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The observed paramagnet ic  shifts and broadenings of the resonance lines in the PMR spec-  
t rum of N-vinylimidazole upon the addition of its complexes with manganese,  iron, cobalt,  
nickel, and copper chlorides are compared .  

It is known that the effect of an uncompensated electron spin of a paramagnet ic  complex leads to a 
shift in the resonance  lines in the PMR spect ra  [1]. Since these shifts are  determined in par t icular  by the 
probabili ty of the res idence of the unpaired electron at the site of the resonating nucleus, with the ap- 
propr ia te  approach they can be the source of information regarding the charac te r  of the e lec t ron-nuc lear  
interaction.  On the basis of this, the hyperfine interaction pa ramete r s  in radica ls ,  paramagnet ic  complexes,  
and diamagnetic molecules have been compared  [2]. 

Continuing our study of the e lec t ron-nuc lear  interaction in f ive-membered  ni trogen-containing rings 
[3,4], we compared  the observed paramagnet ic  shifts (6) of the resonance lines in the PMR spect rum of N- 
vinylimidazole (Lig) upon the addition of paramagnetic  complexes of the MeC12 �9 4Lig type to the test  
sample .  The chlorides of Mn(iI), Fe(III), Co(II), Ni{II), and Cu(II) were taken as electron acceptors .  The 
synthesis of the complexes was repor ted  in [5]. The method used to analyze the PMR spect ra  in the p r e s -  
ence of paramagnet ic  additives was descr ibed in [6, 7]. The 6 values are presented in Table 1 together 
with the concentration of the complexing salt and the sample tempera ture  at which the 6 values were de te r -  
mined.  

It follows f rom Table 1 that the paramagnet ic  shifts of the signals of the ring protons of Lig depend 
on the nature of the coordinating ion. This also explains the different broadening ~ )  of the resonance lines 
(Fig. 1), which is determined by the following functional dependence: A = A (T2m; w; Tin) , where T2m is 
the nuclear  relaxation t ime in the paramagnet ic  complex, w is the shift of the line in the complex (6 = pw, 

TABLE 1. Paramagnet ic  Shifts in the PMR Spectrum of N-Vinyl-  
imidazole 

Complexing salt 

MnCI2 
FeCI3 
CoCb. 
NiCI~ 
CuCI2 

Paramagnetic shifts, 6, Hz * 

H-2 H-4 H-5 

I~ 21 16 
18 14 

30 29 

II 

H-g H-~- 
(trar~ll 

Sample Complexing 
temp., ~ salt conc.�9 

10 s 

80 8 
69 10 
6~2 3,5 
63 l 1 
67 6 

* The signal of the /~ (cis)-vinyl proton is covered by the signal of 
ni t romethane.  
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Fig. 1. PMR spectra of N-vinylimidazole 
without addit ives and with added p a r a m a g -  
netic complexes :*  1) without addit ives;  
2) with MnC12 �9 4Lig; 3) with FeC13 �9 4Lig; 
4) with CoC12 ' 4Lig; 5) with CuC12 �9 4Lig. 

t ion.  

where  p is the mole  f ract ion of complex) ,  and r m is the 
res idence  t ime  of Lig in the coordinat ion sphere  of the c o m -  
plex [8]. Different  A values will co r r e spond  to different  T2m 
and w values ,  which are  de te rmined  by the nature  of the 
complex for  a given T m (which is t e m p e r a t u r e  dependent).  

The 4-H proton has the l a rge s t  6 value in the inves t i -  
gated spec t r a .  It is r e m a r k a b l e  that  it undergoes  e l e c t r o -  
philic substitution m o r e  r ead i ly  than the other r ing protons 
[9]. The 6 value of the vinyl protons  is substant ia l ly  lower  
than 6 of the r ing pro tons .  An exception to this is the s p e c -  
t r u m  of Lig with added MnC12 �9 4Lig, in which 6~-H is equal 
to 6fi_H(trans) and is lower than 6a_  H by a fac tor  of 2.5. If 
one takes  the conjugation of the double bond with the p y r ro l e  
ni t rogen into account [10L on the bas i s  of the re la t ive  
6r ingH,  6~_H, and 6~ -H values it can be concluded that de-  
local izat ion of the unpai red  spin densi ty  over  the 7r s y s t e m  
of the imidazole  r ing becomes  apprec iab le  when Lig i n t e r -  
acts  with MnC12 . 

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

The PMR spec t r a  were  r eco rded  with a JNM-4H-100 
s p e c t r o m e t e r .  Ni t romethane  was used  as the solvent and 
in terna l  s tandard .  The t e m p e r a t u r e  of the samples  conta in-  
ing pa ramagne t i c  additives was va r i ed  f rom 10 to 95 ~ . 

We thank Doctor  of Chemical  Sciences Yu, N. Molin for  his a s s i s t ance  in c a r r y i n g  out this inves t iga -  
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