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

The absorpt ion spec t r a  of 10-4-10 -5 m o l e / l i t e r  solutions of the compounds in toluene w e r e  measured  
with an SF-4A spec t ropho tomete r .  The IR s pec t r a  of KBr pel le ts  were  measu red  with a UR-20 s p e c t r o m e t e r  
at  700-4000 cm -1 {with NaC1 and LiF p r i s m s ) .  

Diethyl Thiophenebis  (methylenephosphonate) (I). A mix tu re  of 41 g (0.37 mole) of his (chloromethyl) thio-  
phene,  77 ml  (0.45 mole) of t r ie thyl  phosphi te ,  and 150 ml  of dry p-xylene  was ref luxed for  10 h, a f t e r  which 
the p -xy lene  was r emoved  by vacuum dist i l lat ion to give 85 g (97%) of I as  a red oil.  

2 ,5 -Dis ty ry l th iophene  (IVa). Sodium methoxide (a solution of 1.5 g of sodium in the min imum amount  
of absolute  methanol) was added in por t ions  to a solution of 10 g (0.025 mole) of I in 40 ml  of d ime thy l fo rma-  
mide (DMF), and the mix tu re  was allowed to stand for  15 min.  A solution of 5.5 g (0.05 mole) of benzaldehyde 
in 15 ml  of DMF was then added,  and the mix tu re  was allowed to stand for  another  15 h. The resul t ing p r e c i p -  
i tate was r e m o v e d  by f i l t ra t ion  and an additional amount  of the reac t ion  product  was isolated f r o m  the f i l t r a t e  
by the addition of water .  The product  was purif ied by two c rys ta l l i za t ions  with act ivated charcoa l  f r o m  cyclo-  
hexane and subsequent  ch romatography  of a solution in benzene on a luminum oxide to give 2.2 g (30%) of a yellow 
powder with mp 197~ Compounds IVb-h were  s i m i l a r l y  synthesized (Table 1). 
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New complexing compounds,  v i z . ,  2 - formylbenzo[b] th iophene-3-se lenol  and 3- formylbenzo[b] -  
th iophene-2-se leno l ,  and some  de r iva t ives  involving the se len ium a tom and the fo rmy l  group,  
as  well as  complexes  of divalent  nickel  and copper  based on them,  were  obtained. The t au tom-  
e r i s m  of the i s om er i c  formyl th iopheuese leuols  was studied by means  of IR spec t roscopy ,  and 
it was shown that 3 - formylbenzo[b] th iophene-2-se lenol ,  in cont ras t  to 2-formylbenzo[b] tMophene-  
3 - se leno l ,  exis ts  in the f o r m  of a mix ture  of two t au tomer s .  
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The d i f fe rence  in the lengths of the bonds of sulfur and se lenium a toms  with carbon in organic compounds 
is  a fac tor  involved in the i r  s t rengths .  The fact  that  selenides of the furan ,  thiophene,  and selenophene s e r i e s  
with an a lkylse ienide  group in the ~ position of the ring readi ly  spli t  out this group under the influence of o r -  
ganoli thium compounds even at  low t e m p e r a t u r e s  and that ,  m o r e o v e r ,  the C a r o m - S e  bond is  a l so  easi ly  
cleaved by the action of excess  b romine  [2] may  s e r v e  as  an example .  Thus an a p r i o r i  predict ion or an a t -  
t empt  to draw a para l l e l  in the mechan i sms  of the reac t ions  of organose lenium and organosulfur  compounds is 
to a cer ta in  extent r i sky ,  and only exper imen t s  can give an accura te  answer  to the questions that a r i s e  in such 
cases .  Of g r e a t  s ignif icance here  is the d i f fe rence  in the degree  of polar izat ion of the C =S  and C = Se bonds 
[3], which has a pronounced effect  on the t au tomer ic  equi l ibr ium of the complexing compounds.  It is a l so  
known that r ep l acemen t  of the donor sulfur  a tom by selenium in complexes  leads to an i nc rea se  in the com-  
plexes [4]. 

In our l abora tory  we have studied complexes  based on benzo[b]thiophenes that have an oxygen or sulfur 
a tom as  one of the donors  [5-7]. It seemed of in te res t  in this r e s p e c t  to study complexing compounds of the 
benzo[b]thiophene s e r i e s  in which the se lenium a tom is one of the coordination cen te r s .  The f i r s t  t a sk  was to 
develop a method for  the prepara t ion  of compounds of this type ,  to study the i r  t a u t o m e r i s m ,  and to obtain c o m -  
plexes f r o m  them.  Fo r  the synthesis  of 2- formylbenzo[b] th iophene-3-se lenol  (II) and 3-formylbenzo[b] th io-  
phene-2-se leno l  (VII) we used the methods proposed in our l abora to ry  for  the p repara t ion  of the corresponding 
sulfur analogs [8]; these  methods involve the one-s tep  introduction of selonium and a f o rmy l  group in the 2 and 
3 posi t ions of benzo[b]thiophene. The use  of this method for  the p repara t ion  of aldehyde II (Scheme 1, Pa th-  
way A) leads to the format ion  of a mixture  of 25% II and up to 8% bis (benzo[b]thien-3-yl) diselenide (III), which 
is the product  of oxidation of benzo[b]thiophene-3-selenol ;  aldehyde VII is fo rmed  in up to 21% yield by this 
method. Products  of alkylation of the se lenium a tom,  v i z . ,  2 - fo rmyl -2 -methy l se lenobeazo[b] th iophene  ( v m )  
and 2- formyl-3-methylse lenobenzo[b] th iophene  (IV), were  obtained by the action of dimethyl  sulfate  on the 
sodium sal t  of aldehyde II and the sodium sal t  of aldehyde VII. Aldehyde IV was a lso  obtained by an indepen- 
dent method. The data f rom PMR, IR, and Uu spec t roscopy  a r e  in ag reemen t  with the IV and VIII s t ruc tu re s  
and with the s t ruc tu re s  of some der iva t ives  involving the aldehyde group (V and VI). The low yields of a lde -  
hydes II and VII prompted us to synthes ize  the i s o m e r i c  aldehydes by a different  method,  which includes the 
prepara t ion  of ace ta l  XI and b romoace t a l  XIV with subsequent t r e a t m e n t  of them with n -BuLi  a n d  Se (Scheme 1, 
Pathway B). The yield in the las t  s tep in the prepara t ion  of aldehyde VII by this method was ~19%, whereas  
a mix ture  of 10% II and 15% of a substance whose s t ruc tu r e ,  according to the data f r o m  the PMR and IR spec t r a ,  
can be depicted by fo rmula  XV is fo rmed  in the prepara t ion  of aldehyde II. The format ion  of i s o m e r i c  aldehydes 
II and VII by this method in even lower yie lds  and the i nc rea se  in the number  of s teps make their  p repara t ion  
by method A (Scheme 1) p re fe rab le .  
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A l d e h y d e s  ILl and  VII  a r e  p o t e n t i a l l y  c a p a b l e  of e x i s t i n g  in s e v e r a l  t h e o r e t i c a l l y  p o s s i b l e  t a u t o m e r i c  
f o r m s  (a-d) o r  an e q u i l i b r i u m  m i x t u r e  of t h e m  (Scheme 2).  We w e r e  unab le  to  s tudy  the  s t r u c t u r e s  of  IT and 
VII  by PMR s p e c t r o s c o p y  b e c a u s e  of t h e i r  low s o l u b i l i t i e s .  The  I R - s p e c t r o s c o p i c  d a t a  p r o v i d e  e v i d e n c e  tha t  
i s o m e r i c  a l d e h y d e s  II  and VII  e x i s t  in the  so l id  s t a t e  and in s o l u t i o n s  of v a r i o u s  c o n c e n t r a t i o n s  p r i m a r i l y  in 
enol  f o r m s  IIb and VIIb wi th  an i n t r a m o l e c u l a r  h y d r o g e n  bond.  Th i s  i s  i n d i c a t e d  by the  b r o a d  band a t  3400 
c m  -1 fo r  II  and a t  3450 c m  -1 f o r  VII, which  can be a s s i g n e d  to  the  i n t r a m o l e c u L a r  v i b r a t i o n s  of the  hydroxy  
g r o u p .  The  a b s e n c e  of  t a u t o m e r i c  f o r m  IIa i s  c o n f i r m e d  by the  f ac t  tha t  t he  IR s p e c t r u m  does  not  con ta in  t h e  
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a b s o r p t i o n  band a t  ~ 1500 e m  -1 tha t  i s  c h a r a c t e r i s t i c  fo r  o t h e r  benzo [b ] th iophene  d e r i v a t i v e s  wi th  a f o r m y l  
g r o u p  in t he  2 p o s i t i o n  of the  t h i o p h e n e  r i n g  such  a s ,  f o r  e x a m p l e ,  XIII  (v C =C 1507 c m  -1) and IV (v C =C 1490 
cm-~) .  In t he  c a s e  of i s o m e r  VII  t h e  p r e s e n c e  of a band a t  1465 c m  -~, which i s  a l s o  p r e s e n t  in the  s p e c t r u m  
of i t s  3 - f o r m y l - 2 - m e t h y l s e l e n o b e n z o [ b ] t M o p h e n e  d e r i v a t i v e  fYHI) and i s  c h a r a c t e r i s t i c  f o r  the  v i b r a t i o n s  of 
t he  C = C bond of the  t h i o p h e n e  r i n g ,  i n d i c a t e s  the  p r e s e n c e  of t a u t o m e r  VIIa .  Th i s  i s  a l s o  c o n f i r m e d  by the  
p r e s e n c e  of two bands  a t  1645 and 1670 c m  -1, which  a r e  c h a r a c t e r i s t i c  fo r  a f o r m y l  g r o u p  in the  3 p o s i t i o n  of 
benzo [b ] th iophene  ( e . g . ,  in the  c a s e  of 3 - f o r m y l - 2 - m e t h y l s e l e n o b e n z o [ b ] t h i o p h e n e  v C =O 1650 cm-1) .  On the  
b a s i s  of  t h e  m a t e r i a l  p r e s e n t e d  a b o v e ,  i t  m a y  be  a s s u m e d  tha t  2 - f o r m y l b e n z o [ b ] t h i o p h e n e - 3 - s e l e n o l  p r e f e r -  
ab ly  e x i s t s  in t he  IIb f o r m ,  w h e r e a s  i t s  i s o m e r  e x i s t s  in t he  f o r m  of a m i x t u r e  of two t a u t o m e r s  (VIIa and VI lb) .  

C o m p l e x e s  wi th  the  c o m p o s i t i o n s  X V I a , b  and X V I I a , b  w e r e  ob ta ined  by r e a c t i o n  of a l d e h y d e s  II  o r  VII  
wi th  e t h y l e n e d i a m i n e  (en) and a c e t a t e s  (Scheme 3): 
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In contras t  to the sulfur analogs,  which a re  formed via Scheme 1 in up to 80% yields ( e .g . ,  3-formylbenzo[b]-  
thiophene-2-thiol  [7]), the i somer ic  aldehydes II and V]-[, as noted above, a re  formed only in yields that do not 
exceed 21%. A possible explanation for this may be the s ter ic  hindrance that develops when an Se atom is 
introduced in intermediate  XVIII, which is formed as a resul t  of the addition of a second equivalent of n-BuLl 
(Scheme 4) or dimethylformamide (DMF) to XIX, which is formed as an intermediate  in the final stage of the 
one-step synthesis via Pathway A. 

Scheme 4 
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The formation of in termediates ,  v i z . ,  3-formylbenzo [b]thiophene (X) and benzo[b]thiophene-3-selenol 
(XX), in no less than 60%yields indicates the complexity of the r e a ~ i o n  pree isely in the second step of the synthesis .  

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

The IR spect ra  of KBr pellets of the compounds were recorded  with a UR-20 spec t rometer .  The PMR 
spectra  were recorded  with a Varian DA-60-IL spec t rometer  (60 MHz) with te t ramethyls i lane as the internal 
standard. The UV spectra  were recorded  with a Specord UV-vis spectrophotometer .  The mass  spectra  were 
recorded with a Varian MAT CH-6 spec t rometer  at  an ionizing-electron energy of 70 eu  The molecular  
weights of the i somer ic  aldehydes were measured with an I~P-75 precision ebulliograph. 

2-Formylbenzo[b]thiophene-3-selenol  (II). A 29.4-g (0.138 mole) sample of 3-bromobenzog0]thiophene 
(I) in 45 ml of absolute ether was added at -70~ to an ether solution of 8.82 g (0.138 mole) of n-butyll i thium. 
After 15 min, 10.9 g (0.138 mole) of powdered selenium was added to the mixture at -70~  after  which the 
cooling bath was removed.  After 30 min (after the selenium had dissolved),  a second equivalent of n-butyl l i -  
thium (8.82 g) was added a t - 3 0 ~  After 5 min a t - 3 0 ~  1 0 . 1 g o f d r y D M F i n  18 ml of absolute ether was 
added, and the mixture was s t i r red  at -10~ for 30 min. It was then treated with 50 ml of water ,  and the 
aqueous layer  was separated.  The ether layer  was washed with water ,  and the combined water layers  were  
acidified with dilute HC1. The result ing yellow precipi tate  was removed by fi l tration, dried over P205, and r e -  
crystal l ized f rom hexane to give 8.3 g (25%) of aldehyde II with mp 115-116~ UV spect rum:  ?'max (in alcohol) 
225 nm (log e 4.30); (in chloroform) 243 nm (log e 4.31). IR spect rum:  3400 cm -1 (- O H . . . ) .  Mebul 1 250. 
Found: C 45.2; H 2.5; S 13.2; ~ 32.5%. CgH6OSS ~. Calculated: C 44.8; H 2.5; S 13.3; Se 32.7%. M 241. 

The hexane-insoluble res idue  in the preparat ion of II was recrys ta l l i zed  f rom toluene to give diselenide 
HI with mp 120-120.5~ and [M +" ] 424. Found: C 45.6; H 2.7; S 15.2; Se 37.4%. C16H10S2Se2. Calculated: C 
45.3; H 2.4; S 15.1; Se 37.2%. 

2-FormYl-3-methy.lselenobenzo[b]thiophene (IV). Excess dimethyl sulfate (15 ml) was added with s t i r -  
ring to a solution of 2.2 g (0.009 mole) of aldehyde II in 150 ml of 1 N aqueous NaOH, and the mixture was 
heated at 70~ for 30 min. It was then cooled and extracted thoroughly with benzene. The benzene extracts  
were washed with a saturated solution of Na2CO 3 and twice with water and dried over MgSO 4. The benzene 
was removed by distillation, and the res idue began to crystaUize.  It was recrys ta l l ized  f rom ether to give 
1.61 g (69%) of l ight-yellow crys ta l s  of IV with mp 73.5-74~ UV spectrum: Xmax (in chloroform) 308 nm 
(log e 4.18). IR spectrum: 1675 cm -~ (C = O). PMR spectrum (in CDC13): 10.47 (1H, s,  CH = O), 7.3-8.3 (4H, 
m, Harom), and 2.33 ppm (3H, s, CH3). [M +-] 255. Found: C 47.1; H 3.2, S 12.3; Se 30.8%. C10H8OSSe. Cal- 
culated: C 47.1; H 3.2; S 12.6; Se 30.9%. M 255. 

2-Formyl-3-methylselenobenzo[b]tMophene Dioxolane (VI). A 3 .1 -g  (0.04 mole) sample of freshly dis-  
tilled ethylene glycol and two crys ta ls  of p-t01uenesulfonic acid were added to a solution of 9.8 g (0.38 mole) 
of IV in 50 ml of benzene, and the mixture was refluxed for 5 h with a D e a n - S t a r k  trap. It was then washed 
with Na2CO 3 solution and water and dried over MgSO4, the benzene was removed by distillation, and the r e s i -  

20 due was distilled to give 10.8 g (96%) of VI as a l ight-yellow liquid with bp 176-178~ (2.0-2.5 mm) and n D 
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1.6601, which crys ta l l ized on standing to give a product with mp 54-55~ (from ether).  IR spectrum: The 
band charac te r i s t i c  far  a formyl  group is absent.  PMR spect rum (in C6D6): 6.9-8.2 (4H, m, Harom) , 6.63 
(1H, s ,  C - H ) ,  3.58 (4H, m~ CH2-CH2) , and 1.89 ppm (3H, s,  CH3). Found: C 48.7; H 4.3%. CI2H1202SSe. Cal- 
culated: C 48.2; H 4.1%. 

2-Formy.l-3-meth.ylselenobenzo[b]thiophene Anil (V). A 0.93-g (0.01 mole) sample of aniline was added 
to a solution of 1.7 g (0.007 mole) of IV in 60 ml of benzene,  and the mixture was refluxed for 2 h with a D e a n -  
Stark t rap.  The benzene was removed by disti l lat ion, and the res idue was recrys ta l l i zed  f rom alcohol to give 
anil V in quantitative yield in the fo rm of l ight-yellow needles with mp 93-94~ UV spect rum:  Xma x (in chlo- 
roform) 345 nm (log e 4.23). PMR spec t rum (in CDC13): 9.17 (1H, s,  C H = N - ) ,  7.2-8.2 (4H~ m, Harom),  and 
2.20 ppm (3H, s,  CH3). [M +" ] 330. Found: C 58,2; H 4.1; N 4.4; S 9.5; Se 23.5%. C16HI3NSSe. Calculated: C 
5S.2; H 4.0; N 4.2; S 9.7; Se 23.9%. M 330. 

3-Methylselenobenzo[b]thiophene (IX). An 8.95-g {0.14 mole) sample of n-butyll i thium in 80 ml of ether 
was added at -70~  in a s t r eam of argon to a solution of 30 g (0.14 mole) of I in 100 ml of absolute ether.  After  
15 rain, 26.3 g (0.14 mole) of dimethyldiselenide in 40 ml of absolute ether was added with s t i r r ing ,  the cooling 
bath was removed,  and the mixture was s t i r red  for 1 h. A total of 100 ml of 25% aqueous NH4C1 solution was 
then added a t - 5 ~  and the mixture was again s t i r red  for 15 min. The ether layer  was separa ted ,  and the 
aqueous layer  was extracted thoroughly with ether.  The ether extracts  were washed with water and dried over 
MgSO4, the ether was removed by disti l lat ion, and the res idue was distilled in vacuo to give 25.3 g (79.5%) of 
IX with bp 127-128~ (2.5-3 mm) and n~ 1.6869; judging f rom the resul ts  of g a s - l i q u i d  chromatography (GLC), 
IX contained up to 7.5% start ing I. Found: C 47.2; H 3.1%. C9HsSSe. Calculated: C 47.6; H 3.5%. 

2-Formyl-3-methylse lenobenzo[b] th iophene (IV). A 14.1-g (0.105 mole) sample of N-methylformani l ine 
was added with s t i r r ing  to 15 g (0.098 mole) of POC13, and the mixture was s t i r red  at 60~ for  30 rain. A 21.7-g 
(0.079 mole) sample  of IX was added dropwise ,  and the mixture was s t i r red  at 60~ for 4 h. It was then hydro-  
lyzed with water ,  and the aqueous mixture was extracted with ether.  The ether extracts  were  washed with 
water and dried over MgSO4, the ether was removed by disti l lation, and the res idue was recrys ta l l i zed  f rom 
alcohol to give 14.5 g {60%) of aldehyde IV with mp 73.5-74~ No melt ing-point  depression was observed for  
a mixture of this product  with a sample  of IV obtained by a different method. Found: C 47.2; H 3.2; S 12.3; Se 
30.8%. C10H8OSSe. Calculated: C 47.1; H 3.2; S 12.6; Se 30.9%. 

3-Formylbenzo[b] th iophene-2-se lenol  (VII). A cooled ( to-70~ solution of 19.6 g (0.092 mole) of I in 
30 ml of absolute ether was added with s t i r r ing  at -70~ in a s t r eam of argon to an ether solution of 5.88 g 
(0.091 mole) of n-butyll i thium (49.3 ml), and the mixture was then s t i r red  for 30 rain, after  which, 6.7 g of 
dry DMF in 12 ml of absolute ether was added at -70~  and a second equivalent (5.88 g) of n-butylli thium was 
added at - 30~ The mixture  was st i r red  at - 30 ~ for  30 rain, af ter  which 7.26 g of powdered selenium was added at 
-25~  and the mixture was s t i r red  at 20~ until the selenium had dissolved completely.  The solution was 
hydrolyzed with water ,  the ether layer  was washed with water ,  and the combined aqueous extracts  were ac idi -  
fied with dilute HC1 to pH 3. The precipi ta te  was removed by fi l trat ion,  washed with water ,  and dried over 
P20~ to give 4.68 g (21%) of VII with mp 109-111~ Reprecipitation f rom a solution in alcoholic alkali by the 
addition of dilute HC1 gave a product  with mp 137-138~ UV spect rum:  Xma x (in alcohol) 228 am (log s 4.27)~ 
(in chloroform) 243 am (log s 4.30). IR spect rum:  3450 cm -1 ( , O H . . . ) .  Mebull 248. Found: C 45.0; H 2.4; 
S 13.3; Se 32.3%. CgH6OSSe. Calculated: C 44.8; H 2.5; S 13.3; Se 32.7%. M 241. 

3-Formyl-2-methylse lenobenzo[b] th iophene (VII!). A 2-g (0.008 mole) sample of VII was added to a hot 
solution of 5 g (0.089 mole) of KOH in 100 ml of ethanol, and the mixture was heated until all  of the VII had 
dissolved.  The solution was f i l tered,  and the f i l t ra te  was treated in portions with 12.6 g (0.1 mole) of dimethyl 
sulfate. The mixture was cooied and t reated with 200 ml of water ,  and the aqueous mixture was extracted with 
benzene. The extract  was washed with a saturated solution of Na2CO 3 and water and dried over MgSO 4. The 
benzene was removed by disti l lation, ether was added to the res idue ,  and the result ing precipi tate  was removed 
by fil tration and recrys ta l l i zed  f rom acetone to give 1.5 g (71%) of VIlI with mp 96-97~ UV spect rum:  Xma x 
(in chloroform) 318 nm {log e 3.85). IR spect rum:  1650 cm -1 (C = O). PMR spec t rum,  (CD3)2CO: 10.35 (1H, s,  
CH = O), 7.2-8.4 (4H, m, Harom),  and 2.5 ppm (3H, s,  CH3). [M +']  255. Found: C 47.1; H 3.2; S 12.3; Se 
30.7%. C10H8OSSe. Calculated: C 47.1; H 3.2; S 12.6; Se 30.9%. M 255. 

3-FormYlbenzo[b]thiophene (X). This compound, with bp 117-120~ (2 ram)and mp 56.5-57~ (mp 56-57~ 
[9]), was obtained in 50% yield by the method in [9]. 

3-Formylbenzo[b]thiophene Diethylacetal  (XI). A mixture of 9.18 g (0.057 mole) of aldehyde X, 8.58 g 
(0.058 mole} of f reshly distilled ethyl or thoformate ,  27 ml of absolute alcohol,  and one to two drops of coa-  
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cen t ra ted  HC1 was ref luxed for  4h, a f t e r  which the alcohol was r e m o v e d b y  dist i l lat ion,  and the res idue  was dis t i l led 
to give 11.3 g (84%) of XI with bp 119-120~ (2 mm) and n~ 1.5585. Found: C 65.9; H 6.8; S 13.9%. C13H1602S. 
Calculated: C 66.1; H 6.8; S 13.6%. 

3-Formylbenzo[b] th iophene-2-se lenol  (VII). A solution of 9.44 g (0.04 mole) of ace ta l  XI in 15 ml of 
absolute  e ther  was added with s t i r r ing  at  -30~  in a s t r e a m  of nitrogen to a solution of 2.6 g (0.041 mole) of 
n-butyl l i tMum in 25 ml  of e ther .  The mix ture  was then s t i r r ed  for  30 min a t - 3 0 ~  a f t e r  which 3.13 g (0.04 
mole) of powdered Se was added, and the  mix tu re  was s t i r r ed  at 20~ for  4 h. It was then hydrolyzed with 
water ,  and the ether  layer  was washed twice with water .  The combined aqueous l aye r s  were  acidified with a 
1 N HC1 solution,  and the yel low prec ip i ta te  was r emoved  by f i l t ra t ion and dried over  P205. Reprecipi ta t ion 
f r o m  a solution in 1 N alcoholic a lkal i  by the addition of HC1 solution gave  1.8 g (19%) of VII with mp 137-138~ 
No mel t ing-point  depress ion  was observed for  a mix ture  of this product  with a sample  of the compound ob- 
tained via Pathway A (Scheme 1). 

2-Formylbenzo[b] th iophene (XII). This  compound, with bp 125-126~ (3 ram) and mp 33~ (mp 34-34.5~ 
[10]), was obtained in 74% yield by the method in [10]. 

3 -Bromo-2- formylbenzo[b] th iophene  (XIII). This  compound, with mp 117-118~ (rap 118-118.5~ [11]), 
was obtained in 70% yield by the method in [11]. IR spec t rum:  1665 cm -1 (C = O). 

3 -Bromo-2- formylbenzo[b] th iophene  Dioxolane (XIV). A mix tu re  of 17.9 g (0.075 mole~ of XIII, 6 g 
(0.097 mole) of" ethylene glycol ,  two c rys t a l s  of p- toluenesulfonic  ac id ,  and 80 ml  of absolute  benzene was r e -  
fluxed with a D e a n - S t a r k  t r ap  for  5 h, a f t e r  which the solution was washed with a sa tura ted  solution of Na2CO 3 
and water  and dried over  MgSO 4. The benzene was removed  by dis t i l la t ion,  and the res idue  was dist i l led to 
give 21 g (98.5%) of XIV with bp 173-175~ (4 mm) .  Found: C 46.2; H 3.1%. CllH902BrS. Calculated: C 46.3; 
H 3.2%. 

2 . -Formylbenzo[b] thiophene-3-selenol  (H). A solution of 16.1 g (0.057 mole) of ace ta l  XIV in 25 ml  of 
absolute  ether  was added in a s t r e a m  of argon a t  -70~ to a solution of 3.65 g (0.057 mole) of n-butyl l i thium 
in 33 ml  of e ther ,  a f te r  which 4.45 g (0.057 mole) of powdered se lenium was added at  -30~  and the mix tu re  
was s t i r r ed  for  30 min.  The cooling bath was then r emoved ,  and the mix ture  was s t i r r ed  for  another  4 h and 
worked up as in the p repara t ion  of aldehyde VII to give 1.36 g (10%) of II with mp 115-116~ No mel t ing-point  
depress ion  was observed for  a mix tu re  of this product  with a sample  obtained via Pathway A. The ether  layer  
was washed with water  and dried over  MgSO4, the ether  was r emoved  by dis t i l la t ion,  and the res idue  was r e -  
c rys ta l l ized  f r o m  benzene to give 2.0 g (15%) of XV with mp 177-178~ PM-R spec t rum (C6D5): 6.75-8.10 (8H, 
m,  Harem) ,  6.70 (2H, s ,  CH), and 3.5 ppm (SH, m,  CH2). [M +']  489. Found: C 45.1; H 3.9; Se 15.7%. C22H18- 
O4S2Se. Calculated: C 54.0; H 3.7; Se 16.1%. M 489. 

N~N,-{Bis(3-selenobenzo[b]-27thenyl idene)ethylenediaminato } Cu(II). (XVIa). A 6.5-g (0.027 mole) s a m -  
ple of II was dissolved by heating in 100 ml  of DMF, a f t e r  which 0.24 g (0.014 mole) of e thylenediamine was 
added, and the resul t ing solution was heated at  100~ for  20 min.  A hot f i l tered solution of 2.8 g (0.014 mole) 
of Cu(OAc)2" H20 in 10 ml  of DMF was added to the hot solution,  and the prec ip i ta te  that fo rmed  in the course  
of 10 h was removed  by f i l t rat ion to give 4.7 g (61.5%) of complex XVIa (golden-brown c rys t a l s ) .  Rec rys t a l l i -  
zation f rom bromobenzene  gave a product  with mp 284-286~ (dec.) .  Found: C 42.2; H 2.5; S 11.6; Se 28.2; 
Cu 10.9%. C20H14N2S2Se2Cu. Calculated: C 42.3; H 2.5; S 11.3; Se 27.8; Cu 11.2%. 

N,N' -{Bis- (3-se lenobenzo[b]-2- thenyl idene)e thylenediaminato}Ni  (II) (XVIb). The nickel  chelate was ob- 
tained in 65% yield by a method s imi l a r  to that  used to p r e p a r e  chelate XVIa. The c h e r r y - r e d  c rys t a l s  decom-  
posed above 360~ Found: C 42.7; H 2.7; S 11.5; Se 27.9; Ni 10.6%. C20H14N2S2Se2Ni. Calculated: C 42.7; H 
2.5; S 11.4; Se 28.1; Ni 10.4%. 

N ~ N'-{Bis (2-selenobenzo [b]-:3-thenylidene)ethylenediaminato} Cu (II) (XVIIa). This  complex was s i m i -  
lar ly  obtained in 52% yield.  The dark-brown needles  had mp 293-294~ (from bromobenzene) .  Found: C 42.0; 
H 2.3; S 11.4; Se 28.0; Cu 11.0%. C20H14N2S2Se2Cu. Calculated: C 42.3; H 2.5; S 11.3; Se 28.1; Cu 11.2%. 

N,N'-{Bis(2-selenobenzo[b]-3-thenylidene)ethylenediaminato}.Ni (II) (XVIlb). The nickel chelate was s i -  
mi la r ly  obtained in 49% yield and decomposed above 360~ (from dimethylacetamide) .  Found: C 42.5; H 2.7; 
S 11.4; Se 28.4; Ni 10.2%. C20H14N2S2Se2Ni. Calculated: C 42.7; H 2.5; S 11.4; Se 28.0; Ni 10.4%. 
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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. 
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