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General Informations 

 
THF and dioxane were distilled from benzophenone/Na, toluene was distilled from calcium 
hydride. Melting points are uncorrected. Column chromatography was performed using silica 
gel (mesh size 60-80 µm). 1H NMR and 13C NMR spectra were recorded at 300 MHz. 
Chemical shifts (δ) are given as ppm relative to the residual solvent peak. Microanalyses were 
carried out at the analytical laboratory of our Department (IRCOF). Commercially available 
starting materials were used without further purification.  
 

Experimental Section 

 
Synthesis of 1-(4-bromothiazol-2-yl)ethan-1-one (4a) and 1-(4-bromothiazol-2-
yl)propan-1-one (4b) :  
 

The ketothiazoles 4a-b were prepared according the Cossy’s procedure.1 To a solution 
of 2,4-dibromothiazole (1.2 g, 4.94 mmol) in THF (10 ml) was added dropwise n-

butyllithium (2.17 ml, 5.43 mmol) at -78 °C under N2. After stirring 30 min, 1-
morpholinoethan-1-one (1.2 ml, 10.37 mmol) (1-morpholinopropan-1-one (1.4 ml, 10.37 
mmol)) was slowly added and the resulted mixture was stirred 1 h 30. Et2O (120 ml) and a 
satd. aq. sol. NH4Cl (10 ml) were then added and the separated organic phase was washed 
with a satd. aq. sol. NaHCO3 (80 ml), brine (80 ml), and dried (MgSO4). After evaporation 
under vacuo, the crude product was purified by flash column chromatography on silica gel 
(Et2O-PE 4:96) to afford 4a (all analyses are in accordance to those previously described) and 
4b  (Rf = 0.21) (848 mg, 78%) as a white solid (mp = 46-47 °C). 1H NMR (CDCl3 , 300 
MHz) δ = 1.19 (t, 3H, J = 7.3 Hz), 3.12 (q, 2H, J = 7.3 Hz), 7.55 (s, 1H) ; 13C NMR (CDCl3 , 
75 MHz) δ = 7.8, 31.8, 124.8, 126.8, 166.8, 193.3 ; IR (KBr) ν 1690, 2938, 2979, 3089 cm-1; 
Anal. Calcd for C6H6BrNOS (220.1) : C, 32.74; H, 2.75; N, 6.36; S, 14.57. Found : C, 32.70; 
H, 2.77; N, 6.31; S, 14.61. 
 
General procedure for the evaluation of 4-bromo-2-ketothiazoles 4a-b in palladium-
catalyzed BSC methodology : 
 

The borylation Suzuki coupling (BSC) reactions were carried out in a sealed tube at 110 °C 
under N2. 2-keto-4-bromothiazole 4a-b (0.25 mmol) was allowed to react with 
bispinacolatodiboron (64 mg, 0.25 mmol), Pd2(dba)3 (2 mol %), n-eicosane (12 mg, 20 mol 
%, internal standard), potassium acetate (49 mg, 0.50 mmol) and ligand (16 mol %, Table 1) 
in dioxane (0.85 ml). After complete completion of starting material to borylated thiazoles 8a-
b checked by GC analysis (see sections S9 and S10), a solution of 2-chloropyridine (20 µl, 
0.21 mmol) in dioxane (0.21 ml) and an aq. sol. K3PO4 (0.21 ml, 5M) were added and the 
resulted mixture was stirred 12 h at 110 °C. EtOAc (50 ml) and drying MgSO4 were added. 
After filtration through Celite® and concentration under vacuo, the crude product was 
analysed by GC. 

 
 
 
 

                                                 
1 Gebauer, J. ; Arseniyadis, S. ; Cossy, J. Org. Lett. 2007, 9, 3425-3427. 
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General borylation Suzuki coupling (BSC) procedure for 4a-b : 
 

The borylation Suzuki coupling (BSC) reactions were carried out in a 10 ml round bottom 
flask fitted with a condenser at 110 °C under N2. 2-keto-4-bromothiazole 4a-b (1.0 mmol) 
was allowed to react with bispinacolatodiboron (254 mg, 1.0 mmol), Pd2(dba)3 (2 mol %),  
potassium acetate (198 mg, 2.0 mmol) and ligand (16 mol %, Table 1) in dioxane (3.4 ml). 
After complete completion of starting material to borylated thiazoles 8a-b checked by GC 
analysis (see sections S9 and S10), a solution of heteroarylhalide (0.84 mmol) in dioxane 
(0.85 ml) and an aq. sol. K3PO4 (0.85 ml, 5M) were added and the resulted mixture was 
stirred 12 h at 110 °C. EtOAc (100 ml) and drying MgSO4 were added. After filtration 
through Celite® and concentration under vacuo, the crude product was purified by flash 
column chromatography on silica gel using a mixture of EtOAc and petroleum ether as eluent 
to give the products 9a-b, 14, 15, 16a, 16b, 1, 17a, 17b, 18, 19, 20, 21, 22a, 22b. 
 
 
Synthesis of 1-(4-(pyridin-2-yl)thiazol-2-yl)ethanone (9a) :  
 

According to the general above procedure from 4a (206 mg, 1.0 mmol) using 2-
bromopyridine (80 µl, 0.84 mmol) as electrophile and Pd2(dba)3 / P[biphen-2-yl]Cy2 

(2:16 mol %) as catalyst. Standard workup followed by flash chromatography (EtOAc-PE 2:8, 
Rf = 0.2) afforded 9a  (134 mg, 78%) as a white solid (mp = 126-127 °C). 1H NMR (CDCl3 , 
300 MHz) δ = 2.78 (s, 3H), 7.29 (ddd, 1H, J = 1.5 Hz, J = 2.6 Hz, J = 4.8 Hz), 7.81 (td, 1H, J 
= 1.5 Hz, J = 7.8 Hz), 8.20 (d, 1H, J = 7.8 Hz), 8.41  (s, 1H), 8.63 (ddd, 1H, J = 1.5 Hz, J = 
2.6 Hz, J = 4.8 Hz); 13C NMR (CDCl3 , 75 MHz) δ =  26.2, 121.3, 123.5, 124.2, 137.3, 149.7, 
151.9, 157.3, 167.0, 191.9 ; IR (KBr) ν 1681, 2358, 3083 cm-1 ; Anal. Calcd for C10H8N2OS 
(204.2) : C, 58.80; H, 3.95; N, 13.72.; S, 15.70. Found : C, 58.73; H, 3.97; N, 13.76; S, 15.66. 
 
Synthesis of 1-(4-(pyridin-2-yl)thiazol-2-yl)propan-1-one (9b) :  

 
According to the general procedure from 4b (220 mg, 1.0 mmol) using 2-
bromopyridine (80 µl, 0.84 mmol) as electrophile and Pd2(dba)3 / P[biphen-2-yl]Cy2 
(2:16 mol %) as catalyst. Standard workup followed by flash chromatography 

(EtOAc-PE 1:9, Rf = 0.13) afforded 9b  (114 mg, 62%) as a white solid (mp = 110-111 °C). 
1H NMR (CDCl3 , 300 MHz) δ = 1.28 (t, 3H, J = 7.3 Hz), 3.27 (q, 2H, J = 7.3 Hz), 7.28 (ddd, 
1H, J = 1.5 Hz, J = 2.7 Hz, J = 4.8 Hz), 7.81 (td, 1H, J = 1.5 Hz, J = 7.6 Hz), 8.19 (d, 1H, J = 
7.6 Hz), 8.39  (s, 1H), 8.63 (ddd, 1H, J = 1.5 Hz, J = 2.7 Hz, J = 4.8 Hz) ; 13C NMR (CDCl3 , 
75 MHz) δ =  8.1, 32.0, 121.3, 123.5, 123.8, 137.3, 149.7, 152.0, 157.2, 166.8, 194.8 ; IR 
(KBr) ν 1603, 2936, 2976, 3123 cm-1; Anal. Calcd for C11H10N2OS (218.3) : C, 60.53; H, 
4.62; N, 12.83; S, 14.69. Found : C, 60.49; H, 4.65; N, 12.87; S, 14.71. 
 
Synthesis of 1-(4-(6-methoxypyridin-2-yl)thiazol-2-yl)ethanone (14) :  
 

According to the general above procedure from 4a (206 mg, 1.0 mmol) using 2-
bromo-6-methoxypyridine (103 µl, 0.84 mmol) as electrophile and Pd2(dba)3 / 
P[biphen-2-yl]Cy2 (2:16 mol %) as catalyst. Standard workup followed by flash 

chromatography (EtOAc-PE 1:9, Rf = 0.21) afforded 14  (148 mg, 75%) as a white solid (mp 
= 118-119 °C). 1H NMR (CDCl3 , 300 MHz) δ = 2.79 (s, 3H), 4.02 (s, 3H), 6.75 (d, 1H, J = 
8.1 Hz), 7.69 (dd, 1H, J = 8.1 Hz, J = 7.2 Hz), 7.80 (d, 1H, J = 7.2 Hz), 8.38  (s, 1H); 13C 
NMR (CDCl3 , 75 MHz) δ =  26.1, 53.4, 111.0, 113.9, 123.9, 139.6, 149.3, 157.4, 163.9, 
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166.9, 192.0 ; IR (KBr) ν 1687, 2925, 3124 cm-1 ; Anal. Calcd for C11H10N2O2S (234.3) : C, 
56.39; H, 4.30; N, 11.96.; S, 13.69. Found : C, 56.44; H, 4.32; N, 11.92; S, 13.66. 
 
Synthesis of 1-(4-(5-chloropyridin-2-yl)thiazol-2-yl)propan-1-one (15) :  
 

According to the general above procedure from 4b (221 mg, 1.0 mmol) using 2-5-
dichloropyridine (124 mg, 0.84 mmol) as electrophile and Pd2(dba)3 / P[biphen-2-
yl]Cy2 (2:16 mol %) as catalyst. Standard workup followed by flash 

chromatography (Et2O-PE 5:5, Rf = 0.20) afforded 15  (202 mg, 95%) as a white solid (mp = 
101-102 °C). 1H NMR (CDCl3 , 300 MHz) δ = 1.29 (t, 3H, J = 7.3 Hz), 3.26 (q, 2H, J = 7.3 
Hz), 7.78 (dd, 1H, J = 8.4 Hz, J = 2.4 Hz), 8.15 (d, 1H, J = 8.4 Hz),  8.38  (s, 1H), 8.63 (d, 
1H, J = 2.4 Hz); 13C NMR (CDCl3 , 75 MHz) δ =  8.1, 32.0, 122.0, 124.1, 131.7, 136.9, 148.6, 
150.2, 156.1, 167.0, 194.7 ; IR (KBr) ν 1689, 2937, 2977, 3116 cm-1 ; Anal. Calcd for 
C11H9N2ClOS (252.7) : C, 52.28; H, 3.59; N, 11.08.; S, 12.69. Found : C, 52.34; H, 3.61; N, 
11.13; S, 12.65. 
 
Synthesis of 1-(4-(quinolin-2-yl)thiazol-2-yl)ethanone (16a) :  
 

According to the general above procedure from 4a (206 mg, 1.0 mmol) using 2-
chloroquinoline (137 mg, 0.84 mmol) as electrophile and Pd2(dba)3 / XPhos (2:16 
mol %) as catalyst. Standard workup followed by flash chromatography (Et2O-PE 

1:9, Rf = 0.26) afforded 16a  (213 mg, 100%) as a white solid (mp = 155-156 °C). 1H NMR 
(CDCl3 , 300 MHz) δ = 2.84 (s, 3H), 7.56 (td, 1H, J = 8.1 Hz, J = 1.4 Hz), 7.75 (td, 1H, J = 
8.1 Hz, J = 1.4 Hz), 7.86 (d, 1H, J = 8.1 Hz), 8.12 (d, 1H, J = 8.6 Hz), 8.29 (d, 1H, J = 8.6 
Hz), 8.37 (d, 1H, J = 8.6 Hz),  8.67  (s, 1H); 13C NMR (CDCl3 , 75 MHz) δ =  26.1, 119.4, 
125.4, 126.8, 127.8, 128.0, 129.5, 130.0, 137.2, 148.1, 151.7, 157.7, 166.9, 191.8 ; IR (KBr) ν 
1682, 2854, 2927, 3112 cm-1 ; Anal. Calcd for C14H10N2OS (254.3) : C, 66.12; H, 3.96; N, 
11.02.; S, 12.61. Found : C, 66.09; H, 4.00; N, 11.06; S, 12.62. 
 
Synthesis of 1-(4-(quinolin-2-yl)thiazol-2-yl)propan-1-one (16b) :  

 
According to the general above procedure from 4b (221 mg, 1.0 mmol) using 2-
chloroquinoline (137 mg, 0.84 mmol) as electrophile and Pd2(dba)3 / P[biphen-2-
yl]Cy2 (2:16 mol %) as catalyst. Standard workup followed by flash 

chromatography (CH2Cl2-PE 1:9, Rf = 0.15) afforded 16b  (178 mg, 79%) as a white solid 
(mp = 136-137 °C). 1H NMR (CDCl3 , 300 MHz) δ = 1.32 (t, 3H, J = 7.3 Hz), 3.41 (q, 2H, J 
= 7.3 Hz), 7.56 (td, 1H, J = 8.1 Hz, J = 1.4 Hz), 7.75 (td, 1H, J = 8.1 Hz, J = 1.4 Hz), 7.85 (d, 
1H, J = 8.1 Hz), 8.13 (d, 1H, J = 8.6 Hz), 8.28 (d, 1H, J = 8.6 Hz), 8.37 (d, 1H, J = 8.6 Hz),  
8.63  (s, 1H); 13C NMR (CDCl3 , 75 MHz) δ =  8.1, 32.1, 119.5, 125.0, 126.8, 127.8, 128.1, 
129.6, 130.0, 137.2, 148.2, 151.9, 157.5, 166.8, 194.8 ; IR (KBr) ν 1686, 2926, 3115 cm-1 ; 
Anal. Calcd for C15H12N2OS (268.3) : C, 67.14; H, 4.51; N, 10.44.; S, 11.35. Found : C, 
67.12; H, 4.52; N, 10.50; S, 11.38. 
 
Synthesis of tert-butyl sulfomycinamate thio-analog 1 :  
 

The 2-acetyl-4-bromothiazole 4a (30 mg, 0.15 mmol) was allowed to react with 
bispinacolatodiboron (37 mg, 0.15 mmol), Pd2(dba)3 (2 mg, 2 mol %), potassium 
acetate (28 mg, 0.29 mmol) and P[biphen-2-yl]Cy2 (7 mg, 16 mol %) in dioxane 

(0.4 ml) at 110 °C in a sealed tube under N2. After 30 min, a solution of 6-
chlorothiazolylpicolinate 5a (48 mg, 0.12 mmol) in dioxane (0.12 ml) and an aq. sol. K3PO4 
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(0.12 ml, 5 M) were consecutively added. The resulted mixture was then stirred 12 h at 110 
°C. EtOAc (20 ml) and dried MgSO4 were added. After filtration through Celite® and 
concentration under vacuo, the crude product was purified by flash column chromatography 
on silica gel (EtOAc-EP 8:2, Rf = 0.1) to afford 1 (52 mg, 87%) as a white solid. All analyses 
were in accordance with those previously reported.2 
 
Synthesis of 1-(4-(pyridin-3-yl)thiazol-2-yl)ethanone (17a) :  
 

According to the general above procedure from 4a (206 mg, 1.0 mmol) using 3-
chloropyridine (80 µl, 0.84 mmol) as electrophile and Pd2(dba)3 / XPhos (2:16 mol 

%) as catalyst. Standard workup followed by flash chromatography (EtOAc-PE 3:7, Rf = 
0.15) afforded 17a  (140 mg, 81%) as a white solid (mp = 103-104 °C). 1H NMR (CDCl3 , 
300 MHz) δ = 2.79 (s, 3H), 7.42 (dd, 1H, J = 7.8 Hz, J = 4.2 Hz), 7.91 (s, 1H), 8.25 (dd, 1H, J 
= 8.0 Hz, J = 1.8 Hz), 8.63 (d, 1H, J = 4.2 Hz), 9.17 (d, 1H, J = 1.8 Hz); 13C NMR (CDCl3 , 
75 MHz) δ =  26.2, 121.2, 123.9, 129.7, 133.9, 147.8, 149.8, 154.4, 167.6, 191.8 ; IR (KBr) ν 
1686, 2856, 2924, 3104 cm-1 ; Anal. Calcd for C10H8N2OS (204.2) : C, 58.80; H, 3.95; N, 
13.72; S, 15.70. Found : C, 58.81; H, 3.97; N, 13.71; S, 15.73. 
 
Synthesis of 1-(4-(pyridin-3-yl)thiazol-2-yl)propan-1-one (17b) :  
 

According to the general procedure from 4b (220 mg, 1.0 mmol) using 3-
chloropyridine (80 µl, 0.84 mmol) as electrophile and Pd2(dba)3 / XPhos (2:16 mol 
%) as catalyst. Standard workup followed by flash chromatography (EtOAc-PE 5:5, 

Rf = 0.28) afforded 17b  (121 mg, 66%) as a white solid (mp = 99-100 °C). 1H NMR (CDCl3 
, 300 MHz) δ = 1.29 (t, 3H, J = 7.3 Hz), 3.29 (q, 2H, J = 7.3 Hz), 7.41 (dd, 1H, J = 7.8 Hz, J 
= 4.5 Hz), 7.89 (s, 1H), 8.25 (dd, 1H, J = 7.8 Hz, J = 2.0 Hz), 8.63 (d, 1H, J = 4.5 Hz), 9.18  
(d, 1H, J = 2.0 Hz) ; 13C NMR (CDCl3 , 75 MHz) δ =  8.0, 32.1, 120.8, 123.9, 133.9, 147.8, 
149.8, 154.3, 167.4, 194.7 ; IR (KBr) ν 1683, 2854, 2926 cm-1; Anal. Calcd for C11H10N2OS 
(218.3) : C, 60.53; H, 4.62; N, 12.83; S, 14.69. Found : C, 60.48; H, 4.60; N, 12.85; S, 14.73. 
 
Synthesis of 1-(4-(6-chloropyridin-3-yl)thiazol-2-yl)ethanone (18) :  

 
According to the general above procedure from 4a (206 mg, 1.0 mmol) using 2-
chloro-5-iodopyridine (201 mg, 0.84 mmol) as electrophile and Pd2(dba)3 / 
P[biphen-2-yl]Cy2 (2:16 mol %) as catalyst. Standard workup followed by flash 

chromatography (EtOAc-PE 1:9, Rf = 0.17) afforded 18  (140 mg, 70%) as a white solid (mp 
= 126-127 °C). 1H NMR (CDCl3 , 300 MHz) δ = 2.79 (s, 3H), 7.44 (d, 1H, J = 8.3 Hz), 7.90 
(s, 1H), 8.22 (dd, 1H, J = 8.3 Hz, J = 2.4 Hz), 8.94 (d, 1H, J = 2.4 Hz) ; 13C NMR (CDCl3 , 75 
MHz) δ = 26.2, 121.5, 124.6, 128.7, 136.6, 147.6, 151.5, 153.2, 167.8, 191.7 ; IR (KBr) ν 
1688, 1729, 2928, 2961, 3088 cm-1 ; Anal. Calcd for C10H7ClN2OS (204.2) : C, 50.32; H, 
2.96; N, 11.74; S, 13.43. Found : C, 50.37; H, 2.98; N, 11.75; S, 13.39. 
 
Synthesis of 1-(4-(quinolin-3-yl)thiazol-2-yl)ethanone (19) :  
 

According to the general above procedure from 4a (206 mg, 1.0 mmol) using 
3-bromoquinoline (115 µl, 0.84 mmol) as electrophile and Pd2(dba)3 / 
P[biphen-2-yl]Cy2 (2:16 mol %) as catalyst. Standard workup followed by 
flash chromatography (Et2O-PE 2:8, Rf = 0.20) afforded 19  (171 mg, 80%) as 

                                                 
2 Martin, T.; Verrier, C.; Hoarau, C.; Marsais, F. Org. Lett. 2008, 10, 2909-2912. 
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a white solid (mp = 140-141 °C). 1H NMR (CDCl3 , 300 MHz) δ = 2.84 (s, 3H), 7.61 (td, 1H, 
J = 7.1 Hz, J = 1.4 Hz), 7.76 (td, 1H, J = 7.1 Hz, J = 1.4 Hz), 7.94 (d, 1H, J = 8.3 Hz), 8.04 (s, 
1H), 8.15 (d, 1H, J = 8.3 Hz), 8.73 (d, 1H, J = 2.0 Hz),  9.46  (d, 1H, J = 2.0 Hz); 13C NMR 
(CDCl3 , 75 MHz) δ =  26.2, 121.4, 126.7, 127.4, 127.9, 128.4, 129.5, 130.1, 133.1, 148.1, 
148.8, 154.5, 167.6, 191.8; IR (KBr) ν 1686, 2854, 2922, 3064 cm-1 ; Anal. Calcd for 
C14H10N2OS (254.3) : C, 66.12; H, 3.96; N, 11.02.; S, 12.61. Found : C, 66.14; H, 4.01; N, 
11.00; S, 12.58. 
 
Synthesis of 1-(4-(pyrazin-2-yl)thiazol-2-yl)ethanone (20) :  
 

According to the general above procedure from 4a (206 mg, 1.0 mmol) using 2-
chloropyrazine (75 µl, 0.84 mmol) as electrophile and Pd2(dba)3 / P[biphen-2-yl]Cy2 
(2:16 mol %) as catalyst. Standard workup followed by flash chromatography 

(EtOAc-PE 3:7, Rf = 0.22) afforded 20  (110 mg, 64%) as a white solid (mp = 138-139 °C). 
1H NMR (CDCl3 , 300 MHz) δ = 2.80 (s, 3H), 8.45 (s, 1H), 8.57 (s, 2H), 9.43 (s, 1H); 13C 
NMR (CDCl3 , 75 MHz) δ = 26.2, 125.8, 143.0, 144.2, 144.3, 147.4, 154.6, 167.7, 191.7; IR 
(KBr) ν 1686, 2856, 2926, 3078 cm-1 ; Anal. Calcd for C9H7N3OS (205.2) : C, 52.67; H, 3.44; 
N, 20.47; S, 15.62. Found : C, 52.69; H, 3.41; N, 20.51; S, 15.65 
 
Synthesis of saramycetic acid :  
 

According to the general borylation Suzuki coupling procedure from 4a (206 mg, 
1.0 mmol) using ethyl 2-bromothiazole-4-carboxylate (198 mg, 0.84 mmol) as 

electrophile and Pd2(dba)3 / P[biphen-2-yl]Cy2 (2:16 mol %) as catalyst. Standard workup 
followed by flash chromatography (EtOAc-PE 2:8, Rf = 0.13) afforded 21 (176 mg, 74%) as a 
white solid (mp = 169-170 °C). 1H NMR (CDCl3 , 300 MHz) δ = 1.44 (t, 3H, J = 7.1 Hz), 
2.78 (s, 3H), 4.46 (q, 2H, J = 7.1 Hz), 8.23 (s, 1H), 8.46 (s, 1H) ; 13C NMR (CDCl3 , 75 MHz) 
δ = 14.5, 26.1, 61.8, 124.3, 128.4, 148.3, 150.3, 161.4, 162.5, 167.3, 191.3 ; IR (KBr) ν 1687, 
1725, 2981, 3092, 3128 cm-1; Anal. Calcd for C11H10N2O3S2 (282.3) : C, 46.79; H, 3.57; N, 
9.92; S, 22.71. Found : C, 46.82; H, 3.61; N, 9.93; S, 22.77. A solution of 21 (70 mg, 0.25 
mmol) and LiOH.H2O (31 mg, 0.75 mmol) in MeOH/H2O (2.5 ml, 1:1) was stirred at room 
temperature for 3 hours. An aqueous solution of HCl (5%) was then added until pH = 3. The 
resulted mixture was extracted three times with EtOAc (20 ml) and the combined organic 
layers were dried (MgSO4) and concentrated in vacuo to afford pure saramycetic acid (64 mg, 
100%) as a white solid (mp > 250 °C). 1H NMR (DMSO-d6 , 300 MHz) δ = 1.44 (t, 3H, J = 
7.1 Hz), 2.78 (s, 3H), 4.46 (q, 2H, J = 7.1 Hz), 8.23 (s, 1H), 8.46 (s, 1H) ; 13C NMR (DMSO-
d6 , 75 MHz) δ = 14.5, 26.1, 61.8, 124.3, 128.4, 148.3, 150.3, 161.4, 162.5, 167.3, 191.3 ; IR 
(KBr) ν 1687, 1725, 2981, 3092, 3128 cm-1; Anal. Calcd for C11H10N2O3S2 (282.3) : C, 46.79; 
H, 3.57; N, 9.92; S, 22.71. Found : C, 46.82; H, 3.61; N, 9.93; S, 22.77. These data were in 
reasonable agreement with the literature data.3  
 
Synthesis of (E)-1-(4-(3,4-dimethoxystyryl)thiazol-2-yl)ethanone (22a) :  
 

According to the general above procedure from 4a (206 mg, 1.0 mmol) using 
(E)-4-(2-bromovinyl)-1,2-dimethoxybenzene (204.12 mg, 0.84 mmol) as 
electrophile and Pd2(dba)3 / XPhos (2:16 mol %) as catalyst. Standard workup 

followed by flash chromatography (EtOAc-PE 1:9, Rf = 0.14) afforded 22a  (155 mg, 65%) 
as a pale yellow solid (mp = 90-91 °C). 1H NMR (CDCl3 , 300 MHz) δ = 2.78 (s, 3H), 3.91 

                                                 
3 Glover, C.; Merritt, E.A.; Bagley, M.C. Tetrahedron Lett. 2007, 48, 7027-7030. 
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(s,3H), 3.95 (s, 3H), 6.88 (d, 1H, J = 7.8 Hz), 7.01 (d, 1H, J = 16.3 Hz), 7.09 (s, 1H), 7.10 (d, 
1H, J = 7.8 Hz), 7.45 (s, 1H), 7.47 (d, 1H, J = 16.3 Hz); 13C NMR (CDCl3 , 75 MHz) δ = 
26.2, 56.0, 56.1, 109.1, 111.3, 119.0, 120.6, 121.1, 129.7, 132.6, 149.3, 149.6, 156.6, 166.8, 
192.0; IR (KBr) ν 1517, 1679, 2965, 3082 cm-1 ; Anal. Calcd for C15H15NO3S (289.3) : C, 
62.26; H, 5.23; N, 4.84; S, 11.08. Found : C, 62.35; H, 5.28; N, 4.89; S, 11.01. 
 
Synthesis of (E)-1-(4-(3,4-dimethoxystyryl)thiazol-2-yl)propan-1-one (22b) :  
 

According to the general above procedure from 4b (220 mg, 1.0 mmol) using 
(E)-4-(2-bromovinyl)-1,2-dimethoxybenzene (204.12 mg, 0.84 mmol) as 
electrophile and Pd2(dba)3 / P[biphen-2-yl]Cy2 (2:16 mol %) as catalyst. 

Standard workup followed by flash chromatography (EtOAc-PE 2:8, Rf = 0.17) afforded 
22b (173 mg, 68%) as a pale yellow solid (mp = 88-89 °C). 1H NMR (CDCl3 , 300 MHz) δ = 
1.28 (t, 3H, J = 7.2 Hz), 3.25 (q, 2H,  J = 7.2 Hz), 3.91 (s, 3H), 3.95 (s, 3H), 6.88 (d, 1H, J = 
7.8 Hz), 7.01 (d, 1H, J = 16.3 Hz), 7.09 (s, 1H), 7.10 (d, 1H, J = 7.8 Hz), 7.43 (s, 1H), 7.44 (d, 
1H, J = 16.3 Hz); 13C NMR (CDCl3 , 75 MHz) δ = 8.1, 32.1, 56.0, 56.1, 109.1, 111.4, 119.1, 
120.5, 120.7, 129.7, 132.5, 149.3, 149.6, 156.4, 166.6, 194.9; IR (KBr) ν 1682, 2852, 2926 
cm-1 ; Anal. Calcd for C16H17NO3S (303.4) : C, 63.34; H, 5.65; N, 4.62; S, 10.57. Found : C, 
63.26; H, 5.58; N, 4.68; S, 11.02. 
 
Synthesis of ethyl-tert-butyl micrococcinate : 
 
Synthesis of ethyl-5-bromopicolinate (6b) :  

 
A solution of methyl-5-bromopicolinate (1.5 g, 6.94 mmol) and p-toluenesulfonic acid 
(132 mg, 0.69 mmol) in ethyl alcohol (70 ml) was refluxed 24 h. After concentration 

under vacuo, Et2O was added (150 ml) and the separated organic layer was washed with aq. 
satd. NaHCO3 (40 ml), brine (40 ml) and concentrated under vacuo. The crude product was 
purified by flash column chromatography on silica gel (EtOAc-PE 9:1, Rf = 0.13) to afford 
6b (1.42 g, 89%) as a white solid (mp = 63-64 °C). 1H NMR (CDCl3, 300 MHz) δ = 1.39 (t, 
3H, J = 7.1 Hz), 4.43 (q, 2H, J = 7.1 Hz), 7.93 (dd, 1H, J = 8.3 Hz, J = 2.0 Hz), 7.98 (d, 1H, J 
= 8.3 Hz) 8.75, (d, 1H, J = 2.0 Hz); 13C NMR (CDCl3, 75 MHz) δ = 14.3, 62.3, 125.0, 126.3, 
139.7, 146.6, 151.1, 164.6; IR (KBr) ν 1733, 2960, 2982, 3059 cm-1; Anal. Calcd for 
C8H8BrNO2 (230.1) : C, 41.77; H, 3.50; N, 6.09. Found : C, 41.83; H, 3.51; N, 6.14. 
 
Synthesis of tert-butyl 2-(6-(ethoxycarbonyl)pyridin-3-yl)thiazole-4-carboxylate (10) :  

 
The tert-butyl-4-thiazolecarboxylate 7 (300 mg, 1.62 mmol) was allowed to react 
with ethyl-5-bromopicolinate (746 mg, 3.24 mmol), palladium acetate (18 mg, 5 
mol %), cesium carbonate (1.06 g, 3.24 mmol) and P[biphen-2-yl]Cy2 (57 mg, 10 

mol %) in DMF (6 ml) at 110 °C for 18 h in a sealed tube under N2. After filtration through 
Celite® washed with ethyl acetate, the resulted filtrate was concentrated under vacuo and the 
crude product was purified by flash column chromatography on silica gel (EtOAc-Cy 3:7, Rf 
= 0.2) to afford 10 (401 mg, 74%) as a white solid (mp = 154-155 °C). 1H NMR (CDCl3 , 300 
MHz) δ = 1.45 (t, 3H, J = 7.1 Hz), 1.62 (s, 9H), 4.50 (q, 2H, J = 7.1 Hz), 8.15 (s, 1H), 8.21 (d, 
1H, J = 8.2 Hz), 8.49 (dd, 1H, J = 8.2 Hz, J = 1.8 Hz), 9.28 (d, 1H, J = 1.8 Hz) ; 13C NMR 
(CDCl3 , 75 MHz) δ = 14.4, 28.3, 62.4, 82.7, 125.4, 127.7, 131.6, 135.0, 147.9, 149.3, 150.3, 
160.2, 163.8, 164.7 ; IR (KBr) ν 1709, 1726, 2931, 2978, 3133 cm-1; Anal. Calcd for 
C16H18N2O4S (334.4) : C, 57.47; H, 5.43; N, 8.38; S, 9.59. Found : C, 57.53; H, 5.34; N, 8.33; 
S, 9.67. 
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Synthesis of tert-butyl 2-(2-chloro-6-(ethoxycarbonyl)pyridin-3-yl)thiazole-4-carboxylate 
(5b) :  
 

The 5-(4-(tert-Butoxycarbonyl)thiazol-2-yl)-2-(ethoxycarbonyl)pyridine N-oxide 
was prepared according to the Caron’s procedure.4  TFAA (557 µl, 4.00 mmol) was 
added dropwise to a cooled solution (0 °C) of 10 (638 mg, 1.91 mmol) and UHP 

(359 mg, 3.82 mmol) in CH3CN (4.75 ml). After 60 min stirring, an aq. sol. Na2S2O3 (10 %, 5 
ml) and water (25 ml) were added. The resulted mixture was extracted with CH2Cl2 and the 
combined organic layers were dried (MgSO4) and concentrated in vacuo to afford 5-(4-(tert-
butoxycarbonyl)thiazol-2-yl)-2-(ethoxycarbonyl)pyridine N-oxide (668 mg, 100%) as a pure 
pale yellow solid (mp = 113-114 °C). 1H NMR (CDCl3 , 300 MHz) δ = 1.39 (t, 3H, J = 7.1 
Hz), 1.59 (s, 9H), 4.45 (q, 2H, J = 7.1 Hz), 7.68 (d, 1H, J = 8.2 Hz), 7.86 (dd, 1H, J = 8.2 Hz, 
J = 1.5 Hz), 8.16 (s, 1H),  8.85 (d, 1H, J = 1.5 Hz) ; 13C NMR (CDCl3 , 75 MHz) δ = 14.1, 
28.2, 62.9, 82.9, 122.4, 127.2, 128.3, 133.4, 138.7, 142.1, 150.4, 159.9, 160.9, 161.2 ; IR 
(KBr) ν 1724, 1742, 2936, 2974, 3086 cm-1; Anal. Calcd for C16H18N2O5S (350.4) : C, 54.85; 
H, 5.18; N, 7.99; S, 9.15. Found : C, 54.92; H, 5.11; N, 8.02; S, 9.16.  
The subsequent α-chloration reaction was achieved according to the Fagnou’s procedure.5 A 
solution of POCl3 (266 µl, 2.85 mmol) in toluene (5.7 ml) and DMF (5.7 ml) was cooled at 0 
°C. After 10 min a solution of the freshly prepared 5-(4-(tert-Butoxycarbonyl)thiazol-2-yl)-2-
(ethoxycarbonyl)pyridine N-oxide (500 mg, 1.43 mmol) in DMF (2.9 ml) was slowly added. 
After 10 min stirring, the mixture was allowed to warm to room temperature. After 12 h 
stirring, solvents were removed under vacuo. The crude residue was cooled in an ice bath and 
a sat. aq. sol. NaHCO3 was added. The solution was extracted with CH2Cl2 and the combined 
organic layers were washed with brine, dried (MgSO4) and concentrated under vacuo. The 
crude product was purified by flash column chromatography on silica gel (EtOAc-PE 2:8, Rf 
= 0.2) afforded 5b (411 mg, 78%) as a white solid (mp = 129-130 °C). 1H NMR (CDCl3 , 300 
MHz) δ = 1.46 (t, 3H, J = 7.1 Hz), 1.64 (s, 9H), 4.51 (q, 2H, J = 7.1 Hz), 8.17 (d, 1H, J = 8.1 
Hz), 8.27 (s, 1H),  8.98 (d, 1H, J = 8.1 Hz) ; 13C NMR (CDCl3 , 75 MHz) δ = 14.4, 28.3, 62.7, 
82.7, 124.0, 129.1, 131.1, 140.7, 147.9, 148.4, 149.0, 160.3, 160.8, 163.6 ; IR (KBr) ν 1702, 
1724, 2907, 2934, 2986, 3110 cm-1; Anal. Calcd for C16H17ClN2O4S (368.8) : C, 52.10; H, 
4.65; N, 7.60; S, 8.69. Found : C, 52.04; H, 4.69; N, 7.49; S, 8.73. 
 
Synthesis of ethyl 2-(2-bromoacetyl)thiazole-4-carboxylate (12) :  

 
To a solution of 2-bromothiazole-4-carboxylate 15 (500 mg, 2.17 mmol) in THF (42 
ml) was added dropwise isopropylmagnesium chloride lithium chloride complex 

(1.95 ml, 1.3 M in THF) at -78 °C. After 30 min stirring, the N-acetylmorpholine (985 µl, 
8.47 mmol) was slowly added and the reaction mixture was then stirred for 1 h 30. Et2O (60 
ml) was then added and the resulted solution was washed with a satd. aq. sol. NaHCO3 (60 
ml), brine (60 ml) and dried (MgSO4). After concentration under vacuo, the crude product 
was purified by flash column chromatography on silica gel (EtOAc-PE 8:2, Rf = 0.2) to 
afford 2-acetylthiazole-4-carboxylate  (307 mg, 71%) as a white solid (mp = 65-66 °C). 1H 
NMR (CDCl3 , 300 MHz) δ = 1.40 (t, 3H, J = 7.1 Hz), 2.75 (s, 3H), 4.42 (q, 2H, J = 7.1 Hz), 
8.41 (s, 1H) ; 13C NMR (CDCl3 , 75 MHz) δ = 14.4, 26.2, 61.9, 133.5, 148.8, 160.1, 167.5, 
191.7 ; IR (KBr) ν 1689, 1729, 2994, 3114 cm-1; Anal. Calcd for C8H9NO3S (199.2) : C, 
48.23; H, 4.55; N, 7.03; S, 16.09. Found : C, 48.19; H, 4.52; N, 7.06; S, 16.12.  
To a cooled solution (0 °C) of ethyl 2-acetylthiazole-4-carboxylate (100 mg, 0.50 mmol) and 
Et3N (222 µl, 1.61 mmol) in CH2Cl2 (3 ml) was slowly added tert-
                                                 
4 Caron, S. ; Do, N.M. ; Sieser, J. Tetrahedron Lett. 2000, 41, 2299-2302. 
5 Leclerc, J.-P. ; Fagnou, K. Angew. Chem. Int. Ed. 2006, 45, 7781-7786. 
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butyldimethylsilyltrifluoromethanesulfonate (254 µl, 1.10 mmol). After 2 h 30 stirring at 0 
°C, water (5 ml) was then added and the mixture was extracted three times with CH2Cl2 (10 
ml). The combined organic extracts were dried (MgSO4) and concentrated under vacuo. The 
crude product was purified by flash column chromatography on silica gel to afford ethyl 2-(1-
(tert-butyldimethylsilyloxy)vinyl)thiazole-4-carboxylate (156 mg, 100%) as an oil. 1H NMR 
(CDCl3 , 300 MHz) δ = 0.26 (s, 6H), 1.01 (s, 9H), 1.41 (t, 3H, J = 7.1 Hz), 4.42 (q, 2H, J = 
7.1 Hz), 4.56 (d, 1H, J = 1.5 Hz), 5.65 (d, 1H, J = 1.5 Hz), 8.12 (s, 1H) ; 13C NMR (CDCl3 , 
75 MHz) δ = -4.6, 14.5, 18.3, 25.8, 61.6, 93.5, 127.7, 148.0, 148.9, 161.7, 168.5 ; IR (KBr) ν 
1720, 1737, 2859, 2931 cm-1; Anal. Calcd for C14H14ClN3O2S2 (313.5) : C, 53.64; H, 7.40; N, 
4.47; S, 10.23. Found : C, 53.58; H, 7.48; N, 4.51; S, 10.29.  
The N-bromosuccinimide (51 mg, 0.29 mmol) was then added to a cooled solution (0 °C) of 
ethyl 2-(1-(tert-butyldimethylsilyloxy)vinyl)thiazole-4-carboxylate (90 mg, 0.29 mmol) in 
THF (2.8 ml). After 1 h stirring at the same temperature, water (5 ml) was added and the 
resulted mixture was extracted three times with Et2O (10 ml). The combined organic layers 
were dried (MgSO4), concentrated under vacuo and the crude product was purified by flash 
column chromatography on silica gel (EtOAc-PE 2:8, Rf = 0.21) to afford 12 (57 mg, 70%) as 
a white solid (mp = 80-81 °C). 1H NMR (CDCl3 , 300 MHz) δ = 1.43 (t, 3H, J = 7.1 Hz), 4.46 
(q, 2H, J = 7.1 Hz), 4.81 (s, 2H), 8.50 (s, 1H) ; 13C NMR (CDCl3 , 75 MHz) δ = 14.4, 31.2, 
62.2, 134.3, 149.2, 160.6, 164.1, 184.9 ; IR (KBr) ν 1703, 1728, 2947, 2991, 3128 cm-1; Anal. 
Calcd for C8H8BrNO3S (278.1) : C, 34.55; H, 2.90; N, 5.04; S, 11.53. Found : C, 34.61; H, 
2.84; N, 5.06; S, 11.56. 
 
Synthesis of chlorodiazolylpyridine (11) :  
 

A solution of the ester 10 (430 mg, 1.17 mmol) in aq sol. NH3 (10%, 26 ml) 
and THF (17 ml) was stirred for 12 h at room temperature. This solution was 
then extracted three times with ethyl acetate (25 ml) and the combined organic 

layers were washed with brine (25 ml), dried (MgSO4) and concentrated under vacuo to  
afford tert-butyl 2-(6-carbamoyl-2-chloropyridin-3-yl)thiazole-4-carboxylate (326 mg, 82%) 
as a white solid (mp = 198-199 °C). 1H NMR (CDCl3 , 300 MHz) δ = 1.64 (s, 9H), 5.69 (bs, 
1H), 7.64 (bs, 1H), 8.26 (d, 1H, J = 8.1 Hz), 8.26 (s, 1H),  8.99 (d, 1H, J = 8.1 Hz) ; 13C NMR 
(CDCl3 , 75 MHz) δ = 28.3, 82.7,  121.7, 129.0, 130.8, 141.3, 146.7, 149.0, 149.8, 160.3, 
160.9, 164.8; IR (KBr) ν 1698, 1712, 3095, 3136, 3458 cm-1; Anal. Calcd for C14H14ClN3O3S 
(339.8) : C, 49.49; H, 4.15; N, 12.37; S, 9.44. Found : C, 49.54; H, 4.19; N, 12.45; S, 9.42.  
A solution of the tert-butyl 2-(6-carbamoyl-2-chloropyridin-3-yl)thiazole-4-carboxylate (420 
mg, 1.24 mmol) and Lawesson’s reagent (300 mg, 0.74 mmol) in toluene (6.2 ml) was 
refluxed for 3 h. After cooling, this solution was extracted three times with EtOAc (25 ml) 
and the combined organic layers were washed with brine (25 ml), dried (MgSO4) and 
concentrated under vacuo. The crude product was purified by flash column chromatography 
on silica gel (EtOAc-PE 2:8, Rf = 0.23) to afford the tert-butyl 2-(6-carbamothioyl-2-
chloropyridin-3-yl)thiazole-4-carboxylate (335 mg, 76%) as an orange solid (mp = 160-161 
°C). 1H NMR (CDCl3 , 300 MHz) δ = 1.63 (s, 9H), 7.85 (bs, 1H), 8.26 (s, 1H), 8.69 (d, 1H, J 
= 8.2 Hz), 8.94 (d, 1H, J = 8.2 Hz), 9.19 (bs, 1H); 13C NMR (CDCl3 , 75 MHz) δ = 28.3, 82.7, 
124.2, 129.0, 130.4, 140.7, 145.8, 149.0, 150.3, 160.3, 160.9, 193.1; IR (KBr) ν 1707, 1729, 
3090, 3378 cm-1; Anal. Calcd for C14H14ClN3O2S2 (355.9) : C, 47.25; H, 3.97; N, 11.81; S, 
18.02. Found : C, 47.31; H, 4.00; N, 11.77; S, 17.99.  
A solution of tert-butyl 2-(6-carbamothioyl-2-chloropyridin-3-yl)thiazole-4-carboxylate (186 
mg, 0.52 mmol) and α-bromoketone 12 (146 mg, 0.52 mmol) in EtOH (2.6 ml) and THF (2.6 
ml) was refluxed for 4 h. After cooling, the solution was extracted three times with EtOAc (20 
ml) and the combined organic layers were washed with brine (20 ml), dried (MgSO4) and 
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concentrated under vacuo. The crude product was purified by flash column chromatography 
on silica gel (EtOAc-PE 7:3, Rf = 0.2) to afford 11 (181 mg, 65%) as a white solid (mp = 
182-183  °C). 1H NMR (CDCl3 , 300 MHz) δ = 1.44 (t, 3H, J = 7.1 Hz), 1.64 (s, 9H), 4.46 (q, 
2H, J = 7.1 Hz), 8.23 (s, 1H), 8.24 (s, 1H), 8.30 (d, 1H, J = 8.2 Hz), 8.34 (s, 1H), 8.97 (d, 1H, 
J = 8.2 Hz) ; 13C NMR (CDCl3 , 75 MHz) δ = 14.5, 28.3, 61.8, 82.6, 118.9, 121.3, 128.2, 
128.7, 129.1, 140.9, 147.7, 148.1, 148.8, 150.1, 151.0, 160.4, 161.3, 161.5, 163.1, 166.9 ; IR 
(KBr) ν 1715, 2933, 2978, 3125 cm-1; Anal. Calcd for C22H19ClN4O4S3 (535.1) : C, 49.38; H, 
3.58; N, 10.47; S, 17.98. Found : C, 49.43; H, 3.56; N, 10.42; S, 18.01. 
 
Synthesis of ethyl-tert-butyl micrococcinate (13) :  
 

The 1-(4-bromothiazol-2-yl)propan-1-one 4b (25 mg, 0.11 mmol) was allowed 
to react with bispinacolatodiboron (29 mg, 0.11 mmol), Pd2(dba)3 (1 mg, 2 mol 
%), potassium acetate (19 mg, 0.19 mmol) and P[biphen-2-yl]Cy2 (5 mg, 16 

mol %) in dioxane (0.4 ml) at 110 °C in a sealed tube under N2. After 30 min, a solution of 11 
(50 mg, 0.09 mmol) in dioxane (0.21 ml) and an aq. sol. K3PO4 (0.21 ml, 5 M) were added. 
The resulted mixture was stirred at 110 °C for 12 h. EtOAc (20 ml) and dried MgSO4 were 
then added. After filtration through Celite® and concentration under vacuo, the crude product 
was purified by flash column chromatography on silica gel (EtOAc-PE 7:3, Rf = 0.15) to 
afford 13 (52 mg, 87%) as a white solid (mp = 188-189 °C). 1H NMR (CDCl3 , 300 MHz) δ = 
1.11 (t, 3H, J = 7.3 Hz), 1.44 (t, 3H, J = 7.1 Hz), 1.61 (s, 9H), 2.76 (q, 2H, J = 7.3 Hz), 4.46 
(q, 2H, J = 7.1 Hz), 8.17 (s, 1H), 8.24 (s, 1H), 8.25 (d, 1H, J = 8.2 Hz), 8.32 (s, 1H), 8.35 (d, 
1H, J = 8.2 Hz), 8.41 (s, 1H) ; 13C NMR (CDCl3 , 75 MHz) δ = 8.1, 14.5, 28.3, 31.8, 61.8, 
82.5, 118.9, 120.7, 128.1, 128.2, 128.2, 129.0, 140.7, 148.2, 148.9, 150.1, 150.2, 151.1, 154.9, 
160.5, 161.6, 163.3, 165.4, 165.9, 168.4, 194.6 ; IR (KBr) ν 1689, 1718, 1736, 2979, 3118 
cm-1; Anal. Calcd for C28H25N5O5S4 (639.8) : C, 52.56; H, 3.94; N, 10.95; S, 20.05. Found : 
C, 52.62; H, 3.99; N, 10..90; S, 20.06. 
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