
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  

C O N T A I N  A T H I O P H E N E  R I N G  

COMMUNICATION 29.* NEW COMPLEXING AND CHELATE COMPOUNDS 

OF BENZ O[b]THIOPHENE SERIE S 

V .  P ,  L i t v i n o v ,  Y a .  L .  G o l ' d f a r b ,  
a n d  ]~. G.  O s t a p e n k o  

UDC 542.91:541.49:547.736 

Previous ly  [2, 3] we had descr ibed  some bifunctional der iva t ives  of benzo[b]thiophene, which belong 
to the s e r i e s  of so-ca l led  mercaptoa ld imines  and can be used to synthesize chelate  compounds.  This  was 
achieved by inser t ing  the appropr ia te  substi tuents in the 2 and 3 posit ions of the thiophene f ragment  of the 
molecule ,  which made it possible to obtain metal  chela tes  with sulfur and nitrogen atoms as the outer  co-  
ordinat ing cen te r s .  

As an expansion of this r e s e a r c h  we studied the complexing ability of 3-hydroxy-2-benzo[b] thiophene-  
carboxaldehyde (I) and its Schiff bases ,  in this way approximat ing the sys t ems  studied by us to sa l icyla lde-  
hyde, which is widely used to obtain and study the chemica l  and physical  p roper t i e s  of chelate compounds 
[4]. The problem reduced to replac ing  the sulfur atom outside the r ing in the mercaptoa ld imines  of the 
benzo[b]thiophene se r i e s  by oxygen and t rac ing the effect  of this r ep lacement  on the p roper t i e s  of the che-  
late compounds.  

3-Hydroxy-2-benzo[b] thiophenecarboxaldehyde (I), which was obtained f rom thiosal icyl ic  acid [5] 
or by the hydrolys is  of 3-hydroxy-2- iminomethylbenzo[b] thiophene (II, R = H) [6], when reac ted  with amines 
fo rms  the cor responding  Schiff bases  (II) and (III). T h e  la t te r ,  the same as hydroxyaldehyde (I), was used 
by us [7] to  obtain chela tes  (IV) and (V), r espec t ive ly .  Some of the complexes  of the (VI) type were  obtained 
by the reac t ion  of the (V) chela tes  with amines.  This  p roces s  can be depicted as initial  attack of the c a r -  
bonyl carbon by the amine and subsequent dehydrat ion of the in termedia te  compound (VII) [8]. 

OH OH 

. = S CH0 

0 0 .~\ �9 / \ 

S .CH=NR = 
(VI) (V)H 

o 

H 

(VII) ~NI H~fl 

(rtH,),a' ~ (III) 

*See [1] for  Communicat ion 28. 
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OH HO 
II) (NHt).R" ,d/% / ~ )  

" s "  " 

\ R  , , /  
(II1) 

.I 
0 0 

\ I  p~, 
(IV) 

R = H, c4a,, p-C6H4NO~, p-Cd-I4COOH, ~,-naphthyl 

R' = -- (CH2)~--, -- (CH~)4, o-C8H4, /~C814~ 

M = Zn, Ni, Cu, Co, V0 

The che la tes  (Table 1) obtained by the indicated methods s epa ra t e  as colored powdery or  c rys ta l l ine  
p rec ip i t a t e s  that  a r e  difficultly soluble in many organic  solvents .  When heated they decompose  in a quite 
wide t e m p e r a t u r e  range ,  and only for  the zinc compounds can a m o r e  or l ess  dis t inct  mel t ing  point (de- 
composi t ion)  be  indicated.  

The p rob lem of the s t ruc tu re  of the c h a r a c t e r i z e d  complexes  was not solved conclus ively ,  s ince it is 
imposs ib le  to exclude the effect  o f  t a u t o m e r i s m  of the l igands.  In pa r t i cu l a r ,  it was  shown by us [9] that if  
the hydroxyald imines  (II) ex is t  in solut ions predominant ly  in the oxo fo rm {VIII), then the aldehyde (I) 
co r re spond ing  to them ex is t s  mainly  in the hydroxyaldehyde fo rm (I). 

0 0 

\ ~ /  ~ H  ~ \ _ _ I  "", 
A A : ; ,  = 

S CH=I~R S CH=NR 
(II) (VIII) 

0 

O--H 0 0 

~ \ - - /  ) . ~ \ - - / /  f \  / /  

S CHOH S H CHO 
I 

H 
(D �9 

E X P E R I M E N T A L  M E T H O D  

3-Hydroxy-2-benzo[b] th iophenecarboxaldehyde  (I). Hydroxyaldehyde (I) was  obtained as desc r ibed  in 
[5]: mp 106-107 ~ (from alcohol),  and a lso  as  desc r ibed  in [6]. 

N ,N ' -B i s - (3 -hydroxy-2 -benzo[b ] theny l idene )e thy lened iamine  (III, R '  = (CH2) 2.* To a solution of 3 g 
of hydroxyaldehyde (I) in 20 ml  of alcohol was added 0.49 g of e thylenediamine.  The mix tu re  was ref luxed 
for  2 h, and the p rec ip i t a te  was f i l t e red ,  washed with alcohol,  and dr ied.  We obtained 2.1 g (67%) of yel low 
(III), mp 216 ~ (from DMF). Found: C 63.24; H 4.27; N 7.38; S 16.68%. C20HI602N2S2 . Calculated:  C 63.13; 
H 4.24; N 7.36; S 16.85%. 

3-Hydroxy-2- (o-hydroxyphenyl iminomethyl )benzol0] th iophene  (II, R = o-C6H4OH). A mix ture  of 3.57 
g of {I), 2.18 g of o-aminophenol ,  and 120 ml  of m-xy lene  was ref luxed in an appara tus  equipped with a 
Dean- -S ta rk  t r ap  until  a l l  of the wa t e r  was r emoved .  The r e s idua l  m-xy lene  was vacuum-d i s t i l l ed ,  and 

*Here  and subsequently the (II) and (III) type of compounds a r e  r ega rded  as belonging to the hydroxyaldimine 
s e r i e s ,  although, as was mentioned above,  in solut ions they exis t  predominant ly  in the oxo fo rm.  
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the c rys t a l l i ne  p rec ip i t a t e  was  washed with ace tone ,  then with e the r ,  and t r ea t ed  with boi l ing m e t h a n o l  
We obtained 4.8 g (897o) of (II); a f t e r  r e c r y s t a l l i z a t i o n  f r o m  80-857o DMF and d ry ing  in vacuo at 135 ~ mp 
228 ~ Found: C 66.51; H 4.14; S 11.867o. C15HllO2NS. Calculated:  C 66.89; H 4.12; S 11.907O. 

N ; N ' - B i s - ( 3 - h y d r o x y - 2 - b e n z o [ b ] t h e n y l i d e n e ) - o - p h e n y l e n e d i a m i n e  (III, R '  = o-CsH4). To a solution of 
12 g of (I) in 15 ml  of DMF was  added a solution of 3.36 g of o -phenylened iamine  in 10 ml  of DMF, and then 
addit ional  DMF was added to a total  vo lume of 50 ml.  The mix tu re  was heated at 100 ~ for  1 h, cooled,  and 
the p rec ip i t a te  was  f i l t e red ,  washed in succes s ion  with DMF, acetone ,  and e the r ,  and dr ied in vacuo over  
CaC12. We obtained 10.5 g (827o) of (III); a f t e r  r e c r y s t a l l i z a t i o n  with DMF, washing  with ace tone ,  and d r y -  
ing in vacuo at 135 ~ ove r  P205, mp 230 ~ Found: C 66.98; H 3.79; S 14.74%. C24H1602N2S2. Calculated:  
C 67.27; H 3.76; S 14.97%. 

The following Schiff b a s e s  (HI) we re  obtained in a s i m i l a r  manne r :  N , N ' - b i s - ( 3 - h y d r o x y - 2 - b e n z o [ b ]  
thenyl idene)hydrazine ,  867o y ie ld ,  mp 274-275 ~ ( f rom DMF). Found: C 61.01; H 3.59; S 17.307o. C18HI202N262. 
Calculated:  C 61.34; H 3.43; S 18.207o. N, N ' - b i s -  (3 -hydroxy-2 -benzo[b ] theny l idene ) -p -pheny lened{am~e ,  
9970 yie ld ,  mp > 360 ~ (decompn.)  ( f rom DMF).  Found: C 66.40; H 4.13; S 14.4870. C24H1602N262- 0.5H20. 
Calculated:  C 65.88; H 3.92; S 14.66~. N, N ' - b i s -  (3 -hydroxy-2-benzo[b] thenyl idene) -bu ty lened iamine ,  9370 
y ie ld ,  mp 237-238 ~ (from DMF). Found: C 63.18; H 5.19; S 15.287O. C22H2002N262 . Calculated:  C 63.28; 
H 5.18; S 15.3670. 

3 -Hydroxy-2-phenyl iminomethy lbenzo[b] th iophene  (II, R = C~Hs). A mix tu re  of 0.9 g of (I) and 5 g 
of aniline was  heated at 80-100 ~ for  1 h. Then the mix tu re  was  cooled,  10 ml  of ethanol was added, and 
the obtained p rec ip i t a te  was f i l te red  the next day,  washed with ethanol,  and dr ied  in vacuo ove r  P205. We 
obtained 1.05 g (82%) of (II), mp 181-182.5 ~ (from ethanol).  Found: C 71.03; H 4.39; S 12.607o. C15HllONS. 
Calculated:  C 71.11; H 4.38; S 12.66%. 

3 -Hydroxy-2- (p-n i t rophenyl iminomethy l )benzo[b] th iophene  (II, R = P-C6H4NO2). To a solution of 3 g 
of (I) in 10 ml  of  ethanol  was  added a solution of 2.33 g of p -n i t roan i l ine  in 15 ml  of ethanol,  the mix tu re  
was  ref luxed for  l h ,  cooled,  and the p rec ip i t a t e  was f i l t e red ,  washed with alcohol ,  and dr ied .  We ob-  
tained 3.8 g (767O) of (II), mp 216 ~ ( f rom ethanol and 80% DMF). Found: C 60.16; H 3.48; N 8.93; S 10.7970. 
C15H1003N2 S. Calculated:  C 60.27; H 3.37; N 9.37; S 10.9370. 

3 -Hydroxy-2- (p -ca rboxyphenyl iminomethy l )benzo[b] th iophene  (II, R = P-C6H4COOH). Solutions of 2 g 
of (I) in 40 ml  of methanol  and 1.7 g of p -aminobenzo ic  acid in 30 ml  of methanol  w e r e  combined and heated 
up to the boi l .  Then the mix tu re  was cooled,  70 ml  of wa t e r  was added, and the obtained p rec ip i t a t e  was 
f i l te red  the next  day,  washed with methanol ,  and dr ied .  We obtained 2.92 g (87.87o) of (II), m p >  300 ~ (de- 
compn . )  ( f rom methanol) .  Found: C 64.45; H 3.60; S 10.53~.  C16HI1OsNS. Calculated:  C 64.63; H 3.73; 
s 10.78%. 

3-Hydroxy-2-~-naphthyl imino(15N)methyl )benzo[b] th iophene  (II, R = ~-naphthyl ) .  To a solution of 
0.45 g of (II) (2 = H) in 20 ml  of ethanol was added a solution of 0.36 g of ~-naphthylsmine(15N) in 10 ml  of 
ethanol.  The mix tu re  was  evapora ted  to a vo lume of 7 ml ,  cooled,  and the obtained yel low c rys t a l l i ne  
p rec ip i t a t e  was  f i l t e red ,  washed with alcohol ,  then with e the r ,  and dr ied  in the a i r .  We obtained 0.44 g 
(58%) of (II), mp 154-155 ~ Found: C 74.54; H 4.26; S 10.48%. ClstI1sONS. Calculated:  C 74.98; H 4.30; 
s 10.53%. 

P r e p a r a t i o n  o f  C o m p l e x e s  ( I V ) ,  ( V ) ,  a n d  ( V I )  

The c o m p l e x e s  w e r e  obtained by the usual  p r o c e d u r e s ,  by the r eac t ion  of solut ions of the l igands (I), 
(II) or  (III) with solut ions of the m e t a l  sa l t s  (MS) in r a t i o s  of (I) : MS = (II) : MS = 2 : 1 and (III) :  MS = 1 : 1, 
or  by the r eac t ion  of am i nes  with the che la tes  (V). The data on the obtained complexes  a r e  given in Table  
1. As so lvents  we used ethanol ,  methanol ,  ace tone ,  DMF, DMSO, etc .  

C O N C L U S I O N S  

Some new complex ing  compounds  w e r e  obtained f rom 3-hydroxy-2-benzo[b] th iophenecarboxa ldehyde ,  
f r o m  which a n u m b e r  of new chela te  compounds  was  obtained by r eac t i on  with me ta l  sa l t s .  
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