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N-Alkylation of Some Imidazopyridines

SUMMARY

6-Bromo-2-(4-(4-fluorophenoxy)phenyl)-4H-imidazo[4,5-b]
pyridine (I) and 2-[4-(4-fluorophenoxy)phenyl]-5H-imidazo[4,5-c]
pyridine (III) were prepared by the reaction of 5-bromo-2,3-
diaminopyridine and 3,4-diaminopyridine with sodyum 
metabisulfite adduct of 4-(4-fluorophenoxy)benzaldehyde (1), 
respectively. Alkylation of these compounds with 1-(chloromethyl)-
4-methoxybenzene under basic conditions (K2CO3 in DMF) was 
formed as mainly N4 regioisomer (II) and N5 regioisomer (IV). 
Their regioisomeric structures were assigned with 2D-NOESY 
(Nuclear Overhauser Effect Spectroscopy) spectra.
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Bazı İmidazopiridinlerin N-Alkilasyonu

ÖZ

5-Bromo-2,3-diaminopiridin ve 3,4-diaminopiridinin, 4-(4-flo-
rofenoksi)benzaldehitin (1) sodyum metabisülfit tuzuyla ile re-
aksiyona sokulmasıyla sırasıyla 6-bromo-2-(4-(4-florofenoksi)
fenil)-4H-imidazo[4,5-b]piridin (I) ve 2-[4-(4-florofenoksi)fenil]-
5H-imidazo[4,5-c]piridin (III) bileşikleri elde edildi. Bu bileşikle-
rin 1-(klorometil)-4-metoksibenzen ile bazik koşullar altında (DMF 
içinde K2CO3) alkilasyonuyla esas olarak N4 regioizomeri (II) ve N5 
regioizomeri (IV) oluştu. Regioizomerik yapıları 2D-NOESY (Nükle-
er Overhauser Etki Spektroskopisi) spektrumları ile belirlendi.

Anahtar Kelimeler: İmidazopiridin, NOESY, regioizomer
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Figure 1. Tautomeric forms of imidazo[4,5-b]pyridine and imidazo[4,5-c]pyridine moieties

INTRODUCTION 

Imidazopyridines, one of the most common het-
erocycles, are primarily used in medicinal chemistry, 
since they have potent several biological activities. 
The pharmacological profiles of imidazopyridines 
have been mentioned in many literatures, such as 
antibacterial, anti-inflammatory, antipyretic, analge-
sic, antiapoptotic, antitumor, antifungal, hypnotic, 
antiviral, and antiprotozoal agents (Dyminska, 2015; 

Krause et al., 2017; Volpi, et al., 2024). Imidazopyr-
idine scaffolds are formed by condensing imidazole 
and pyridine rings.  In these condensed systems, the 
nitrogen bears a hydrogen atom (N1,3) as a pyrrole-like 
N-atom; the others (N4,5) resembles a pyridine-like 
N-atom. Hydrogen atom attached to nitrogen in the 
1, 3, 4 and 5th position readily tautomerise in several 
positions depicted in Figure 1.   

These relocations are entirely lost when the mobile 
hydrogen in imidazopyridines is replaced by any alkyl 
groups.

In our recently published papers, we have char-
acterized the occurrence and structures of various 
regioisomers of imidazopyrimidines, imidazopyri-
dines, imidazopyrazines, benzimidazoles and inda-
zoles (Göker and Özden, 2019; Doganc et al., 2020; 
Karaaslan et al., 2020; Puskullu et al., 2021; Doganc 
and Göker, 2024). For this purpose, we used advanced 
2D-NMR techniques for the structural elucidation. In 
continuation of these works, we now report, N-alkyla-
tion reaction of some imidazopyridines with 4-me-
thoxybenzyl chloride, for investigation of the form-
ing possible regioisomers. The 2D-NOESY (Nuclear 
Overhauser Effect Spectroscopy) technique was used 
for the structural elucidation. 

MATERIAL AND METHODS

Uncorrected melting points were measured on 

a Büchi B-540 capillary melting point apparatus. 1H 
(500 MHz) and 13C (125 MHz) NMR spectra were re-
corded employing BRUKER AVANCE NEO 500 MHz 
FT spectrometer, chemical shifts (δ) are in ppm rel-
ative to TMS. The samples (5-10 mg) were prepared 
in 0.75 ml of DMSO-d6. The liquid chromatography 
mass spectrometry (LC-MS) spectra were taken on a 
Waters Micromass ZQ connected with Waters Alli-
ance HPLC (Waters Corporation), using the ESI (+) 
method with a C-18 column (XTerra®, 4.6 X 250 mm, 
5 µm). 

Synthesis of sodium metabisulfite adduct of 
4-(4-fluorophenoxy)benzaldehyde (1)

4-(4-Fluorophenoxy)benzaldehyde (30 mmol) was 
dissolved in EtOH (100 ml) and sodium metabisulfite 
(3.2 g) (in 5 ml of water) was added in portions. The 
reaction mixture was stirred vigorously. The mixture 
was kept in a refrigerator for a while. The precipitate 
was gained by filtration, dried and used for the further 
steps without purification and characterisation.
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General Synthesis of I and III 

The mixture of related o-pyridine-diamine 
derivatives (1 mmol) and Na2S2O5 adduct of 
4-(4-fluorophenoxy)benzaldehyde (1 mmol) in DMF 
(0.5 ml) were heated at 130°C, for 4 h. The reaction 
mixture was cooled, poured into water. The resulting 
precipitate was collected by filtration washed with 
water and dried. The resulting precipitate was 
crystallized from EtOH.

6 - B r o m o - 2 - ( 4 - ( 4 - f l u o r o p h e n o x y )
phenyl)-4H-imidazo[4,5-b]pyridine (I)

Prepared from 5-bromopyridine-2,3-diamine 
(0.188 g) and Na2S2O5 adduct of 4-(4-fluoro-phenoxy)
benzaldehyde (0.320 g) as described in the general 
method. It was triturated with hot EtOH. Yield 0.286 
g, 75%, m.p. = 310-312°C.  1H-NMR δ ppm (DM-
SO-d6+one drop of TFA)  : 7.18-7.19 (m, 4H), 7.23-
7.26 (m, 2H), 8.24 (d, 2H, J=8.95 Hz), 8.49 (d, 1H, 
J=2 Hz), 8.64 (d, 1H, J=2Hz) ; 13C-NMR δ ppm (DM-
SO-d6 + one drop of TFA) : 162.35, 159.6 (d, J=240 
Hz), 152.8, 150.9 (d, J=2.5 Hz), 146.29, 146.21, 130.8, 
128.6, 125.9, 122.5 (d, J=8.7 Hz), 118.0, 117.2 (d, J=23 
Hz, 115.5. MS (ESI+) m/z : 384 (M+H, 100%), 386 
(M+H+2, 98%), C18H11BrFN3O.  

2-[4-(4-fluorophenoxy)phenyl]-5H-imidaz-
o[4,5-c]pyridine (III)

Prepared from pyridine-3,4-diamine (0.109 g) 
and Na2S2O5 adduct of 4-(4-fluoro-phenoxy)benzal-
dehyde (0.320 g) as described in the general method. 
It was triturated with hot EtOH. Yield 0.12 g, 39%, 
m.p. = 263-266°C. 1H-NMR δ ppm (DMSO-d6+one 
drop of TFA) : 7.16-7.22 (m, 4H), 7.26-7.29 (m, 2H), 
8.11 (d, 1H, J=6.45 Hz), 8.29 (d, 2H, J=8.9 Hz), 8.58 
(d, 1H, J=6.55 Hz), 9.40 (s, 1H) ; 13C-NMR δ ppm 
(DMSO-d6+ one drop of TFA) : 161.3, 159.4 (d, J=239 
Hz), 158.9, 151.4 (d, J=2 Hz), 147.5, 139.3, 133.7, 
132.5, 130.4, 122.6, 122.4 (d, J=8.44 Hz), 118.8, 117.2 
(d, J=23.2 Hz, 115.15.  MS (ESI+) m/z : 306 (M+H, 
100%), C18H12FN3O.  

General Synthesis of II and IV

K2CO3 (1 mmol, 0.138 g) was added to a sus-

pension of the I or III (0.5 mmol) in DMF (0.7 ml) 
and stirred.  One hour later, 1-(chloromethyl)-4-me-
thoxybenzene (0.6 mmol, 0.094 g) was added. After 
overnight stirring at room temperature, water was 
added and precipitate was filtered. 

6 - B r o m o - 2 - ( 4 - ( 4 - f l u o r o p h e n o x y )
phenyl)-4-(4-methoxybenzyl)-4H-imidazo[4,5-b]
pyridine (II)

Prepared from I (0.192 g), 1-(chlorometh-
yl)-4-methoxybenzene and K2CO3 as described in the 
general method. The crude product was crystallised 
from EtOH. Yield 0.181 g, 72%, m.p. = 202-204°C. 
1H-NMR δ ppm (DMSO-d6): 3.70 (s, 3H, -OCH3), 
5.78 (s, 2H, benzylic -CH2), 6.92 (d, 2H, J=8.65 Hz, 
H-3’’’,5’’’), 7.09 (d, 2H, J=8.75 Hz, H-3’,5’), 7.17-7.19 
(m, 2H, H-2’’,6’’), 7.27-7.30 (m, 2H, H-3’’,5’’), 7.61 
(d, 2H, J=8.65 Hz, H-2’’’,6’’’), 8.36 (d, 1H, J=1.45 Hz, 
H-7), 8.40 (d, 2H, J=8.75 Hz, H-2’,6’), 8.65 (d, 1H, 
J=1.4 Hz, H-5) ; COSY : [H-2’,6’/ H-3’,5’], [H-2’’,6’’/ 
H-3’’,5’’], [H-2’’’,6’’’/ H-3’’’,5’’’] ; NOESY : [N-CH2 

/ H-5 & H-2’’’,6’’’], [-OCH3 / H-3’’’,5’’’] ; 13C-NMR 
& HSQC  δ ppm (DMSO-d6) : 169.6, 159.9, 159.55, 
159.0 (d, J=239 Hz, C-4’’), 153.55, 152.3 (d, J=2 Hz, 
C-1’’), 146.5, 130.93 (C-5H), 130.86 (C-2’’’,6’’’H), 
130.3 (C-2’,6’H), 129.7 (C-7H), 129.6, 127.9, 121.9 (d, 
J=7.5 Hz, C-2’’,6’’H), 118.1 (C-3’,5’H), 117.2 (d, J=22.5 
Hz, C-3’’,5’’H), 114.6 (C-3’’’,5’’’H), 105.8, 56.2 (benzyl-
ic -CH2), 55.6 (-OCH3). MS (ESI+) m/z : 504 (M+H, 
100%), 506 (M+H+2, 98%), C26H19BrFN3O2.  

2-(4-(4-Fluorophenoxy)phenyl)-5-(4-methoxy-
benzyl)-5H-imidazo[4,5-c]pyridine (IV)

Prepared from III (0.153 g), 1-(chlorometh-
yl)-4-methoxybenzene and K2CO3 as described in the 
general method. The crude product was crystallized 
from EtOAc : n-Hexane. Yield 0.11 g, 52 %, m.p. = 
196-198°C. 1H-NMR δ ppm (DMSO-d6): 3.73 (s, 3H, 
-OCH3), 5.56 (s, 2H, benzylic -CH2), 6.95 (d, 2H, J=8.7 
Hz, H-3’’’,5’’’), 7.05 (d, 2H, J=8.85 Hz, H-3’,5’), 7.15-
7.17 (m, 2H, H-2’’,6’’), 7.25-7.28 (m, 2H, H-3’’,5’’), 
7.46 (d, 2H, J=8.65 Hz, H-2’’’,6’’’), 7.69 (d, 1H, J=6.75 
Hz, H-7), 8.16 (dd, 1H, J=6.75 & 1.4 Hz, H-6), 8.36 
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(d, 2H, J=8.7 Hz, H-2’,6’), 9.06 (s, 1H, H-4) ; COSY : 
[H-6 / H-7], [H-2’,6’/ H-3’,5’], [H-2’’,6’’/ H-3’’,5’’], [H-
2’’’,6’’’/ H-3’’’,5’’’] ; NOESY : [N-CH2 / H-4 & H-6 & 
H-2’’’,6’’’], [-OCH3 / H-3’’’,5’’’] ; 13C-NMR & HSQC δ 
ppm (DMSO-d6) : 171.2, 159.9, 158.94 (d, J=239 Hz, 
C-4’’), 158.87, 156.2, 152.5 (d, J=2 Hz, C-1’’), 145.9, 
131.3 (C-4H), 131.1 (C-6H), 130.6, 130.2 (C-2’’’,6’’’H), 
129.9 (C-2’,6’H), 128.9, 121.7 (d, J=8.6 Hz, C-2’’,6’’H), 
118.0 (C-3’,5’H), 117.1 (d, J=23.1 Hz, C-3’’,5’’H), 114.8 
(C-3’’’,5’’’H), 112.55 (C-7H), 61.2 (benzylic -CH2), 
55.6 (-OCH3).  MS (ESI+) m/z : 426 (M+H, 100%), 
C26H20FN3O2.  

RESULTS AND DISCUSSION

Targeted compounds were prepared using the 
methods outlined in Scheme 1.  Cyclization of 5-bro-
mo -2,3-diaminopyridine and 3,4-diaminopyridine 
with sodium metabisulfite adduct of 4-(4-fluorophe-
noxy)benzaldehyde (1) gave required imidazo[4,5-b]
pyridines (I) and imidazo[4,5-c]pyridines  (III),  re-
spectively.  This group exhibits rapid prototrophic 
tautomerism, resulting in equilibrium mixtures. Due 
to these tautomeric forms (Figure 1.) both 1H and 
13C-NMR spectra of unsubstituted analogues (I and 
III) may not be sufficiently clear. It is typical for some 
proton and carbon signals to appear as broad peaks 

and even certain hinge carbon signals may be unde-
tectable. To address this, we utilized trifluoroacetic 
acid for running proton and carbon NMR spectra. 
The removal of the NH proton and subsequent substi-
tution of this nitrogen atom would inhibit rapid tau-
tomerism, leading to a separable mixture of regioiso-
mers. When we have attempted alkylation of I and III 
with 1-(chloromethyl)-4-methoxybenzene under ba-
sic conditions (K2CO3, DMF), alkylation were formed 
as only N4 (II) and N5 (IV) position. Interestingly, we 
have never detected other possible regioisomers. The 
characterization of the individual isomeric products 
was achieved by observing the 2D-NOESY enhance-
ments between the N-CH2 and pyridine aromatic 
protons. As it is well known, NOESY is a valuable 2D 
NMR technique for identifying signals of protons in 
close spatial proximity (4-5 A° in distance) even if 
they are not directly bonded. In the NOESY spectrum 
of compound II, strong correlations have been ob-
served between the benzylic and H-5 protons (Figure 
2.). This finding showed us that, the synthesized fi-
nal targeted compound II is the N4 regioisomer form. 
Similarly, very strong NOE enhancements were seen 
between N-CH2 and H-4,6 in the NOESY spectra of 
IV (Figure 3.).  
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Figure 2. Partial NOESY spectrum of compound II

Figure 3. Partial NOESY spectrum of compound IV

CONCLUSION

N-alkylation of 4H-imidazo[4,5-b]pyridines and 
5H-imidazo[4,5-c]pyridines were mainly realized on 
the nitrogen atoms of pyridine ring, in the presence 
of anhydrous K2CO3 in DMF with 4-methoxybenzyl 
chloride. 2D-NOESY experiment is the best method 
for structural elucidation of these types of regioiso-
mers. The structure elucidation of synthesized com-
pounds were performed using 1D and 2D NMR ex-
periments including COSY, NOESY, gHSQC.  
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