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As a r e su l t  of a study of the e lec t ronic ,  v ibrat ional ,  and PMR s p e c t r a  of a lkyl-  and a ry l -  
imines  of 2 - fo rmyl -3 -mercap tobenzo[b] th iophene  and 2 - f o r m y l - 3 - m e r e a p t o b e n z o f u r a n  and 
of the s p e c t r a  of model  compounds the t h ione -enamine  s t r u c t u r e  was ass igned to the imines .  
The s tabi l i ty  of the l a t t e r  s t r u c t u r e  is in a g r e e m e n t  with the r e su l t s  of quan tum-mechanica l  
calcula t ions  of the energ ies  of a tomizat ion of the individual t au tomer ic  fo rms :  the ca lcu la -  
t ions w e r e  made  by  means  of the P a r i s e r - P a r r - P o p l e  (PPP) method with the Dewar  cr,~ 
p a r a m e t r i z a t i o n .  

We have p rev ious ly  synthes ized a ry l -  and a lkyl imines  of 2 - fo rmyl -3 -hydroxybenzofu ran  and 2 - f o r m -  
yl -3-hydroxybenzo[b] th iophene (I. X = O, S; Y = O) and d i scussed  the i r  s t ruc tu re  [2, 3]. The a im of the 
p r e s e n t  study was elucidation of the effect  of r e p l a c e m e n t  of the hydroxyl  group in the indicated compounds 
by  a m e r c a p t o  group on the pos i t ion  of the poss ib le  t au tomer i c  equi l ibr ium and the c h a r a c t e r  of the mos t  
s tab le  fo rm.  

_ _ : , / , i t l  ... Y " 

IA I B  IC 

c.~\R ~c./N,~___/~ 
I I  X=O,S ;  Y=S;  R=Ar, AIk I I I  

The eompounds with s i m i l a r  t h r e e - c e n t e r  t a u t o m e r i s m  (Y = S) that have been studied up to now exis t  
p r i m a r i l y  in the f o r m  of the t h i o n e - e n a m i n e  t a u t o m e r  (for example,  see  [4-7]). However.  according to the 
data in [8, 9], the t r ans i t ion  f r o m  3-hydroxythiophenes  to the 3 - m e r e a p t o  der iva t ives  p romo te s  s tabi l izat ion 
of the h e t e r o a r o m a t i c  r ing.  and this makes  it poss ib l e  to hope for  m o r e  labi le  c h a r a c t e r  of the t au tomer ic  
equi l ibr ium than in the case  of the p rev ious ly  studied antis of fo rmyl -3 -hydroxybenzofu ran  and f o r m y l - 3 -  
hydroxybenzo[lo]thiophene. 

Compounds of the I type (Table 1) were  synthes ized via the scheme 

~ c ,  ,.NaS. ~ s "  ,N.~_. 
CliO 2 UCl ~ x / ~ C H O  

IV V X=O,S 

* Communicat ion XVII f r o m  the s e r i e s  "Benzoid-Quinoid T a u t o m e r i s m  of Azomethines  and Thei r  Struc-  
t u ra l  Analogs."  See [1] fo r  communica t ion  XVL 
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TABLE 1. Azomethines of the I - I I I  Type (Y = S) 

CO1TI - 

pound 

I a  
l'b 
Ic 
Id 

I i  
I j 
Ik 
I1 
Im 
1 n 
Io 
Ip 
|q  
Ir 
III 
lla 
lib 
IIc 
lid 

C~Hs 
C~Hs 
p-CH~OC~H~ 
p-CH~OC~H~ 
p-CH~C~H4 
p-CH~C~H4 
p-C1C~H4 
p-CIC6H4 
rn-C1C~H4 
m-CICsH,~ 
p-NO~C~H4 
m-CH~C~H~ 
p-CeH~0COC6H~ 
p-CHzCOC~H~ 
CH~ 
tz-C4H9 
CHzC~H~ 
C6HsCH2 

C~H~ 
C6H~ 
p-CH~OC6H4 
p-CIC6H4 

o 

o 

o 

o 

o 

o 

o 

o o 

rap, ~ 

12519126 

181--76185 
172,~8173 

18719188 

147--148 
199--200 

216 
18181188 
201--202 
1831"~184 

181144182 
1657164 

74--75 
10510106 

Empirical 
formula 

C,sHnNOS 
CIsHuNS2 
C 16Ht ~NO2S 
CI~Ht3NOS= 
CI6HI~NOS 
CI6H,3NS2 
C,sHtoCINOS 
C~sHtoCINS2 
CIsHtoCINOS 
CIsHtoCINS~, 
C15HtoN203S 
C16H~3NS2 
C18HIsNO~Sz 
C~7HiaNOS2 
C~0H~NS~ 
CI~H~sNS~ 
Cr 
C~HIaNS2 
CI~HI~NO~S 
CI~H~aNOS 
CI6HI3NS~ 
CITH~sNOS2 
C16HI2CINOS 

Fou~d, qo 

c H i s  

12,6 
23,6 
11,6 
21,2 
11,8 
22,2 
11,5 
20,6 
11,3 
20,6 
10,5 
22,9 
18,6 
20,4 
30,5 
25,5 
t2,4 
22,8 
12,9 
11,5 
22,5 
20,1 
10,5 

Calculated, % 

C H S 
, 

71,1 12,7 
66,9 23,8 
67,9 I 1,3 
64,2 21,4 
71,9 12,(~ 
67,8 22,6 
62,6 1 t. l 
59,3 21.I 
62,6 I l, l 
59,3 21,1 
60,4 10,7 
67,8 22,6 
63,3 18,8 
65,6 20.6. 
57,9 30,9 
62,6 25,7 
71,9 12,0 
67,8 22,6 
63,1 13,0 
71,9 12,0. 
67,8 22,6 
65,1 20,5 
63,7 10,6 

22 
i' 

1~ "Jff 

' ~  

6 

[ 
320 

i 

// 

400 480 560 640 

F ig .  I 

S,103 
22 

16 

14 

6 

2 
^, nYl2 

i i r J i , j 

32o ,~oo ,*ho 5~o 280 36o ~ 620 

Fig. 2 

Fig. 1. Electronic absorption spec t ra  of acetone solutions: 1) 2-(N-phenylamino-  
methylene)-3 (2H)-benz ofuranthione (Ia): 2) 2- (N-benzylaminomethylene)- 3 (2H)- 
benzofuranthione (Ic): 3) 3-benzofuranthione 2-morpholinomethide {III); 4) 2 - fo rmyl -  
3-methylmercaptobenzofuran  anil 0/a). 

Fig. 2. Electronic absorption spec t ra  of 2-(N-phenylaminomethylene)-3(2H)-benzo- 
furanthione (a) and 2- (N-n-butylaminomethylene)-3 (2H)-benzo[b]thiophenethione 0o): 
1) in dimethylformamide:  2) in acetone; 3) in benzene; 4) in methanol: 5) in carbon 
te t rachlor ide .  

Mercapto aldehydes V are rapidly oxidized, and they were therefore  subjected to react ion with the 
appropr ia te  amines immediately  after  p repara t ion  without isolation in pure  form. 

The electronic spec t ra  of all of the compounds of the I type contain a long-wave absorption band at 
510-540 nm, which undergoes a hypsochromic  shift (30-40 nm) in alkyl- and aralkyl imines (Fig. 1 and 
Table 2). This band is only slightly sensi t ive to a change in the s t ruc ture  of substituent R and to the effect 
of a solvent within each he te roaromat ic  se r ies  of anils, although its intensity increases  in the spec t ra  of 
2 - fo rmyl -3 -mercap tobenzofu ran  derivat ives  as compared  with the spec t ra  of the corresponding benzothio- 
phene analogs. The insensit ivi ty of the e lectronic  spec t ra  of compounds of the I type to s t ructura l  changes 
(X, R) and to variat ion of the medium (Fig. 2) at tests  to stabilization of one of the possible tautomeric  forms.  
It can be identified as a resul t  of a compar ison  with the absorption spec t ra  of model s t ruc tures  II and III 
and the resul ts  of quantum-mechanical  calculations.  The experimental  e lectronic spec t ra  of I a re  c lose to 
the spec t ra  of th ione-amine  s t ruc ture  III (Fig. 1 and Table 2). 
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TABLE 2. Spectral  Charac ter i s t i c s  of A z o m e t h i n e s  I. II, and III 

Com- 
pound solvent 

DMF 
Ia Benzene 

CC14 
Acetone 
DMF 

Ib Benzene 
Acetone 
DMF 

Ic Benzene 
Acetor~ 

DMF 
le Benzene 

Acetone 
DMF 

If Ben~.ene 
Acetone 

DMF 
Ig Benzene 

Acetone 

I DMF 
Ih i Benzene 

Acetone 
DMF 

I k Benzene 
Acetone 
DMF 

[P t Benzene: 
Acetone I 

Methanol i 

I DMF ~ 
I q Benzene 

Acetone : 
[DMF 

It. t Benz.ene 
Acetone 
DMF 

I I I Benzene 
Acetone 

II a Acetone 
DMF 

l lb }Methanol 
Acetone 

3~8(19.5), 
368(21,01, 
370 (24,5), 
3e2 (20,8), 
297 (12,8). 
3oo (1o,2), 

375(14,2), 
375(21,2}, 
370(19,0), 
370 (18.5), 
370 (23,1), 
308(21,6), 
300 (12,31, 
302 (11,5), 

370 (18.1), 
370 (22,0). 
370 (2"2,2), 
297 (10,6), 
300 01,21, 

380 (18.1), 
386 ( 16,71, 
393 (21,11, 
297 (I 1,5), 
3O'3 (I 1,1), 

292 (11,11, 
338 (18,2), 
300 (18,7), 
343 (24,9), 
297 (12,6), 
3OO ( 11,9), 

338 (14,81, 
338 (15,4), 
338 (17.9). 

354 (20,9) 
350 (19,81 
348 (18.6) 
3.5"O (15,0) 

UV spectra 

Xmax, nm (s  .10 -3) 

385 (12,8), 
385 (19,2). 
385 (21,6), 
378 (18,7), 
365 (12,8), 
375 (19,51, 
370 (18,3), 
395 (1~2,4), 
390 (19,5), 
385 (17,7), 

385 (16,11. 

. . . . . . . . . . . . . . . . . . .  m ?peetya. % c_m't 
mineral perfluoro= 
oil hydrocarbon 

510 (17,41 
500 07,3). 522 (19,91 
500 (18,4), 520 (20,3) 
5,10 (,20,81 
510 (11,3) 
540 (13,7) 
530 ([ t,51 
515 (17,2) 
5'15 (~1,2), 530 (20,4) 
508 (19,9), 525 (19,6) 
523 (19,7) 

1590, 1600, 2880, 29,50, 
1645 3070 

1592, 1632. 2940, 3050 
1655 

1590, 1615, 2870, 2955, 
166O 30~ 

1585, 1610, 2870, 2940, 
387 (20,9), 523 (23,11 
380 (19,3), 5~15 (23,01 
375 (16,01, 530 (12,8} 
375 (18.7), 545 (13,41 
370 (20,7), 532 (14,81 
383 (15,8). 520 (19,6) 
387 (20.0), 500 (17,6), 525 (20,4) 
3,~0 (~0.4), 5~0 (21,7) 
370 (14,9), 530 (I 1,3) 
378 (20,5), 540 (16.5) 
375 (20,1), 540 (13,7) 
526 (15,1), 558 (18,1) 
396 (18,3). 5,08 (13,7), 536 (17,7) 
510 (18,0), 530 (21,1) 
340 (14,9), 490 (9,0) 
345 (19,5), 498 (11,2) 
340 (17,5), 485 (10.81 
343 (19,9), 485 (t0,21 

346 (19,91, 476 (13,7) 
350 (26,5), 460 (115) 
450 (12,1), 470 (15.01 
340 (19,3), 492 (10.7) 
350 (22,7), 500 (10.81 
340 (21,81, 490 (11,5) 
347 (17,4). 480 (15,8), 508 (17.2) 
350 (2J,7), 490 (16,1), 510 (16,6) 
347 (,23,2). 480 (19.8), 510 (20,61 

1~0 

I~0, I~0 

15~, 1615, 
1645 

1590, 1620, 
1640 

1600, 1605. 
1650 

1590, 1618, 
1650 

1580, 1650, 
1640 

1560, 1600, 
1635 

1590. 1610, 
1640 

1585, 162C, 
1590, 1615 

3060 

2940, 3040, 
3070 

2875. 2955, 
3070 

2950, 3565 

2950, 3045. 
3110 

2965, 3070 

2950--3000, 
.3080 

2955. 3065 

2890, 2950. 
299.0, 3050 

The resu l t s  of  a ca lculat ion of the energ ie s  and intens i t ies  of the e lec tron  trans i t ions  in s tructures  
of  the IA and IC types  are  compared  with the exper imenta l  data in Table 3. It can be s e e n  that only the re -  
sul ts  of ca lculat ion for tautomer  IC a r e  in good a g r e e m e n t  with the observed  e lec tronic  absorpt ion spectrum.  

The resu l t s  of  redistr ibut ion of the ~ - e l e c t r o n  charges  on the a toms  during e l ec tron  trans i t ions  
caused  by long-wave  (S O - -  S1) and s h o r t - w a v e  (S O - -  $2, the values  in parentheses )  excitat ion in m o l e c u l e s  
of  the IC type are  shown in the m o l e c u l a r  d iagrams  of  VI and VII. 

S+0,41 
-0 ,03  / (+0,071 
(§ +0,01 /-- 0,19 -0,01 0~00 

- -  O,O~l " /~O,04)~--O,Og) -/.-~------%(0'00 ) (0700) 

(+ 0'01)[ ~ ~(~ \ -0,20 + O . 0 1 / \  
I I NtY CH \-~176 +o 061 I /~-,.o, o9! i . . . .  <+o.o2k 1(+o,o21 

, t 9 .  / " , -o ,2 , , ( -o ,c" , 'v '~"~  / 
( -  %04  ) ~ Z ^~ '~  / 

v.-~'~2,'O +o,o3 - o,o~ 0700 
+ 0712 (-0,051 ("-0,02) (+0, 01 ) ~] (0,00) (§ 

+ 0 , 4 3  

0,04 .~ (b,06) 
- s - -0,01 0,00 
(+0704)_n ~, /-0,22 (+0 01) (0 00) 

(o,00)I" "r \ -of19 +%22 i \ ooi 

\ / 
�9 O~.OO (.-(3,Oll +~.O~ O~OO O,OO 

+ ~'~ (0 00) (*0701) (0,04) (+o,J) 9-~ ' 
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T A B L E  3. Ca lcu la ted  and E x p e r i m e n t a l  C h a r a c t e r i s t i c s  of I and II 

Compound* 

la  
lb 
Iq 
IP 

[Ia 
IIb 

Calc. 
E, eV (S~; 

2,49 (0,20), 3,55 (0.38) 
o,50 (0,12), 3,5,4 (0,48) 
2.61 (0,1~8), 3,80 (0,12) 
2,62 (0,11), 3,78 (0,18) 

3,62 (0,50) 
3,4,6 (0A3) 

Exptl. 

E, eV(f) 

2,44 (0,:~6) 3,z}2 (0,84) 
2,34 (0,15) 3,36 (0,38) 
2,64 (0,28) 3,62 (0,2,2) 
2,56 (0,14) 3,64 (0,11) 

3,50 (0,81) 
3,54 (0,25) 

*The  n u m b e r s  c o r r e s p o n d  to those  in Table  1: the s p e c t r a  w e r e  ob-  
ta ined  f r o m  ace tone  so lu t ions .  

The o s c i l l a t o r  s t r eng th .  

T A B L E  4. 
the IB Type  in Dimethyl  Sulfoxide 

Chemica l  Shifts (6) of  the  NH P r o t o n s  in Compounds  of 

x Y ~ I 6, ppm x Y R 6, ppm 

C+H5 10,3 
AIK 14,3 
C6Hs 12,3 

o o 

o 

C+Hs 
AIK 
C+H5 

o 

s 

10,2 
12,9" 
12,1 

* In me thy lene  ch lo r ide .  

T A B L E  5. D i f f e rences  in the Heats  of  A tomiza t ion  of the  Quinoid and 
Benzoid  T a u t o m e r s  of I, with Al lowance  fo r  the Di f f e rences  in the  
Solvat ion E n e r g i e s  

H 
C~H~ 
H 
C+H5 
H 
C6H5 
tt 
C+H5 

gas 

7,4 
4,7 

2,7,7 
24,4 
6,1 
3,2 

27,0 
24,2 

AAH a' kcal/mole 
8=2,2 

18,1 
16,8 
24,8 
21,0 
17,8 
14,7 
24,,0 
21,3 

e=48,9 

21,4 
19,9 
21,3 
1,8,4 
20,9 
18,1 
20,8 
18,4 

A n a l y s i s  of  the  magn i tude  of the i n c r e a s e  in the  7r c h a r g e s  on the  a t o m s  m a k e s  it p o s s i b l e  to  d r a w  the 
fo l lowing conc lus ions :  1) the l o n g - w a v e  t r a n s i t i o n s  (S o --*St) is d e t e r m i n e d  by  c h a r g e  t r a n s f e r  f r o m  the sul -  
f u r  a t o m  to  the m e t hy l i dyne  c a r b o n  a tom.  2) r e d i s t r i b u t i o n  of the ~ - e l e c t r o n  dens i ty  f r o m  the anne la ted  
a r o m a t i c  s y s t e m  to the me thy l idyne  c a r b o n  a tom without  subs tan t ia l  pa r t i c i pa t i on  of the e l ec t rons  of  the  
exocyc l i c  su l fu r  a tom is r e s p o n s i b l e  fo r  the s h o r t - w a v e  t r a n s i t i o n  (So -+$2) (in both  c a s e s  the v - e l e c t r o n  
s y s t e m  of the aminophenyl  f r a g m e n t  sus t a ins  p r a c t i c a l l y  no p e r t u r b a t i o n  by the indica ted  t r ans i t i ons ) ;  3) 
the  abso rp t i on  at 350 n m  fo r  benzo id  s t r u c t u r e  II o r  IA has the  na tu r e  of l ong -wave  c h a r g e  t r a n s f e r  as  in 
the  quinoid f o r m  (S o ---St) but is of l o w e r  in tens i ty .  

The s igna l s  c h a r a c t e r i s t i c  f o r  the spl i t t ing of the  p ro tons  in the > C H - C H - N =  group,  which c o r r e -  
sponds  to  s t r u c t u r e  IB, a r e  absen t  in the PMR s p e c t r a  of ani ls  I, and this  m a k e s  it  p o s s i b l e  to  exclude this  
f o r m  f r o m  cons ide ra t ion .  The  PMR s p e c t r a  of all  of  the  ani ls  c o n f i r m  s t r u c t u r e  IC. Thus,  t h e r e  is  a 
s ignal  of an NH p r o t o n  with J = 13 Hz at weak  f ield (5 > 10 ppm).  this  is c h a r a c t e r i s t i c  f o r  the  > C H - N H -  
AB s y s t e m  [10]. Upon deu te ra t ion  the p ro t ons  of the methy l id ine  g roup  give a s ing le t  peak  (6 ~ 8 ppm) .  
Spec t r a  of this  s o r t  a r e  c h a r a c t e r i s t i c  only fo r  a s y s t e m  of the IC type .  In addi t ion to  the  s ignals  p r e s e n t e d  
above,  the PMR s p e c t r u m  of be nz y l a m i no  de r iva t ive  IC conta ins  a doublet  at  4.60 ppm f r o m  the  benzyl  
g roup  CH 2 p r o t o n s  with J = 4 Hz, which  is c l o s e  to  the coupl ing cons tan t  of  the benzyl  p ro tons  of Schiff 
b a s e s  with a t h i o n e - e n a m i n e  s t r u c t u r e  [11]. Af t e r  deutera t ion ;  the CH 2 p ro tons  a p p e a r  as  a s inglet .  The 
o b s e r v e d  s p i n - s p i n  coupl ing cons tan t s  (SSCC) of ( > C H - N I I - )  and ( -NH-CH2)  and the i r  v i r tua l  independence  
on the  so lu t ion  t e m p e r a t u r e  a t tes t  to  the r e a l i z a t i o n  of a s ingle  s t r u c t u r e -  IC - and i ts  high r e l a t ive  s tabi l i ty .  
One can  judge the s t r e n g t h  of  the  i n t r a m o l e c u l a r  h y d r o g e n  bond in the  I m o l e c u l e s  f r o m  the magni tude  of the  
shif t  of the NH p r o t o n s  (Table 4). The s ignal  of the  NH p r o t o n  in the  s p e c t r a  of  thione compounds  (Y = S) 
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is  at weaker  field by ~ 2 ppm as  compared  with the cor respond-  
ing signal of keto amines (Y = O). This is evidence for  the 
p resence  of a s t ronger  hydrogen bond in molecules of the f i r s t  
type. The signals of the protons  of the amino group are  also 
s imi la r ly  shifted to weak field when aryl  radical  R is replaced 
by alkyl groups:  this is a consequence of re inforcement  of the 
in t ramoleeula r  hydrogen bond in derivat ives of aliphatie amines.  
Replacement of the cyclic heteroatom does not have a substan- 
t ial  effect on the magnitude of the NH shift and, consequently, 
on the energy of the in t ramolecular  bond. 

The th ione-amine  s t ruc ture  of I is also confirmed by their  
IR spec t ra  (Table 2), which eontain a band at 1630-1650 cm -i ,  
cor responding to the s t re tching vibrations of a conjugated axe- 
eycl ic  C -C  bond. which appears  at 1640 cm - i  in the spec t rum 
of Ill. The band at ~1640 em - i  is absent in the spec t ra  of azo-  
methines II (with an imine s t ructure) ,  but the absorption at 
1610-1620 em - i  that is charac te r i s t i c  for the C = N  bond in azo- 
methines of this type [6] is observed.  

In o rder  to in terpre t  the experimental  resul ts  that we ob- 
tained, we est imated the relat ive stabilit ies of tau tomers  IA 
and IC and of the corresponding 3-hydroxy compounds [2, 3] 
(X = O, S: Y = O, S) by means of the P a r i s e r - P a r r - P o p l e  (PPP) 
se l f -consis tent  field (SCF) MO method with the Dewar ~,~ pa ra -  
met r iza t ion  [12-14]. The differences in the heats of a tomiza-  
t ion (AAHa) of the qninoid and benzoid forms,  with allowance 
for  the differences in the solvation energies of the indicated 
tautomers ,  a re  presented in Table 5. The calculations in all 
cases  predic t  the complete p re fe rab leness  of the ketone- and 
thione-enamine fo rm IC~ regard less  of the charac te r  of the 
he teroatom in the ring. The introduction of a phenyl group in 
p lace  of an alkyl group as a substituent attached to the ni trogen 
atom does not have a substantial  effect  on the posit ion of the 
equilibrium. In a11 cases,  replacement  of the noncyclie oxygen 
atom by a sulfur atom stabil izes the s t ruc ture  of the IC type. 

The resul ts  of the calculation of the heats of solvation 
predic t  that the solvation energy of the quinoid tautomers  in the 
case  of the 3-hydroxy derivat ives is higher (by 18-21 kcal /mole)  
than that of the benzoid tau tomers  in a solvent with a Mgh di- 
e lect r ic  permeabi l i ty .  In the case  of mercaptoazomethines  less  
po la r  solvents stabil ize the quinoid s t ruc ture  bet ter  than highly 
polar  solvents.  The data in Table 6 ref lec t  the distribution of 
the v charges  in the ground state of the s t ruc tures  of I. calcu- 
lated with the Dewar pa ramet r i za t ion  for  the qninoid and benzoid  
s t ruc tu res .  It can be seen that the nature of the heteror ing 
and the amino group has re la t ively little effect on the charge  
distr ibution in each tautomeric  form.  

A study of the calculated geometr ica l  charac te r i s t i c s  of 
benzoid and quinoid tautomers  IA and IC also revea ls  a s imi la r  
pecul iar i ty  (Table 7). In the case of the benzoid tautomers ,  the 
geome t ry  of the mercaptovinyl  f ragment  of the IA molecule is 
retained, r ega rd le s s  of which r ing includes it. The same is 
valid for  the quinoid tau tomers  with respee t  to the aminothione 
f ragment  of IC. A s imi lar  pat tern  is observed for  the 3-hy-  
droxy derivat ives  of I (Y = O). 

All of the resu l t s  of the calculations presented  above con- 
f i r m  the experimental  conclusion that compounds of the I type 
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TABLE 7. Calculated Bond Lengths in the Mercaptovinylimine and 
Aminothione Fragments  of the Tautomers  of I (g = S) 

I l 

2 5 
~.x 3~:  4 s / N \  n~CN"-R ~X/~CH n R 

C o m  - 

pound 

IA 

IC 

O 

S 

O 

S 

H 
C6H~ 
H 
C6H5 
H 
CsH5 
H 
C6Hs 

I - - 2  

1,740 
1,737 

1,748 
1,764 
1,598 
1,598 
1,597 
1,597 

Bond length, A 

2- -3  ] 3 - -4  

1,364 1,452 
1,366 1,447 
1,365 1,458 
1,366 1,453 
1,463 1,350 
1,4~4 1,350 
1,467 1,350 
1,467 I,~50 

4 - - 5  

1,293 
1,302 
1,989 
1,989 
1,411 
1,411 
1,415 
1,415 

exist p r i m a r i l y  in the IC form in both the gas phase and in media  with different polari t ies ,  r ega rd le s s  of 
the variat ions of the s t ruc tura l  f ragments  of the molecules .  

EXPERIMENTAL 

The absorption spectra in the UV and visible regions were recorded with a Specord UV-vis spectro- 
photometer. The m spectra were obtained with a UR-20 spectrometer. The PMR spectra of 15-20% solu- 
tions of the compounds were obtained with a Tesla BS-407-C spectrometer (80 MHz) at 25 ~ with hexamethyl- 
disiloxane (HMDS) as the internal standard. 

In the calculations of the relative stabilities of the benzoid and qninoid tautomers by means of the PPP 
method, allowance for the solvation energy was made with a formula that is a development of the well known 
Born equation for the solvation of an ion: 

~olv = - 2 -  ( Zq~2Ym~ +2E Y q~%Yuu) 1- , 
p. ~ < u  

where  qp is the charge on atom p and e is the dielectr ic  permeabi l i ty  of the solvent. The details of the 
calculat ions by the Dewar method are  set forth in g rea te r  detail in [16]. The calculat ions were pe r fo rmed  
with the p r o g r a m  composed by V. A. Kosobutskii.  

The electronic absorption spec t ra  and the charac te r i s t i c s  of the excited s tates  were calculated by the 
s tandard P P P  method within the approximation of a var iable  ~ constant  [17] with allowance for  20 singly 
excited configurations.  The two-e lec t ron  coulombic integrals  (7#~) were  calculated f rom the standard 
Mataga-Nish imoto  formula  [18]. We presented  the pr incipal  p a r a m e t e r s  used in the calculation of the spec-  
t ra l  cha rac te r i s t i c s  in [19, 20]. 

2 -Formyl-3-mercaptobenzo[b] th iophene  (V, X =  S) and 2 -Fo rmyl -3 -mercap tobenzo fu ran  {V, X = O). 
These compounds were  obtained f rom chloro aldehydes IV (X = S [15] and O [3]) in analogy with the method 
in [7]. A solution of 0.03 mole of sodium hydrosulf ide in 2.5 ml of water  was added to a cooled solution of 
0.01 mole of aldehyde IV in 80 ml of acetone, and the mixture  was then heated on a water  bath for  2 h. It 
was then cooled, and the precipi ta ted sodium chloride was removed by filtration. The f i l t rate  was vacuum 
evaporated, and the residue was diluted with ice water  and neutral ized careful ly  with 15% hydrochlor ic  acid. 
The resul t ing yellow flakes of aldehyde V were  extracted rapidly with ether.  The ether  extracts  were  com- 
bined, dried with anhydrous Na2SO4, and used immedia te ly  for the prepara t ion  of anils I. 

2- Formyl -  3- (methylmercapto)benzo[b]thiophene (VIII) and 2 - F o r m y l - 3 -  (methylmercapto)benzofuran 
(IX). A 1-ml (0.011 mole) sample of dimethyl sulfate was added with s t i r r ing  to a solution of 0.01 mole of 
aldehyde V in 20 ml of 5% alkali, whereupon yellow methylat ion products  VI or  VII precipi tated.  The yield 
was ~ 60%. Two recrys ta l l i za t ions  f rom alcohol gave yellow c rys ta l s .  Compound VIII: mp 80-81~ IR 
spect rum:  1670 cm -1 (C=O).  Found %: C 58.0: H 4.1'- S 30.5. C10H802S. Calculated %: C 57.7,. H 3.9: 
S 30.8. Compound IX: mp 72~ IR spect rum:  1680 em - I  (C=O).  Found %: C 62.1; H 4.0. S 16.6. CIoH802S. 
Calculated %: C 62.3. H 4.2: S 16.8. 
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Imines I and III were obtained by reaction of solutions of the aldehydes in ether with the appropriate 
amines and recrystal l izat ion from ethanol or propyl alcohol. Compounds I were obtained as shiny orange 
or red-brown substances. 

Azomethines II were synthesized by reaction of equimolecular amounts of aldehydes VIII or IX with 
the appropriate amines in alcohol. Crystallization from alcohol gave light-yellow crystals in 60-70% yields. 
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