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The v - e l e c t r o n  s t ruc tures  and react ivi t ies  of 2,3- and 2,5-dihydroxypyridines in neutral ,  
acidic, and alkaline media were investigated by the Hiickel MO method. Satisfactory c o r r e l a -  
tions of the indexes of the v -e lec t ron  s t ruc tures  with the react ivi t ies  and other proper t ies  
of these molecules  were  obtained. 

It has been shown [1] by UV and IR spectroscopic  methods that 2,3- and 2,5-dihydroxypyridines exist 
in forms Ia, IIa, Ib, IIb, Ic, and IIc, respect ively,  in neutral ,  acidic, and alkaline media: 
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The electronic s t ruc tures  and react ivi t ies  of I and II have not been studied by quantum-chemical  
methods .  The aim of the present  study was to obtain indexes of the ~ -e l ec t ron  s t ruc tures  and to corre la te  �9 
them with the react ivi t ies  and other proper t ies  of I and II. 

The calculations were pe r fo rmed  by the Hiickel MO LCAO method [2] with the pa rame te r s  presented  
in Table 1. 

It follows f rom the total w-electron energies  (E~), delocalization energies  (EDTr), and delocalization 
energies  pe r~  e lectron (EDv/n) presented in Table 2 that forms Ia a n d I I a  are the most  stable. 

It is usually assumed [2, 3] that the long-wave ~-*  g* band in the electronic spect ra  of molecules is 
associa ted with the t ransi t ion (AE) of a r electron f rom an upper occupied molecular  orbital (EuoMo)  to 
a lower vacant  MO (ELVMO). The ~ max values calculated from the AE values for the long-wave v~Tr * 
band f rom the formula  [3] 

TABLE 1. P a r a m e t e r s  for the Calculation of 2,3- and 2,5-Dihy- 
droxypyridines by the Hiickel MO Method 

Compound and Coulombic Resonance 

its form n, h7 h, kc_ c kc_ N k3. 8 k2, 7 

]a  

Ib 
IC 

IIa 
lib 
IIc 

0,27 
0,34 
0,34 
0,27 
0,34 
0,34 

1,6 
2,0 
1,2 
1,6 
2,0 
1,2 

2,0 
2,0 
1,2 
2,0 
2,0 
1,2 

1 
I 

0,64 
0,60 
0.50 
0,64 
0,80 
0,72 

2,50 
0,60 
0,50 
2,50 
0,80 
0,72 
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TABLE 2. Energy  Charac t e r i s t i c s  of 2,3-  and 2 ,5-Dihydroxy-  
pyriclines 

Corn- /EUOMd 
'pound 
andits 
form / Bo 

la 0,265 
I b 0,836 
lc  0,7t9 

Ila 0,265 
l ib  0,715 
l i e  0,552 

I 

~LVMO" 

B0 

-0,973 
-0,913 
-0,912 
-0,937 
--0,909 
-0,912 

Calc. Exptl. Calc. 

-next0 nhmmaX , lXmax' I, eV 
n m  ...... 

1,238 308 300 -- 8,75 [I ] 
1,749 290 290 --8,84 
1,631 310 310 --8,56 
1,202 320 330 --8,800[i] 
t,624 313 313 --8,55 
1,462 347 347 --8,15 

E ~ X 
Bo 

17,730 
16,588 
13,370 
17,726 
16,762 
13,18~ 

ED~X~,~ 

3,950 
2,188 
2,170 
3,946 
2.362 
1,988 

ED ax~o 
/2 

0,395 
0,219 
0,217 
0,395 
0,236 
0,199 

TABLE 3. Electronic Characterist ics  and Bond Lengths for Three 
F o r m s  of 2,3-  and 2 ,5-Dlhydroxypyr id ines  

Corn- ~ tom 
pound 
and its [ N~ 
form 

qr 

1,372 
0,821 
1,167 
1,014 
1,192 
0,964 
1,501 
1,969 I 

1,157 i 
0,943 
0,998 
0,989] 
1,018 ~ 
m9631 
1,967] 
1 964 I 

1,158 i 
0,950 
1,004 
0,990 
1,020] 
9,964 I 
),9551 
1,960 

Bond 
r - - s  

1--2 

3~4 
4--5 
55-6 

1--2 
1--6 
2--3 
3--4 
4--5 
5--6 
2--7 
3--8 

I--2 
1--6 
2--3 
3--4 
4--5 
g--6 
2--7 
3--8 

Prs 

0,430 
0.663 
0,404 
0,743 
0,594 
0,672 
0,760 
0,158 

0,651 
0.657 
0.64 l 
0,661 
0,663 
0,669 
0,180 
0,194 

0,649 
0,657 
0,637 
0,660 
0,663 
0,668 
0,214 
0,198 

Calcu- 
lated 

rrs, A 

1,372 
1,330 
1,442 
1,382 
1,408 
1,395 
1,270 
1,369 

1,332 
1,331 
1,400 
1,397 
1,396 
,395 
1,366 
1,363 

1,333 
1,331 
1,400 
1,397 
1.396 
1,395 
t,360 
[,362 

Com- 
pound 
and its 
form 

IIa 

Ilb 

IIc 

Atom 
No. 

Bond 
q r  r - -  $ 

1,363 1--2 I 
0,821 1--6 , 
1,218 2--3 ~ 
0,993 3--4! 
1,155 4 - - 5  
0,971 5--6 
1,505 2--7 
1,973 3--8 

1,173 l--2 
0,932 1--6 
1,039 2--3 
1,004 3--4 
0,985 4--5 
0,985 5--6 
1,938 2--7 
1,943 3--8 

1,180 1--2 P 
0,945 1--6 ( 
1,044 2--3 
1,009 3--4 
0,996 4--5 
0,990 5--6 
1,914 2--7 
1,922 3--8 

1 
2 
3 

Ia 4 

3 
Ib 4 

5 
6 
7 
8 

I:c 43 
5 
6 
7 
8 

I Calcu- 
Prs lated. 

rrs, A 

0,427 1,372 
0,667 1,329 
0,417 1.440 
0,731 1,385 
0,608 1,402 
0,659 1,397 
0,759 1,270 
0,150 1,370 

0,639 1,334 
0,658 1,331 
0,641 1.400 
0,676 1,393 
9.641 1,400 
),651 1.398 
3,256 1,353 
3,238 1,356 

0,630 1,336 
0,659 1,331 
0,632 1,402 
9,679 I 1,394 
3,633 1,402 
),644 1,400 
),299 1,345 
),277 1,349 

28.635-lOa/kcal t 1241 [ eV / 

for  fi0 =-2 .445  eV for  f o r m s  Ib, Ic, IIb, and IIc and for  an average/30 =-3 .240 eV for  f o r m s  Ia and IIa lead 
to the exper imenta l  kma  x values  [1] for  this band. 

The calcula ted ionization potent ials  (Table 2) f rom the EUOMO values  for  f o r m s  Ib, Ic, and IIc are  
close to the ionization potential  of phenol (I = -8 .50  eV) [4]. However,  it is a s sumed  that identification of 
- I  wl ththe UOMO energy  is val id  only for  MO in the SCF method. In [l l ,  we calcula ted the EUOMO values 
for  f o r m s  Ia and IIa by the MO method within the P a r i s e r - P a r r - P o p l e  (PPP) approximation.  The I va lues  
obtained f r o m  these values  for  Ia and IIa (Table 2) are  also close to I for  phenol. 

It is seen f rom Table 3 that the values  of the effective I t - e l ec t ron  charges  ( Q ~  +0.632 and Q~)-~ 
-0 .503)  i n f o r m s  Ia and IIa a re  in good ag reemen t  with the exper imenta l  data: the high value of the intensi ty 
of the absorpt ion band of the C =O group in ~ -py r idones  [1, 5] and the dipole moment  of ~ -pyr idone ,  which 
is equal to 1.73 D [6]. The high value of the posi t ive charge on the cycl ic  ni t rogen atom of the pyr ro le  type 
a t tes t s  to the par t ic ipat ion  of the unshared  pa i r  of e lec t rons  in the overa l l  r - e l e c t r o n  sys tem.  Moreover ,  
the r - e l e c t r o n  density is marked ly  shifted to the pyridone C=O group. The posit ive charge on the oxygen 
atom in the 3 and 5 posi t ions a t tes ts  to the conjugation of these a toms with the ring. The uneven d i s t r ibu-  
tion of the v - e l ec t ron  densi ty (qr) in the he te ro r Ings  is due to the effect  of the n i t rogen and oxygen a toms 
(Table 2 ) .  

The bond lengths (rrs)  calculated f rom the bond o rde r s  (Prs) f r o m  the fo rmulas  in [7] are  in a g r e e -  
ment  with the known exper imen ta l  data for  2-pyr idone,  pyridine,  and phenol [8]. It follows f r o m  a c o m p a r i -  
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TABLE 4. Reac t iv i ty  Indexes  fo r  Three  F o r m s  of  2 ,3 -  and 2 ,5 -  
Dihydroxypyr id ine  s 

Corn- IAto m pound QT 
and its ~ No., 
form i r 

Ia 4 -0,014 
5 -0,192 
6 40.036 

Ib 4 40,011 
5 --0,018 
6 + 0,037 

Ic 4 +0,010 
5 - 0,020 
6 40,036 

Ila 3 --0,218 
4 0,0o7 

6 +,0,029 
I[b 3 --0,039 

--0,004 
6 +0,015 

IIc 43 -0,044 
-- 0,009 

6 40,010 

t,,* 

0,004 
0,260 
0,040 
0,010 
0,174 
0,206 
0,108 
0,114 
0,142 
0,255 
0,038 
0,040 
0,114 
0,049 
0,142 
0,084 
0,049 
0,112 

L- 

0,225 
0,003 
0,280 
0,313 
0,052 
0,124 
0,315 
0,052 
0,124 
0,255 
0,250 
0,280 
0,164 
0,290 
0,230 
0,167 
0,290 
0,235 

fr ~ 

0,114 
0,131 
0,160 
0,161 
0,113 
0,165 
0,166 
0,083 
0,133 
0,255 
0,144 
0,160 
0,139 
0,170 
0,186 
0,125 
0,169 
0.173 

Fr 

0,398 
0,469 
0,400 
0,411 
0,403 
0,409 
0,412 
0,404 
0,410 
0,587 
0,396 
0,409 
0,418 
0,418 
0,426 
0,424 
0,423 
0,432 

Lr § 

2,594 
3,087 
2,488 
2,556 
2,586 
2,546 
2,530 
2,584 
2,520 
2,520 
1,574 
1,454 
2,576 
2,500 
2,446 
2,246 
2,076 
1,974 

L r - 

2,502 
1,858 
2,426 
2,462 
2,470 
2,454 
2,468 
2,454 
2,450 
1,652 
1,534 
1,394 
2,384 
2,488 
2,438 
2,166 
2,024 
1,930 

Lr~ 

2,548 
2,472 
2,457 
2,509 
2,528 
2,50o 
2,504 
2,519 
2,485 
2,086 
1,554 
1,424 
2,480 
2.494 
2,442 

2,206 
2,050 
1,952 

son of the ca lcu la ted  r r s  va lues  for  the f o r m s  of I and II tha t  hydroxy l  g roups  have a sl ight  ef fec t  on the 
change in the bond length in the h e t e r o c y c l e ,  while the ca rbony l  g roup  m a r k e d l y  a l t e r s  them.  

A c c o r d i n g  to  the e xpe r i m e n t a l  data,  a r o m a t i c  subst i tu t ion in alkaline media  in I is d i r e c t e d  ini t ia l ly  
to the 6 pos i t ion  and then to  the 4 pos i t ion  [9], while the 6 pos i t ion  is the m o s t  r eac t ive  one in II [10]. The 
e l ec t roph i l i c  r eac t i ons  of I and II, wh ich  p r o c e e d  in ac id ic  media ,  a re  d i r e c t e d t o  the 6 pos i t ion  [11]. 

It is  apparen t  f r o m  Table  4 tha t  the ca lcu la ted  7r -e lec t ron  c h a r g e s  (Q~ for  the r eac t ive  c e n t e r s  of 
f o r m s  Ib, Ic, IIb, and IIc p rove  to  be unsui table  to explain the e lec t roph i l i c  subst i tu t ion in ac id  and alkaline 
media .  However ,  the ca lcu la ted  loca l i za t ion  e n e r g i e s  (Lr  +) for  f o r m s  Ib, Ic, IIb, and IIc a re  in a g r e e m e n t  
with the e x p e r i m e n t a l l y  o b s e r v e d  sequence  of  e l ec t roph i l i c  subst i tu t ion in I and II in ac id  and alkaline media .  
The va lues  tha t  we obtained for  the boundary  e l e c t r o n  d e n s i t i e s  ( f r  +) a re  a l so  in a g r e e m e n t  with the ex -  
p e r i m e n t a l  data  on e l ec t roph i l i c  subst i tu t ion.  The L r  + va lues  for  f o r m s  Ia and IIa indicate  the same  s e -  
quence  of  e l ec t roph i l i c  subs t i tu t ion  as  for  f o r m s  Ib and Ic and IIb and IIc, r e spec t ive ly .  

It is  known [2] tha t  when one examines  the r eac t iv i t y  in the MO method,  the q r  o r  Qr  va lues  c h a r a c -  
t e r i z e  the o c c u r r e n c e  of  subst i tu t ion r eac t i ons  th rough  the in t e rmed ia t e  v complex,  in which the v - e l e c -  
t r o n  dens i ty  does not undergo  s igni f icant  changes ;  however ,  the loca l iza t ion  e n e r g i e s  (Lr  +) c h a r a c t e r i z e  
the o c c u r r e n c e  of subst i tu t ion r eac t i ons  t h r o u g h a n i n t e r m e d i a t e  cr complex,  in which the change in the rr- 
e l e c t r o n  dens i ty  is cons ide rab le .  S ince  the L r  + va lues  a re  in comple te  a g r e e m e n t  with e x p e r i m e n t  while 
the Qr  va lues  a re  not in a g r e e m e n t  in I and II, t he r e  is some  bas i s  to  a s s u m e  that  subst i tu t ion in ac id  and 
alkaline med ia  p r o c e e d s  th rough  the fo rma t ion  of an in te rmed ia te  ~ complex.  

The re  is no in fo rmat ion  in the l i t e r a t u r e  r e g a r d i n g  the nuc leophi l ic  and rad ica l  subs t i tu t ion  r eac t i ons  
in I and II. The r eac t i v i t y  indexes  fo r  nucleophf l ic  subst i tu t ion (Qr, f r - ,  and Lr - )  and r ad i ca l  subst i tu t ion 
( f r  ~ the f ree  va lence  index F r  [2, 3], and L r  ~ w e r e  ca lcu la ted  fo r  the r eac t ion  c e n t e r s  of  the h e t e r o r i n g s  of 
all f o r m s  of I and II and a re  p r e s e n t e d  in Table  4. 

LITERATURE CITED 

1. V . T .  Grachev ,  B. E. Za i t sev ,  K. M. Dyumaev,  L. D. Smirnov ,  and M. R. Avezov,  Khim. Getero ts ik l .  
Soedin.,  60 (1073). 

2. A. S t r e i tw iese r ,  Molecu la r  Orbi ta l  T h e o r y  [Russ ian  t r ans la t ion] ,  Mlr,  Moscow (1965). 
3. K. Higasy ,  H. Baba,  and A. Rembanm,  Quantum Organic  C h e m i s t r y ,  Wiley (1965). 
4. Handbook of C h e m i s t r y  [in Russ ian] ,  Vol. 1, Len ing rad  (1971), p. 354. 
5. B . E .  Za i t sev  and Yu. N. Sheinker ,  Izv. Akad. Nauk SSSR, Ser.  Khim.,  2070 (1962). 
6. M . N .  Krackov ,  C. M. Sec, and H. G. Mautner ,  J.  Am.  Chem. Soc.,  87__, 892 (1965). 
7. M . J . S .  Dewar  and T. Mori ta ,  J.  Am.  Chem. Soc.,  9__1.1, 796 (1969). 
8. L . E .  Sutton, Tab le s  of I n t e r a t o m i c  Dis tances  and Configurat ion in Molecules  and Ions,  London (1958).  
9. M . R .  Avezov ,  L. D. Smirnov,  V. P. Lezina ,  B. E. Zai tsev ,  and K. M. Dyumaev,  Izv. Akad.  Nauk SSSR, 

Set .  I~him~ 845 (1971). 

49 



10. L.D.  Smirnov, M. R. Avezov, V. P. Lezina, B. E. Zaitsev, and K. M. Dyumaev, Izv. Akad. Nauk SSSR, 
Set. Khim., 2338 (1971). 

11. K.M. Dyumaev, L. D. Smirnov, M. R. Avezov, and B. E. Zaitsev, Nauchnye Trudy Samarkandskogo 
Univ., 108 (1970). 

50 


