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2 -Deu te ro - ,  3 -deu t e ro - ,  2 ,3 -d ideu te ro- ,  2 - m e t h y l - 3 - d e u t e r o - ,  and 3 - m e t h y l - 2 - d e u t e r o -  
benzo[b]selenophenes  were  synthesized,  and the i r  PMR s p e c t r a  were  in te rpre ted .  

In this paper  we have studied the PMR s p e c t r a  of benzo[b]selenophene and methylbenzo [b]selenophene 
and the i r  deutero  de r iva t ives  in o rde r  to use the r e su l t s  for  the study of the di rect ion of e lec t rophi l ic  sub-  
sti tution in the condensed a roma t i c  s y s t e m  of benzo[b]selenophene.  

F r o m  the point of view of the magnet ic  equivalence of the protons ,  the benzo[b]selenophene molecule  
can be cons idered  to be a s ix - sp in  ABCD MN sys t em,  
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the overa l l  s p e c t r u m  of which will cons i s t  of the s p e c t r a  of independent ABCD groups  (benzene ring protons) 
and MN groups (selenophene ring protons). '~ As seen f rom Fig.  1, the s ignals  of the protons of the se leno-  
phene r ing are  supe r imposed  on the mult iplet  s ignals  of the benzene protons  in the PMR s p e c t r u m  of benzo-  
[b]selenophene; this t he re fo re  makes  it imposs ib le  to ass ign the s ignals  of the a and/3 protons of the 
selenophene r ing on the bas i s  of only the s p e c t r u m  of benzo[b]selenophene.  

We the re fo re  synthes ized  var ious  deutero  de r iva t ives  of benzo[b]selenophene and methylbenzo[b]-  
se lenophenes  and inves t igated the i r  PMR s p e c t r a .  

The r e sonance  s ignals  of unsubst i tuted a and ~ protons in 2-  and 3-methylbenzo [b]selenophenes were  
ass igned f i r s t .  Thus we were  able to isola te  the signal  of the proton of the selenophene ring in the PlV~ 
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Fig.  1. ]?MR s p e c t r u m  of benzo[b]-  
selenophene (2% solution in CC14). 

spec t rum of 3-methylbenzo[b]selenophene by double nuc lear  r e s o -  
nance .  Since this proton exper iences  a s p i n - s p i n  coupling with 
the protons of the methyl  group (J = 1.2 Hz), by i r rad ia t ing  the 
methyl  protons we isolated a s inglet  signal of the proton in the 2 
posit ion of the 3-methylbenzose lenophene  molecule  with a c h e m i -  
cal  shift  of 7.33 ppm f rom the overa l l  mul t ip le t  at 7.0-7.8 ppm 
(Fig. 2). The signal of the proton in the 3 position with a c h e m i -  
cal  shift  of 6.97 ppm was s i m i l a r l y  isolated f rom the mult iplet  
s ignal  at 6.80-7.75 ppm in the PMR spec t rum of 2 -methy lbenzo-  
[b]selenophene. The constants  of the in teract ion of the protons 
of the methyl  groups with the adj acent protons of the selenophene 

*See [1] for  communicat ion  I. 
We a re  not consider ing molecu les  that contain a magnet ic  Se 78 

isotope,  in connection with the i r  low percentage  (7.5%) and the dif-  
f iculty involved in analyzing the s p e c t r a  that  a r i s e .  
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Fig.  2, PMR s p e c t r u m  of 3 -methy lbe~zo-  
[b]selenophene (10% solution in CC14): a) 
single r e sonance  spec t rum;  b) double 
r e sonance  s p e c t r u m  with i r rad ia t ion  of the 
methyl  proton;  c) doublet of the methyl  
proton.  
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Fig.  3. PMR s p e c t r a  (10% solutions in 
CC14): a) 2-deuterobenzo[b]selenophene;  
b) 3-deuterobenzo[b]se lenophene;  c) 2,3- 
d ideu te robenzo  [b]selenophene. 

r ing for  the methyl  de r iva t ives  of benzo[b]selenophene a re  
comparab l e  to the cor responding  constants  in de r iva t ives  of 
benzo [b]thiophene, benzo [b]furan, and indole (1.2-1.5 Hz) 
[2,3]. 

The ass ignment  of the s ignals  of the a and fl protons 
of the selenophene ring in methylbenzo[b]selenophenes was 
conf i rmed  by an invest igat ion of the PMR s p e c t r a  of the c o r -  
responding deutero  de r iva t ives  of 2 -me thy l -  and 3 -me thy l -  
benzo [b]selenophene. 

Ins tead of a doublet, the PMR spec t rum of 2 -me thy l -  
3-deuterobenzo[b]selenophene has a s inglet  f rom the protons  
of the methyl  group with a chemica l  sh i f t  of 2.57 ppm, and 
the signal  of a proton in the 3 posi t ion with a chemica l  shift  
of 6.97 ppm is absent .  

A doublet with a spli t t ing of 11.3 ~- 0.5 Hz is observed  
along with the m a j o r  s inglet  of the methyl  protons in the 
spec t rum of 2-methyl -3-deuterobenzo[b]se lenophene .  Judg-  
ing f rom the re la t ive  intensi ty  of this doublet, this spli t t ing 
is apparen t ly  caused  by in teract ion of the protons of the 
methyl  group with the Se 77 isotope.  This is also a t tes ted  to 
by the fact  that  the doublet signal of the methyl  protons in 
the PMR spec t rum of 2-methylbenzo[b]selenophene also has 
two sa te l l i t es  with an interact ion constant  of 11.3 • 0.5 Hz. 

(JseT~_/~ = The s a m e  so r t  of constant  ----H 9.5 Hz) was a lso  

observed  in selenophene [4]. 

The PMR spec t rum of 3 -me thy l -2 -deu te robenzo  [b]- 
selenophene contains the expected singlet  f rom the methyl  
p ro tons  with a chemica l  shift  of 2.25 ppm, but the signal of 
a proton in the 2 posit ion with a chemica l  shift  of 7.33 ppm 
is absent  (Fig. 2). 

If  the contribution of the methyl  group to shielding of 
the adjacent  proton of the benzo[b]thiophene de r iva t ives  [5,3] 
is  a s sumed  to be 0.39-0.40 ppm for  3-methylbenzo [b]thio- 
phene and 0.39 ppm for  2-methylbenzo[b]thiophene,  the s ig -  
nals  of the protons in the 2 and 3 posi t ions of unsubst i tuted 
benzo [b]selenophene should be found at ~ 7.73 ppm and ~ 7.35 
ppm, r e spec t ive ly .  In fact ,  the two m o s t  intense doublet 
s ignals  in the expected region can be isola ted f rom the m u l -  

t iplet  at 6.87-7.87 ppm in the PMR s pec t rum of benzo[b]selenophene (Fig. 1). This  is a doublet f rom the 
proton in the 2 position with a chemica l  shif t  of 7.71 ppm (J = 6.0 Hz) and a doublet signal f r o m  the proton 
in the 3 posit ion with a chemica l  shift  of 7.31 ppm (J = 6.0 Hz).  S imi la r  s p i n - s p i n  coupling constants  a re  
obse rved  for the cor responding  protons in the benzo[b]thiophene (J2,3 = 5.9 Hz) [5], thiophene (J2, s = J4,5 = 
4.7 Hz) [4] and selenophene molecu les  (J2,3 = J4,5 = 5.35 Hz) [4]. 

I t  is  known that  the s ignals  of the c~ protons in the PMR spec t r a  of f i v e - m e m b e r e d  he te rocyc l ic  c o m -  
pounds a r e  found at weaker  field than the s ignals  of the fl protons [6]. The d i f ference  in the chemica l  shifts  
of the ~ and fl protons  in condensed he te rocyc l i c  s y s t e m s  d e c r e a s e s ;  i .e . ,  the e lec t ron  densi ty in the se leno-  
phene r ing is equal ized (Table 1). 

In addition, the s ignals  of the 2 and 3 protons of benzo[b]selenophene and benzo[b]thiophene a r e  
shifted to weake r  field as c o m p a r e d  with the s ignals  of the cor responding  protons  in selenophene and thio-  
phene as a r e su l t  of the effect  of the r ing cu r r en t  in the phenyl r ing.  One 's  attentien is drawn to the fact  
that the s ignals  of the 2 and 3 protons  in the PMR spec t rum of benzo[b]selenophene di f fer  subs tant ia l ly  in 
width. The spli t t ing of the s ignal  of the 3 proton that appea r s  during record ing  of a r a t h e r  dilute (about 2~c) 
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TABLE 1 .  Chemical  Shifts of a and fl Protons  

Compound 

Thioph_ene [4] 
Benz~'b]thiophene [5] 
Selenophene [4] 
Benzo[b]selenophene 

H(z) 2-H 

7,20 
7,29 
7,70 
7,76 

~, ppm 

3-H 

7,08 
7,26 
7,i2 
7,36 

j~, Hz 

450 
5,9 
5,35 
6,0 

TABLE 2. Chemical  Shifts of the Pro tons  of a Num- 
ber  of Benzo [b]selenophenes 

H 
2-D 
3-D 
2,3-D~ 
2-CH8 
2-CHa-3D 
3-CH3 
3-CHa-2D 

Substituents 
2-H 

7,76 

?,36 
(2,,62)* 
(2,62)* 
7,38 

6, }m 

3-H 

7,36 
7,36 

7,02 

(2~0)* 
(2,30)*" 

*The chemical shifts of the protons of the methyl groups. 

solution is evidence for possible s p i n - s p i n  coupling of it with the protons of the benzene ring with J ~ 0.8 
Hz (Fig. 1). This so r t  of long-range s p i n - s p i n  coupling is observed in a whole se r ies  of aromat ic  con-  
densed compounds -naph tha l ene ,  quinoline, benzo[b]furan, and benzo[b]thiophene [7]. An analysis of the 
PMR spec t ra  of benzo[b]thiophene [7] and its derivatives [8] demonstra tes  that this interaction is due to the 
presence  of protons in the 3 and 7 posi t ions,  

The intense doublets of the protons of the sele~ophene ring that are  observed in the spectrum of un-  
substituted benzo[b]selenophene {Fig. 1) are  absent in the PMR spec t rum of 2,3-dideuterobenzo[b]seleno- 
phene {Fig. 3). A broad singlet f rom the proton in the 3 position with a chemical  shift of 7.31 ppm is c l ea r -  
ly seen in the spec t rum of 2-deuterobenzo[b]selenophene,  while the expected singlet of the unsubstituted 
proton in the 2 position with a chemical  shift of 7.71 ppm (Fig. 3) is c lear ly  evident in the spec t rum of 3- 
deuterobenzo[b]selenophene.  As for the assignment  of the signals of the protons of the benzene ring in 
benzo[b]selenophene der ivat ives ,  in analogy with the assignment  of s imi la r  protons in the PMR spect ra  of 
benzo[b]thiophene [5], benzo[b]furan [9], and indole [9], they can be divided into two groups - weak-field 
group A, which contains multiplets of the 4 and 7 protons with a chemical  shift of ~7.7 ppm, and s t rong-  
field group B, which contains multiplet signals of the 5 and 6 protons with a chemical  shift of ~ 7.1 ppm. 

EXPERIMENTAL 

3-Deuterobenzo[b]selenophene. A solution of 18.86 g (0.07 mole) of aluminum bromide in 200 ml of 
absolute ether was added with stirring under nitrogen to 2.52 g (0.28 mole) of lithium deuteride in 50 ml of 
absolute ether. After 30 rain, a solution of 13.8 g (0.07 mole) of selenoindoxyl in 250 ml of absolute ether 
was added, and the mixture was stirred for 1 h. The mixture was acidified with deuterated acetic acid and 
stirred for 30 rain. The ether was washed with sodium carbo3ate solution and water. The ether layer was 
separated and dried with magnesium sulfate. The ether was removed by distillatio~ to give 11.57 g (91%) of 
3-deuterobenzo [b]selenophene. The react ion product was purified by chromatography w~th a column filled 
with s i l ica gel with elution by petroleum ether  (Rf 0.52). After  the solvent was removed by distillation, the 
3-deuterobenzo[b]selenophene was vacuum-sublimed to give a product with mp 50 ~ (nap 50 ~ [8]). 

2-Methyl-3-deuterobenzo[b]selenophene.  This compound [8.5 g (86V0)] was obtained in the same way 
f rom 10.55 g (0.05 mole) of 2-methylselenoindoxyl after  vacuum sublimation (rap 61 ~ [1]). 

2-Deuterobenzo[b]selenophene.  A total of 40 ml (0.375 mole) of n-butyl  bromide was added dropwise 
at 0 ~ to 5.25 g (0.75 mole) of finely cut lithium in 250 ml of absolute ether .  After 1 h, a solution of 13.6 g 
(0.075 mole) of benzo[b]selenophene in 100 ml of absolute ether was added at -70  ~ The mixture was s t i r red  
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at the s a m e  t e m p e r a t u r e  under  n i t rogen for  30 rain, without cooling for  1 h, and heated and ref luxed for  15 
rain.  Deute ra ted  acet ic  acid [from 18.9 ml  (0.187 mole) of acet ic  anhydride and 5.65 ml  (0.28 mole) of 
deu te r ium dioxide] was added at -70  ~ The mix tu re  was s t i r r e d  without cooling at 36 ~ for  1.5 h. The e ther  
solution was washed with wa te r  and dr ied with magnes ium sulfate,  and the e ther  was r emoved  by d i s t i l l a -  
tion to give 11.5 g (84%) of 2-deuterobenzo[b]se lenophene.  The react ion  product  was purif ied with a column 
fi l led with s i l i ca  gel  with elution by pe t ro l eum e ther  (Rf 0.52). The solvent  was removed,  and the res idue  
was vacuum-subl imed to give a product  with mp 50 ~ 

3-Methyl -2-deuterobenzo[b]se lenophene .  This  compound [4.5 g (76%)] with bp 131 ~ (13 mm) and n~ 
1.6570 was obtained in the s ame  way as 2-deuterobenzo[b]selenophene f r o m  6 g (0.03 mole) of 3 -me thy l -  
benzo [b]selenophene. 

2 ,3-Dideuterobenzo[b]selenophene.  This  compound [6.6 g (72~)] with mp 50 ~ (after vacuum sub l ima -  
tion) was obtained f rom 9.1 g (0.05 mole) of 3-deuterobenzo[b]selenophene via the method descr ibed  for the 
preparatic~l of 2-deuterobenzo[b]se lenophene.  

The PIVIR s pec t r a  we re  m e a s u r e d  with a C-60 HL (JEOL) s p e c t r o m e t e r  with an operat ing f requency 
of 60 MHz. The double r e sonance  s p e c t r a  were  m e a s u r e d  with a Var ian  T-60  s p e c t r o m e t e r .  All of the 
s p e c t r a  were  r e c o r d e d  f rom 10% solutions in CC14 with hydromethyldis i loxane  as the in ternal  s tandard .  

The chemica l  shif ts  of benzo[b]selenophene (5 scale)  p resen ted  In T a b l e s  1 and 2 were  obtained by the 
addition of 0.05 to the chemica l  shift  r e la t ive  to hydromethyld is i loxane .  
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