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A method for  the synthes is  of benzo[b]selenophenes  was pe r fec ted .  3 -Oxo-2 ,3 -d ihydro-  
benzo[b]selenophene and 2 -methy l -3 -oxo-2 ,3 -d ihydrobenzo[b]se lenophene  exis t  only in the 
keto fo rm.  3-Methylbenzo[b]selenophene was obtained by the reac t ion  of 3 -oxo-2 ,3 -d ihydro -  
benzo[b]selenophene with me thy lmagnes ium iodide. Metal lat ion of benzo[b]selenophene with 
butyl l i thium p r o c e e d s  at the 2 posi t ion of the selenophene r ing.  

Several  methods  for  obtaining benzo[b]selenophene a re  known: reac t ion  of se lenium dioxide with 
s tyrene  in the p r e s e n c e  of ch romic  oxide on a luminum oxide [1], r eac t ion  of selenophenol with b r o m o a c e t a l -  
dehyde d imethylace ta l  [2 ], and r eac t ion  of o-ch lorobenza ldehyde  with sodium diselenide and chloroace t ic  
acid [3]. However ,  the synthes is  of benzo[b]selenophene f r o m  anthrani l ic  acid via  the following scheme is 
still  the mos t  convenient  method:  

2)Na2Se 2 2)CICH2COOH 2)C2 flsONa O 2)HC/ 

\NH~. \ xx~ ' f 'X 'Se--  12 ~"~/~NSe C H2 COOH v be 

In this study we used this method to synthesize  benzo[b]selenophene and 2-methylbenzo[b]se lenophene.  
We introduced changes into this method which made it poss ib le  to s ignif icant ly r a i s e  the product  y ie lds  in 
a lmos t  all s teps .  Thus,  we c a r r i e d  out the reac t ion  of diazot ized anthrani l ic  acid with sodium diselenide 
under  n i t rogen in o r d e r  to p reven t  oxidation of sodium diselenide and obtained d ise lenosa l icy l ic  acid in 
95% yield.  We accompl i shed  the cycl izat ion of o -ca rboxypheny l se lenoace t i c  acid with subsequent d i s t i l l a -  
tion of the acet ic  anhydride in vacuo and hydro lyzed  the 3-acetoxybenzo [b]selenophene fo rmed  with a lco-  
holic alkal i ,  again under  n i t rogen,  and moni to red  the complet ion of the reac t ion  with th in - l aye r  c h r o m -  
a tography.  This  enabled us to obtain benzo- se l enophen-3 -one  in 80% yield.  Final ly,  we used sodium bo ro -  
hydride to reduce  3 -oxo-2 ,3 -d ihydrobenzo  [b]selenophene and obtained benzo [b]selenophene in 92% yield 
r a t h e r  than the 58% yield r epo r t ed  in [4]. 

Since the l i t e r a tu r e  contains con t rad ic to ry  opinions as to in which of the two t au tomer i c  f o r m s  
selenoindoxyl ex i s t s  [5, 6], in this s tudy we have isola ted the so -ca l l ed  selenoindoxyl and 2 -me thy l se l eno -  
indoxyl and have es tab l i shed  t he i r  s t r u c t u r e s  by means  of phys icochemica l  and chemical  methods .  Ca rb -  
onyl absorpt ion  bands at 1700 cm -1 of comple te ly  identical  in tensi ty  were  obse rved  in the IR spec t r a  of 
0.1-M solutions of 3-oxo-2 ,3-d ihydrobenzo[b]se lenophene  and i ts  2 -methy l  homolog in both po la r  (dimeth-  
oxyethane) and nonpolar  (carbon te t rachlor ide)  solvents  (Fig. 1). Consequently,  the solvent po la r i ty  does  
not affect  the shift in the ke to-enol  equi l ibr ium and con f i rms  the ketone s t ruc tu re  of these  compounds.  This  
s t ruc tu re  was  a lso  conf i rmed  f r o m  thei r  NMR spec t r a  (Fig. 2). The NMR spec t rum of I has  a singlet  with 
a chemica l  shift  of 3.71 ppm re la t ive  to hexamethyld is i loxane ,  which co r r e sponds  to the resonance  of the 
methylene p ro tons ,  and a mul t ip le t  f r o m  the pro tons  of the benzene r ing f r o m  7.13-7.59 ppm (intensity 
ra t io  I :2). The NMR s p e c t r u m  of II  contains a doublet f r o m  the protons  of the methyl  group with a c h e m -  
ical  shift of 1.59 ppm (J = 7.5 Hz), a quar te t  f r o m  the proton of the - C H  group with a chemica l  shift of 4.00 
ppm (J = 7.5 Hz), and s ignals  f r o m  the four pro tons  of the benzene r ing at 7.06-7.58 ppm (intensity ra t io  
3 : 1 : 4 ) .  
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Fig.  1. IR spec t r a  of 0.1-M solutions of 3-oxo-2 ,3-dihydrobenzo[b]se lenophene (I) and 2- 
methyl -3-oxo-2 ,3-d ihydrobenzo[b]se lenophene  (II). a) In CC14; b) in dimethoxyethane (ob- 
tained with a UR-20 spec t rophotomete r ) .  

Fig. 2. NMR s pec t r a  of 3-oxo-2,3-dihydrobenzo[b]se lenophene (I) and 2 - m e t h y l - 3 - o x o -  
2,3-dihydrobenzo[b]selenophene (I1) (obtained in CC14 with a C-60 HL spec t ropho tomete r  
at an operat ing f requency of 60 MHz with hexamethyldis i loxane as  the internal  s tandard) .  

TABLE 1. UV Spectra  of 3 -Oxo-2 ,3-d ihydrobenzo-  
[b] selenophenes 

R 

%,~ax' n m  (lg Q 

R=GH3 R=H 

243 (4,52) 
264 (3,72) 
312 (2,30) 
377 (3,18) 

242 (4,54) 
262 (3,81) 
315 (2,68) 
372 (3,39) 

The UV spec t r a  of I and II,  obtained in ethanol,  
contain the same  absorpt ion  m a x i m a  of a p p r o x i m a t e -  
ly  equal in tensi ty  and sa t i s f ac to r i ly  agree  with the 
UV spec t rum of se lenonaphthen-3-one [6] (see 
Table 1). 

As fo r  the ke to-enol  equi l ibr ium of the c loses t  
sulfur  analog of I - th ionaphthen-3-one - the ketone 
f o r m  of this compound is contained exc lus ive ly  in 
solutions with pH < 8, as was  shown [7] during an in-  
ves t iga t ion  of the po la rographic  reduct ion of so lu-  
t ions of this  compound at va r ious  pH values .  In a l -  
kaline media  a m e s o m e r i c  anion is  fo rmed ,  the a t -  

tack on which by a proton during acidification g ives  the unstable enol, which is immed ia t e ly  again conver ted  
to the keto fo rm.  Such ke to-enol  t r ans fo rma t ions  can apparent ly  occur  for  I a lso .  

The following fac ts  speak in favor  of this conclusion.  F i r s t ,  an alkaline solution of I is  rap id ly  oxid- 
ized by a i r  oxygen, while the substance is  s table in solutions with pH < 8. Second, all  a t tempts  to alkylate  
I with diazomethane were  unsuccessfu l ,  i .e . ,  the enol f o r m  of this compound is  absent  in solutions with 
p H < 8 .  

t I 
At the same t ime,  r eac t ions  at the carbonyl  group p roceed  in quanti tat ive y ie lds .  We obtained the 2 ,4-d i -  
n i t rophenylhydrazones  of I and II .  In addition, the earbonyl  group of these  ketones  is  r ead i ly  reduced  with 
sodium borohydr ide .  Final ly ,  I r e a c t s  at the carbonyl  group with me thy lmagnes ium iodide to fo rm,  a f t e r  
dehydrat ion of the alcohol obtained, 3-methylbenzo[b]selenophene.  
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1) benzo[b]selenophene; 2) 2-methylbenzo[b]selenophene (in minera l  
oil); 3) 3-methylbenzo[b]selenophene (obtained with a UR-20 spect rophotometer) .  

Fig. 4. NMR spec t ra  of: 1) benzo[b]selenophene; 2) 3-methylbenzo[b]selenophene;  3) 2- 
methylbenzo[b]selenophene (C-60 HL spec t rome te r ,  CC14 solutions,  hexamethyldis i loxane 
internal  standard).  

TABLE 2. UV Spectra  of Benzo[b]selenophenes C ~ - - - ~ ,  

~ . X ,  n m  (lg e) 

R=CHai R'~H R~R'=H R=H; R'-CHa 

304 (3,30) 
295 (3,08) 
261 (3,45) 
237 (4,05) 

305 (3,80) 
296 (3,63) 
261 (3,74) 
236 (4,41) 

306 (3,79) 
297 (3,64) 
262 (3,63) 
237 (4,52) 

C o. 
In this  study we obtained 2-methylbenzo[b[selenophene via two routes  - reduction of II with sodium 

borohydride with subsequent dehydrat ion of the alcohol formed with hydrochlor ic  acid, and by alkylation of 
the l i thium der ivat ive  of benzo[b]selenophene with dimethyl sulfate.  

~ e  C4H9Li ~ e  Li (CHs)2S04 ~ - - C H 3  

The prepara t ions  were  identical  ( absenoe0f  a depress ion  of the melting point of a mixed sample and 
complete identi ty of the i r  IR and NMR spect ra) .  Thus,  we were  able to show that metal lat ion of benzo[b]- 
selenophene with butyll i thium occurs  at the 2 posit ion of the selenophene r ing.  

It should be noted that benzo[b]selenophene and its 2- and 3-methyl  homologs have the same ch rom-  
atographic mobil i ty in a thin l aye r  of aluminum oxide. Thus,  in hexane the Rf  values are  0.68, compared  
with 0.92 in benzene.  
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No substantial difference in the e lec t ron  t ransi t ions  was observed in the UV spect ra  of benzo[b]- 
selenophene and i ts  homologs (Table 2). 

The IR spec t ra  of all of the benzo[b]selenophenes that we synthesized contain intense absorpt ion 
bands at 720-740 cm -~ (Fig. 3), which were  ass igned  [8] to in-plane deformat ion vibrat ions  of the C - H  
bonds of the selenophene ring. This involves the absorption band at 736 cm -I for  benzo[b]selenophene, 
725 cm -1 for  2-methylbenzo[b]selenophene,  and 723 cm -1 for  3-methylbenzo[b]selenophene.  In analogy 
with the assignments  of the y - C H  vibra t ions  of thionaphthene and alkylthionaphthenes [9], the following ab- 
sorption bands should most  l ikely be assigned to the deformation vibrat ions  of the remaining C - H  bonds: 
6 8 0 , 7 6 2 , 8 5 5 , 8 9 0 ,  and 945 cm -1 for  benzo[b]selenophene; 762 ,840 ,873 ,  and 941 cm -i  for  2-methylbenzo-  
[b]selenophene; and 768,855,  860, and 941 cm -1 for  3-methylbenzo[b]selenophene.  Benzo[b]selenophene 
and benzo[b]thiophene [9] have the same absorpt ion bands in the i r  IR spec t ra  over  a broad range of f r e -  
quencies:  1045, 1080, 1160, 1207, 1260, 1313, 1380, 1430, and 1460 cm -1 (Fig. 3). A s imi la r  co r re spond-  
ence can be noted for  3-methylbenzo[b]selenophene (1030, 1045, 1082, 1155, 1265, 1352, 1385, 1450, and 
1455 cm -I) and 2-methylbenzo[b]selenophene (1015, 1025, 1140, 1160, 1200, 1255, 1300, 1380, 1438, and 
1460 cm -1) and the i r  sulfur analogs [10, l l ] .  

The NMR spec t ra  (Fig. 4) of the methyl homologs of benzo [b]selenophene that we synthesized contain 
doublets f rom the methyl protons  with chemical  shifts of 2.57 ppm re la t ive  to hexamethyldisi loxane (J = 
1.3 Hz) for  2-methylbenzo[b]selenophene and 2.25 ppm (J = 1.2 Hz) fo r  3-methylbenzo[b]selenophene.  The 
regu la r i ty  noted for  the chemical  shifts of the methyl protons of the corresponding sul fur-  and oxygen- 
containing isologs [12 ] is  also observed  he re .  

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

2-Methyl-3-oxo-2,3-dihydrobenzo[b]selenophene.  A mixture  of 10 g (0.037 mole) of a - ( o - c a r b o x y -  
phenyl) selenopropionic acid, obtained by condensation of sodium a -b romoprop iona te  with sodium o - c a r b -  
oxyselenophenoxide, and 10 g of anhydrous sodium acetate  was refluxed in 80 ml of acet ic  anhydride for  
1 h. The acetic anhydride was then removed  in vacuo under ni trogen.  An alcoholic alkali solution was 
added to the residue until an alkaline medium was obtained, and the mixture  was heated under ni t rogen for  
30 min. The completion of the hydrolys is  was moni tored with th in- layer  chromatography on aluminum 
oxide* using benzene as the solvent.  The disappearance of the spot with Rf  0.7, cha rac te r i s t i c  for  3- 
acetoxy-2-methylbenzo [b]selenophene, indicated the completion of hydro lys i s .  The solution was cooled to 
0 ~ acidified with 2-N hydrochlor ic  acid, and ext rac ted  with e ther .  The e ther  ex t rac t s  were  dr ied with 
sodium sulfate,  the e ther  was removed ,  and the res idue  was dist i l led in vacuo under  ni t rogen to give 4 g 
(52%) of a l ight -green  liquid with a cha rac t e r i s t i c  odor ,  bp 134-135 ~ (7 mm),  and n~ 1.6550. The liquid 
was rapidly oxidized in a i r .  Found %: C 51.5; H 3.7. CgH8OSe. Calculated %: C 51.2; H 3.8. The 2,4- 
dinitrophenylhydrazone was p repa red  by dissolving 1.2 g (0.006 mole) of 2 ,4-dini t rophenylhydrazine in 50 
ml of 30% perch lo r ic  acid and 100 ml of wate r  and adding to it, with s t i r r ing ,  a solution of 0.63 g (0.003 
mole) of 2-methyl-3-oxo-2,3-dihydrobenzo[b]se lenophene in 10 ml of methanol.  The yield was quantitative 
(1.1 g) and the product  had mp 235 ~ (decomp., f rom ethyl acetate) .  Found %: C 46.2; H 3.2. C~5HI2N404Se. 
Calculated %: C 46.0; H 3.1. 

3-Oxo-2 ,3-d ihydrobenzo[b]se lenophene .  This was s imi la r ly  obtained in 80% yield.  It was purif ied 
by s team disti l lat ion to give a substance with mp 70 ~ [6] (from hexane) and R f  0.53 (benzene). 

Benzo [b]selenophene. Pu lver ized  sodium borohydride [6.5 g (0.17 mole)] was added to a solution of 
34 g (0.17 mole) of 3-oxo-2,3-dihydrobenzo[b]selenophene in 0.5 l i te r  of ethanol. The completeness  of the 
reduct ion was moni tored chromatographical ly .  Concentrated hydrochlor ic  acid (100 ml) was then added 
with s t i r r ing ,  and the mixture  was ref luxed for  30 min. The mixture  was cooled to - 1 5  ~ and the res idue 
was f i l tered by suction and washed with water  to give 27 g of product .  Another 1.6 g of product  was p r e -  
cipitated with water  f rom the alcohol f i l t ra te  to give an overal l  yield of 92% of product  with mp 50 ~ [6] 
(after r ec rys ta l l i za t ion  f rom alcohol and vacuum sublimation). 

2-Methylbenzo[b]selenophene.  A. This compound [3.2 g (78%) ] was obtained f rom 4.22 g of 2 -methy l -  
3-oxo-2,3-dihydrobenzo[b]selenophene via the method descr ibed  for  the prepara t ion  of benzo[b]selenophene 
and had mp 62 ~ ( recrys ta l l iza t ion  f rom alcohol and vacuum sublimation) (rap 63 ~ [13]). 

*Activity II aluminum oxide was used.  
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B. A solution of 3.6 g (0.02 mole) of benzo[b]selenophene in 20 ml  of absolute e ther  was  added with 
s t i r r ing  under  n i t rogen to a solution of butyl l i thium [from 0.56 g (0.08 g-a tom)  of Li  and 4.3 ml  (0.04 mole) 
of n-butyl  b romide]  in 30 ml  of absolute e ther .  The  mix tu re  was  ref luxed for  30 min,  cooled to 0 ~ and a 
solution of 2.52 g (0.02 mole) of d imethyl  sulfate in 10 ml  of absolute e ther  was added to it with s t i r r ing .  
The mix tu re  was  s t i r r e d  until the t e m p e r a t u r e  of the reac t ion  mix ture  exceeded 20 ~ a f te r  which it was  r e -  
fluxed for  30 rain. The mix tu re  was  drenched with 100 ml of wa te r ,  and the e ther  l a y e r  was separa ted  and  
dr ied with sodium sulfate.  The res idue  a f t e r  r e m o v a l  of e ther  was dist i l led in vacuo to give 3.1 g (79~c) of 
a product  with bp 122 ~ (8 ram) and mp 62 ~ ( f rom alcohol and vacuum sublimation).  

A mixed sample  of 2-methylbenzo[b]se lenophene obtained by both paths did not d isplay  a melt ing-point  
depress ion .  

3-Methylbenzo ~]se lenophene .  A solution of 19.7 g (0.1 mole) of 3-oxo-2 ,3-d ihydrobenzo[b]se lenoph-  
ene in 0.3 l i t e r  of absolute e ther  was  added to a solution of me thy lmagnes ium iodide [from 10.2 g (0.4 g-  
atom) of magnes ium and 27.2 ml  (0.4 mole) of methyl  iodide] in 0.5 l i t e r  of absolute e ther .  The mix ture  
was heated and s t i r r ed  on a w a t e r  bath for  2 h. Concent ra ted  hydrochlor ic  acid [150 ml  (sp. gr .  1.19)] was 
added, and the mix tu re  was  ref luxed for  30 min.  Water  (300 ml) was  added, and the e the r  l aye r  was sepa -  
ra ted  and dr ied with sodium sulfate.  The e the r  was r emoved ,  and the prec ip i ta ted  s ta r t ing  ketone (2 g) was  
f i l te red.  3-Methylbenzo[b]selenophene was isola ted f r o m  the f i l t ra te  by column ch roma tog raphy  with a lum-  
inum oxide and hexane eluent.  Af te r  r em ova l  of the hexane the res idue  was dist i l led in vacuo to give 6.85 g 
(40%) of a product  with bp 115 ~ (7 mm) and n~  1.6572. Found ~c: C 55.3; H 4.0. CgHsSe. Calculated %: C 
55.3; H 4.1. 
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