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A number of recent investigations have demonstrated the 

potential of the ultraviolet photoelectron spectroscopy by studies of 

gazeous equilibrium mixture at  low pressure . In particular, the method 

has been found applicable for studies of t a u t o m e r i ~ r n ~ ’ ~  and proto- 

t r ~ p y ~ ’ ~  of heterocyclic compounds. 

2 

The present paper deals wi th the tautomerism of I-hydroxy- 

1,2,3-triazole. The solution of this problem may contribute to  the under- 

standing of the mechanism of the action of I-hydroxybenzo triazole, 
7 the most important catalyst in peptide synthesis . 

I-hydroxytriazole may adopt f ive tautomeric forms (la-le). 

According to  X-ray crystallography, I-hydroxybenzotriazole exists at  the 

form analogous to  (la) and ( Ic )  i n  the solid state depending on the 

solvent used for i t s  recrystallization . According to  UV-spectra, i t 
9 adopts the N-H forms analogous to  ( Ib)  and ( Ic )  i n  aqueous solution . 

In ethanol the less polar form ( la )  predominates9. So in dimethyl sulfoxide 

according to  13C NMR spectra 
O f  the tautomeric forms, only ( la - l c )  are aromatic and there- 

fore expected to  be present i n  significant amounts. Concordantly, 

8 

10 . 
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106 GUIMON ET AL. 

t h e  fo rms  ( Id - l e )  a r e  not  observed in t h e  'H NMR spec t r a  of I-hydroxy 
t r i azo le  in aqueous or acetone-solution. 'H and 13C NMR spec t r a  as well  

as o t h e r  c lass ical  methods fai led to give f u r t h e r  information abou t  t h e  

t au tomer i c  composition. The re fo re  photoelectron spectroscopy was 

employed comparing t h e  spec t rum of I-hydroxytriazole with those  of t h e  

methyl  compounds (2a-2c) e a c h  possessing a fixed s t r u c t u r e  der ived f rom 

t h e  most  likely t a u t o m e r i c  species  ( l a - l c ) ,  respectively.  The photoelec- 

t ron  s p e c t r a  have  been compared  with MNDO calculat ions minimizing 

t h e  to t a l  energy with r e spec t  to al l  geomet r i c  p a r a m e t e r s  11 . 

Results and discussion 
The He1 photoelectron s p e c t r a  of t h e  f ixed s t r u c t u r e  der ivat i -  

ves  (2a-2c) a r e  shown in Fig. 1-3. The ionization potent ia ls  obtained from 

t h e  s p e c t r a  as well  as t h e  potent ia ls  ca l cu la t ed  by t h e  MNDO method 

a r e  presented in Table  1. Experimental  and  ca l cu la t ed  potent ia ls  a g r e e  

q u i t e  well  according to Koopmans t h e o r e m L 2  and exhibit  cha rac t e r i s t i c  
t r ends  in t h e  se r i e s  2a, 2b and 2c. This is  mos t  obvious for  t h e  potent ia ls  

associated with t h e  .rr-orbitals of highest  energy.  

The ionization potent ia l  of t h e  non-bonding no" o rb i t a l  of pyridine- 

- N-oxide is 9.34 eVI3. Hence,  a low value for  t h i s  potent ia l  is  expec ted  

for  t h e  t r iazole- . -oxides  (2b) and  (2c) and  t h e  second band (9.45 eV) of 
compound (2c) is  a t t r i b u t e d  to th i s  transit ion.  This ass ignment  is  confir-  

med  by t h e  vibrat ional  f ine-s t ructure  at 1100 cm-I  of t h e  band, a f e a t u r e  

a lso observed by t h e  corresponding pyridine-E-oxide band. The second 

band (9.85 eV) of compound (2b) exhibi ts  a less recognizable  vibrational 
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108 GUIMON ET AL. 

I a S l z  1 E x p e r i m e n t a l  a n d  c a l c u l a t e d  ( M U D O )  i o n i z a t i o n  

p o t e n t i a l s  o f  t h e  m e t h y l  c o m p o u n d s  ( Z a - z C )  w i t h  

f i x e d  s t r u c t u r e  

C o m p o u n d  I o n i z a t i o n  p o t e n t i a l  ( e v ‘  

b e t w e e n  9.7 a n d  10.1 b e t w e e n  1-1.8 a n d  12.1: 
P I  

P I c a l c .  lO.ZZ!n> 11.19in; 11.82(nz) 12.7.8(nz ) 1>.46(n: ) 
( 2 a )  

9 . 4 5  1 0 . 2 0  b e t w e e n  12. a n d  1 2 . 5  
PI 

“calc. 9.02(n) 10.66!n:) 10.61(nJ 13.25!n) 1 > . 7 5 ( n E )  

( Z C )  e * p  8.55 

fine-structure due t o  partial overlap with t h e  band resulting from the  
highest occupied rr-orbital. The less satisfying accordance between the  
experimental and the  calculated potential for t h e  non bonding n:-orbital 
of compound (2b) demonstrates t h e  limitations of the  Koopmans approxima- 

tion when dealing with non-bonding orbitals of heteroatoms. A similar 
5 inconsistency was observed in t h e  pyridine series . 

The spectrum of I-hydroxytriazole (1) (Fig.4) is similar to 
tha t  of i t s  g - m e t h y l  derivative (2a) (Fig.1). Even t h e  ionization poten- 
tials of these compounds a r e  qui te  similar. Small differences in band 
positions as well as t h e  more significant between the  bands at t r ibuted 
to n: -orbitals in compounds ( I )  and(2a) a r e  easily rationalized by the  

perturbations caused by t h e  methyl group in (2a). 
The predominance of t h e  hydroxy form ( l a )  in t h e  gas  phase 

is confirmed by the  MNDO calculations. In (Ib) and (Ic)  conjugation 
between t h e  %orbitals of the  oxygen and the  ring exists while i t  is 
lost in (la). In (Ib) and (Ic)  a l l  nitrogen a toms a r e  planar while the  
substituted nitrogen is pyramidal in (la). Despite these facts t h e  calcu- 
lated to ta l  energy increases in t h e  order l a  < Ic < Ib. The large energy 

difference between ( l a )  and ( l c )  (28.4 kcalmol- l )  explains why only 
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T a b l e  2 E x p e r i m e n t a l  a n d  c a l c u l a t e d  ( H N D O )  i o n i z a t i o n  p o t e n t i a l s  

o f  l - h y d r o x y - l . Z , J - t r ~ a r O l e  ( f o r m  l a )  

C o m p o u n d  I o n i z a t i o n  p o t e n t i a l  ( e v )  

e x p  b e t w e e n  10.1 a n d  1 1  1 2 . 3  12.5 
P I  

l a  

'Icalc 10.JO:n; 11.?9(n! 1~.10(n:-) 1 > . 2 b ( n E + )  1>.95(n:) 

I 

71 20 
H 

6613 

( l a )  i s  p re sen t  in t h e  gas  phase  from 20°C until  t h e  decomposi t ion  

t e m p e r a t u r e  of I-hydroxytriazole.  

Fo rm ( I c )  is ca l cu la t ed  to b e  only s l igh t ly  m o r e  s t ab le  than  

(Ib). This a g r e e s  wel l  wi th  t h e  f a c t  t h a t  t h e  p a r e n t  1,2,3-triazole prefe-  

r en t ly  adop t s  t h e  unsymmet r i ca l  I-H fo rm in t h e  g a s  phase  
17 t h e  symmet r i ca l2 -H f o r m  in t h e  liquid phase . 

14-16 but 

References 
1 .- "Application of pho toe lec t ron  spec t roscopy to  molecular  properties", 

P a r t  30 
P a r t  29 : D. Gonbeau, J.L. G a r c i a  and  G. Pfister-Guillouzo, 
Can. J. Chern., 64(8), 1530 (1981) 

and r e fe rences  c i t e d  here in  

Tetrahedron, x, 1071 (1980) 

Can. J .  Chern., 61, 1197 (1983) 

Guillouzo, J. Chern. SOC. Perkin 2, E, 1652 (1977) 

A.R. Kat r i tzky ,  Lieb. Ann. Chern., 366 (1981) 

2.- H. Bock and  B. Solouki, Angew. Chern. Znt. Ed. Eng l . , g ,  427 (1981) 

3.- C. Guimon, G. Pfister-Guillouzo, A. Bernardini and  P. Viallefont, 

4.- C. Guimon, G. Pfister-Guillouzo and  M. Begtrup ,  

5.- M.J. Cook, S. El Abady, A.R. Kat r i tzky ,  C. Guimon and  G. Pf i s te r -  

6.- G. Pfister-Guillouzo, C. Guimon, J. Frank, 3. Ellison and  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



110 GUIMON ET A L .  

7.- B. Cas t ro ,  J.R. Dormoy, G. Evin and  C. Selve,  

8.- R. Bosch, G. Jung  and  W. Winter ,Acta Crystallogr., g, 1089 (1983) 

9.- F.T. Boyle and  R.A.Y. Jones,  J. Chern. SOC. Perlcin 2,  160 (1973) 

10.- A. Fruchier ,  J. Elguero,  A.F. Hega r ty  a n d  D.G. M c  Car thy ,  
Org. Magn. Res., 13, 339 (1980) 

11.- M.J.S. Dewar  a n d  W. Thiel, J .  Am. Chern. SOC., 2, 4899 (1977) 

12.- T. Koopmans, Physica, I, 34 (1934) 

13.- J.P. Maier and  J.F. Muller, Tetrahedron Letters, 2987 (1974) 

14.- E. Borello, A. Zecchina  a n d  R. Gugl ieminot t i ,  

15.- O.L. S t i e fva te r ,  H. Jones  and  J. Sheridan, Spect. Chirn. Acta, 

16.- G.O. Sorensen, L. Nygaard  and  M. Begt rup ,  

17.- L. Lunazzi,  F. Parisi  a n d  D. Maccian te l l i ,  

J.  Chern. Res., (9, 182 (1977) 

J .  Chern. SOC., (B), 307 (1969) 

-7 26A 825 (1970) 

J. Chern. SOC. Chern. Cornm., 605 (1974) 

J. Chern. SOC. Perlcin 2, 1025 (1984) 

D a t e  R e c e i v e d :  10/14/86 
D a t e  A c c e p t e d :  11/17/86 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


