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The 7r-electronic s pec t r a ,  heats  of  a tomizat ion,  and e lec t ron ic  indexes of  the l a c t a m  and l a c -  
t i m  fo rms  of anthrapyr idone were  calcula ted by the P a r t s e r - P a r r - P o p l e  method with al low- 
ance for  25 one -e lec t ron  configurat ions.  An examinat ion of the 7r-bond o r d e r s  and the 
charges  on the a toms showed that a s y s t e m  with a r - e l e c t r o n  dis t r ibut ion c lose  to the d i s -  
t r ibut ion in anthraquinone and in a - p y r i d o n e  for  the l a c t a m  tau tomete r  and in ~ - h y d r o x y -  
pyridine and anthraquinone for the l a c t i m  f o r m  is fo rmed  in the l a c t a m  and l a c t im  of an-  
thrapyr idone.  The e lec t ron ic  absorpt ion  bands were  ass igned.  An analys is  of the ca lcu la -  
ted values demons t ra ted  that the long-wave band in the s p e c t r u m  of the anthrapyr tdone  is 
due to charge  t r a n s f e r  f r o m  the amide group to the ketone group. The r eac t i v i t y  and loca l -  
ization ene rgy  indexes of a rom a t i c  substi tut ion reac t ions  calcula ted by the Hiickel MO method 
a re  in s a t i s f ac to ry  a g r e e m e n t  with the exper imenta l  data. 

It has been shown [1] that,  of the two poss ib le  fo rms  - l a c t a m  and i ac t im - anthrapyr idone exis ts  p r i -  
m a r i l y  in the l a c t a m  f o r m  in solution. The e lec t ron ic  s t ruc tu re  and the abosrp t ion  s p e c t r a  of these  tau to-  
m e r s  have not been studied. Some bands of these  fo rms  were  p re sen ted  in [1]. 2-Methoxyanthrapyr id ine  
was se lec ted  as a model of the l a c t i m  form.  This was done because  the pe rcen tage  of the l a e t t m  f o r m  in 
solution is so low that  one cannot r e c o r d  its e lec t ronic  spec t rum.  Rep lacement  of  the hydroxyl group by a 
methoxy group does not lead to substant ia l  changes in the e lec t ron ic  spec t r a .  The p re sen t  pape r  is devoted 
to a study of the e lec t ron ic  s t r u c t u r e s  and absorp t ion  s p e c t r a  .of the t a u t o m e r s  of  the l a c t a m  and l a c t im  
fo rms  by the P a r i s e r - P a r r - P o p l e  (PPP) method. The calculat ion was made with al lowance for  the in te r -  
action of 25 one -e l ec t ron  configurat ions by  the method in [2]. The r eac t i v i t y  indexes were  calculated by the 
H~tckel MO method. The heats  of a tomizat ion were  ca lcula ted  with a p r o g r a m  that we worked out with r e a l -  
ization of the Dewar a lgor i thm.  

r - E l e c t r o n i c  S t r u c t u r e s  

The re la t ive  s tabi l i t ies  of the l a e t a m  and l a c t im  fo rms  can be e s t ima ted  f r o m  the heats  of a tomizat ion 
(AH) and, in spec ia l  c a s e s ,  f r o m  the E~b-  andE~rb-bond energ ies .  It is seen  f r o m  Table 1 that  the lac t im,  
f o r m  is somewhat  more  favorable  than the l a c t a m  f o r m  with r e s p e c t  to the a tomizat ion  energ ies .  On the 
other  hand, according to the exper imenta l  data, the l a c t a m  f o r m  is more  favorable  [1]. The bond energ ies  
of the two t au tomer s  a r e  app rox ima te ly  identical.  The con t rad ic to ry  conclusions r ega rd ing  the s tabi l i t ies  
of the t au tomers  with r e s p e c t  to the exper imenta l  and calcula ted values can be explained as follows. The 

calculat ions were  made for  the gas phase  without al lowance for  
TABLE 1. Energy  Cha rac t e r i s t i c s  
of Anthrapyr idone Tau tomers  

, e V  AH, Molecule E~x ~ ,eV Zob eV 

l 
I! 

28,55 
28.49 

81,25 149,50 
81,26 149,68 

the in te rmolecu la r  in teract ions .  The exper imen ta l  data were  
obtained f r o m  solutions or  f r o m  c r y s t a l s ,  in which hydrogen 
bonds and the other  in t e rmoleeu la r  in teract ions  may lead to a 
shift  in the equi l ibr ium [3]. The exper imen ta l  data on r 
done, according  to which ~ -py r idone  exis ts  in the l a c t i m  f o r m  
in the gas  phase  but in the l a c t a m  f o r m  in the c rys ta l l ine  s ta te  
and in solution [4], const i tute a conf i rmat ion  of this explanation. 
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T A B L E  2. v - E l e c t r o n  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  

Compound 

Charge (Qi) B Ground 
" ] s t a t e  ]'~ 

ond - - -  - -  '~ 

" ~  ~ ~ bond 

g 
II 19 

4 ~1 t4 

17 
OH 
i 19 

1 6 ~ N  
* 7 $ I0 II 12 

: . ~ 1 3  

0 ~ 

2 60 

O 

1 -- 0,406 --0,500 I--2 0,834 
0,284 0,205 2--3 0,303 

4 --0,017 --0,04t 2--15 0,299 
0.046 0,040 3--4 0,643 
0,010 --0,009 3--8 0,599 

' 0,022 0,010 4--5 0,664 
0,010 --0,006 5--6 0,661 
0,007 -0,024 6--7 0,666 
0,042 --0,051 7--8 0,638 

1 -0,027 0,033 8--9 0,323 
11 0,014 0,033 9--10 0,368 
12 --0,097 --0,067 9--16 0,823 
13 0,018 0,006 0--11 0,615 
14 0,040 0,125 0--15 0,573 
I5 --0,012 -- 0,075 1--12 0,617 
16 0,002 --0,076 1--19 0,303 
17 --0,476 --0,340 2--13 0,688 
18 0,25l 0,152 3--14 0,640 
19 0,200 0,590 4--15 0,662 

6--18 0,357 
i 7--18 0,789 

8--19 0,382 
1 -0,4t3 --0,485 1--2 0,827 
2 0,282 0,200 2--3 0,302 
3 -0,014 --0.041 2--15 0,312 

0,044 0,050 3--4 0,639 
5 0,005 i 0,021 3--8 0,602 

0,017 --0,006 ] 4--5 0,668 
7 0,001 0,017 [ 5--6 0,658 

0,007 --0,002 6--7 0,671 } 
0,044 --0,012 7--8 I 0,635 

I0 --0,016 0,017 8--9 0,322 
11 0,069 0,142 9--10 0,499 
12 0,021 I -0,034 9 - - 6  0,721 
13 0,007 I -0,009 ~lO--II] 0,569 
14 0.052 0,131 10--15 0,515 
15 -0,024 --0,054 111--t2 0,521 
16 --0,028 --0,147 1--19 0,514 
17 0,061 0,195 2--I3 0,750 
18 0,151 0,191 3--14 0,579 
19 --0,270 --0,272 4--15 0,707 

6--18 0,547 
7--18 0,263 
8--19 0,708 

2 0,387 0,424 1--2 0,476 
0,005 --0,148 1--6 0,460 

-- 0,063 0,096 2--3 0,797 
0,044 --0,174 3--4 0,499 

6 --0,020 --0,127 4--5 0,817 
0,183 0,151 5--6 0,412 

7 I -0,535 --0,221 6--7 0,730 
-- 0,408 -- 0,533 1--2 0,834 

0,293 0,165 2--3 0,298 
- 0,009 0,055 

0,045 0,027 
0,021 0,099 
0,02 ! 0,099 
0,045 0,027 

i - 0,009 0,058 

1,257 
1,459 
t ,460 
1,400 
1,408 
1,396 
1,397 
1,396 
1,401 
1,456 
1,448 
1,369 
1,405 
1,411 
1,405 
1,394 
1,392 
1,401 
1,397 
1,450 
1,265 
1,380 
1,258 
1,459 
1,458 
1,401 
1,407 
1.396 
11397 
t,395 
1,401 
1,456 
1,425 
1,386 
1,413 
1,422 
1,421 
1,356 
1,381 
1,411 
1,389 
1,417 
1,351 
1,322 

0.741 
0,354 
0,387 
0,626 
0,574 
0,678 
0,645 
0,682 
0.616 
0,371 
0.495 
0,660 
0,446 
0,520 
0,540 
0,545 
0,660 
0,579 
0,599 
0,418 
0,121 
0,466 
0,745 
0,356 
0,374 
0,632 
0,544 
0,657 
0,625 
0,692 
0,582 
0,412 
0,451 
0,638 
0,420 
0,555 
0,498 
0,574 
0,701 
0,564 
0,687 
0,525 
0,452 
0,547 
0,427 
0,399 
0,562 
0,632 
0,496 
0,466 
0,717 
0,707 
0,384 

I t  i s  s e e n  f r o m  t h e  P r s  a n d  Qi v a l u e s  t h a t  t h e  d i s t r i b u t i o n  o f  t h e  e l e c t r o n  d e n s i t y  in t h e  k e t o n e  a n d  

a m i d e  g r o u p s  a n d  in  t h e  a d j a c e n t  C = C  b o n d s  in  t h e  a n t h r a p y r i d o n e  m o l e c u l e  i s  c l o s e  t o  t h e  r d i s t r i b u t i o n  
in  t h e  c o r r e s p o n d i n g  b o n d s  o f  a n t h r a q u i n o n e  a n d  a - p y r i d o n e  ( T a b l e  2) .  T h e  d i s t r i b u t i o n  o f  t h e  e l e c t r o n  d e n -  

s i t y  a n d  o f  t h e  c h a r g e s  in  t h e  h e t e r o r i n g  o f  t h e  m o l e c u l e  o f  t h e  l a c t i m  f o r m  is  c l o s e  to  t h a t  in  p y r i d i n e .  

P r o n o u n c e d  r e d i s t r i b u t i o n  o f  t h e  e l e c t r o n  d e n s i t y  o c c u r s  in  t h e  f i r s t  e x c i t e d  s t a t e .  T h e  7 r - d i p o l e  m o -  

m e n t  o f  t h e  m o l e c u l e  in  t h e  e x c i t e d  s t a t e  (p  = 9 . 8 8 )  i s  a l m o s t  d o u b l e  t h e  d i p o l e  m o m e n t  (p = 5 . 6 1 )  in  t h e  

g r o u n d  s t a t e .  T h e  b o n d  o r d e r s  in t h e  r i n g s  a r e  e q u a l i z e d  to  a c o n s i d e r a b l e  d e g r e e  due  t o  a s h i f t  i n  t h e  

e l e c t r o n  d e n s i t y  f r o m  t h e  p y r i d o n e  o r  p y r i d o l  r i n g s  t o w a r d s  t h e  k e t o n e  g r o u p .  A l a r g e  P o s i t i v e  c h a r g e  

( + 0 . 1 2 5 ,  T a b l e  2) a p p e a r s  o n  t h e  c a r b o n  a t o m  in  t h e  6 p o s i t i o n  ( T a b l e  3).  C o n s e q u e n t l y ,  t h i s  p o s i t i o n  s h o u l d  

u n d e r g o  n u c l e o p h i l i c  a t t a c k .  

7 0 6  



TABLE 3. React iv i ty  Indexes 
Posi- 

Compound tion of z~ 
................... ato _m. ........... 

Anthrapyridone 

It 3 
I ~ " N  H 

O 
2-Hydroxyanthrapyridtne 

g.  

O 

L N 

1 1,8161 1,900 
4 2,281 2,295 
5 2 .343 2.515 

2,328 2,343 
2,361 2.541 
2,386 2,483 

1 2,408 2,587 
11 2 ,330 21415 

4 1,968 2,137 
2,110 I 2,355 
2,445 I 2,543 
2,173 I 2,483 

8 2,340 I 2,55O 
[ 9 2,383 I 2,467 

10 2,410 ] 2,587 
11 I 2,320 2,405 

L re 

1,858 
2,288 
2,464 
2,335 
2,451 
2,435 
2,497 I 
2,3701 

2,052 
2,232 
2,494 
2,328 
2,446 
2,425 
2,498 
2,363 

I 

fE 

0,162 
0.025 
0,034 
0,079 
0.007 
0.013 
0,002 
0,007 

0,023 
0,150 
0,011 
0.118 
0,013 
0,049 
0,002 
0.013 

0,159 0,543 
0,086 0,449 
0.037 0.401 
0,052 0,436 
0,016 0,226 
0,029 0,2O5 
0,034 0,404 
0,010 0,425, 

0,109 I 0.481 
0,102 i 0.460 
0,027 [ 0,402 
0,082 i 0,386 
0,011 0,423 
0,037 t 0.405 
0,035 0,403 
0,013 0.425 

I 

TABLE 4. Calculated and Experimental  E lec tron ic  Spectra of the 
L a c t i m  F o r m  of Anthrapyridone 

! F 
I I , 

i 
I 397,3 390 i 0211 

II 347,1 347 i 
i 

III 315,4 - -  I 
I 

IV 308,3  308,3 i 

V 265,3 

V I  261,0  261,0 

VII 252,9  252,9 

VII I 246,9 246,9 

IX 239,7 

X 230,9; 

XI 221,9 

XII 2t4,8 ] 

XIII 212,0] 
F 

W e i g h t s  o f  t h e  
e x c i t e d  con-  
figurations 

3,742 
0,341 , 4,122 

0,100 ! 

0,553 ! 3,989 

0,708 l 
0,586 I 4,062 

0,045 

0,145 

0,I04 

0,642 

0,165 

0,162 i 

0,677 . 
I 

4,057 L 
! 
r i 4,136 

13~ ~ 81.0 (10--li);  
68,8 (9--11); 
4,8 (10--11) 

168 42,4 (8--I1); 
8,4 (9--11); 

224 68,9 (7--11); 
6,8 (9--11); 

6 32,4 (10--13); 
8,4 (9--13); 

79 17,7 (10--13); 
16,6 (9--13); 
13,8 00--14) 

24 33,6 (10--13); 
11,8 (10--12); 

352 31,2 (10--14); 
15,2 (9--i2); 

312 28,1 (9--14); 
6,1 (8--12) 

122 5,8 (7--12); 
4,5 (8--12); 

45,0 (6--1t); 
10,5 (9--13t 

24 25,0 (9--14); 
27,0 (8--12); 

56 I1,0 (7--12); 
7,4 (7---13); 

115 6,6 (9--14); 
13,6 (7--9); 
11,5 (8--13); 

6,2 (9--11) 
10,2 (8--11); 

10,2 (7--1t); 
4.8 (9--12) 

10,2 (t0--12); 
4,0 (9--12) 

22,9 (I0--12); 
7,3 (lO--l l)  

16,6 (9--12); 
15,0 (8--11); 

21,2 (9--12); 
6.80 (9--13) 

22,2 (9--12); 
13,9 (9--14) 
29.6 00--14); 

5.6 00--14) 
4.5 (8--13) 
8.9 (9--12) 

15,3 (7--12); 
10,0 (9--13) 
5,5 (9--13); 

58.8 (10--15) 
5,9 (7--13); 

11,0 00--15); 
28,8 (8--14) 

A r o m a t i c  S u b s t i t u t i o n  R e a c t i o n s  

According  to the exper imenta l  data, anthrapyridone readi ly  undergoes  nucleophi l ic  subst i tut ion r e -  
act ions (1 posi t ion > 6 pos i t ion > 4 posit ion)  and e lec trophi l i c  subst i tut ions (1 pos i t ion  > 6 posit ion)  [5, 6]. 

In examining the reac t iv i t i e s  by the MO method within the 7r-electron approximation,  one usual ly  p r o -  
ceeds  f r o m  react ions  occurr ing  through the format ion  of  intermediate  rr and o- c o m p l e x e s .  In t h e f i r s t  e a s e ,  
it is a s s u m e d  that e lectrophi l ic  ( fE)  attack is d irected to the a tom with the m a x i m u m  ~r-electron densi ty ,  
whi le  nucleophi l ic  ( fN)  attack is d irected to the a tom with the m i n i m u m  7r-electron density.  However  a 
more  correc t  approach is a d i s c u s s i o n  of the pr inc iples  of  the or ientat ions  of aromat i c  subst i tut ion pro -  
ceeding f rom the l imit ing  e l ec tron  dens i t ies  [7]. It is s e e n  f r o m  an examinat ion  of the e l ec tron  dens i t ies  
in the 1, 4, 5, and 6pos i t ions  (Table 3) that their  values  are  not in a g r e e m e n t  with the exper imenta l  order  
of  aromat ic  substitution.  It fo l lows  f r o m  the ca lculated values  of  the l imit ing dens i t i e s  (rE a n d f N )  for the 
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a 
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2 , 5 L  ~ I I ' I ' ' 

220 260 300 340 380 .~, n l ' n  
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4~0- 
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3~,0 - 

2t5 

\ 
\ 

24O 

b 

280 320 360 400  440 

Fig. 1. Exper imenta l  and calcula ted  e lec t ron ic  s p e c t r a  of 50% eth-  
anol solut ions:  a) l a c t i m  f o r m  of anthrapyr idone  (2 -methoxyanthra -  
pyridine) ;  b) l a c t a m  f o r m  of an thrapyr idone  (anthrapyridone).  

TABLE 5. Calculated and Exper imen ta l  E lec t ronic  Spec t rum of the 
L a c t i m  F o r m  of Anthrapyr idone 

r ~ ~ ' m a x ,  FIITI 

I 

tl 

III 

IV 

V 

VI 

VII 

VIII 

IX 

368,6 1 351 0,290 

339,2 l -- 0,399 

307,4 { 311 0,05I 

305,0 I -- 0,031 

256,5 i 0,245 

248,4 0,080 

246,1 I 0,629 

240,8] 0,095 
I 
i 

233,0  - -  0 ,627 

I 

4,47 

4,28 

t~ 
- 4  

5 =  
268 ~ 

33 

341 

49 

108 

192 

325 

Weight of the 
exceed con- 

331 
I 

229 

i 

figuration 

(8--11); 
(9--11) 

(10--14); 

68,0 10--11); 6,0 
4 10--14); 23,0 

30,0 10--11); 8,1 
49,8 (9--11) 
7,0 10--12) ; 62,2 (8---11); 

13,3 (7--11) 
8,8 10--12);23,8 (8--1l); 
8,0 (8--12);42,0 (7--11) 

57,1 10--12); 6,0 (9--12); 
10,0 7--11) 
13,0 (10--12); 35,0 (10--13) ; 
25,0 (9--12) 
19,0 (10--13); 31,0 00--14); 
18,0 (9--11);18,0 (9--12) 
6,0 (7--12); 5,0 (9--15); 

12,0 00--13); 9,0 (10--14); 
9,0 (8--12);21,0 (6--11) 

20,0 (9--14); 8,0 (10--13); 
16,0 (10--14); 28,0 (8--12); 
9,0 (10--15) 

l a c t a m  f o r m  that the most  r e a c t i v e  s i te  for e lec t rophi l ic  and nucleophiltc subst i tut ion reac t ions  is the 1 po-  
s i t ion [1], followed by the 6 posi t ion for e lec t rophi l ic  subst i tut ion and the 4 posi t ion for nucleophil ic sub-  
stitut[on; this is in a g r e e m e n t  with the exper imen ta l  data. 

In the case  of the ~ complex ,  the r e a c t i v i t y  is c h a r a c t e r i z e d  by  the loca l iza t ion  ene rg ies ,  which usu-  
al ly give a be t t e r  descr ip t ion  of a rom a t i c  subst i tut ion than the r eac t i v i t y  indexes of the isolated molecule  
[81. 

It is seen  f r o m  Table 3 that ,  according  to the magnitudes of the loca l iza t ion  energ ies  of e lec t ropht l tc  
(L E) and nucleophilic (LN) subst i tut ion,  the mos t  r e ac t i ve  s i te  for  both e leet rophUic and nucleophilic a t tack  
of the l a c t i m  and l a c t a m  f o r m s  in neut ra l  media  ts the ca rbon  a tom in the 1 posit ion.  This is in good a g r e e -  
ment with the exper imenta l  data. According to the L E and L R values (Table 3), a t tack then p roceeds  at the 
4 and 6 posi t ions.  Inasmuch  as  the L E and L R values axe c lose ,  one should a s sume  that  the r eac t iv i t i e s  in 
these  posi t ions a r e  approx ima te ly  identical.  

A b s o r p t i o n  S p e c t r a  o f  t h e  L a c t a m  a n d  L a c t i m  F o r m s  

It  is apparent  f r o m  the data in Table 4 that  the ca lcula ted  and exper imenta l  ), max values a re  in s a t i s -  
f ac to ry  a g r e e m e n t  (Fig. 1). This a t tes t s  to the c o r r e c t  se lec t ion  of the computat ional  p a r a m e t e r s .  A cco rd -  
ing to the weights of the exci ted conf igurat ions ,  81% of the long-wave  I band (Table 4) pe r ta ins  to t rans i t ion  
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f r o m  the upper occupied MO (UOMO) or  @ 10 to the lower  vacant  MO (LVMO) or r F r o m  an examinat ion 
of the coefficients  of reso lu t ion  of the UOMO and LVMO with r e s p e c t  to the a tomic  orb i ta l s ,  this transitEon 
per ta ins  to an S ~ *  t rans i t ion  po la r ized  at  134 ~ r e l a t ive  to the y axis .  According to the change in the e l ec -  
i ron  dis t r ibut ion of the ehaxges in the molecu la r  d i ag rams  in the ground and exci ted s t a t e s ,  the t rans i t ion  
is r e a l i z ed  through charge  t r a n s f e r  f r o m  the amide  group to the keto group. This band can the re fo re  be 
cal led an in t ramoleeu la r  charge  t r a n s f e r  band. The osc i l l a to r  force  (f)  is 0.21. According to C I ,  69% 
of the II band (347 rim) is due to the r 9-~r 11 t rans i t ion .  The a s s ignment  of the other  bands is p re sen ted  in 
Table 4. 

The long-wave band of the l a c t i m  f o r m  is due p r i m a r i l y  (68%) to t rans i t ion  between the r 0-*r 11 MO 
and (23%) the r162 11 t rans i t ion  and is po la r ized  at 268 ~ r e l a t ive  to the y axis (Table 5). According to the 
ma t r i x  of the coeff icients  of  expansion in the fo rmat ion  of the r I0--~r 11 Me,  the par t ic ipa t ion  of the MO of 
the carbon a toms and the MO of the he t e roa toms  is a lmos t  identical.  The hydroxyl oxygen a tom makes  the 
g rea t e s t  contr ibution to the r 9 Me. It is apparent  f r o m  a cons idera t ion  of the change tu the charges  in the 
molecu la r  d i ag rams  on pass ing  f r o m  the ground s ta te  to the exci ted s ta te  that  the e lec t ron  charges  migra te  
f r o m  the l a c t im  r ing  to the anthraquinone s y s t e m  during the long-wave t rans i t ion.  The second band (339 
nm) is po la r ized  at 33 ~ re la t ive  to the y axis and is 1.5 t imes  more  intense than the long-wave band; this  is 

good a g r e e m e n t  with the exper imenta l  r e su l t s .  According to the CI, i t  is due p r i m a r i l y  to t rans i t ion  
between r lo and r 11 (30%) and t rans i t ion  between r B and r tl (50%). The r e s t  of  the bands a r e  p re sen ted  in 
Table 5. 
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