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The e l ec t ron -dens i ty  dis t r ibut ion in the molecules  of six ch loro-subs t i tu ted  pyr imid ines  was 
ca lcula ted  by the MO LCAO method within the Hoffmann and P a r i s e r - P a r r - P o p l e  approx i -  
mat ions .  The r eac t iv i t i e s  and t r a n s m i s s i o n  of the e f fec t  of subst i tuents  in these compounds 
are  d i scussed .  The ~ cha rges  and o rde r s  of the ~ bonds in the exci ted s t a t e s  of the ch lo ro -  
pyr imid ines  were  ca lcula ted  with allowance for  the in teract ion of the conf igurat ions .  An in- 
t e rp re t a t ion  of the i r  e lec t ron ic  s p e c t r a  is given.  

Owing to the labi l i ty  of the chlor ine a toms in the 2, 4, and 6 posi t ions,  ch lo ro-subs t i tu ted  pyr imid ines  
are  the usual  in t e rmed ia te s  in the synthes is  of pyr imidine  i t se l f  and its de r iva t ives  [1]. However ,  ce r t a in  
p rob l ems  in the r eac t iv i t i e s  of these  compounds have not up to now been worked out. Fo r  example ,  the 
p rob lem of the re la t ive  ease  of nucleophil ic substi tut ion of the chlorine a toms in the 2 and 4 posi t ions is 
not comple te ly  c l e a r .  As a rule ,  the expe r imen ta l  data  indicate p r e f e r r e d  substitution of the chlorine a t o m  
at tached to C 4 (for example ,  see  [2]); however ,  according to [3, 4], the chlorine a tom at tached to C 2 is more  
labile  (Mamaev and c o - w o r k e r s  [4] explain the con t rad ic to ry  r e su l t s  by means  of the ef fec t  of the medium 
in which the reac t ion  occurs ) .  It has been proposed  [5] that  an e l e c t r o n - a c c e p t o r  subst i tuent  (C1, Br) is 
capable ,  all  by i tself ,  of act ivat ing the chlor ine a tom in the 4 posi t ion.  Calculation of unsubsti tuted p y r i m i d -  
ine [1] shows that  the C 2 a tom has a g r e a t e r  defici t  of ~ e lec t rons  than C4; however ,  the opposite conclu-  
sion was drawn on the bas i s  of HfickeI calculat ions [6]. 

We have p e r f o r m e d  a quan tum-chemica l  calculat ion of 4 - c h l o r o -  (I), 2 - c h l o r o -  (II), 4, 6 -d ich lo ro-  
(HI), 2 ,4 -d ich lo ro -  {IV), 2 , 4 ,6 - t r i ch lo ro -  (V), and 2 ,4 ,5 ,6 - t e t r ach lo ropyr imid ines  (VI) with allowance for  
all  of the valence e l ec t rons  by means  of the Hoffmann method [7] and within the ~ - e l ec t ron  approximat ion  
by  the P a r i s e r - P a r r - P o p l e  (PPP) method.  The following in te ra tomic  dis tances  were  used in the ca lcu la -  
tion: r c _  C = 1.37 }k, rN_C4 = 1.345 A, rN_C2 = 1.33/k,  and rC_C1 = 1.718 A.  The calculat ion by  the Hoff- 
mann method was p e r f o r m e d  with the p r o g r a m  in [8] with an M-220 compu te r  with p a r a m e t e r s  taken in ac -  
cordance  with [9]. The calculat ion by the P P P  method was p e r f o r m e d  with a Bt~SM-6 compute r  (the p r o -  
g r a m  was provided by V. I .  Danilov) ; the one -cen t e r  coulombic in tegra ls  were  ca lcula ted  f r o m  the data in 
[10], while the two-cen t e r  in tegra ls  were  ca lcula ted  with the M a t a g a - N i s h i m o t o  fo rmula  [11]. 

E l e c t r o n  D i s t r i b u t i o n  

The cha rges  on the a toms in molecu les  of I -VI  are  p resen ted  in Table 1. Calculat ion of the hybr id i -  
zation Of the a toms f rom the diagonal  e l emen t s  of the par t ia l  population ma t r ix  shows that  deviat ion f rom 
sp 2 type with an i nc rea se  in s c h a r a c t e r  is obse rved  for  all  of the carbon a toms ,  pa r t i cu l a r ly  those bonded 
to the chlorine a tom; for  example ,  in VI, the hybr id iza t ions  of C2, C4, and C 5 a re ,  r e spec t ive ly ,  s~-~ 1.24, 
s i.07p1.40, and s i'llp1.62. The hybridizat ion of the ni t rogen a toms in all  of the molecu les  is the same  - 
s i .48p2.98 _ i .e . ,  the ra t io  between the s and p components  of the cr population co r r e sponds  p r e c i s e l y  to the 
sp 2 type.  It is known [1, 12] that  the unshared  e l ec t ron  pa i r s  of the ni t rogen a toms in pyr imid ine  molecules  
are  pa r t i a l ly  delocal ized,  while the p rope r t i e s  of the C 5 a tom r eca l l  those of the carbon a tom of the benzene 
r ing .  The d i sc repancy  between our r e su l t s  and these c i r c u m s t a n c e s  is p robably  assoc ia ted  with the o v e r -  
s t a t ement  of the absolute values  of the cha rges  on the a toms that  is typical  for  the Hoffmann method.  In 
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TABLE 2.  E l e c t r o n  T r a n s i t i o n s  in M o l e c u l e s  of I I I -VI  

Molecule 

III 

IV 

V 

VI 

State 

Sl 
$2 
S~ 
Si 
T, 
S, 
$2 
Ss 
$4 
Tl 
$1 
$2 
$3 
$4 
T, 

S, 
$2 
S~ 
S, 
T, 

,~ is the oscillator s~en~th, and 
calculated 

�9 Electron t~ansifion parameters (AE is the energy in eV, 
is the extinction) 

AE (D 

5,563 (0,o47) 
6,545 (0,o4~) 
7,042 (0,059) 
7,209 (097~) 
3 , ~  
s/~6 (0,052) 
6,a~2 (o,o63) 
7,127 (0,530) 
7,587 (0,328) 
3,643 
5,412 (0,074) 
6,561 (0,003) 
7,019 (0,572) 
7,136 (0,551) 
3,676 
5,061 (0,115) 
6,181 (0,076) 
6,919 (0,545) 
7,122 (0,413) 
3,541 

configurat. 
Exptl., * AE (s) 

5-+6 
4-+6 
4--+7 
5-+7 
5-+6 
5~6 
5-+7 
4-~6 
4-+7 
5-+6 
6--+7 
5-+7 

5-+8 
6--+7 
7-+8 
7--+9 
6-+8 
6--+9 
7--+8 

*In aqueous  solut ions, ,  the m a x i m a  of the  
v a p o r  s t a t e  a r e  sh i f t ed  h y p s o c h r o m i c a l l y  

4,887 (4600) ,4 

4,811 (5400) '4 

4,7s (4900) ,3 

4,465 (5200) ,3 
5,350 (8200)'3 

UV s p e c t r a  of IV-VI  in the 
b y  about  0.1 eV [13]. 

f ac t ,  the  e x p e r i m e n t a l  v a l u e s  of the  ~ and ~ c h a r g e s  on the n i t r o g e n  a t o m s  d e t e r m i n e d  fo r  II and III  by  the 
n u c l e a r  q u a d r u p o l e  r e s o n a n c e  (NQR) m e t h o d  [12] a r e  s o m e w h a t  l o w e r  than the v a l u e s  c a l c u l a t e d  by the 
Hoffmann me thod ;  a t  the Same t i m e ,  the m a g n i t u d e s  of the  ~ c h a r g e s  a r e  in good  a g r e e m e n t  wi th  the  v a l u e s  
c a l c u l a t e d  by  the P P P  m e t h o d .  

The p o p u l a t i o n s  of the i n d i v i d u a l  bond  in I - V I  change  l i t t l e  f r o m  m o l e c u l e  to m o l e c u l e .  The C 5 - C  6 
bond i s  c h a r a c t e r i z e d  by  the  m a x i m u m  popu la t ion  (1 .10-1 .11) ,  whi le  the C - C 1  bond is  c h a r a c t e r i z e d  by  
the m i n i m u m  popu la t i on  (0 .72-0 .73) ;  the  p o p u l a t i o n s  of the  N I - C  2 and N I - C  6 bonds  a r e ,  r e s p e c t i v e l y ,  
0.98 and 0 .91.  

R e  a c t i v i t i e s  

As  s e e n  f r o m  Tab le  1, in a l l  c a s e s  in wh ich  the c h l o r i n e  a t o m s  a r e  s i t u a t e d  in the  2 p o s i t i o n  and in 
the 4 p o s i t i o n ,  t h e r e  i s  a l a r g e r  d e f i c i t  of e l e c t r o n s  on C 2 than on C 4. D e s p i t e  the a s s u m p t i o n  in [5], a 
c h l o r i n e  a t o m  a t t a c h e d  to C 5 no t  only  does  not  change  th i s  r e l a t i o n s h i p  but  even  r e i n f o r c e s  i t .  Thus  
n u c l e o p h i l i c  s u b s t i t u t i o n  of the c h l o r i n e  a t o m s  in p o l y c h l o r o p y r i m i d i n e s  shou ld  p r o c e e d  p r e f e r a b l y  a t  C 2 
i f  the  s o l v e n t  does  no t  have  a s p e c i f i c  e f f e c t  on the r e a c t i o n .  H o w e v e r ,  one canno t  e xc lude  the p o s s i b i l i t y  
tha t  an e l e c t r o n - a c c e p t o r  s u b s t i t u e n t  in the  5 p o s i t i o n  of g r e a t e r  s t r e n g t h  than the c h l o r i n e  a t o m  is  c a p -  
ab le  of  d i s r u p t i n g  th i s  r e g u l a r i t y  due to c r e a t i o n  on C 4 of a h igh  p o s i t i v e  c h a r g e .  

The i n t r o d u c t i o n  of  a c h l o r i n e  a t o m  into the  4 p o s i t i o n  a p p r e c i a b l y  c h a n g e s  the magn i tude  of the 
c h a r g e o n  C 6 due to  the v c o m p o n e n t s ,  wh i l e  the c h a r g e  on C 2 r e m a i n s  p r a c t i c a l l y  unchanged  in th i s  c a s e  
(H-V),  as  does  the c h a r g e  on C 4 (I, I I I -V) ,  when the s u b s t i t u e n t  a t t a c h e d  to C 2 i s  changed .  C o n s e q u e n t l y ,  
the t r a n s m i s s i o n  of  the e f f ec t  of a s u b s t i t u e n t  f r o m  C 4 to C~ in p y r i m i d i n e  m o l e c u l e s  i s  m o r e  e f f ec t i ve  than 
b e t w e e n  C 2 and C 4. Both of t h e s e  c o n c l u s i o n s  a r e  in c o m p l e t e  a c c o r d  wi th  the  r e s u l t s  of k ine t i c  m e a s u r e -  
m e n t s  [4]. C a l c u l a t i o n s  by  the Hoffmann m e t h o d  do no t  m a k e  i t  p o s s i b l e  to d i s t i n g u i s h  the d e g r e e  of 
t r a n s m i s s i o n  of  the  s u b s t i t u e n t  e f f e c t  f r o m  C 2 to C 4 and f r o m  C 4 to  C 2. As  one shou ld  have  e x p e c t e d ,  the 
m a g n i t u d e s  of the c h a r g e s  on the c a r b o n  a t o m s  of V and VI depend  m a r k e d l y  on the n a t u r e  of the s u b s t i t u -  
e n t  a t t a c h e d  to C 5. E x c e p t  fo r  the VI  m o l e c u l e ,  the 7r c h a r g e s  on the n i t r o g e n  a t o m s  i n c r e a s e  a s  the  n u m -  
b e r  of c h l o r i n e  a t o m s  i n c r e a s e ;  the c h a r g e s  on the c h l o r i n e  a t o m s  a r e  c o n s t a n t .  The r e s u l t s  of c a l c u l a -  
t ion  by  the  P P P  m e t h o d  c o n f i r m  the a b o v e - i n d i c a t e d  t e n d e n c i e s  of the e f f e c t  of s u b s t i t u e n t s  on the d i s -  
t r i b u t i o n  of  ~ - e l e c t r o n  c h a r g e s .  

E l e c t r o n i c  S p e c t r a  

C a l c u l a t i o n  by  the Hoffmann m e t h o d  shows tha t  the f i r s t  v a c a n t  m o l e c u l a r  o r b i t a l  of I -VI  i s  a d e -  
l o c a l i z e d  v * o r b i t a l .  The c l o s e s t  f i l l e d  o r b i t a l s  f r o m  which  e l e c t r o n i c  t r a n s i t i o n s  to i t  a r e  a l l o w e d ,  a l so  
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have lr c h a r a c t e r .  Consequent ly ,  the long-wave absorpt ion  band in the UV s p e c t r a  of I -VI  should be due 
to a ~ -  ~r* t r ans i t ion .  

The e f fec t  of s e v e r a l  chlor ine a toms on the e lec t ron  t rans i t ions  in the molecu les  of he t e rocyc l e s  
has  r ece ived  litt le t heo re t i ca l  s tudy.  We the re fo re  ca lcula ted  the UV s p e c t r a  of I I I -VI  within the n ap-  
p rox imat ion  with inclusion of all  of the s ingly exci ted  conf igura t ions .  

The r e su l t s  of the calculat ion a re  p r e s e n t e d  and c o m p a r e d  with the e x p e r i m e n t a l  data [13, 14] in 
Table 2. It is seen  that  the ca lcula ted  c h a r a c t e r i s t i c s  of the f i r s t  s ingle t  ~ --- n* t rans i t ion convey the 
r egu la r i t y  of the changes  obs e rved  expe r i m en t a l l y  when the number  of chlor ine a toms  i n c r e a s e s  - the 
ba thochromic  shif t  of the absorpt ion  band and the inc rease  in its intensi ty .  All four of the s ing le t - s ing le t  
t r ans i t ions  c o r r e s p o n d  with r e s p e c t  to s y m m e t r y  type to those obse rved  in unsubst i tuted pyr imidine ;  only 
a s m a l l e r  e n e r g y  di f ference  of the th i rd  and fourth t rans i t ions  can be noted.  It follows f r o m  a compar i son  
of the m o l e c u l a r  d i a g r a m s  of VI (the d i a g r a m s  of the other  molecu les  a re  qual i ta t ively s imi la r )  for  the 
ground and f i r s t  exci ted s ingle t  s t a t e s  that  the long-wave s - -  ~* t rans i t ion  is a s soc ia ted  with t r a n s f e r  of 
e l ec t ron  densi ty  f r o m  C 2 and C 5 to the adjacent  a toms of the pyr imidine  ring, during which the o r d e r s  of 
the r ing ~r bonds upon the whole, d e c r e a s e .  This c i r cums tance  addit ional ly conf i rms  the monotypic c h a r -  
a c t e r  of the f i r s t  s ing le t - s ing le t  t r ans i t ions  in benzene,  pyr imidine ,  and I I I -VI  molecu les .  The cha rges  of 
the C18 and C19 a toms in the exci ted  s ta te  i nc rea se  somewhat ,  but the co r respond ing  o rde r s  of the C - C 1  
bonds r e m a i n  a lmos t  constant  at a quite low value;  the more  apprec iab le  i nc rea se  in the cha rges  on C17 
and Cll0 c o r r e s p o n d s  to an i nc rea se  in the o r d e r s  of the C - C 1  bonds.  Thus t h e s e  a toms in the exci ted  
s ta te  a re  the m o s t  capable  of d i r ec t  conjugation with the pyr imid ine  r ing;  this is unders tandable  if one 
takes  into account  the appearance  of a defici t  of ~ e l ec t rons  on the C 2 and C5 a t o m s .  A c o m p a r i s o n  of the 
ca lcu la ted  and e x p e r i m e n t a l  AE values  provides  a bas i s  for  assuming  that  conjugation of the chlor ine 
a toms with the pyr imid ine  r ing is s t r o n g e r  than that,  which follows f rom the ca lcula t ion .  However ,  within 
the f r a m e w o r k  of the P P P  method,  a fu r the r  inc rease  in conjugation would lead to too high o r d e r s  of the 
C - C 1  ~ bond, values  that  are  not in a g r e e m e n t  with the expe r imen ta l  bond lengths [15]. 
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