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On the basis  of the IR spec t ra  of 16 alkyl-substi tuted selenopheno[2,3-c]-  and selenopheno- 
[3 ,2-c]pyryl ium salts  and a model calculation of the frequencies and the fo rms  of their nor -  
mal vibrations, an assignment of the frequencies of the skeletal vibrations of the hetero-  
cycles  is put forward.  

One of the main methods of identifying a pyryl ium cation is infrared spect roscopy [1-3]. 

We have studied the infrared spect ra  of selenopheno[3,2-c]-  and Selenopheno[2,3-c]pyrylium salts 
synthesized by the acylation of acetonyl derivatives of selenophene with carboxylic acid anhydrides in the 
presence of perchlor ic  acid [4, 5]. To interpret  the spectra ,  a calculation has been made of the frequencies 
and forms of the normal  vibrations of the unsubstituted cations. 
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Typical IR spect ra  of the compounds studied are shown in Fig. 1. The most  interest ing region of 
these spect ra  is between 1650 and 1390 cm ~l, where, as calculations show (Fig. 2~) the vibrations of the 
bonds of the selenophene and pyryi ium heterocycles  are concentrated.  Thus, the band at about 1640-1610 
cm -1 relates  to the vibration in which, mainly, symmetr ica l  s tretchings of the C =C bonds of the pyry! ium 
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Fig. 1. IR spec t ra  of 2 ,4-diethyl-6-  
methyl se lenopheno[3,2-c]pyrylium pe r -  
chlorate (Ie) and of 5 .7-dimethylseleno-  
phenol2,3-c]pyryl ium pe rchlorate  (IIf). 

nucleus  (vl) take place. Another vibration with the par t ic ipa-  
tion of these bonds appears in the 1580-1530 cm -1 region and 
is due to the unsymmetr ica l  s tretching vibrations of the C = 
C bonds (v2). These two vibrations are  s imi la r  in fo rm to the 
8a and 8c vibrations, respectively,  of the pyry l iumca t ion  [1]. 

It is interesting that in the selenopheno[3,2-c]pyrylium 
cation there  is a considerable increase  in the frequency of 
the ant i symmetr ica l  vibration v 2 and a decrease  in the f re -  
quency of the symmetr ica l  vibration h as compared with the 
selenopheno[2,3~c]pyrylium cation {Table 1 and Fig. 1). It 

* Deceased. 
~Figure 2 shows the displacements of the atoms of the seleno- 
pheno[2,3-c]pyrylium cation; the form of the vibrations con- 
s idered does not change fundamentally for  the selenopheno- 
[3,2-c]pyryl ium cation. 

Donetsk Branch of Physical  Organic Chemistry ,  Institute of Physical  Chemistry ,  Academy of Sciences 
of the Ukrainian SSR. Translated f rom Khimiya Geterotsiklicheskikh Soedinenii, No. 11, pp. 1495-1497, 
November, 1973. Original article submitted July 28, 1972. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

1352 



T ")1 : 1651 v 2 = 158~ ' ]3  = 151cj ~"/. = 1471 "45 = 1.~-27 

V~= 1 5 3 7  V~, : 1 5 5 g  V 3 = 1 5 5 6  "at. = 1463  "v' 5 : 1 4 3 f l  

Fig .  2. D i a g r a m  of the  d i s p l a c e m e n t s  of the  a t o m s  and the 
c a l c u l a t e d  f r e q u e n c i e s  of the m a i n  s k e l e t a l  v i b r a t i o n s  of the  
s e l e n o p h e n o p y r y l i u m  c a t i o n s  (the l eng ths  of the  v e c t o r s  a r e  
p r o p o r t i o n a l  to  the  m a g n i t u d e s  of the d i s p l a c e m e n t s ) .  

T A B L E  1. 
S p e c t r a  of S e l e n o p h e n o p y r y l i u m  Sa l t s  

F r e q u e n c i e s  of  the  Ma in  S k e l e t a l  V i b r a t i o n s  in  the  IR 

Vibrations of the sclenophenopyrylium cation, cm "1 
Compound 
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i s  obv ious ly  i m p o s s i b l e  to e x p l a i n  t h e s e  c h a n g e s  s o l e l y  by  k i n e m a t i c  i n f l u e n c e s ,  s i nce  the c a l c u l a t e d  f i g u r e s ,  
which  t ake  into accoun t  the  change  in  k i n e m a t i c  f a c t o r s ,  p r e d i c t  (F ig .  2) an i n c r e a s e  in the  f r e q u e n c y  of both  
m i g r a t i o n s .  A p p a r e n t l y ,  the d e c r e a s e ,  r a t h e r  than  i n c r e a s e ,  in  the  f r e q u e n c y  of the s y m m e t r i c a l  v i b r a t i o n  
on p a s s i n g  f r o m  (II) to  (I) i s  connec t ed  with a change  in the  c ond i t i ons  of con juga t i on  of the d ,T- -e l ec t rons  of 
the  s e l e n o p h e n e  and p y r y l i u m  a r o m a t i c  s y s t e m s .  Th i s  i s  c o n f i r m e d  by  the c o n s i d e r a b l e  change  in the  r a t i o  
of the i n t e n s i t i e s  of the  v i b r a t i o n s  c o n s i d e r e d  in the  two s e r i e s  of compounds  [6, 7]. 

What  has  b e e n  s a id  a g r e e s  we l l  wi th  the f e a t u r e s  of  the IR s p e c t r a  of t h t e n o p y r y l i u m  s a l t s  [8]. Thus ,  
the  bands  of v i b r a t i o n s  ana logous  to t hose  c o n s i d e r e d  above  a r e  found at  about  1630 and 1540 f o r  t h i e n o -  
[ 2 , 3 - c ] p y r y l i u m  s a l t s  and at  about  1616 and 1561 c m  -1 f o r  t h i e n o [ 3 , 2 - c ] p y r y l i u m  s a l t s .  

The fo l lowing  band  of the  s k e l e t a l  v i b r a t i o n s  in the s p e c t r a  of the s a l t s  of both  s e r i e s  i s  l o c a t e d  at  
about  1520 c m  -1 and i t s  a p p e a r a n c e  i s  due m a i n l y  to  the v i b r a t i o n s  of  the C =C bond of the  s e l enophene  r i ng  
(v3). As  i s  we l l  known [9], f o r  s e l e n o p h e n e  i t s e l f  the  a n a l o g o u s  v i b r a t i o n  i s  r e c o r d e d  at  about  1582 c m  -1, 
and the d e c r e a s e  in the VC= C f r e q u e n c y  in o u r  c a s e  i s  o b v i o u s l y  c o n n e c t e d  with  the e l e c t r o n - d o n a t i n g  a c t i o n  
of the p y r y l i u m  ca t ion .  

The two bands  at  ~1440 and ~1410 (v 4 and Vs) c o r r e s p o n d  to the  v i b r a t i o n s  of the a t o m s  of the s e l e n o -  
phene and p y r y l i u m  h e t e r o c y c l e s  and a r e  t h e r e f o r e  l e s s  s p e c i f i c  than  the v i b r a t i o n s  c o n s i d e r e d  above .  

The v i b r a t i o n s  of the C - S e  bonds  a r e  found in the  8 0 0 - 6 0 0 - c m - i  r e g i o n .  The a lky l  g r o u p s  can  be 
i den t i f i ed  f r o m  the a b s o r p t i o n  in  the 1480 -1450 -  and 1380 -cm-1  r e g i o n s .  Two in t e nse  b a n d s  in the s p e c t r a  of 
a l l  the c o m p o u n d s  c o n s i d e r e d  at  about  1100 and 625 c m  -1 a r e  due to  the v i b r a t i o n s  of the C10 4- an ion  [3]. 

The s p e c t r a  of the s a l t s  w e r e  ob t a ined  on a UR-20  s p e c t r o m e t e r  wi th  K B r  and NaC1 p r i s m s  at  a r a t e  
of s c a n n i n g  of 64 c m - 1 / m i n .  The s a m p l e s  w e r e  p r e p a r e d  in the  f o r m  of t a b l e t s  with K B r .  The c a l c u l a t i o n  
of the f r e q u e n c i e s  and f o r m s  of the n o r m a l  v i b r a t i o n s  and of the d i s p l a c e m e n t s  of the  a t o m s  was  p e r f o r m e d  
by  the u s u a l  m e t h o d  [10, 11]. The f o r c e  f i e l d s  of th iophene  and p y r i d i n e  [12] w e r e  t aken  as  a b a s i s  a n d w e r e  
s u b s e q u e n t l y  v a r i e d .  
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