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]?he IR and PMR s p e c t r a  of an extensive  s e r i e s  of methyl  de r iva t ives  of a roma t i c  and he t e ro -  
a roma t i c  compounds were  investigated.  With a few exceptions,  the exper imenta l  data  on the 
chemica l  shif ts  of the protons  (sCH@ and the intensity of the band of the s y m m e t r i c a l  s t r e t ch -  
ing v ibra t ion  [(AcI_I)I/2] for  f ive-  and s i x - m e m b e r e d  he te ro r ings  can be united in a single r e a c -  
tion s e r i e s  with polysubst i tu ted toluenes within the f r a m e w o r k  of an additive scheme.  The 
(AcI_I)I/2 values  c o r r e l a t e  sa t i s fac to r i ly  with the calcula ted (by the CNDO/2 method) total 
cha rges  on the ca rbon  and hydrogen a toms of the methyl  group.  In con t ra s t  to the intensi t ies  
of the IR bands,  l inear  re la t ionships  between the chemica l  shifts  and the cha rges  on the hydro-  
gen a t o m s , a r e  obse rved  only within the l imi ts  of pa r t i cu l a r  r e ac t i on  s e r i e s .  The lack of a 
unified re la t ionship  was inter)~reted as being the r e su l t  of the effect  of the ring cur ren t ,  the 
contr ibution of which to the 6'~H3 value depends on the nature  of the he te roa tom.  

In our  previous  pape r s  [1, 2] we demons t ra ted  the applicabi l i ty  of the pr inciple  of additivity fo r  the c h a r a c -  
te r iza t ion  of the contr ibut ions of the individual subst i tuents  and he te roa toms  to the changes in the kinetic and 
spec t roscopic  p a r a m e t e r s  of the methyl  group in the polysubst i tu ted toluenes and the i r  he te roana logs .  In the 
p r e s e n t  r e s e a r c h  we made an a t tempt  to extend the indicated approach  to the IR and PMR spec t roscop ic  c h a r a c -  
t e r i s t i c s  of methyl  de r iva t ives  of f i v e - m e m b e r e d  a romat i c  he te rocyc les  and to a sce r t a in  the poss ib i l i ty  of a 
quan tum-chemica l  descr ip t ion  of the trend of the change in these p a r a m e t e r s .  

A p p l i c a b i l i t y  o f  t h e  A d d i t i v e  S c h e m e  

PMR Spectra .  The chemica l  shifts  of both a roma t i c  protons  and the protons  of methyl  groups bonded to 
the he t e roa roma t i c  ring in azoles  have been studied in a number  of pape r s  (for example ,  see  [3-19]). However,  
in the overwhelming ma jo r i ty  of cases  only the effect  of va r i ab le  subst i tuents  on the 5 value as the nature  and 
posi t ion of the he te roa tomic  groupings built into the ring r ema in  fixed has been investigated.  The exper imenta l  
data p re sen ted  in Table 1 make it poss ib le  to thoroughly analyze the ent i re  se t  of data on the change in the 
shielding constants  of the protons  of the methyl  group in azoles  of va r ious  types.  

As in [2], we used a va r i an t  of the additive scheme in which the effect  of each subst i tuent  in the azole ring 
c h a r a c t e r i z e s  the A5 i increment ,  which re f lec t s  its contribution to the 5CH3 value in the cor respond ing .mono-  
substi tuted toluene; the contr ibut ions of the he te roa tomic  - O - ,  - S - ,  -N(CH3) - ,  and - - N =  groups  a r e  conveyed 
by the magnitude of the A6CH3 chemica l  shift  in the furan,  thiophene, N-me thy lpy r ro l e ,  and pyr idine r ings with 
r e s p e c t  to toluene as the s tandard  compound (60 = 2.34 ppm).  Moreover ,  in conformi ty  with the genera l ly  
accepted concepts  regarding  the t r ansmis s ion  capac i t ies  of the - - O - ,  - S - ,  and - N H -  he te roa toms  in f ive-  
m e m b e r e d  r ings [20], all  of the azole ring posi t ions adjacent  to them a re  cons idered  to be or tho- l ike ,  the 
1-3 (4), 2-4,  and 3-5 posi t ions a re  cons idered  to be meta - l ike ,  and the 2-5 posi t ions a re  cons idered  to be p a r a -  
like posi t ions  of the benzene ring. 
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TABLE 1 (continued) 

1 2 I 3 4 1 5 1 6  9 t 10 

42 

43 
.44 

45 
46 

47 
48 

49 
50 
51 
52 
53 

54 
55 

56 

57 

58 
59 
6O 

61 
62 

63 
64 
65 

66 
67 

68 
69 

7O 
71 
72 
73 

74 
75 

76 
77 
78 

79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

I 
CH a 

i (CH~) 

[(CH~) 

IiCtI~) 
I(CH=) 

o 

O 

o 

O 

o 

O 

O 

O 

O 

O 

O 

O 

o o 

N NO2 

N CHa 

CF 
CH 

CH 

N 
N 

N - -  

N 
N 

N 

N CH 

N 

N C6H 

N CHa CH~ 

N OH CHa 

N CH3 C1 

C6FIs 
CIIaO CH~ 

C N CHa 

C N - -  
N CHa 

c N - -  N CH~ 

C N 

-- N 

7 s 

2,23ts) f 

ct 2.1~<J. 
1,9l~,), t 

230 

- -  2,40 
~Ha ~ 2,17 
CH~ CHa 2,27r 

1,95t4 
2,14~,s 

2.28 
CH~, 2,42 

CH3 2,'24,.~ 

2,40~5 

CH3C 2,10 
NO2 CH: 2 49 ..... 

2.77,5 

NH= CHa, 2,00~3 
2,101.s 

CHa 2,12,,. 
t,85~4 
2,25~5 

CN CH3 2,3&s. 
2,62~s; 

CH~ 2,22~a, 

NH2 2.03!,~, 
1.65(4! 

CH3 1,83(v 
2,22(s~ 

CHa 2.17(~, 
2.33,5~ 

CH:~ CH30 1.60 
CH~ 1,74~4 

2,20L~/ 

- -  2,67r t 
2,3&4i 

- -  2.74f 
- -  2,45 

CHa 2,49 
- -  2,61c2~ 

2,33~n 
CH~ I 2,54~..~ 

I 2,36~ 
CH.3 CHa [ 2 35~.~ 

2,06. I 037 (2,30) n (--0,07) 
2,43 0,03 
2,29 0,32 

(2.53)h (0,08) 
2,16 --0,01 
1,94 ] --0,03 

2,31 -0,01 
Z31 --0,01 

2,48 --0,08 
2,29 --0,12 
2,38 --0,11 
2,16 --0,21 
2,10 --0,04 

2,29 --0,01 
2,35 h 0,07 

(248~ (-0,06) 
2.25 -0,0t  

2.24 -0,16 
(2,37)h (0,03) 
2,26 -0 , t6  
2,51 --0,02 
2,60 h 0,t7 

(2,73)" (0,04) 
1,89 0,11 
1.98 . 0,12 

(2,11) n (-0,01) 
2.16 --0,04 
1.96 ~ 0 ,  I 1 
2,2I .  0,04 

(2,34) n (--0;09) 
2.46 --0,08 
2,51 . 0,11 

(2,64t b- (--0.02) 
2,29 --0,07 
2,30 0,07 

(2.43) h (-0,06t 
2,06 --0,03 
! .65 0 
1,82 0,01 
2,15 . 0,07 

(-o,o6) 
I2'28) n2,332'28, --0,11 

I2,46) a [(--0,13) 
1.86 --0,26 
1.77 --0,03 
2.22 . --0,02 

(2.35) n f-o,15) 

2,61 0,06 
2.34 0,04 
2,70 0,01. 
2.39 0,06 
2,51 -0,02 
2.61 0 
2,34 --0,01 
2,59 --0,05 
2,36 0 
2.28 0,07 
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TABLE 1 (continued) 

I 2 5 6 7 8 9 10 

89 
90 
91 
92 
93 
94 
95 
96 
97 

98 
99 

I00 
101 

102 
103 
I04 
I05 
106 
107 
I08 
I09 
ll0 
Ill 
I12 
I13 
I14 

I15 

116 

117 

118 

N~o.N 

sJJ 

N,.N.N 

I 
C6H 5 

3 4 

S CH3 

S CH3 

S N 
S N 
S N 
S N 

S N 
S N 
S N 
S N 
S N 

S N 

S N 

S N 

0 ( Hs 

3 N 

5 ( Hs 

(:H3 N0;I- 

N CHa 

N CH: 
N 

N 

3H 

EH 

CI- 
CI 

3H 

2H 

=H 

N 

.~H~ 

N 

N 

CH3] 

NO2 
CH3 

NO., NO2 CH: 

CHa 

NO,, ~H CH, 
CI 3 

NO2 CHs 
-- CH3 

CH: - -  

CH~ Ctts 

CH~ CH~ 

N CH3 I 

CH3 N 

N 3Hs 

N N 

2,31r 
2,51~2) 
2,24~4) 
2,21s . 
2,80 t 

i:ii:i , (2; 
2,74,4) f 

241 f 
2',17 f 
2,41 
2,46 

2,74 
2,28 
2,43 
2,88 
2,31,3~ 
2,48r 
2,31 (:~) 
2,18(4~ 
2,12(4) 
2,36(5) 
2,22(5) 
1,97(4) 
2,28(s) 

2,48 

2,32 

2,74 

2.58 f 

2,24 
2,55 
2,25 
2,27 
2,64 
2,75 
2,62 
2,78 
2,61 

2,38 
2,15 
2,51 
2,41 

2,64 
2,18 
2,54 
2,67 
2.34 
2,47 
2,29 
2,06 
2,06 
2,42 
2,25 
1,97 
2,38 

2,49 

2,27 

2,56 

2,30 
(2,50) 

0,07 
--0,04 
--0,01 
-0,06 

0,16 
--0,05 

0 
--0,08 

0,13 

0,03 
0,02 

--0,10 
0,05 

0,10 
0,10 

-0,11 
0,21 

-0,03 
0,01 
0,02 
0,t2 
0,06 

-0,06 
--0,03 

0 
--0,I0 

-0,01 

0,05 

0,18 

0,28 
(0,08) 

aThe  5 v a l u e s  f o r  compounds  1-6  w e r e  t aken  f r o m  [5], the va lues  
fo r  compounds  8-13 w e r e  taken  f r o m  [6], the v a l u e s  f o r  compounds  
7, 14, and 15 w e r e  taken f r o m  [2] the v a l u e s  fo r  compounds  16-42 

w e r e  taken  f r o m  [7], the va lues  fo r  compounds  43-46 w e r e  taken  
f r o m  [8], the va lue  for  compound  48 was  t aken  f r o m  [9], the va lues  
fo r  compounds  49-53 w e r e  t aken  f r o m  [10], the v a l u e s  fo r  c o m -  
pounds  54-78 w e r e  taken  f r o m  [11], the va lues  fo r  compounds  79-  
92 w e r e  taken  f r o m  [12], the v a l u e s  fo r  compounds  93-97 w e r e  
taken  f r o m  [13], the v a l u e s  fo r  compounds  98-100 w e r e  taken 
f r o m  [14], the v a l u e s  fo r  compounds  101-105 w e r e  taken  f r o m  
[15], the v a l u e s  fo r  compounds  106-114 w e r e  taken  f r o m  [16], the 
v a l u e s  fo r  c o m p o u n d  118 was  taken f r o m  [17, 18], and the va lues  
f o r  compounds  47 and 115-117 w e r e  m e a s u r e d  by us.  
bThe  h e t e r o a t o m s  w e r e  c o n s i d e r e d  to be s u b s t i t u e n t s .  
CThe s o l v e n t  was  CC14. 
d6' = 2.34 + EA6i;  the A6 i v a l u e s  w e r e  taken  f r o m  [2]. 
eAA6 ~- 6 - 6,. 
f in  CDC13. 
gHere  and  subsequen t l y ,  when  t he r e  a r e  two n o n e q u i v a l e n t  me thy l  
g r o u p s  in the r ing ,  the p o s i t i o n  of the " indica tor , ,  CH 3 group  is 
i nd i ca t ed  in p a r e n t h e s e s .  
hThe A62N i n c r e m e n t  was  used  in p l ace  of A64N. 
iLa CH2C12 + CHC13 (3 : 1). 
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As seen f r o m  Table 1, the additivity ra t io  

5' = 5 ~ + Z,~6i (1) 

in the overwhelming ma jo r i ty  of c a se s  sa t i s fac to r i ly  conveys the effect  of some  of the subst i tuents  and the 
h e t e r o a t o m s  on the 6CH3 value in f i v e - m e m b e r e d  r ings:  

5c~~.,=0.16+0.936 ' (r=0.963, n=93) .*  (2) 

One mus t  note only the following violat ion of this rule.  I n  con t ra s t  to pyr idine der iva t ives ,  in which the p r e s -  
ence of a ni t rogen he te roa tom in the 4 posi t ion prac t ica l ly  does not exe r t  its cha r ac t e r i s t i c  e l e c t r o n - a c c e p t o r  
effect  on the shift  of the protons  of the methyl  group [2], its activating effect  on the p a r a - l i k e  posi t ion of the 
isoxazole,  pyrazole ,  and  t e t razo le  r ings  in mos t  c a se s  is a lmos t  as intense as on the or th  9 posi t ion (Lx6 ~ 0.15 
ppm).  The obse rved  intensif icat ion o f  the e l e c t r o n - a c c e p t o r  capaci ty  is evidently assoc ia ted  with the po l a r i z -  
ing effect  of the second he te roa tom in the ring adjacent  to the ni t rogen atom, which displays  pronounced e l ec -  
t ron-donor  p r o p e r t i e s  v ia  a conjugation mechan i sm.  

IR Spectra .  The r e su l t s  of m e a s u r e m e n t s  of the intensity of the band of the s y m m e t r i c a l  C - H  s t re tching 
v ibra t ion  of the methyl  group [(AcHS) 1/2] in the IR spec t r a  of the s e r i e s  of invest igated azoles  a r e  p resen ted  
in Table 2. The i r  t r e a t m e n t  via  a s i m i l a r  s cheme  with al lowance fo r  the p rev ious ly  obtained data on the inten- 
s i ty of the C - H  vibra t iona l  bands in a s e r i e s  of subst i tuted toluenes and methyl  de r iva t ives  of s i x - m e m b e r e d  
ni t rogen he te rocyc les  [2, 21, 22] has shown that  in this case  also the effect  of s e v e r a l  of the subst i tuents  and 
he t e roa toms  is subject  to the additivity pr inciple :  

(Acre+) 1l~=4.8+0.8E (AcH+)cal~! 2 (r=0.946, lz = 18). 0) 

In s u m m a r i z i n g  the above mate r i a l ,  it can be concluded that, with few except ions,  the exper imen ta l  data 
on the 6CH3 and (ACHS) i/2 values  fo r  a l a rge  number  of subst i tuted azoles  can be united in a s ingle reac t ion  
s e r i e s  with analogous data fo r  polysubst i tu ted totuenes and s i x - m e m b e r e d  ni t rogen he te rocyc les  within the 
f r a m e w o r k  of a coinmon additive scheme.  

Q u a n t u m - C h e m i c a l  E x a m i n a t i o n  

IR. Spectra .  In recent  y e a r s  the CNDO/2 and IND 0 methods have come to be used m o r e  an d m o r e  ex tens ive ly  
fo r  the calcula t ion of the der iva t ives  of the dipole moment  with r e s p e c t  to the nuc lear  coordinates  (8~/aQ)  and 
consequently fo r  the descr ip t ion  of the in tegra l  intensity of the bands of var ious  v ibra t ions  (A1/2) in the IR 
spec t r a  of polyatomic  organic  molecules  (for example ,  see  [23-31]). However,  the applicabil i ty of the indi- 
cated approaches  fo r  the compara t i ve  study of the intensi t ies  of bands in extensive s e r i e s  of compounds is 
f raught  with ce r ta in  difficult ies assoc ia ted  p r i m a r i l y  with the cons iderable  expenditure of compute r  t i m e . t  

In the case  of s i m i l a r l y  cons t ruc ted  compounds the p rac t i ca l  rea l iza t ion  of quan tum-chemica l  e x p r e s -  
sions for  the A1/2 values  can be s impl i f ied  substant ia l ly  when there  is approx imate  conformi ty  between the 
changes in the 3~ /0Q der iva t ives  and the dis t r ibut ion of the e lec t ron  density on the a toms that par t i c ipa te  in 
the v ibra t ions .  

Our calculat ion by the CNDO/2 method of the surplus  e lec t ronic  cha rges  on the ca rbon  Aq~ +~r) and hy- 
drogen (AQH1) a toms and of the overa l l  charge  on the C and H a toms  of the methyl  group (AqCH 3 = 3AqH1 + 
Aq~ +lr) showed (Tables 2-4)$ that  identical  expres s ions  

(AcH 8) t/2=31.1 -- 370AqCH+ (r =0.907, n=26),  (4) 
(AcH s) t/2=34.7-597.3Aq~, (r=0.917, n=26),  (4a) 

(AcH s) l /2=34-725.35q~-89.1hqd '+'~ (R=0.919, n=26) (4b) 

can be successfu l ly  Used fo r  the descr ip t ion  of the t rend of the change in the intensity of the band of the s y m -  
m e t r i c a l  C - H  vibra t ion of the methyl  groups  of both a roma t i c  (substituted toluenes) and f ive-  and s i x - m e r e -  

* Compounds fo r  which AA5 > 0.1 ppm were  excluded f r o m  the co r r e l a t i on  t r ea tmen t  (see Table 1). 
The obtaining of one ~/~/0Q value on the bas i s  of numer i ca l  different ia t ion r equ i re s  the calculat ion of 10-15 

configurat ions in the vicini ty of the equi l ibr ium s ta te  of the molecules .  
$ In mos t  cases  the bas i s  of the calculat ion of the invest igated methyl  der iva t ives  has been the exper imenta l  
geome t ry  of the cor responding  unsubst i tuted he te rocyc les  [32-40]; the ideal ized geome t ry  p a r a m e t e r s  r e c o m -  
mended by Pople and Gordon [41] have been used  for  the subst i tuents .  The calculat ions were  made with a 
B]~SM-6 compute r  f rom a p r o g r a m  composed  in the depar tment  of quantum c h e m i s t r y  of Leningrad State 
Univers i ty .  
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TABLE 2. Intensity of the Band of the Symmetrical  C - H  Vibra-  
tion of the Methyl Group in F ive-Membered  Heteroaromatic  
Monocycl ic  Compounds (vCH = 2935•  10 cm -1) 

C o m -  

)otmd H e t e ~ o c y c l e  
No. 

l 2 

10 
11 
12 
13 

14 
15 
16 
17 

18 

19 

20 

21 

22 

23 

I CD~ 

I 
CD 1 

�9 

S 

~.o~N 

~ 0 -  

I 
CD 3 

I 
C61t 5 

N(CDa) 
N(CDa) 

N(CD3) 
N (CD3) 
N (CDa) 
N (CDa) 
N(CDa) 
N (CDa) 

O 

N0 3a) 

N (~ ;H~) 

R_- 

4 

CHa 
CHa 

Substituents 

Ra R4 

5 6 

- 

CH 
CH ( 
CH N 
CH t 
CH N 
CH ] 

N C 

CH 
CH i 
CI-t N 
CH 'h-- 

N C 
N 
N d 
N 

N 

N 

CH C 

CH C 

N C 

N 

N-O2 

=N 

8 9 I1 

0,0020 
0,0236 

0,0088 

0,0616 

--0,0020 

0,0120 

0,0144 
0,0289 
0,0580 

0,0234 
0,0183 
0,0121 
0,0100 

0,0289 

0,0362 

0,0309 

8 9 9  



TABLE 2 (continued) 

,i 2 i  -i4i- i - - 
2425 s s CH~ ~ 3  32~" 

25 o 270f I 

10 i 11 0,0140 
0,0019 

0,0110 

aThis  is the in tegral  intensi ty of the VCHS vibra t ional  band r e -  
f e r r e d  to a s ingle methyl  group (in l i t e r s  p e r  mole  p e r  square  
cen t imeter ) .  The IR s p e c t r a  of 0.01-0.05 m o l e / l i t e r  of the c o m -  
pound in C C14 were  r eco rded  (IKS-16 instrument}.  
b (AcHS)I/2 = 33.6 + E AA1/2. The AA1/2 values  we re  calcula ted 
f r o m  the data in [2, 21, 22], as we re  the inc remen t s  fo r  the oxy-  
gen he te roa tom in the 3 posi t ion (AA1/2 = - 4 . 0 )  and the he te ro -  
a tomic  N(CH3) grouping in the 2 and 3 posi t ions  (AA1/2 = 1.8 and 
AA1/2 = 7.2, respec t ive ly) ,  which were  de te rmined  f r o m  the  data 
in the p r e s e n t  table.  
CThese a r e  the d i f fe rences  between the m e a s u r e d  and calcula ted  
(A C Hs) 1/2 va lues .  
d R e f e r r e d  to a single methyl  group.  
eThe  p r e s e n t e d  value is evidently too high because  of pa r t i a l  
over lapping of the bands belonging to the s t re tch ing  v ibra t ions  of 
the methyl  and ni t ro groups~ 
fTaken f r o m  [22]. 

TABLE 3. Intensity of the Symmet r i ca l  C - H  Vibra -  
tion of the Methyl Group in F i v e - M e m b e r e d  He te ro .  
a r o m a t i c  Rings 

Comp. 
No. 

'2- 

Compound 

~CH~ 
~ CH 3 

~ C H  a 

~o~C}I~I 

(ACHS)t/2 :a 
liter �9 mole-1 �9 ~IB -2 

28,4 

28,0 

26,6 

18,0 

17,5 

au 
0,0t53 

0,0013 

0,0161 

0,0372 

0,0433 

aTaken f r o m  [22]. 

m e m b e r e d  he t e roa rom a t i c  compounds.  In conformi ty  with the conclusions obtained on the bas i s  of the resu l t s  
of co r re l a t ion  analys is  [21, 22 ], the exis tence  of the indicated dependences indicates that e lec t ronic  effects  
play the leading role  in the change in the  intensity of the bands of the C - H  s t re tching v ibra t ions .  

PMR Spectra .  Although there  have frequent ly  been  a t tempts  [42-44] to invest igate  the re la t ionship  be -  
tween the chemical  shif t  of the protons  of the methyl  groups and the changes in the e lec t ron  density on the hy-  
drogen a toms  and on the carbon a toms that consti tute thei r  immedia te  envioronment ,  a theore t ica l ly  subs tant i -  
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T A B L E  4. 

of  the Methy l  Group  in Subs t i tu ted  To luenes  R ~ ' - ~ a '  

Comp~ 
No, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

H 
3-CH30 
3-CH~ 
4-CH3 
3-F 
4-F 
4-CN 
3-NO2 
4-NO2 
2-N 
3-N 
4-N 

Spectroscopic and Quantum-Chemical Characteristics 

~cH" 
ppm 

(AcHS)I/Z,b , 
l i t e r  �9 mole'" �9 
c m  -2 

33.2 
31,2 
35,0 
34,4 
31,7 
31,0 

26,6 
23,5 
25,0 
29,8 
25,6 

A q I I ,  

a t l  

0,0046 
0,0067 
0,0046 
0,0033 
0,0084 
0,0045 
0,0076 
0,0119 
0,0132 
0,0144 
0,0053 
0.0085 

Aqc, a+~ 
a n  

-0,0185 
--0,0206 
--0,0191 
--0,0169 
--0,0209 
--0,0156 
--0,0199 
--0,0201 
--0,0233 
--0,0337 
-0,0180 
--0,0248 

2,34 
2,3l 
2,30 
2,28 
2,36 
2,33 
2,44 
2,50 
2,51 
2,55 
2,32 
2,31 

Aq CH~, 
a u  

--0,0047 
--0,0005 
--0,0053 
--0,0070 

0,0043 
--0,0021 

0,0029 
0,0156 
0,0163 
0,0095 
0,0021 
0,0004 

aTaken from [2]. 
bTaken from [21]. 

T A B L E  5. C h a r g e s  on the H and C A t o m s  of the Methyl  Group  in 
F i v e - M e m b e r e d  H e t e r o c y c l e s  

Compound 
No. in 
Table i 

1 
3 
6 
7 
8 
9 

10 
1t 
12 
13 
14 
I8 
19 
41 
43 
44 
47 
49 
50 
51 
52 

cXq ti I Aqc(~ + g 

0,0176 
0,0224 
0,0157 
0,0046 
0,0116 
0,0044 
0,0t65 
0,0089 
0,0132 
0,0099 
0,0055 
0,0117 
0,0135 
0,0136 
0,0251 
0,0491 
0.0180 
0,0282 
0,0100 
0,0269 
0,0068 

--0,0418 
-0,0455 
--0,0401 
--0,0137 
--0,0208 
--0,0113 
-0,0250 
--0,0161 
-0,0194 
-0,0191 
-02231 
-0,0274 
-0,0306 
-0,0290 
--0,0355 
--0,0640 
--0,0518 
--0,0491 
--0,0207 
--0,0482 
--0,0178 

Compound ~q I 
No. in H, 
Table 1 au al l  

53 
59 
60 
74 

82 
83 
86 
87 
94 
96 
97 
98 
99 

100 
102 
105 
115 
116 
117 
118 

0,0120 
0,0304 
0,0416 
0,0190 
0,0265 
0,0240 
0,0134 
0,0106 
0;0224 
0,0081 
0,0331 a 
0,0353 
0,0321 
0,0154 
0,0039 
0,0153 
0,0284 
0,0474. 
0,0277 D 
0,0174 c 
0,0237 
0,0271 

AqcG+n 

-0,0343 
-0,0455 
-0,0545 
-0,0446 
-0,0338 
-0,0374 
-0,0281 
-0,0212 
-0,0359 
-0,0193 
--0,0383 a 
--0,0425 
-0,0340 
--0,0323 
-0,0051 
-0,0279 
--0,036l 
-0,0693a 
--0,0469 ~ 
--0,0293 c 
--0,0422 
-0,0504 

a F o r  2 -  M e t h y l - 4 -  n i t r o t r i a z o  le .  

b F o r  2 - m e t h y l o x a d i a z o l e .  

CFor  2 - m e t h y l f u r a z a n .  

a ted  a n a l y t i c a l  e x p r e s s i o n  of th is  dependence  has  not  y e t  b e e n  e s t a b l i s h e d .  In the s e r i e s  of compounds  that  we  
e x a m i n e d  the b e s t  c o r r e l a t i o n  was  found by c o n t r a s t i n g  the 6CH~ v a l u e s  wi th  s u r p l u s  c h a r g e s  on the h y d r o g e n  

a t o m s  (Table  5). The  d e p e n d e n c e s  thus ob ta ined  have  the fo l lowing  f o r m :  

F o r  s u b s t i t u t e d  t o luenes  and s i x - m e m b e r e d  n i t r o g e n - c o n t a i n i n g  h e t e r o c y c l e s  

5=2,21 +21.3AqH, (r=0.864, n =  13); (5) 

f o r  th iophene ,  t h i azo le ,  i s o t h i a z o l e ,  and t h i a d i a z o l e  d e r i v a t i v e s  

5=2 .19+  15.9AqH, (r=0.944, n =  16), 

6=2 ,18+  13,9Aqti:- 1.6Aqc e~a ( R = 0 , 9 4 5 ,  n =  16) ; 

f o r  p y r a z o l e ,  i m i d a z o l e ,  and t e t r a z o l e  d e r i v a t i v e s  

6=  1.96+ 19.1Aqli, (r=0.973, n = 6 ) ,  

6=  1.96+ 19 .4Aq t i ,+O.3Aqc  '~+'~ (R=0.973, n = 6 )  ; 

(6) 
(6a) 

(7) 
(Ta) 
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for  furan, oxazole,  isoxazole,  and-oxadiazole der ivat ives  

8-- 1.92+ 18,4Aq~i, (r=0.926, n =  15), (8) 

,5= 1,96+ 13.2AqH,-O,8Aqc ~+'~ (R=0.866, ti= 11). (8a) 

The fact  that, in cont ras t  to the intensity of the IR bands, the changes in the chemical  shift  of the protons 
of the methyl group cannot be descr ibed  within the f ramework  of a single co r re la t ion  relat ionship is an indirect  
conf i rmat ion of the concept  of the substantial  effect  of changes in the ring cu r r en t  on the 6CH3 value, the r e l a -  
tive contribution of which to the shielding constants of the protons of the methyl group depends on the type of 
heteroatom.  The cha rac t e r  of the shift  o f  co r re la t ion  lines (6)-(8) re la t ive  to line (5) cor responds  to a succes -  
sive dec rease  in the a romat ic  c h a r a c t e r  of the f i ve -membered  rings in the o r d e r  benzene > thiophene > py r -  
ro le  > furan [45-48]. 

Worthy of special  mention is the fact  that in all of the investigated ~eaction se r i e s  the introduction of a 
pyridine ni trogen he teroa tom in the f ive-  and s i x - m e m b e r e d  ring does not give r i s e  to appreciable  deviations 
of the corresponding compounds f rom cor re la t ion  ra t ios  (5)-(8). Despite the point of view regarding the p r e -  
dominant contribution of the magnetic anisotropic effect  and the effect  of the e lec t r i ca l  field of the unshared 
pa i r  of the -N---- he teroa tom that has been expres sed  in the l i t e ra ture ,  [44], the ch a r ac t e r  of the dependences 
obtained in this r e s e a r c h  const i tutes an argument  in favor  of the conclusion of the p r imar i l y  e lec t ronic  nature  
of its effect  on the 6CH3 value. 

L I T E R A T U R E  C I T E D  

1. N .N.  Zatsepina, I. F. Tupitsyn, and A. V. Kirova,  Reakts.  Sposobn. Org. Soedin., 9, 195 (1972). 
2. I . F .  Tupitsyn, N. N. Zatsepina, A. V. Kirova,  and N. S. Kolodina, Reakts.  Sposobn. Org. Soedin., 9, 207 

(1972). 
3. L . M .  Jackman and S. Sternheil ,  Applications of NMR Spectroscopy in Organic Chemis t ry ,  Pe rgamon  

P r e s s ,  New'York (1969). 
4. A . F .  Cockeri l l ,  D. M. Rackham, and N. C. Franklin,  J.  Chem. Soc., Perk in  II, No. 5, 509 (1973). 
5. J . P .  Mor ize r ,  Y. Pascal ,  and F. Vern ie r ,  Bull. Soe. Chim. France ,  No. 7, 2296 (1966). 
6. S. Gronowitz and B. Gestblom, Arkiv Kemi,  1.~8, 513 (1962). 
7. J .  Elguero,  R. Jacquier ,  and H. C. N. Tien Due, Bull. Soe. Chim. France ,  No. 12, 3727 (1966). 
8. C . L .  Habraken, H. J .  Munter, and J. C. P. Westgeest ,  Rec, Trav.  Chim., 8_~6, 56 (1967). 
9. D .N.  Kravtsov,  L. A. Fedorov,  A. S. Peregudov,  and A. N. Nesmeyanov, Dokl. Akad. Nauk SSSR, 196, 

111 (1971). 
10. J.H. Bowie, R. F. Donaghue,.and H. J. Rodda, J. Chem. Soc., B, No. 9, 1122 (1969). 
11. S.D. Sokolov, L M. Yudintseva, and P. V. Petrovskii, Zh. Org. Khim., 6, 2584 (1970). 
12. E.J. Vincent, R. Phan-Tan-Luu, J. Metzger, and J. M. Surzur, Bull. Soc. Chim. France, No. 11,3524 (1966). 
13. H.J.M. Dou, A. Friedmann, G. Vernin, and J. Metzger, Compt. Rend., C, 266, 714 (1968). 
14. C. Richard and J. Anderson, J. Heterocyel. Chem.,_1,279 (1964). 
15. H. Staab and A. Mannschreck, Chem. Bet., 9_.~8, 1111 (1965). 
16. A. Perichand, J. C. Poite, and G. Mille, Bull. Soc. Chim. France, No. 10, 3830 (1972). 
17. H. Markgraf and W. T. Bachmann, J. Org. Chem., 3__00, 3472 (1965). 
18. L.A. Lee and J. W. Wheeler, J. Org. Chem., 3__77, 348 (1972). 
19. R.E. Wasylishen, J. Rowbotham, J. Brian, and T. Schaefer, Can. J. Chem., 5_~2, 833 (1974). 
20. H.H. Jaffe and H. L. Jones, Advances in Heterocyclic Chemistry, Vol. 3 (1964), p. 209. 
21. I .F.  Tupitsyn, N. N. Zatsepina, N. S. Kolodina, and A. A. Kane, Reakts. Sposobn. Org. Soedin.,_5, 931 

(1968). 
22. N.N. Zatsepina, I. F. Tupitsyn, Yu. L. Kaminskii, and N. S. Kolodina, Reakts. Sposobn. Org. Soedin., 6, 

766 (1969). 
23. G. Segal and M. Klein, J. Chem. Phys., ~ 4236 (1967). 
24. R. Bruns, J. Chem. Phys., 5_~8, 1849, 2585 (1973). 
25. T.P. Lewis and I. W. Levin, Theor. Chim. Acta, 1_~9, 55 (1970). 
26. I.W. Levin, J. Chem. Phys., 5__55, 5393 (1971). 
27. R.T.C. Brownlee, A. R. Katritzky, M. V. Sinnot, M. Szafran, R. D. Topsom, and L. Yakhontov, J. Am. 

Chem. Soe., 9_~2, 6850 (1970). 
28. R.T.C. Brownlee, J. A. Munday, R. D. Topsom, and A. R. Katritzky, J. Chem. Soc., Faraday II, No. 3, 

349 (1973). 
29. R.T.C. Brownlee, D. G. Cameron, R. D. Topsom, A. R. Katritzky, and A. J. Sparrow, J. Mol. Struct., 

16, 365 (1973). 

902 



30. 

31. 

32. 
33. 
34. 
35. 
36. 
37. 
38. 

39. 
40 
41 
42 
43 
44 
45 
46 
47 

48. 

U. Pouchan, A. Darge los ,  G. Ford ,  R. D. Topsom,  and A. R. Kat r i tzky ,  J .  Chim. Phys. ,  Phys . -Ch im.  
Biol. ,  71, 934 (1974). 
T. B. Grindley,  K. F. Johnson,  A. R. Kat r i t zky ,  H. J .  Keogh, C. Thirket t le ,  R. T. C. Brownlee,  J .  A. 
Munday, and R. D. Topsom,  J.  Chem. Soc., Pe rk in  II, No. 3 ,276  (1974). 
B. Biik, D. Chr i s tensen ,  Z. H. Hygeard,  and J.  R. Andersen,  J .  Mol. Spectr . ,  7,  58 (1961). 
B. B~ik, D. Chr i s tensen ,  and W. Dixon, J .  Mol. Spectr . ,  9, 124 (1962). 
F. K. La r sen ,  M. S. Lehmann,  J .  Sotofte, and S. E. Rasmussen ,  Acta Chem. Scand., 24, 3248 (1970). 
J .  Berthon,  J.  Elguero,  and C. Rera t ,  Acta Crys t . ,  B, 26, 1820 (1970). 
K. Bolton, R. D. Brown, F. R. Burden,  and A. Mishra ,  J .  Mol. Struct. ,  27, 261 (1975). 
F. A. Momany and R. A. Bonham, J .  Am. Chem.  Soc., 8_6.6, 162 (1964). 
Z. Nygaard,  E. Asmussen ,  J.  H. Hog, R. C. Maheshwari ,  C. H. Nielsen,  U. B. Pe t e r sen ,  J.  Ras t rup -  
Andersen,  and G. O. Sorensen,  J .  Mol. Struct. ,  8, 225 (1971). 
J.  Ambats  and R. E. Marsh ,  Acta Crys t . ,  19, 942 (1965). 
R. Michel,  F r ank  D 'Amato ,  and B. Marc,  J .  Mol. Struct. ,  9, 183 (1971). 
J .  A. Pople and M. Gordon, J .  Am. Chem. Soc., 89, 4253 (1967). 
J. Niwa, Bull. Chem. Soc. Jpn. ,  48, 118 (1975). 
D. A. Dowson, G. K. Hamer ,  and W. F. Reynolds,  Can. J .  Chem.,  52, 41 (1974). 
G. Ba rb i e r i ,  R. Benass i ,  P. Lazze re t t i ,  L. Schenetti,  and F.  Taddei ,  Org. Magn. Res . ,  7, 451 (1975). 
J .  A. Eldvice and L. M. Jackman ,  J .  Chem.  Soc., No. 7, 859 (196l). 
F. Fr inguel l i ,  G. Marino,  A. Tat iechi ,  and G. Grandolini ,  J .  Chem.  Soc., Pe rk in  II, No. 4, 332 (1974). 
S. Clement i ,  P. P. Forsy the ,  C. D. Johnson, A. R. Kat r i tzky ,  and B. Te rem,  J .  Chem. Soc., Pe rk in  II, 
No. 4, 399 (1974). 
Zh. F. L a b a r r  and F. Galla,  Usp. Khim. ,  40, 654 (1971). 

E F F E C T  O F  N - A L K Y L  A N D  N - A R A L K Y L  S U B S T I T U E N T S  ON 

N U C L E ( ) P H I L I C  S U B S T I T U T I O N  IN T H E  B E N Z I M I D A Z O L E  S E R I E S  

M.  M. M e d v e d e v a ,  V .  N.  D o r o n ' k i n ,  
A. F .  P o z h a r s k i i ,  a n d  V.  N.  N o v i k o v  

UDC 547.785.1.5' 822.3 : 541.127 : 542.958.3 

It is shown in the case  of the Chichibabin reac t ion  and exchange of chlor ine  in 2 -ch lo robenz imid -  
azoles  by a p iper id ine  res idue  that N-alkyl  and N-a ra lky l  groups  a r e  a r r anged  in the following 
o r d e r  with r e s p e c t  to the i r  effect  on the r a t e  of the p r o c e s s  (in the o r d e r  of dec reas ing  ra tes ) :  
CH 8 > C~HsCH2, C2H 5 > iso-C~Hy, (C6Hs)2CH > n-CgHls > ter t -C4H 9. The ove ra l l  d e c r e a s e  in the 
r a t e  on pass ing  to compounds with b ranched  N-subs t i tuents  is low. It follows f r o m  this that 
s t e r i c  h indrance to nucleophil ic subst i tut ion in the 2 posi t ion is only of smal l  s ignif icance.  

In a p rev ious  study of the Chichibabin reac t ion  in the benz imidazole  s e r i e s  it was qual i tat ively concluded 
that  (~-branched N-subs t i tuen ts  (iso-C3HT, C6HsCH2, cyclohexyl,  benzhydryl ,  and pa r t i cu l a r ly  ter t -butyl )  have a 
pass iva t ing  effect  on the cou r s e  of the p r o c e s s ;  this was a sc r ibed  to s t e r i c  f ac to r s  [1-5]. In the p r e s e n t  r e -  
s e a r c h  we se t  out to make a quanti tat ive study of the effect  of N-alkyl  and N-a ra lky l  groups  on the two mos t  
typical  nucleophil ic  subst i tut ion reac t ions  in the benz imidazo le  s e r i e s :  aminat ion with sodium amide  (the 
Chichibabin react ion) and exchange of chlor ine  by a secondary  amine res idue  (for which we se lec ted  piperidine) .  

C h i e h i b a b i n  R e a c t i o n  

The r e su l t s  of m e a s u r e m e n t s  of the ra te  of gas  evolution and the composi t ion  of the gas  in the aminat ion 
of 1 -subs t i tu ted  benz imidazo les  Ia-g  with sodium amide in o-xylene  o r  dimethylani l ine at var ious  t e m p e r a t u r e s  
a re  p r e sen t ed  in Figs .  1 and 2 and Table 1. It should be noted that the composi t ion  of the gas was de te rmined  
only at the end point of the reac t ion  f r o m  the r e su l t s  of t i t ra t ion of the ammonia  fo rmed .  Thus the cu rves  in 
F igs .  1-3 w e r e  cons t ruc ted  f r o m  the r e su l t s  of m e a s u r e m e n t s  of the total volume of hydrogen and ammonia .  
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