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1H AND 13 C NUCLEAR MAGNETIC RESONANCE
OF DIHYDROIMIDAZO-PYRIDINE AND

IMIDAZO-[1,2-a]-PYRIDINE DERIVATIVES

1. INTRODUCTION

Because of the structural similarity between the purines and the imidazo-[1,2-a
pyridines, the latter have attracted considerable interest. Several attempts have been made tc
study this 10 iT-electron aromatic system and correlate electron densities with their reactivity,
ultraviolet (UV) absorption, and other parameters. 1-5 The 1 H NMR and 13C NMR chemical
shifts have been correlated with the total i-electron densities of the ring positions. 1 , 3-7

However, difficulties were encountered in calculating electron densities due to the effect of o
electron polarization. 3 Cross-ring effects, para spin-spin coupling, peri-anisotropic effects, amii
shielding effects associated with atomic dipoles contributed to the chemical shifts of the
protons of the azines.4 The NMR and UV studies led to the conclusion that the imidazo-
pyridine molecule is a 10 iT-electron aromatic system with considerable delocalization of
electrons and the ability to sustain ring currents.

In the study of the aromatic properties and the interplay of ring currents, (he
NMR has proved to be a versatile tool. 7 -9 A linear correlation was reported between 1 3C

chemical shifts and the net electronic charges. 4 ,9 The NMR spectra of the imicazo-pyridinium
salts are considerably different from their free bases. ! Quaternization affects the chemical
shifts of carbons adjacent to the quaternized nitrogen atom. The electron charge buildup on
the carbon atom moves its resonance upfield, and the shielding pattern is significantly altered
by the quaternization. 7 ,10 Due to a variety of effects, both N1 and N4 are capable of inducing
positive and niegative net charges. 3

Imidazo-[1,2-a]-pyridines are no exception to the direct steric effects observed in
aromatic heterocyclics. 1 1,12 The peri-interactions between N1-R and C8 -R on one hand and
C3 -R and C 5 -R on the other have been reported.1 ,1 3 The sieiding effect for the para position
of the substituent has been seen in the 1H and 13C NMR. 1 , 15 The substituent induced ortho-
effect has been repurted to affect 1 H chemical shifts. 17 Th, oresence of a substituent on the
pyridine ring of the imidazo-pyridines has no effect on the riactivity of the imidazole moiety ana
vice versa. 1 8

In connection with the synthesis of the dihyoroimidazo-[1,2-a]-pyridines, 19 1 H
and 13C NMR spectra were studied. The NMR spectra of the dihydroimidazo-pyridinium salts
are strikingly different from those of the free bases and those of the completely aromatic
imidazo-pyridinium derivatives. The pyridine protons appear between 6.7 and 9.0 ppm. Most
noticeable differences are seen in the spectra of the pyridinium moiety. The substiluton of -.
pyridine hydrogen with a methyl group causes an upfield displacement of the chemi,:a sh:,I'
the ortho-protons. A similar observation was reported in the case of imidazo-[1,2-a]-
pyridines. 1 7 ,2 0 Clearly seen in the 1 3C NMR spectra of the dilhydroimidazo-pyridinium
derivatives is the displacement of the C7 signal to higher frequency due to the positive charge
on N4 . The chemical shifts of C5 and C7 are interchanged in all but one; in that, the C7 signal
is displaced to higher frequency, whereas the C5 signal has shifted to lower fr,-quency. This
was further confirmed by 2D-NMR (see the figure). A sirnilar argument may be advanced in the

7
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case of the 1 -benzyl-2-alkyl-2-hydroxy-2,3-dihydroimidazo-[1,2-a]-pyridinium salt. 14 The one
cxception being lb. This may be due to the peri-interactions. 1 ,10 , 13

2. EXPERIMENTAL PROCEDURES

2.1 Compgunds.

The synthesis of the dihydroimidazo-[1,2-a]-pyridinium salts was accomplished
in a straightforward manner by condensing the respective aminopyridines with 1,2-
dibromoethane. The compounds obtained were purified and characterized by elemental and
spectrometric analysis.1 9 For a review on the synthesis of imidazo-[1,2-a]-pyridines, see
Blewitt. 3 Attempted 0-demethylation of pyrilamine with trimethylsilyl iodide to obtain
tripelennamine, a metabolite of the antihistamine drug, gave a 79% yield of the N-bPnzyl
dihydroimidazo-[1,2-a]-pyridinium salt. 2 1

2.2 Measurements.

The 1 H NMR chemical shift data were obtained on a Varian E-390 NMR
spectrometer for 0.2 M solutions of the appropriate compound (the salts in D2 0 and the free
bases in CDC13) at the probe temperature (34 0C). The chemical shift values were determinec
relative to the internal standard sodium 3-trimethylsilyl propionate (TSP) or tetramethylsilane
(TMS) as appropriate. All signals were downfield from the reference, and the values reported
to the nearest 0.05 ppm were obtained by direct measurement using a 10-ppm sweep width.
The 13C data were obtained on a Varian XL-200 or VXR-400S spectrometer using the same
parameters as above. The 1 H and 13C values are relative to the respective unsubstituted
parent compound for each group of compounds. The sign of the upfield displacement of the
respective signal in comparison with the parent compound is considered negative, and the
downfield displacement is indicated by a positive sign.

3. RESULTS AND DISCUSSION

The nitrogen atoms of the imidazo-pyridine molecile can exert a va.liety of
effects on electron distribution. In principle, they can induce both positive and ilegative
charges on the carbon atom of the imidazo-pyridines and, theref.)re, present an interesting
situation to study the substituents' effects arising from quaternization of the nitrogens, the
cross-ring currents, the effect of the presence and absence of the double bond in the imidazole
ring, and the influence of the pyridine moiety on the reactivity of the imidazole ring. This report
discusses the effects of the substituents and quaternization on ihe 1 H and 13C NMR chemical
shifts of the title compounds. The influence of the double bond of the imidazole ring on the
13C chemical shifts of the pyridine moiety is also discussed.

A satisfactory correlation between the calculated and the predicted chemical
shifts for all prctons in the im-dazo-[1 ,2-a]-pyridines has been reported. 2 2 Because the
general characteristics of the NMR spectra of these types of compounds are straightforward,
the assignment of the chemical shifts does not pose any special problem. Replacement of the
pyridine hydrogen with a methyl group causes an increase in the shielding of the proton on the
carbon ortho to the carbon carrying the substituent in the imidazo-[1,2-a]-pyridine spries. 1 ,1 7

Table 1 shows that a similar effect prevails in the dihydroimidazo-pyridinium salts. A para
effect is also displayed by the substituent. In other words, both ortho and para effects due to
substitution are observed. The presence of the electron withdrawing substituents (NO2 group
in 1g; N6 and N 8 in 1m and in) causes deshielding. As a consequence, the ortho protons are

9



Table 1. Dihydroimidazo-pyridinium Salts

R, d

-'N:, Chemical Shift Differences (AH) of Dihydroirnidazof1,2-a]-pyridinium and -6-azapyridinjium and -
8-azapyridinium salts.)]

,mpound H5  AH 5  H6  AH6  H7 AH7 H8  AH8  Ref

12 8.00 6.92 7.91 - 7.03 - 20

1 CH3 - 674 -0.18 7.77 -0.14 6.84 -0.19 20

7.80 -0.20 CH 3  - 6.96 -0.81 7.80 +0 77 20

782 -0.18 6.79 -0.13 CH 3  6.84 -0.19 20

788 -0.12 6.88 -0.11 7.74 -0.17 CH 3  - 20

8 25 +0.25 Br - 7.88 -0.03 6.98 -0.05 2

9.25 +1.25 NO2  8.61 +0.70 7.13 +0.10 20

8.60 +0.60 6.90 + 7.46 + 8.14 +1.11 14

8.48 V ., , 7 05 . 8.00 + 8.22 +1.19 14

8.50 +0. 5 6.75 ± 7.57 + 7.75- +ve 14
8.23

8 61 +0.61 0.83 7.30 + 7.95- +ve 14

8.40

797 -0.03 6.80 -0.12 7.95 +0.04 7.14 +0 09 21

1--n 8.7 +0.70 N - 8.21 +0.30 6.92 -0.11 20

8.74 +0.74 7.03 +0.11 8 51 +0.60 N - 20

.ivj could not be accurately determined due to the complexity of the signals of these protons 1

I1(1



Table 1. Dihydrolmidazo-pyridinium Salts (continued)

la: R1 , R2 , R3, R4 , R5, a, b, c, d- H

b: R- CH3 ; R2 , R3 , R4 , R5 , a, b, c, d- H

c: R 2 - CH3 ; R1 , R 3 , R4 , R5 , a. b, c, d- H

d: R 3 - H 3 ; R 1 , R2 , R4, R 5, a, b, c, d- H

e: R 4 - CH3 ; R1, R2 , R 3, R5, a, b, c, d- H

f: R 2 - Br; R1 , R3, R4 , R5 . a, b, c, d - H

g: R 2 - NO 2 ; R5 - CH3 ; R1. R 3 , R4 , a. b, c.
d-H

RR h 5 - CH 3 ; a - CH3 ; b - OH; c - CH3 ; RI .

7 8 1S N R7.R 3, R4  d - H

R, ) 1 1: R _3 5  -CH 3 ; a -C6H5; b - OH. R1, R2 , R3 . R4,

+2  
c,A-H

R dJ: R5 - CH2C6H 5; a - CH3 ; b - OH. R1 , '2 , R3 ,
R4 , c, 

d - H

k: R 5 - CH 2C6H 5 ; & - C6 H5 ; b - OH, R 1 , R 2 -

R 3, R4 , c, d- H

1: R 5 -CH 2C6H4 OH(p); RI, k 2 o R 3, R4 , a, b,

c, d - H

M: dihydroimidazo (1,2-al-6-azapyridilne

n: dihydroimidazo (1,2-al-8-azapyridine

II



<uIiied downfield. An increased shielding effect due to the electron-donating groups such as -
_0-,_JH, and -N(C2 H5 )2 on ortho and para protons is also observed in the free bases

S >e 2 compounds 3-12). This leads to increased electron density of C6 and C8, and this

-. is fn general agreement with their chemical reactivity vis-a-vis N0 2 .18 The reversal of
.... : ,ect of compounds 13 and 14 may be due to the per-interaction.

Contrary to the claim that the substituents on the pyridine ring had very little
2n the properties of the imidazole moiety and vice versa, 18 the substituents on the

...zu wig do cause significant changes in the 1 H and 13 C chemical shifts of the pyridine
.of the mo!ecule (Tables 1 and 2). The size (bulk) of the alkyl substituent had no

:cant erfect on the chemical shifts of the ortho protons (compounds 3, 7, and 9).

QUATERNIZATION

!n prnciple, quaternization is possible at both sites, N1 and N4 . The N4

:eci compounds such as 2,3-dihydroimidazo-[1,2-a]- and imidazo-[1,2-a]-pyridinium
r,.Cjfds can be synthesized from suitably substituted precursors. Protonation decreases
e bond, spin-pairing, and paramagnetic contribution and enhances cross-ring

:, braticns and anomalous upfield shifts of 1 3C signal of the oc-carbons upon protonation of
.: aJlacent nitrogen. 2 3 Tables 3 and 4 describe the effect of protonation of the bridgehead

.env which produces resonance and inductive effects in the pyridine ring. In the case of
,.,Pycro derivatives, the H5 is displaced upfield in all cases, whereas it exerts mixed effects

In general, the pyridinium protons of the iniidazo-[1,2-a-pyridinium salts are
Jsho!ded by the quaternization of the pyridine nitrogen (see Table 4). This effect is

,Dojnoned than in the case of the dihydroanalogs. The presence of the double bond in
S .- ,z)_e ring also contributes to the chemical shift displacement of H5 , H6 , H9 , and H8 .
.stemzation of the free bases generally leads to N1 quaternized products.2 ,2 4 As a
,sequence. the signal due to H5 is displaced downfield (Table 4, structures 44-46). This
.- a~c effect is direct;Y ' butable to the resonance structures (Table 4, structures 48-49).24

5 shows the effect p.ro,. iced by the presence of a positively charged nitrogen (N4 ) on the
-v7,cai shifts of the c,: ,droderivatives. Except in the case of 1b, the signal due to C5 is

'i-ed upfie!d in all ccrn ,.:. nds examined. The C8a appears to Fuffer a similar fate.

The quaternizat 7n of N4 produces an upfield displacement of the 13 C8a signal
, s..e 6), whereas the quaternization of N4 causes a downfield displacement of 13 C8a

Ae .. va~'LJs of C5, C6, C7, and C8 reflect cross-ring substituent effects, C5

W -,:;,,ig the smallest perturbation. Comparison of the 13C NMR chemical shifts of the
, u2 caroons of 36 and 37 indicates that the substituent on N1 does not make a

cant contribution to their chemicai shifts. The removal of the double bond between C2

,f the N, quaternized compound (44) causes definite changes in the 13C chemical
seo 44 and 47): more particuiarly, the Ac values of C5 , C7, and C8 and the signal due to
disp!aced downfield. Nonetheless, the quaternization does produce significant

.. fl;'electronic effects.

Table 7 gives the -. ,emical shift differences (Ac) due to the quaternization cf the
_. Although the quaternization occurs at N1 , the overall contribution of the resonance

12



Table 2. Pyridinium Protons

R,

[(IH-NMR Chemical Shift Differences (AL) of Pyridinlum Protons of the
Imidazo..[1,2-a]-pyridines.)]

Compound H5 AH 5  H6  AH 6  H7  AH 7  H8  AH 8  Ref

2 8.16 - 6.78 - 7.15 - 7.70 - 1,26

3 CH3  - 6.78 0.0 7.23 +0.08 7.60 -0.10 1,25

4 7.90 -0.26 CH3  - 6.99 -0.16 7.60 -0.10 1,2,17

5 7.96 -0.20 6.45 -0.33 CH3  - 7.36 -0.34 1,2."';

6 8.04 -0.12 6.68 -0.10 6.98 -0.12 CH3  - 1,2

7 C2H5  6.62 -0.16 7.19 +0.04 7.61 -0.09 13

8 OC2H5  - 5.91 -0.87 7.10 -0.05 7.85 +0.15 18

9 CH(CH 3)2  - 6.62 -0.16 7.19 +0.04 7.61 -0.09 13

10 N(C2H5 )2  - 6.35 -0.43 7.18 +0.03 7.44 -0.16 25

11 7.83 -0.33 6.38 -0.10 N(C2H5)2  - 6.51 -1.19 25

12 7.70 -0.46 6.66 -0.12 6.28 -0.67 N(C 2H5)2  - 25

13 NHAc - 7.09 +0.31 7.28 40.13 7.47 -0.23 25

14 9.22 +1.06 NHAc 7.15 0.0 7.55 -0.15 25

15 8.24 +0.08 6.84 +0.06 7.97 +0.82 NHAc - 25

16 Br - 6.89 +0.11 6.86 -0.29 7.48 -0.22 26

17 8.32 +0.16 Br - 7.20 #0.05 7.59 -0.11 25

18 8.19 +0.03 6.95 +0.17 7.25 +0.10 7.67 -0.03 25

19 7.89 -0.27 6.79 +0.01 7.12 -0.03 7.64 -0.06 25,26

20 C}[ 3  - 6.48 -0,30 7.01 -0.14 7 43 -0.27 26

13



Table 2. Pyridinium Protons (continued)

Com- H5  H 5  H6 6 H6 H7  6 H7  H8  6H 8  Ref.

pound

21 OC2H5  - - 8.30 +1.15 6.13 -1.57 18

22 CH3  7.35 +0.57 7.85 +0.70 7.85 +0.15 25

23 Br 6.89 +0.09 6.86 -0.29 7.48 -0.22 26

24 NH2 - 5.8 -0.98 6.93 6.93 - 26

25 9.0 +0.84 7.40 +0.62 8.40 +1.25 NRAc - 25

26 Br - 6.89 +0.11 6.86 -0.29 7.48 -0.22 26

27 7.90 -0.26 CH3  - 7.00 -0.15 7.51 -0.19 18

28 8.05 -0.09 6.70 -0.08 6.98 -0.17 CH3  - 18

29 8.21 +0.05 C1 - 7.15 0.0 7.60 -0.10 18

30 NO2  - - - 6.48 -0.67 8.60 +0.90 18

31 9.45 +1.27 7.53 +0.75 7.83 +0.68 8.05 +0.35 25

14



Table 3. Dihydroimidazo-[1,2-a]l-Pyridines and Pyrldinlum Salts

[('H-Chemical Shift Differences (tzH) of Dihydroimidazo[l,2-a]-pyridines
and-Pyridinium salts.)]

Compounds* ++ H5  H6  AH 7  i H8

la and 2 -0.16 -+0.14 +0.76 -0.6
ib and 3 -0.04 +0.54 +0.76
ic and 4 -0.10 - -0.03 +0.20
id and 5 -0.10 +0.33 -0.31
le and 6 -0.16 +0.20 +0 24 -

* Values are taken from Tables 1 and 2,
++ Downfield displacement +ye, upfield displacement -ye with respect to the free bas-,

15



Table 4. Pyridinium Protons

( 1 H-NMR Chemical Shift Differencs cH) of Pyridinium Protons of the

:midazo[1,2-a]pyridinium salts.)

COM- +

pound N H5  5 H6  _H 6  H7 AH 7  H8  t H8  Ref

2 8.20 6.80 7.21 - 7.56 - 26

+

38 N4  8.62 +0.42 C83  7.87 +0.66 7.87 +0.31 2

+

39 N4  8.58 +0.38 7.33 +0.53 CH3  - 7.68 +0.12 2

+

"0 N4  8.73 +0.53 7.53 +0.73 7.40 +0.69 CH3  - 2

N4  8.5b +0.36 CH3  7.93 +0.72 7.93 +0.37

+

42 N4  8.62 +0.42 7.40 +0.60 CH 3  - 7.84 +0.28 2

+

43 N4  8.67 +0.47 7.46 +0.66 7.83 +0.62 CH 3  2

+

44 N I  9.70 +1.5 - - - - 14

+

45 N1  9.14 +04. -- - 14

46 N1  8.89 +0.79 - 14

16



Table 4. Pyridinlum Protons (continued)

2 R1 , R2 , R3 , R4 , R5, R6 - H

3 R1-CH3 ; R2 , R3 , R4 , R5 , R6 - H

4 R2-CH3; R1, R3 # R4, R5, R6 - H

5 R3-CH3; R1 , R2 , R4, R5 , R6 - H

6 R4-CH3; R1 , R2 , R3, R5, R6 - H

7 R1-C2H5; R2, R3. R4, R5, R6 - H

8 R1-0C2H5; R2, R3, R4, R5, R6 - H

9 RI-CH(CH3)2; R2 . R3, R4 . R5, R6 - H

10 R1-(C 2H5 )2; R2, R3. R4, R5 . R6 - H

11 R3-N(C 2H5)2; R2. R2. R4. R5. R6 - H

12 R4-N(C 2H 5)2; R1, R2. R3 ., R5. R6 - H

R3N 13 R1-&H~c; R2 , R3. R4 . R5 # R6 - H

Rs 14 R2 -NHAC; RI, R3, R4 , R5,R - H

R2  15 R4-NHAc; R 1 , R2. R3 , R5 , R6 - H

R6
R, N 16 RI-Br; R2 , R3 , R4 , R5 , R6 - H

17 R2-Br; R1 , R3. R4 , R5 , R6 - H

18 R6 -Br; R2, R2. R3, R4 , R5 - H

19 R6-CH3; R1, R2, R3, R4 R5 - H

20 R1-CH3 ; R6-Br, R2 , R3, R4, R5 - H

21 RI-OCH5; R6-NO2; R2 , R3, R4 , R5 - H

22 RI-CH 3; R6-NO2 ; R2 , R3 , R4, R5 -H

23 RI-Br; R6-CH3; R2, R3, R4 , R5 - H

24 R,-NH2; 6-C36 R3 , R3 , R4 , R5 - H

25 R4-NHAc; R6-NO2 ; R2, R3, R4 , R5, - H

26 R1-Br; R5- CH3; R2, R3, R4, R6 - H

17



Table 4. Pyridinium Protons (continued)

27 R.,-CH 3 ; R 5 - C0 2 C2 H5 ; R1 , R3 , R4 0 R6 - H

28 R4-CH 3; R5-CO2C2H5 ; R1 , R2 , R3, R6
" H

29 R2-CI; R5-C02C2H5; R1 , R3 , R4 , R6 - H

30 RI-N0 2; R5-CO2C2H5; R2 , R3, R4, R6 
- H

31 R6-NO2; R1 , R2 , R3, R4, R5 - H

32 R5-C02C2H5; R1 , R2 , R3 , R4, R6 
- H

33 R2-N02; R5-CO2C2H5; R1 , R3 , R4, R6 - H

34 R 4-N0 2 ; R5 -C02 C2 H5 ; K1 , P 2 , "31 R 6 - H

35 R2-C; R1I R3. R4 , RS, R6 - H

36: R1, R2 ' R3, R4 ' R, R6, R7 -H

R5  37: R5-CH 3; R1, Rj. R3 0 R4 , R6, R7 - H

N 38: R 2-CH 3; R1, R3, R4, R5 , R6 , R7 - H

S / -  
6  39: R 3-CH3; R1 , R2, R4 , R5 , 

R6 . R7 - H

R2 + 40: R 4-CH3; R1, R2 R3, RS, R6 , R 7 - H

R 41: R2, R5 - CH3; R1, R3 , R4, R6, R7 - H

6 -_ 42: R3, R5 - CH3; R1, R2 , R4 , R6# R7 - H

43: R4, R5 - CE3; R1 . R2 , R3 , R6 , R7 - H

R4 R 5 44: R 5 - CH 2 C 6H 5 ; R6 - CH3 ; R1 , R2 , R 3 , R4 ,

R . N4  7 -

R 6  45: R5- CH2 C 6 H5 ; R6 - C6H 5 ; R1 , R2 , R3. R4 *.

N,/ R7 - H

46: R5- CH 2 C6 H5 ; R6, R7 - CHI; R,, R2 , R3 ,
R, R4 -H

( 4 4 - 4 6)
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Table 4. Pyridinium Protons (continued)

CH 2C6H5  R R

N CH3  N7 N

N ~OH '0 N /
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Table 5. Pyridinium Carbons

'IC-NMR: Chemical Shift Differences (.,c) of the Pyridinium Carbons
of the Dihydroimidazo-[1,2-a]pyridinium Derivatives.]

Corn- C5  -C 5  CC 7 C7  C8  AC8  C8a ,Csa Ref
pound

Ia 139.20 116.50 147.30 112.20 158.90 20

1b 150.30 +11.60 116.30 -0.20 147.30 0.0 108.80 -3.40 159.20 +0.30 20

Ic 135.70 -3.50 127.30 +10.80 137.00 -10.30 118.80 +6.60 149.30 -9.60 20

LA 138.70 -1.20 118.60 +2.10 161.00 +13.70 111.10 -1.10 158.60 -0.30 20

> 136.20 -3.00 116.60 +0.10 145.60 -1.70 123.00 +10.80 158.90 0.0 20

if 137.50 -1.70 114.90 -1.60 145.60 -1.70 108.20 -4.00 153.40 -5.50 20

11 144.60 +5.40 112.70 -3 80 138.00 -9.30 107.70 -4.50 157.20 -1.70 21
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Table 6. Pyridinlum Carbons of Imidazo[1,2-a]-Pyridines

[13C-NMR: Effect of the Substituerts on Chemical Shift Difference (AC) of
Pyridinium Carbons of lmidazoQ ,2,-a]-Pyridines.l

Corn- C5  .C 5  C6  A C6  C7  AC- C8  U L 8  C8a .- C8 a Rel

pound

2* 125.80 - 112.20 - 124.30 - i11.70 - 145.40 - 10

3* 134.40 +8.60 112.20 0.0 124.30 0.0 115.00 -2.7 145.80 +0.4 13

4* 123.50 -2.30 121.90 +9.7 127.60 +3.3 117.00 -0.7 144.60 -0.8 13

5* 125.10 -0.7 115.00 +2.8 135.30 +11.0 116.40 -1.6 146.00 +0.6 13

6* 123.70 -2.1 112.00 +0.8 123.30 -1.2 127.50 +9.9 146.00 +0.6 13

7* 139.90 +14.1 109.30 -2.9 124.6 +0.3 115.20 -2.5 146.10 40.7 13

8* 148.30 +22.50 88.50 -23.70 125.90 +1.6 108.70 -9.0 145.90 +0.50 18

9* 144.30 +18.5 107.20 -5.0 124.60 +0.3 115.30 -2.4 146.10 +0.70 13

36* 129.29 +3.49 117.12 +4.92 133.59 +9.29 112.06 -5.64 139.18 -6.22 10

37* 129.32 +3.52 117.08 +4.88 133.27 +8.97 118.42 +0.72 139.16 -6.25 10

47* 137.50 +11.70 114.90 +2.70 145.60 +21.30 108.20 -9.5 153.43 +8.03 14

32** 127.60 - 117.80 - 126.50 - 118.00 144.60 - 18

28** 125.20 -2.40 118.50 +0.70 124.70 -1.8 127.40 -9.4 145.20 +0.6 18

29** 127.50 -0.10 120.50 +2.7 125.40 -1.10 118.70 +0.7 142.90 -1.70 13

33** 120.20 -7.4 138.50 +20.7 128.80 +2.3 120.50 +2.5 144.50 -0.10 18

34** 139.90 +6.30 119.80 +2.00 125.70 -0.80 137.20 +19.2 137.50 -7.1 i?

35** 125.20 -0.60 118.90 +6.7 124.90 .0.60 117.60 -0.40 143.00 -2.40 :S

*AC values with respect to 2.
**AC values with respect to 3.
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Table 7. Pyridinium Carbons of lmidazo-[1,2-a]-Pyridines Due to Ouaternization

[ 1 3 C-NMR: Chemical Shift Difterence (tAC) of Pyridinium Carbons

of Imidazo--(1,2-a]Pyridines Due to Quaternzation, of Ni.l*

Compound ..C5  'C6  IC 7  C8  ACsa Ref

4 +4.2 +0.8 +4.2 -0.7 -0.8 18

6 -0.1 +0.5 +2.4 -0.7 -0.9 18

8 +0.4 +2.7 +2.7 -2.2 -2.2 18

28 +0.8 +0.5 +1.4 +0.7 -1.5 18

29 +5.4 +2.0 +1.4 -2.6 -1.9 18

32 +1.9 -2.8 +1.9 -1.9 -1.3 18

35 +2.1 +1.2 +0.6 -1.0 -1.2 18

With respect to 2.
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