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It  has been  es tab l i shed  by  UV spec t roscopy  that 3-hydroxypyr id ine  N-oxide in aqueous and 
acid solut ions exis ts  in the f o r m  of the conjugate acid, and in an alkal ine med ium in the 
anionic fo rm:  no b ipo la r  f o r m  has been  detected in aqueous solution. Using Huckel ' s  MO 
LCAO method the indices of the ~r-electronic s t ruc tu re  have been calculated for  var ious  

+ 
f o r m s  of 3-hydroxypyr id ine  N-oxide.  The values of the local izat ion energies  L r obtained 
agree  with the exper imenta l ly  observed  sequence of e lec t rophi l ic  substi tution in 3 -hydroxy-  
pyr id ine  N-oxide in acid and alkaline media .  

I t  has been es tabl i shed by UV spec t roscopy  that 3-hydroxypyr id ine  N-oxide (I) exis ts  in ethanol [1] in 
the f o r m  of the f r ee  base  (In)' and in an acid medium [2, 3] in the f o r m  of the conjugate acid (Ic). 

It  has been shown by IR spec t roscopy  [4] that compound (I) in the c r y s t a l  s ta te  exis ts  in the fo rm of 
the ion p a i r s  (In ~ Ib). 

la lb Ic Id 

Elect rophi l ic  substi tut ion in compound (I) t akes  p lace  in posi t ion 2 in an acid med ium [5] and in pos i -  
t ions 2 and 6 in an alkal ine med ium [6]. It has been es tabl i shed by PMR [7] that in the ac id -ca t a lyzed  ex- 
change of hydrogen in posi t ion 2, compound (I) r e ac t s  as the f r ee  base ,  but it is not known whether  in f o r m  
f~a) o r  fib). 

In the p r e s e n t  work we have m e a s u r e d  the UV s p e c t r a  of compound {I) and i ts  de r iva t ives  in var ious  
med ia  (Table 1) and have calculated the indices of the ~r-electronic s t ruc tu re  by Huckel ' s  MO LCAO 
method [8]. 

In aqueous solution, 3-hydroxypyr id ine  ex is t s  in the neut ra l  and b ipo la r  f o r m s  [9], which a r e  cha r -  
a c t e r i z e d  by long-wave rr~rr* absorpt ion  bands at 277 and 313 nm, respec t ive ly .  The rr ~ band, which 
c h a r a c t e r i z e s  the b ipo la r  form.  is at a longer  wavelength than the band c h a r a c t e r i s t i c  for  the anionic f o r m  
(298 nm) in an alkaline medium.  The UV s p e c t r a  of compounds of type {I) (Table 1) in aqueous and acid 
solut ions a r e  s i m i l a r  to one another .  This indicates  the p r e s e n c e  in aqueous solution of only the cationic 
f o r m  fic). In ethanolic and alkaline solutions ba thochromic  shif ts  of the long-wave ~r ~ r *  band a re  observed,  
averag ing  9 and 16 nm, r e spec t ive ly .  This can be explained by the loss  of one. and then of another,  proton 
by  the conjugate acid {Ic). Thus, compound (I) and i ts  de r iva t ives  exis t  in th ree  f o r m s  in ethanolic, aque- 
ous, and alkaline media:  (Ia). (Ic), and (Id), r e spec t ive ly .  It follows f r o m  the ca lcula ted  values of the de- 
loca l iza t ion  energ ies  for  one rr e lectron,  equal to 0.228, 0.216, and 0.234 B for  f o rms  (Ia), (Ic), and {Id), 
r e spec t ive ly ,  tha t the  s tabi l i t ies  of the th ree  fo rms  of compounds (I) a re  s im i l a r .  This is in ha rmony  with 
the case  of t rans i t ion  of compound ([) f r o m  one f o r m  to another .  The lowest  empty  and highest  occupied 
MOs calcula ted f r o m  energy  dif ferences ,  of 1.68, 1.77. and 1.62 B and the values  of Xmax for  the long-wave 
rr ~ ~r* band at /3 = - 2 . 4 4 5  eV [10] for  the f o r m s  (Ia), (Ic), and (Id) ag ree  well with the exper imenta l  values  
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T A B L E  1. UV S p e c t r a  of  3 - H y d r o x y p y r i d i n e  N - O x i d e s  

Com- 
pound 

Ill H 

IV CH~ 

VI 

VII 

I!IA 

~. Medium ~-msx. nm 

H' E 

CH3 H 

C: 

V t CsH~ 

p-CHaCsH4 H 

p-CH~OC6H4 H 

CH~ 

p-CICsH~ H 

IX o-(CH3)2CHCsIL H" 

XI 

XII 

p-NO~C~H, H 

3-Hydroxy-2-meth- 
ylpyridine 

3-Hydroxy-2-phen- 
ylpyridine 

Ethanol 
Water 
1 N fiC1 
1 N KOH 

Ethanol 
Water 
1 N HCI 
I N KOH 

Ethanol 
Water 
I /V HCI 
1 N KOH 

Ethanol 
Water: 
1 g HCI 
I N KOH 

Ethanol 
W a t e r  

I N HCI 
1 N KOH 

Ethanol 
W a t e r  
1 N HC1 
1 /7 KOH 

Ethanol 
W a t e r  
I N HCI 
l N KOH 

Ethanol 
Water 
I N HCI 
1 ,V }(OH 

Ethanol  
W a t e r  
I N HCt 
1 N KOH 

Ethanol 
Water 
' Y HCl 

,v KOtl 

Ethanol 
Water 
1 h r HCI 

:V t(OII 

Ethanol 
W a t e r  

N HCI 
; N KOH 

224 244 262 302 
220 253 295 
220 255 289 
234 3 I4 

222 262 300 
220 254 295 
220 255 29t 
235 316 

222 257 307 
220 250 301 
220 252 295 
232 320 

222 257 305 
220 251 300 
220 251 297 
232 320 

244 265 310: 
222 255 302 
220 302 
240 324 

230 246 310 
222 305 
222 305 
236 323 

230 255 316 
222 248 306 
222 305 
235 329 

245 312 
222 238 303 
222 238 302 
237 323 

230 242 312 
222 238 304 
222 238 305 
236 323 

220 265 305 
220 258 300 

�9 220 258 302 
237 258 315 

220 282 
220 249 290 316 
224 288 
220 245 306 

300 
295 345 
245 317 
252 322 

3,56 3,75 3.97 2,98 
4,16 3,94 3.29 

4,22 3,92 3'32 
4,23 3,87 3,40 
3,92 3.42 3.66 
4,34 3,75 

4.19 3"90 3.38 
4,22 3,95 3,59 
4,05 3,57 3,63 
4,41 3'64 

4,32 3"90- 3,38 
4,32 3,92 3,56 
3,93 3,27 3,74 
4,43 3.75 

4,22 3.80 3,50 
4,26 r 3,38 3,56 
4.20 4.00 
4,32 4.00 

4.26" 4,31 3,75 
4.23 3.70 
4.28 3,83 
4,85 3,86 

3,49 3A8 3,06 
4,29 4.07 3,72 
4.27 3,83 
4.26 3,78 

4,34 3.69 
4.28 4A6 3,68 
4,16 4,00 3,68 
4,36 3.85 

4,20 4.31 3,74 

4,36 3,86 

3,96 3.73 3,4] 

3.62 3"6b 
3,62 3,51 3,47 3,60 
3.44 3,80 
3;42 3,90 3,72 

4,15 
3,77 3,62 
4,02 4.36 
3,91 4,06 

o f  X m a  x .  T h e  v a l u e s  o f  t h e  i o n i z a t i o n  p o t e n t i a l s  found  f r o m  t h e  e n e r g i e s  of  t he  h i g h e s t  o c c u p i e d  M O s  of  

0 .738 a n d  0 .887 /3 f o r  f o r m s  (Ia) and  (Ic) a r e  8 .60  and  9 .00  eV. r e s p e c t i v e l y ,  and  a r e  c l o s e  to  t h e  i o n i z a t i o n  

p o t e n t i a l  o f  p h e n o l  (8.50 eV) .  

T h e  l e n g t h  of  t h e  C - - - C  and  C - - : N  b o n d s  c a l c u l a t e d  f r o m  t h e  bond  o r d e r s  b y  m e a n s  o f  t h e  f o r m u l a s  

o f  D e w a r  and  M o r i t a  and  t h o s e  o f  t h e  N - O  b o n d  f r o m  G i i n t e r ' s  f o r m u l a  [12] a g r e e  w i t h  t h e  known  e x p e r i -  

m e n t a l  r e s u l t s  f o r  p y r i d i n e ,  p h e n o l ,  and  t h e  c o n j u g a t e  a c i d  of  p y r i d i n e  N o x i d e  [13]. 

T h e  c a l c u l a t e d  v a l u e s  o f  t h e  l o c a l i z a t i o n  e n e r g i e s  (L +) f o r  c o m p o u n d  (I) in  t h e  f o r m s  {Ia, e, and  d) 

g i v e  a s e q u e n c e  of  e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  2 > 6 > 4 > 5, w h i c h  a g r e e s  c o m p l e t e l y  w i t h  t h e  k n o w n  e x -  
p e r i m e n t a l  f a c t s  f o r  a c i d  and  a l k a l i n e  m e d i a  ( T a b l e  3). At  t h e  s a m e  t i m e ,  i t  c a n  b e  s e e n  f r o m  T a b l e  3 t h a t  

t h e  c a l c u l a t e d  ~r- e l e c t r o n i c  c h a r g e s  Q r  and  t h e  l i m i t i n g  e l e c t r o n  d e n s i t i e s  f r  + do  no t  g i v e  t h e  e x p e r i m e n t a l -  

l y  o b s e r v e d  s e q u e n c e  o f  e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  c o m p o u n d  fi). T h i s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  

e l e c t r o p h i l i c  s u b s t i t u t i o n  of  c o m p o u n d  {I) t a k e s  p l a c e  t h r o u g h  t h e  f o r m a t i o n  o f  a n  i n t e r m e d i a t e  ~ c o m p l e x ,  

and  no t  a v c o m p l e x .  I t  m u s t  b e  n o t e d  t h a t  t h e  v a l u e s  o f  L + and  Q r  f o r  t h e  f o r m s  (ia), (Ic), and  (Id) s h o w  
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TABLE 2. 9 -  E l ec t ron i c  Cha rges ,  Bond O r d e r s  and Lengths  of the  
F o r m s  {Ia, c, and d) of 3 - H y d r o x y p y r i d i n e  N-Oxide  

~o I. ~ r - E l e c t r o n i c  charge Bond 
~I la I Ic Id , 

' +0,123 1 +0,123] +0,168 1--2 
2 -0,011i+0,026 -0,0261 ~_-~ 
3 +0029 +0,027 +0,033] 
4 1-0022[ +0,006 -0,0361 4--5 
5 -0,001 i - 0  0021 -0,00l ] 5--6 
6 I -0,003 +0,037] -0,0161 1--6 
7 i +0,039j +0,039[ +0,076i l--8 
8 i +0,093 I +0,041 I +,0,6931 3--7 

Bond order (bond - length, ~) 
Ia 

0,636 (1,334)- 
0,659 (1,397) 
0,649 (I,399) 
0,665 (1,396) 
0,671 (1,395) 
0,633 (1,335) 
0,282 (1,368) 
0,197 (1,36l) 

Ic Id 

0,647 (1,332) 
0,656 (1,397) 
0,651 (1,398) 
0,667 (1,396) 
0,669 (1,395) 
0,644 (1,333) 
0,182 (1,406) 
0,197 (I,361) 

0,639 (1,334) 
0,647 (1,399) 
0,637 (1,401) 
0,668 (1,395) 
0,669 { 1,395) 
0,631 (l,336} 
0,282 (1,368) 
0,275 (I,350) 

TABLE 3 

No.  of  I I Form l f,- f,~ .F, L; L,- I L,~ 
I atoms I 

2 

6 

2 
Ic 4 

5 

6 

2 
4 id ~ 

O. t ~v + 

- 0,01 l 0,045 
- 0,022 0,202 
-0,001 9,011 
-0,003 0,137 

-0,026 0,150 
+0,006 0,077 
--0,002 0,080 
+0,033 I 0,280 
-0,026 0,010 
--0,036 0,194 
--O,O01 0,022 
--0,016 0,220 

0,170 
0,295 
0,123 
0,044 

0,170 
0,o00 
0,088 
0,083 

0,I93 
0,282 
0,i40 
0,031 

0,I07 
0,248 
0,062 
0,090 

0,I10 
0,188 
0,084 
0,182 

0,101 
0,238 
0,131 
0,130 

0,440 
0,42 l 
0,399 
O,431 

0,432 
0,417 
0,399 
0,422 

0,449 
0,430 
0,398 
0,435 

2,358 
2,394 
2,544 
2,374 

2,482 
2,516 
2,542 
2,500 

2,278 
2,314 
2,546 
2,310 

. 

2,486 2,422 
2,522 2,458 
2,544 2,544 
2,504 2,439 

L 
2,544 I 2,513 
2,5~0 ! 2,548 
2,542 i 2,542 
2,562 ~ 2,531 

2,496 ] 2287 
2,532 [ 2,424 
2,546 2,546 
2,530 2,420 

the  g r e a t e r  r e a c t i v i t y  of compound (I) in an a lkal ine  m e d i u m  than in an acid medium,  which is a l so  in a g r e e -  
men t  with exper imen t .  T h e r e  is  no i n f o r m a t i o n  in the l i t e r a t u r e  on nucleophf l ic  and r ad i ca l  subs t i tu t ion  
r e a c t i o n s  in compound  (I). The r eac t i v i t y  indices  fo r  nuc leophi l i c  subs t i tu t ion  (L r ,  Qr, a n d f r ) a n d  for  
r a d i c a l  subs t i tu t ion  (Lr ~ a n d f r  ~ and the  f r e e - v a l e n c e  index (Fr) fo r  the r e a c t i o n  c e n t e r s  of f o r m s  (Ia), {Ic), 
and (Id) have been  ca lcu la ted  and a r e  given in Table  3. 

EXPERIMENTAL 

Compounds  (V-X) w e r e  obtained by  oxidizing the c o r r e s p o n d i n g  bases  [14]. The UV s p e c t r a  w e r e  r e -  
c o r d e d  on a S F - 8  s p e c t r o p h o t o m e t e r .  In the ca lcu la t ion  we used  the Coulomb and r e s o n a n c e  p a r a m e t e r s  
which  we found f o r  3 - h y d r o x y - 2 - p h e n y l p y r i d i n e  [10] and an aux i l i a ry  induct ive  p a r a m e t e r  f o r  the n i t rogen  

+ 
a t o m  of hi = hs/10.  The r e s o n a n c e  p a r a m e t e r s  R ~ _  O = 0.76 and RN_OH = 0.68 w e r e  found f r o m  the va lues  
of  k m a x  fo r  the  l ong -wave  v--~r* abso rp t ion  band in the UV s p e c t r a  of compound (I) in  neu t r a l  and ac id  
m e d i a  [10]. 

LITERATURE CITED 

1. E. Shaw, J .  A m e r .  Chem.  Soc.,  71, 67 (1949). 
2. H . H .  Jaffe ,  J .  A m e r .  Chem.  Soc., 7_.~7, 4451 (1955). 
3. J . N .  Ga rdne r  and E. Snell, J .  Chem. Soc.,  4375 (1957). 
4. K . M .  Dyumaev,  G.  N. Rodionova,  and R. E. Lokhov, Khim.  Ge te ro t s ik l .  Soedin. (1974). 
5. K. Lewicka  and E. P lazek ,  Rec .  T rav .  China., 7.88, 644 (1959). 
6. K. Lewicka  and E. P lazek ,  Roczn .  Chem. ,  40, 405 (1966). 
7. G . P .  Bean,  P .  J .  Br igne l l ,  C. D. Johnson,  A. R. Ka t r i t zky ,  B. I. Ridgewell ,  H. O. Tarhan ,  and A. M. 

White,  J .  Chem. Soc., B, 1222 (1967). 
8. E. S t r e i tw iese r ,  Molecu la r  Orb i ta l  T h e o r y  fo r  Organic  Chemis t s .  Wi ley  (1961). 
9. D . E .  Me tz l e r  and E. Snell, J .  A m e r .  Chem. Soc.,  77, 2431 (1955). 

10. V . T .  Grachev ,  V. N. Kosty lev ,  B. E. Zai tsev,  V. I. Kuz 'min ,  K. M. Dyumaev,  and L. D. Smirnov,  
Teo re t .  l~ksperim. Khim.,  8,  224 (1972). 

11. M . J . S .  Dewar  and T. Mori ta ,  J .  A m e r .  Chem.  Soc.,  9-7, 796 (1969). 
12. H. Giinter ,  Ber . ,  103, 3370 (1970). 

82 



13. L . E .  Sutton, Tables of Interatomic Distances and Configuration in Molecules and Ions, The Chemical 
Society, London (1958). 

14. L .D .  Smirnov. V. I. Kuz'min, A. E. Zbarskii, V. P. Lezina. and K. M. Dyumaev, Izv. Akad. Nauk 
SSSR, Set. Khim. (1974). 

83 


