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C O N D E N S E D  H E T E R O A R O M A T I C  S Y S T E M S  T H A T  

I N C L U D E  A T H I O P H E N E  R I N G  

37.* PREPARATION OF ISOMERIC FORMYL-SUBSTITUTED 

SELENOLS OF THE BENZO[b]THIOPHENE SERIES 

V.  P .  L i t v i n o v ,  Y a .  L .  G o l ' d f a r b ,  
a n d  V.  Y u .  M o r t i k o v  

UDC 547.735'739:541.49 

I somer ic  2-formylbenzo[b] th iophene-3-se lenol  and 3-formylbeazo[b] th iophene-2-se leaol  and 
their  sulfur analogs were obtained by nucleophilic substitution of the bromine atom in 3 -b romo-  
2-formylbenzo[b]thiophene or  the i somer ic  2-bromo-3-formylbenzo[b] thiophene by a hydrose le-  
nide or hydrosulfide group by the action of an alcohol solution of NaSeH or NaSH, as well as  by 
the action of selenourea with subsequent alkaline hydrolysis .  Various Schiff bases were ob- 
tained f rom the isolated formyl-subst i tu ted  selenols and thiols by two methods,  and complexes 
with divalent Zn, Cd, and Ni were obtained by reaction of the Schiff bases with the cor respond-  
ing metal aceta tes .  

We have previously [1] obtained 2-formylbenzo[b]thiophene-3-selenol  (I) and 3-formylbenzo[b]thiophene- 
2-selenol  (H) by organolithium synthesis  by the method developed for the analogous compounds with a sulfur 
atom [2]. However,  in contrast  to the 80% yields obtained for the analogous sulfur-containing i s o m e r s ,  the 
yields in the preparat ion of the selenium compounds were only 21%. 

Fur ther  development of our r e s e a r c h  on the s t ruc tures  and proper t ies  of derivatives of i somer ic  f o rmy l -  
substituted selenols I and II and complexes based on them required us to improve the methods for their  synthe-  
sis in order  to inc rease  the yields and to dec rease  the amounts of side products,  which hinder the synthesis  
and isolation of pure ligands and complexes.  On the basis of the l i terature  data we concluded that the most  
convenient methods a re  those based on nucleophilic substitution of a labile C1 or Br atom by a hydroselenide 
group. 3-Bromo-2-formylbenzo[b] thiophene (III)and 2-bromo-3-formylbenzo[b] thiophene (IV), which were 
obtained by the methods in [3] and [4], respec t ive ly ,  served as the starting compounds. We initially used 
selenourea {Method A), which judging f rom the data in [5], leads to the formation of selenols in good yie lds ,  
as the nucleophilic agent. However,  the synthesis of formyl-subst i tu ted selenols I and II by this method is 
accompanied by the significant formation of side products that a re  insoluble in alcoholic alkali solution; this 
can be explained by the possible condensation of the amino group of selenourea with the formyl  group,  as  well 
as by nucleophilic substitution of the bromine in IV by the amino group of selenourea [4]. Nevertheless for -  
myl-subst i tutod selenols I and II were obtained in 40-45% yields af ter  two reprecipi ta t ions f rom an alcoholic 
alkali solution by acidification with dilute HC1. 

* See [1] for communication 36. 
N. D. Zelinskii Institute of Organic Chemistry,  Academy of Sciences of the USSR, Moscow 117931. Traas la te~ 

f rom Khimiya Geterotsiklieheskikh Soedinenil, No. 7, pp. 905-908, July, 1979~ Or ig ina lar t ie le  submitted October 
30, 1978. 
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~ Br ~ ' ~ S e  H 

Clio NH2--(~--NH 2 ~ "%-" "CHO 
Ill ) IIse ~ I 

_._~CttO ~ ~ /CHO 

"-S 7 "Br "~ /~-S/ "Se l l  
IV II Method A 

The formation of side products  and the presence  of ammonia  (liberated in the alkaline hydrolysis  step), 
which may lead to the formation of a selenol aldimine and d imer ic  products of condensation with ammonia  [6], 
prompted us to at tempt to synthesize  the i somer ic  formyl-subst i tu ted  selenols I and H by a different method 
(Method B), namely by using sodium hydroselenide [7] as the nucleophilic agent. The i somer ic  I and II were 
obtained in a lmost  quantitative yields by the action of excess alcohol is sodium hydroselenide solution on the 
i somer i c  bromo aldehydes III and IV; the formation of very small  amounts of selenoaldehydes V and VI was 

III ) / ' I  I 
NaXH .~ 

IV " ~  |1 

R--NH2 
(R--NH2.HCI) 

••N--R 
~ '~  VII a, b 

a X=Se; b X=S Method B Vllla,b 

observed in this case. This is indicated by the presence  in the mass  spect ra  of I and H of an M +" peak at 
m / e  304 and the fact  that the resul ts  of e lementary  analysis  for Se a r e  too high (by 3-4%). The amounts of 
the indicated impuri t ies  depend on the excess  amount of sodium hydroselenide used and on the rate  of acidi f ica-  
tion with hydrochlor ic  acid in the second step of the synthesis .  It is known [8] that the carbonyl group is cap-  
able undergoing react ion with selenols (hydrogen selenide) to give selenoacetals ,  and the formation of se leno-  
aldehydes V and VI is the resu l t  of the i r  convers ion in the acidification step. Hydrogen selenide is evolved 
when the react ion mixture  is reprecipi ta ted  f rom an alcoholic alkali solution by the addition of dilute hydro-  
chlor ic  acid, and the react ion mixture  becomes  homogeneous in cha rac te r .  

~ SeH , . ~ t t S e  

CHSe ~ / ~ J ~ s A S e  II 
V VI 

The react ion of bromo aldehydes III and IV with an alcohol solution of sodium hydrosulfite and subsequent 
t rea tment  of the react ion mixture wit h excess amine hydrochlorides gave the i somer ic  mercapto  aldimines VIIb 
and VIIIb (in 86-90% yields) ,  which were  previously obtained in our laboratory by the organolithium synthesis 
[2]. 

Schiff bases VIIa and VIIIa were  obtained f rom the i somer ic  formyl-subst i tu ted selenols I and II by con- 
densation with amines;  the react ion of these Schiff bases with M(OAc)2 gave complexes with divalent Zn, Cd, 
and Ni. The resul ts  a r e  presented in Table 1. 

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

The IR spect ra  of KBr pellets were recorded  with a UR-20 spec t rometer .  The UV spectra  were r e -  
corded with a Specord UV-vis spectrophotometer .  The mass  spec t ra  were recorded with a Varian MAT CH-6 
mass  spec t romete r .  The molecular  weights of the i somer ic  formyl-subst i tuted selenols were determined 
with an 1~P-75 precis ion ebulliograph. 

2-Formylbenzo[b]thiop.hene-3-selenol  (I) and 3-Formylbenzo[b] thiophene-2-selenol  (II). A) A 5-g (0.021 
mole) sample of 3-bromo-2-formylbenzo[b] thiophene (HI) or 2-bromo-3-formylbenzo[b] thiophene (IV) was d i s -  
solved by heating in 80 ml of methanol,  2.61 g (0.021 mole) of selenourea was added to the solution, and the 
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mixture  was s t i r r ed  for  1.5 h. The solution was then acidified with dilute hydrochlor ic  ac id ,  and the p r e c i -  
pi tate was separa ted  by f i l t rat ion and dissolved in alcoholic a lkal i  solution. The alkaline solution was ac id i -  
fied, and this operat ion was finally repeated .  The yel low prec ip i ta te  was dried in vacuo over P205 to give 
2.3 g (45%) of aldehyde I with mp 115-116~ Uu spec t rum:  kmax (C2H5OH) 225 nm; kma x (CHC13) 243 nm. 
IR spec t rum;  3400 cm -~ (OH. . . ) .  Found: C 45.1; H 2.5; S 13.1; Se 32.4%. Mebul 1248. CgH6OSSe. Calculated: 
C 44.8; H 2.5; S 13.3; Se 32.7%, M 241. The yield of aldehyde II,  with mp 137-138~ was 40%. UV spec -  
t rum:  kma x (C2H5OH) 228 nm; kmax (CHC13) 243 nm. IR spec t rum:  3450 cm -1 ( O H . . . ) .  Found: C 44.6; H 2.4; 
S 13.8; Se 32.3%. MebuU 236. CsH6OSSe. Calculated: C 44.8; H 2.5; S 13.3; Se 32.7%. M241.  

B) A 5.7-g (0.024 mole) sample  of b romo  aldehyde III or IV was added in a s t r e a m  of argon to a solution 
of NaSeH obtained [8] by the addition of 100 ml  of absolute  alcohol to a mix tu re  of 5.1 g (0.065 mole) of pow- 
dered Se and 5 g {0.132 mole) of NaBH 4 (the excess  amount  of NaBH 4 depends on i ts  quali ty,  and it is i m p e r -  
a t ive that the resul t ing solution is  not red) ,  and the mix tu re  was s t i r r ed  at  75~ for  35-40 min.  It was then 
cooled to room t e m p e r a t u r e ,  and a solution of 10 ml  of concentrated HCI in 30 ml  of water  was added to it 
slowly dropwise  in the course  of 40 rain with v igorous  s t i r r ing  (in a rapid s t r e a m  of argon for r e m o v a l  of the 
H2Se ). The prec ip i ta te  that  formed af te r  reprec ip i ta t ion  f r o m  alcoholic a lkal i  solution by acidif icat ion with 
dilute HC1 was removed  by f i l t ra t ion and dried in vacuo over  P205 to give 5.7 g of aldehyde I or 5.6 g of a l -  
dehyde II. The melt ing points and UV and IR spec t ra  of I and II were  in ag reemen t  with the constants of the 
formyl-subs t i tu ted  selenols  obtained by method A and by the organol i thium synthes is  [1]. 

Schiff Bases  of 2 -Formyl -3 -mercap tobenzo[b ] th iophene  (VIIb) and 3 -Fo rmy l -2 -mercap tobenzo [b ] th io -  
phene (VIIIb). A hot solution of 2.75 g (0.012 mole) of b romo aldehyde HI or IV in 150 ml of methanol  was added 
with s t i r r ing  in a s t r e a m  of argon to 15 ml of a 17% methanol  solution containing 2.55 g (0.035 mole) of KSH, 
and the mixture  was heated on a water  bath for  1 h. It was then cooled and t rea ted  with excess  amine  hydro-  
chloride,  and the prec ip i ta te  was removed by f i l t ra t ion ,  washed twice with water  and a lcohol ,  and dried over  
P205. The r e su l t s  a r e  presented  in Table  1. 

Schiff Bases  of 2-Formy!benzo[b] th ioPhene-3-se lenol  (VIIa) and Its I s o m e r  (VIIIa). These  compounds 
were  obtained by heating equimolar  amounts  of fo rmyl - subs t i tu t ed  selenol I or  II and p r i m a r y  amines  for  40 
min in CHCI 3 or CC14; a prec ip i ta te  formed a f t e r  the bulk of the solvent  was removed  by evaporat ion and the 
concentra te  was cooled. The r e su l t s  a r e  presented  in Table  1. 

Divalent Zn, Cd, and Ni Complexes .  These  complexes  were  obtained by the addition of a solution of the 
meta l  ace ta te  in DMF to a solution of the corresponding base  in the min imum amount  of hot DMF. The p rec i -  
pi tates  were  removed  by f i l t rat ion and r ec rys t a l l i zed  f r o m  DMF. The r e su l t s  a r e  presented in Table  1. 
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