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It was shown by UV spec t ro scopy  that the int roduct ion of CH 3 and CH2Ph groups  into the 2 
pos i t ion  of 3 - h y d r o x y p y r i d i n e  and i ts  N-oxides  does  not have a subs tan t ia l  effect  on the ac id -  
base  t r a n s f o r m a t i o n s  of these  compounds.  The effect  of methyl  and benzyl g roups  on the e l e c -  
t ronic  and ene rgy  c h a r a c t e r i s t i c s  of 3 -hyd roxypyr id ine  and i ts  N-oxide  was  studied by means  
of pe r tu rba t ion  theory  within the f ramework  of the Htickel MO method. The r e a c t i v i t y  indexes 
(RI) of 2 - m e t h y l -  and 2 - b e n z y l - 3 - h y d r o x y p y r i d i n e s  and the i r  N-oxides  were  ca lcu la ted ,  and 
the RI were  c o r r e l a t e d  with the e x p e r i m e n t a l l y  o b s e r v e d  r e g u l a r i t y  of the o r ien ta t ion  of e l e c -  
t rophi l ic  subst i tut ion in the ind ica ted  compounds.  

2 -Me thy l -  and 2 - b e n z y l - 3 - h y d r o x y p y r i d i n e s  and the i r  N-ox ides  were  inves t iga ted  in the p r e s e n t  r e -  
s ea rch  by s p e c t r a l  and quan tum-chemica l  methods  for a sys t ema t i c  study of the s t r u c t u r e s  and r e a c t i v i t i e s  
of 3 -hyd roxypy r id ine  and i ts  d e r i v a t i v e s ,  which have a number  of valuable  b io log ica l  p r o p e r t i e s  [1, 2]. 

One of the p e c u l i a r i t i e s  of 3 -hyd roxypyr id ine  (I) and i ts  N-oxide (II) is  the pos s ib i l i t y  of t h e i r  e x i s -  
tence in neu t r a l  (N), d ipo l a r  (D), ca t ionic  (C), and anionic (A) forms ,  depending on the pH of the medium 
[3, 4]. 
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Our c o m p a r i s o n  of the e l ec t ron i c  absorp t ion  s p e c t r a  [3, 4] of I and II with the s p e c t r a  of 2 - m e t h y l -  
(III) and 2 - b e n z y l - 3 - h y d r o x y p y r i d i n e s  (IV) and the i r  N-oxides  (V, VI) showed that the in t roduct ion of CH3 
and CH2Ph groups  into the 2 pos i t ion  does  not affect  the a c i d - b a s e  t r a n s f o r m a t i o n s  of I and II. In fact, it 
i s  apparen t  f rom Table  I that  III and IV have ~max 282 and 284 nm of the longwave 7r-~* absorp t ion  bands 
c h a r a c t e r i s t i c  for  the H form of I [3]. However ,  the s pe c t r a  of III and IV in w a t e r  contain bands at 316 and 
320 nm that c h a r a c t e r i z e  the B and N fo rms .  A s  in the case  of I [3], ba thochromie  shif ts  (/_jA) of the long-  
wave band of 24 and 22 nm are  o b s e r v e d  in the UV s p e c t r a  of III and IV on pas s ing  f rom neu t ra l  to a lkal ine  
media ,  w h e r e a s  ba thochromic  shif ts  of 6 and 8 nm are  obse rved  on pass ing  f rom neu t r a l  (ethanol) to ac idic  
media .  The f i r s t  shift  i s  due to ionizat ion of the OH group,  w he r e a s  the second shift  is  due to pro tonat ion  
of the r ing n i t rogen  [3]. As  in the case  of II [4], ba thochromic  shif ts  of the long-wave band (average A~ 
va lues  of 9 and 25 rim, r e spec t ive ly ) ,  a r e  o b s e r v e d  in the s pe c t r a  of V and VI on .pass ing  f rom acidic  to 
neu t ra l  (ethanol) and a lka l ine  media .  This  is  due to l o s s  of p ro tons  by the %b~--OH and OH4groups [4]. 
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T A B L E  1. UV S p e c t r a  of  I I I - V I  

C o m -  
pound 

1II 

IV 

VI 

Medium 

Ethanol 
Water 
1 N HC1 
1 N KOH 
Ethanol 
Water 
1 N HC1. 
1 N KOH 
Ethanol 
Water 
i N HCI 
1 N KOH 

Ethanol 
Water 
1 N HCI 
I N KOH 

'220 
220 249 290 
224 
220 245 

220 251 286 
220 
220 240 
222 262 
220 254 
220 955 
235 
266 ~ 
220 
220 258 
235 

3,62 
3,62 
3,44 
3.42 

3.63 
3,90 
4,22 
4,2~3 
3,92 
4.34 
4,11 

4,45 

]g 8ra c==r 

3,66 
3,60 
3,82 
3,72 

3,81 

4,01 
3,84 
3,32 
3,40 
3,66 
3,75 
3,29 

3,85 

3,61 3,49 

3,90 

3,92 
3,92 
3,87 
3,42 

3,94 

AE 

exptl.Jealc. 

1,80 1,80 
1,61 1,61 
1,76 1,76 
1,66 1.66 

1.79 1,79 
1,,59 1,59 
1,74 1,74 
1,66 1.66 
1,70 1,67 

1,75 1,75 
1,61 1,61 
1,67 1,67 

1.72 1,72 
1,59 1,69 

T A B L E  2. E l e c t r o n i c  C h a r a c t e r i s t i c s  a n d  B o n d  L e n g t h s  f o r  t he  H 

F o r m s  of  I I I - V I  

Compound No. of r-s 
and form the atom er bond Pr, rr~ " -  

III N 

IV N 

V N  

Vl N 

5 
6 
7 
8 
1' 
2' 
3' 
4' 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 
V 
2' 
3' 
4' 

1,082 
1,012 
0,974 
1,006 
1,004 
0,987 
1,961 
1,972 
1,082 
1,012 
0,974 
1,0~6 
1,004 
0,987 
1,961 
1,963 
1,033 
0,990 
1.000 
0,994 
1,1~5 
1,032 
0,972 
1.,022 
1.002 
1,003 
1.961 
1,976 
1.808 
1,125 
1,032 
0,972 
I.,022 
1,0~2 
1,003 
1,961 
1,968 
1,808 
1,033 
0,990 
1,001 
lt,994 

I--2 
I--6 
2--3 
3--4 
4--5 
5--6 
3--7 
2--8 
I--2 
I--6 
2~3 
3--4 
4--5 
5--6 
7--3 
8---2 
I '--8 
I '---2' 
2'---3' 
3'---4' 
I--2 
I--6 
2--3 
3--4 
4"--5 
5--6 
7--3 
8--2 
9--I 
I--2 
I--6 
2--3 
3--4 
4--5 
5--6 
7--3 
8--2 
9--I 
I '--8 
I '--2'  
2'---3' 
3'--4' 

0,658 
0,664 
0,644 
0,655 
0,667 
0,665 
6,197 
0,164 
0.657 
0,664 
0,644 
0,655 
0,667 
0,665 
0,197 
0,165 
0.091 
0,663 
0,667 
0,666 
0,629 
0.634 
0,652 
0,65! 
0,664 
0,671 
0,197 
0,149 
0.23,2 
0,629 
0,634 
0,651 
0,651 
0.664 
0,671 
0,197 
0,159 
0.282 
0290 
0,663 
0,667 
0,666 

1,331 
1.330 
1,400 
1298 
1,3~ 
1,396 
1,363 
1.510 
1,331 
[ ,330 
1,400 
1298 
1,395 
1,396 
1,363 
l,SlO 
1,525 
1,396 
1.395 
I.~5 
1,336 
1,335 
1,399 
1,399 
1,396 
1.395 
1363 
1,513 
1.368 
1.335 
1,334 
1,399 
1,399 
1,396 
1,395 
1,363 
1,513 
1,358 
1,525 
1,396 
1295 
1,395 

In  o r d e r  to e v a l u a t e  t h e  e f f e c t  o f  m e t h y l  a n d  b e n z y l  g r o u p s  on  t he  e l e c t r o n i c  a n d  e n e r g y  c h a r a c t e r i s -  

t i c s  of  t h e  v a r i o u s  f o r m s  o f  I a n d  II ,  we  u s e d  t he  p e r t u r b a t i o n  t h e o r y  d e v e l o p e d  f o r  t he  H t i c k e l  M O  m e t h o d  

by  C o u l s o n ,  L o n g u e t - H i g g i n s  [5] ,  a n d  D e w a r  [6].  I n  a d d i t i o n ,  p e r t u r b a t i o n  t h e o r y  m a k e s  i t  p o s s i b l e  to d e t e r -  

m i n e  t he  n u m e r i c a l  v a l u e s  o f  t he  c o u l o m b i c  a n d  r e s o n a n c e  p a r a m e t e r s  t h r o u g h  t he  u s e  of  t h e  l o n g - w a v e  

a b s o r p t i o n  b a n d  in  t h e  UV s p e c t r a  o f  v a r i o u s  c o m p o u n d s  [7].  

A c o m p a r i s o n  of  t h e  c a l c u l a t e d  v a l u e s  [ the  ~ - e l e c t r o n  d e n s i t y  (g r ) ,  t h e  b o n d  o r d e r s  ( P r s ) ,  a n d  b o n d  
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T A B L E  3. R e s u l t s  of C a l c u l a t i o n s  of  the E n e r g y  V a l u e s  in the Uni t s  
P r e s e n t e d  in [71 (/3 = - 2 . 4 4  eV) 

Substituent in the 2 position 
CH= CH~-Ph 

IN. 
IB 
IC 
IA 

IIN 
IiC 
IIA 

0,04 
0,02 
0,04 
0,05 

--0,01 
0,02 
0,0l 

0,04 
0,02 
0,54 
0,05 
0,01 
0,02 
0,01 

0,1~ 
0,170 
0,180 
0,300 
0,164 
0,178 
0,321 

0,oo31 o~041 o,o5 
0,085 1 0,268 ! 0,04 
o,o~1 o,26o 0,08 
o,i~o I 0,2~ 0,05 
0,082 / 0,228 0,01 
0,089 o,216 0,05 
0,161 0,534! 0,03 

0,05 i 0,217 0,04 0,240 
0,06- 0,232 
0,05 0,3O4 
0,01 0,240 
0,05 0,208 
0,03 [ 0,376 

0,627 t 0,028 
0,030 
0,02910,0220'033 
0,038 t 0,028 
0,030 0,026 ] -0,008 -0,024 
0,047 [ 0,14 

T A B L E  4. R e a c t i v i t y  I n d e x e s  for  the V a r i o u s  F o r m s  of  I I I -VI  

Compound i i r No. of ; 
and its form ] the atom! 

Polarization step_ 
Qr ~rr 

+O,OO8 0,4O4 
-O,Ol~ 0,398 
+0,034 0,403 
--0,Ol I 0,4 I0 
-0,0,19 0,4(~ 
+0,010 0,406 
+0,008 0,404 
--0,013 0,398 
+0,034 0,4~ 
+ 0,0O5 0,404 

0,O9O 0398 
+0,003 0,399 
- 0,011 0,406 
-0,010 0,400 
+0,010 0,404 
+0,015 0,399 
--0,001' 0,398 
+0210 0399 
+0,006 0,407 
--0,01 I. 0,398 
+0,033 0,410 
-0,036 0,415 
-0,031 0,399 
--0,014 0,420 
+0,0O6 0,407 
-- 0,0 l 1 0,398 
+0,033 0,r 
+0,004 0,452 

0,000 0,398 
+0,0O2 0,400 
-- 0,036 0,415 
--0,031 0,400 
--0,014 0,420 
+0,006 0,401 

0,000 O,398 
+0,003 0,399 

~r corn 

0,04~ 
0,309 
0,4r~2 
0,002 
0,172 
0,326 
0,029 
0,274 
0,370 
0,034 
0,012 
0,072 
0,058 
0,218 
0,320 
0201 

0,002 
0,060 
0,318 
0,480 
0.014 
0,242 
0,180 
0,02.2 

i 0,302 0,320 
0,056 
0,092 

i 0,132 
0,064 
9,060 
0,433 
0,016 
0202 
0,026 

)lex 
Sr 

0,817 
0,807 
0,825 
J,926 
0,920 
0,930 
0,818 
0,828 
0,811 
0,853 
0,830 
0,846 
0,844 
0,824 
0,890 
0,927 
0,824 
0,83! 
0,856 
0,826 
0,90O 
1209 
0,953 
1,022 

0,860 
0,828 
0,843 
0,874 
0,816 
0,870 
1,008 
0,949 
1,0t7 
0,861 
0,838 
0,857 

II[C 4 ' 

IIIA 4 ~ 
,5 
6 

IVC 4 
5 
6 
2 
3 
4 

IVA 4 
5 
6 
2 
3 
4 

VC 4 
5 
6 

VA 4 

VI C 4 
5 
6 

4 
VI A, 4 

5 
6 

VI A 2 

o c__omple - x 
Lr 

2,542 
2,582 
2,542 
2,466 
2,515 
2,462 
2,543 
2,582 
2,543 
2,485 
0,539 
2,490 
2,459 
2,516 
2,462 
2,527 
2,533 
2,529 
2,514 
2,534 
2,505 
2,392 
2,440 
2,308 
2,516 
2,532 
2,508 
2,490 
2,545 
2,495 
2,320 
2,434 
2,310 
2,526 
2,532 
2,530 

l e n g t h s  ( r r s )  f o r  t he  N f o r m  of  I I I -VI  (Table  2)] wi th  the  a n a l o g o u s  v a l u e s  [4, 7] of  the N f o r m  of  I and II,  
r e s p e c t i v e l y ,  i n d i c a t e s  the w e a k  e f f ec t  of  CH 3 and CH2Ph g r o u p s  on the e l e c t r o n i c  c h a r a c t e r i s t i c s  of  the 
f l - p y r i d o l  r i n g .  F o r  t h i s  r e a s o n ,  the  n o n u n i f o r m  d i s t r i b u t i o n  of  the v - e l e c t r o n  d e n s i t y  on the c a r b o n  a t o m s  
in the h y d r o x y p y r i d i n e  r i n g  of  I I I -VI  m o l e c u l e s  i s  a s s o c i a t e d  p r i m a r i l y  wi th  the  e f f ec t  of  the  r i n g  n i t r o g e n  
a t o m  and the OH g roup .  

The t r a n s i t i o n  e n e r g i e s  (AE) found f r o m  the d i f f e r e n c e  in the e n e r g i e s  of  the l o w e r  v a c a n t  m o l e c u l a r  
o r b i t a l  and the h i g h e r  o c c u p i e d  m o l e c u l a r  o r b i t a l  f o r  the m a x i m u m  of  the l o n g - w a v e  a b s o r p t i o n  band (Table  
1) a n d  the c a l c u l a t e d  v a l u e s  (ABE) (Tab le  3),  wh ich  c h a r a c t e r i z e  the e f f e c t  o f  CH 3 and CHzPh g r o u p s  on the 
AE v a l u e s  of  I and II  a r e  in good a g r e e m e n t  wi th  the  e x p e r i m e n t a l  da ta .  

A m e a s u r e  of  the  i n t e r a c t i o n  o r  c o n j u g a t i o n  of  a s u b s t i t u e n t  (S) wi th  a ,x- r ing s y s t e m  (R) i s  e n e r g y  
A c t S ,  wh ich  i s  equa l  to the d i f f e r e n c e  in the v e n e r g i e s  of  c o n j u g a t e d  s y s t e m  rS and the e n e r g i e s  of  the i s o -  
l a t ed  RS and S s y s t e m s .  The  c a l c u l a t i o n s  show (Table  3) tha t  the  e n e r g y  of  con juga t i on  of  the CH 3 g r o u p  i s  
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less  than the energy of conjugation of the CHePh group with the hydroxypyridine ring in III-VI. Energy Ae RS 
enters  into the delocalization energy pe r  7r e lectron (DERS/n+K) of sys tem RS, charac te r iz ing  the change in 
the stabili ty DER/n of sys tem R. As a consequence of this, the newly obtained RS compound will be more 
stable than the s tar t ing compound under the condition 

heRs/k > DER/n-  DES/k = ADER/n, 

where DE R and DE S are  the delocalization energies ,  and n and k are  the number  of r e lec t rons  in isolated 
sys tems  R and S, respect ively.  

F rom an analysis  of Table 3 it can be concluded that the addition of a CH 3 group lowers  the stability 
of I and II, whereas  the addition of a CH2Ph group somewhat inc reases  their stability. The destabilizing 
effect of the CH 3 group was established during a mas s - spec t ro scop i c  investigation of I and III, according to 
which transit ion f rom 3-hydroxypyridine to 2-methyl -3-hydroxypyr id ine  was accompanied by a decrease  in 
the stability with respec t  to e lectron impact  f rom 28 to 22.6 %, respect ively  [8]. 

In the theoret ical  examination of substitution react ions  within the f ramework of the MO method the 
most  important  react ivi ty  indexes (RI) are  the 7r-electron charge (Qr), the atomic self -polar izabi l i ty  (rrr)  
in the polar izat ion step, the boundary electron density (fr), the hyperdelocal izabil i ty (Sr) in the 7r complex 
of the t ransi t ion state, and the localization energy (Lr) in the cr complex. 

According to the data in [9-12], electrophil ic substitution in III and V proceeds  at the 6 and 4 posit ions 
in alkaline and acidic media. The phenyl ring has the highest react ivi ty in IV and VI in acidic media, whereas  
the hydroxypyridine ring has the highest react ivi ty in alkaline media [9-12]. The coulombic and resonance 
p a r a m e t e r s  found by means of per turbat ion theory made it possible to calculate the RI for III-VI (Table 4); 
these RI accurate ly  predict  the direct ion of electrophil ic  substitution in 2-methyl -3-hydroxypyr id ine  and its 
N-oxide and confi rm the established regular i ty  of orientation of electrophil ic  substitution as a function of 
the medium in 2-benzyl-3-hydroxypyr id ine  and its N-oxide. 

The best agreement  between the calculations and the exper iments  was found when the localization 
energies  (Lr) were used as the RI, whereas  the 7r-charge distribution (Qr) does not determine the direct ion 
of electrophil ic  attack. 

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

The UV absorption spectra  (Table 1) were recorded  with an SF-8 spectrophotometer .  

The following were used in the calculations of III-VI by means of perturbat ion theory within the f r ame-  
work of the Hiickel MO method: a heteroatomic model of the CH 3 group with coulombic p a r a m e t e r  h = 2, 
the coulombic and resonance p a r a m e t e r s  for the nitrogen and oxygen atoms of the OH and N - O  groups that 
we found in [4, 7], resonance pa rame te r s  RC_CH 3 = 0.54, 0.47, 0.50, and 0.80 for the C-CH3 bond, RC_CH_ 
= 0.3, 0.5, 0.4, and 0.1 for the C-CH2Ph  bond in the H, B, C, and A forms of III and IV, RC_CH 3 = 0.5, 0.4~, 
and 0.85, and RC_CH. = 0.3, 0.5, and 0.4 in the H, C, and A forms of V and VI. The auxil iary inductive pa-  
r ame te r  for the carbon atoms adjacent to the CH 3 and CH2-Ph  groups (h) was assumed to be 0.1. 
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