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IX.* SYNTHESIS A}~D STRUCTURE OF 2 - F O R M Y L - 3 -  
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A number  of 2 - fo rmyl -3 -hydroxybenzo  [b]thiophene anils and the i r  de r iva t ives ,  which are  
models  of the individual t au tomer ic  f o rms ,  w e r e  synthes ized.  The keto-amine s t ruc tu re  
was ass igned to the anils as a r e su l t  of a study of the e lec t ronic ,  v ibrat ional ,  and NMR 
spec t r a .  2 -Formyl -3-hydroxybenzo[b] th iophene  exis ts  in the hydroxy f o r m .  

o -Hydroxy -  and o -m ercap t oazom e t h i ne s  of the a romat i c  s e r i e s  have been the subjects  of detai led in-  
ves t igat ions  [2-4] in connection with the detection of the i r  photochromicl  t h e r m o c h r o m i c ,  and luminescence  
p rope r t i e s  as well  as thei r  abil i ty to fo rm meta l  chelate  complexes .  A pro to t ropic  benzenoid-quinonoid  
equi l ibr ium,  which is sens i t ive  to changes in the s t ruc tu r e s  of the azomethines  and the polar i ty  of the m e d i -  
um,  ex is t s  in solutions of the indicated compounds.  In the he te rocyc l ic  s e r i e s ,  r a t he r  detai led information 
regard ing  the s t r u c t u r e s  of the vicinal  hydroxy-  and mercap toazometh ines  is avai lable  for  furan [5], th io-  
phene [6,7], and pyrazole  [8] de r iva t ives .  

In the p r e s en t  communicat ion,  we desc r ibe  the synthesis  of a s e r i e s  of azomethines  f r o m  2 - f o r m y l -  
3-hydroxybenzo [b]thiophene, the s t ruc tu r e s  of which in solution can be r e p r e s e n t e d  as a complex t au tomer ic  
equi l ibr ium Ia ~-~ Ic, as well  as the i r  de r iva t ives  of the II and III  type,  which s e r v e  as models  for  one of the 
t au tomer ic  f o r m s .  

I / /  _ _  O\ H 
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II I I I  

I, I I  R=Ar .  Alk; I I  R'=CH 3, COCH 3 

Informat ion on the c h a r a c t e r  of the t au tomer ic  equi l ibr ium Ia ~ Ic was obtained by means  of data on 
the e lec t ronic ,  v ibra t ional ,  and NMR s pec t r a  of I - I I I .  

The e lec t ronic  and v ibra t ional  spec t r a  of azomethines  I in the c h a r a c t e r i s t i c  region a re  p rac t i ca l ly  
insensi t ive  to changes in the po la r i ty  of the solvent  (Fig. 1), t e m p e r a t u r e ,  and s t ruc tu re  of subst i tuent  R 
(Table 1). This  indicates  that azomethines  I exis t  p r i m a r i l y  as one of the th ree  poss ib le  t au tomer ic  f o rms .  
Since the s p e c t r a  of azomethines  I and II differ  substant ia l ly  f rom one another  (Fig. 2), it is c l ea r  that 
f o r m I a  is not the m o s t  s t ab l e  t au tomer ic  s t ruc tu re .  Evidence against  Ib is the absence in the NMR s p e c -  
t r u m  of the cha r ac t e r i s t i c  AB pat te rn  of split t ing of the protons of the - C H - C H = N  group (Fig. 3). At the 
same  t ime,  the e lec t ronic  s p e c t r a  of I a r e  s i m i l a r  to the spec t rum of III,  the s t ruc tu re  of which models  
fo rm Ic (Fig. 2). 

* See [1] for  communicat ion VIII.  
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Fig .  1 F ig .  2 

F ig .  1. E l e c t r o n i c  abso rp t ion  s p e c t r a  of 2 - f o r m y l - 3 - h y d r o x y b e n z o [ b ] t h i o p h e n e  an ih  1) in c a r -  
bon t e t r a c h l o r i d e ;  2) in py r id ine ;  3) in d imethy l  suffoxide;  4) in ace ton i t r i l e .  

F ig .  2. E l e c t r o n i c  abso rp t ion  s p e c t r a :  1) 2 - f o r m y l - 3 - h y d r o x y b e n z o [ b ] t h i o p h e n e  anti  (I, R = 
CsHs); 2) 2 - f o r m y l - 3 - m e t h o x y b e n z o [ b ] t h i o p h e n e  anil  (]I, R '  = CH 3, R = C6Hs); 3) 3 - th ionaph-  
t h e n o n e - 2 - m o r p h o l i n o m e t h i d e  (III); 4) 2 - [ o r  m y l - 3 - h y d r o x y b e n z o [ b ] t h i o p h e n e b e n z y l i m i n e  (I, R = 
CH2C6Hs) (methanol) .  
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NMR s p e c t r a  of I (R = C6H 5) in d imethyl  sul foxide:  1) undeu te ra t ed ;  2) deu t e r a t ed .  

F ig .  4.  NMR s p e c t r u m  of 2 - f o r m y l - 3 - h y d r o x y b e n z o  [b]thiophene (IV) in methy lene  ch lo r ide .  

F ig .  5. E l e c t r e n i c  absorp t ion  s p e c t r a  in me thano l :  1) 2 - f o r m y l - 3 - h y d r o x y b e n z o [ b ] t h i o p h e n e s  (1V); 2) sod i -  
um sa l t  of IV; 3) 2 - f o r m y l - 3 - m e t h o x y b e n z o [ b ] t h i o p h e n e  (V). 

TABLE 1. 

Comp. No. 
(see Table 2) 

1 
3 
7 

11 
12 
t3 

Spec t r a l  C h a r a c t e r i s t i c s  of the Azome th ine s  

UV spectra in methanol, )~ max" nm (s �9 10 -s) 

2~5 (13,7); 340 (16,0); 445 (26,4) 
270 (11,5); 345 (12,0); 450 (24,4) 
970 (9,5); 340 (15,6,); 445 (19,2) 
272 (9,0); 358 (12,7); 460 (17,3) 
265 (13,1); 291 (12,3,): 318 (17,5); 427 (19,2) 
263 (8,5); 312 (18,5); 340 (22,0) 

IR spectra in mineral 
oil, v, ~m -I 

1595, 1660 
1585, 16,10, 1665 
1595, 16f~O 
1610, 16:70 
1600, 1655 
1560, 1630 
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TABLE 2 

co= . I 
l H 

2 H 
3 H 
4 H 
5 H 

6 H 
H 

9 H 
I0 H 
11 H 
12 H 
13 ] CHa 
14 CH~ 
15 CHa 
16! cH~ 
17 COCH~ 
18 COCH~ 
19 I COCH3 

H 

p-N(CH~), 
p-OCHz 
m-CH~ 
p-CHz 

m-Cl 
p-Cl 
p-Br 
p-COOC~Hs 
m-NO~ 
p:NO~ 

H 
; -OCH3 

-CI 
p-CH3 
m-Cl 
rn-NO~ 
p-NO3 

rap, *C 

179 

244--245 
176 

I'5~- 169 
199 

20~--210 
222 

298--209 
229--930 

212 
273 

119--120 
70 

109-- 110 
114~I15 
119--120 
131~8135 

212 

Empirical 
formula 

CIsHtlNOS 

CIgHIsN2OS 
CI6H~3'NO~S 
CI6HI~NOS 
CI~HI3NOS 

CIsHIoCINOS 
CIsHtsCINOS 
CLsHIoBrNOS 
CIsH15NOsS 
CisHioN203S 
CIsHloN~O~S 
CIeHI3NOS 
CI~HI~NOS 
CIvHIsNO2S 
C16HId21NOS 
CITHIsNOS 
CITHI~CI'NO~S 
CI'/'HI~N~O,S 
Ct7H n~N~O4S 

Found, % 

c H S 

71.014,3 2,6 
70.814.5 2,2 
68.7J 5,4 O,7 
67,614.8 1,0 
71.915,1 1,8 
71.815,1 1,9 
72,414,8 1,9 
62.513,8 0,6 
~2.~ 3.~ 0,8 
04.al ~.'Z 9,7 
6fi.214.7 9,7 
69.61 3,b 0,5 
60.71 3.5 0,6 
71.7;4.5 1,8 
7:.'.;; ,,.: 2,0 
68.61,5.') 0,6 
53.41 4.0 0,4 
72,31 5,4 1,3 
51.8'3.9 9,6 
59.8.3.7 9,4 
60,3i 3,8 9,7 

c c ii 
71,1 4'4112'7 B ~ 7185 

68,91 5,4] 10,8 73 
6.7,814,61 11,3 A 83 
71,914,9112,0 B 59 
71,9 4,9 12,0 A 79 }1~ 49 
62,6J 3,51 l 1,1 ,~ 75 
62,6]3,51 11,1 63 
54,2 / 3,01 9,6 64 
6,6,41 4,61 9,8 55 
6,9,4 / 3,41 10,8 A 181 
60,413,4[ 10,8 A 185 
71,914,9 I12,0 A 155 
71,9 4,9 12,0 A 85 
68,715,1110,8 A 83 
63,7 4,0J10,6 A 83 
72,6[5,4 t 11,4 A /92 
61,913,71 9,7 A 177 
60,0/3,6 9,4 A 81 
60,013.6 9,4 A 71 

*A benzyl  g roup  is a t tached  to the n i t rogen  in p lace  of  an a ry l  r ing .  

The da ta  f r o m  the NMR s p e c t r a  in d ime thy l  sulfoxide p rov ide  d is t inc t  p roof  of  the p r e f e r a b l e n e s s  of 
the quinonoid s t r u c t u r e .  A s  s e e n f r o m  Fig ,  3, two spin doublets  of the CI-I-  and N H -  p ro tons  with J = 14 Hz, 
which  co inc ides  in magni tude  with the analogous  cons tan t  o b s e r v e d  in the s p e c t r a  of q u i n o n o i d t a u t o m e r s  of 
m e r c a p t o  and h y d r o x y  a ldehydes  of  furan and thiophene [5-7], a r e  p r e s e n t  in the s p e c t r u m  of I (R = C6H5). 
The s p e c t r u m  of I at 8.70 ppm in the v ic in i ty  of the CH doublet  of t a u t o m e r  Ic conta ins  a s ingle t  tha t  is r e -  
ta ined  on deu te ra t ion  (repeated r e c r y s t a l l i z a t i o n  f r o m  deuteroe thanol )  and is p robab ly  aff i l ia ted with t r a n s  
i s o m e r  Ib,  in which  the i n t r a m o l e c u l a r  hydrogen  bond is absent ,  and r ap id  exbhange of p ro tons  in d ime thy l  
sulfoxide leads  to e l imina t ion  of the spin spl i t t ing .  

The data  f r o m  IR s p e c t r o s c o p y  (Table 1) c o n f i r m  the conc lus ion  of a k e t o - a m i n e  s t r u c t u r e  fo r  2 -  
f o r m y l - 3 - h y d r o x y b e n z o [ b ] t h i o p h e n e  anils  (I). The s p e c t r a  of compounds  of the I type contain an in tense  
band of the r ing  c a r b o n y l  g roup  at ~1660 c m  - l ,  which appea r s  at 1645 c m  -1 fo r  HI, and a band at 1590-1600 
c m  -1, which c o r r e s p o n d s  to the v ib ra t ions  of the exocyc l i c  C = C  bond. As should  have been expected ,  the 
absorp t ion  at ~1660 c m  -I  is absent  fo r  azometh ines  of the III  type,  which have a f ixed imine  s t r u c t u r e ,  but  
the s p e c t r a  do conta in  bands  at 1620-1630 c m  -l ,  which a r e  c h a r a c t e r i s t i c  fo r  the C = N  bond [9]. A c a r -  
bonyl  absorp t ion  band  with an unusua l ly  high f r equency  (1770-1780 cm-1),  which  is c h a r a c t e r i s t i c  fo r  vinyl  
e s t e r s  of a l iphat ic  acids  [10], is p r e s e n t  along with a band of s t r e t ch ing  v ib ra t ions  of the C = N  bond in the 
s p e c t r a  of azometh ines  II  (R' = COCH3). This  ind ica tes  the e x t r e m e l y  high d e g r e e  of double bond c h a r a c t e r  
of the C = C bond of  the thiophene r ing  in II.  

In addit ion to a s tudy of the s t r u c t u r e  of ant is  I, it s e e m e d  of i n t e r e s t  to  c a r r y  out a m o r e  de ta i led  
examina t ion  of the s t r u c t u r e  of  the s t a r t i n g  2 - f o r m y l - 3 - h y d r o x y b e n z o t h i o p h e n e  {IV). 

H 
I r a  tvb I v c  v 

The NM_R s p e c t r u m  of a ldehyde IV (Fig. 4) conta ins  a d is t inc t  s ingle t  (6 9.66 ppm) of the proton of 
the aldehyde g roup  and a b r o a d  s igna l  (10.3 ppm) of the pro ton  of the OH group,  which van i shes  a f te r  
deu te ra t ion  of the compound by the addition of deu t e r i um oxide.  This  s p e c t r u m  exc ludes  s t r u c t u r e  IVb and 
c o r r e s p o n d s  to IVa,  s ince  the aldehyde proton migh t  have appea red  as  a doublet  in the c a s e  of IVc.  It is 
e a s y  to choose  between t a u t o m e r s  IVa and IVc on the b a s i s  of the IR and UV s p e c t r a .  Absorp t ion  bands  at 
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1625 and 1630 c m  -1, r e spec t ive ly ,  which co r r e spond  to the s t re tch ing  v ibra t ions  of the aldehyde carbonyl  
group in IVa and a r e  subs tant ia l ly  lower  than the v ibra t ions  of the r ing carbonyl  group in s t r u c t u r e s  of the 
IVc type, appea r  in the IR s p e c t r a  of IV and V ,  The UV s p e c t r a  of aldehydes IV and V (Fig. 5) a r e  c o m -  
ple te ly  analogous,  except  for  the weak absorpt ion of IV at 400 nm.  It is c l ea r  f r o m  a compar i son  with the 
s p e c t r u m  of aldehyde IV in alkaline media  that  this absorpt ion is caused  by par t i a l  ionization of the hydroxy 
aldehyde.  Thus ,  in con t r a s t  to the  anils  f o rmed  by it, aldehyde IV exis ts  in hydroxy aldehyde fo rm IVa. 

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

2-Formyl -3-hydroxybenzo[b] th iophene  (IV). This  compound was obtained by the method in [11] f rom 
th iosa l icyl ic  acid and b r o m o a c e t a l .  It  was purif ied by subl imat ion to give c o l o r l e s s  c r y s t a l s  with mp 110 ~ 

2 -Formyl -3 -methoxybenzo[b] th iophene  (V). This  compound was obtained via the method in [12] in 
80% yield and had mp 85 ~ . 

2 -Formyl -3 -ace toxybenzo[b] th iophene  Diacetate~ A 4-ml sample  of acet ic  anhydride was added to a 
solution of 1 g (0.06 mole) of 2 - formyl -3-hydroxybenzo[b] th iophene  in 2 ml  of pyridine,  and the mix tu re  was 
allowed to stand overnight .  It was then poured over  ice ' and the solid p rec ip i ta te  was r emoved  by f i l t ra t ion,  
washed  with wate r ,  and r e c r y s t a l l i z e d  f r o m  ethanol to give co lo r l e s s  pla tes  with mp 107 ~ Found: C 56.3; 
H 4.2; S 9.5%. C15H1306S. Calculated:  C 56.1; H 4.1; S 10.0%. 

The NMR s p e c t r u m  (in methylene chlor ide)  contains s ignals  of the methyl  protons of the d iaceta te  
group (5 2.05 ppm),  the 3-ace toxy  group (2.37 ppm), and the methyl idyne proton (8.01 ppm).  

Azomethines  (I). A. Equimolecu la r  amounts of 2- formyl-3-hydroxybenzo[b] th iophene  and the ap -  
p rop r i a t e  amine were  condensed in ethanol with subsequent  c rys ta l l i za t ion  f r o m  a sui table  solvent  (ethanol, 
butanol,  or  pyr idine) .  Crude  aldehyde IV, obtained by cycl izat ion of S- ( formylmethyl ) th iosa l icy l ic  acid in 
acet ic  anhydride [11], p robab ly  contains a cons iderab le  amount of 3 -ace toxy-2- formylbenzo[b] th iophene  d i -  
ace ta te .  A mix tu re  of O-ace ty la ted  azomethine  and the cor responding  anil I is t h e r e f o r e  fo rmed  in the r e -  
action of the crude  aldehyde with a ry lamines  of low bas ic i ty .  

B.  The co r respond ing  N,N ' - -d ia ry l formamidines ,  synthes ized  in accordance  with [14, 15], were  con-  
densed with 3-hydroxybenzo[b]thiophene.  The resul t ing  azomethines  were  r e c r y s t a l l i z e d  f rom alcohol or  
50% aqueous pyr id ine .  As a ru le ,  the products  we re  ye l low-green ,  c rys ta l l ine  compounds (see Table  2). 

Azomethines  (II). These  were  obtained by condensation of 2 - formyl -3-methoxybenzo[b] th iophene  (V) 
and 3 - a c e t o x y - 2 - f o r m y l b e n z o  [b]thiophene diaceta te  with amines  in alcohol.  The azomethines  were  r e c r y s t a l -  
l ized f rom ethanol to give ye l low-green  c rys ta l l ine  compounds.  

3 -Thionaphthenone-2-morphol inometh ide  (III). A mix tu re  of 0.5 g (0.03 mole) of aldehyde IV and 
0.24 g (0.03 mole) of morphol ine  was ref luxed for  3 h in 25 ml  of toluene.  The solvent  was r emoved  by 
vacuum dist i l la t ion,  and the res idue  was r e c r y s t a l l i z e d  f r o m  alcohol with c lar i f ica t ion  by act ivated c h a r -  
coal  to give 0.4 g (58%) of l igh t -g reen  p r i s m s  with mp 193-194 ~ Found: C 63.4; H 5.5; S 12.8%. Ct3H13NO2S. 
Calculated:  C 63.1; H 5.3; S 13.0%. 

The e lec t ron ic  absorpt ion s p e c t r a  we re  r e c o r d e d  with a VSU-2P spec t ropho tome te r .  The IR s p e c t r a  
were  obtained with a UR-20 s p e c t r o m e t e r .  The NM~R s p e c t r a  of 15% solutions of the compounds were  ob-  
tained with an RYa-2305 s p e c t r o m e t e r  (60 MHz) with t e t r amethy l s i l ane  as the in ternal  s tandard .  
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