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A b s t r a c t  - The s p e c t r a  o f  a  s e r i e s  o f  3 - s u b s t i t u t e d  and 

3 . 5 - d i s u b s t i t u t e d  pyr id in ium s a l t s  a re  examined. I t  a p p e a r s  t h a t  

q u a t e r n i s a t i o n  s h i f t  i nc remen t s  have t o  be  used w i t 1 1  c a r e  because  o f  

t h e i r  dependence on t h e  p y r i d i n e  s u b s t i t u e n t s  p r e s e n t ,  t h e  N-alkyl-  

o r  N-aryl group and t h e  e x p e r i m e n t a l  c o n d i t i o n s  ( e .  g .  s o l v e n t ,  

C o n c e n t r a t i o n ,  c o u n t e r  i o n  . . . ) . 

Recent p u b l i c a t i o n s  d e s c r i b e  on ly  a  l i m i t e d  number o f  13c-~t41? s p e c t r a  o f  p y r i -  

dinium most ly  ha logenohydra te s  o r  N-methyl d e r i v a t i v e s  of symmetr ica l  

p y r i d i n e s .  A set o f  N-benzyl- and N-(2.4-dmitropheny1)pyridinium s a l t s  were 

needed i n  t h e  c o u r s e  o f  o u r  work on t h e  s y n t h e s i s  and reactivity of p y r i d i n e s  

ana  p y r i d i n e  n u c l e o s i d e s .  T h e l r  13c-NMR s p e c c r a l  benav iour  i s  d i s c u s s e d  h e r e .  

? : A ~ e ~ ~ ~ : ~ : a l k ~ l ~ l ~ h e _ ~ z y l e ~ r i d ~ ~ i ~  s a l t ?  t i - ? ) .  

The 13c-~Ml? chemica l  s h i f t s  o f  t h e  3-acetyl-5-alkylpyridlne a e r x v a t i v e s  used f o r  

7 our  s y n t h e s e s  have been p u b l i s h e d  r e c e n t l y  . The chemica l  s h i f t s  of t h e  

co r respond ing  N-benzylpyridinium sa l t s  a r e  gathered I n  Table  1. 

The peaks  o f  3-acety l -N-benzylpyr id in ium c h l o r i d e  1 can  b e  a s s i g n e d  u s i n g  

chemical  s h i f t  r u l e s  (C7,C8,C12), t h e  s i n g l e t  c h a r a c t e r  i n  t h e  o f f - r e sonance  

decoupled spec t rum (C3,C13) and s e l e c t i v e  decoupl ing experunen t s  ( o t h e r  ca rbon  

atoms) . 



TABLE 1 

1 3 ~ - ~ ~ ~  chemical shifts of 3-acetyl-5-alkyl-1-benzylpyridinium chloridesa 

5 R= (G ) CH- - 
10 2V 

Atom b 1 - 2 - 3 - 4 - 5 - 

C-2 144.64 141.78 141.97 142.09 142.15 

C- 3 135.90 135.35 135.54 135.66 135.84 

C-4 144.90 145.43 144.40 144.82 143.12 

C-5 128.92 140.94 146.46 145.12 150.76 

C-6 147.00 146.46 145.91 146.22 145.22 

C-7 196.15 196.51 196.45 196.51 196.45 

C-8 26.69 26.75 26.75 26.82 26.75 

C-9 17.84 25.54 33.91 31.73 

C-10 13.71 22.99 22 .08 

C-11 12.62 

C-12 64.98 64.80 64.73 64.80 64.80 

C-13 132.32 132.50 132.63 132.68 132.63 

C-14,15 129.65 129.53 129.53 129.59 129.53 

129.23 129.04 128.99 128.99 128.92 

C-16 130.08 129.96 129.84 129.89 129.84 

a 
All the shifts are in ppm-values measured for 1M D20 solutions with 

1,4-dioxane as an internal standard and converted to the TMS scale using 

&diox = 67.4 ppm. 

This C-atom numbering, although non strictly IUPAC, is consistently used 

for simplicity. 
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3 - A l k y _ l ~ m i n o ~ a r b o n y ~ : ~ ~ ~ ~ ~ 4 - d i n i t ~ ~ ~ ~ g ~ y _ l ~ ~ y ~ ~ ~ ~ ~ ~ ~ - ~ _ ~ ~ ~ ~ ~ $ ~ ~ _  (7 - 9 ) .  ----- ---------- 

The spectrum of I-(2.4-dinitropheny1)-3-aminocarbonylpyridinium chloride 1 

is given as an example in the following figure 

13 Figure 1: Noise decoupled C-NMR spectrum of 1-(2,4-dinitropheny1)-3-aminocar- 

bonylpyridinium chloride 7. 
The chemical shifts measured for these compounds and for the unsubstituted 

pyridine analogue 5 are summarized in Table 2. The assignment of the phenyl 

carbon atoms of 6 is possible using increment values for nitro- and pyridinium 
9 groups on the aromatic ring recently published by Ewing . Peak intensities 

can be used for the identification of pyridine signals C-2 + C-6 and C-3 + C-5. 

The peaks in the other compounds can be assigned by comparing with product 6 
and by selective proton decoupling experiments. 

3 - A ~ e t y ~ = 5 = a _ ~ k y ~ ~ ~ : ~ 2 ~ 4 - d i n i t r o ~ h ~ n _ y ~ l p y r ~ ~ ~ n i ~ - p : ~ o i u ~ n e _ ~ ~ l ~ & g ~ ~ ~ e _ s _  (11 - 13) ------ 

The carbon-13 chemical shifts of this series of compounds are summarized in 

Table 3. The assignments of all the signals is only possible by comparing the 

spectrum of 1-(2,4-dinitropheny1)pyridinium p-toluenesulphonate 5 with the 

spectra of the substituted pyridinium salts (11 -13). The signals of 5 can 

be identified by the same methods as described for 5. 



TABLE 2 

1 3 ~ - ~ ~ ~  chemical shifts of 1- (2,4-dinitrophenyl) pyridinium chloride 5 and 
three 3-alkylaminocarbonyl-l-(2,4-dinitropheny1pyridiniu chlorides - 9 

7 R= CH NHCO- - 
1s 15 

8 R= CH -CH NHCO- - l a 3 - 2  - 
13 15 

Atom 
- 

C-2 

C-3 

C-4 

C-5 

C-6 

C- 7a 

C-a= 

C-9 

C-10 

C-11 

C-12 

C-13 

C-14 

C-15 

6 - 7 - 8 - 9 - 

146.24 146.03 146.03 144.25 

129.35 135.47 135.66 137.26 

150.07 147.73 147.73 147.26 

129.35 129.47 129.41 130.12 

146.24 148.09 148.04 147.50 

143.61 (146.6)b 143.55 143.48 143.56 

139.54 (147.2) 139.18 139.12 139.06 

123.43 (122.0) 123.58 123.53 123.57 

150.32 (153.9) 150.58 150.58 150.60 

131.58 (133.9) 131.66 131.59 131.68 

132.21 (129.3) 132.02 132.02 131.96 

27.60 36.46 41.74 and 45.43 

14.13 12.72 and 14.03 

164.17 163.38 165.27 

a 
The assignment of C-7 and C-8 may be reversed because the multiplets 

obtained in proton coupled spectra are not completely resolved. 

Chemical shifts calculated according to the increments published by 

9 D.F. Ewing . . 
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TABLE 3 

1 3 c - ~ M ~  chemical shiftsa of 1- (2,4-dinitrophenyllpyridinium p-toluenesulphonate 

10 and a series of 3-acetyl-5-alkyl-1-(2,4-dinitropheny1)pyridinium p-toluene- - 
sulphonates (11 - 131 

0 
4 11 10 R= H- - 

11 R= CH - - 
20 21 1% 

12 R= CH -CH - - 
1% 31i; 

13 R=1F3-CH2-CH2- - 
16 17 

Atom 10 - NO, 11 - 12 13 - 

C-2 146.00 144.14 144.58 144.52 

C-16 22.38 22.87 

C-17 13.04 

C-18 20.72 20.69 20.75 20.68 

C-19 145.42 145.36 145.12 145.06 

C-20 125.32 125.28 125.35 125.28 

C-21 127.94 127.95 128.01 127.95 

C-22 137.60 137.60 137.78 137.78 

a 
All the spectra were recorded for equally concentrated DMSO-d6 solutions, 

taking the solvent signal as an internal reference (6= 39.5 ppm). 



TABLE 4 

Chemical s h i f t  i nc remen t s  of p y r i d i n e  ca rbon  atoms upon p r o t o n a t i o n  or q u a t e r -  

n i s a t i o n  

R3-0R2 N,+) X(-) AS = 6 1 3 C s a l t  - 613Cpyridine  

I 

comp. 
R, 

R2 X solv. C2 c3 c4 c5 c6 Ref. -- 
CF~COO- TFA 

c1- 
D2•‹ 

c1- 
DzO 

c1- 
D2•‹ 

~ 1 -  D.0 

. 
I TFA 

- 
I TFA 

c1- 
D2O 

c1- 
D2•‹ 

c1- 
D2O 

c1- 
U2•‹ 

c1- 

c1- 
D2•‹ 

c1- D20 

c1- 
DzO 

~ 1 -  D 0 
2 

- 
CH30S03 DMSO 

. 
CH30S03 DM50 

. 
CH30S03 DM50 

- 
CH30S0. DMSO 

1 

3 

8 

8 

8 

1 

1 

this 
Work 

6 

t h i s  
work 

a Chemical s h i f t  differences obtained by reversing the assignments of C and C proposed 
2 6 

i n  r e f .  6 
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DISCUSSION 

~ozerskil and ~ong' already pointed out that care should be taken in using 

quaternisation shift increments for pyridine derivatives unless solvent, 

concentration e.a. can be kept constant. All our spectra were therefore taken 

for identical concentrations within each series of compounds. 

It is clear from the results in Table 4 (comp. 141 that experimental conditions 

can cause large differences in the chemical shifts of pyridinium compounds. 

The results mentioned in Table 4 not only emphasize the expected dependence 

of the quaternisation shift increments on the structure of the originalalkylating 

agent, which brings about variation possibilities of the N-substituent and 

also of the anion. Substituents on other sites of the pyridine ring also can 

considerably influence the quaternisation increments. As an example we mention 

the average deshielding of 3.6 and 7.4 ppm experienced respectively by the 

equivalent positions C-3 and C-5 on alkylation of 3-acetylpyridine derivatives 

to the salts 2 - 2. Comparison of the 3-alkyl-1-(2,4-dinitrophenyljpyridinium 

chlorides with the corresponding p-toluenesulphonates shows the possible 

effect of the anion. Care should thus be taken in using quaternisation shift 

increments for pyridines. Careless use can result in wrong or reversed 

assignments as was the case for C-2 and C-6 in 3-diethylaminocarbonyl-1-(2.4-di- 

nitrophenyljpyridinium chloride 2.  It is therefore clear that these increments 

are nevertheless useful when used in an appropriate way within a series of 

analogues. 
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