Decarboxylative Bromination of Thiazole Core and Consecutive Cross-Coupling Reactions
Emma Freiberger‡1, Eric Täuscher*1, Uwe Ritter‡1, Nadine Eckert‡1, Helmar Görls‡2

Address: Institut für Chemie und Biotechnik, Fachgebiet Chemie, Technische Universität Ilmenau Weimarer Straße 25, 98693 Ilmenau, Deutschland, 2 Institut für Anorganische und Analytische Chemie, Friedrich-Schiller-Universität, Humboldtstraße 8, 07743 Jena, Deutschland.
Email: eric.taeuscher@tu-ilmenau.de
* Corresponding author
‡ Equal contributors

Supporting Information 
Experimental section (S1)
All of the reagents were purchased from commercial sources and used directly unless otherwise noted. The used solvents were distilled before use. NMP was dried over phosphorus pentoxide. The 1H-NMR, 13C-NMR and 19F-NMR spectra were recorded on Bruker Spectrospin. Chemical shifts δ are given in parts per million (ppm) and relative to the deuterated solvent signals. Mass spectra were recorded on micrOTOF System from Bruker Daltonics in combination with HPLC Ultimate 3000 from Thermo Scientific. IR data were gained on FT/IR 6300 (Jasco). Elemental analyses were carried out using Vario Micro Cube from Elementar. For monitoring of the reactions the TLC plates were used. The UV light (254nm/365nm) allowed the visualisation. 
General procedure for etherification of 4-hydroxy group: Ethyl-4-ethoxy-2-(pyridin-2-yl)-1,3-thiazole-5-carboxylate (2a) and Ethyl-4-(benzyloxy)-2-(pyridin-2-yl)-1,3-thiazole-5-carboxylate (2b).
To a solution of 1 (9.6 mmol) in dry NMP (100 ml), crushed potassium carbonate (anh.) (2.57 g) was added followed by ethyl iodide (9.6 mmol) or benzyl chloride (9.6 mmol). In case of benzyl chloride, a small amount of sodium iodide was added as a catalyst. Then, the mixture was stirred at 60 °C for four hours. Afterwards, the reaction mixture was poured into 400 ml of water. The oily droplets formed solidified quickly in an ultrasonic bath. After filtration and recrystalisation from ethanol/water mixture the desired product occurs in good yields.

Ethyl-4-ethoxy-2-(pyridin-2-yl)-1,3-thiazole-5-carboxylate (2a).
Colourless shiny crystals; yield: 1.76 g (66%); Mp 91,7 °C.
IR(ATR): 2985, 1700, 1578, 1529, 1374, 1342, 1252, 1081, 792, 760, 691 cm-1.
1H-NMR (300 MHz, CDCl3): δ = 8.64 (d, J = 4.8 Hz, 1H), 8.17 (d, J = 7.9 Hz, 1H), 7.84 (ddd, J = 7.7 Hz, 1H), 7.42-7.37 (m, 1H), 4.67 (q, J = 7.1 Hz, 2H), 4.35 (q, J = 7.1 Hz, 2H), 1.53 (t, J = 7.1 Hz, 3H), 1.38 (t, J = 7.1 Hz, 3H).
13C-NMR (75.5 MHz, CDCl3): δ = 166.0, 164.8, 161.7, 158.0, 150.4, 149.4, 137.5, 125.5, 120.0, 67.0, 60.8, 15.0, 14.4.
MS (ESI): m/z (%) = 279.09 [M+H]+(54), 205.01 (88), 137.2 (11), 301.02 [M+Na]+ (100).
Anal. Calcd for C13H14N2O3S: C, 56.10; H, 5.07; N, 10.06; S, 11.52. Found = C, 56.00; H, 5.06; N, 10.26; S, 11.43.
UV/Vis (DMSO): λmax (abs.) = 349 nm.
Fluorescence (DMSO): λmax (em.) = 418 nm.
Φ (DMSO): 13.97%.

Ethyl-4-(benzyloxy)-2-(pyridin-2-yl)-1,3-thiazole-5-carboxylate (2b).
Light yellow crystals, yield: 2.29 g (70%); Mp 98.1 °C. 
IR(ATR): 1703, 1526, 1482, 1262, 1089, 906, 798, 755 cm-1.
1H-NMR (300 MHz, CDCl3): δ = 8,65-8,63 (m, 1H), 8.17 (d, J = 2,4 Hz, 1H), 7.85 (ddd, J = 7.7 Hz, 1H), 7.56 (d, J = 6,9 Hz, 2H), 7.43-7.33(m, 4H), 5,68 (s, 2H), 4.36 (q, J = 7,1 Hz, 2H), 1.39 (t, J = 7,1 Hz, 3H). 
13C-NMR (75.5 MHz, CDCl3): δ = 169.6, 167.8, 165.3, 161.6, 150.5, 149.7, 137.2, 136.9, 128.5, 128.0, 127.6, 125.5, 119.9, 72.1, 60.9, 13,9.
Anal. Calcd for C18H16N2O3S: C, 63.51; H, 4.74; N, 8.23; S, 9.42. Found = C, 63.37; H, 4.74; N, 8.31; S, 9.42.
MS (ESI): m/z (%) = 341.09 [M+H]+ (100), 295.06 (12), 205.00 (15), 191.02 (3), 363.07 [M+Na]+ (60).
UV/Vis (DMSO): λmax (abs.) = 344 nm.
Fluorescence (DMSO): λmax (em.) = 417 nm.
Φ (DMSO): 6.61%. 

General procedure for based-catalysed hydrolysis: 4-Ethoxy-2-(pyridin-2-yl)-1,3-thiazole-5-carboxylic acid (3a) and 4-Benzyloxy-2-(pyridin-2-yl)-1,3-thiazole-5-carboxylic acid (3b).
After the thiazole ester 2 (6 mmol) was dissolved in 50 ml methanol at 40-50 °C,            10 ml saturated methanolic potassium hydroxid solution was added to the reaction mixture. The reaction progress was monitored due TLC (eluent: chloroform). After the  reaction was complete, the mixture was poured into 250 ml water. Finally, the addition of dilute hydrochloric acid caused the precipitation of the crude product. After filtration and recrystallisation (from methanol/water) the analytically pure sample was obtained.

4-Ethoxy-2-(pyridin-2-yl)-1,3-thiazole-5-carboxylic acid (3a).
Colourless to light yellow crystals; yield: 1.34 g (89%); Mp 199 °C. 
IR(ATR): 2862, 1628, 1523, 1469, 1345, 1283, 1128, 1087, 930, 783, 739, 706, 689 cm -1.
1H-NMR (300 MHz, DMSO-d6): δ = 12.19 (s, 1H); 8.68 (d, J = 4,77 Hz, 1H), 8.07-7.99 (m, 2H), 7.61-7.57 (m, 1H), 4.25 (q, J = 7.1 Hz, 2H), 1.28 (t, J = 7.1 Hz, 3H).
13C-NMR (75.5 MHz, CDCl3): δ = 167.8, 165.1, 162.4, 150.6, 149.8, 138.9, 126.8, 120.1, 104.4, 66.9, 15.7.
MS (ESI): m/z (%) = 251.06 [M+H]+ (34), 205.01 (100), 206.01 (1), 207.01 (5), 252.06 (4), 253.05 (1).
Anal. Calcd for C11H10N2O3S = C, 52.79; H, 4.03; N, 11.19; S,12.81. Found = C, 52.44; H, 3.93; N, 10.87; S, 13.02.
UV/Vis (DMSO): λmax (abs.) = 345 nm.
Fluorescence (DMSO): λmax (em.) = 418 nm. 
Φ (DMSO): 15.41 %.

4-Benzyloxy-2-(pyridin-2-yl)-1,3-thiazole-5-carboxylic acid (3b). 
Colourless to light yellow cotton-like solid, yield: 1.69 g (90%), Mp 184.1 °C.
IR(ATR): 2750, 1655, 1523, 1485, 1356, 1291, 1129, 1090, 779 cm-1.
1H-NMR (300 MHz, DMSO-d6): δ = 12.88 (s, 1H), 8.68 (d, J = 4.7 Hz, 1H), 8.17 (d, J = 7.9 Hz, 1H), 8.03 (t, J = 7.7 Hz, 1H), 7.97-7.53 (m, 2H), 7.44-7.32 (m, 4H), 5.61 (s, 2H).
13C-NMR (75.5 MHz, DMSO-d6): δ = 167.5, 164.7, 162.5, 150.5, 149.8, 138.5, 137.2, 128.9, 128.5, 128.4, 126.8, 120.0, 104.8, 72.0.
MS (ESI): m/z (%) = 313,06 [M+H]+ (99), 314.06 (19), 270.08 (30), 269.01 (66), 205.01 (91), 137.02 (14), 335.04 [M+Na]+ (100).
Anal. Calcd for C16H12N2O3S = C ,61.53; H, 3.87; N, 8.97; S, 10.27. Found = C, 60.88; H,3.93; N, 8.95; S, 10.35.
UV/Vis (DMSO): λmax (abs.) = 346 nm.
Fluorescence (DMSO): λmax (em.) = 415 nm.
Φ (DMSO): 4.19 %.

General procedure for decarboxylative bromination: 2-(5-Bromo-4-ethoxy-1,3-thiazole-2-yl)pyridine (4a) and 2-[4-(Benzyl-oxy)-5-bromo-1,3-thiazole-2-yl]pyridine (4b).
The reaction was carrying out protected from light (wrapped with aluminium-foil). The thiazole carboxylic acid 2 (4 mmol) was dissolved in a mixture of 40 ml water and            20 ml aqueous sodium hydroxide solution (1M) and heated to 70 °C for 30 min. Afterwards, 1.5 eq of tetra-butylammonium tribromide (dissolved in water/NaOH (1M), 1:1, v/v, 5 ml per 1 mmol of tetra-butylammonium tribromide) was added via dropping funnel and the heating plate was removed to allow the solution to cool down to room temperature. After the addition was completed the reaction mixture was stirred for one additional hour. Finally, the precipitated solid was separated by filtration, washing with water and drying in vacuo, to yield pure product 

2-(5-Bromo-4-ethoxy-1,3-thiazole-2-yl)pyridine (4a).
 Colourless cotton-like solid, yield: 1.08 g (95%), Mp 75.3° C.
IR(ATR): 2985, 1584, 1535, 1486, 1322, 1089, 780, 675 cm-1.
1H-NMR (300 MHz, CDCl3): δ = 8.59-8.57 (m 1H), 8.07 (dd, J = 7.9 Hz, 1H), 7.83-7.77 (m, 2H), 7.34-7.24 (m, 1H) 4.56-4.48 (m, 2H), 1.50-1.45 (ddd, J = 7.1 Hz, 3H). 
13C-NMR (75.5 MHz, CDCl3): δ = 164.0, 161.1, 151.1, 149.5, 137.1, 124.5, 118.7, 86.3, 66.9, 15.15. 
MS(ESI): m/z (%) = 286.97 [M+H]+ (71), 306.95 (61), 287.96 (8), 287.96 (8), 284.97 (53), 259.94 (10), 257.94 (15), 258.94 (100), 256.90 (95), 178.02 (10), 308,94 [M+Na]+ (64).
Anal. Calcd for C10H9BrN2OS = C, 42.12; H, 3.18; N, 9.82; S, 11.24. Found = C, 42.16; H, 3.16; N, 9.93; S, 11.41. 
UV/Vis (DMSO): λmax (abs.) = 348 nm.
Fluorescence (DMSO): λmax (em.) = 430 nm. 
Φ (DMSO): 17.41 %.

2-[4-(Benzyloxy)-5-bromo-1,3-thiazole-2-yl]-pyridine (4b).
Colourless solid, yield: 1,29 g (93%), Mp 87 °C.
IR (ATR): 1609, 1585, 1528, 1481, 1362, 1318, 1074, 780, 698 cm-1.
1H-NMR (300 MHz, CDCl3): δ = 8.58 (d, J = 4.3 Hz, 1H), 8.06 (d, J = 7.9 Hz, 1H), 7.87 (t, J = 7.6 Hz, 1H), 7.51-7.25 (m, 6H), 5.50 (s, 2H).
13C-NMR (75.5 MHz, CDCl3): δ = 160.7, 150.6, 149.2, 137.4, 136.9, 128.5, 128.1, 127.9, 124.6, 120.7, 118.9, 101,6, 72,5.
MS(ESI): m/z (%) = 348,98 [M+H]+ (14), 268.06 [M-Br]+ (100), 368.96 (30), 346.98 (12), 269.07 (13), 235.09 (5), 135.02 (5), 370.96 [M+Na]+ (31).
Anal. Calcd for C15H11BrN2OS = C, 51.89; H, 3.19; N, 8.07; S, 9.23. Found = C, 51.93; H, 3.20; N, 7.97; S, 9.69. 
UV/Vis (DMSO): λmax (abs.) = 346 nm. 
Fluorescence (DMSO): λmax (em.) = 418 nm.
Φ (DMSO): 15.51 %.

General procedure for the performance of cross-coupling reactions: Suzuki, Heck and Sonogashira.
To a solution of thiazole bromide 3 (200 mg, 0.7 mmol) in dry NMP (3 ml), the potassium carbonat (192 mg, 1.4 mmol, anhydrous)  ) and 0.5 mol-% of Pd(PPh3)4 were added under an argon atmosphere. Thereafter, the specific cross-coupling reactant (2 eq) was added and the reaction mixture was stirred for two hours at 120 °C except for the Sonogashira reaction, which was performed at 80 °C. Then water was added and the precipitated product was separated by filtration and recrystallised from an ethanol/water mixture. 

2-[4-Ethoxy-5-(4-fluorophenyl)-1,3-thia-zole-2-yl]pyridine (5). 
The reaction was performed with 4-fluorophenylboronic acid (196 mg, 1.4 mmol). 
Amber-coloured needles, yield: 98.8 mg (47 %), Mp 132.9 °C.
IR(ATR): 1583, 1533, 1472, 1340, 1215, 1169, 1072, 775 cm-1.
1H-NMR (300 MHz, CDCl3): δ = 8.63 (dd, J = 4.9 Hz, 1H), 8.15 (d, J = 7.9 Hz, 1H), 7.86-7.78 (m, 3H), 7.37-7.29 (m, 1H), 7.14-7.08 (m, 2H), 4.61 (q, J = 7.0 Hz, 2H), 1.51 (t, J = 7.1 Hz, 3H). 
13C-NMR (75.5 MHz, CDCl3): δ = 163.2, 159.1, 150.8, 149.0, 137.4, 128.7, 128.6, 127.9, 124.2, 119.3, 116.0, 115.6, 66.8, 15.2
19F-NMR: (282 MHz, CDCl3-d1): δ = –101.2. 
MS (ESI): m/z (%) = 301.08 [M+H]+ (100), 302.08 (17), 273.05 (31), 272.04 (22), 323.06 [M+Na]+ (51).
Anal. Calcd for C16H13FN2OS = C, 63.98; H, 4.36; N, 9.33; S, 10.68. Found = C, 63.57; H, 4.35; N, 9.39; S, 10.90. 
UV/Vis (DMSO): λmax (abs.) = 368 nm.
Fluorescence (DMSO): λmax (em.) = 452 nm. 
Φ (DMSO): 86.12 %.

2-{4-Ethoxy-5-[(E)-2-phenylethenyl]-1,3-thiazole-2-yl}pyridine (6). 
The reaction was performed with styrene (161 µl, 1.4 mmol). 
Shiny yellow plate crystals, yield: 129.5 mg (60 %), Mp 105.1 °C.
IR(ATR): 3029, 2975, 2927, 1615, 1522, 1483, 1373, 1347, 1097, 1088, 1071, 947, 777, 696 cm-1.
1H-NMR (300 MHz, CDCl3): δ = 8.63-8.61 (m, 1H), 8.13 (d, J = 7.9 Hz 1H), 7.81(ddd, J = 7.8 Hz, 1H), 7.51 (d, J = 7.6 Hz, 2H), 7.39-7.25 (m, 5H), 6.88 (d, J = 16.2 Hz, 1H), 4.57 (q, J = 7.1 Hz, 2H), 1.50 (t, J = 7.1 Hz, 3H). 
13C-NMR (75.5 MHz, CDCl3): δ = 165.2, 161.2, 159.8, 149.2, 137.4, 137.2, 128.7, 128.5, 127.5, 126.2, 124.4, 119.4, 117.4, 116.7, 66.4, 15.2. 
MS (ESI): m/z (%) = 309.10 [M+H]+ (100), 310.11 (22), 281.07 (24), 280.62 (5), 149.04 (4), 331.08 [M+Na]+ (21).
Anal. Calcd for C18H16N2OS = C, 70.10; H, 5.23; N, 9.08; S, 10.40. Found = C, 69.90; H, 5.25; N, 9.01; S, 10.57. 
UV/Vis (DMSO): λmax (abs.) = 406 nm.
Fluorescence (DMSO): λmax (em.) = 492 nm.
Φ (DMSO): 40.11 %.





2-[4-Ethoxy-5-(phenylethynyl)-1,3-thiazole-2-yl]pyridine (7).
The reaction was performed with phenylacetylene (84.7 µl, 1.4 mmol) and 0.5 mol-% copper(I)iodide at 80 °C. 
[bookmark: _GoBack]Red crystals with yellow solid-state fluorescence and shiny blue fluorescence dissolved in chloroform, yield: 92.2 mg (43 %), Mp 113.7 °C. 
IR(ATR): 2195, 1580, 1525, 1481, 1437, 1396, 1372, 1338, 1132, 1097, 1079, 776, 753, 689 cm-1.
1H-NMR (300 MHz, CDCl3-d1): δ = 8.61 (d, J = 4.4 Hz, 1H), 8.13 (d, J = 7.9 Hz, 1H), 7.80 (ddd, J = 7.7 Hz, 1H), 7.58-7.55 (m, 2H), 7.41-7.32 (m, 4H), 4.62 (q, J = 7.0 Hz, 2H), 1.52 (t, J = 7.0 Hz, 3H).
13C-NMR (75.5 MHz, CDCl3-d1): δ = 165.5, 163.1, 150.9, 149.5, 137.0, 134.9, 131.4, 128.2, 124.6, 123.1, 119.5, 97.5, 82.9, 66.9, 14.9. 
MS(ESI): m/z (%) = 307.21 [M+H]+ (2), 279.06 (3), 330.08 (18), 329.08 [M+Na]+ (100).
Anal. Calcd for C18H14N2OS = C. 70.56; H, 4.61; N, 9.14; S, 10.47. Found = C, 70.10; H, 4.60; N, 9.03; S, 10.75. 
UV/Vis (DMSO): λmax (abs.) = 382 nm.
Fluorescence (DMSO): λmax (em.) = 463 nm.
Φ (DMSO): 69.39 %. 

3
