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1. General Procedures.  

All reagents and solvents were of analytical grade and used without further 

purification. Reactions were monitored using thin-layer chromatography (TLC) on 

commercial silica-gel plates (GF254).  UV spectra were obtained on a Nanodrop 

2000c spectrophotometer.  Flash column chromatography was performed on silica 

gel (200−300 mesh).  NMR spectra were obtained on a Varian INOVA 400 MHz 

NMR spectrometer at 25 °C. Chemical shifts are reported as δ values (parts per 

million) using the residual solvent peak as an internal reference. Chemical shifts (δ) 

were reported in ppm referenced to the CDCl3 residual peak (δ 7.264) for 1H NMR. 

Chemical shifts of 13C NMR were reported relative to CDCl3 (δ 77.04). Data for 1H 

NMR were reported in the following order: chemical shift, multiplicity (s, singlet; d, 

doublet; t, triplet; sept, septuplet; dd, double doublet; dt, double triplet; m, multiplet), 

coupling constant (Hz), number of protons.  Data for 13C NMR were reported as δ 

values (parts per million).  High-resolution mass spectra (HRMS) were obtained on a 

JEOL AccuTOF with ESI/APCI ion sources coupled to an Agilent 1100 HPLC 

system. HPLC analysis was performed on a Shimadzu HPLC fitted with a C-18 

reversed-phase column (Phenomenex, luna 5 μM C18(2) 4.6 mm ×100 mm) with a 

flow rate of 0.8 mL/min using CH3CN−H2O 8:2 mobile phase.  The purity of final 

products is > 95%. 

2. General Procedure for the Synthesis of Compounds 1-17  

A solution of 2-aminothiazole (5 mmol, 1 equiv) and bromomethyl ketone 30 (5 

mmol, 1 equiv) in EtOH (30 mL) was heated under reflux for 16 h. The solvent was 

removed under reduced pressure, and saturated NaHCO3 (30 mL) was added to the 

remaining solid.  The mixture was then extracted with EtOAc (30 mL × 3), and the 

organic layers were combined, dried over Na2SO4.  The concentrated crude product 
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dried overnight under vacuum to get the crude imidazothiazole 31 that was used 

directly in the next step.1  

The Vilsmeier reagent was prepared by dropping of POCl3 (16.5 mmol, 3.3 equiv) 

into a solution of DMF (5 mmol, 1.0 equiv) in CHCl3 (5 mL) at 0 °C. To the resulting 

mixture at 0-5 °C was added a solution of imidazothiazole 31 (5 mmol) in CHCl3 (30 

mL) dropwise.  The reaction was warmed to the room temperature over 1 h, and then 

heated under reflux for an additional 5 h. The solvent was removed under reduced 

pressure and the resulting residue was poured onto ice.  The crude aldehyde 32 was 

collected by filtration and further purified using flash chromatography. 2 

6-(4-Chlorophenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32a) 

 

1H NMR (400 MHz, CDCl3): δ 9.89 (s, 1H), 8.39 (d, J = 4.8 Hz, 1H), 7.74 (d, J = 8.8 

Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 4.0 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 177.7, 156.8, 155.7, 136.0, 130.9, 130.2, 129.2, 124.0, 121.5, 114.9. 

6-Phenylimidazo[2,1-b]thiazole-5-carbaldehyde (32b) 

 

1H NMR (400 MHz, CDCl3): δ 9.90 (s, 1H), 8.39 (d, J = 4.0 Hz, 1H), 7.79 (d, J = 6.8 

Hz, 2H), 7.50 (d, J = 7.2 Hz, 3H), 7.05 (d, J = 4.0 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 178.1, 158.2, 155.6, 132.5, 129.7, 129.1, 128.9, 124.0, 121.5, 114.6. 

6-(4-Fluorophenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32c) 
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1H NMR (400 MHz, CDCl3): δ 9.86 (s, 1H), 8.38 (d, J = 4.8 Hz, 1H), 7.78 (t, J = 8.0 

Hz, 2H), 7.19 (t, J = 7.6 Hz, 2H), 7.07 (d, J = 4.0 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 177.7, 163.8 (J = 248.5 Hz), 156.6, 155.4, 130.9 (J = 7.4 Hz), 128.3, 123.8, 

121.5, 116.2 (J = 20.8 Hz), 115.0. 

6-(4-Bromophenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32d) 

 

1H NMR (400 MHz, CDCl3): δ 9.87 (s, 1H), 8.37 (d, J = 4.8 Hz, 1H), 7.67-7.61 (m, 

4H), 7.07 (d, J = 3.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 177.6, 156.7, 155.7, 

132.1, 131.4, 130.5, 124.3, 124.0, 121.5, 114.9. 

6-(p-Tolyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32e) 

 

1H NMR (400 MHz, CDCl3): δ 9.89 (s, 1H), 8.37 (d, J = 4.8 Hz, 1H), 7.69 (d, J = 8.0 

Hz,2H), 7.31 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 4.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 178.1, 158.4, 155.6, 139.9, 129.7, 129.0, 123.9, 121.5, 114.4, 21.4. 

6-(4-(Trifluoromethyl)phenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32f) 

 

1H NMR (400 MHz, CDCl3): δ 9.93 (s, 1H), 8.41 (d, J = 4.0 Hz, 1H), 7.93 (d, J = 8.0 

Hz, 2H), 7.78 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 4.4 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 177.5, 155.9, 155.6, 135.9, 131.1(J = 32.8 Hz), 129.3, 125.8 (J = 3.4 Hz), 

124.3, 123.9 (J = 270.9 Hz), 121.4, 115.3. 
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6-(4-Methoxyphenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32g) 

 

1H NMR (400 MHz, CDCl3): δ 9.88 (s, 1H), 8.37 (d, J = 4.8 Hz, 1H), 7.75 (d, J = 8.8 

Hz, 2H), 7.04-7.02 (m, 3H), 3.88 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 178.0, 

161.0, 158.0, 155.5, 130.4, 124.8, 123.6, 121.6, 114.4, 114.3, 55.4. 

6-(4-Isopropylphenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32h) 

 

1H NMR (400 MHz, CDCl3): δ 9.91 (s, 1H), 8.38 (d, J = 4.0 Hz, 1H), 7.73 (d, J = 8.0 

Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 4.0 Hz, 1H), 3.02-2.95 (m, 1H), 1.30 (d, 

J = 6.4 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 178.2, 158.5, 155.6, 150.8, 130.0, 

129.1, 128.9, 127.1, 123.9, 121.5, 114.4, 34.0, 23.9. 

6-(4-(tert-Butyl)phenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32i) 

 

1H NMR (400 MHz, CDCl3): δ 9.92 (s, 1H), 8.40 (d, J = 4.4 Hz, 1H), 7.74 (d, J = 8.0 

Hz, 2H), 7.54 (d, J = 8.8 Hz, 2H), 7.07 (d, J = 4.0 Hz, 1H), 1.37 (s, 9H); 13C NMR 

(100 MHz, CDCl3): δ 178.2, 158.3, 155.6, 153.1, 129.5, 128.8, 125.9, 123.9, 121.5, 

114.5, 34.8, 31.2. 

4-(5-Formylimidazo[2,1-b]thiazol-6-yl)benzonitrile (32j) 
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1H NMR (400 MHz, CDCl3): δ 9.94 (s, 1H), 8.41 (d, J = 4.0 Hz, 1H), 7.93 (d, J = 8.0 

Hz, 2H), 7.81 (d, J = 7.6 Hz, 2H), 7.13 (d, J = 4.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 177.3, 155.8, 155.3, 136.8, 132.7, 129.5, 124.4, 121.5, 118.3, 115.6, 113.2. 

6-(4-Cyclohexylphenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32k) 

 

1H NMR (400 MHz, CDCl3): δ 9.91 (s, 1H), 8.39 (d, J = 4.0 Hz, 1H), 7.72 (d, J = 8.8 

Hz, 2H), 7.35 (d, J = 7.6 Hz, 2H), 7.03 (d, J = 4.8 Hz, 1H), 2.60-2.56 (m, 1H), 

1.94-1.76 (m, 5H), 1.52-1.26 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 178.2, 158.5, 

156.6, 150.0, 130.0, 129.1, 127.5, 123.9, 121.6, 114.4, 44.4, 34.3, 26.8, 26.1. 

6-([1,1'-Biphenyl]-4-yl)imidazo[2,1-b]thiazole-5-carbaldehyde (32l) 

 

1H NMR (400 MHz, CDCl3): δ 9.98 (s, 1H), 8.42 (d, J = 4.8 Hz, 1H), 7.89 (d, J = 8.4 

Hz, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 7.6 Hz, 2H), 7.48 (t, J = 7.6 Hz, 2H), 

7.40 (t, J = 7.6 Hz, 1H), 7.09 (d, J = 4.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 

178.0, 157.3, 155.4, 142.6, 140.1, 130.9, 129.5, 128.9, 127.9, 127.7, 127.124.0, 121.6, 

114.9. 

6-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)imidazo[2,1-b]thiazole-5-c

arbaldehyde (32m) 

 

1H NMR (400 MHz, CDCl3): δ 9.87 (s, 1H), 8.33 (d, J = 4.8 Hz, 1H), 7.71 (d, J = 1.6 

Hz, 1H), 7.52 (d, J = 7.6 Hz, 1H), 7.41 (d, J = 8.8 Hz, 1H), 6.98 (d, J = 4.8 Hz, 1H), 
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1.69 (s, 4H), 1.32 (s, 6H), 1.29 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 178.1, 158.8, 

155.6, 146.8, 145.6, 129.7, 127.4, 127.2, 126.3, 123.9, 121.5, 114.4, 60.3, 34.9, 34.8, 

34.4, 31.8, 31.7. 

6-(3-Chlorophenyl)imidazo[2,1-b]thiazole-5-carbaldehyde (32n) 

 

1H NMR (400 MHz, CDCl3): δ 9.89 (s, 1H), 8.37 (d, J = 4.8 Hz, 1H), 7.79 (s, 1H), 

7.65 (d, J = 6.4 Hz, 1H), 7.43-7.39 (m, 2H), 7.07 (d, J = 4.0 Hz, 1H), 13C NMR (100 

MHz, CDCl3): δ 177.7, 156.2, 155.6, 135.0, 134.1, 130.2, 129.7, 129.0, 127.2, 124.1, 

121.5, 115.1. 

6-(Naphthalen-2-yl)imidazo[2,1-b]thiazole-5-carbaldehyde (32o) 

 

1H NMR (400 MHz, CDCl3): δ 10.00 (s, 1H), 8.41 (d, J = 4.8 Hz, 1H), 8.27 (s, 1H), 

7.99-7.89 (m, 4H), 7.56-7.54 (m, 2H), 7.07 (d, J = 4.4 Hz, 1H); 13C NMR (100 MHz, 

CDCl3): δ 178.2, 158.1, 155.7, 133.7, 133.2, 129.7, 128.9, 128.8, 128.5, 127.8, 127.1, 

126.8, 126.1, 124.2, 121.6, 114.8. 

6-(Naphthalen-1-yl)imidazo[2,1-b]thiazole-5-carbaldehyde (32p) 

 

1H NMR (400 MHz, CDCl3): δ 9.61 (s, 1H), 8.44 (d, J = 3.6 Hz, 1H), 8.32-8.29 (m, 

1H), 8.00-7.93 (m, 2H), 7.65 (d, 7.2 Hz, 1H), 7.60-7.54 (m, 3H), 7.12 (d, J = 4.0 Hz, 

1H); 13C NMR (100 MHz, CDCl3): δ 178.3, 157.9, 155.5, 133.9, 132.0, 130.2, 129.7, 

129.2, 128.3, 127.1, 126.4, 125.8, 125.5, 124.9, 121.3, 114.8. 

6-Ethylimidazo[2,1-b]thiazole-5-carbaldehyde (32q) 
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1H NMR (400 MHz, CDCl3): δ 9.81 (s, 1H), 8.26 (d, J = 3.6 Hz, 1H), 6.98 (d, J = 4.8 

Hz, 1H), 2.99 (q, J = 8.0 Hz, 2H), 1.41 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ 175.6, 162.8, 155.6, 123.8, 121.2, 114.0, 21.7, 14.4. 

To a solution of aldehyde 32 (1 mmol) in EtOH (5 mL) was added hydroxylamine 33 

(1 mmol) followed by AcOH (5 mmol, 5 equiv). The reaction mixture was heated 

under reflux overnight. After cooled to room temperature, a saturated aqueous 

solution of NaHCO3 (30 mL) was added. The aqueous layer was extracted with 

EtOAc (30 mL × 3) and the combined organics were washed with brine (45 mL), 

dried (Na2SO4). The crude product was then purified by flash chromatography to give 

the desired product. 

(E)-6-(4-Chlorophenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (1) 

 

Yield 23%, 1H NMR (400 MHz, CDCl3): δ 8.39 (s, 1H), 7.99 (d, J = 7.6 Hz, 1H), 

7.59 (d, J = 8.0 Hz, 2H), 7.51 (s, 1H), 7.46-7.42 (m, 3H), 7.24 (d, J = 8.4 Hz, 1H), 

6.92 (d, J = 4.4 Hz, 1H), 5.13 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 152.7, 149.3, 

139.9, 137.7, 134.5, 132.6, 132.1, 131.9, 130.5, 130.1, 129.5, 129.0, 127.4, 121.5, 

115.7, 113.0, 75.0; RMS (ESI): Exact mass calcd for C19H13Cl3N3OS [M+H]+ 

435.9845, found 435.9855; HPLC analysis: retention time = 12.25 min, peak area 

98.0%, 80:20 CH3CN/H2O. 
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(E)-6-Phenylimidazo[2,1-b]thiazole-5-carbaldehyde O-(3,4-dichlorobenzyl) oxime (2) 

 

Yield 91%, 1H NMR (400 MHz, CDCl3): δ 8.44 (s, 1H), 8.00 (d, J = 4.8 Hz, 1H), 

7.66 (d, J = 6.8 Hz, 2H), 7.52-7.37 (m, 5H), 7.25 (d, J = 8.4 Hz, 1H), 6.91 (d, J = 4.8 

Hz, 1H), 5.13 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 152.6, 150.6, 140.3, 137.9, 

133.3, 132.6, 132.0, 130.5, 130.1, 128.8, 128.4, 127.4, 121.6, 115.6, 112.8, 74.9; 

RMS (ESI): Exact mass calcd for C19H14Cl2N3OS [M+H]+ 402.0234, found 402.0227; 

HPLC analysis: retention time = 8.01 min, peak area 97.4%, 80:20 CH3CN/H2O. 

(E)-6-(4-Fluorophenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (3) 

 

Yield 81%, 1H NMR (400 MHz, CDCl3): δ 8.38 (s, 1H), 7.99 (d, J = 3.6 Hz, 1H), 

7.64-7.61 (m, 2H), 7.51 (s, 1H), 7.44 (t, J = 4.8 Hz, 1H), 7.24 ( J = 8.4 Hz, 1H), 

7.17-7.12 (m, 2H), 6.91 (d, J = 4.8 Hz, 1H), 5.13 (s, 2H); 13C NMR (100 MHz, 

CDCl3): δ 162.9 (J = 247 Hz), 152.6, 149.5, 140.0, 137.8, 132.6, 132.0, 130.5, 130.14, 

130.06, 129.5, 127.4, 121.5, 115.8 (J = 20.8 Hz), 115.5, 112.9, 74.9; HRMS (ESI): 

Exact mass calcd for C19H13Cl2FN3OS [M+H]+ 420.0140, found 420.0137; HPLC 

analysis: retention time = 8.37 min, peak area 96.4%, 80:20 CH3CN/H2O. 

(E)-6-(4-Bromophenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (4) 
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50% 1H NMR (400 MHz, CDCl3): δ 8.39 (s, 1H), 7.98 (d, J = 2.8 Hz, 1H), 7.56-7.44 

(m, 6H), 7.24 (d, J = 7.6 Hz, 1H), 6.92 (d, J = 2.8 Hz, 1H), 5.13 (s, 2H); 13C NMR 

(100 MHz, CDCl3): δ 152.7, 149.2, 139.9, 137.7, 132.6, 132.5, 132.3, 131.9, 130.5, 

130.1, 129.8, 127.4, 122.7, 121.5, 115.7, 113.1, 75.0; HRMS (ESI): Exact mass calcd 

for C19H13BrN3OS [M+H]+ 479.9340, found 479.9454; HPLC analysis: retention time 

= 13.64 min, peak area 95.2%, 80:20 CH3CN/H2O. 

(E)-6-(p-Tolyl)imidazo[2,1-b]thiazole-5-carbaldehyde O-(3,4-dichlorobenzyl) oxime 

(5) 

 

Yield 92%, 1H NMR (400 MHz, CDCl3): δ 8.43 (s, 1H), 7.99 (d, J = 4.0 Hz, 1H), 

7.56-7.51 (m, 3H), 7.45 (d, J = 8.0 Hz, 1H), 7.28-7.24 (m, 3H), 6.89 (d, J = 4.0 Hz, 

1H), 5.13 (s, 2H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 152.5, 150.8, 140.4, 

138.4, 137.9, 132.6, 132.0, 130.5, 130.1, 129.5, 128.3, 127.4, 121.6, 115.3, 112.6, 

74.8, 21.3; HRMS (ESI): Exact mass calcd for C20H16Cl2N3OS [M+H]+ 416.0391, 

found 416.0384; HPLC analysis: retention time = 10.75 min, peak area 95.7%, 80:20 

CH3CN/H2O. 
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(E)-6-(4-(Trifluoromethyl)phenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (6) 

 

Yield 90%, 1H NMR (400 MHz, CDCl3): δ 8.42 (s, 1H), 8.00 (d, J = 4.8 Hz, 1H), 

7.78 (d, J = 8.8 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.52 (s, 1H), 7.45 (d, J = 8.8 Hz, 

1H), 7.24 (d, J = 7.6 Hz, 1H), 6.95 (d, J = 4.8 Hz, 1H), 5.14 (s, 2H); 13C NMR (100 

MHz, CDCl3): δ 152.8, 148.7, 139.7, 137.7, 136.9, 132.6, 132.1, 130.5, 130.3, 130.1, 

128.5, 127.4, 126.8 (J = 270.9 Hz), 125.7, 121.5, 116.3, 113.4, 75.0; HRMS (ESI): 

Exact mass calcd for C20H13Cl2F3N3OS [M+H]+ 470.0108, found 470.0100; HPLC 

analysis: retention time = 5.38 min, peak area 97.6%, 80:20 CH3CN/H2O. 

(E)-6-(4-Methoxyphenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (7) 

 

Yield 93%, 1H NMR (400 MHz, CDCl3): δ 8.41 (s, 1H), 7.97 (d, J = 3.2 Hz, 1H), 

7.59 (d, J = 8.0 Hz, 2H), 7.51 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.24 (d, J = 8.0 Hz, 

1H), 6.98 (d, J = 7.6 Hz, 2H), 6.87 (d, J = 3.2 Hz, 1H), 5.12 (s, 2H), 3.85 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ 159.9, 152.5, 150.6, 140.4, 137.9, 132.5, 132.0, 130.5, 

130.1, 129.6, 127.4, 126.0, 121.6, 115.0, 114.2, 112.4, 74.8, 55.3; HRMS (ESI): Exact 

mass calcd for C20H16Cl2N3O2S [M+H]+ 432.0340, found 432.0346; HPLC analysis: 

retention time = 6.36 min, peak area 95.4%, 80:20 CH3CN/H2O. 
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(E)-6-(4-Isopropylphenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (8) 

 

Yield 71%, 1H NMR (400 MHz, CDCl3): δ 8.45 (s, 1H), 7.99 (d, J = 3.6 Hz, 1H), 

7.59 (d, J = 8.0 Hz, 2H), 7.51 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.32 (d, J = 8.0 Hz, 

2H), 7.24 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 3.6 Hz, 1H), 5.12 (s, 2H), 2.99-2.92 (m, 

1H), 1.29 (d, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 152.5, 150.9, 149.3, 

140.5, 137.9, 132.5, 132.0, 130.9, 130.5, 130.1, 128.4, 127.4, 126.9, 125.8, 121.6, 

115.3, 112.5, 74.8, 33.9, 23.9; HRMS (ESI): Exact mass calcd for C22H20Cl2N3OS 

[M+H]+ 444.0704, found 444.0700; HPLC analysis: retention time = 15.80 min, peak 

area 95.2%, 80:20 CH3CN/H2O. 

(E)-6-(4-(tert-Butyl)phenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (9) 

 

Yield 98%, 1H NMR (400 MHz, CDCl3): δ 8.45 (s, 1H), 7.98 (d, J = 4.4 Hz, 1H), 

7.60 (d, J = 8.8 Hz, 2H), 7.51-7.42 (m, 4H), 7.23 (d, J = 8.0 Hz, 1H), 6.87 (d, J = 4.8 

Hz, 1H), 5.12 (s, 2H), 1.36 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 152.5, 151.6, 

150.7, 140.5, 137.9, 132.5, 131.9, 130.5, 130.0, 128.1, 127.4, 125.7, 121.6, 115.4, 

112.6, 74.8, 34.7, 31.3; HRMS (ESI): Exact mass calcd for C23H22Cl2N3OS [M+H]+ 

458.0860, found 458.0864; HPLC analysis: retention time = 19.74 min, peak area 

97.3%, 80:20 CH3CN/H2O. 
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(E)-4-(5-((((3,4-Dichlorobenzyl)oxy)imino)methyl)imidazo[2,1-b]thiazol-6-yl)benzoni

trile (10) 

 

Yield 80%,1H NMR (400 MHz, CDCl3): δ 8.41 (s, 1H), 8.00 (d, J = 2.8 Hz, 1H), 7.76 

(d, J = 8.4 Hz, 2H), 7.71 (d, J = 7.6 Hz, 2H), 7.51 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 

7.24 (d, J = 8.4 Hz, 1H), 6.97 (d, J = 4.0 Hz, 1H), 5.15 (s, 2H); 13C NMR (100 MHz, 

CDCl3): δ 153.0, 147.8, 139.4, 137.9, 137.6, 132.5, 132.2, 130.6, 130.1, 128.7, 128.1, 

127.4, 121.5, 118.7, 116.6, 113.7, 111.7, 75.1; HRMS (ESI): Exact mass calcd for 

C20H13Cl2N4OS [M+H]+ 427.0184, found 427.0188; HPLC analysis: retention time = 

12.64 min, peak area 96.8%, 80:20 CH3CN/H2O. 

(E)-6-(4-Cyclohexylphenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (11) 

 

Yield 79%, 1H NMR (400 MHz, CDCl3): δ 8.45 (s, 1H), 7.98 (d, J = 4.4 Hz, 1H), 

7.58 (d, J = 8.4 Hz, 2H), 7.51 (s, 1H), 7.44 (d, J = 8.4 Hz, 1H), 7.30-7.23 (m, 3H), 

6.87 (d, J = 4.8 Hz, 1H), 5.12 (s, 2H), 2.55 (t, J = 7.6 Hz, 1H), 1.92-1.75 (m, 5H), 

1.50-1.26 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 152.5, 150.9, 148.5, 140.5, 137.9, 

132.5, 132.0, 130.9, 130.5, 130.1, 128.3, 127.4, 127.3, 121.6, 115.3, 112.5, 74.8, 44.4, 

34.4, 26.9, 26.1; HRMS (ESI): Exact mass calcd for C25H24Cl2N3OS [M+H]+ 

484.1017, found 384.1034; HPLC analysis: retention time = 43.23 min, peak area 

96.5%, 80:20 CH3CN/H2O. 
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(E)-6-([1,1'-Biphenyl]-4-yl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (12) 

 

Yield 84%, 1H NMR (400 MHz, CDCl3): δ 8.50 (s, 1H), 8.01 (d, J = 4.0 Hz, 1H), 

7.76-7.64 (m, 6H), 7.49-7.44 (m, 4H), 7.38 (t, J = 7.2 Hz, 1H), 7.25 (d, J = 7.6 Hz, 

1H), 6.90 (d, J = 4.0 Hz, 1H), 5.14 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 152.7, 

150.2, 141.1, 140.4, 140.3, 137.9, 132.6, 132.4, 132.0, 130.5, 130.1, 128.9, 128.7, 

127.6, 127.44, 127.40, 127.1, 121.6, 115.6, 112.8.74.9; HRMS (ESI): Exact mass 

calcd for C25H18Cl2N3OS [M+H]+ 478.0547, found 478.0542; HPLC analysis: 

retention time = 17.33 min, peak area 97.0%, 80:20 CH3CN/H2O. 

(E)-6-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydronaphthalen-2-yl)imidazo[2,1-b]thiazole-

5-carbaldehyde O-(3,4-dichlorobenzyl) oxime (13) 

 

Yield 59%, 1H NMR (400 MHz, CDCl3): δ 8.42 (s, 1H), 7.99 (d, J = 3.6 Hz, 1H), 7.61 

(s, 1H), 7.51 (s, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.37 (t, J = 7.6 Hz, 2H), 7.24 (d, J = 8.4 

Hz, 1H), 6.88 (d, J = 3.6 Hz, 1H), 5.13 (s, 2H), 1.72 (s, 4H), 1.35 (s, 6H), 1.32 (s, 

6H); 13C NMR (100 MHz, CDCl3): δ 152.5, 151.3, 145.4, 140.7, 138.1, 132.5, 131.9, 

130.5, 130.0, 127.3, 127.0, 126.6, 125.6, 121.6, 115.3, 112.5, 74.8, 35.1, 34.9, 34.4, 

34.3, 31.9,31.8; HRMS (ESI): Exact mass calcd for C27H28N3OS [M+H]+ 521.1330, 

found 512.1341; HPLC analysis: retention time = 52.94 min, peak area 96.4%, 80:20 

CH3CN/H2O. 
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(E)-6-(3-Chlorophenyl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (14) 

 

Yield 99%, 1H NMR (400 MHz, CDCl3): δ 8.42 (s, 1H), 8.00 (d, J = 4.0 Hz, 1H), 

7.68 (s, 1H), 7.52 (s, 2H), 7.46 (d, J = 8.8 Hz, 1H), 7.38 (t, J = 7.6 Hz, 2H), 7.25 (d, J 

= 8.4 Hz, 1H), 6.94 (d, J = 4.0 Hz, 1H), 5.15 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 

152.7, 148.8, 139.8, 137.7, 135.1, 134.8, 132.6, 132.1, 130.5, 130.1, 130.0, 128.5, 

128.3, 127.4, 126.4, 121.6, 115.9, 113.2, 75.0; HRMS (ESI): Exact mass calcd for 

C19H13Cl3N3OS [M+H]+ 435.9874, found 435.9850; HPLC analysis: retention time = 

12.90 min, peak area 97.2%, 80:20 CH3CN/H2O. 

(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (15) 

 

Yield 24%, 1H NMR (400 MHz, CDCl3): δ 8.54 (s, 1H), 8.11 (s, 1H), 8.03 (d, J = 4.4 

Hz, 1H), 7.94-7.81 (m, 4H), 7.53-7.44 (m, 4H), 7.25 (d, J = 6.8 Hz, 1H), 6.93 (d, J = 

4.4 Hz, 1H), 5.15 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 152.7, 150.6, 140.4, 137.8, 

133.3, 133.1, 132.0, 130.8, 130.5, 130.1, 128.5, 128.3, 127.7, 127.5, 127.4, 126.5, 

126.0, 121.6, 115.8, 112.8, 74.9; HRMS (ESI): Exact mass calcd for C23H16Cl2N3OS 

[M+H]+ 452.0391, found 425.0397; HPLC analysis: retention time = 13.55 min, peak 

area 96.2%, 80:20 CH3CN/H2O. 
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(E)-6-(Naphthalen-1-yl)imidazo[2,1-b]thiazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (16) 

 

Yield 79%, 1H NMR (400 MHz, CDCl3): δ 8.22 (t, J = 5.6 Hz, 1H), 8.11 (s, 1H), 8.05 

(d, J = 4.0 Hz, 1H), 7.94-7.91 (m, 2H), 7.90-7.41 (m, 6H), 7.19 (d, J = 7.6 Hz, 1H), 

6.96 (d, J = 4.0 Hz, 1H), 5.08 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 152.4, 150.0, 

140.2, 137.9, 133.9, 132.5, 132.1, 131.9, 130.5, 130.2, 130.0, 129.3, 128.8, 128.2, 

127.3, 126.7, 126.13, 126.10, 125.0, 121.4, 112.9, 74.8; HRMS (ESI): Exact mass 

calcd for C23H16Cl2N3OS [M+H]+ 452.0391, found 452.0399; HPLC analysis: 

retention time = 9.87 min, peak area 95.7%, 80:20 CH3CN/H2O. 

(E)-N-(3,4-Dichlorophenethyl)-1-(6-ethylimidazo[2,1-b]thiazol-5-yl)methanimine 

(17) 

 

Yield 75%, 1H NMR (400 MHz, CDCl3): δ 8.25 (s, 1H), 7.88 (d, J = 4.8 Hz, 1H), 

7.51 (s, 1H), 7.44 (d, J = 8.4 Hz, 1H), 7.24 (d, J = 7.6 Hz, 1H), 6.83 (d, J = 3.6 Hz, 

1H), 5.10 (s, 2H), 2.72 (q, J = 7.2 Hz, 2H), 1.31 (d, J = 7.6 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ 154.1, 152.1, 138.9, 138.0, 132.5, 131.9, 130.4, 130.1, 127.5, 127.4, 

121.2, 115.0, 112.0, 74.7, 21.3, 14.4; HRMS (ESI): Exact mass calcd for 

C15H14Cl2N3OS [M+H]+ 354.0234, found 354.0219; HPLC analysis: retention time = 

4.85 min, peak area 98.9%, 80:20 CH3CN/H2O. 



16 
 

3. General Procedure for the Synthesis of Compounds 18-29 

A solution of oxazol-2-amine (5 mmol, 1 equiv) and bromomethyl ketone 30 (5 

mmol, 1 equiv) in THF (20 mL) and CH3CN (30 mL) was stirred at room temperature 

for 24 h.  The precipitation from the reaction mixture was collected by filtration and 

then washed using CH3CN. To a mixture of the resulting solid in toluene (50 mL) at 0 

oC was added titanium (IV) chloride (0.94 g, 5 mmol) as a solution in toluene (5 mL) 

over 30 min. The reaction mixture was heated at 100 oC for an additional 3 h, and 

cooled.  The solvent was removed by rotary evaporation, and ice was added to the 

residue.  The pH value of the resulting mixture was adjusted to 9 using Na2CO3, and 

the resulting solution was extracted using EtOAc (30 mL × 3).  The organic layers 

were combined, and dried over Na2SO4.  The concentrated crude product was dried 

overnight under vacuum to get the imidazooxazole 35 that was used without further 

purification. 3 

The Vilsmeier reagent was prepared by dropping of POCl3 (16.5 mmol, 3.3 equiv) 

into a solution of DMF (5 mmol, 1.0 equiv) in CHCl3 (5 mL) at 0 °C. To the resulting 

mixture at 0-5 °C was added a solution of imidazothiazole 35 (5 mmol) in CHCl3 (30 

mL) dropwise.  The reaction was warmed to the room temperature over 1 h, and then 

heated under reflux for an additional 5 h.  The solvent was removed under reduced 

pressure and the resulting residue was poured onto ice.  The crude aldehyde 36 was 

collected by filtration and further purified using flash chromatography. 

6-(4-Chlorophenyl)imidazo[2,1-b]oxazole-5-carbaldehyde (36a) 

 

1H NMR (400 MHz, CDCl3): δ 9.85 (s, 1H), 7.97 (s, 1H), 7.74 (d, J = 8.8 Hz, 2H), 

7.57 (s, 1H), 7.47 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 177.9, 154.7, 

139.2 (2C), 136.0, 131.0, 130.1 (2C), 129.2 (2C), 120.4, 113.9. 
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6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde (36b) 

 

1H NMR (400 MHz, CDCl3): δ 9.98 (s, 1H), 8.28 (s, 1H), 8.00-7.89 (m, 5H), 

7.58-7.55 (m, 3H); 13C NMR (100 MHz, CDCl3): δ 178.5, 156.2, 139.2, 139.0, 133.8, 

133.2, 129.9, 128.8, 128.6, 127.8, 127.2, 126.8, 125.9, 121.2, 114.0, 113.9. 

To a solution of aldehyde 36 (1 mmol) in EtOH (5ml) was added hydroxylamine 33 

(1 mmol) followed by AcOH (5 mmol 5 equiv).  The reaction mixture was heated 

under reflux over light. After cooled to room temperature, a saturated aqueous 

solution of NaHCO3 (30 mL) was added. The aqueous layer was extracted with 

EtOAc (30 mL × 3) and the combined organics were washed with brine (45 mL), 

dried (Na2SO4). The crude product was then purified by flash column chromatography 

to give the desired product. 

(E)-6-(4-Chlorophenyl)imidazo[2,1-b]oxazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (18) 

 

Yield 24%,1H NMR (400 MHz, CDCl3): δ 8.35 (s, 1H), 7.57 (d, J = 8.4 Hz, 3H), 7.50 

(s, 1H), 7.46-7.39 (m, 4H), 7.23 (d, J = 8.8 Hz, 1H), 5.11 (s, 2H); 13C NMR (100 

MHz, CDCl3): δ 156.2, 146.0, 139.9, 137.9, 137.7, 134.3, 132.6, 132.0, 130.5, 130.2, 

130.1, 129.3, 129.0, 127.4, 113.8, 111.7, 74.9; HRMS (ESI): Exact mass calcd for 

C19H13Cl3N3O2 [M+H]+ 420.0073.0678, found 420.0069; HPLC analysis: retention 

time = 9.35 min, peak area 96.8%, 80:20 CH3CN/H2O. 
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(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde 

O-(3,4-dichlorobenzyl) oxime (19) 

 

Yield 23%, 1H NMR (400 MHz, CDCl3): δ 8.50 (s, 1H), 8.10 (s, 1H), 7.92-7.79 (m, 

4H), 7.62 (s, 1H), 7.52-7.45 (m, 5H), 7.25 (d, J = 9.2 Hz, 1H), 5.13 (s, 2H); 13C NMR 

(100 MHz, CDCl3): δ 156.3, 147.3, 140.4, 137.9, 133.3, 133.1, 132.6, 132.0, 131.0, 

130.5, 130.1, 128.5, 128.3, 127.7, 127.4 (2C), 127.2, 126.5 (2C), 125.8, 113.9, 111.9, 

74.9; RMS (ESI): Exact mass calcd for C23H16Cl2N3O2 [M+H]+ 436.0619, found 

436.0620; HPLC analysis: retention time = 10.04 min, peak area 95.4%, 80:20 

CH3CN/H2O. 

(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde 

O-(2,4-dichlorobenzyl) oxime (20) 

 

Yield 46%, 1H NMR (400 MHz, CDCl3): δ 8.52 (s, 1H), 8.10 (s, 1H), 7.91-7.79 (m, 

4H), 7.65 (s, 1H), 7.53-7.48 (m, 2H), 4.43-7.41 (m, 3H), 7.27 (d, J = 8.8 Hz, 1H), 

5.26 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 156.3, 147.1, 140.4, 137.8, 134.3, 

134.05, 133.97, 133.3, 133.0, 131.0, 130.8, 129.3, 128.5, 128.3, 127.7, 127.2, 127.16, 

126.5, 126.4, 125.8, 114.0, 111.9, 72.8; HRMS (ESI): Exact mass calcd for 

C23H16Cl2N3O2 [M+H]+ 436.0619, found 436.624; HPLC analysis: retention time = 

11.71 min, peak area 96.6%, 80:20 CH3CN/H2O. 
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(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde O-(2-chlorobenzyl) 

oxime (21) 

 

Yield 41%, 1H NMR (400 MHz, CDCl3): δ 8.54 (s, 1H), 8.11 (s, 1H), 7.91-7.80 (m, 

4H), 7.68 (d, J = 1.6 Hz, 1H), 7.53-7.49 (m, 3H), 7.41 (d, J = 1.6 Hz, 2H), 7.31-7.27 

(m, 2H), 5.33 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 156.3, 146.9, 140.1, 137.8, 

135.3, 133.5, 133.3, 133.0, 131.1, 130.2, 129.5, 129.3, 128.5, 128.3, 127.7, 127.2, 

126.8, 126.44, 126.38, 125.8, 114.0, 112.1, 73.5; HRMS (ESI): Exact mass calcd for 

C23H17ClN3O2 [M+H]+ 402.1009, found 402.1015; HPLC analysis: retention time = 

6.20 min, peak area 95.7%, 80:20 CH3CN/H2O. 

(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde O-(4-chlorobenzyl) 

oxime (22) 

 

Yield 44%, 1H NMR (400 MHz, CDCl3): δ 8.50 (s, 1H), 8.10 (s, 1H), 7.91-7.79 (m, 

4H), 7.61 (s, 1H), 7.51-7.47 (m, 2H), 7.42 (s, 1H), 7.36 (s, 5H), 5.15 (s, 2H); 13C 

NMR (100 MHz, CDCl3): δ 156.3, 146.9, 140.1, 137.8, 136.0, 133.9, 133.3, 133.0, 

131.0, 129.7, 128.7, 128.5, 128.3, 127.7, 127.2, 126.5, 126.4, 125.8, 113.9, 112.0, 

75.7; HRMS (ESI): Exact mass calcd for C25H20N3O2 [M+H]+ 402.1009, found 

402.1000; HPLC analysis: retention time = 6.42 min, peak area 97.7%, 80:20 

CH3CN/H2O. 
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(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde O-benzyl oxime (23) 

 

Yield 71%, 1H NMR (400 MHz, CDCl3): δ 8.52 (s, 1H), 8.10 (s, 1H), 7.91-7.79 (m, 

4H), 7.67 (s, 1H), 7.53-7.33 (m, 8H), 5.21 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 

156.2, 146.7, 139.8, 137.7, 137.3, 133.3, 133.0, 131.1, 128.5, 128.4, 128.3, 128.1, 

127.7, 127.1, 126.41, 126.37, 125.8, 114.0, 112.2, 76.6; HRMS (ESI): Exact mass 

calcd for C23H18N3O2 [M+H]+ 368.1399, found 368.1397; HPLC analysis: retention 

time = 5.41 min, peak area 95.4%, 80:20 CH3CN/H2O. 

(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde 

O-(2,3-dihydro-1H-inden-2-yl) oxime (24) 

 

Yield 64%, 1H NMR (400 MHz, CDCl3): δ 8.41 (s, 1H), 8.08 (s, 1H), 7.87-7.77 (m, 

4H), 4.9 (t, J = 4.8 Hz, 2H), 7.39 (d, J = 1.6 Hz, 2H), 7.28-7.20 (m, 4H), 5.16 (s, 1H), 

3.37-3.23 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 156.1, 146.3, 141.2, 139.7, 137.6, 

133.3, 133.0, 1331.1, 128.4, 128.3, 127.7, 127.1, 126.6, 126.4, 126.3, 125.8, 124.6, 

114.0, 83.4, 39.2; HRMS (ESI): Exact mass calcd for C25H20N3O2 [M+H]+ 394.1555, 

found 394.1563; HPLC analysis: retention time = 6.67 min, peak area 96.3%, 80:20 

CH3CN/H2O. 
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(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde 

O-((perfluorophenyl)methyl) oxime (25) 

 

Yield 35%, 1H NMR (400 MHz, CDCl3): δ 8.41 (s, 1H), 8.06 (s, 1H), 7.99-7.83 (m, 

3H), 7.76 (d, J = 7.6 Hz, 1H), 7.71 (s, 1H), 7.51-7.49 (m, 3H), 5.25 (s, 2H); 13C NMR 

(100 MHz, CDCl3): δ 156.4, 147.6, 147.0, 144.5, 142.8, 140.9, 138.7, 138.0, 133.3, 

133.1, 130.8, 128.5, 128.3, 127.7, 127.2, 126.5, 125.7, 113.8, 111.6, 62.6; HRMS 

(ESI): Exact mass calcd for C23H13F5N3O2 [M+H]+ 458.0928, found 458.0935; HPLC 

analysis: retention time = 7.63 min, peak area 95.2%, 80:20 CH3CN/H2O. 

(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde 

O-(4-(trifluoromethyl)benzyl) oxime (26) 

 

Yield 33%, 1H NMR (400 MHz, CDCl3): δ 8.53 (s, 1H), 8.10 (s, 1H), 7.92-7.80 (m, 

4H), 7.65 (d, J = 8.0 Hz, 2H), 7.60 (s, 1H), 7.54-7.50 (m, 4H), 7.43 (s, 1H), 5.25 (s, 

2H); 13C NMR (100 MHz, CDCl3): δ 156.3, 147.2, 141.6, 140.3, 137.8, 133.3, 133.0, 

131.0, 130.1 (J = 32.7 Hz),128.5, 128.3, 128.2, 127.7, 127.2, 126.5, 125.8, 125.5, 

125.4, 124.1 (J = 270.8 Hz), 113.9, 111.9, 75.5; HRMS (ESI): Exact mass calcd for 

C24H17F3N3O2 [M+H]+ 436.1273, found 436.1264; HPLC analysis: retention time = 

7.23 min, peak area 96.5%, 80:20 CH3CN/H2O. 
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(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde O-(4-methoxybenzyl) 

oxime (27) 

 

Yield 33%, 1H NMR (400 MHz, CDCl3): δ 8.50 (s, 1H), 8.10 (s, 1H), 7.90-7.80 (m, 

4H), 7.70 (s, 1H), 7.52-7.37 (m, 5H), 6.93 (d, J = 8.4 Hz, 2H), 5.14 (s, 2H), 3.82 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ 159.6, 156.2, 146.6, 139.7, 137.7, 133.3, 133.0, 

131.1, 130.2, 129.3, 128.4, 128.3, 127.7, 127.1, 126.4, 126.3, 125.8, 114.0, 113.9, 

112.3, 76.4, 55.3; HRMS (ESI): Exact mass calcd for C24H20N3O3 [M+H]+ 398.1504, 

found 398.1514; HPLC analysis: retention time = 4.36 min, peak area 95.1%, 80:20 

CH3CN/H2O. 

(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde 

O-(4-(tert-butyl)benzyl) oxime (28) 

 

Yield 31%, 1H NMR (400 MHz, CDCl3): δ 8.52 (s, 1H), 8.10 (s, 1H), 7.90-7.80 (m, 

4H), 7.70 (s, 1H), 7.51-7.38 (m, 7H), 5.19 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 

156.2, 151.2, 146.6, 139.7, 137.7, 134.2, 133.3, 133.0, 131.1, 128.4, 128.3, 127.7, 

127.1, 126.41, 126.36, 125.8, 125.5, 114.0, 112.3, 75.5, 34.6, 31.3; HRMS (ESI): 

Exact mass calcd for C27H26N3O2 [M+H]+ 424.2025, found 424.2018; HPLC analysis: 

retention time = 13.39 min, peak area 98.3%, 80:20 CH3CN/H2O. 
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(E)-6-(Naphthalen-2-yl)imidazo[2,1-b]oxazole-5-carbaldehyde O-(4-phenoxybenzyl) 

oxime (29) 

 

Yield 38%, 1H NMR (400 MHz, CDCl3): δ 8.52 (s, 1H), 8.11 (s, 1H), 7.91-7.81 (m, 

4H), 7.70 (s, 1H), 7.51 (t, J = 4.0 Hz, 2H), 7.43 (t, J = 4.4 Hz, 3H), 7.35 (t, J = 8.0 Hz, 

2H), 7.13 (t, J = 8.0 Hz, 1H), 7.04 (t, J = 8.8 Hz, 4H), 5.18 (s, 2H); 13C NMR (100 

MHz, CDCl3): δ 157.3, 156.9, 156.2, 146.7, 139.9, 137.8, 133.3, 133.0, 132.0, 131.1, 

130.3, 129.8, 128.5, 128.3, 127.7, 127.1, 126.5, 126.4, 125.8, 123.5, 119.1, 118.7, 

114.0, 112.2, 76.2; HRMS (ESI): Exact mass calcd for C29H22N3O3 [M+H]+ 460.1661, 

found 460.1659; HPLC analysis: retention time = 8.30 min, peak area 96.3%, 80:20 

CH3CN/H2O.  

4. CAR Agonist Luciferase Reporter Gene Assay 

HepG2-CYP2B6-hCAR4 cells were cultured in DMEM (Invitrogen, Carlsbad, CA) 

supplemented with 5 µg/mL blasticidin (Invitrogen), 0.5 mg/mL geneticin 

(Invitrogen), 10% Hyclone™ FBS (GE Healthcare Life Sciences, Logan, UT), and 

100 U/mL penicillin and 100 μg/mL streptomycin (Invitrogen). For the assay, the 

HepG2-CYP2B6-hCAR cells were dispensed at 2,500 cells/4 µL/well in tissue 

culture–treated 1536-well white assay plates (Greiner Bio-One North America, 

Monroe, NC) using a Thermo Scientific Multidrop Combi (Thermo Fisher Scientific 

Inc., Waltham, MA). The media used for plating was DMEM supplemented with 10% 

Hyclone™ FBS and 100 U/mL penicillin and 100 μg/mL streptomycin. After the 

assay plates were incubated at 37ºC/5% CO2 for 5 h, 23 nL of compounds dissolved 

in dimethyl sulfoxide (DMSO), CITCO (Sigma-Aldrich Corp., St. Louis, MO), or 
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DMSO were transferred to the assay plates by a Wako Pintool station (Wako 

Automation, San Diego, CA). One µL of PK11195 (Sigma-Aldrich Corp.) was added 

(final concentration of 0.75 µM PK11195) using a Flying Reagent Dispenser (FRD, 

Aurora Discovery, Carlsbad, CA). The final test compound concentrations in the 5 µL 

assay volume ranged from 6.41 pM to 92 µM in 16 different concentrations at a 1:3 

dilution. The final concentration of DMSO (used for the negative control) was 0.46%. 

The plate format of the positive control is as follows: Column 1: 

concentration-response titration of CITCO from 2.81 nM to 92 μM at a 1:2 dilution 

with DMSO; Column 2 top half: 60 µM of CITCO; Column 2 bottom half: 48 µM of 

CITCO; Column 3 top half and Column 4: DMSO only; Column 3 bottom half: 92 

µM of tetraoctyl ammonium bromide. After 23 h of incubation at 37 ºC/5% CO2, One 

µL of CellTiter-Fluor™ (Promega, Madison, WI) was added, using the FRD, after 

which, all plates were put back into the incubator at 37 °C/5% CO2 for another hour. 

The fluorescence intensity was then measured at 540 nm following excitation at 405 

nm using a ViewLux plate reader (Perkin Elmer, Shelton, CT) to determine cell 

viability. Immediately after, 4 µL of ONE-Glo™ Luciferase reagent (Promega) was 

added to each well using the FRD and a 30 min incubation at room temperature 

occurred.  Luminescence intensity was then measured using the ViewLux plate 

reader and data was expressed in relative luminescence units. 

5. Cell Viability Assay4 

The potential cytotoxicity of the compounds in HepG2-CYP2B6-hCAR cells was 

measured using a luciferase-coupled ATP quantitation assay (CellTiter-Glo viability 

assay, Promega). The change of intracellular ATP content indicates the number of 

metabolically competent cells. The cells were seeded at 2,500 cells/5 μL in 1536-well 

plates and were exposed to each test compound at concentrations and treatment 

duration as previously mentioned. The assay plates were incubated for 24 h at 37 oC, 

followed by the addition of 4 μ/well of CellTiter-Glo reagent. After 30 min incubation 

at RT, the luminescence intensity of the plates was measured using a ViewLux plate 
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reader. 

6. Experimental protocol for hPXR agonist HTS 

HepG2-CYP3A4-hPXR cells were cultured in EMEM medium (ATCC, Manassas, 

VA) supplemented with 10% FBS (ThermoFisher Scientific, Waltham, MA), 100 

U/mL of penicillin and 100 mg/mL of streptomycin (ThermoFisher Scientific), and 

500 µg/mL geneticin (ThermoFisher Scientific) in collagen coated flasks (Corning 

Inc., Corning, NY). Cells were dispensed at 3,000 cells/well/5 µL in 1,536-well plates 

(Greiner Bio-One North America, Monroe, NC) using a Multidrop Combi (Thermo 

Fisher Scientific) in assay media which entailed phenol red free DMEM 

(ThermoFisher Scientific) supplemented with 5% charcoal/dextran treated FBS 

(Invitrogen, Carlsbad, CA), 1 mM sodium pyruvate (Invitrogen), 2 mM L-Glutamine 

(Invitrogen), and 100 U/mL of penicillin and 100 mg/mL of streptomycin 

(ThermoFisher Scientific). The assay plates were incubated at 37 °C/5% CO2 for 5 hrs 

before 23 nL of each compound was transferred from the compound plate to the assay 

plate via a pin tool station (Kalypsys, San Diego, CA). After 23 hrs of incubation at 

37°C/5% CO2, 1 µL of CellTiter Fluor (Promega, Madison, WI) is added to each well 

for determination of cell viability. Plates were placed back in the incubator at 

37 °C/5% CO2 for another hour. Fluorescence intensity was then measured at 540 nm 

emission following excitation at 405 nm using a ViewLux plate reader (Perkin Elmer, 

Shelton, CT). Four μl of the ONE-Glo luciferase reagent (Promega) was then added 

followed by a 30 min incubation at room temperature. Finally, luminescence intensity 

was quantified using the ViewLux plate reader and data was expressed in relative 

luminescence units.  

7. Culture and Treatment of HPH 

Human primary Hepatocytes obtained from BioIVT (Baltimore, MD) were seeded at 

0.75 × 106 cells/well in 12-well biocoat plate and cultured in sandwich format as 
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described previously5 for 36 h before treatment with solvent (0.1% DMSO), PB (1 

mM), RIF (10 µM), CITCO, compounds 18 and 19 (0.5, 1, 5 µM) for 24 h and 72 h 

before harvesting cells to detect RNA and protein, respectively. 

8. Real-Time PCR Analysis 

Total RNA from hepatocytes were isolated and reverse transcribed as described 

previously.6  Real-Time PCR assay was performed on an ABI StepOnePlus 

Real-Time PCR system with SYBR Green PCR master mix from Qiagen 

(Germantown, MD).  The primer sequences for CYP2B6, CYP3A4 and 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) are as follows: CYP2B6, 5’- 

AGACGCCTTCAATCCTGACC-3’ and 5’-CCTTCACCAAGACAAATCCGC-3’; 

CYP3A4, 5’-GTGGGGCTTTTATGATGGTCA-3’ and 

5’-GCCTCAGATTTCTCACCAACACA-3’; GAPDH, 

5’-CCCATCACCATCTTCCAGGAG- 

3’ and 5’-GTTGTCATGGATGACCTTGGC-3’. Induction values were calculated 

according to the previous description.6 

9. Western Blot Analysis  

20 µg of cell homogenate proteins from hepatocytes were resolved on NuPAGETM 

4-12% Bis-Tris gels (Life Technologies) and electrophoretically transferred onto 

polyvinylidine fluoride membranes. Membranes were incubated with antibodies 

against CYP2B6 (Abcam), CYP3A4 (Millipore), or β-actin (Sigma-Aldrich), diluted 

at 1:500, 1:5000 and 1:5000, respectively at 4 °C overnight, followed by incubation 

with horseradish peroxidase secondary antibodies for 1 h at room temperature. Blots 

were developed with West Pico chemiluminescent substrates (ThermoFisher). 
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10. Table S1 Original Data of Activity and Cytotoxicity for Cpd1-29 

Cpd Structure All Curve EC50 Curve EC50 (μM)a Emax Cytotoxicity 
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aEC50 and Emax values were calculated by nonlinear regression. Data are presented as mean ± SEM 

of at least three independent experiments in quadruplicate. NC (if the maximum concentration 

produced no effect). 
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11. 1H, 13C NMR and HPLC Spectra of Compounds 1-29 
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