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The electronic absorption spectra (n ~ n* type) of the mixture of the enolic and zwitterionic forms 
of both 3-hydroxypyridine and 5-hydroxypyrimidine are interpreted by means of the Pariser-Parr- 
Pople type calculations. 

It is well known that the hydroxy-derivatives of N-heteroaromatic systems are 
capable of tautomerism because the labile hydrogen atom may be attached to 
either a nitrogen or an oxygen atom [1]. The pyridine and pyrimidine compounds 
can exist under the appropriate conditions in one of the following species: enol, 
cation, anion and zwitterion or amide. In the previous papers [2, 3] we showed 
that Pariser-Parr-Pople type calculations can be succesfully used to interpret the 
electronic absorption spectra of the enolic, anionic and amide forms of mono- 
hydroxy substituted pyridines and pyrimidines. It is the purpose of the present 
note to interpret the ultraviolet spectra of both 3-hydroxypyridine i and 5-hydroxy- 
pyrimidine which exist in neutral aqueous solution as a mixture of the enolic and 
zwitterionic forms. 

Mason [4] has measured the absorption spectra of spectrally distinct charged 
species of the molecules under study. The results of his measurements are listed in 
Table 1. The examination of the measured transition energies for 3-hydroxy- 
pyridine shows that the absorption maxima with energies of 3.94 and 5.04 eV are 
due to the first and second transitions, respectively, in the zwitterion, while the 
absorption band with the energy of 4.46 eV corresponds to the first electronic 
transition in the enolic form of the compound. The experimental order of the 
intensities of the transitions in the enolic and zwitterionic forms shows that 
3-hydroxypiridine in aqueous solution is an equilibrium mixture of equal quantites 
of the enolic and zwitterionic tautomers (compare Ref. [5]). 

Similarly, in the case of 5-hydroxypyrimidine, the first absorption band with 
the energy of about 3.8 eV is due to the first electronic transition in the zwitterionic 
form of the molecule, while the next bands correspond to the first and second 
transitions in the enolic form of the compound. However, comparing the observed 
intensities of the transitions in 5-hydroxypyrimidine we see that the ratio of the 

1 Compare the recent paper [6] in which the results of SCF MO CI calculations for the zwitterionic 
form of the 3-hydroxypyridine 1-methochloride were reported. Calculated transition energies are in 
poor agreement with the experiment. 
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Table 1. The electronic absorption spectra ~ of  the enol (E), cation (C), anion (A) and zwitterion (Z) of 
3-hydroxypyridine and 5-hydroxypyrimidine. All data from Re f  . [4] 

H + 

d E b 8max b A E ~m~ A E emax 

4.49 3960 4.38 5840 4.16 4960 
5.74 8320 5.58 3730 5.25 11000 

~ O H  ~ O -  

H + 
= , ^ 

A E emax 

(Z) 3.94 3060 
(E) 4.46 2320 
(Z) 5.04 5120 

OH 

N.~./N 

dE c emax c 

4.49 5330 
5.59 9970 

OH 

AE 

4.35 
5.56 

OH 

N ~ N  

~ r n a x  

4700 
6950 

(3- 

N v N  

dE ernax 

4.08 4450 
5.2 ! 11240 

AE ema x 

(Z) 3.81 ~107 
(E) 4.57 4750 
(E) 5.79 9720 

a A E  - transition energy (in eV) corresponding to absorption maximum, ema x - molar extinction 
coefficient for the absorption maximum. All data measured in aqueous solution unless otherwise 
indicated. 

b Experimental data for the methoxy derivative of pyridine. 
c In ethanol. 

enolic form to the zwitterionic one is high. Therefore, no second and  next  absorp-  
t ion  bands  in the zwit ter ion have been measured.  

The results of the calcula t ion for the molecules so far considered were obta ined  
by means  of the Par i se r -Par r -Pople  method.  For  the details of the calculat ions 
the reader is referred to our  paper  [2]. The C o u l o m b  and  resonance parameters  
used are the same as those in the paper  men t ioned  above. The correction of 
- 2.0 eV was added to the value of the core integral  for the p ro tona ted  ni t rogen 
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Table 2. Enolic (E) and zwitterionic (Z) tautomers of 3-hydroxypyridine and 5-hydroxypyrimidine - the 
singlet-singtet transition energies, AE (in eV), oscillator strengths, f ,  and molar extinction coefficients, e 

Theoretical Experimental [4] 

AE f AE f AE 

3-Hydroxypyridine 

(Z) (E) 
4.08 0.128 (Z) 3.94 3060 

4.58 0.086 (E) 4.46 2320 
5.24 0.216 (Z) 5.04 5120 

5.76 0,129 
6.05 0,507 

6.74 0.988 
6.79 0.511 

5-Hydroxypyrimidine 

(z) (E) 
4,03 0.174 (Z) 3 .81  ~107 

4.59 0.115 (E) 4.57 4750 
5,19 0.359 (Z) ? ? 

5.75 0.229 (E) 5.79 9720 
6.34 0.165 
6,94 0.454 

6.96 0.902 
7.05 0.754 

AEI 
(eV) I 

5.0 

Z,.0 

\ 

[ .  I l , I  1 
E A Z E A Z 
3-Hydroxy- 5-Hydroxy- 
pyridine pyrimidine 

Fig. 1. Comparison between the observed and calculated singlet-singlet transition energies for the 
enolic (E), anionic (A) and zwitterionic (Z) forms of 3-hydroxypyridine and 5-hydroxypyrimidine, 
Actual data in Table 2 and Ref, [2]. - �9 - �9 - observed values, -- O -- o --  calculated values 

of  p y r i d i n e  type. Th i s  f igure has  b e e n  d e t e r m i n e d  in  o u r  u n p u b l i s h e d  w o r k  o n  the  
p r o t o n a t i o n  of  N-he t e rocyc l i c  sys tems  2. 

T h e  c o m p a r i s o n  o f  the  c o m p u t e d  a n d  e x p e r i m e n t a l  spect ra l  features  of  3-hy-  
d r o x y p y r i d i n e  a n d  5 - h y d r o x y p y r i m i d i n e  is s h o w n  in  T a b l e  2 a n d  Fig.  1. As it c a n  

2 A more detailed discussion on this subject will be given elsewhere, 
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246 J.S. Kwiatkowski: Spectra of 3-Hydroxypyridine and 5-Hydroxypyrimidine 

be seen f rom the figures p resen ted  in Table  2, the ca lcu la ted  singlet-singlet  t ran-  
si t ion energies in the zwi t te r ionic  forms of the molecules  in ques t ion  are in good  
agreement  with the  exper imen ta l  data .  The  d iscrepancies  be tween ca lcula ted  and  
exper imenta l  t rans i t ion  energies  in the zwi t te r ionic  t au tomer s  are higher  than  the 
co r r e spond ing  ones for the  enol ic  and  an ion ic  forms (see Fig. 1). The  differences, 
however ,  are  of a b o u t  the same order  as those in the exper imenta l  values. 
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