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A number  of 2 -hydroxy-3- formylbenzo[b] th iophene  azometh ines  and t he i r  der iva t ives ,  which 
model  the individual t au tomer i c  fo rms ,  were  synthesized.  As a resu l t  of a study of the e l e c -  
t ronic ,  v ibra t iona l ,  and PMR spec t r a ,  a ke tone-amine  s t ruc tu re ,  the s tabi l i ty  of which is con-  
f i rmed  by quan tum-mechan ica l  calcula t ions  of the a tomiza t ion  energ ies  of the individual t a u t -  
o m e r i c  fo rms  calcula ted by the p a r i s e r - P a r r - P o p l e  (PPP) method within the Dewar  ~, 
p a r a m e t r i z a t i o n ,  was ass igned  to these  azometh ines .  

As a resu l t  of an invest igat ion of the s t r u c t u r e s  of 3 -hydroxy(mercap to) -2- fo rmylbenzo[b] th iophene  
and 3 -hydroxy(mercap to ) -2 - fo rmylbenzo[b ]  f u r a n a r y l -  and a lkyl imines  [1-3] we concluded that they exis t  
in solution p r i m a r i l y  in the f o r m  of ke tone-amine  and th ione-amine  t a u t o m e r s ,  r e spec t ive ly .  The a im  
of the p resen t  r e s e a r c h  was to e s t ab l i sh  the s t r u c t u r e s  of potent ial ly  t au tomer i c  2 - h y d r o x y - 3 - f o r m y l b e n z o -  
[b]thiophene |mines  (IA ~-~-IC), which have a mutuaI  or ienta t ion of the he te rocyc l ic  su l fur  a tom and the tauto-  
m e r i c  f r agmen t s  that  d i f fers  f rom that  of 3-hydroxybenzo[b]thiophene de r iva t ives  [2]. In this  connection, 
the p rob lem of the effect  of an annelated benzene ring on the s t ruc tu re  of the p rev ious ly  invest igated [4] 
mono-N-subs t i t u t ed  3 - a m i n o m e t h y l e n e - 4 - t h i o l e n - 2 - o n e s  also s e e m s  of definite in t e res t .  With this  end in 
mind,  we synthes ized  a number  of azometh ines  (1a-l,  Table 1) f rom 2-hydroxy-3- formylbenzo[b] th iophene  
and obtained the i r  de r iva t ives  (II and HI), which s e rve  as models  of the e x t r e m e  t au tomer i c  fo rms .  

In o rde r  to evaluate  the c h a r a c t e r  of the IA ~- IC t au tomer i c  equi l ibr ium we r eco rded  the e lec t ron ic ,  
v ibra t ional ,  and PMR spec t r a  of the compounds.  
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We also fo rmed  a judgment  r ega rd ing  the re la t ive  s tabi l i t ies  of the t au tomer i c  f o r m s  f rom q u a n t u m - m e -  
chanical  calculat ions of t he i r  a tomizat ion  ene rg ie s .  

The e lec t ron ic  absorp t ion  s p e c t r a  of the a ry lazometh ines  (Ia-k) contain a c h a r a c t e r i s t i c  long-wave 
absorpt ion band at 405-420 nm, which appea r s  in the spec t rum of the a lkyl imine ( I / ) a t  ~370 nm. This  band 
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TABLE 1. Compounds of  the I and III Type 

Corll- i 
potmd ~ 

la 
Ib 
Ic 
Id 
Ie 
If 

Ii 

l/ 
Ilia 
IIIb 

C6H5 
p-H~CC~H~ 
m-HsCC~H~ 
piClC6H4 
m-CIC6H4 
p-HaCOC~H~ 
p-HsC~OOCC~H4 
p-H~CCOC~H4 
p-O~NC3H4 
m-O~NC~H~ 
m-HOC~H~ 

CHa 
CH~CsH~ 
CnH~ 

rap, "C Empirical 
formula 

71,l 4,1 
71,6 5,0 
71,7 4,8 
62,8 3,5 
62,3 3,5 
67,5 4,5 
66,1 4,5 
69,4 4,7 
60,C 3,6 
60,5 3,4 
66,5 4,3 
72,1 4,9 
64,5 5,6 
76,5 4,4 

1801~181 

133 
204 
185 
142 
208 
243 
300 

242Z24~ 
132 

1206121 

CIsHuNOS 
CIsHI~NOS 
C~6H~NOS 
CIsHIoCINOS 
CIsH~oCINOS 
C,6H~NO~S 
C~8H~sNO~S 
CI~HI~NO~S 
CI~HIoN~O~S 
CIsHloNeO~S 
CIsHnNO~S 
C]6HI3NOS 
CuHuNOS 
CelH~NOS 

Found, % _ Calc., a/i 

C ~! S c H i S 

12,5 71,l 4,4 12,7 
12,0 171,9 4,9 112,0 
12,0171,9 4,9 112,0 
10,9162,6 3,5 Ill,l 
I 1,0 162,6 3,5 Ill,1 
11,1167,8 4,6[11,3 
9,7166,4 4,6] 9,8 

10,7169,1 4,4/10,9 
10,4 ]60,4 3,4 110,8 
10,8/60,4 3,4 110.8 
11,5166,9 4,1/11,9 
l l , 7  ]71 ,9  4,9 12,0 
15,9/64,4 5,4 15,6 
10,0176,6 4,6 i 9,7 

Yie ld ,  
% 

78 
87 
74 
67 
6~. 
60 
56 
48 
69 
30 
57 
49 
50 
54 
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Fig.  1. E l ec t ron i c  absorp t ion  s p e c t r a  of  3 - ( N - p h e n y l a m i n o m e t h y l e n e ) -  
2(3H)-benzothiophenone (Ia): 1) in methanol ;  2) in d i m e t h y l f o r m a m i d e ;  
3) in ace tone;  4) in ca rbon  t e t r a c h l o r i d e ;  5) in benzene .  

Fig.  2. E l ec t ron ic  abso rp t ion  s p e c t r a  in methanol :  1) 3 - ( N - p h e n y l -  
a m i n o m e t h y l e n e ) - 2  (3H)-benzothiophencne (Ia); 2) 3 -  (N-benzy l amino -  
m e t hy l e ne ) -2  (3H)-benzothiophenone (Ili; 3) 3 - ( N , N - d i p h e n y l a m i n o m e t h y l -  
ene ) -2  (3H)-benzothiophenone (IIIb); 4) 3 -  (N ,N-d ime thy laminomethy lene ) -  
2 (3 H)-benzothiophenone (Ilia); 5) 3 -  [N- 0p-methoxyphenyl)  im inomethylene  ] -  
2 -me thoxybenzo  |b ]thiophene (II). 

is p r a c t i c a l l y  insens i t ive  to a change in the po l a r i t y  of  the solvent ,  va r i a t i on  of  the subst i tuent  in the ben -  
zene r ing,  and a change in the t e m p e r a t u r e ,  a l though its in tens i ty  i n c r e a s e s  in a r y l i m i n e s  as  c o m p a r e d  
with the a lkyl imine  (Fig. 1 and Table  2). This  means  that  compounds  I ex is t  in solut ion p r i m a r i l y  in the 
f o r m  of  one of  t h r ee  poss ib le  t a u t o m e r i c  f o r m s .  It is apparen t  f r o m  Fig.  2 that  the s p e c t r a  of  I d i f fer  sub -  
s tant ia l ly  f rom the s p e c t r u m  of azometh ine  II, which mode l s  fixed benzo id  f o r m  IA, and a re  s i m i l a r  to  the 
s p e c t r a  of  IIIb (R =C6H5), which has a quinoid s t r u c t u r e  of  the IC type .  Consequent ly ,  a zome th ines  I ex is t  
in solut ion p r i m a r i l y  in quinoid f o r m  IC.  

One m a y  convince  onese l f  of  the a c c u r a c y  of  th i s  conc lus ion  by  ana lyz ing  the data  f r o m  the PMR and 
IE s p e c t r a .  A c h a r a c t e r i s t i c  pa t t e rn  of  spl i t t ing o f  the s igna ls  of  the methyl idyne  p ro tons ,  which is in 
a g r e e m e n t  with s t r u c t u r e  IC, is o b s e r v e d  in the PMR s p e c t r a  of  Ia  and I1 (Fig. 3, s p e c t r a  a and c): at 6 
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TABLE 2. Spectral Characterist ics  of I-III 

Com- Solvent  
pound 

t 

Ia DMF 
Methanol  
Benzene 
A c e t o n e  
c c h  

Ib DMF 
Methanol  
B e n z e n e  

Ic DMF 
Methanol 

!Benzene  

Id iDMF 
Methanol  
Benzene 

Ie D M F  
Methanol  
Benzene 

If DMF 
Methanol  
Benzene 

Ig DMF 

Methanol 
Benzene 

I DMF 
I h Methanol 

Benzene 

li  i DMF 
I 

lj  DMF 

Ik DMF 

I/ DMF 

!Methanol !  
i 

I Benzene 

Acetone 

Ilia DMF 

Methanol 

Benzene  

! 
l lIb DMF 

t Methano] 
Benzene 

I I Methano] 

~max, am (8 �9 ,0~) 

270 (13,8), 295 (4,7), 405 (24,2) 
270 (12,2), 295 (5,4), 410 (25,1) 

- -  295 (5,8), 410 (20,6) 
(1--5,8) - -  405 (23,1) 

280 - -  405 (22,0) 

270 (14,3), 293 (5,3), 405 (24,8) 
270 (15,8), 295 (5,4), 410 (25,6) 

- -  295 (6,2), 410 (22,21 

270 (13,9), 293 (4,9), 405 (24,6) 
270 (13,0), 295 (4A), 410 (19.81 
280 (8.5), 297 (6,8), 410 (21,2) 

270 (11,6), 293 (4,31, 405 (18.91 
270 (11,5). 295 (4,2), 410 (25.0) 

- -  295 (7.4), 407 (26.8) 

270 (14,8). 293 (7,4), 405 (23.3) 
270 (13.4), 295 (3.8), 410 (25.0) 
280 (8,5), 295 (7,9), 410 (22,0) 

273 (13,8), 295 (6.3), 410 (24,5) 
272 (9,7), 295 (3.9), 410 (25,9) 

- -  295 (5,21, 415 (23,0) 

275 (14,8), 292 (8,4), 412 (31,3) 

275 (10,01, 295 (5,6), 412 (30,7) 
285 (14,4), - -  415 (27,11 

270 (t2,0), 290 (7,11, 415 (34.0/ 
- -  293 (7,61, 420 (34,61 

282 (15,1), 300 (11,5), 410 (42,8) 

270 (10,l). 295 (7,7), 438 (32,7), 
530 (4.5/ 

270 (18,61. 290 (9,01, 402 (23,0) 

270 (16,9). 293 (8,0), 408 (24,3) 

272 (12,2), 292 (3,5). 320 (5,1), 
370 (13,0) 
265 (12.7), 290 (3,2), 320 (5,9), 
370 (13A) 

IR spectra, v, cm -1 

mineral oil 

1585, 1605, 1650 

1585, 1612, 1655 

1590, 1645 

1585. 1630, 1660 

1597, 1650 

1595, 1620. 1655 

1582, 1610, 1655. 
1710 

1595, 1615, 1653 

1595, 1615, 1665 

h~yr fluoro - 
drocarbon 

2950, 3080, 3270 

2930. 3060, 3240 

2950, 3070, 3245 

2945, 3070, 3240 

i 
2965. 3100, 3245 

29t5. 3010, 3070, 
32,i0 

2970, 3010, 3090. 
3285 

3010, 3070, 3245 

2940, 3085. 3230 

t580, 16t5, 1646 3110,3235 

1595, 1645 12950, 3030, 3080, 
3170 

1600. 1645 ] 3075, 3280 

280 17.01, 293 (5.41, 328 (7,71. 
370 (13.51 

374 (15,6) 

273 (16,2), 292 {7,2). 31b I6.91, 
375 (15,9) 
275 (11.5), 295 (4,31, 320 14.3), 
380 (10,2) 
292 (9,21, 297 (6,61, 330 (6,41, 
385 (12,21 

270 (13,01, 290 (9.11, 408 /20,71 
262 (16.11, 295 (6,91, 410 ~20.31 

- -  290 (10,61.408(21,6) 

260 (9,11. 300 (8.2~. 346 (13.01 

1 
!383, 165(/ I 2940, 3070 

f 

t 
1585, 1655 12940. 3975 

i 

! 
]1585, t6IO i : i 

8.70 and 7.53 ppm, respect ive ly ,  there are signals with J =13.5 Hz, which is c lose  in magnitude to the SSCC 
in the spectra of the quinoid tautomers  of 2 - formyl -3 -hydroxy-  and 2-formyl-3-mercaptobenzo[b]thiophene 
azomethines  [1, 2]. Upon N-deuteration the proton of the methylidyne group gives  a singlet (Fig. 3, spec-  
trum b). At weaker fields at 11.20 ppm for Ia and 9.73 ppm for I1 there are signals of NH protons that are 

characterist ic  for the ) C H - - N H  system [4, 5]. The signals of the NH protons vanish after deuteration 

(Fig. 3, spectrum d). 

However, spin coupling of N 15 and H nuclei with JNtSH = 93.4 Hz appears in the spectrum of phenyl-  
imine Ia with N 15. Its magnitude, which does not change as the temperature is varied from 25 to 90 ~ con-  
stitutes evidence for the absence of proton exchange in the ketone-amine fragment [4, 6]. The PMR spec-  
trum of benzylamine azomethine (I/) contains a doubletof protons of a benzyl  group at 6 4.43 ppm with J = 
6 Hz, which is c lose  to the SSCC of the benzyl protons of mails with ketone-  and thione-enamine structures 
[1, 7, 81. 
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TABLE 3. Differences in the Heats of Atomization of the Quinoid 
(C) and Benzoid (A) Tautomers of I and I' with Allowance for the 
Differences in the Solvation Energies (AAH a) 

IA IC 

~ OH 

CH//NR 

I'A 
••H/NHR 

fC 

Compound type 

H 
CsH; 

H 
C6t-I5 

gas 

8.4 
5,8 
6,1 
3,2 

AAHa, kcal/mole 

e = 2 , 2  

19.4 
16.8 
17,8 
14.7 

e = 4 8 , 9  

27,2 
24,6 
20,9 
18,1 

T A B L E  4. C a l c u l a t e d  Bond L e ng th s  (A) in the  H y d r o x y v i u y l i m i n e  
and A m i n o -  enone F r a g m e n t s  of  the  Be nz o id  and Quino id  T a u t o m e r s  
of  I and  I '  

q 5 i 

"--s-'~?" \ s /~o  ~-s~C.=~R \S-"%.--N.R 

IA tC ='A [C 

Compound type 

A 
I 

C 

A 
I' 

C 

Bond 

H 
C6Hs 

H 
C6Hs 

H 
C6H~ 

H 
C~H5 

1--2  2 - - 3  3 - - 4  

1,371 
1,371 
1.265 
1,265 
1,372 
1,372 
1,264 
1,264 

1,362 
1,363 
1,463 
1,463 
1,362 
1,363 
1,465 
1,465 

1,461 
1,458 
1,356 
1,355 
1,460 
1,456 
1,351 
1,351 

4 - - 5  

1,289 
1,296 
1,407 
1,408 
1,288 
1,296 
1,412 
1,413 

3=6Hz 
3 = 13,5 ~ JA 

c ~ ~- "  
__JvL__ 

i i ,, i t I ~ , _ i 
J2,o 1~,o ~o o 9,o 8,o 7,o 6,o T%o ,~,o ~, ppm 

Fig .  3. PMR s p e c t r a  of  Ia  in d i m e t h y l  su l fox ide  (a, b) 
and  of  I l  in m e t h y l e n e  c h l o r i d e  (e, d): b) I a  wi th  N15; 
d) d e u t e r a t e d  IZ. 
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The examples  of PMR spec t ra  p resen ted  here ,  which are  
typical  for  all  t, indicate practically- complete  shifting of the 
t au tomer i e  equi l ibr ium to favor  the ke tone-amine  fo rm and its 
high re la t ive  stabil i ty.  

The data f rom the IR spec t ra  enable us to definitively p r e -  
fe r  form IC. The spec t r a  of I and HI (Table 2) contain an intense 
band at -~1650 em - l ,  which cor responds  to the vibrat ions of a c a r -  
bonyl group [2] and is absent in the spec t r a  of an azomethine of 
the H type with an imine s t ruc tu re .  For  the la t ter ,  a band at 1610 
cm - l ,  which is affi l iated with vibrat ions  of the C =N bond [2] is 
cha rac t e r i s t i c .  In addition, azomethines  I have bands at 3240- 
3285 cm -1, which are  absent  in the spec t r a  of compounds with 
fixed benzoid and quinoid s t ruc tu re s  ffI and HI), in the region of 
NH s t re tching v ibra t ions .  

The stabili ty of s t ruc tu re  IC is conf i rmed by the resu l t s  
of quantum-mechanica l  calculations of the atomizat ion energ ies  
of the individual t au tomer ic  forms pe r fo rmed  by means  of the 
P a r i s e r -  P a r r -  Pople (PPP) method within the Dewar ~, ~ p a r a -  
me t r i za t ion  [9-11]. The resu l t s  of the calculat ion predic t  the 
complete p re fe rab leness  of the aminoenone form (IC), r eg a rd l e s s  
of the substituent (R) at tached to the ni trogen atom and the polar i ty  
of the solvent.  

We also calculated the bond lengths of the hydroxyvinyl-  
imine and amino-enone f ragments  and the magnitudes of the v 
charges  of the atoms in t au tomer ic  fo rms  IA and IC. It follows 
f rom Table 4 that,  both in the case of the benzoid (IA) and quinoid 
(IC) t au tomers  the geomet ry  of the indicated fragments  is r e -  
tained rega rd less  of t he i r  or ientat ion with respec t  to the ring 
he te roa tom.  The ~ charges  undergo only slight changes on passing 
f rom the 3-hydroxy to the 2-hydroxy der iva t ives  (Table 5). 

Thus compounds I exis t  p r imar i l y  in the form of t au tomer  
IC. Nei ther  var ia t ion of the s t ruc ture  of the amine component 
nor  a change in the orientat ion of the keto-enamine f ragment  r e l -  
ative to the he te roa tom shift the IA ~- IC equil ibr ium. A compar -  
ison of the data obtained with the resul ts  of investigations of  the 
s t ruc tu re s  of the cor responding  thiophenone derivat ive shows that 
annelation of the benzene r ing does not have a substantial  effect  
on the ch a r ac t e r  of the tau tomer ic  equi l ibr ium in solution. 

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

2-Hydroxy-3-formylbenzo[b] thiophene (IV!. This  compound 
was obtained by alkaline hydrolys is  of anil Ia [12], synthesized 
by condensation of thiooxindole [13] with diphenylformamidine 
[14, 15]. The product  was purif ied by sublimation to give co lo r -  
less  c rys t a l s  with mp 128-130 ~ in 78%yield. 

2-Methoxy-3-formylbenzo[b]thiophene (V}- This compound 
was obtained in 72%yield by the V i l sme ie r  react ion [16]. The 
l ight-yellow needles had mp 59-60 ~ 

Compounds I and IIIb (Table 1) were  obtained by condensa-  
tion of IV with the appropria te  amines  in alcohol and subsequent 
c rys ta l l iza t ion  of the products  f rom alcohols or  d imethyl form-  
amide (DMF). The products  were  br ight-yel low or  orange c r y s -  
ta l s .  

3-  iN- (p-Methoxyphenyl)iminomethylene ]-2-methoxybenzo ~b]- 
thiophene (II). This compound was obtained in 80%yield by r e -  
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action of equimolecular  amounts of V with p-anisidine in ethanol. The product  was obtained as yellow 
c rys ta l s  with mp 116 ~ (from alcohol). Found: C 69.0; H 5.2; S 11.1%. C17Hl~NO2S. Calculated: C 68.7; 
H 5.1; S 10.8%. 

3-(N,N-Dimethylaminomethylene)-2(3H)-benzothiophenone (IIIa). A 0.63-ml sample (7 mmole) of 
POC13 and a solution of 1 g (7 mmole) of thiooxindole in 7.5 ml of DMF were added success ive ly  dropwise 
at 0 ~ to 0.55 ml (7 mmole) of DMF, af te r  which the mixture  was s t i r r ed  at 0 ~ for  1 h. The contents of the 
flask were t r a n s f e r r e d  to a mixture  of ice and sodium acetate ,  and the resul t ing prec[pi tate  was removed 
by fi l trat ion and r ee rys t a l l i zed  from b e n z e n e - p e t r o l e u m  e the r  to give br ight-yel low needles.  

The absorption spec t ra  were recorded  with a Speeord UV-Vis record ing  sp ec t ro m e te r  (German Dem- 
ocra t ic  Republic). The IR spec t ra  were obtained with a UR-20 spec t rome te r .  The PMR spec t ra  were r e -  
corded at 25 ~ with a Tes la  BS-407-C s p e c t r o m e t e r  (80 MHz). The concentrat ions of the substances in DMSO 
and methylene chloride were 15-20%, and the internal  s tandard was hexamethyldis i loxane.  

The method used to c a r r y  out the quantum-mechanical  calculations was descr ibed in [1]. 
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