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Abstract - The 13c chemical sh i f t s  o f  1.2,4-triazole, te t razole,  indarale, 

benrimidazole, and bemot r ia ro le  have been obtained from s o l i d  samples usmg 

the CP-MAS technique. They are discussed i n  connection w l th  the annular pro- 

t o t r op l c  tautmer ism of these azoles and benzazales. A case o f  funct ional  

t a u t m e r i m ,  t ha t  o f  benroxazol~din-2-thione, and a case o f  non-prototropic 

t a u t m e r i m ,  t ha t  o f  1-trimethylsllylbenzimidazole, are a lso studied. 

The CP-MAS 13c nmr spectroscopy opens a new entry t o  the study of the st ructure of organic corn 

pounds i n  the s o l i d  state.'" Amongst the s t ruc tu ra l  problems, tautmer lsm occupies an important 

place.3 I t s  study i n  solut ion i s  cmpl ica ted  due t o  temperature dependent proton exchange phenome- 

na. On the other hand, s o l i d  s ta te  studies suffer from the possible existence of several indepen- 

dent molecules i n  the c r y s t a l  l a t t i c e  and from 1 4 ~  quadrupole e f fec ts .  4 

I n  the case o f  pyrazole 1 and imidarole _2 i t  has been shown tha t  CP-MAS I3c experiments are cohe- 

ren t  wi th resu l ts  obtamed frm X-ray crystallography. Mareover, the chemical sh i f t s  of the s o l i d  

and those o f  the so lu t ion  are c lose ly  re lated i f  the tautomerism i s  frozen using low temperatures 

o r  -Methyl  der ivat ives.  

I n  order t o  explore fur ther  the problem of the annular tautomerism of azoles i n  the so l i d  s ta te  

we have selected another f i ve  cmpounds, for which both the X-ray st ructures and the I3c chemical 

sh i f t s  i n  so lu t ion  are known. Slnce l ,2 ,3- t r iaro le 2 i s  a h q u l d  a t  r o m  temperature, we have 

Studied 1 ,2 ,4 t r i azo le  4 and te t razo le  5. Both structures have been determined by radiacrysta l lo-  
3 ' 6 

graphy and e x i s t  as represented i n  the c rys ta l :  1tj-1,2,4-triazole and IH - l , 2 ,3 ,4 te t r az0 le .~  The 
8 

- 
chemical s h i f t s  of the so l i d  samples appear a t  148.0 (C31 and 143.9 (C ) for 4 and a t  144.0 (C I 5 5 
for 2 ,  values c lose t o  the so lu t ion  chemlcal sh i f t s :  150.4 (C3) and 143.5 (C51 for I-methyl-1,2,4 

t r i azo le  5 ( C M S O - ~ ~ ) , ~  142.1 (C5) for t e t r a ro l e  5 ( tWUd6),9 and 143.4 (C5) ' for  l -methyl tet razole 
9 .-. 
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h n ~ s t  the  three benzazoles.10 indarale 2 ,  benzimidazole 9, and benrotr iazole 2, indazole ex i s t s  * 
~n solut ion as such, l f i ndaro le  2 ,  whereas the two others ex i s t  i n  so lu t ion  as rap id  equi l ibra-  

t ing mixtures of t a u t a r s  I-! and 3-! (autotropic t a u t m r i s m )  . 3  I n  the so l i d  state, the X-ray 

s t~uc tu res  have been determined fo r  a l l  of thernlO'll and the t a u t w e r i c  proton located without 

ambiguity on N1. 

In the fol lowing table the I3c chemical s h l f t s  i n  the so l i d  s ta te  along w i th  those previously de- 

termlned i n  solut ion are gathered. Due t o  the N,! = N e t a u t w e r i s m ,  i n  the l a s t  two cases the . . -~~ 
made1 compounds w i l l  be I-methylbenzlmidazole 2 and I+ethylbenzotriazole z. 

Indarole 8 
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Here, a c lear  para l le l i sm s t i l l  e x i s t s  between the  'solid s ta te  and the so lu t ion  13c chemical 

Shif ts. However two Signals appear s p l i t t e d  i n  the  CP-W spectra, those o f  C4 ibenzimidazolel 

and C3a ibenzotr laro le) .  Both concern carbons near the nltragen a t m  hydrogen-bonded w i th  the y 
of other molecules i n  the c r y s t a l  l a t t i ~ e . ~ ~ " ~ ' ~ ~  The s p l i t t i n g  seems too large t o  be due t o  the  

4 
1 4 ~  quadruple effect o r  t o  the existence of different,molecules i n  the c e l l  ( four  independent 

molecules i n  the case of b e n z o t r i a z ~ l e l . ' ~ ' ~ ~  U n t i l  a m r e  de ta i led  study ( f o r  instance, usmg 

subst i tu ted benzazolesl could explaln these sp l i t t i ngs ,  i t  can be concluded from the study o f  the 

f i ve  azoles, $._5.$.2. and lo, tha t  CP-MAS mr spectroscopy'is a powerful t o o l  t o  determine the 

tautomeric s t ruc tu re  o f  heterocycles i n  the so l i d  state. 

An example o f  non-annular tautomer im and another of nan-prototropic tautmer ism have been studied 

t o  extend f u r t he r  the appl icat ions of the technique. The f i r s t  one concerns the functional tauto- 

merism of benzoxazolidin-2-thione. The chemical s h i f t s  obtainede i n  the so l l d  s ta te  1 2  proves 

that ,  l i k e  i n  so lu t ion  x b  (tYS3d61,20 the equi l ibr ium th io l / th ione  i s  cwnpletely shi f ted 

towards the thione t a u t m r  13. An in te res t ing  consequence o f  these resu l ts  i s  that ,  fo r  tautme- 

r i c  studies i n  salut ian,  the s o l i d  s tate I3c chemical sh i f t s  can be used instead o f  the chemical 

Shi f ts  o f  one of the blocked t a u t m r s ,  i.5. the -Nmethyl der iva t i ve  of benzoxazolidln-2-thione. 

The second one concerns the sl lylotropy21 o f  I-trimethylsilylbenzimidarole 2. The t r i m e t h y l s i l y l  

group exchanges quick ly  between nitrogens N and N3 of benzirnidazole and only average s ignals are 
1 

obtained for a l l  the carbons but  C2 a t  r o m  temperature ILb. 



8 
1n the s o l i d  s t a t e  the meta l lo t ropy na longer occurs and the molecule appears wi thout  syrrmetry, 

14a. The mean value of the 13c chefnical s h i f t s  of 1 5  are very c lose t o  those o f  1 2 :  C4 and C7, - 
115.0 (115.8),  C3a and C 138.2 (138.0). 

7a' 

10 conclusion, t h e  1 3 ~ - ~ ~ - ~ ~  method affords much information a b u t  a l l  t a u t m r l c  e q u i l i b r i a  

involv ing or  not  the proton. 
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