o m i n a t i o n  of  b e n z o [ b ] s e l e n o -  
phene  a t -  5 ~ in the p r e s e n c e  of  t r a c e s  of iod ine  con ta in s  85% 3 - b r o m o -  and 15% 2 - b r o m o b e n z o s e l e n o p h e n e .  
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The PMR spect ra  made it possible to demonst ra te  that the acetylation of benzo[b]selenophene with 
acetic anhydride in the presence  of boron tr if luoride at 50-60 ~ also proceeds  to form a mixture of i somer ic  
2- and 3-acetyt  derivat ives (Fig. 4). Crys ta l l iza t ion of th~s m/x~ure from a~cohol yielded the 2-substituted 
i somer ,  which proved to be identical to 2-acetylbenzo[b]selenophene obtained by alternative synthesis via 
the following scheme:  

I C4HgLi ~ C O O H  SOC{2 ~'%"~ cIIJf,.~I 
2 CO 2 

The data f rom the investigation of the PMR spect ra  of the benzo[b]selenophene derivat ives  obtained 
in this r e sea rch  a re  presented in Tab le 1. 

The ass ignment  of the singlet with a chemical  shift of 8.75 ppm in the FMR spec t rum of the mono- 
acetyl derivat ive of benzo[b]selenophene (Fig. 4) to the signal of the l~roton in the 2 posit ion was made on 
the basts of the fact that only the 2- and 3-protons  form an lVIN spec t rum [61; in addition, this sor t  of s ig-  
nal is absent in the spec t rum of 2-acetylbenzo[b]selenophene.  

The signal of the methyl protons of the acetyl group in the spec t rum of a mixture of monoacety[ de-  
r ivatives of benzo[b]selenophene (Fig. 4) is split into two signals with an intensity ratio of 2:3 on scanning 
in the 50 Hz range. The same intensity rat io is observed for the signals with chemical  shifts of 7 90 and 
8.70 ppr~, which corresponds  to the a -  and /?-protons of the selenophene ring. This is evidence that the mix-  
ture of monoacetyl  der ivat ives  of benzose[enophene consists  of ~40go 2 - a c e t y l - a n d  ~60~c 3-acety[benzo[b]-  
selenophene. 

The unshielding effect of carbonyl-containing acceptor  substituents on the chemical  shift of the p ro -  
ton in the 3 posit ion is comparable  to the corresponding values for benzo[b]thiophene derivat ives  [6, 7, 8]. 

Different shifts to the weak fie}d of the signa~ of the proton in the 2 position (-0.96 ppm) andof the 
signal of the proton inthe 3 position (-0.59 ppm) under the influence of the adjacent acetyl group are ob- 
served for 2-acety[- and 3-acetylbenzo[b]selenophene This is in good agreement with the data presented 
in [8, 9] for 2- and 3-carbonyl-eonta in tng derivat ives of benzo[b]thiophene. The g rea te r  unshie[ding of 
the H(2 ) protons in the 3-substi tuted benzo[b]thiophene, as compared with the H(3) protons in the c o r r e s -  
ponding 2-substituted benzo[b]thiophenes, is explained [91 by the g rea te r  contribution of resonance s t ruc -  
ture [ as compared  with s t ruc ture  [I: 

o 

! ! l  

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

The FMR spect ra  were  recorded with a Varian T-60 spec t rome te r  with hexamethyldisiloxane (HMDS) 
as the internal standard.  The chemical  shifts (Table 1) are given on the 6 scale (obtained by the addition 
of q.05 ppm to the chemical  shift relative to HMDS). 

The composi t ion of the mixture of i somer ic  monobromides of benzo[b]selenophene was determined 
with a KhLM-8 chromatograph. A 3.5 meter-~ong column with a d iamete r  of 4 mm was used for the s e p a r -  
ation. It was packed with 25% Apiezon Z on Chromosorb  W. At a gas (n i t rogen) -ca r r i e r  rate of 50 mr~ 
min and a t empera tu re  of 280 ~ the retention times of 2~bromobenzo [b]selenophene and 3-bromobenzo [b]- 
selenophene were  10.5 min and 13.5 rain, respect ively .  (The retention t ime of benzo[b]selenophene under 
these conditions was 7 min.) 

Bromination of Benzo[b]selenophe~e_. A) A solution of 9.06 g {0.05 mole) of ber~zo[b]selenophene in 
50 ml of d ry  ch loroform and 6 g (0.075 mote) of anhydrous sodium acetate were  piaeed in a 250-mi round 
bottom, three-necked flask equipped with a s t i r r e r ,  dropping funnel, and reflux condenser .  The mixture 
was s t i r r ed ,  and 2.65 ml (0.05 mole) of bromine in 20 ml of ch lo roform was added dropwise with s t i r r ing  
in the course  of 30 min. The mixture was s t i r red  at 20 ~ for 30 rain, and 100 ml of water  was added. The 
ch loroform layer  was dried with sodium sulfate.  The ch loroform was removed by distil lation, cetyl a lco-  
hol was added to the residue,  and the mixture was vacuum distilled under n~troge~ to give 4 g of  the s t a r t -  
ing benzo[b]selenophene [fraction up to 148 ~ (9 ram), Rj 0.52 on Silufot in heptane], 3 g of monobromo de-  
r ivatives of benzo[b]selenophene [148-155 ~ fraction (9 ram), R/ 0.58 on Silufol in heptane], and 2.7 g of the 
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d ib romo  de r iva t i ve  of benzo[b]selenophene [boiling above 155 ~ (9 mm),  mp 58 ~ (from p e t r o l e u m  e ther ) ] .  
The yield based on the benzo[b]selenophene consumed in the r eac t ion  was 40% for the monobromide  and 
29% for  the d ib romide  of benzogo]selenophene.  

B) An iodine c r y s t a l  was added to a solut ion of 4.5 g (0.025 mole) of benzo[b]selenophene in 50 ml of 
d ry  ch lo ro fo rm,  and the mix ture  was cooled to - 5 ~ While mainta in ing  this t e m p e r a t u r e ,  1.35 ml (0.025 
mole) of b romine  in 20 ml of ch lo ro fo rm  was added dropwise  with s t i r r i n g  in the course  of 1 h, and the mix -  
tu re  was then s t i r r e d  for  30 min.  The mix tu re  was washed with sodium carbonate  solut ion and w a t e r  and 
d r i ed  with magnes ium sul fa te .  The ch lo ro fo r m  was removed by d i s t i l l a t ion ,  and the res idue  was vacuum 
d i s t i l l ed  under  n i t rogen  a f t e r  the addi t ion of ce ty l  a lcohol  to give 4.3 g (66%) of a mixture  of monobromides  
with bp 150-155 ~ (9 mm) and Rf 0.58 on Silufol in heptane.  Found: C 36.7; H 2.5%. CsHsBrSe. Ca l -  
cula ted:  C 36.9; H 1.9%. 

2-Bromobenzo[b]se lenophene .  A solut ion of 3 ml  (0.06 mole) of b romine  in 20 ml of absolu te  e t h e r  
was added a t -  70 ~ to an e the r  solut ion of the 2- l i th io  de r iva t ive  of benzo[b]selenophene,  obtained f rom 
7.2 g (0.04 mole) of benzo[b]selenophene [3]. The mix ture  was s t i r r e d  for  1 h,  washed with 5% a lka l i  so lu-  
t ion and w a t e r ,  and dr ied  with magnes ium sulfa te .  The dr ied  mix ture  was d is t i l l ed  in vacuo under  n i t rogen 
a f t e r  the addi t ion of ce ty l  alcohol to give 0.8 g of the s t a r t i n g  benzo[b]selenophene [fract ion up to 148 ~ {15 
mm),  R /0 .52]  and 3 g of 2-bromobenzo[b]se lenophene  [bp 148 ~ (15 mm),  Rf 0.58 on Silufol in heptane,  mp 
58-58.5 ~ (from p e t r o l e u m  e ther ) ] .  The yield based on the benzose lenophene  consumed in the r eac t ion  was 
32%. Found: C 37.2; H 2.1%. CsHsBrSe. Calcula ted:  C 36.9; H 1.9%. 

2 ,3-Dibromobenzo[b]se lenophene .  A solut ion of 6.15 ml (0.12 mole) of b romine  in 20 ml of c h l o r o -  
fo rm was added d ropwise  with s t i r r i n g  in the cour se  of 2 h to a solut ion of 10.86 g (0.06 mole) of benzo[b]-  
se lenophene in 100 ml of d r y  c h l o r o f o r m  and 9.85 g (0.12 mole) of anhydrous sodium ace ta t e .  The mix ture  
was  washed with 2% sodium th iosul fa te  solut ion and w a t e r  d r ied  with magnes ium sul fa te .  The c h l o r o f o r m  
was removed  by d i s t i l l a t i on  to give 19 g (93%) of 2 ,3-d ibromobenzo[b]se lenophene  with mp 58 ~ (from p e t r o -  

l eum e ther ) .  Found: C 28.2; H 1.4%o CsH4Br2Seo Calcula ted:  C 28.3; H 1.2%. 

3 -Bromobenzo[b]se lenophene .  n -Buty l l i th ium was obtained f rom 0.84 g (0.12 g-atom) of l i thium and 
6.5 ml (0.06 mole)  of n -bu ty l  b r o m i d e  in200 ml of absolu te  ether  in a 5 0 0 - m l  round-bot tom,  four -necked  f lask 
equipped with a s t i r r e r ,  dropping funnel, a n i t rogen  inlet  tube,  and a ref lux condense r .  A solut ion of 10.2g 
(0..03 mole) of 2 ,3-d ibromobenzo[b]se lenophene  in 1G0 ml of absolute  e the r  was  added under  n i t rogen  to the 
cooled ( -  70 ~ solut ion of buty l l i th ium.  The mix ture  was s t i r r e d  for 1 h and diluted with 2 N HCl until  it 
was ac id ic .  The e the r  l a y e r  was s epa ra t ed ,  the e the r  was removed by d i s t i l l a t ion ,  and the r e s idue  was 
s t e a m  d i s t i l l ed .  The d i s t i l l a t e  was  ex t rac ted  with e the r ,  and the e the r  l a y e r  was dr ied  with magnes ium 
sul fa te .  Cetyl  a lcohol  was added,  and the mix tu re  was vacuum d i s t i l l ed  under  n i t rogen to give 3 g (38.5%) 
of 3 -bromobenzo[b]se lenophene  with bp 150-152 ~ (7 mm) and Rf 0.58 on Silufol in p e t r o l e u m  e the r .  Found: 

C 37.3; H 2.2%. CsHsBrSe. Calcu la ted :  C 37.0; H 1.9~o 

Acety la t ion  of ]3enzo [b]selenophene.  A 5.4 g {0.03 mole) sample  of benzo[b]selenophene,  3.5 ml (0.035 
mole) of ace t ic  anhydr ide ,  and 1.5 ml of boron  t r i f l u e r i d e  e the ra t e  w e r e  placed in a 50-ml  two-necked ,  
round-bot tom f lask equipped with a mechanica l  s t i r r e r  and a re f lux  condenser  with a ca l c ium chlor ide  tube.  
The r eac t ion  mix tu re  was s t i r r e d  at  50-60 ~ for  3 h,  washed with w a t e r ,  and ex t r ac t ed  with 60 ml  of ch lo ro -  
fo rm.  The c h l o r o f o r m  solut ion was dr ied  with sodium su l fa te ,  and the r eac t ion  product  was isola ted  by 
ch roma tog raphy  with a column fil led with a luminum oxide with e lut ion by ch lo ro fo rm (Rf 0.78). The r e s i -  
due r ema in ing  a f t e r  the c h l o r o f o r m  was removed  was vacuum d i s t i l l ed  under  n i t rogen  to give 5 g (75%) of 
a mix ture  of i s o m e r s  in the fo rm of a l i gh t -g r een  liquid that  p a r t i a l l y  c r y s t a l l i z e d  on s tanding and had bp 
165-169 ~ (7 mm).  Found: C 54.1; H 3.9%. C10HsOSe. Calcula ted:  C 53.8; H 3.6%. 

Benzo [b ] se lenophene-2 -ca rboxy l i c  Acid .  An e ther  solut ion of the 2-1ithio de r iva t ive  of benzo [b]selen-  
ophene,  obtained f rom 10.86 g (0.06 mole)  of benzo[b]selenophene [3], was poured into a mix ture  of d r y  ice 
and absolute  e the r .  The e the r  was removed ,  and the res idue  was d isso lved  in sodium carbonate  solut ion.  
The solut ion was ref luxed with ac t iva ted  c h a r c o a l  and f i l t e red .  The f i l t ra te  was acidif ied to give 11 g (81~) 
of the 2 -ca rboxy l i c  acid with mp 238 ~ (from benzene) (mp 238 ~ [10]). 

Acid Chlor ide  of Benzo[b ] se l enophene-2 -ca rboxy l i c  Acid.  A solut ion of 3.85 g (0.017 mole) of benzo-  
[b ] se lenophen-2-ca rboxy l ic  acid in 50 ml of benzene containing 5 ml  (0.07 mole) of thionyl ch lor ide  was r e -  
fluxed for 2 h in a 100-ml  round-bo t tom f lask equipped with a re f lux  condense r  fitted with a ca lc ium ch lo -  
r ide  tube.  The solvent  was  removed by vacuum d i s t i l l a t i on  under  n i t rogen  to give 3.9 g (67%) of the acid 
ch lor ide  with mp 68 ~ ( f rom p e t r o l e u m  e ther ) .  Found: C 44.9; H 2.4%. CgH~C1OSe. Calcula ted:  C 44.3; 

H 2.1~c. 
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2-Acetylbenzo[b]selenophene. A solution of methylmagnesium iodide was prepared from 1 g (0.04 g- 
atom) of magnes ium and 2.25 ml (0.036 mole) of methyl iodide in 50 ml of absolute ether  in a 100-ml four-  
necked, round-bot tom flask equipped with a s t i r r e r ,  dropping funnel, and reflux condenser  with a calcium 
chloride tube. Anhydrous cadmium chloride [1.83 g (0.01 mole)] was added, the reflux condenser  was fit- 
ted for disti l lat ion, and the solvent was removed by disti l lation. Absolute benzene (20 ml) was added, and 
the mixture was disti l led.  Another 5 ml of absolute benzene was added. The mixture was then cooled with 
ice water ,  3.6 g {0.015 mole) of the acid chloride of benzo[b]selenophene-2-carboxyl ic  acid in 30 ml of ab-  
solute ether  was added dropwise,  and the mixture was s t i r red  for 2 h. It was then heated on a water  bath, 
and solvent residues were  removed by distil lation. Ice water  was added to the cooled residue,  and the r e -  
sulting precipi tate  was removed by filtration and dried.  The dry  residue was chromatographed with a 
column filled with aluminum oxide with elution by ch loroform (Rf 0.78) to give 2.4 g (72%) of 2-acetylbenzo-  
[b]selenophene as color less  needles with mp 99~176 Found: C 54~ H 4.0%. C10H8OSe. Calculated: C 53.8; 
H 3.6%~ The 2,4-dinitrophenylhydrazone had mp 279 ~ (dec., f rom dioxane). Found: C 47.9; H 3.3~. 
C16H12OtNtSe. Calculated: C 47.6; H 3.0%~ 

Methyl Benzo[b]selenophene-2-carboxylate .  An 11.25 g (0~ mole) sample of benzo[b]selenophene- 
2-carboxyl ic  acid in 300 m! of ether  was allowed to stand for 2 h at 0 ~ with 200 ml of an e ther  solution of 
diazomethane obtained f rom 20.6 g (0.2 mole) of n i t rosomethylurea  and 70 ml of 50% potass ium hydroxide.  
The e ther  was removed by dist i l lat ion to give 11.65 g (97%) of the methyl es te r  with mp 65 ~ (from pe t ro -  
leum ether) (mp 65 ~ [10])~ 
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