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On the bas i s  of an analys is  of the UV and IR spec t ra ,  it was es tab l i shed  that 2,3-  and 2,5-  
dihydroxypyridines  exis t  in different f o r m s  in neutra l ,  acid, and alkaline media.  The e l e c t r o -  
nic absorpt ion  s p e c t r a  of the neut ra l  f o rms  of the molecules  and the distr ibution of the ~- 
e lec t ron  cha rges  in them were  calcula ted by means  of the P a r i s e r - P a r r - P o p l e  (plOp) MO 
method. A compar i son  of the r e su l t s  of the calculat ions with the exper imen ta l  UV s p e c t r o -  
scopic  data demons t ra ted  that the calculat ions c o r r e c t l y  p red ic t  the number  of ~ v *  abso rp -  
tion bands in the access ib le  region of the UV s p e c t r a  and the i r  posi t ions  and re la t ive  inten- 
s i t ies .  

Up until now, l i t t le s tudy has  been devoted to the s t ruc tu re  of dihydroxypyridines .  The UV spec t r a  of 
all of the dihydroxypyrldines  in acid and aqueous alcoholic solutions a re  p re sen ted  in [1]. It was dem6n-  
s t r a t ed  by means  of UV spec t roscopy  that  2 ,4-dihydroxypyridine ex is t s  as 4 -hydroxy-2 -pyr idone  in 50% 
aqueous ethanol [2]. The t a u t o m e r i s m  of 2 ,4-dlhydroxypyrldine has  also been studied by the s e m i e m p i r i c a l  
method of molecu la r  orbi ta ls  [3]. The s t ruc tu re  of 2 ,6-dihydroxypyridine was invest igated in [4] by means  
of UV and IR spec t roscopy .  The s t r u c t u r e s  of the cations and anions of dihydroxypyridines  r ema in  v i r tua l ly  
uninve st igate d. 

The p re sen t  pape r  is devoted to an invest igat ion of the s t ruc tu r e s  of 2,3-  and 2 ,5-dihydroxypyr id ines  
and the i r  cat ions and anions by UV and IR spec t roscopy  and by the method of m o l e c u l a r  orbi ta ls  (MO). 

According to [4], 2 ,3-dihydroxypyridine (I) may  exis t  in f o r m s  Ia, b in neut ra l  media,  in f o r m  Ic in 
acid media,  and in fo rms  Id- f  in alkaline media .  
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According to the wel l -known pr inciple  of "fixed configurat ions" [5], N-me thy l -3 -hyd roxy -2 -py r id o n e  
(II) is the model of the pyridone form.  It is  seen f rom Table 1 that  the UV spec t r a  of I and II in dimethyl  
sulfoxide and ethanol are  identical.  This is evidence in favor  of fo rm Ia for  I in neutra l  media.  This  con- 
clusion is conf i rmed  by IR spec t roscopy.  In fact,  absorpt ion bands at 1660-1675 cm -1, which are  c h a r a c -  
t e r i s t i c  for  the valence v ibra t ions  of the C = O group in 2-pyr idone,  are  obse rved  in the IR s p e c t r a  of I and 
II in dimethyl  sulfoxide and in the c rys ta l l ine  s tate  (in KBr), and the integral  intensi t ies  of these  bands are  
approx imate ly  equal to the in tensi t ies  of the band of the C =O group in 2-pyr idone  (Table 2). 

The identical  c h a r a c t e r  of the UV s pec t r a  of 2 ,3-dihydroxypyrldine  and 2 -me thoxy-3 -hydroxypyr id ine  
and of the spec t r a  of I and II in acid media and the absence of the cha r ac t e r i s t i c  absorpt ion band of a c a r -  
bonyl group in the IR s p e c t r a  of I and II under  these  conditions a t tes t  to the exis tence of fo rm Ic in this  
medium.  
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TABLE 1. 

Compound 

UV Spect roscopic  Data 

2 ,3-Dihydroxypyridine 

N-Methy l -3 -hydroxy-2-pyr idone  

Medium 

Dimethyl  sulfoxide 
Ethanol 
Aqueous [1] 
0.1 N IICI [1] 
1 N  HC1 
Strongly acid [4] 
0.1 N NaOH 
1 N NaOH 

Dimethyl sulfoxide 

~" max ,  

240, 
240, 
234, 

222, 
252, 
253, 

n m  

300 
300 
300 
297 
290 
290 
310 
310 

320 

2-Methoxy-3-hydroxypyr id ine  

2 ,5-  Dihydroxypyridine 

Ethanol 
0.1 N HC1 
1 N HC1 
0.1 N NaOH 
1 N NaOH 

Aqueous [4] 
Acid [4] 

Dimethyl sulfoxide 
Ethanol 
0.1 N HCI [1] 
0.1 N NaOH 230, 

235, 

256, 
259, 

221, 
229, 

230, 
229, 
290, 

300 
298 
290 
310 
310 

280 
292 

336 
330 
313 
347 4.63, 

log 

4.22 
3.47, 3.87 
3.47, 3.87 
3.54, 3.81 

4.25 
3,45, 3.92 
3.81, 3.96 
4,21, 4.40 

4.31 
3.80 

3.55, 3.84 
4.44 

3:82, 4.00 
4.30, 4.35 

3.76, 3.76 
3.60, 3.92 

4.07 
4.06, 3.84 
3.81, 3.64 
4.40, 3.84 

In acid media,  the long-wave l r~  ~ * absorpt ion band of I e x p e r i e n c e s  a h y p s o c h r o m i c  shift due to 
protonat ion of the oxygen in the 2 position. In alkaline media,  on the other  hand, this  band exper i ences  a 
ba thochromic  shift. One of the r easons  for  the ba thochromic  shift is ionization of the hydroxyl group in the 
3 posit ion. This  is in ag reement  with the pK values  of 9.00 for  I [4] and 8.72 for  3-hydroxypyr id ine  [6]. 

The identical  c h a r a c t e r  of the UV s p e c t r a  of I and II and the absence of an absorpt ion band of a C=O 
group  in alkal i  media  in the i r  IR s p e c t r a  a re  evidence for  the exis tence of fo rm If  r a t h e r  then Id and Ie in 
this  medium. 

Thus 2 ,3-dihydroxypyridine ex is t s  in f o r m s  Ia, Ic, and If, r espec t ive ly ,  in neutra l ,  acid, and alkaline 
media.  

S i m i l a r l y ,  one should expect  the exis tence of f o r m s  IIIa, IIIc, and IIIf in neut ra l ,  acid, and alkaline 
media,  respec t ive ly ,  for  2 ,5-dihydroxypyridine (III}. 
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In fact,  within the l imi t s  of exper imenta l  e r r o r ,  the in tegral  intensity of the carbonyl  group abso rp -  
t ion band of III obse rved  in the IR s pec t rum  of a solution in dimethyl sulfoxide and in the c rys ta l l ine  state 
(KBr) is equal to the in tegral  intensi ty of the band of the C = O group in 2-pyr idone  and 2 ,3 -d ihydroxypyr i -  
dine. The absorpt ion band of the C=O group vanishes  in the IR spec t r a  of III in acid and alkaline media.  

The long-wave ~ - * v *  absorpt ion band in the UV spec t rum of III undergoes  a hypsochromic  shift in 
acid media  and a ba thochromic  shift in alkaline media,  as in the case  of 2 ,3-dihydroxypyridine.  Three  
absorpt ion m a x i m a  instead of the usual  two for  2-pyr idone  der iva t ives  are obse rved  in the e lec t ronic  ab-  
sorpt ion spec t rum of III in alkaline media.  

As in the case  of 2 ,3-dihydroxypyridine,  it follows f rom a compar i son  of the acidity constants  of III 
(pK 8.51 [6]), 2-pyr idone ,  and 3-hydroxypyr id ine  that  the f i -hydroxyl  group undergoes  ionization in alkaline 
media.  
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TABLE 2. IR Spectroscopic Data 

Compound Solvent 
Conch., 
mole/liter cm-1 c m - i  

2,3-Dihydroxy- 
pyri~ne 

N-Methyl- 3- hy- 
droxy- 2- pyri dine 

2-Py~done 

2,5-Dihydroxy- 
pyridine 

Dimethyl sulfoxide 

KBr 
1 N HCI 
1 N NaOH 

Dimethyl sulfoxide 

KBr 

1 N HC1 
1 N NaOH 

Dimethyl sulfoxide 

KBr 
Dimethyl sulfoxi de 

KBr 
0,1 N HCI 
0,I N NaOH 

0,0454 

0,0480 
0,091 
0,091 
0,0454 

0,0480 

0,09 t 
0,091 
0,0454 

0,0480 
0,0454 

0,0480 
0,091 
0,091 

1660 

1670 

1660 

1660-- 
1665 

1675-- 
1657 
1665 
1675 

1665 

25,0 

35,5 

28,0 

31,0 

28,0 

32,2 
26,4 

38,2 

Integral in ~ 
tenmy, liter/ 
mole �9 cm2 

540O0 

5O0OO 

57000 

48000 

600OO 

50000 
55000 

50,0OO 

TABLE 3. Energy and Electronic  Character is t ics  of Forms  Ia 
and IIIa of 2,3- and 2,5-Dihydroxypyridines in the Ground State 

Compound and I~ z ~ En' tran- AE, 

its form i~[~ ~ > eV sit_ion eV 

4 I 

l a  

7 4 
H 0 ,,, ,<J~a 

~ & 

Il la 

--15,733 
-14,210 
-12,314 
--11,110 
-8,749 
-1,484 
-0,528 
+1,889 

- 15,661 
-14,412 
-12,082 
-11,t97 
-8,798 
-1,720 
-0,313 
+1,854 

5-+6 
5-+7 
5-+8 
~1-+6 
4--+7 
4-->-8 
3~6 
3-+7 
3-+8 
5.-+6 
5~7 
5--+8 
4-,--6 
4-+7 
4->8 
3.-+6 
3-+7 
3--,,-8 

4,261 
4,8711 
6,170 I 
6,922[ 
7,166 I 
7,424/ 
8,57< 
9,152] 

10,426 t 
3,915 t 
5,217] 
6,218[ 
6,750] 
7,312[ 
7,359/ 
8,294] 
9,347 / 

10,087] 

nm 

0,380 
0,269 
0,348 
0,292 
0,493 
0,445 
0,038 
0,059 
0,030 
0,227 
0,320 
0,843 
0,148 
0,212 
0,273 
0,215 
0,009 
0,077 

+0,388 
+0,166 
+0,010 
- 0,064 
- 0,049 
-0,049 
+0,143 
- 0,543 

l +0,386 
+0,172 

0,015 
+0,008 
-0,030 
-- 0,095 
+0,116 
-0,543 

r 

--0,281 
--0,I16 
--0,405 
--0,340 
+0,335 
+0,412 
+0,337 
+0,480 

+ 0,359 
+ 0,087 
+ 0,336 
+0,058 
- -  0,402 
- 0,449 
+0,312 
-0,514 

Thus  an a n a l y s i s  of the UV and IR s p e c t r a  and the ion iza t ion  cons t an t s  of III is  ev idence  in favor  of 
the ex i s t ence  of f o r m s  IIIa, IIIc, and I I I f  in n e u t r a l ,  acid,  and a lka l ine  media ,  r e spe c t i ve l y .  

The r e s u l t s  of ca l cu l a t i on  by the P P P  method  of the e n e r g y  l eve l s  (En), e n e r g i e s  (AE), wave leng ths  
(X), and fo rces  of the o s c i l l a t o r s  ( f )  of the s i n g l e t - s i n g l e t  t r a n s i t i o n s ,  as wel l  as the d i s t r i b u t i o n  of ~ -  
e l e c t r o n  cha rges  and coef f ic ien t s  (ar)  of the upper  occupied  MO (r = r E a r f r ) ,  for  f o r m s  Ia and IIIa of 2 ,3 -  
and 2 , 5 - d i h y d r o x y p y r i d i n e s  a re  p r e s e n t e d  in Table  3. 

F o r  Ia and IIIa the ca l cu l a t i on  p r e d i c t s  the a p p e a r a n c e  in the r eg ion  above 220 n m  of two abso rp t i on  
bands  due to s ing le t  t r a n s i t i o n  of the m o l e c u l e s  to the f i r s t  (5-~ 6) and second  (5 ~ 7) exc i t ed  s t a t e s ,  and the 
o s c i l l a t o r  force  of the f i r s t  long-wave  ~r band  in  Ia is  g r e a t e r  than  the o s c i l l a t o r  force  of the second  band,  
while  the opposi te  is  t r u e  in IIIa. It is appa ren t  f r o m  a c o m p a r i s o n  of the ca l cu l a t ed  v a l u e s  with the e x p e r i -  
m e n t a l  data  f r o m  UV s p e c t r o s c o p y  for  2 ,3 -  and 2 , 5 - d i h y d r o x y p y r i d i n e s  in n e u t r a l  m e d i a  (Table 1) that  the 
ca l cu l a t i ons  s a t i s f a d t o r i l y  p r e d i c t  the n u m b e r  of r ~ ~* abso rp t i on  bands  in the a c c e s s i b l e  r eg ion  of the 
UV s p e c t r u m  and t h e i r  pos i t ions  and r e l a t i ve  i n t e n s i t i e s .  

F r o m  an a n a l y s i s  of the a r coef f ic ien t s  of the uppe r  occupied MO (r it can be conc luded  that  the 
5 ~ 6 and 5 ~ 7  t r a n s i t i o n s  are  mos t  p r o b a b l y  due to the t r a n s i t i o n  of a ~ e l e c t r o n  of the ca rbony l -g roup  
oxygen. 
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The uneven distribution of the effective v - e l e c t r o n  charges in Ia, IIIa, and II is apparently due to the 
effects  of conjugation of the cycl ic  ni t rogen atom of the pyr ro le  type and of the exocycl lc  oxygen atom of 
the phenol type and to the inductive effect  of the oxygen atom of the carbonyl  group. The maximum positive 
v - e l e c t r o n  charge in Ia and IIIa is concentra ted on the ni trogen atom, while the negative charge is concen-  
t r a t ed  on the carbonyl  oxygen. 

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

The UV spec t ra  were  measured  with an SF-4A spect rophotometer  (Table 1). The IR spec t ra  of KBr 
pel le ts  and solutions were  r eco rded  with a UR-10 spec t rophotometer  at 400-4000 cm -1 (Table 2). The 
integral  intensit ies of the IR absorption bands of the carbonyl  group were  calculated by the method in [7]. 
The neutra l  molecules  of 2,3-  and 2,5-dihydroxypyridines  were  calculated via the MO LCAO method within 
the P a r t s e r - P a r r - P o p l e  method [8, 9] f rom a p rog ram kindly provided by Kruglyak and co -worker s  [10]. 
The so-ca l led  var iable  fi approximation [11], according to which the bond integrals  ( ~  frame) are changed 
in each i terat ion in accordance with the adopted dependence on the bond order  values being calculated, was 
introduced into the var iant  of the P P P  p rog ram  in o rde r  to refine the values of the fi~ v f rame integrals  cal-  
culated for  different in teratomic distances.  The Nishimoto and Fos te r  sys tem of p a r a m e t e r s  was used in 
the calculations. The orbital  ionization potentials  (I~) and the orbital  affinity (A~) for  the atoms were  taken 
f rom Hinze and Jaffe.  The two-cen te r  e lec t ron- repu l s ion  integrals  were  es t imated  f rom the Matago-Nlshi -  
moto formula.  Nine singly exci ted configurations were  taken into account in the calculation of the e lec t ron  
t ransi t ions .  The bond lengths and angles were  assumed to be the same as in 2-pyr idone [11] in the se lec -  
t ion of the molecular  geometry  for  the pyridone forms  but were  assumed to be the same as in pyridine [11] 
for  the hydroxy form,  witti an average C - O  bond length of 1.35 A. 
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