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1. General information

All commercial reagents were used without additional purification unless otherwise specified.
Solvents were purified and dried according to standard methods prior to use. All reactions were
run in a sealed tube with a Teflon lined cap under argon, unless otherwise noted. All experiments
were monitored by thin layer chromatography (TLC) using UV light as visualizing agent. TLC
was performed on pre-coated silica gel plated. Column chromatography was performed using
silica gel 60 (300-400 mesh). 'H NMR (400 MHz), *C NMR (101 MHz) and '°F NMR (376 MHz)
were measured on a Bruker AVANCE III-400 spectrometer. Chemical shifts are reported in ppm
(0) relative to internaltetramethylsilane (TMS, 6 0.0 ppm) or with the solvent reference relative to
TMS employed as the internal standard. Data are reported as follows: chemical shift (multiplicity
[singlet (s), doublet (d), triplet (t), quartet (q), broad (br) and multiplet (m)], coupling constants
[Hz], integration). Melting points are uncorrected. Infrared spectra were obtained on a Agilent
Cary 630 instrument on a diamond plate by way of technology Attenuated Total Reflection (ATR).
HRMS were conducted on an Agilent 6540Q-TOF LC/MS equipped with an electrospray

ionization (ESI) probe operating in positive ion mode.

2.  General experimental procedure for the homo-coupling reaction of 2-

arylimidazo[1,2-a]pyridines

An undivided cell was equipped with a carbon anode (1x1 ¢cm?) and a Platinum cathode (1x1
cm?) and connected to a DC regulated power supply. To the cell was added 2-phenylimidazo[1,2-
alpyridine l1a (58.2 mg, 0.3 mmol), nBusNPF¢ (232.5 mg, 0.6 mmol) and 6 mL of
CH;CN/CF3;CH,0H. The mixture was electrolyzed using constant current conditions (2 mA/cm?)
at room temperature under argon atmosphere, the reaction mixture was diluted with saturated

aqueous NaHCO; solution (5 mL) and extracted with DCM or ethyl acetate (15 mL x 3). The
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combined organic phases were dried over anhydrous Na,SOy,, filtered and concentrated in vacuo.
The residue was purified by silica gel (300—400 mesh) column chromatography using
hexane/EtOAc (3:1, v/v) or hexane/acetone (5:1, v/v) as eluent to afford the desired product 2a.
2,2"-diphenyl-3,3'-biimidazo[1,2-a]pyridine (2a). White solid (46.9 mg, 81% yield); mp 255-256
°C (lit.! 245-246 °C); '"H NMR (CDCls, 400 MHz): J (ppm) 7.78 (d, J = 9.0 Hz, 2H), 7.76 — 7.60
(m, 4H), 7.47 (d, J = 6.8 Hz, 2H), 7.28 (d, J = 8.8 Hz, 2H), 7.25 (d, J = 4.3 Hz, 6H), 6.65 (t, J =
6.7 Hz, 2H); '3C NMR (CDCl;, 100 MHz): ¢ (ppm) 146.6, 145.8, 133.3, 128.9, 128.4, 126.6,
126.2,123.9,117.7,112.9, 108.3.

2,2"-di-p-tolyl-3,3'-biimidazo[1,2-a]pyridine (2b). White solid (51.6 mg, 83% yield); mp 289-290
°C (lit.! 277-278 °C); '"H NMR (CDCl;, 400 MHz): J (ppm) 7.76 (d, J = 9.0 Hz, 2H), 7.61 (d, J =
8.2 Hz, 4H), 7.45 (d, J = 6.8 Hz, 2H), 7.26 (m, 2H), 7.05 (d, J = 8.0 Hz, 4H), 6.64 (td, /= 6.8, 0.8
Hz, 2H), 2.27 (s, 6H); 3C NMR (CDCl;, 100 MHz): ¢ (ppm) 146.5, 145.9, 138.3, 130.5, 129.6,
126.5, 126.0, 123.9, 117.6, 112.8, 108.0, 21.25.

2,2"-bis(4-(tert-butyl)phenyl)-3,3 -biimidazo[1,2-a]pyridine (2¢). White solid (56.8 mg, 76%
yield); mp 290-291 °C; '"H NMR (CDCl;, 400 MHz): ¢ (ppm) 7.78 (d, J= 9.0 Hz, 2H), 7.65 (d, J
= 8.5 Hz, 4H), 7.47 (d, J = 6.8 Hz, 2H), 7.32 — 7.19 (m, 6H), 6.66 (t, J = 6.8 Hz, 2H), 1.24 (s,
18H); 3C NMR (CDCIl;, 100 MHz): J (ppm) 151.4, 146.5, 146.0, 130.4, 126.3, 126.0, 125.8,
123.9, 117.6, 112.8, 107.9, 31.2; HRMS-ESI (m/z): calcd for Cs3;H;3sNs™ [M + H]* 499.2862,
found 499.2858.

2,2"-bis(3-methoxyphenyl)-3,3'-biimidazo[1,2-a]pyridine (2d). White solid (58.9 mg, 88% yield);
mp 291-292 °C; 'H NMR (CDCl;, 400 MHz): ¢ (ppm) 7.77 (d, J = 9.1 Hz, 2H), 7.49 (d, J = 6.8
Hz, 2H), 7.33 — 7.22 (m, 6H), 7.12 (t, J = 8.0 Hz, 2H), 6.84 — 6.75 (m, 2H), 6.67 (td, /= 6.8, 1.0
Hz, 2H), 3.58 (s, 6H); 3*C NMR (CDCls, 100 MHz): J (ppm) 159.9, 146.5, 145.7, 134.6, 129.9,
126.2, 124.0, 119.0, 117.7, 115.3, 113.0, 110.8, 108.4, 55.0; HRMS-ESI (m/z): calcd for
CysHy3N4O,' [M + H]* 447.1819, found 447.1821.

2,2'-di-o-tolyl-3,3"-biimidazo[ 1, 2-a]pyridine (2e). White solid (48.5 mg, 78% yield); mp 245-246
°C; 'H NMR (CDCl;, 400 MHz):  (ppm) 7.74 (d, J = 9.1 Hz, 2H), 7.57 (d, J = 6.8 Hz, 2H), 7.30
(ddd, J=9.0, 6.8, 1.2 Hz, 2H), 7.10 (m, 4H), 6.92 — 6.84 (m, 2H), 6.81 (td, J = 6.8, 1.0 Hz, 2H),

6.74 (d, J= 7.1 Hz, 2H), 1.97 (s, 6H); 3C NMR (CDCls, 100 MHz): 6 (ppm) 148.4, 145.8, 137.1,
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133.0, 130.2, 129.7, 128.1, 125.3, 125.3, 123.7, 118.2, 113.0, 110.3, 19.8; HRMS-ESI (m/z): caled
for Co,gHy3NyH [M + H]" 415.1923, found 415.1917.

2,2"-bis(3,4-dimethylphenyl)-3,3'-biimidazo[ 1,2-a]pyridine (2f). Yellow solid (47.8 mg, 72%
yield); mp 273-274 °C; '"H NMR (CDCl;, 400 MHz): 6 (ppm) 7.76 (d, J = 9.0 Hz, 2H), 7.69 (s,
2H), 7.46 (d, J = 6.8 Hz, 2H), 7.32 — 7.18 (m, 4H), 6.92 (d, J = 7.9 Hz, 2H), 6.63 (td, /= 6.8, 1.0
Hz, 2H), 2.18 (s, 6H), 2.17 (s, 6H); 3C NMR (CDCl;, 100 MHz): é (ppm) 146.5, 146.0, 137.0,
130.8, 130.1, 127.9, 125.9, 124.0, 123.8, 117.5, 112.7, 108.0, 19.7, 19.6; HRMS-ESI (m/z): calcd
for C30Hp7N4* [M + HJ* 443.2236, found 443.2232.
2,2"-bis(2,4-dichlorophenyl)-3,3'"-biimidazo[1,2-a]pyridine (2g). White solid (43.1 mg, 55% yield);
mp 253-254 °C; '"H NMR (CDCl;, 400 MHz): ¢ (ppm) 7.80 (d, J = 9.1 Hz, 2H), 7.67 (d, /= 6.8
Hz, 2H), 7.39 (ddd, J = 9.0, 6.8, 1.1 Hz, 2H), 7.19 (d, J = 2.0 Hz, 2H), 7.00 (dd, J = 8.3, 2.0 Hz,
2H), 6.93 (m, 4H); 3C NMR (CDCl;, 100 MHz): J (ppm) 146.2, 143.9, 134.4, 133.5, 132.6, 131.2,
129.2, 126.8, 125.9, 124.1, 118.6, 113.7, 111.4; HRMS-ESI (m/z): calcd for C¢H;sCuN4*t [M +
H]* 523.0051, found 523.0052.

2,2"-bis(4-chlorophenyl)-3,3"-biimidazo[ 1,2-a]pyridine (2h). White solid (42.9 mg, 63% yield);
mp 317-318 °C; 'H NMR (DMSO-ds with a drop of conc. HCI, 400 MHz): 6 (ppm) 8.58 (d, J =
6.6 Hz, 2H), 8.24 (d, J = 8.9 Hz, 2H), 8.15 — 8.05 (m, 2H), 7.69 (d, J = 8.6 Hz, 4H), 7.46 (dd, J =
15.8, 7.8 Hz, 6H); '3C NMR (DMSO-ds with a drop of conc. HCI, 100 MHz): § (ppm) 142.2,
137.7, 136.3, 135.4, 130.1, 129.7, 127.6, 124.9, 118.7, 113.8, 106.6; HRMS-ESI (m/z): calcd for
Cy6H17CIhN, " [M + H]* 455.0830, found 455.0831.
2,2"-bis(3-chlorophenyl)-3,3'-biimidazo[1,2-a]pyridine (2i). White solid (51.7 mg, 76% yield); mp
257-258 °C; 'H NMR (CDCl;, 400 MHz): J (ppm) 7.93 (t, J = 1.7 Hz, 2H), 7.79 (d, J = 9.1 Hz,
2H), 7.47 (d, J = 6.8 Hz, 2H), 7.33 (m, 4H), 7.24 — 7.17 (m, 2H), 7.09 (t, J = 7.9 Hz, 2H), 6.73 (td,
J=6.8, 0.9 Hz, 2H); '3C NMR (CDCl;, 100 MHz): § (ppm) 146.7, 144.6, 135.0, 135.0, 130.1,
128.6, 127.0, 126.7, 124.2, 123.8, 118.0, 113.4, 108.3; HRMS-ESI (m/z): calcd for CycH7Cl,N4*
[M + H]* 455.0830, found 455.0828.

2,2"-bis(3-bromophenyl)-3,3"-biimidazo[ 1,2-a[pyridine (2j). Yellow solid (67.5 mg, 83% yield);
mp 267268 °C; 'H NMR (CDCl;, 400 MHz): ¢ (ppm) 8.11 (t, J = 1.7 Hz, 2H), 7.79 (d, J = 9.1

Hz, 2H), 7.46 (d, J = 6.8 Hz, 2H), 7.41 — 7.28 (m, 6H), 7.02 (t, /= 7.9 Hz, 2H), 6.73 (td, J = 6.8,
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0.9 Hz, 2H); 13C NMR (CDCl;, 100 MHz): J (ppm) 146.7, 144.4, 135.2, 131.5, 130.4, 123.0,
126.7, 124.6, 123.8, 123.2, 118.0, 113.5, 108.3; HRMS-ESI (m/z): calcd for C,sH7Br,N4* [M +
H]*" 542.9820, found 542.9821.
3,3"-(/3,3"-biimidazo[1,2-a]pyridine]-2,2'-diyl)dibenzonitrile (2k). White solid (55.6 mg, 85%
yield); mp 308-309 °C; 'H NMR (CDCl;, 400 MHz): ¢ (ppm) 8.19 (s, 2H), 7.83 (d, J = 9.1 Hz,
2H), 7.64 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 7.7 Hz, 2H), 7.48 (d, J = 6.8 Hz, 2H), 7.44 — 7.35 (m,
2H), 7.28 (dd, J = 10.7, 4.9 Hz, 2H), 6.80 (t, J = 6.5 Hz, 2H); '3C NMR (CDCl;, 100 MHz): ¢
(ppm) 146.9, 143.9, 134.5, 131.9, 130.5, 130.2, 129.7, 127.1, 123.7, 118.3, 114.0, 113.3, 108.1;
HRMS-ESI (m/z): calcd for CpgH17Ng" [M + H]* 437.1515, found 437.1517.
6,6-dimethyl-2,2'-diphenyl-3,3"-biimidazo[ 1,2-a]pyridine (21). White solid (44.1 mg, 71% yield);
mp 330-331 °C (lit.?); 'H NMR (CDCl3, 400 MHz): J (ppm) 7.79 — 7.64 (m, 6H), 7.26 — 7.19 (m,
8H), 7.14 (dd, J = 9.2, 1.5 Hz, 2H), 2.12 (s, 6H); '3C NMR (CDCl;, 100 MHz): ¢ (ppm) 145.7,
145.6, 133.5,129.4, 128.8, 128.2, 126.5, 122.8, 121.5, 117.0, 108.1, 18.2.
6,6'-dichloro-2,2'-diphenyl-3,3"-biimidazo[1,2-a]pyridine (2m). White solid (43.6 mg, 64% yield);
mp 333-334 °C; 'H NMR (CDCl;, 400 MHz): J (ppm) 7.73 (d, J = 9.5 Hz, 2H), 7.69 (dd, J = 6.7,
3.0 Hz, 4H), 7.46 (d, J = 1.2 Hz, 2H), 7.28 (m, 6H), 7.27 — 7.23 (m, 2H); 13C NMR (CDCl;, 100
MHz): 6 (ppm) 147.1, 145.1, 132.6, 129.1, 129.0, 127.8, 126.6, 121.7, 121.6, 118.2, 108.1;
HRMS-ESI (m/z): calcd for Co6H7;CIN4" [M + H]* 455.0830, found 455.0826.
8,8"-dimethyl-2,2'-diphenyl-3,3"-biimidazo[ 1,2-a]pyridine (2n). White solid (52.8 mg, 85% yield);
mp 243-244 °C (lit.2); '"H NMR (CDCl;, 400 MHz): ¢ (ppm) 7.75 (dd, J = 7.5, 1.8 Hz, 4H), 7.31
(d, J=6.8 Hz, 2H), 7.27 — 7.15 (m, 6H), 7.03 (d, J = 6.8 Hz, 2H), 6.52 (t, J= 6.8 Hz, 2H), 2.76 (s,
6H); 3C NMR (CDCl;, 100 MHz): é (ppm) 147.0, 145.3, 133.7, 128.8, 128.1, 127.7, 126.7, 124.8,
121.7, 112.8, 109.0, 17.0.
7,7'-dimethyl-2,2'-diphenyl-3,3"-biimidazo[ 1,2-a]pyridine (20). White solid (54.1 mg, 87% yield);
mp 286287 °C (lit.! 263-265 °C); '"H NMR (CDCl;, 400 MHz): J (ppm) 7.79 — 7.65 (m, 4H),
7.51 (s, 2H), 7.33 (d, J= 6.9 Hz, 2H), 7.27 — 7.15 (m, 6H), 6.46 (d, J = 6.9 Hz, 2H), 2.39 (s, 6H);
3C NMR (CDCl3, 100 MHz): § (ppm) 147.0, 145.5, 137.2, 133.5, 128.8, 128.2, 126.5, 123.1,
116.1, 115.5, 107.9, 21 4.
6,6"-dimethyl-2,2"-di-p-tolyl-3,3"-biimidazo[ 1,2-a]pyridine (2p). White solid (42.5 mg, 64% yield);
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mp 288-289 °C (lit.! 268—269 °C); 'H NMR (CDCl3, 400 MHz): 6 (ppm) 7.67 (d, J = 9.1 Hz, 2H),
7.60 (d, J= 8.2 Hz, 4H), 7.21 (s, 2H), 7.12 (dd, /= 9.2, 1.3 Hz, 2H), 7.03 (d, /= 8.1 Hz, 4H), 2.27
(s, 6H), 2.12 (s, 6H); 3C NMR (CDCl;, 100 MHz): J (ppm) 145.9, 145.5, 138.1, 130.7, 129.5,
129.2, 126.4, 122.6, 121.5, 116.9, 107.8, 21.2, 18.2.
6,6"-dimethyl-2,2"-bis(4-(trifluoromethyl)phenyl)-3,3'-biimidazo[ 1,2-a]pyridine (2q). White solid
(58.6 mg, 71% yield); mp 312-313 °C; '"H NMR (CDCl;, 400 MHz): J (ppm) 7.78 (d, J = 8.2 Hz,
4H), 7.72 (d, J= 9.2 Hz, 2H), 7.49 (d, J = 8.3 Hz, 4H), 7.25 (d, J = 0.7 Hz, 2H), 7.21 (dd, J=9.2,
1.5 Hz, 2H), 2.17 (s, 6H); 3C NMR (CDCl;, 100 MHz): J (ppm) 145.9, 144.4, 136.8, 130.1, 130.0
(g, J=32.1 Hz), 126.6, 125.8, 125.7, 124.0 (q, J = 270.4 Hz), 123.8, 121.2, 117.4, 108.4, 18.2;
HRMS-ESI (m/z): calcd for C3oHy FeNgt [M + H]* 551.1670, found 551.1666.
2,2"-di(thiophen-2-yl)-3,3"-biimidazo[l,2-a]pyridine (2r). White solid (49.0 mg, 82% yield); mp
268-269 °C (lit.! 253-254 °C); 'H NMR (CDCls, 400 MHz): 6 (ppm) 7.79 (d, J = 9.1 Hz, 2H),
7.55 (d, J = 6.8 Hz, 2H), 7.38 — 7.30 (m, 2H), 7.22 (d, J = 4.9 Hz, 2H), 6.98 (d, J = 3.5 Hz, 2H),
6.92 — 6.86 (m, 2H), 6.76 (t, J= 6.8 Hz, 2H); '3C NMR (CDCl;, 100 MHz): J (ppm) 146.8, 142.4,
136.0, 128.0, 126.5, 126.5, 125.1, 124.1, 117.7, 113.2, 106.1.
2,2"-di(naphthalen-2-yl)-3,3"-biimidazo[1,2-a]pyridine (2s). Yellow solid (56.9 mg, 78% yield);
mp 247-248 °C; 'H NMR (DMSO-ds, 400 MHz): J (ppm) 8.23 (s, 2H), 7.88 (d, J = 9.0 Hz, 2H),
7.83 —7.73 (m, 6H), 7.70 (dd, J= 5.9, 3.5 Hz, 2H), 7.61 (dd, J = 8.6, 1.5 Hz, 2H), 7.49 — 7.39 (m,
6H), 6.84 (t, J = 6.5 Hz, 2H); 13C NMR (DMSO-ds, 100 MHz): J (ppm) 146.1, 144.7, 132.8, 132.5,
130.9, 128.3, 128.1, 127.5, 126.8, 126.5, 126.4, 125.4, 124.6, 123.6, 117.3, 113.5, 108.3; HRMS-
ESI (m/z): calcd for C34Hp3N4* [M + H]*487.1923, found 487.1918.
2,2"-di([1,1"-biphenyl]-4-yl)-3,3-biimidazo[1,2-a]pyridine (2t). Yellow solid (61.4 mg, 76%
yield); mp 323-324 °C; '"H NMR (CDCl;, 400 MHz): J (ppm) 7.84 (dd, J = 8.6, 2.0 Hz, 6H), 7.61
—7.50 (m, 10H), 7.42 (t, J="7.5 Hz, 4H), 7.33 (dd, J=11.4, 4.3 Hz, 4H), 6.72 (t, J = 6.8 Hz, 2H);
13C NMR (CDCl;, 100 MHz): § (ppm) 146.7, 145.5, 141.0, 140.3, 132.2, 128.8, 127.5, 1274,
127.0, 126.9, 126.3, 124.0, 117.7, 113.1, 108.3; HRMS-ESI (m/z): calcd for C3gHp7N4* [M + H]*
539.2236, found 539.2234.
3,3"biimidazo[1,2-a]pyridine (2u). White solid (6.3 mg, 18% yield); mp 160—161°C (lit.?); 'H
NMR (CDCls;, 400 MHz): 6 (ppm) 7.90 (t, J = 3.2 Hz, 4H), 7.78 (d, J = 9.1 Hz, 2H), 7.38 — 7.28
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(m, 2H), 6.88 (t, J = 6.7 Hz, 2H); '3C NMR (CDCl;, 100 MHz): J (ppm) 146.7, 135.2, 125.6,
123.8,118.4, 113.3, 112.7.

2,2"-dimethyl-3,3"-biimidazo[1,2-a]pyridine (2v). White solid (9.0 mg, 23% yield); mp 160—-161°C
(1lit.2); 'TH NMR (CDCl;, 400 MHz): 8 (ppm) 7.68 (d, J = 9.0 Hz, 2H), 7.50 (d, J = 6.8 Hz, 2H),
7.28 (ddd, J= 8.9, 6.7, 1.5 Hz, 2H), 6.79 (td, J = 6.8, 0.9 Hz, 2H), 2.38 (s, 6H); *C NMR (CDCl;,
100 MHz): 6 (ppm) 146.1, 145.4, 125.3,123.7, 117.4, 112.6, 109.1, 14.0.
3-(2,2-diphenylvinyl)-2-phenylimidazo[1,2-aJpyridine (2a”). White solid (31.3 mg, 28% yield);
mp 121-122 °C; 'H NMR (CDCls, 400 MHz): J (ppm) 7.99 — 7.91 (m, 2H), 7.55 (dd, J = 15.6,
8.0 Hz, 2H), 7.45 (dd, J= 6.7, 3.1 Hz, 2H), 7.42 — 7.36 (m, SH), 7.34 — 7.29 (m, 1H), 7.12 — 7.00
(m, 7H), 6.46 (td, J = 6.8, 1.0 Hz, 1H); *C NMR (CDCl;, 100 MHz): § (ppm) 146.3, 144.8, 142.4,
139.7, 134.6, 129.8, 129.5, 129.1, 128.7, 128.5, 128.4, 128.3, 128.1, 128.0, 127.7, 124.4, 124.2,
118.8, 117.1, 115.1, 111.4; HRMS-ESI (m/z): calcd for C,;H,; Nyt [M + H]* 373.1705, found
373.1706.

2,2"-diphenyl-3,3'-biimidazo[1,2-a]pyrimidine (4a). Yellow solid (27.9 mg, 48% yield); mp
339-340 °C; '"H NMR (CDCl;, 400 MHz): ¢ (ppm) 8.63 (s, 2H), 7.78 (t, J = 7.1 Hz, 6H), 7.29 (d,
J=14.2 Hz, 6H), 6.74 (d, J = 4.4 Hz, 2H); 3C NMR (CDCl;, 100 MHz): § (ppm) 151.6, 149.8,
147.2,132.5, 131.7, 129.3, 129.2, 126.9, 109.3, 105.9; HRMS-ESI (m/z): calcd for C,4H;7N¢* [M
+ H]* 389.1515, found 389.1512.

2,2"-diphenyl-3,3"-bibenzo[d]imidazo[2,1-b]thiazole (6a). White solid (60.5 mg, 81% yield); mp
313-314 °C; 'H NMR (CDCl;, 400 MHz): J (ppm) 7.76 (d, J = 7.4 Hz, 4H), 7.65 (d, /= 7.9 Hz,
2H), 7.29 — 7.15 (m, 8H), 7.08 (t, J= 7.8 Hz, 2H), 6.75 (d, J= 8.1 Hz, 2H); *C NMR (CDCl;, 100
MHz): ¢ (ppm) 149.8, 148.0, 133.1, 132.5, 130.3, 128.8, 128.1, 126.8, 126.3, 125.1, 124.4, 112.7,
110.9; HRMS-ESI (m/z): caled for C3o0H 9N4S," [M + H]* 499.1051, found 499.1048.
2,2"-di-p-tolyl-3,3"-bibenzo[d]imidazo[2, 1-b]thiazole (6b). White solid (53.7 mg, 68% yield); mp
288-289 °C; 'H NMR (CDCls, 400 MHz): 6 (ppm) 7.64 (dd, J=11.1, 4.3 Hz, 6H), 7.22 — 7.14 (mm,
2H), 7.11 — 6.98 (m, 6H), 6.74 (dd, J = 8.2, 0.5 Hz, 2H), 2.24 (s, 6H); 3C NMR (CDCl;, 100
MHz): 6 (ppm) 149.6, 148.1, 137.9, 132.5, 130.4, 130.2, 129.5, 126.7, 126.2, 124.9, 124.2, 112.6,
110.5, 21.2; HRMS-ESI (m/z): calcd for C3,Hp3N4S,* [M + H]* 527.1364, found 527.1362.

2,2"-bis(3-methoxyphenyl)-3,3"-bibenzo[d]imidazo[2, 1-b]thiazole (6¢). White solid (60.3 mg, 72%
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yield); mp 271-272 °C (lit.! 260262 °C); 'H NMR (CDCl;, 400 MHz): J (ppm) 7.66 (d, J = 7.6
Hz, 2H), 7.38 — 7.29 (m, 4H), 7.24 — 7.17 (m, 2H), 7.10 (m, 4H), 6.81 — 6.68 (m, 4H), 3.59 (s, 6H);
3C NMR (CDCl;, 100 MHz): ¢ (ppm) 159.8, 149.7, 147.9, 134.4, 132.4, 130.2, 129.8, 126.8,
125.2,124.3,118.7, 115.0, 112.7, 111.1, 110.6, 55.0.

6,6-diphenyl-5,5"-biimidazo[2, 1-b]thiazole (6d). White solid (38.2 mg, 64% yield); mp 279-280
°C (lit.! 268—270 °C); 'H NMR (CDCl;, 400 MHz): § (ppm) 7.73 — 7.63 (m, 4H), 7.34 — 7.24 (m,
6H), 6.76 (d, J = 4.5 Hz, 2H), 6.67 (d, J = 4.5 Hz, 2H); 13C NMR (CDCIl;, 100 MHz): § (ppm)

150.8, 146.0, 133.6, 128.9, 127.9, 126.3, 118.1, 112.7, 110.9.
Reference

1. S. M. A. Shakoor, S. K. Mandal and R. Sakhuja, Eur. J. Org. Chem., 2017, 2596-2602.

2. S. Lei, H. Cao, L. Chen, J. Liu, H. Cai and J. Tan, Adv. Synth. Catal. 2015, 357,3109 —3114.
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3. NMR spectra for compounds 2, 4 and 6

2a ('"H NMR)
Solvent: CDCl;

A A .
e UK
NOQ —= M -
oooam [}
O =r O N WD o
T T T T T T T T T T T v T T T T T T T T T
05 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)
@ Omor o~ o~ M
—m QW= m— s i Q) = =
w o MO =W~ P~ ™ @ =
oG 0305 oo of o o P o 0D B Wt
g SHNNAN o8 mREE
S R i ~
2a ('3C NMR)
Solvent: CDCl3
‘ T — ‘ T T T ‘ T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 MO 100 90 g0 70 60 50 40 k] 20 10 0
1 (ppm)

S9



A

ELTT

BLog
0299
560°0+
1890
7509
rGo'g
9E0°L
950°4
LET A
0 2
LA
55771
£67 4
50z 24
LET LA
BLT LA
ShFL
za¥' L]
709°2
£20°21
B 2
Ve

Y gy

2b ("H NMR)
Solvent: CDClI3

|

8.0

Eyee

=e0e

Rgoy
R0ET

07
W%.w

”T.DDN

0.0

0.5

1.0

15

20

25

3.0

35

4.0

45

5.0

55

6.0

6.5

7.0

7.5

1 (ppm)

LT —

g8
.‘.wa.t_.v
SOETLLY

Nmm.ha,‘\
LVELEH—
65572 5/

VZEETIA
820°0Z 4~
eLyazL—~
LLGBEL—
LapoeL’

SEEBEL—

LTE G~
L5 arL-"

|

2b (°C NMR)
Solvent: CDCl;

nIUHl

T
&0 70
1 (ppm)

T
100

170

T
180

S10



et

FFO°0
19g°a
8.0°8
BEZ'L

0927,
B4

84271
VBE"L
962°L
862°L
29’
Git'L
BEQ'L
658°L
89471
16LL

2¢ ("H NMR)
Solvent: CDCl;

=al8l

.

02

.

6E'9
s0e
ooy
re L

i

0.0

1.0 0.5

15

20

6.0 55 5.0 4.5 4.0 A5 3.0
1 (ppm)

6.5

7.0

10.5 10.0 9.5 9.0 85 a0

1.0

ELLIE—

mam.m.__
mwa.hhv
EFETLL

hwm.h_u_.\
OER'Z M ~—
FLOd :JK

6Z6EC
BPLGTL
mg.mﬂw
¥z 'zl

ele0els

EQ0OFL—F
Orearl-
LTFLGL—

2¢ (13C NMR)

Solvent: CDCl;

.

il

L)

|

20 10

30

170 160 150 140 130 120 110 100 90 =l 70 60 50
™ (ppm)

180

S11



PEOEY
2500
1499
FLOD
ge0'g
LGE'9
aLLy
L8
GLL0
ogLa
EGLD
GELE

peiy

BFZL

SEW
Bitiy
RS
B9~
884

2d ("H NMR)
Solvent: CDClI;

— = 0p0

roZe
Ep0e

Byl
Eozo
¥ Ol'Z

EooE

0.0

05

1.0

thH

20

25

3.0

a5

4.0

45

50

55

6.0

6.5

7.0

7.5

a0

a5

9.0

9.5

1 (ppm)

EZ0'G5—

g99.°92
mma.___mw
bovid

EZrBOL
Em.a:uw
SL0EL,
915U
AL

1068 14S
BREEZ

zezazk’
i
BIGPEL

BEOGE b~
a05'0k b~

Z0a'65— O,
O

2d ('3C NMR)
Solvent: CDCI;

30

40

To

T
90

1 (ppm)

T
o

T
140

T T
180 170

T
190

S12



G240
¥4
0629
2648
L0878
G08°0
Y2809
428°99
05878
E58°07
04899
L8879+
GEE" 0
BO0°L

amo..__J_
EGO°L
96072
ke
T
OELVL

mm_..m_
59272
E8Z'L
LA
00E".
EOE".]
S0E°L]
GOE™L ]
E2E'L
42872
29572
64672

el L
e T

BELL
05247

2e ('H NMR)
Solvent: CDCI;

*759

0.0

05

45 4.0 35 30 25 20 1.5

50

1 (ppm)

)
I}

75 7.0 6.5 6.0

8.0

9.0

95

10.0

SOEGL—

Qzras
rro th
COELL

S0E0L—
QLET L

L0918

ZBYETH
20 mﬁW
eve szl
LL0'BZ)

9.0 mm&“
1144 %v\
2g6Ze1’
PELLEL

GZEGEI—
9GERrl—

2e (°C NMR)
Solvent: CDCl;

AL I.

U

170 160 150 140 130 120 10 100 a0 80 70 60 50 40 30 20 10
1 (ppm)

180

S13



agbz

959

9ibE

5196
1199
7899
reQ'a
6¥0'0
1509
L069-
1269
CITATEN
ez g
_umm.i_.
£ee’L
A
T
92 44
67244
752 11
552
6921
A
05¥'L
Lyt
692
£54°44
94444

2f ("H NMR)
Solvent: CDCl;

A

L

ooz
Wz
A
vz
FEE'
00T

35 30 25 20

40

5.0
1 (ppm)

7.5 7.0 6.5 6.0 5.5

8.0

9.0

10.0 95

105

8556
GZLGL

6520790
Ea.___.mw
GRETLL

& _,c.mo_,\.
QELEH—
LN

161ETLY
TIEETh~
EEB'GTL—
LEB LT
BADOEL-T
LLE0EL

V20 LEL—

ZSEGTL~
G5F9FL—"

2f (13C NMR)
Solvent: CDCl;

30

T T
100 90 an
1 (ppm}

T
10

T T T
150 170 160

T
140

T
200

S14



060
P LEa
216

FZ6-
169
EER O
BP6 9T
0569
9860
1660
2002
A
PaL L]
8L
ROz L
0282
£L82
48844
1664
£6E L
06624
0htd
IR
599
£89LT
VL
phaes

e T B o

o

2g ("H NMR)
Solvent: CDCI;

1.0 0.5 0.0

15

25 20

30

35

50 45
1 (ppmj

55

6.0

8.5 a0 85 a.0

10.0

LELas
BED .__.__W
GGELL

Sep LT
GRA'E L
1958 b
0L0bT

TLAETH

mvm.m_ﬁ%
PALBZ I
ZhE bE b~
000°ZE b=
Nwm.mf%
SZEPEL

BLBEVI—
LFEaFl—

2g (*C NMR)
Solvent: CDClI3

|

Ly

T
a0

T
100

T
110

T
120

T
130

:
140

T
150

T
160

T
170

T
180

T
190

1 (ppm)

S15



L H0

2h ("H NMR)
Solvent: DMSO-dg with a drop of conc. HCI

—

10.0

ki

4.0 a5 3.0 25 20 15 1.0

9.0 a5 20 75 7.0 8.5 6.0 5.5 5.0 45
1 (ppm)

95

10.5

"o

120

SEZGE
FavEE

Nmm.mm.ﬂ
L60°0F

985°804b—

FOLEL—
GLOB L=

AR AR
IR
0099°6Z b~
LB0'0E "

E¥FGE _.W
GFEQEL

GO9°LE _‘\'
GEZERL—

2h (13C NMR)
Solvent: DMSO-dg with a drop of conc. HCI

20 10

30

40

180 170 160 150 140 130 120 10 100 90 a0 70 G0
1 (ppm)

190

S16



804784
okig
52479
1248
irsa
G014
LLETL
151 h./.
FivL

TR
508'L—

EZ6'L
BIE'L
ZEE°L

2i ("TH NMR)
Solvent: CDCI;

TE6LE

»EZZ
20T
Eopy
e

0T
Fouy

25 20 15 10 05 0.0

3.0

75 70 6.5 6.0 55 5.0
1 (ppmj)

a0

95 9.0

10.0

ETLOL
_.wo.hhw
BGELL

LLTE0L—

SEFEL—

mmmkmm_.
mmw.ww_..a__l
mma.hw_,)ﬁ
mwm.mw_,./
2LL0e _,#

EQ0GEL
mwa.mm_.v

BLSFFI—
ooLarl—

2i (13C NMR)
Solvent: CDClI3

ag

40

G0

T
a0

T
100

110

T T T
170 160 150

T
180

1 (ppm)

S17



Zhi'o
Phio
6240
18294
ot 9
B9
G660
5107
5E0°
bz
082
2064
6082
E1E 4
12671
DEE'/
ZEE' L
GEE'L
75674
EECS |
AR

Em.ir
GLE L

eive/
Z8L A,
5082~

soka
ma_‘.mw.
FLLE

—

2j ("TH NMR)
Solvent: CDCI;

=0ze

e

Forg
=

Fize

Fosy

9.0 8.5 a0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 a0 25 20 L 10 0.5 0.0
1 (ppm)

95

10.0

SEL°9L
mmo.t.w
028721

ogzanl—

GV EH—

V96 L bh—
IETET
SEBET I~
829421
6599217
VBB BT LT
gee e L
ot e
5ZZ5EL

BEPFFL—
LGSt L—

2j ('*C NMR)
Solvent: CDCI3

[

10

30

40

50

60

70

80

100

110

130

150

160

170

180

1 (ppm)

S18



z8lo
;GW
bhE 97
90" 4|
Zib'L
BBFL
-
BEU L
BLEL—F
v

06 La—

2k ("H NMR)
Solvent: CDCI3

80T
WDWN
502
5hz

—

JTGT

10.0

a0 25 20 L 1.0 05 0.0

5 )

9.0 8.5 a0 75 7.0 6.5 6.0 55 5.0 45 4.0
1 (ppm)

95

OeLas
mwa.th
El=]

FrLEOI—

PEZE L —
16
LPEELL—
zavezl
QENFW
6LLBLA
564 0EL
L5V OEL

aga’IEl
hmw.wm_‘\

GSEERL—
LLEOPL—

2k ('3C NMR)
Solvent: CDCl3

20

T
90 a0
™ (ppm)}

T
100

‘I‘IIU
S19

T
120

“ HIL |
1%0 'Iéﬂ 1é0 1:10 1éU

T
180

T
190




GLIZ—

B2l
LEVL
aris
05bL
EZZ°L
L2281
bl
G¥Z°L
EGZL
192°L
9i9°L
BEY°L
a0d’L
(S
gkLL
[

21 ("H NMR)
Solvent: CDCI;

o

Feeg

aL'e
=008

Fzos

1.0 05 0.0

15

20

30

ih

45

5.0
1 (ppm)

, JhJH |

)
i

6.0

95 90 85 8.0 75 70

10.0

Fibal—

¥ZLal
Nwo.t_.v
mmmt_.

260780 —

(AN
YOG LZ )
ZEB'TT -
B30z}
ma.mSM
0828247
AGEGZ -
gapee )"

029'5% b
avLsr fv.

21 (13C NMR)
Solvent: CDCI;

10

40 20

100 90 80 70 60
1 (ppm)

110

190 180 1o 160 150

200

S20



2m ('"H NMR)
Solvent: CDCI;

Is'g
Mmo.m
ooz
< 00'F

Lz

a5

40

45

50

5.5

6.0

6.5

70

75

1 (ppm)

£0479L
awa.___..__W
BEETLL

OgLenl—

LIZ8L
wmm._.m_.ﬂr
HEOLE L=
BEGHZL
mwm.hm_,y
FEERTL
BEOGEZ L
_,wm.wm_,kw

EGOGF I~
OLLirE—

2m (3C NMR)
Solvent: CDCl;

140 180 170 160 150 140 120 120 1o 100 a0 a0 Jo G0 50 40 an 20 10
1 (ppm)

200

S21



aGLe—

2n ("H NMR)
Solvent: CDCI3

S, X A

Foos

25

a0

55 5.0 45 40
1 (ppm)}

6.0

8.5 .0 85 a0 75 7.0

10.0

aroil—

FOL0L
_,ma..__.__W
GEETLL

ororaal—
[ A S

.___uh” FASN
vy
ot
snise

FRZGPL—~—
GEEATL-

2n (*°C NMR)

Solvent: CDCl;

S22



LEET—

E5¥°8
at..mvn

BlZ°L
Em.hw
GETL
BB LT
gm.m%
2572

10472
0gLs
9g4°4

20 ('H NMR)
Solvent: CDCl;

N

EED

Faz

Beeg
oz
F oo

Pt

9.5 9.0 85 80 75 7.0 6.5 6.0 5 50 45 40 ) 30 25 20 15 1.0 05 0.0
1 (ppm)

10.0

b E—

GFLOL-
wmo.hhuy
OBE™ZL

SERA0L—

ZOF G L
FLEGH-T

FEOET b=
GPGEZ—
0618217
98LBEL

SEGEEL
SLELE I~

LB G L~
O8G9F L

20 (*C NMR)
Solvent: CDCl;

M

100 a0 a0 70 60 50 40 a0 20 10

110

180 170 160 150 140 130

190

1 (ppm}

S23



Lhi—
992'z—

52019
5h0'L
vobL
2012
bl
ELL
Izl
vz 1
565,
S5
Em.ﬁ\w
089'.

2p ('"H NMR)
Solvent: CDClI3

I

Rl ]

ECzn

o

95 a0 85 80 5 7.0 6.5 6.0 55 50 45 4.0 35 A0 25 20 i 1.0 05 oo
1 (ppm)

10.0

EglBlI—
LT hE—

Glaas
mm_u.tw
0SE°LL

18400 —

0688k~
a8¥ Lzl
LEQTZT Ik
¥HEOZ b
LIVETL \
08¥'6Z 1
25901

ESDBE b

SHGGE I~
168571

2p ('3C NMR)

Solvent: CDCl;

120 110 100 a0 80 70 60 50 40 30 20 10
1 (ppm)

130

170 160 150

180

S24



VT

2q ("H NMR)
Solvent: CDCI;

A

=528

80¢Z
el
Fzzw
00z
i

85 9.0 8.5 80 75 7.0 6.5 6.0 55 50 45 4.0 35 30 25 20 15 1.0 0.5 0.0
1 (ppm)

10.0

bzal—

.:.__m_h.
mmm.hhjv
E5ETLLS

2546
SLESTL
VELET L
58452
GOS'OZL
BGE'GT ,‘./r
GG0°0E ,.W
BiLOEL

A daien
5bZ EL/

454798 —

OLEFF b~
FERGE L

2q ('3C NMR)
Solvent: CDCI;

hmm.m:\

BL0BZL
hmm.mm_‘ﬂ
BSE'GZ
S0 h:
BLVOELS
£050EL

130 128 126 124 122 120 M8 11.6
7 {ppm)

132

30 20 10

40

100 a0 80 70 60
1 (ppm)

110

120

170 160 150 140

180

S25



GELD
a5.'8
ELL8
8878
BEE'D
0069
Li68
mmm.m_v.
oke’s
Nmm..__ul\r
L9271
ole’s
OEE'L
GYE'L
LrSL
G55°L
Gi4°L
bogss

2r ("H NMR)
Solvent: CDClI3

95 8.0 a5 2.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 35 a0 25 2.0 15 10 05 0o
1 (ppm}

10.0

0z2aL
LED E_.W
GGELL

BEOTA0L—

BLZEL—
GEE° L —
LG0T
0i0°52 fV
158zt
0¥5°92 fw

GOG'LTL

LEDOEL—

9EEZRL—
ERLOFL—

2r (3C NMR)
Solvent: CDCI3

1

40 30 20 10

50

70

80

70 60 150 140 130 120 110 100

180

1 (ppm)

S26



S e e
2 R[ommobiosy
S Epgsoamao
o e e e o = e
[N SN
2s ("H NMR)
Solvent: DMSO-dg
I /ﬂ\
i N o o
I - W
0 LD P P 00 P (=]
o oo o [=)
ol i oo (o]

T L T T T T T T T T T T T T T T T T T T T T T
s 11.0 10.5 10.0 95 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 20 55 1.0 0.5 0.0
1 (ppm)

ooy Lo = T o O = e = = I Uy P o R ]
(== =} P DD O 0D — O O Mo i 0 O — DD LD D
[ 7a} OO = 0w 07D Wy e W D =t o —
o = 00 OO M~ 00 00 00 WD o O 0 D o e oo
T macienneeel oo zm&gg
VTR )N e
2s (°C NMR)
Solvent: DMSO-dg
190 180 I70 160 150 140 130 120 110 100 80 T0 60 50 40 30 20 10

S27



z0L'g-
m:.mwn
BELD
8T
[
OEEL
BFEL
GLT
6L
IR
ey 2
72529
Pro 2
POGL
PAG L]
1854
Ve
6262
GrE 2
ngead

2t ("H NMR)
Solvent: CDCI3

L

0¥
w 60'P

PED)
609

1.0 0.5 0o

5

10.0 95 a.0 85 a0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 2.0
1 (ppm}

10.5

E0L 9L
fm_u_.th\
BEETLL

aleenl—
VEO'EH—

6204 —
B56EC)
Rm.m?%
L050Z}
LIEOZ)
EZWQN
18¢°1zL
£5.8zL
861 ZE

EFEDFL—
V00 L
SES TR
Lok —

2t (13C NMR)
Solvent: CDCl;

70

a0

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

1 (ppm)

S28



A e G
SOy cmothres
SER@M O CH Do
SRRET olEEE
R R PN
=N
SN
/NS
N N\F
2u ("H NMR)
Solvent: CDCl;
] 16 yg! L
0 9~ o
o o2 8
= — o o™
95 9.0 8.5 a0 7ok 7.0 6.5 80 5.5 5.0 45 4.0 35
1 {ppm)
@ F Bl e
o g L o
£ 2 EE eda o
= = G5 oms bk 851
= SO e
N ] TN
s N
/NS
NT\F
2u ("H NMR)
Solvent: CDClI;
200 130 180 170 160 150 140 130 120 110 100 a0 80 70
1 (ppm)

S29



§il9
8240
2649
G620
6089
Al
g9z L
99Z'2
674
st
¥8Z L
LBEZL
LOE'L
FOEL
68F L
9052
899°L
1

2v ("H NMR)

Solvent

cDCl,

LE9

5.0 45 4.0 35 3.0 25 20 15
f1 (pprm)

55

6.0

95

100

aLorl—

6205017
LIzl
288 LA

CLOEE b~
TLTGTL

GOFEFE~
SELgRE-T

2v ("H NMR)

Solvent

cDCl,

Al

10

20

T T T T T T T T T
160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
170

T
180

S30



BEP
Zre'n
9570
6570
£irn
9470
5204,
ZE0 L
ar0 L
5004
020°L
080 2
580 ;1
YEDL
i
[
8504
0674
£0g 2]
BOE £
215
1z
(e
9.0
986 ¢
5604
7072
£
e i
£eri ]
Trvl
[
5P
YETL
zv5 i
LERE
£85 4
864

[EEvE
156744

N
/

Ph
2a' ('"HNMR)

N
Ph—¢
Solvent: CDCI;

=
S

5

1 (ppm}

12 T 10

14

16

BOL 8L~

Fraiss ‘V

TFE L

SFF L~
GOFSH~
Q0L b~
gLl —
el T4
gef ﬁm—V.
Y
600°8Z1
880'BZL
CFEBIL
LBE'BZL
£0g8il
B98I
BF L BLL-
BSYELL
08L 62
[l oA
\FLBEL
CEETEL
EBLtHL
gieark

o

" o

P

Ny

N

N

7

/

NS

Ph—

Ph
2a' ("HNMR)

Solvent

CDCl,

L

L)

Ul

Lt

Ll UL

it

P

Lt

el

¥

40 20 20

50

170 160 180 140 120 120 Mo 100 a0 20 70

180

1 (ppm)

S31



77.037
76718

<

oy WOoMm o @
o Moo O~ =t [
o ane on S
w© Ll e e L= Q=3
| SN W
4a ("H NMR)
Solvent: CDCl3
A m
A I s e A
(o] — o o
= = 5] =
o4 o w o™
120 115 110 105 100 9.5 8.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
1 (ppm)
i A B i
o RS bl S5 =
BEn EREES =g e
= = ol oo ==} L
S Letins ks = =
Sk ~) I
4a (3C NMR)
Solvent: CDClI;
| |
180 170 160 150 140 130 120 0 100 a0 80
1 (ppm)

S32



T
A
gi4d
0612
0z i~k
62zt~
GE9'L
f59°2
58471
]

6a ("TH NMR)
Solvent: CDClIj

Fooz

b radl

Foss

o'z
(334

10 0.5 0.0

15

a0 85 8.0 +5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 30 25 20
1 (ppmi}

9.5

10.0

EEL'BL
omo.___.__LV\.
BOETLL

ED R~
FLROZL—

:32
So.mw:
7820z}
£54°0Zb~%
;o.m?ﬂ
EE?\
E9Z°0EL
ASTZEL
aF L EEL

QL6 LFL—
GZEGFL—

6a (13C NMR)
Solvent: CDClI3

B

T T T T T T T T T T
170 160 150 140 130 120 o 100 a0 a0
1 (ppm)

T
180

S33



GEge—

azia
1248
9r.a
$E4T
SF07L
9k0L
gons
0ESL
A
Bra;
CEEVE)

6b ("H NMR)
Solvent: CDCI;

= F619

Fooez

FGEe
=402

——————mm— T ong

1.0

5

95 9.0 a5 2.0 15 7.0 6.5 6.0 55 5.0 45 40 XhH 3.0 25 20
1 (ppm)

100

002 ha—

¥zial
mwo.t_.v
GSE'LL

FEGOLL—
VEA'ELL—

LN A
026'FZ 1
a5bazl

0EL9Z)
0056 b~
02708}
AGE°0E Ta\
225Te L
BEGLE L

0Bt~
LEQRE LT

|

6b (13C NMR)
Solvent: CDCI;

il I “LJ[ \J

30 20 10

40

170 160 150 140 130 120 o 100 a0 80 70 60
1 (ppm)

180

S34



Fe557
52191
izs9
0v2°9
zve

9v29

By

09291
0801
80021
NIV
anli

G0} 4
[rANS
FAA e
L1 i
Fal 4
L0Z7i
022 4
LLE L
OZE L
GZEL
L2E L
FEE LA

|

GEE'L—

arad
a9,

O—

6c ("H NMR)
Solvent: CDCI;
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6c (°C NMR)
Solvent: CDClI3
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6d ("H NMR)
Solvent: CDClI;
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6d (°C NMR)
Solvent: CDClI3
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