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GENERAL INFORMATION

Methods:

Unless otherwise specified, all reactions were performed under air atmosphere using 
oven-dried glassware. Reported reaction temperatures refer to the external bath 
temperature unless explicitly noted otherwise. Reaction progress was monitored by 
thin-layer chromatography (TLC, Merck). TLC analysis was conducted on 0.5 mm. 
Flash column chromatography was performed using 200–300 mesh silica gel. 
Analytical data of literature known compounds were in accordance with reported 
data.

Materials:
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All commercial chemicals (purity>98%) and anhydrous solvents were obtained from 
commercial suppliers (Sigma Aldrich, Aladdin). Unless otherwise noted, all 
reagents were used without further purification.

Instrument:

NMR spectra were measured in the Bruker Avance 600 machine (1H NMR (600 
MHz), 13C NMR (151 MHz)). HRMS was carried out in electrospray ionization 
time-of-flight (ESI-TOF) mode using an Agilent 6210 mass spectrometer.

Abbreviations:

Equiv = equivalents, h = hours, min = minutes, ppm = parts per million, DMSO = 
dimethyl sulfoxide, NBS = N-Bromosuccinimide, EtOAc = ethylacetate, NH4OAc = 
Ammonium acetate, Ph = phenyl, Me = methyl, EtOH = Ethanol, Et = ethyl, LDA = 
lithium diisopropylamide, OMe = tosyl.

EXPERIMENTAL SECTION

General procedure A for prepared of 2-(2-bromophenyl)imidazo[1,2-

a]pyridine 3a and derivatives [1-3]

O
Br

EtOH, 70oC, 6h

NaHCO3
NH2
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N

1a 2a

N

Br

Br

+

To a solution of 2-bromo-1-(2-bromophenyl)ethan-1-one 1a (500 mg, 1,8 mmol) 

and 2-aminopyridine (186 mg, 2 mmol) and sodium bicarbonate (151 mg, 1.8 mmol) 

in ethanol (4 mL). The resulting mixture was heated at 70°C and stirred for 6 hours. 

Upon completion, the mixture was cooled to room temperature, and the solvent was 

evaporated in vacuo. The residue was partitioned between ethyl acetate and water. 

The organic phase was separated, dried over anhydrous Na₂SO₄, filtered, and 

concentrated. Purification of the crude product by silica gel column chromatography 
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(eluent: hexanes/ethyl acetate = 4:1) afforded 2-(2-bromophenyl)imidazo[1,2-

a]pyridine  2a is brown syrup (403 mg, 82%). 1H NMR (600 MHz, CDCl3) δ 8.26 

(s, 1H), 8.14 (dd, J = 7.82, 1.75 Hz, 1H), 8.10 (dt, J = 6.79, 1.19 Hz, 1H), 7.65 (dd, 

J = 8.00, 1.26 Hz, 1H), 7.61 (dd, J = 9.12, 1.03 Hz, 1H), 7.40 (ddd, J = 7.78, 7.27, 

1.26 Hz, 1H), 7.18 – 7.13 (m, 2H), 6.75 (td, J = 6.77, 1.18 Hz, 1H). 13C NMR (151 

MHz, CDCl3) δ 144.4, 143.1, 134.3, 133.5, 131.5, 128.8, 127.4, 125.6, 124.7, 121.4, 

117.5, 112.3, 111.9.

2-(2-bromophenyl)-6-methylimidazo[1,2-a]pyridine 2b 

prepared following general procedure A using 2-bromo-1-(2-

bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 5-

methylpyridin-2-amine (214 mg, 2 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 2b (439 mg, 85 %) as 

a white solid. [4] 1H NMR (600 MHz, CDCl3) δ 8.20 (s, 1H), 8.14 (dd, J = 7.85, 1.76 

Hz, 1H), 7.93 (d, J = 1.84 Hz, 1H), 7.66 (dd, J = 8.07, 1.25 Hz, 1H), 7.53 (d, J = 

9.20 Hz, 1H), 7.42 – 7.39 (m, 1H), 7.19 – 7.14 (m, 1H), 7.03 (dd, J = 9.27, 1.69 Hz, 

1H), 2.33 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 143.6, 142.9, 134.6, 133.6, 131.6, 

128.7, 128.0, 127.5, 123.4, 122.1, 121.5, 116.9, 111.8, 18.1.

2-(2-bromophenyl)-7-methylimidazo[1,2-a]pyridine 2c 

prepared following general procedure A using 2-bromo-1-(2-

bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 4-

methylpyridin-2-amine (214 mg, 2 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 2c (434g, 84 %) as a 

white solid. [4] 1H NMR (600 MHz, CDCl3) δ 8.23 – 8.20 (m, 1H), 8.15 (dd, J = 7.83, 

1.74 Hz, 1H), 8.03 (dd, J = 6.90, 1.02 Hz, 1H), 7.66 (dd, J = 8.00, 1.24 Hz, 1H), 7.43 

– 7.37 (m, 1H), 7.17 (ddd, J = 8.00, 7.31, 1.76 Hz, 1H), 6.63 (dd, J = 6.92, 1.65 Hz, 
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1H), 2.41 (s, 1H). 13C NMR (151 MHz, CDCl3) δ 145.0, 142.9, 135.8, 134.6, 133.6, 

131.6, 128.7, 127.5, 124.9, 121.5, 115.9, 115.2, 111.5, 21.4.

2-(2-bromophenyl)-6-chloroimidazo[1,2-a]pyridine 2d 

prepared following general procedure A using 2-bromo-1-(2-

bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 5-

chloropyridin-2-amine (254 mg, 2 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 2d (409 mg, 74 %) as 

a white solid. [4] 1H NMR (600 MHz, CDCl3) δ 8.26 (s, 1H), 8.20 (dd, J = 1.99, 0.91 

Hz, 1H), 8.11 (dd, J = 7.81, 1.74 Hz, 1H), 7.67 (dd, J = 8.00, 1.25 Hz, 1H), 7.58 (dt, 

J = 9.57, 0.82 Hz, 1H), 7.42 (ddd, J = 7.81, 7.32, 1.26 Hz, 1H), 7.20 (ddd, J = 8.02, 

7.31, 1.78 Hz, 1H), 7.16 (dd, J = 9.55, 1.98 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 

144.3, 142.9, 134.0, 133.7, 131.6, 129.2, 127.6, 126.3, 123.5, 121.5, 120.7, 118.0, 

112.4.

2-(2-bromophenyl)-7-chloroimidazo[1,2-a]pyridine 2e prepared 

following general procedure A using 2-bromo-1-(2-

bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 4-

chloropyridin-2-amine (254 mg, 2 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 2e (426 mg, 77 %) as 

a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.26 (d, J = 5.26 Hz, 1H), 8.15 – 8.02 

(m, 2H), 7.68 – 7.60 (m, 2H), 7.41 (td, J = 7.58, 2.23 Hz, 1H), 7.22 – 7.16 (m, 1H), 

6.79 (tt, J = 6.94, 1.89 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 144.3, 144.2, 134.0, 

133.7, 131.6, 131.2, 129.2, 127.6, 125.9, 121.5, 116.5, 114.2, 112.1.

2-(2-bromophenyl)-6-fluoroimidazo[1,2-a]pyridine 2f prepared 

following general procedure A using 2-bromo-1-(2-

bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 5-

fluoropyridin-2-amine (222 mg, 2 mmol). The product was purified by column 
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chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 2f (346 mg, 66 %) as 

a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.27 (s, 1H), 8.12 – 8.06 (m, 3H), 

7.66 (dd, J = 7.99, 1.40 Hz, 1H), 7.60 (dd, J = 9.85, 5.11 Hz, 1H), 7.41 (td, J = 7.57, 

1.36 Hz, 1H), 7.20 – 7.16 (m, 1H), 7.11 (ddt, J = 9.97, 7.83, 1.61 Hz, 1H). 13C NMR 

(151 MHz, CDCl3) δ 153.25 (d, J = 237.03 Hz), 144.5, 142.3, 134.2, 133.7, 131.5, 

129.1, 127.6, 121.5, 118.0 (d, J = 8.92 Hz), 116.9 (d, J = 25.74 Hz), 113.3, 112.3 (d, 

J = 40.54 Hz).

2-(2-bromophenyl)-6-(trifluoromethyl)imidazo[1,2-a]pyridine 

2g prepared following general procedure A using 2-bromo-1-

(2-bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 5-

(trifluoromethyl)pyridin-2-amine (321 mg, 2 mmol). The product was purified by 

column chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 2g (399 mg, 

65 %) as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.52 (s, 1H), 8.37 (s, 1H), 

8.13 (dd, J = 7.81, 1.75 Hz, 1H), 7.73 – 7.69 (m, 1H), 7.67 (dd, J = 8.08, 1.26 Hz, 

1H), 7.41 (td, J = 7.58, 1.26 Hz, 1H), 7.32 (dd, J = 9.45, 1.83 Hz, 1H), 7.22 – 7.17 

(m, 1H). 13C NMR (151 MHz, CDCl3) δ 145.1, 144.1, 133.8, 133.6, 131.7, 129.5, 

127.7, 124.9 (q, J = 5.70 Hz), 123.5 (q, J = 271.08 Hz), 121.6, 120.7 (q, J = 2.66 

Hz), 118.3, 116.9 (q, J = 34.21 Hz), 113.2.

2-(2-bromophenyl)-7-phenylimidazo[1,2-a]pyridine 2h 

prepared following general procedure A using 2-bromo-1-(2-

bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 4-

phenylpyridin-2-amine (337 mg, 2 mmol). The product was 

purified by column chromatography (silica gel, Hexane/ethylacetate 8:1) to yield 2h 

(503 mg, 80 %) as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.29 (s, 1H), 8.20 

– 8.15 (m, 2H), 7.84 (s, 1H), 7.69 – 7.64 (m, 3H), 7.48 (dd, J = 8.44, 6.97 Hz, 2H), 

7.44 – 7.38 (m, 2H), 7.20 – 7.16 (m, 1H), 7.08 (dd, J = 7.06, 1.83 Hz, 1H). 13C NMR 
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(151 MHz, CDCl3) δ 149.7, 147.2, 145.8, 143.4, 137.9, 135.6, 129.8, 129.4, 129.3, 

128.9, 128.7, 127.1, 126.9, 125.1, 122.8, 114.6, 112.6, 29.7.

2-(2-bromophenyl)-6-phenylimidazo[1,2-a]pyridine 2i 

prepared following general procedure A using 2-bromo-1-(2-

bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 5-

phenylpyridin-2-amine (337 mg, 2 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 8:1) to yield 2i (509 mg, 81 %) as 

a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.34 (s, 1H), 8.32 (s, 1H), 8.17 (dd, J 

= 7.77, 1.70 Hz, 1H), 7.69 (t, J = 8.79 Hz, 2H), 7.59 – 7.56 (m, 2H), 7.47 (q, J = 

8.32 Hz, 3H), 7.41 (dt, J = 14.65, 7.64 Hz, 2H), 7.19 (td, J = 7.65, 1.69 Hz, 1H). 13C 

NMR (151 MHz, CDCl3) δ 143.9, 143.7, 137.3, 134.4, 133.7, 131.7, 129.2, 128.9, 

127.9, 127.6, 127.1, 126.9, 125.7, 123.0, 121.5, 117.5, 112.5.

2-(2-bromo-5-chlorophenyl)-7-chloroimidazo[1,2-a]pyridine 

2j prepared following general procedure A using 2-bromo-1-(2-

bromo-5-chlorophenyl)ethan-1-one 1b  (562 mg, 1.8 mmol) and 

4-chloropyridin-2-amine (254 mg, 2 mmol). The product was 

purified by column chromatography (silica gel, Hexane/ethylacetate 4:1) to yield 2j 

(431 mg, 70 %) as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.31 (s, 1H), 8.21 

(dd, J = 1.99, 0.88 Hz, 1H), 8.17 (d, J = 2.65 Hz, 1H), 7.60 – 7.57 (m, 2H), 7.17 

(ddd, J = 10.02, 9.03, 2.31 Hz, 2H). 13C NMR (151 MHz, CDCl3) δ 143.0, 142.9, 

135.5, 134.8, 133.9, 131.3, 129.1, 126.7, 123.6, 120.9, 119.1, 118.1, 112.6.

2-(2-bromo-5-fluorophenyl)-7-chloroimidazo[1,2-a]pyridine 

2k prepared following general procedure A using 2-bromo-1-

(2-bromo-5-fluorophenyl)ethan-1-one 1c  (533 mg, 1.8 mmol) 

and 4-chloropyridin-2-amine (254 mg, 2 mmol). The product 

was purified by column chromatography (silica gel, Hexane/ethylacetate 4:1) to 
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yield 2k (369 mg, 63 %) as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.28 (s, 

1H), 8.14 (d, J = 1.44 Hz, 1H), 7.90 (dd, J = 9.99, 3.14 Hz, 1H), 7.57 (dd, J = 8.81, 

5.36 Hz, 1H), 7.53 (d, J = 9.58 Hz, 1H), 7.13 (dd, J = 9.53, 1.98 Hz, 1H), 6.89 (ddd, 

J = 8.74, 7.41, 3.17 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 162.0 (d, J = 246.63 

Hz), 143.1 (d, J = 2.10 Hz), 142.8, 135.8 (d, J = 8.30 Hz), 135.0 (d, J = 8.07 Hz), 

126.6, 123.6, 120.9, 118.2 (d, J = 24.58 Hz), 117.99, 116.3 (d, J = 22.76 Hz), 115.3 

(d, J = 3.23 Hz), 112.5.

2-(2-bromo-5-fluorophenyl)-7-methylimidazo[1,2-a]pyridine 

2l prepared following general procedure A using 2-bromo-1-

(2-bromo-5-fluorophenyl)ethan-1-one 1c  (533 mg, 1.8 mmol) 

and 4-methylpyridin-2-amine (214 mg, 2 mmol). The product 

was purified by column chromatography (silica gel, Hexane/ethylacetate 4:1) to 

yield 2l (395 mg, 72 %) as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.26 (d, J 

= 0.77 Hz, 1H), 8.00 (dd, J = 6.94, 0.99 Hz, 1H), 7.94 (dd, J = 10.13, 3.14 Hz, 1H), 

7.59 (dd, J = 8.78, 5.37 Hz, 1H), 7.36 (dh, J = 2.20, 1.12 Hz, 1H), 6.88 (ddd, J = 

8.81, 7.44, 3.16 Hz, 1H), 6.62 (dd, J = 6.91, 1.68 Hz, 1H), 2.39 (d, J = 1.18 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 162.0 (d, J = 246.41 Hz), 144.9, 141.7 (d, J = 2.08 

Hz), 136.4 (d, J = 8.33 Hz), 136.0, 134.1 (d, J = 8.12 Hz), 124.9, 118.1 (d, J = 24.53 

Hz), 115.8, 115.8, 115.6, 115.2 (d, J = 3.02 Hz), 111.6, 21.3.

6-(2-bromophenyl)imidazo[2,1-b]thiazole 2m were synthesized 

according to our previously published method.[4] Using 2-

bromo-1-(2-bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 

thiazol-2-amine (198 mg, 2 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 10:1) to yield 2m (437 mg, 87 %) 

as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.15 (s, 1H), 8.06 (dd, J = 7.86, 
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1.77 Hz, 1H), 7.62 (dd, J = 8.01, 1.27 Hz, 1H), 7.39 – 7.33 (m, 2H), 7.10 (ddd, J = 

7.93, 7.27, 1.76 Hz, 1H), 6.76 (d, J = 4.46 Hz, 1H).[4]

6-(2-bromo-5-chlorophenyl)imidazo[2,1-b]thiazole 2n prepared 

following general procedure A using 2-bromo-1-(2-bromo-5-

chlorophenyl)ethan-1-one 1b  (562 mg, 1.8 mmol) and thiazol-2-

amine (198 mg, 2 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 10:1) to yield 2n (452 mg, 80 %) 

as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.24 (s, 1H), 8.12 (d, J = 2.66 Hz, 

1H), 7.54 (dd, J = 8.55, 0.71 Hz, 1H), 7.44 (dd, J = 4.47, 0.74 Hz, 1H), 7.09 (ddd, J 

= 8.43, 2.66, 0.69 Hz, 1H), 6.85 (dd, J = 4.47, 0.78 Hz, 1H). 13C NMR (126 MHz, 

CDCl3) δ 149.5, 143.8, 135.9, 134.8, 133.7, 130.7, 128.2, 118.5, 118.3, 113.3, 112.5.

6-(2-bromo-4-fluorophenyl)imidazo[2,1-b]thiazole 2o 

prepared following general procedure A using 2-bromo-1-(2-

bromo-4-fluorophenyl)ethan-1-one 1d (562 mg, 1,8 mmol) 

and thiazol-2-amine (198 mg, 2 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 10:1) to yield 2o (401 mg, 75 %) 

as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.12 (s, 1H), 8.04 (dd, J = 8.81, 

6.27 Hz, 1H), 7.44 (d, J = 4.47 Hz, 1H), 7.38 (dd, J = 8.33, 2.63 Hz, 1H), 7.10 (ddd, 

J = 8.81, 7.75, 2.68 Hz, 1H), 6.84 (d, J = 4.49 Hz, 1H). 13C NMR (126 MHz, CDCl3) 

δ 161.2 (d, J = 250.81 Hz), 149.3, 144.3, 132.1 (d, J = 8.22 Hz), 130.9 (d, J = 3.66 

Hz), 120.7 (d, J = 3.96 Hz), 120.6 (d, J = 11.29 Hz), 118.5, 114.8 (d, J = 20.94 Hz), 

112.9, 111.8.

2-(2-bromophenyl)benzo[d]imidazo[2,1-b]thiazole 2p prepared 

following general procedure A using 2-bromo-1-(2-

bromophenyl)ethanone 1a (500 mg, 1,8 mmol) and 

benzo[d]thiazol-2-amine (297 mg, 2 mmol). The product was 
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purified by column chromatography (silica gel, Hexane/ethylacetate 50:1) to yield 

2p (356 mg, 60 %) as a white solid. [4] 1H NMR (600 MHz, CDCl3) δ 8.43 (s, 1H), 

8.13 (dd, J = 7.85, 1.76 Hz, 1H), 7.70 (ddd, J = 7.97, 1.15, 0.54 Hz, 1H), 7.65 (ddd, 

J = 11.45, 7.97, 1.14 Hz, 2H), 7.44 (ddd, J = 8.20, 7.42, 1.16 Hz, 1H), 7.40 (ddd, J 

= 7.88, 7.29, 1.29 Hz, 1H), 7.34 (ddd, J = 7.99, 7.38, 1.16 Hz, 1H), 7.15 (ddd, J = 

7.98, 7.27, 1.75 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 147.3, 144.8, 134.2, 133.8, 

132.2, 131.0, 130.4, 128.5, 127.5, 126.2, 125.0, 124.4, 120.7, 112.9, 111.1.

2-(2-bromophenyl)-7-methoxybenzo[d]imidazo[2,1-

b]thiazole 2q prepared following general procedure A using 

2-bromo-1-(2-bromophenyl)ethanone 1a (500 mg, 1,8 

mmol) and 6-methoxybenzo[d]thiazol-2-amine (357 mg, 2 

mmol). The product was purified by column chromatography (silica gel, 

Hexane/ethylacetate 50:1) to yield 2q (356 mg, 55 %) as a white solid.[4] 1H NMR 

(600 MHz, CDCl3) δ 8.38 (s, 1H), 8.12 (dd, J = 7.84, 1.74 Hz, 1H), 7.66 (dd, J = 

8.00, 1.25 Hz, 1H), 7.55 (d, J = 8.79 Hz, 1H), 7.39 (ddd, J = 7.81, 7.27, 1.27 Hz, 

1H), 7.22 (d, J = 2.44 Hz, 1H), 7.14 (ddd, J = 7.99, 7.28, 1.75 Hz, 1H), 7.01 (dd, J 

= 8.81, 2.47 Hz, 1H), 3.88 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 157.4, 146.7, 

144.4, 134.3, 133.7, 131.7, 130.9, 128.4, 127.5, 126.5, 120.6, 113.4, 113.4, 111.0, 

108.8, 55.9.

2-(2-bromophenyl)-7-fluorobenzo[d]imidazo[2,1-b]thiazole 2r 

prepared following general procedure A using 2-bromo-1-(2-

bromophenyl)ethan-1-one 1a  (533 mg, 1.8 mmol) and 6-

fluorobenzo[d]thiazol-2-amine (297 mg, 2 mmol). The product 

was purified by column chromatography (silica gel, Hexane/ethylacetate 50:1) to 

yield 2r (350 mg, 56 %) as a white solid.[4] 1H NMR (600 MHz, CDCl3) δ 8.41 (s, 

1H), 8.11 (dd, J = 7.84, 1.75 Hz, 1H), 7.66 (dd, J = 8.02, 1.23 Hz, 1H), 7.61 (dd, J 
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= 8.81, 4.34 Hz, 1H), 7.44 (dd, J = 7.99, 2.51 Hz, 1H), 7.42 – 7.37 (m, 1H), 7.22 – 

7.11 (m, 2H). 13C NMR (151 MHz, CDCl3) δ 159.8 (d, J = 245.79 Hz), 146.9, 144.9, 

134.0, 133.8, 131.8 (d, J = 10.43 Hz), 130.9, 128.8 (d, J = 2.25 Hz), 128.6, 127.6, 

120.7, 113.9 (d, J = 24.66 Hz), 113.5 (d, J = 9.00 Hz), 111.5 (d, J = 27.45 Hz), 111.2.

General procedure B for prepared of pyrido[2',1':2,3]imidazo[4,5-c]quinoline  

4a and derivatives

AcOH
N

N

N
N

N

Br

CuI, L-proline
NH4OAc 1eq

DMSO/Ammonia solution
100oC, 6h

2a 4a

130oC, 8-12 h

The compound 2-(2-bromophenyl)imidazo[1,2-a]pyridine 2a (137 mg, 0.5 mmol), 

CuI (19 mg, 0.1 mmol), L-Proline (12 mg, 0.1 mmol) and NH4OAc (39 mg, 0.5 

mmol) were added into a 25 ml reaction tube. Then, DMSO solvent (1.2 ml) and 

ammonia solution (0.8 ml) were added. The reaction mixture was then stirred 

magnetically and heated at 100oC for 6 h under air atmosphere. Next, the reaction 

mixture was cooled to 70oC, the reaction tube was opened for 2 min, and 0.5 ml of 

AcOH was slowly added. The tube was sealed, and the temperature was raised to 

130oC for 8-12 h. After cooling, the reaction mixture was extracted with water and 

ethyl acetate. The organic layer was dried with Na2SO4, then filtered and evaporated 

under reduced pressure to remove the solvent. The brown residue was purified by 

column chromatography (silica gel, dichloromethane/ethyl acetate 1:1) to obtain 

pyrido[2',1':2,3]imidazo[4,5-c]quinoline 4a (77 mg, 70%) as a white solid, mp = 

2390C. 1H NMR (600 MHz, CDCl3) δ 9.52 (s, 1H), 8.76 (ddt, J = 8.0, 1.7, 0.9 Hz, 

2H), 8.29 (ddd, J = 8.2, 1.3, 0.6 Hz, 1H), 7.95 (dt, J = 9.2, 1.1 Hz, 1H), 7.80 (ddd, J 

= 8.4, 6.9, 1.6 Hz, 1H), 7.74 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.62 (ddd, J = 9.2, 6.7, 

1.3 Hz, 1H), 7.14 – 7.09 (m, 1H).  13C NMR (151 MHz, CDCl3) δ 149.2, 146.6, 

145.9, 135.7, 130.4, 129.8, 128.7, 126.9, 125.3, 122.8, 122.2, 118.3, 112.7. [5, 6]
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9-methylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4b 

prepared following general procedure B using compound 2b 

 (114 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4b (86 mg, 74 %) as a 

white solid, mp = 2500C. 1H NMR (600 MHz, CDCl3) δ 9.47 (s, 1H), 8.73 (ddd, J = 

8.0, 1.6, 0.6 Hz, 1H), 8.52 (q, J = 1.4 Hz, 1H), 8.30 – 8.24 (m, 1H), 7.83 (dd, J = 

9.2, 1.0 Hz, 1H), 7.78 (ddd, J = 8.4, 6.9, 1.6 Hz, 1H), 7.72 (ddd, J = 8.1, 6.9, 1.3 Hz, 

1H), 7.46 (dd, J = 9.3, 1.7 Hz, 1H), 2.49 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 

148.3, 146.5, 145.7, 135.8, 133.5, 129.7, 128.5, 126.8, 122.9, 122.7, 122.6, 122.2, 

122.0, 117.5, 18.2. [5, 6]

10-methylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4c 

prepared following general procedure B using compound 2c 

 (114 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4c (85 mg, 73 %) as a 

white solid, mp = 2430C. 1H NMR (600 MHz, CDCl3) δ 9.47 (s, 1H), 8.73 (ddd, J = 

8.1, 1.6, 0.6 Hz, 1H), 8.61 (dd, J = 6.9, 1.0 Hz, 1H), 8.26 (ddd, J = 8.3, 1.3, 0.6 Hz, 

1H), 7.78 (ddd, J = 8.4, 6.9, 1.6 Hz, 1H), 7.71 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H), 7.67 

(dq, J = 2.2, 1.1 Hz, 1H), 6.93 (dd, J = 6.9, 1.6 Hz, 1H), 2.55 (s, 3H). 13C NMR (151 

MHz, CDCl3) δ 149.8, 146.9, 145.7, 142.2, 135.4, 129.6, 128.5, 126.7, 124.4, 122.8, 

122.1, 122.1, 116.5, 115.4, 22.0. [5, 6]

9-chloropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4d 

prepared following general procedure B using compound 2d  

(154 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4d (89 mg, 70 %) as a 

white solid, mp = 2650C. 1H NMR (600 MHz, CDCl3) δ 9.48 (s, 1H), 8.78 (d, J = 

N

N

N
H3C

N

N

N

H3C

N

N

N
Cl



12

0.9 Hz, 1H), 8.73 (ddd, J = 8.0, 1.5, 0.6 Hz, 1H), 8.29 (ddd, J = 8.3, 1.2, 0.6 Hz, 1H), 

7.89 (dd, J = 9.6, 0.9 Hz, 1H), 7.81 (ddd, J = 8.4, 7.0, 1.6 Hz, 1H), 7.75 (ddd, J = 

8.1, 6.9, 1.2 Hz, 1H), 7.57 (dd, J = 9.6, 2.0 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 

147.3, 146.9, 145.9, 135.7, 131.6, 129.9, 128.9, 127.2, 123.3, 122.7, 122.1, 122.0, 

120.9, 118.6.[6]

10-chloropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4e 

prepared following general procedure B using compound 2e  

(154 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4e (84 mg, 66 %) as a 

white solid, mp = 2560C. 1H NMR (600 MHz, CDCl3) δ 9.47 (s, 1H), 8.70 (ddd, J = 

8.0, 1.5, 0.6 Hz, 1H), 8.64 (d, J = 7.2 Hz, 1H), 8.27 (d, J = 8.1 Hz, 1H), 7.91 (dd, J 

= 2.0, 0.8 Hz, 1H), 7.80 (ddd, J = 8.4, 6.9, 1.6 Hz, 1H), 7.77 – 7.72 (m, 1H), 7.08 

(dd, J = 7.2, 2.0 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 149.0, 147.1, 145.7, 137.2, 

135.4, 129.7, 129.0, 127.2, 125.5, 122.8, 121.9, 121.9, 117.1, 114.5; HRMS (ESI): 

m/z calcd for C14H8ClN3 [M+H]+= 254.0407; found = 254.0481.

9-fluoropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4f prepared 

following general procedure B using compound 2f  (146 mg, 

0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4f (85 mg, 72 %) as a 

white solid, mp = 2700C. 1H NMR (600 MHz, Acetone) δ 9.74 (s, 1H), 9.41 (ddd, J 

= 4.0, 2.5, 0.8 Hz, 1H), 8.68 (ddd, J = 8.0, 1.6, 0.6 Hz, 1H), 8.22 (ddd, J = 8.3, 1.3, 

0.6 Hz, 1H), 7.95 (ddd, J = 9.9, 5.1, 0.9 Hz, 1H), 7.81 – 7.75 (m, 2H), 7.75 – 7.72 

(m, 1H). 13C NMR (151 MHz, Acetone) δ 152.8 (d, J = 235.7 Hz), 146.8, 146.6 (d, 

J = 2.1 Hz), 145.8, 137.4, 129.9, 129.4, 128.2, 126.5, 122.4, 122.4, 122.3, 118.3 (d, 

J = 8.9 Hz), 113.9 (d, J = 41.5 Hz); HRMS (ESI): m/z calcd for C14H8FN3 [M+H]+= 

238.0702; found = 238.0776.
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9-(trifluoromethyl)pyrido[2',1':2,3]imidazo[4,5-c]quinoline 

4g prepared following general procedure B using compound 

2g  (171 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4g (108 mg, 75 %) as 

a white solid, mp = 2650C. 1H NMR (600 MHz, Acetone) δ 9.88 (s, 1H), 9.82 (s, 

1H), 8.68 (d, J = 8.0 Hz, 1H), 8.24 (d, J = 8.3 Hz, 1H), 8.05 (d, J = 9.5 Hz, 1H), 7.92 

(dd, J = 9.6, 1.9 Hz, 1H), 7.86 – 7.79 (m, 1H), 7.79 – 7.72 (m, 1H). 13C NMR (151 

MHz, Acetone) δ 148.6, 146.9, 146.2, 137.7, 129.9, 128.6, 127.2 (q, J = 5.7 Hz), 

126.7, 125.8 (q, J = 2.8 Hz), 124.0 (q, J = 270.2 Hz), 123.0, 122.6, 122.0, 118.4, 

115.6 (q, J = 34.5 Hz); HRMS (ESI): m/z calcd for C15H8F3N3 [M+H]+= 288.0670; 

found = 288.0744.

10-phenylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4h 

prepared following general procedure B using compound 

2h  (174 mg, 0.5 mmol). The product was purified by 

column chromatography (silica gel, Hexane/ethylacetate 

1:1) to yield 4h (103 mg, 70 %) as a white solid, mp = 2760C. 1H NMR (600 MHz, 

CDCl3) δ 9.50 (s, 1H), 8.76 (d, J = 8.0 Hz, 2H), 8.28 (d, J = 8.3 Hz, 1H), 8.12 (s, 

1H), 7.79 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H), 7.75 (tt, J = 7.0, 1.4 Hz, 3H), 7.57 – 7.53 

(m, 2H), 7.51 – 7.46 (m, 1H), 7.38 (dd, J = 7.0, 1.8 Hz, 1H). 13C NMR (151 MHz, 

CDCl3) δ 145.0, 144.0, 138.7, 137.9, 134.4, 133.7, 131.7, 129.1, 128.9, 128.3, 127.6, 

126.7, 125.6, 121.5, 114.3, 112.5, 111.7; HRMS (ESI): m/z calcd for C20H13N3 

[M+H]+= 296.1109; found = 296.1183.

9-phenylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4i 

prepared following general procedure B using compound 

2i  (174 mg, 0.5 mmol). The product was purified by 

N

N

N
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column chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4i (96 mg, 65 

%) as a white solid, mp = 2680C. 1H NMR (600 MHz, DMSO) δ 9.96 (s, 1H), 9.77 

(s, 1H), 8.63 (d, J = 7.9 Hz, 1H), 8.21 (d, J = 8.2 Hz, 1H), 8.15 (dd, J = 9.4, 1.9 Hz, 

1H), 8.04 (d, J = 9.4 Hz, 1H), 7.92 (d, J = 6.9 Hz, 2H), 7.81 (ddd, J = 8.4, 6.9, 1.6 

Hz, 1H), 7.79 – 7.74 (m, 1H), 7.58 (t, J = 7.7 Hz, 2H), 7.51 – 7.44 (m, 1H). 13C NMR 

(151 MHz, DMSO) δ 147.8, 145.6, 145.3, 138.2, 136.0, 130.9, 129.5, 129.1, 128.3, 

128.1, 126.8, 126.4, 125.6, 124.8, 122.6, 122.3, 121.6, 117.0; HRMS (ESI): m/z 

calcd for C20H13N3 [M+H]+= 295.1109; found = 296.1193.

2,10-dichloropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4j 

prepared following general procedure B using compound 2j  

(171 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4j (97 mg, 67 %) as a 

white solid, mp = 2860C. 1H NMR (600 MHz, DMSO) δ 9.86 (s, 1H), 9.75 (d, J = 

2.0 Hz, 1H), 8.53 (d, J = 2.5 Hz, 1H), 8.21 (d, J = 8.8 Hz, 1H), 8.00 (d, J = 9.6 Hz, 

1H), 7.83 (td, J = 9.6, 2.3 Hz, 2H). 13C NMR (151 MHz, DMSO) δ 147.1, 144.6, 

143.5, 138.7, 132.2, 131.7, 131.2, 128.8, 126.1, 122.8, 122.4, 121.1, 119.5, 118.0; 

HRMS (ESI): m/z calcd for C14H7Cl2N3 [M+H]+= 288.0017; found = 288.0091.

10-chloro-2-fluoropyrido[2',1':2,3]imidazo[4,5-c]quinoline 

4k prepared following general procedure B using compound 

2k  (163 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4k (75 mg, 55 %) as a 

white solid, mp = 2880C. 1H NMR (600 MHz, CDCl3) δ 9.39 (s, 1H), 8.73 (dt, J = 

1.8, 0.8 Hz, 1H), 8.31 – 8.23 (m, 2H), 7.85 (dt, J = 9.6, 0.8 Hz, 1H), 7.58 – 7.50 (m, 

2H). 13C NMR (151 MHz, CDCl3) δ 161.2 (d, J = 248.9 Hz), 147.2, 146.4, 142.7, 

134.9 (d, J = 2.8 Hz), 132.3 (d, J = 9.0 Hz), 131.8, 123.3, 123.1 (d, J = 10.5 Hz), 

122.1, 121.1, 118.7, 118.4 (d, J = 25.2 Hz), 107.0 (d, J = 23.4 Hz). [6]
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2-fluoro-10-methylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 

4l prepared following general procedure B using compound 

2l  (153 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 1:1) to yield 4l (95 mg, 76 %) as a 

white solid, mp = 2820C. 1H NMR (600 MHz, DMSO) δ 9.74 (s, 1H), 9.26 (d, J = 

6.9 Hz, 1H), 8.23 (dd, J = 9.1, 5.3 Hz, 1H), 8.18 (dd, J = 9.2, 2.9 Hz, 1H), 7.71 (s, 

1H), 7.65 (td, J = 8.9, 3.0 Hz, 1H), 7.13 (d, J = 6.9 Hz, 1H), 2.51 (s, 3H). 13C NMR 

(126 MHz, DMSO) δ 159.7 (d, J = 245.3 Hz), 148.8, 144.9, 142.2, 142.0, 136.5 (d, 

J = 2.5 Hz), 131.9 (d, J = 9.2 Hz), 122.3 (d, J = 10.0 Hz), 122.1, 116.9 (d, J = 24.9 

Hz), 115.0, 114.9, 105.9, 105.7, 21.0; HRMS (ESI): m/z calcd for C15H10FN3 

[M+H]+= 252.0859; found = 252.0933.

 thiazolo[2',3':2,3]imidazo[4,5-c]quinoline 4m prepared 

following general procedure B using compound 2m  (140 mg, 0.5 

mmol). The product was purified by column chromatography 

(silica gel, Hexane/ethylacetate 3:1) to yield 4m (82 mg, 73 %) as a white solid, mp 

= 2100C. 1H NMR (600 MHz, CDCl3) δ 9.31 (s, 1H), 8.61 (ddd, J = 8.0, 1.6, 0.7 Hz, 

1H), 8.24 (ddd, J = 8.4, 1.2, 0.6 Hz, 1H), 7.95 (d, J = 4.5 Hz, 1H), 7.77 – 7.72 (m, 

1H), 7.70 (ddd, J = 8.1, 6.9, 1.3 Hz, 1H), 7.07 (d, J = 4.5 Hz, 1H). 13C NMR (151 

MHz, CDCl3) δ 158.1, 149.7, 145.0, 135.3, 129.7, 128.0, 126.9, 123.3, 122.2, 122.1, 

117.9, 113.2; HRMS (ESI): m/z calcd for C12H7N3S[M+H]+= 226.0361; found = 

226.0434.

 2-chlorothiazolo[2',3':2,3]imidazo[4,5-c]quinoline 4n prepared 

following general procedure B using compound 2n (157 mg, 0.5 

mmol). The product was purified by column chromatography 

(silica gel, Hexane/ethylacetate 3:1) to yield 4n (78 mg, 60 %) as a white solid, mp 

= 2300C.[5] 1H NMR (600 MHz, CDCl3) δ 9.28 (s, 1H), 8.58 (d, J = 2.4 Hz, 1H), 8.16 
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(d, J = 8.9 Hz, 1H), 7.96 (d, J = 4.5 Hz, 1H), 7.66 (dd, J = 8.9, 2.4 Hz, 1H), 7.10 (d, 

J = 4.5 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 158.3, 148.9, 143.3, 135.4, 132.9, 

131.3, 128.9, 123.7, 122.9, 121.4, 117.9, 113.7.

3-fluorothiazolo[2',3':2,3]imidazo[4,5-c]quinoline 4o 

prepared following general procedure B using compound 2o  

(149 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 4o (79 mg, 65 %) as a 

white solid, mp = 2250C. 1H NMR (600 MHz, DMSO) δ 9.60 (s, 1H), 8.65 (d, J = 

4.4 Hz, 1H), 8.52 (dd, J = 9.0, 6.3 Hz, 1H), 7.87 (dd, J = 10.8, 2.6 Hz, 1H), 7.62 (td, 

J = 8.8, 2.6 Hz, 1H), 7.56 (d, J = 4.4 Hz, 1H). 13C NMR (151 MHz, DMSO) δ 161.3 

(d, J = 244.2 Hz), 158.2, 148.4, 145.1 (d, J = 12.3 Hz), 138.2, 124.1 (d, J = 10.0 Hz), 

123.1, 120.0, 118.5, 116.1 (d, J = 24.7 Hz), 114.3, 113.1 (d, J = 20.4 Hz), HRMS 

(ESI): m/z calcd for C12H6FN3S[M+H]+= 244.0266; found = 244.0341.

benzo[4',5']thiazolo[2',3':2,3]imidazo[4,5-c]quinoline 4p 

prepared following general procedure B using compound 2p  

(165 mg, 0.5 mmol). The product was purified by column 

chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 4p (98 mg, 71 %) as a 

white solid, mp = 2400C. 1H NMR (600 MHz, CDCl3) δ 9.61 (s, 1H), 8.63 (dd, J = 

8.1, 1.6 Hz, 1H), 8.27 (d, J = 8.3 Hz, 1H), 8.12 (d, J = 8.0 Hz, 1H), 7.84 (d, J = 7.4 

Hz, 1H), 7.77 (ddd, J = 8.4, 6.8, 1.6 Hz, 1H), 7.72 (ddd, J = 8.1, 6.8, 1.2 Hz, 1H), 

7.66 (td, J = 7.8, 1.2 Hz, 1H), 7.48 (td, J = 7.7, 1.1 Hz, 1H). 13C NMR (151 MHz, 

CDCl3) δ 156.6, 149.7, 144.9, 134.8, 132.6, 129.7, 129.4, 128.2, 127.3, 127.1, 125.3, 

124.7, 122.2, 122.0, 113.3; HRMS (ESI): m/z calcd for C16H9N3S[M+H]+= 

276.0517; found = 276.0591.
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 10-methoxybenzo[4',5']thiazolo[2',3':2,3]imidazo[4,5-

c]quinoline 4q prepared following general procedure B 

using compound 2q (180 mg, 0.5 mmol). The product was 

purified by column chromatography (silica gel, Hexane/ethylacetate 3:1) to yield 4q 

(101 mg, 66 %) as a white solid, mp = 2430C. 1H NMR (600 MHz, CDCl3) δ 9.55 

(s, 1H), 8.61 (ddd, J = 8.0, 1.6, 0.6 Hz, 1H), 8.28 – 8.23 (m, 1H), 7.98 (d, J = 8.8 

Hz, 1H), 7.75 (ddd, J = 8.4, 6.9, 1.6 Hz, 1H), 7.71 (ddd, J = 8.1, 6.9, 1.3 Hz, 1H), 

7.32 (d, J = 2.5 Hz, 1H), 7.18 (dd, J = 8.8, 2.5 Hz, 1H), 3.91 (s, 3H). 13C NMR (151 

MHz, CDCl3) δ 157.5, 156.0, 149.3, 144.7, 134.6, 130.8, 129.7, 128.0, 127.0, 126.7, 

124.3, 122.1, 114.2, 113.7, 109.2, 56.0; HRMS (ESI): m/z calcd for 

C17H11N3OS[M+H]+= 306.0623; found = 306.0705.

 10-fluorobenzo[4',5']thiazolo[2',3':2,3]imidazo[4,5-

c]quinoline 4r prepared following general procedure B using 

compound 2r (174 mg, 0.5 mmol). The product was purified 

by column chromatography (silica gel, Hexane/ethylacetate 

3:1) to yield 4r (106 mg, 72 %) as a white solid, mp = 2600C. 1H NMR (600 MHz, 

CDCl3) δ 9.59 (s, 1H), 8.63 (ddd, J = 8.01, 1.64, 0.66 Hz, 1H), 8.28 (ddd, J = 8.27, 

1.32, 0.65 Hz, 1H), 8.07 (dd, J = 8.82, 4.19 Hz, 1H), 7.78 (ddd, J = 8.39, 6.88, 1.59 

Hz, 1H), 7.73 (ddd, J = 8.08, 6.85, 1.29 Hz, 1H), 7.58 (dd, J = 7.70, 2.48 Hz, 1H), 

7.39 (td, J = 8.63, 2.53 Hz, 1H). 13C NMR (151 MHz, CDCl3 + CD3OD) δ 160.2 (d, 

J = 247.61 Hz), 156.91, 149.65, 144.50, 134.55, 130.92 (d, J = 10.29 Hz), 129.12, 

128.72, 127.6, 124.3, 122.2, 121.9, 115.3 (d, J = 24.75 Hz), 114.4 (d, J = 8.85 Hz), 

112.1 (d, J = 27.54 Hz).[6]
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N
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4a#

N

N

N
H
4a

(1:0.8)

Pyrido[2',1':2,3]imidazo[4,5-c]quinoline-6-d 4a# prepared similarly to compound 4a 

mentioned above but using DMSO-d6 solvent. A mixture of product 4a and 4a# was 

obtained in 68% isolated yield with a ratio of 4a/4a#  = 1:0.8.

NMR SPECTRA
2-(2-bromophenyl)imidazo[1,2-a]pyridine 2a
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6-(2-bromo-5-chlorophenyl)imidazo[2,1-b]thiazole 2n
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6-(2-bromo-4-fluorophenyl)imidazo[2,1-b]thiazole 2o
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2-(2-bromophenyl)benzo[d]imidazo[2,1-b]thiazole 2p
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2-(2-bromophenyl)-7-methoxybenzo[d]imidazo[2,1-b]thiazole 2q
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2-(2-bromophenyl)-7-fluorobenzo[d]imidazo[2,1-b]thiazole 2r

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.5
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pyrido[2',1':2,3]imidazo[4,5-c]quinoline  4a
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9-methylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4b
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10-methylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4c
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9-chloropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4d
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10-chloropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4e
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9-fluoropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4f
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9-(trifluoromethyl)pyrido[2',1':2,3]imidazo[4,5-c]quinoline 4g
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10-phenylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4h
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9-phenylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4i

6.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)
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2,10-dichloropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4j

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.012.5
f1 (ppm)
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10-chloro-2-fluoropyrido[2',1':2,3]imidazo[4,5-c]quinoline 4k

5.56.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)
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2-fluoro-10-methylpyrido[2',1':2,3]imidazo[4,5-c]quinoline 4l

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.012.5
f1 (ppm)
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thiazolo[2',3':2,3]imidazo[4,5-c]quinoline 4m

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)
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2-chlorothiazolo[2',3':2,3]imidazo[4,5-c]quinoline 4n

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)
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3-fluorothiazolo[2',3':2,3]imidazo[4,5-c]quinoline 4o

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0
f1 (ppm)
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benzo[4',5']thiazolo[2',3':2,3]imidazo[4,5-c]quinoline 4p
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