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Good c o r r e l a t i o n  be tween  the  r e l a t i v e  c h e m i c a l  sh i f t s  of the  o r tho  and p a r a  p r o t o n s  and 
ai  and  (r~ i s  o b s e r v e d  in 2 - s u b s t i t u t e d  p y r i d i n e s  and p y r a z i n e s .  An i n c r e a s e  in the  con -  
t r i b u t i o n  of  the  induc t ive  e f fec t  i s  o b s e r v e d  fo r  the  r e l a t i v e  c h e m i c a l  sh i f t s  of  4 -H in 2- 
s u b s t i t u t e d  p y r i d i n e s  a s  c o m p a r e d  wi th  m o n o s u b s t i t u t e d  b e n z e n e s .  A c o n s i d e r a b l e  i n c r e a s e  
in the  f r a c t i o n  of the  con juga t i on  e f fec t  i s  o b s e r v e d  fo r  the  r e l a t i v e  c h e m i c a l  sh i f t s  of  6 -H  
in p y r i d i n e s  and p y r a z i n e s  a s  c o m p a r e d  with  the  m e t a  p o s i t i o n  in b e n z e n e s .  It is  p o s s i b l e  
tha t  t h i s  e f fec t  i s  a s s o c i a t e d  with  the  fac t  tha t  t r a n s f e r  of  the  e f fec t  is  a c c o m p l i s h e d  h e r e  
t h r o u g h  the  n i t r o g e n  a t o m ,  whi le  the  i n t e r a c t i o n  be tween  the  s u b s t i t u e n t  and  the  n i t r o g e n  
has  r e s o n a n c e  c h a r a c t e r .  

A c o n s i d e r a b l e  n u m b e r  of s t ud i e s  have  been  devo ted  to the  p r o b l e m  of the  c o r r e l a t i o n  be tw e e n  the  
c h e m i c a l  sh i f t s  (CS) and the  ~ c o n s t a n t s  in a r o m a t i c  s y s t e m s .  The  c o r r e l a t i o n s  be tween  the  CS of F i9 nuc le i  
and a i and (~o in a n u m b e r  of  s u b s t i t u t e d  f l u o r o b e n z e n e s  a r e  w e l l - k n o w n  [ l ] .  C o r r e l a t i o n s  have  been  m a d e  
be tween  the  CS of H 1 and C 13 n u c l e i  and a i and (rc~ fo r  m o n o s u b s t i t u t e d  b e n z e n e s  [2, 3]. C o r r e l a t i o n s  be tween  
the  CS of  the  p r o t o n s  and a *  and ~c have  been  ob ta ined  fo r  a n u m b e r  of  m o n o s u b s t i t u t e d  b e n z e n e s ,  f u r a n s ,  
and thiophenes [4]. The linear dependence between the CS of the protons and the substituent reactivity pa- 

rameters, which is observed in many cases, is associated with the fact that both are determined to a con- 

siderable degree by the electron density on adjacent carbon atoms. However, both the reactivity and the 

CS also generally depend on a number of other factors that differ for each of these characteristics. For 

example, contributions to shielding that are transmitted through space (anisotropic, electrical, and steric 

effects of bonds and groups) are of substantial significance for proton CS. However, the theoretical calcu- 

lation of these contributions cannot presently ensure the correct solution to the problem of the magnitude 

of the chemical shift caused exclusively by local shielding effects. In some cases, the correlation depen- 

dence of the CS on the substituent reactivity parameters and the electronic structure make it possible to 

judge the relationship between local shielding and the indicated specific contributions. 

The conditions under which it is possible to examine the correlation relationships in heteroeyelie 

systems are discussed in [5], and satisfactory correlations between the CS and the v-electron densities in 

monosubstituted derivatives of benzene, pyridine, and pyrazine were obtained for the o- and p-protons; it 

was also demonstrated that the CS in the m position is determined to a considerable degree by the field 
effect of the 7r charges of the aromatic ring. 

The correlation between the CS in these same aromatic systems and the cr i and ~c 0 substituent con- 

stants [2] is examined in the present paper. This sort of correlation approach makes it possible to com- 
pare the effect of a substituent on the CS with the effect on the reactivity in these rings. We used the rela- 
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TABLE 2. P a r a m e t e r s  of the C o r r e l a t i o n  Equat ions  That  Re la te  
the RCS of the P r o t o n s  in  I - I I I  to a i and ac~  a 

Proton Ring Solvent A B C 

3-H 

4-I1 

6-H 

5-H 

i b 
II 
II 

I[I 
III c 
III d 

II 
I 

lI 
II 

IlI 
III 

11 
II 

III ~ 
IlI ~ 
III 

Gel4 
CC14 
(CHa)2,SO 
(CHa)~SO 
(CHa) 2SO 
D20 
CC14 
CCI4 
(CH3)2SO 
CC14 
CC]4 
(CH3)2SO 
(CH3) zSO 
D20 
CC14 
CC14 
(CH~)~,SO 
(CHa)2SO 
(CH3) 2,S0 
D20 

--0,86 
- -  1,01 
-- 1,22 
--0,7t 
-0,56 
-0,66 
-0,28 
-0,73 
-0,79 
-0,28 
-0,05 
-0,50 
-0,32 
- 0,34 
-O,45 
-0,78 
- -  1,02 
--0,84 
--0,63 
--0,38 

- -  1 , 9 6  

- -  1,77 
--2,29 
- -  1,51 
-- 1,61 
- -  1 , 7 5  

--0,41 
--0,48 
-0,71 
-0,41 
- 1 , 0 0  

- -  1 , 0 2  
- 1,21 
-1,19 
-I,14 
- -  1 , 0 8  
- -  1 , 4 3  

- -  1 , 3 0  
- -  1 , 5 0  

- -  1 , 3 4  

- 0,06 
-0,14 
- -  0,20 
--0,09 
--0,09 
-0,08 

0,03 
3,06 
3,05 
0,03 
0,04 
0,04 
0,06 
0,10 
0,08 
0,02 
0,05 
0,14 
0,09 
0,08 

R d 

0,99 0,07 
0,96 0,13 
0,98 0,13 
0,95 
0,96 
0,98 0,I 1 
O,95 0,04 
0,92 0,12 
0,92 0,10 
0,95 0,04 
0,97 0,06 
0,95 0,09 
0,97 0,08 
0,99 0,06 
0,99 0,04 
0,98 0,08 
0,98 0,09 
0,91 0,16 
0,96 
0,99 0,10 

B 
n a=A--  

1 l 2,29 
10 1,79 
14 1,87 
1 0  1 , 8 2  

;5* 

9 2,74 
14 t,48 

0,65 
1 0,88 
14 1,48 
10 20,00 
14 2 , 0 4  
11 3 , 7 8  

10 3,50 
15 2,53 
10 1,38 
14 1 , 4 0  

I0 1.54 
2,40 

l 0  3 , 6 0  

aThe  c o r r e l a t i o n  coef f ic ien t s  for  I w e r e  ob ta ined  f rom ou r  c a l c u l a -  
t i ons ,  b N , N - D i m e t h y l a n i l i n e  and t e r t - b u t y l b e n z e n e  w e r e  excluded 
f rom the c o r r e l a t i o n s .  C 2 - F l u o r o p y r a z t n e  was excluded f rom the 
c o r r e l a t i o n s ,  d Iodobenzene  was excluded f rom the  c o r r e l a t i o n s .  
e 2 - F l u o r o -  and 2 - c y a n o p y r a z i n e s  w e r e  excluded f rom the c o r r e -  
la t ion .  

tire CS (RCS)* (Table I) of 2-substituted pyrazines (III) in D20 and dimethyl sulfoxide (DMSO) [6] and of 2- 
substituted pyridines (If) in CCI 4 [7] and DMSO [8] for correlations with ui and (rc~ the RCS of monosubsti- 
tuted benzenes (I) in CCI 4 [9] are also included in Table 1. 

C o r r e l a t i o n  equat ions  of the fo rm 

6 = A ~ i + B ~ c ~  

I H I l l  

were calculated by the method of least squares. The A, B, and C coefficients, the multiple correlation co- 
efficients (R), the mean-square deviations (d), and the number of correlatable substituents (n) are presented 
in Table 2. 

The h ighes t  c o r r e l a t i o n  coef f ic ien t s  w e r e  ob ta ined  for  the 5-H p ro tons  in the p pos i t ion  r e l a t i v e  to 
the subs t i t uen t .  F o r  the p - p r o t o n  tn III, the ra t io  of the c on t r i bu t i ons  of the induc t ive  effect  and the c o n j u -  
gat ion effect is  c lose  to the ra t io  in I. This  m a y  expla in  the  p r e v i o u s l y  noted  [10] m u t u a l  c o r r e s p o n d e n c e  
of the shif ts  of the p - p r o t o n s  in HI and I. The c e r t a i n  d e c r e a s e  in the c o r r e l a t i o n  coef f ic ien t  for  5-H in III 
in DMSO is due to the d i s c r e p a n c y  in the data for  the F and CN g r o u p s .  In 1I, the c on t r i bu t i ons  of the in -  
duct ive  effect  and the con juga t ion  effect  to the CS of the p - p r o t o n  a r e  c lose .  

The  good c o r r e l a t i o n  be tween  the RCS of the 3-H p ro tons  in III and II and the RCS of the o - p r o t o n s  
of I (Fig. 1} and the comple t e ly  s a t i s f a c t o r y  c o r r e l a t i o n  of the RC8 of 3-H with the 7r -e lec t ron d e n s i t i e s  [5] 
p r e s u p p o s e  the p r e s e n c e  of a c o r r e l a t i o n  with the ~ cons t an t s .  In fact,  a comple t e ly  s a t i s f a c t o r y  c o r r e l a t i o n  
can  a lso  be o b s e r v e d  for  the RCS of the o - p r o t o n  in the r ings  u n d e r  c o n s i d e r a t i o n  (Fig.  2), desp i te  the s t e r i c  
p r o x i m i t y  of 3 -H to the s u b s t i t u e n t .  The  ro l e s  of both effects  ( induct ive  and  conjugat ion)  in the t r a n s f e r  of 
the subs t i t uen t  effect  a r e  g rea t ,  but the con juga t ion  effect  ma ke s  the ch ie f  con t r i bu t i on  (up to 70%). The 
m u l t i p l e  c o r r e l a t i o n  coef f ic ien t s  (0.95-0.98) a r e  ev idence  for  good c o r r e l a t i o n .  Exc l u s i on  of the bulky 
N(CHa) 2 and t e r t -C4H 9 s u b s t i t u e n t s  f rom the c o r r e l a t i o n s  leads  to an i n c r e a s e  in the c o r r e l a t i o n  coef f i c ien t s  

* The  r e l a t i v e  CS (RCS) is the d i f f e r ence  be tween  the CS of a g iven  pro ton  in the subs t i t u t ed  and u n s u b s t i -  
tu ted  compounds .  The plus  va lue  c o r r e s p o n d s  to a shift  in the s igna l  of the p ro ton  of the subs t i t u t ed  c o m -  
pound to s t r o n g e r  f ie ld  as c o m p a r e d  with the u n s u b s t i t u t e d  compound.  
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Fig. 1. Dependence between the RCS of 3-H in II [in CC14 (o) and in (CH3)2SO (O)] 
and III [in D20 (A) and the RCS of the o-protons in h R=CH 3 (1), NH z (2), F (4), C1 
(5), Br  (6), I (7), OCH 3 (8), CONH 2 (9), COOH (10), COOCH 3 (11), CN (12), NO 2 (13), 

COCH 3 (14), CHO (15), H (16). 

Fig. 2. Dependence between the RCSeale and the RCSex o of the 3-H proton in II [in 
(CH3)2SO (O)] and III [in D20 (A)]. The symbols for the points a re  the same as in Fig. 1. 

3 -  

2 -  

1- 

m 

b E  

O- o M=6 

Fig. 3. Ratio of the in- 
ductive and substituent 
conjugation effects during 
t r ansmiss ion  of the ef-  
fect to various positions 
of rings I, II, and III [in 
CCl 4 (.), in (CH3)2SO .(O), 

and in D20 (A)]. 

to 0.99. The e lect r ical  field effects and the s ter ie  and anisotropy factors  
are,  on the whole, overlapped by local shielding for the usual substituents. 

The correla t ion of the CS of the protons in the m position relative to 
the substituent is less successful .  It is known that the RCS of C 13 in the m 
position in I a re  small  and almost identical for all of the measured  substi t-  
ents [2, 11]; of course ,  they do not cor re la te  with the H a m m e t t - T a f t  a 
constants, the m-H l CS, or  the F I~ CSin f luoro-subst i tuted benzenes. More-  
over,  in I it was found that the m-H 1 RCS, which cor re la te  poorly with u i 
and ameta, cor re la te  sat isfactor i ly  with (rpara [12, 13] and also with ~i~ 
and a~ [2, 3]. 

The RCS of the m-pro tons  of the examined heterocycl ic  compounds 
change appreciably on passing from one ring to another (Table 1). In ex- 
amining the datathat we obtained, one should also note that the RCS of the 
4-H and 6-H protons of II are  different, and the RCS of 6-H does not coin- 
cide with the m-pro ton  RCS in I. 

Satisfactory corre la t ion  between the RCS of 4-H and the m-pro tons  
of I was observed in II [7]. T h e  corre la t ion  equations for  the RCS of 4-H 
in II demonstrate  that the ihduetive effect makes the ma jo r  contribution 
(60-70%) to the substituent effect on 4-H. An increase  in the sol.vent polari ty 
leads to a small  increase  in the contribution of the conjugation effect. The 
4 position is charac te r ized  by ra ther  low corre la t ion coefficients (0.92), 
which attests to a weak corre la t ion dependence. 

The CS of 6-H in II does not correlate either with the m-shifts in I or with the RCS of 4-H in II them- 
selves. Smith and Roark [7] have demonstrated the existence of a correlation between the RCS of 6-H and 
ffmeta for a limited set of substituents (NH 2, CH 3, F, Cl, Br, I, NO 2, and CN). An increase in the set of 
substituents to include the data in [8] for substituents of the COOX and COX type leads to considerable de- 
terioration in this correlation,while the correlation of these RCS with (rpara gives somewhat better results. 
The correlation equations for the RCS of 6-H in II are characterized by a high contribution of the substit- 

uent conjugation effect: in a nonpolar solvent (CC14), the transfer of the effect as a whole is determined 

~As in Russian or ig ina l -  Publisher. 
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by the conjugation effect, while the contribution of the inductive effect (up to 50%) increases  in a more  
polar  solvent (DMSO). In the equation that we obtained, 

6N"=7(t i -84v~~ R=0,88, n=9, 

which relates the RCS of N t~ in II [14] with the a constants,  the contribution of the conjugation effect also 
predominates .  These results  make it possible to assume that the effect of a substituent in the 2 position 
on the CS of 6-H is t ransmi t ted  to a considerable degree through the nitrogen atom, which experiences a 
resonance effect on the part  of the substituent. However, the problem of whether this effect is t ransmi t ted  
along the bonds o r  through space (due to a change in the magnetic anisotropy and e lec t r ica l  field of the 
nitrogen atom) is subject to further clarification. 

The 6-H proton in Ill proves to be similar to the p-proton in I with respect to the contributions of the 
inductive and conjugation effects. As already noted above for derivatives of If, the contribution of the con- 
jugation effect in HI apparently increases owing to transmission of the substituent effect on 6-H through the 
nitrogen atom. 

A compar ison  of the ratio of the contributions of the inductive and conjugation effects (o~ =B/A) in the 
cor re la t ion  equations for s ix -membered  aromat ic  rings (Fig. 3) leads to the following conclusions.  The 
role of the conjugation effect for  I increases  in the o rde r  m <o <p. The m-4  position for II is charac te r i zed  
by the greates t  contribution of the inductive effect. However, the conjugation effect dominates for  the m-6  
position; the role of the conjugation effect in II increases  in the o rde r  m-4  <p <o <m-6 .  For  III, this o rde r  
appears to be as follows: o <m-6  <p in D20 , and o <p <m-6 in DMSO. Thus, in II, the general  cha rac te r  of 
the change in the contribution of the inductive and conjugation effects during t r ansmiss ion  to the o-,  m-4,  
and p positions is s imi la r  to that observed in I. The t r ansmiss ion  of the effect to the m-6  position in II and 
HI differs f rom that in I by a substantial  predominance of the contribution of the conjugation effect. 
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least  squares  and V. F. Bys t rov  for his consultation and ass is tance  in the interpretat ion of the resul ts .  
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