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INVESTIGATION IN THE FIELD OF AROMATIC HETEROCYCLES 

XIII. Ca lcu la t ion  of the Pro ton  Magnet ic  Resonance  Spec t r a  of Compounds of the 

2, 1, 3 -Se l enad iazo l e  and 2, 1, 3 - T h i a d i a z o l e  Se r i e s*  
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The results of complete quantum-mechanical calculations of the PMR 
spectra of compounds of the 2, 1,3-X-diazole (X = S,Se) series are 
given. The parameters of these spectra have been used previously for 
a discussion of the aromaticity of the corresponding compounds. 

In par t s  III [2] and V [3], a d i s cus s ion  was given of 

some  f ea tu r e s  of the s t r u c t u r e  of compounds of the 

ge ne ra l  f o r m u l a  I (X =O, 8, Se) on the bas is  of data 
obtained f r o m  the PMR s p e c t r a .  

H, CH a i '  

H 4 I N  / H I Se H 2 

H 2 I U H c III 

However ,  in us ing the s p e c t r a l  p a r a m e t e r s  m e n -  
t ioned in these  par t s ,  we did no tg ive  the i r  bas is  in c a l -  

cu la t ion .  Below we give the r e s u l t s  of the ca l cu la t ion  
of the PMR s p e c t r a  c o n s i d e r e d  p rev ious ly  (see  table) .  

The s p e c t r a  of naphthalene,  p iaz th io le  ( I ,X = S), 
and p i a z s e l e n o l e  (I, S =Se) w e r e  analyzed  as s y s t e m s  
of the A A ' B B '  type. The  n u m b e r i n g  of the c o r r e s p o n d -  
ing hydrogen  a toms  of the m o l e c u l e s  ment ioned  is the 
s a m e  for  both and is shown in f o r m u l a  I. The  spec -  
t r u m  of se lenophene  is typieat  for  an A A ' X X '  sy s t em ;  
a de ta i l ed  d i s c u s s i o n  of the r e s u l t s  of i ts ana lys i s  wil l  
be given la te r .  The  number ing  of the a toms in the mol -  
ecu le  of se lenophene  is g iven in f o r m u l a  II. The  spec -  
t r u m  of ~ - m e t h y l p i a z t h i o l e  was analyzed  as a s y s t e m  
of the ABCX a type (see  fo rmu la  III), the i n t e r ac t i on  of 
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F i g .  1. PMR s p e c t r a  (60 MHz) of p i azse l eno le :  
a) e x p e r i m e n t a h  b) t h e o r e t i c a l .  

the t h r e e  p ro tons  (X a) of the methy l  group with the t e r -  

mina l  p ro tons  A, B and C being c o n s i d e r e d  as a weak  
p e r t u r b a t i o n .  The  s p e c t r u m  of naphtha lene  was s tud-  
ied e a r l i e r  at a f r e q u e n c y  of 40 MHz. We w e r e  pow- 
e r fu l ly  convinced  that the va lue  of the s p i n - s p i n  coup-  

*For  par t  XI1, see  [1]. 

l ing cons tant  It, 2 was ac tua l ly  c lose  to z e r o .  A s e r i e s  
of ca lcu la t ions  that we have c a r r i e d  out using va r ious  
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Fig. 2. PMR spectra (60 MHz) of ~- 

methylpiazthiole: a) experimental; 

b)and c) theoretical, calculated for 

IAC < 0 and IAC > 0, respectively. 

positive and negative values of If, 2 has shown that the 
best correspondence os the experimental and theoret- 
ical spectra of naphthalene is achieved at I I, 2 = 0. Fig. 1 

shows the experimental (a) and theoretical (b) spectra 

of piazselenole. A similar good agreement has been 

obtained for the other four-spin systems given in the 

table. Figure 2 shows the experimental (a) and theo- 

retical (b, c) spectra of fi-methylpiazthiole (frequency 
60 MHz).  

In connect ion  with the d i f f icu l t ies  a r i s i n g  in the p e r -  
f o r m a n c e  of a comple t e  ana lys i s  of the s i x - s p i n  s y s -  
t em ABCX a, in F i g .  2 we give a c o m p a r i s o n  of the r e -  
sul ts  of a t h e o r e t i c a l  ca lcu la t ion  of an ABC s y s t e m  
with the e x p e r i m e n t a l  s p e c t r u m  obtained with a spe -  
c ia l ly  l imi t ed  r e s o l v i n g  capac i ty  of the s p e c t r o m e t e r .  
The  t h e o r e t i c a l  s p e c t r a  of the protons  of the benzoid 
r ing  w e r e  ca l cu l a t ed  by us fo r  the fol lowing p a r a m e -  

t e r s :  5 A = 3 1 5 H z ,  6]3 = 2 8 6 H z ,  6 C =275 Hz, IA, B =  
=8.28Hz, IA, C = 10.81Hz, and IB, C = 6 Hz (the chem- 
ical shifts are given relative to tetramethylsilane). 

It can be seen from Fig. 2 that the best correspond- 
ence is observed between spectra a and b; the latter 

was obtained using a value of I A, C < 0. 
When the resolving power of the spectrometer was 

increased, an additional splitting of some of the com- 
ponents of the spectrum of fi-methylpiazthiole was ob- 

served (see [2]). 
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Calcula t ion  of the PMR spec t ra  of the 2, 1, 3 -X-Diazo les  (X = S, Se) 
and Rela ted  Sys tems 

C o m p o u n d  

Naphtha lene  
Piazthiole 
Piazselenole 
Selenophene 

' Working I Resonance fre- 
, f requency I 
' quencies, Hz** i o f  the  i 
Ispectrome-I 

te i ,  MHz 

40 
40 
60 

100 

-7.15 +7.15 
-8.80 +8.80 
-14.15 +14.15 
-29.35 +29.35 

Spin-spin coupl ing constants ,  Hz 

11,2 Ii a=12, 12 ~=1,4 

0.0,0 + 8.6'0 + 1.40 
+0.10 +9.70 + 1.20 
+1.00 + 8 . 5 0  +1.18 
+1.20 + 6 .00  +0,10 

134 

+~.lX} 
+5.30 
+ 5.25 
+ 6.00 

*Reckoned f rom the center o f  gravity o f  the spectrum. 

As ment ioned  p rev ious ly  [2], the s ignal  of the methyl  
pro tons  a lso  proved to be r e so lved .  We have used in 
the f i r s t  o rde r  of the theory of pe r tu rba t i on  the fol low- 
ing va lues  of the cons tan t s  of l o n g - r a n g e  s p i n - s p i n  c 
coupling" 

lCH_CH A ~0 .9  HZ; 

/CH,-Cjt B 4 0 . 2  HZ; 

IC~_CH c ~0.6 Hz. 

In  this case ,  s p e c t r u m  b i l l u s t r a t ed  in F ig .  2 is 
modif ied  so that i ts  comple te  co inc idence  with the ex-  
p e r i m e n t a l  s p e c t r u m  r e c o r d e d  at l imi t ing  r e so lu t ion  
is achieved.  The e x p e r i m e n t a l  p rocedure  has been de -  
s c r i b e d  p rev ious ly  [2, 3]. The ca lcu la t ions  were  c a r -  
r i ed  out on a ~Minsk-1 ~ e l ec t ron ic  compute r  us ing  the 
p r o g r a m  d e s c r i b e d  by Shmyrev  et al .  [5]. We thank 
I. K. Shmyrev  for  coopera t ion  in the p e r f o r m a n c e  of 
the ca lcu la t ion .  
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