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SYNTHETIC COMMUNICATIONS, 27( lo), 1763-1775 (1997) 

AN IMPROVED SYNTHESIS OF 2-CHLORINATED IMIDAZO[ 1,241- 

PYRIDINES AND THE APPLICATION OF THIS PROCEDURE FOR THE 

SYNTHESIS OF SEVERAL NEW POLYCHLORINATED 

tMIDAZO[ 1,24]PYRIDINES. 

Kristjan S. Gudmundsson, John C. Drach and Leroy B. Townsend' 

Department of Medicinal Chemistry, College of Pharmacy and Department 
of Chemistry, College of Literature, Science and the Arts, The University of 

Michigan, ANI Arbor, MI 48 109- 1065. 

ABSTRACT: Polychlorinated imidazo[ 1,2-u]pyridmes were synthesized as analogs 
of certain chlorinated benzimidazoles. The imidazo[ 1,2a]pyridmes were obtained 
by a condensation of ethyl bromoacetate and chlorinated 2-aminopyridines. These 
condensation products were treated with an ion exchange resin to effect an 
exchange of hydrobromide salts with hydrochloride salts. These compounds were 
subsequently treated with POCh to convert the imidazo[ 1,2-a]pyridin-2-ones into 
2-chloroimidazo[ 1,2-a]pyridines. 

Diazaindanes, such as imidazo[ 1,2-~]pyridines,~ have long been of interest 

to both the organic chemist and biochemist because of their structural relationship 

~~ ~~ 

* To whom correspondence should be addressed. 
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1764 GUDMUNDSSON, DRACH, AND TOWNSEND 

to purines. The imidazo[l,2-a]pyridine heterocycle was first synthesized in 1925 

by a condensation of 2-aminopyridine with bromoacetaldehyde. While several 

alternative methods for the synthesis of imidazo[ 1,2-a]pyridines have been 

developed, the condensation of 2-aminopyridines with halocarbonyl derivatives is 

still the most frequently used approach for their synthesis.2 We became interested 

in the synthesis of chlorinated imidazo[l,2-a]pyridines as analogs of chlorinated 

benzimidazoles, such as 2,5,6-trichlorobenzimidazole, which have shown antiviral 

activity.’ 

Synthesis of 2,7-dichloro-, 2,7,8-trichloro and 2,6,7,8- 

tetrachloroimidazo[ 1,2u]pyridines has not been reported while low yielding 

preparations of the 2,6-dichloro- and 2,6,7-trichloroimidazo[ 1,2-a]pyridines were 

reported in two  patent^.^ We now want to report an improved method for the 

synthesis of the 2,6-dichloro- and the 2,6,7-trichloroimidazo[ 1,2-a]pyridines and 

the synthesis of the previously unknown 2,7-dichloro-, 2,7,8-trichloro and 2,6,7,8- 

tetrachloroimidazo[ 1,2u]pyridines. 

Results and Discussion. We decided initially to investigate the synthesis 

of 2,6-dichloroimidazo[ 1 ,2-a]pyridine (4) from the commercially available 2- 

amino-5-chloropyridine (1). Attempts to condense chloroacetic acid with 1 in 

CHBCN in the presence of Et3N, as described in the literat~re,~ gave only a 10- 15 

% yield of the hydrochloride salt of 6-chloroimidazo[l,2-a]pyridin-2-one (2). The 

condensation of 1 with chloroacetic acid in basic aqueous solution as well as 

attempts to condense 1 with ethyl chloroacetate at reflux in ethanol gave low 
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IMIDAZO[ 1 ,~-u]PYRIDINES 1765 

yields (10 - 20 %) of 2. These approaches had beem used previously, by Reinde15 

and Tschitschibabin,” respectively, to synthesize imidazo[ 1,2-u]pyridin-2-one from 

2-aminopyridine in high yields. The initial step in a condensation of the 

aminopyridine with the chlorocarbonyl derivatives is a displacement of the a- 

chlorine by the pyridine nitrogen. We postulated that the low yield might be the 

result of reduced nucleophilicity of the pyridine nitrogen caused by the electron 

withdrawing effect of the chloro substituent. 

SCHEME 1 

CIC&COOEt 
OR 

CICI-QCOOH 

2 1 

BrCH2COOEt 

1 

BrCH2COOEt 

Ny EtOH 
1 Heat 

6 

Attempts to facilitate the alkylation by adding a catalytic amount of sodium 

iodide, stochiometric amounts of trimethylamine, or the use of other solvents, such 
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1766 GUDMUNDSSON, DRACH, AND TOWNSEND 

as DMF and CHXN, failed to improve the yields. We then used the more reactive 

ethyl bromoacetate as a replacement for the a-chloro carbonyl compounds. 

The coupling of ethyl bromoacetate with I in ethanol at reflux gave a 50 % 

yield of the hydrobromide salt of 6-chloroimidazo[ 1,2-u]pyridin-2-one (6). By 

treating 1 at room temperature with ethyl bromoacetate (neat), the iminium 

derivative 3 was obtained in a 95 % yield. This iminium intermediate 3 was 

recrystallized and purified to homogeneity. 6-Chloroimidazo[ 1,2-a]pyridin-2-one 

(6) was obtained (85 % yield, 80 YO overall yield from 1) as a hydrobromide salt by 

heating a solution of 3 in ethanol at reflux for 2 hours. Treatment of the 

hydrobromide salts of either 3 or 6 with POCb at reflux gave a 50 % yield of 2,6- 

dichloroimidazo[ 1.2-aIpyridine (4), contaminated with 5 % of a byproduct. This 

byproduct was shown to be 2-bromo-6-chloroimidazo[ 1,2-u]pyridine (5) by I3C- 

NMR and mass spectral data. Compounds 4 and 5 could not be easily separated by 

chromatographic methods (flash chromatography and HPLC) or by 

recrystallization. Therefore, the hydrobromide salts of 3 or 6 could not be used 

directly without obtaining a mixture of products. This prompted us to use the ion 

exchange resin Amberlyst IRA47 (Cr-form) to exchange the hydrobromide salts 

of 3 and 6 for the corresponding hydrochloride salts. These hydrochloride salts of 

3 or 6 gave 4 upon treatment with POCI3 in a 50 - 60 % yield, while no 5 was 

detected. 

2-Amino-4-chloropyridine (7), 2-amino-4,5-dichloropyridine (S), 2-amino- 

3,4-dichloropyridine (9) and 2-amino-3,4.5-trichloropyridine ( were 
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IMIDAZO[ 1 ,~-u]PYRIDINES 

SCHEME 2 

1767 

1 X=H; Y=H; Z=CI 
7 X=H; Y=CI; Z=H 
8 X=H; Y=CI; Z=CI 
9 X=CI; Y=CI; Z=H 
10 X=CI; Y=CI; Z=CI 

4 X=H; Y=H; Z=CI 
11 X=H; Y=CI; Z=H 
12 X=H; Y=CI; Z=CI 
13 X=CI; Y=CI; Z=H 
14 X=CI; Y=CI; Z=C 

subsequently treated with ethyl bromoacetate, ion exchange resin and chlorinated 

to give the corresponding imidazo[l,2u]pyridines 11 - 14. Yields decreased with 

increased chlorination of the aminopyridines, presumably due to decreased 

nucleophilicity of the pyridine nitrogen. 

In conclusion, we have developed an improved method for the synthesis of 

2-chlorinated imidazo[ 1,2-a]pyridines which give compounds such as 4 in five fold 

higher yield than the previously reported synthesis. This method has been applied 

for the synthesis of several new polychlorinated imidazo[ I,Z-a]pyridines and would 

appear to be a general route for the synthesis of various polysubstituted 

imidazo[ 1,2u]pyridines. 

Experimental: 

General. Melting points were taken on a Thomas-Hoover Unimelt apparatus and 

are uncorrected. Nuclear magnetic resonance (NMR) spectra were obtained at 360 

or 300 MHz with a Bruker WP 360 SY or Bruker 300 SY. The chemical shift 
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1768 GUDMUNDSSON, DRACH, AND TOWNSEND 

values are reported in parts per million (ppm) relative to tetramethylsilane as an 

internal standard. Elemental analysis were performed by the Analytical Laboratory 

of the Chemistry Department, University of Michigan. Flash column 

chromatography was performed using silica gel 60 230-400 mesh (ICN). Thin 

layer chromatography (TLC) was performed on prescored Silica gel GHLF plates 

(Analtech, Newark, DE, USA). Compounds were visualized by illumination under 

W light (254 nm). Solutions were concentrated under reduced pressure (water 

aspirator) with water bath temperatures below 40 "C unless otherwise specified. 

Ethyl 2-imino-5-chlo~l,2-dihydropyridin-l-yl-acetate hydrobromide 

(3). To 2-amino-5-chloropyridine (1, 10 g, 0.078 mol) was added ethyl 

bromoacetate ( 30 mL, 0.269 mol) and the reaction mixture stirred at room 

temperature for 8 hours. The heavy white precipitate was removed by filtration and 

recrystallized from EtOH to yield 21.9 g (95 %) yield of 3 as white crystals: mp > 

300 "C (decomposes); & 0.23 (EtOAc/EtOWAcetone/H20 20:2:2: 1); 'H-NMR 

(360 MHz, DMSO-Q) 6 9.0 (s, 2H, DzO exchangeable), 8.44 (d, IH, J = 2.2 Hz), 

8.04 (dd, lH, J = 2.2 Hz, J= 9.6 Hz), 7.25 (d, lH, J = 9.6 Hz), 5.17 (s, 2H), 4.19 

(4. 2H), 1.24 (t, 3H); I3C-NMR (90 MHz, DMSO-Q) 6 165.54, 153.76, 143.00, 

138.00, 117.67, 116.45, 62.11, 53.96, 13.96. Anal. Calcd. for C&IIZBTCIN~OZ: C, 

36.57; H, 4.08; N, 9.48. Found: C, 36.49; H, 4.05; N, 9.36. 

2,CDichloroimidazo[1,2-~~pyridine (4). The imino derivative 3 (10 g, 

0.03 mol) was dissolved in water (100 mL) and treated with IRA-47 (CI--form) ion 

exchange resin (60 g) with stimng at room temperature for 30 min. The resin was 
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IMIDAZO[ 1 ,~-u]PYRIDINES 1769 

removed by filtration and the filtrate treated again with resin (60 g) for 30 min, 

resin removed by filtration and the aqueous filtrate evaporated to dryness. The 

resulting solid was dissolved in ethanol (100 mL) and evaporated to dryness to 

give the HCI salt as a reddish brown foam. The HCI salt was treated with PW13 

(30 mL) and the mixture heated at reflux, under a CaSOd drying tube, for 2 h. The 

reaction mixture was cooled to room temperature and excess PocI3 removed 

under reduced pressure to give a dark syrup. Ice water was added to this syrup and 

NI-bOH was added to the resulting solution until it remained basic to litmus (pH 

8). The solution was extracted with CHCb (80 mL x 3), the organic phase dried 

over magnesium sulfate, filtered and the filtrate evaporated to dryness to give a 

solid. This solid was purified by flash chromatography (EtOAdhexane 1:2, 15 cm 

x 5 cm), the fractions containing product were pooled, solvent removed under 

reduced pressure and the resulting white solid was crystallized from MeOH to give 

3.4 g (60 %) of 4: mp 155-156 "C (Ref.4 155-156 "C); Rr 0.45 (EtOAchexane); 

'H-NMR (360 MHZ,  CDCI3) 6 8.15 (s, lH), 7.19 (d, 2H), 7.48 (d, lH), 7.50 (d, 

1H); 'H-NMR (360 MHz, DMSO-6) 6 8.78 (d, IH, J = 2.0 Hz), 8.00 (s, IH), 

7.57 (d, IH, J = 9.6 Hz), 7 37 (dd, I H ,  J = 9.6 Hz, J = 2.0 Hz); I3C-NMR (90 

MHz, DMSO-Q) 6 141.47 (C8a), 134.54 (C2), 126.53 (C7), 124.60 (CS), 119.78 

(C6), 116.87 (C8), 109.77 (C3)'; UV & (EtOH) 288 (4351), 230 (7965); 

' The assignment of the I3C-NMR signals for 4 and 12 were made on the basis of 
fblly coupled and partially decoupled spectral data, as well as on chemical shift 
trends. Assignments of I3C-NMR signals for 11, 13 and 14 were made by analogy 
with the assignments for 4 and 12. 
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1770 GUDMUNDSSON, DRACH, AND TOWNSEND 

(pH1 1) 275 (14016), 230 (33863); (pH 1) 281 (9265), 221 (26718). 

2,7-Dichloroimidazo[ 1,2-alpyridine (1 1). 2-Amino-4-chloropyridine (7, 

3.9 g, 0.03 mol) was added to ethyl bromoacetate (20 mL, 0.18 mol) and the 

solution was stirred at room temperature for 8 hours. The resulting precipitate was 

removed from the reaction mixture by filtration and dissolved in water (80 mL). 

The solution was treated with IRA-47 (CI--form) ion exchange resin (40 g) with 

stimng at room temperature for 30 min. The resin was removed by filtration and 

the filtrate treated again with resin (40 g) for 30 min, resin removed by filtration 

and the aqueous filtrate evaporated to dryness. The resulting solid was dissolved in 

ethanol (50 mL) and evaporated to dryness to give the HCI salt as a reddish brown 

foam. The HCl salt was treated with POCI, (30 mL) and the resulting mixture 

heated at reflux, under a CaSOJ drying tube, for 2 h. The reaction mixture was 

cooled to room temperature and the excess POCI3 removed under reduced 

pressure to give a dark syrup. This syrup was treated with ice water and W O H  

was added until the solution remained basic to litmus (pH 8). The solution was 

extracted with CHCls (80 mL x 3). the organic phase dried over magnesium 

sulfate, filtered and the filtrate evaporated to dryness to give a white solid. This 

solid was purified by flash chromatography (EtOAchexane 1.2, 15 cm x 5 cm). 

The fractions containing product were pooled, the solvent was removed under 

reduced pressure and the obtained solid was crystallized from MeOH to give 2.8 g 

(50 %) of 11: mp 153-154 "C; Rf 0.45 (EtOAchexane); 'H-NMR (360 M H i ,  

CDCI3) 6 7.97 (dd, IH, J = 0.8 Hz, J = 7.2 Hz), 7.52 (dd, lH, J = 0.8 Hz, J = 2.1 
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IMIDAZO[ 1,2-a]PYRIDINES 1771 

Hz), 7.49 (s, IH), 6.83 (dd, IH, J= 7.2 Hz, J = 2.1 Hz); I3C-NMR (90 MHZ, 

DMSO-&) 6 142.781 (Csa), 134.54 (C2). 130.84 (C7), 127.65 (C5), 114.89 and 

114.08 (C8 and C6), 109.58 (C3); UV A- (EtOH) 306 (4421), 284 (SOSO), 231 

(13182); (pH 11) 283 (5702), 229 (22170); (pH 1) 281 (10914) 221 (22532). 

Anal. Calcd. for C7H&Ni C, 44.95; H, 2.16; N, 14.98. Found: C, 44.74; H, 

2.36; N, 14.95. 

2,6,7-Trichloroimidao[ 1,2-a]pyridine (12). 2-Atnho-4,5- 

dichloropyridme (8, 3.3 g. 0.02 mol) was treated with neat ethyl bromoacetate (20 

mL, 0.18 mol) at 60 "C for 24 hours. The precipitate that formed was isolated by 

filtration, dissolved in water (100 mL) and treated with IRA-47 (CI--form) ion 

exchange resin (2 x 100 g). After the resin had been removed by filtration, the 

aqueous filtrate was evaporated to dryness to give a HCI salt as a reddish foam. 

The HCI salt was treated with POCh (30 mL) as described above to give after 

flash chromatography (EtOAchexane 1:2, 15 cm x 5 cm) and recrystallization 

from EtOH 1.8 g (40 %) of 12 as white crystals: mp 180-181 "C; €4 0.47 

(EtOAchexane 1:2); 'H-NMR (360 MHz,  CDCI3) 6 8.26 (s, IH), 7.68 (s, IH), 

7.49 (s, 1H); 'H-NMR(360 MHz, DMSO-&) 6 8.99 (s, lH), 8.02 (s, lH), 8.00 (s, 

1H) ;13C-NMR (90 MHz,  CDCl3) 6 142.51 (Csa), 137.72 (C2), 131.22 (C7), 

124.03 (C5), 121.07 (C6), 117.08 (CS), 108.75 (C3); ''C-NMR (90 MHZ, 

DMSO-&) 6 141.60 (Csa), 135.27 (C2), 129.33 (C7), 126.13 (C5), 118.52 (C6), 

116.14 (C8), 109.86 (C3) ; W A- (EtOH) 315 (4237), 294 (4118), 234 (13496); 

(pH11) 292 (4542), 233 (23989); (pH 1) 293 (7576), 226 (24237); H R M S  m/z 
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1772 GUDMUNDSSON, DRACH, AND TOWNSEND 

calcd for C7H3C13N2 219.9362, found 219.9360. Anal. Calcd for C ~ H ~ C I ~ N Z :  C, 

37.96; H, 1.37; N, 12.65. Found: C, 37.81; €I, 1.39; N, 12.55. 

2,7,&Trichloroimidazo[ lJ-alpyridine (13). 2-Amino-3,4- 

dichloropyridine (9, 1.0 g, 6.1 mmol) was treated with ethyl bromoacetate (5.0 

mL, 45.0 mmol) at 60 "C for 24 hours to give a white solid. This solid was 

removed by filtration, dissolved in water, treated with ion exchange resin and 

chlorinated with POCL as described above to give after purification by flash 

chromatography (EtOAchexane 1:2, 15 cm x 4 cm) and recrystallization fiom 

MeOH, 700 mg (52 %) of 13 as white crystals: mp 220-221 "C; & 0.29 

(EtOAchexane 1:2); 'H-NMR (360 MHz,  CDC13) 6 7.93 (d, IH, J=7.15 Hz), 

7.56 (s, IH), 6.94 (d, lH, J=7.15 Hz); I3C-NMR (90 MHz, CDCIs) 6 141.77 

(Csa), 137.20 (C2), 129.87 (C7), 123.52 (C5), 121.30 (CS), 115.08 (C6). 110.39 

((3); UV (EtOH) 304 (5250). 288 (5825), 233 (10434); (pH 11) 287 (6566), 

232 (24612); (PH 1) 287 (8865), 231 (26610); HRMS m/z calcd for C T H ~ C I ~ N ~  

219.9362, found 219.9355. Anal. Calcd for C7H3CbN2 *1/4 H20: C, 37.21; H, 

1.56; N, 12.40. Found: C, 37.40; H, 1.46; N, 12.22. 

2,6,7,&Tetrachloroimidazo[1,2-a]pyridine (14). 2-Amino-3,4,5- 

trichloropyridine (10, 1.0 g. 5.1  mmol) was treated with neat ethyl bromoacetate 

(5.0 mL, 45.0 mmol) at 80 "C for 24 hours. The resulting black solution was 

applied to a silica gel pad (50 g) and washed with EtOAchexane 1:2 (500 mL) to 

remove the excess ethyl bromoacetate. Subsequent washing of the silica gel with 

MeOH (200 mL) eluted a highly fluorescent compound. Removal of the MeOH 
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IMIDAZO[ 1.2-aIPYRIDINES 1773 

under reduced pressure gave a black tarry residue, which was dissolved in water 

and treated with IRA47 (CI--form) ion exchange resin (40 g) with stirring at room 

temperature for 30 min. The resin was removed by filtration and the filtrate treated 

again with resin (40 g) for 30 min, resin removed and the aqueous filtrate 

evaporated to dryness. The resulting solid was dissolved in ethanol (100 mL) and 

evaporated to dryness to give the HCI salt as a black residue. This residue was 

treated with POCIS (20 mL) and the resulting mixture heated at reflux, under a 

CaS0, drying tube, for 2 h. The reaction mixture was cooled to room temperature 

and the excess POCl, removed under reduced pressure to give a dark syrup. This 

syrup was treated with ice water and W O H  was added until the solution 

remained basic to litmus (pH 8). The solution was extracted with CHCla (50 mL x 

3), the organic phase dried over magnesium sulfate, filtered and the filtrate 

evaporated to dryness to give a dark solid. This solid was purified by flash 

chromatography (EtOAhexane 1:2, 15 cm x 2 cm), the fractions containing 

product were pooled, solvent removed under reduced pressure and the solid was 

crystallized successively from EtOH and MeOH to give 200 mg (1  6 YO) of 14 as a 

white solid: mp 232-233 "C; Rr 0.58 (EtOAchexane 1:2); 'H-NMR (300 MHz, 

CDC13) 6 8.20 (s, IH), 7.55 (s, 1H); I3C-NMR (90 MHz,  DMSO-6) 6 139.45 

(Csa), 135.32 (C2), 127.97 (C7), 124.85 (C5), 124.34 (C8), 118.46 (C6), 1 1  1.74 

(C3); UV A,- (EtOH) 298 (5592), 235 (1 5388); (pH1 1) 297 (6100), 232 (27300); 

(pH 1) 296 (6560), 228 (29120); HRMS m/z calcd for C7H2CIdU2 253.8972, found 

253.8967. Anal. Calcd for C7H2Cl& .3/4 H20: C, 31.2; H, 1.20; N,10.40. 

Found: C, 31.0; H, 0.89; N, 10.0. 
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