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1. General information:
All reagents were purchased from commercial sources and used without further purification. 'H
NMR spectra were determined on 400 MHz spectrometer as solutions in CDCIl;. Chemical shifts
are expressed in parts per million (J) and the signals were reported as s (singlet), d (doublet), t
(triplet), m (multiplet) and coupling constants (J) were given in Hz. BC{'H} NMR spectra were
recorded at 100 MHz in CDCI; solution. Chemical shifts as internal standard are referenced to
CDCl; (0 = 7.26 for 'H and 6 = 77.16 for BC{'H} NMR) as internal standard. TLC was done on
silica gel coated glass slide. All solvents were dried and distilled before use. Commercially
available solvents were freshly distilled before the reaction. All reactions involving moisture
sensitive reactants were executed using oven dried glassware. All the imidazoheterocycles were
prepared by our reported method.!%?

2. Optimization table®

= /N
Ph catalyst CT Ph
@Ph+ C[CH?_ ‘l‘ Piperidine (1 equiv.) SN~¢
N
OH H

solvent, 120 °C Bn—"
4h O
1a 2a 3a 4aa
Entry Catalyst Additives Solvent Yields (%)
(mol%) (mol%)

1 Cul (10) Znl, (20) CHsCN 57

2 Cul (10) Znl, (20) Toluene 26

3 Cul (10) Znl, (20) 1,4-dioxane 11

4 Cul (10) Znl, (20) 1,2-DCE 28

5 Cul (10) Znl, (20) Chlorobenzene 15

6 Cul (10) Znl, (20) 1,2-DCB 72

7 Cul (10) Znl, (20) DMF 56

8 Cu,0 (10) Znl, (20) 1,2-DCB 42

9 CuBr (10) Znl, (20) 1,2-DCB 61
10 Cu(OAc),.H,0 (10) Znl, (20 1,2-DCB 80
11 Cu(OTf);, (10) Znl, (20) 1,2-DCB 79
12 CuBr, (10) Znl, (20) 1,2-DCB 82
13 CuCl, (10) Znl, (20) 1,2-DCB 78
14 Cu(OAc),.H,0 (10) AgOTf (20) 1,2-DCB 43
15 Cu(OAc),.H,0 (10) 1,10-phenanthroline 1,2-DCB 26

(20)

16 Cu(OAc),.H,0 (10) Zn(0OTf);, (20) 1,2-DCB 35
17 Cu(OAc),.H,0 (10) - 1,2-DCB 49
18 - Znl, (20) 1,2-DCB 16
19 Cu(OAc),.H,0 (20) Znl, (40) 1,2-DCB 86
20 Cu(OAc),.H,0 (10) Znl, (40) 1,2-DCB 88
21 Cu(OAc),.H,0 (10) Znl, (40) 1,2-DCB 85b, 77¢
22 Cu(OAc),.H,0 (10) Znl, (40) 1,2-DCB 539,76¢, 0

aReaction conditions: Carried out with 0.2 mmol of 1a, 0.2 mmol of 2a, piperidine (1 equiv.) and 0.21 mmol of 3a in presence of catalyst in 2 mL
of solvent for 4 h at 120 °C. ®* Temperature at 140 °C. ¢ Temperature at 80 °C for 12 h with 20 mol% catalyst. ¢ 1 equiv. pyrrolidine. ¢ 1 equiv.
morpholine. f1 equiv. 1,4-tetrahydroisoquinoline.
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3. Substrates scope of other heterocycles:

Ph Cu(OAC),.H,0 (10 mol%) O OHBn

OH @[ N l‘l Znl, (40 mol%)
“/ OH Morpholine (1 equiv.) O
1,2-DCB, 120°C OO
4h

12, 76%
Ph Cu(OAc),.H,0 (10 mol%) O

©:CHO . l‘l Znl, (40 mol%) J
OH H Morpholine (1 equiv.)
1,2-DCB, 120 °C
2a 3a X (1 equiv.), 4

X = pyridine/ imidazole/ N-methylimidazole Pyrldlne 9, 64%
Imidazole: 9, 73%
N-methyl imidazole: 9, 71%

2a 3a

4. Experimental procedures:

4.1.Typical experimental procedure for the synthesized compounds (4aa-4ak):

; Cu(OAc),.H,0 (10 mol%) )
R\/ N CHo Ph Znl, (40 mol%) & / R
N7 + If Piperidine (1 equiv.) /
OH  j 1,2-DCB, 120°C B
1 2a 3a 4h 4

A mixture of salicyaldehyde (0.2 mmol, 24 mg) (2a), piperidine (1 equiv., 17 mg),
phenylacetylene (0.21 mmol, 21 mg) (3a), and 2-phenylimidazo[1,2-a]pyridine (0.2 mmol, 38
mg) (1a) was taken in an oven dried reaction tube. Then Zinc iodide (40 mol%, 25.5 mg ), and
copper(Il) acetate monohydrate (10 mol%, 4 mg ) was added to it in 1,2-DCB (2 ml) and stirred
at 120 °C for 4 h under open atmosphere. After completion of the reaction (TLC) the reaction
was cooled to room temperature and extracted with dichloromethane. The organic phase was
dried over anhydrous Na,SO,4. The crude residue was obtained after evaporating the solvent in
vacuum and was purified by column chromatography on silica gel using a mixture petroleum
ether and ethyl acetate (75:25) as an eluting solvent to afford the pure product (4aa) (70 mg,
88%) as a white solid.
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4. 2. Typical experimental procedure for the synthesized compounds (4al-7da):

) D x

¥X N CU(OAC),. Ho0 (10 mol%) — —X__
‘\/xw/\w n @\)\ Znl, (20 mol%) R
OH Ph  1,2-DCB, 120°C N—gn
O

H
X=C,N 4h
s 6 7

A mixture of 6-phenylimidazo[2,1-b]thiazole (0.2 mmol, 40 mg) (5a) and 2-(3-phenyl-1-
(piperidin-1-yl)prop-2-yn-1-yl)phenol (0.2 mmol, 58.2 mg) (6) was taken in an oven dried
reaction tube in presence of zinc iodide (20 mol%, 12.7 mg ), and copper(Il) acetate
monohydrate (10 mol%, 4 mg ) in 1,2-DCB (2 mL) and stirred at 120 °C for 4 h under open
atmosphere. After completion of the reaction (TLC) the reaction was cooled to room temperature
and extracted with dichloromethane. The organic phase was dried over anhydrous Na,SO,. The
crude residue was obtained after evaporating the solvent in vacuum and was purified by column
chromatography on silica gel using a mixture petroleum ether and ethyl acetate (76:24) as an

eluting solvent to afford the pure product (7aa) (71%, 57 mg) as a yellow gummy mass.

4.3. Synthesis of 4aa on 5 mmol scale.

=N
N cHO Ph Cu(OAc),. Hp0 (10 mol%) Cf Ph
CNr/fph N @[ f “‘ Znl, (40 mol%) SN~/
OH H Piperidine (1 equiv.) Bn—
1a 2a 3a 1,2-DCB, 120°C O
4 h 4aa
5 mmol 5mmol 5.2 mmol 1.64 g, 82% yield

A mixture of salicyaldehyde (5 mmol, 610 mg) (2a), piperidine (5 equiv., 425 mg),
phenylacetylene (5.2 mmol, 531 mg) (3a), and 2-phenylimidazo[1,2-a]pyridine (5 mmol, 970.4
mg) (1a) was taken in an oven dried 25 mL round bottom flask. Then Zinc iodide (40 mol%,
638.4 mg ), and copper(Il) acetate monohydrate (10 mol%, 99.8 mg ) was added to it in 1,2-DCB
(10 ml) and stirred at 120 °C for 4 h under open atmosphere. After completion of the reaction
(TLC) the reaction was cooled to room temperature and extracted with dichloromethane. The
organic phase was dried over anhydrous Na,SO,. The crude residue was obtained after
evaporating the solvent in vacuum and was purified by column chromatography on silica gel
using a mixture petroleum ether and ethyl acetate (75:25) as an eluting solvent to afford the pure

product (4aa) (1.64 mg, 82%) as a white solid.
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5. Characterization data for the synthesized products:

3-(2-Benzylbenzofuran-3-yl)-2-phenylimidazo[1,2-a]pyridine (4aa): White solid (88%, 70
mg); R,=0.50 (PE : EA =75 : 25); M.p. 130-131 °C; '"H NMR (400 MHz, CDCl;): 6 7.93-7.89
(m, 3H), 7.79 (d, J = 6.4 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.53-7.48 (m, 1H), 7.44-7.39 (m,
4H), 7.37-7.35 (m, 2H), 7.26-7.23 (m, 3H), 7.07-7.05 (m, 2H), 6.85 (t, /= 6.8 Hz, 1H), 4.02-3.92
(m, 2H); BC{'H} NMR (100 MHz, CDCl;):  157.3, 154.9, 145.7, 144.4, 136.1, 133.8, 128.7,
128.5, 128.4, 128.1, 127.8, 127.7, 126.7, 125.3, 124.7, 124.1, 123.4, 119.9, 117.8, 112.6, 111.8,
111.2, 105.5, 33.6. Anal. Calcd for C3H,N,O: C, 83.98; H, 5.03; N, 7.00%; Found: C, 84.19; H,
5.07; N, 6.89%.

Me
N
Qe
(6]

3-(2-Benzylbenzofuran-3-yl)-8-methyl-2-phenylimidazo[1,2-a]pyridine (4ba): Brown gummy
mass (89%, 73 mg); R,=0.55 (PE : EA =93 : 7); '"H NMR (400 MHz, CDCl;): 6 7.77-7.75 (m,
2H), 7.53 (t, J = 8.4 Hz, 2H), 7.34-7.23 (m, 4H), 7.19 (d, J = 4.0 Hz, 2H), 7.08-7.07 (m, 3H),
7.03 (d, J= 7.2 Hz, 1H), 6.90-6.88 (m, 2H), 6.60 (t, J = 6.8 Hz, 1H), 3.84-3.72 (m, 2H), 2.75 (s,
3H); BC{'H} NMR (100 MHz, CDCl;): 6 157.1, 155.0, 146.3, 144.1, 136.3, 134.3, 128.7, 128.6,
128.4, 128.2, 127.77, 127.71, 126.6, 124.6, 123.9, 123.4, 122.0, 120.0, 112.4, 111.7, 111.6,
106.1, 33.6, 17.2; Anal. Calcd for C,oH,,N,O: C, 84.03; H, 5.35; N, 6.76%; Found: C, 83.88; H,
5.41; N, 6.68%.
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3-(2-Benzylbenzofuran-3-yl)-7-methyl-2-phenylimidazo|[1,2-a]|pyridine (4ca): Brown gummy
mass (87%, 72 mg); Ry=0.45 (PE : EA =76 : 24); 'H NMR (400 MHz, CDCl,): ¢ 7.71 (s, 3H),
7.53 (d, J = 8.0 Hz, 2H), 7.32 (t, J = 7.6 Hz, 1H), 7.21-7.13 (m, 5H), 7.08-7.06 (m, 3H), 6.86-
6.83 (m, 2H), 6.56 (d, J = 6.8 Hz, 1H), 3.77-3.67 (m, 2H), 2.44 (s, 3H); *C{'H} NMR (100
MHz, CDCly): 6 157.2, 154.9, 146.0, 143.8, 136.8, 136.1, 133.6, 128.7, 128.47, 128.40, 128.1,
127.8, 127.7, 126.6, 124.6, 123.4, 123.3, 119.8, 116.2, 115.5, 111.8, 110.7, 105.3, 33.5, 21.5;
HRMS (ESI-TOF) m/z: [M + H]" Calcd for C9H,3N,0: 415.1805; found: 415.1795.

Bn

Cho -~
N

N

7
O

3-(2-Benzylbenzofuran-3-yl)-7-chloro-2-phenylimidazo[1,2-a]pyridine (4da): White solid
(89%, 77mg); R,=0.45 (PE : EA = 78 : 22); M.p. 154-155 °C; 'H NMR (400 MHz, CDCl5): ¢
7.74-7.72 (m, 2H), 7.63 (d, J = 9.6 Hz, 1H), 7.57 (d, J = 8.4 Hz, 1H), 7.52 (s, 1H), 7.36-7.32 (m,
1H), 7.27-7.22 (m, 3H), 7.20-7.15 (m, 3H), 7.06-7.04 (m, 3H), 6.88-6.86 (m, 2H), 3.85-3.77 (m,
2H); BC{'H} NMR (100 MHz, CDCls): 6 157.6, 155.0, 145.5, 144.1, 135.8, 133.6, 128.6, 128.4,
128.1, 128.0, 127.5, 126.8, 126.4, 124.9, 123.7, 121.9, 120.7, 119.8, 117.9, 111.88, 111.80,
105.2, 33.9. Anal. Calced for C,3H;oCIN,O: C, 77.33; H, 4.40; N, 6.44%; Found: C, 77.08; H,
4.35; N, 6.51%.

Zai\
Bn

3-(2-Benzylbenzofuran-3-yl)-2-(p-tolyl)imidazo[1,2-a]|pyridine (4ea): Brown gummy mass
(73%, 60 mg); R,=0.40 (PE : EA =77 : 23); 'H NMR (400 MHz, CDCls): 6 7.76 (d, J = 9.2 Hz,
1H), 7.63-7.61 (m, 3H), 7.55 (d, J = 8.0 Hz, 1H), 7.36-7.31 (m, 1H), 7.26-7.17 (m, 3H), 7.08-
7.04 (m, 5H), 6.89-6.87 (m, 2H), 6.69 (t, J = 6.8 Hz, 1H), 3.83-3.74 (m, 2H), 2.30 (s, 3H);
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BC{'H} NMR (100 MHz, CDCls): ¢ 157.3, 155.0, 145.7, 144.6, 137.6, 136.2, 131.0, 129.3,
128.7, 128.4, 128.2, 127.5, 126.6, 125.1, 124.6, 124.1, 123.4, 120.0, 117.6, 112.4, 111.8, 110.9,
105.8, 33.6, 21.3; Anal. Calcd for C,H,,N,O: C, 84.03; H, 5.35; N, 6.76%; Found: C, 84.23; H,
5.39; N, 6.65%.

~_-N
@)

3-(2-Benzylbenzofuran-3-yl)-2-(4-methoxyphenyl)imidazo[1,2-a]pyridine  (4fa): Brown
gummy mass (71%, 61 mg); R,= 0.50 (PE : EA =76 : 24); '"H NMR (400 MHz, CDCl;): ¢ 7.81
(d, J=9.2 Hz, 1H), 7.65-7.60 (m, 3H), 7.55 (d, J = 8.4 Hz, 1H), 7.35-7.31 (m, 1H), 7.27-7.23
(m, 1H), 7.21-7.16 (m, 2H), 7.09-7.06 (m, 3H), 6.89-6.87 (m, 2H), 6.75 (d, J = 8.4 Hz, 2H), 6.69
(t, J= 6.8 Hz, 1H), 3.79-3.73 (m, 5H); *C{'H} NMR (100 MHz, CDCl;): ¢ 159.4, 157.3, 155.0,
145.7, 144.3, 136.1, 128.9, 128.7, 128.6, 128.4, 128.1, 126.6, 126.3, 125.1, 124.6, 124.1, 123 .4,
1199, 117.5,113.9, 112.4, 111.8, 105.7, 55.2, 33.6; HRMS (ESI-TOF) m/z: [M + H]" Calcd for
Cy9H,3N,0,: 431.1760; found: 431.1755.

~_N
SV
Bn

3-(2-Benzylbenzofuran-3-yl)-2-(4-fluorophenyl)imidazo|[1,2-a]pyridine (4ga): Brown gummy
mass (84%, 70 mg); R,= 0.55 (PE : EA =74 : 26); 'H NMR (400 MHz, CDCls): J 7.73-7.69 (m,
3H), 7.61 (d, J = 7.2 Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.36-7.31 (m, 1H), 7.25-7.15 (m, 3H),
7.09-7.06 (m, 3H), 6.96-6.89 (m, 4H), 6.68 (t, J= 6.8 Hz, 1H), 3.86-3.76 (m, 2H); *C{'H} NMR
(100 MHz, CDCly): 6 162.6 (Jcr = 245 Hz), 157.3, 155.0, 145.8, 143.7, 136.0, 130.2 (Jcr=3
Hz), 129.2 (Jcr = 8 Hz), 128.6, 128.4, 128.0, 126.7, 125.2, 124.8, 124.1, 123.5, 119.9, 117.6,
115.5 (Jcr=21Hz), 112.4, 111.8, 110.9, 105.6, 33.6; Anal. Calcd for C,3H9oFN,O: C, 80.37; H,
4.58; N, 6.69%; Found: C, 80.21; H, 4.51; N, 6.60%.
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3-(2-Benzylbenzofuran-3-yl)-2-(4-chlorophenyl)imidazo[1,2-a|pyridine (4ha): Light yellow
gummy mass (78%, 67 mg); R,= 0.45 (PE : EA = 80 : 20); 'H NMR (400 MHz, CDCl;): 6 7.66
(d, J=8.8 Hz, 1H), 7.59-7.56 (m, 2H), 7.53-7.48 (m, 2H), 7.28-7.23 (m, 1H), 7.19-7.06 (m, 5H),
7.00-6.96 (m, 3H), 6.82-6.79 (m, 2H), 6.62-6.59 (m, 1H), 3.78-3.67 (m, 2H); 3C{'H} NMR (100
MHz, CDCly): ¢ 157.2, 154.9, 145.8, 143.3, 135.9, 133.7, 132.5, 128.79, 128.76, 128.6, 128.4,
127.9, 126.7, 125.4, 124.8, 124.1, 123.5, 119.8, 117.6, 112.6, 111.8, 111.3, 105.4, 33.6; Anal.
Calcd for C,3H;9CIN,O: C, 77.33; H, 4.40; N, 6.44%; Found: C, 77.55; H, 4.46; N, 6.32%.

~_-N
SWaWa
O

4-(3-(2-Benzylbenzofuran-3-yl)imidazo[1,2-a]pyridin-2-yl)benzonitrile (4ia): White solid
(81%, 68 mg); R,=0.45 (PE : EA =74 : 26); M.p. 145-146 °C; 'H NMR (400 MHz, CDCl;): ¢
7.82-7.80 (m, 2H), 7.72-7.69 (m, 1H), 7.62-7.58 (m, 2H), 7.48-7.46 (m, 2H), 7.38-7.34 (m, 1H),
7.29-7.18 (m, 2H), 7.13 (d, J = 6.8 Hz, 1H), 7.10-7.02 (m, 3H), 6.88-6.86 (m, 2H), 6.74-6.70 (m,
1H), 3.88-3.76 (m, 2H); 3C{'H} NMR (100 MHz, CDCIl;): 6 157.3, 155.0, 146.0, 142.3, 138.6,
135.6, 132.3, 128.5, 127.7, 126.8, 125.9, 125.0, 124.3, 123.7, 119.7, 119.1, 117.9, 112.9, 112.6,
111.9, 111.0, 105.2, 33.7; Anal. Calcd for C,oH9N;O: C, 81.86; H, 4.50; N, 9.88%; Found: C,
82.04; H, 4.47; N, 9.98%.

~_N
Q=W
Bn/N02
@)

3-(2-Benzylbenzofuran-3-yl)-2-(3-nitrophenyl)imidazo[1,2-a]pyridine (4ja): Light yellow
gummy mass (79%, 70 mg); R,= 0.50 (PE : EA = 74 : 26); 'H NMR (400 MHz, CDCls): J 8.66
(t, J=2.0 Hz, 1H), 8.04-8.01 (m, 1H), 7.97-7.95 (m, 1H), 7.75-7.72 (m, 1H), 7.66-7.60 (m, 2H),
7.39-7.27 (m, 3H), 7.23-7.19 (m, 1H), 7.14 (d, J = 6.8 Hz, 1H), 7.06-7.02 (m, 3H), 6.92-6.89 (m,
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2H), 6.76-6.72 (m, 1H), 3.94-3.82 (m, 2H); *C{'H} NMR (100 MHz, CDCLy): & 157.4, 155.0,
148.6, 145.9, 142.0, 135.9, 135.6, 132.9, 129.3, 128.4, 127.7, 126.8, 125.8, 125.0, 124.3, 123.7,
122.3,119.7, 117.9, 112.9, 112.2, 111.9, 105.2, 33.8; HRMS (ESI-TOF) m/z: [M + H]* Calcd for
CasHaoN305: 446.1505; found: 446.1500.

~-N
QWaWats
(@)

3-(2-Benzylbenzofuran-3-yl)-2-(4-(trifluoromethyl)phenyl)imidazo[1,2-a]pyridine (4ka):
Brown gummy mass (78%, 73 mg); R,= 0.50 (PE : EA =76 : 24); 'H NMR (400 MHz, CDCls):
07.84 (d, J= 8.0 Hz, 2H), 7.73 (d, J = 9.2 Hz, 1H), 7.64-7.58 (m, 2H), 7.49 (d, J = 8.4 Hz, 2H),
7.38-7.34 (m, 1H), 7.30-7.24 (m, 1H ), 7.22-7.16 (m, 2H), 7.07-7.03 (m, 3H), 6.88-6.86 (m, 2H),
6.74-6.70 (m, 1H), 3.88-3.77 (m, 2H); *C{'H} NMR (100 MHz, CDCls): 6 157.4, 155.0, 146.0,
143.0, 137.6, 135.8, 129.7, 129.4, 128.6, 128.5, 128.0, 127.6, 126.8, 125.5 (Jcr= 12 Hz, 9 Hz),
1249, 1243, 123.7, 119.8, 1179, 112.8, 112.2, 111.9, 105.4, 33.7; Anal. Calcd for
CyH19F5N,0: C, 74.35; H, 4.09; N, 5.98%; Found: C, 74.58; H, 4.03; N, 6.09%.

2-(3-(2-Benzylbenzofuran-3-yl)imidazo[1,2-a]pyridin-2-yl)phenol (41a): White solid (85%, 70
mg); R,=0.45 (PE : EA =81 : 19); M.p. 210-211 °C; 'H NMR (400 MHz, CDCl;): 6 13.15 (br s,
1H), 7.67-7.64 (m, 1H), 7.61-7.56 (m, 2H), 7.38-7.34 (m, 1H), 7.31-7.27 (m, 2H), 7.22-7.14 (m,
3H), 7.07-7.05 (m, 4H), 6.95-6.93 (m, 2H), 6.74-6.70 (m, 1H), 6.57-6.53 (m, 1H), 3.97-3.87 (m,
2H); BC{'H} NMR (100 MHz, CDCls): 6 158.0, 157.8, 155.1, 143.38, 143.32, 135.8, 129.6,
128.7, 128.4, 127.9, 126.79, 126.70, 125.7, 124.9, 123.8, 123.6, 119.9, 118.9, 117.7, 116.7,
113.0, 111.8, 109.9, 105.7, 34.0; Anal. Calcd for C,sH,0N-O,: C, 80.75; H, 4.84; N, 6.73%;
Found: C, 80.60; H, 4.89; N, 6.65%.
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3-(2-Benzylbenzofuran-3-yl)-2-(4-(methylsulfonyl)phenyl)imidazo[1,2-a|pyridine (4ma):
Yellow gummy mass (70%, 66 mg); R,= 0.50 (PE : EA =55 : 45); 'H NMR (400 MHz, CDCls):
0792 (d,J=_8.8 Hz, 2H), 7.79-7.75 (m, 3H), 7.61 (t, /= 8.4 Hz, 21H), 7.39-7.35 (m, 1H), 7.33-
7.28 (m, 1H), 7.22 (t,J=7.6 Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 7.08-7.02 (m, 3H), 6.89-6.87 (m,
2H), 6.76-6.72 (m, 1H), 3.88-3.78 (m, 2H), 3.01 (s, 3H); BC{'H} NMR (100 MHz, CDCl3): §
157.5, 155.0, 146.0, 142.2, 139.5, 139.2, 135.6, 130.0, 128.5, 128.1, 127.8, 127.6, 127.2, 126.9,
126.1, 125.1, 124.3, 123.8, 119.7, 117.9, 113.1, 112.0, 105.1, 44.6, 33.8; Anal. Calcd for
Cy0H7»N>O5S: C, 72.78; H, 4.63; N, 5.85%; Found: C, 72.99; H, 4.59; N, 5.78%.

Za\ S
N \
Bn—

8]

3-(2-Benzylbenzofuran-3-yl)-2-(thiophen-2-yl)imidazo[1,2-a]pyridine (4na): White solid
(86%, 69 mg); R,=0.50 (PE : EA = 80 : 20); M.p. 179-180 °C; 'H NMR (400 MHz, CDCl;): ¢
7.70 (d, J = 8.8 Hz, 1H), 7.58-7.54 (m, 2H), 7.35-7.30 (m, 1H), 7.24-7.18 (m, 4H), 7.16-7.13 (m,
1H), 7.10-7.08 (m, 3H), 7.00-6.98 (m, 2H), 6.93-6.91 (m, 1H), 6.65 (t, J = 6.8 Hz, 1H), 3.95 (s,
2H); BC{'H} NMR (100 MHz, CDCl3): ¢ 157.9, 155.0, 145.6, 140.0, 137.1, 136.0, 128.6, 128.4,
127.9, 127.6, 126.7, 125.6, 125.2, 124.8, 124.6, 123.9, 123.4, 119.9, 117.3, 112.4, 111.6, 110.0,
105.0, 33.9; Anal. Calcd for C,cH sN,OS: C, 76.82; H, 4.46; N, 6.89%; Found: C, 76.63; H,
4.39; N, 6.99%.

3-(2-Benzylbenzofuran-3-yl)-2-(naphthalen-2-yl)imidazo[1,2-a]pyridine  (40a): Brown
gummy mass (78%, 70 mg); R,= 0.45 (PE : EA = 78 : 22); 'H NMR (400 MHz, CDCl;): 0 8.38
(s, 1H), 7.79-7.74 (m, 4H), 7.69-7.65 (m, 2H), 7.59 (d, J = 8.4 Hz, 1H), 7.46-7.40 (m, 2H), 7.38-
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7.34 (m, 1H), 7.29-7.20 (m, 3H), 7.03-6.95 (m, 3H), 6.87-6.85 (m, 2H), 6.70-6.69 (m, 1H), 3.86-
3.75 (m, 2H); '*C{'H} NMR (100 MHz, CDCly): 6 157.4, 155.0, 145.9, 144.4, 136.0, 133.6,
133.0, 131.5, 128.6, 128.5, 128.4, 128.3, 128.1, 127.6, 126.8, 126.6, 126.1, 125.35, 125.32,
124.8, 124.7, 124.2, 123.5, 120.0, 117.6, 112.4, 111.8, 111.6, 105.9, 33.7; Anal. Calcd for
C3,H,oN,0: C, 85.31; H, 4.92; N, 6.22%; Found: C, 85.11; H, 4.89; N, 6.30%.

Me
Za S\
N7

Bn/
(@)

3-(2-Benzylbenzofuran-3-yl)-2-isobutyl-8-methylimidazo[1,2-a]pyridine = (4pa): Brown
gummy mass (90%, 70 mg); R,= 0.60 (PE : EA = 81 : 19); 'H NMR (400 MHz, CDCl;): 6 7.53
(d, J=8.4 Hz, 1H), 7.47 (d, J = 6.8 Hz, 1H), 7.31-7.29 (m, 1H), 7.23-7.17 (m, 4H), 7.12 (d, J =
8.4 Hz, 3H), 7.00 (d, J = 7.2 Hz, 1H), 6.59 (t, J = 7.2 Hz, 1H), 4.06-3.97 (m, 2H), 2.74 (s, 3H),
2.72-2.67 (m, 1H), 2.53-2.48 (m, 1H), 2.25-2.14 (m, 1H), 0.86 (d, J = 6.8 Hz, 3H), 0.73 (d, J =
6.8 Hz, 3H); BC{'H} NMR (100 MHz, CDCl;): 6 156.9, 154.8, 145.9, 145.8, 136.6, 128.7,
128.6, 128.5, 126.84, 126.82, 124.4, 123.8, 123.2, 122.0, 119.8. 112.7, 112.0, 111.6, 105.7, 37 .4,
33.5,28.9,22.8,22.2, 17.7; Anal. Calcd for C,7H,xN,O: C, 82.20; H, 6.64; N, 7.10%; Found: C,
82.44; H, 6.69; N, 7.19%.

Me
cr
N7 O
Me
(@)

3-(2-Benzyl-5-methylbenzofuran-3-yl)-8-methyl-2-phenylimidazo[1,2-a]pyridine (4bb):
Brown gummy mass (77%, 65 mg); R,= 0.45 (PE : EA =94 : 6); 'H NMR (400 MHz, CDCl;): 6
7.78-7.76 (m, 2H), 7.52 (d, J = 6.8 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.30-7.24 (m, 3H), 7.15-
7.12 (m, 1H), 7.09-7.06 (m, 3H), 7.04-7.02 (m, 1H), 6.99 (s, 1H), 6.89-6.87 (m, 2H), 6.62 (t, J =
6.8 Hz, 1H), 3.81-3.70 (m, 2H), 2.75 (s, 3H), 2.35 (s, 3H); *C{'H} NMR (100 MHz, CDCl;): ¢
157.2, 153.4, 146.3, 144.1, 136.4, 134.4, 133.0, 131.0, 130.6, 128.7, 128.6, 128.4, 127.7, 127.6,
126.6, 125.8, 123.7, 122.1, 119.8, 112.3, 111.8, 111.2, 105.9, 33.5, 21.4, 17.2; Anal. Calcd for
C30H24N,0: C, 84.08; H, 5.65; N, 6.54%; Found: C, 84.26; H, 5.59; N, 6.42%.
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3-(2-Benzyl-5-methoxybenzofuran-3-yl)-2-phenylimidazo|[1,2-a]pyridine (4ac): Brown solid
(89%, 76 mg); R,=0.45 (PE : EA =80 : 20); M.p. 135-136 °C; 'H NMR (400 MHz, CDCl;): ¢
7.77-7.75 (m, 2H), 7.72 (d, J = 9.2 Hz, 1H), 7.61 (d, J = 6.8 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H),
7.30-7.24 (m, 3H), 7.23-7.21 (m, 1H), 7.05 (t, J = 3.6 Hz, 3H), 6.93-6.90 (m, 1H), 6.88-6.86 (m,
2H), 6.69-6.66 (m, 1H), 6.59 (d, J= 2.4 Hz, 1H), 3.82-3.73 (m, 2H), 3.66 (s, 3H); *C{'H} NMR
(100 MHz, CDCls): 0 158.0, 156.5, 149.8, 145.8, 144.5, 136.2, 134.1, 128.8, 128.7, 128.6, 128.4,
127.8, 127.5, 126.6, 125.1, 124.1, 117.6, 113.4, 112.4, 112.3, 111.2, 105.9, 102.0, 55.9, 33.8;
HRMS (ESI-TOF) m/z: [M + H]" Calcd for C,9H,3N,0,: 431.1760; found: 431.1756.

Me
~_-N
N7 O
Cl
6]

3-(2-Benzyl-5-chlorobenzofuran-3-yl)-8-methyl-2-phenylimidazo[1,2-a]pyridine (4bd):
Light yellow gummy mass (83%, 74 mg); R,= 0.50 (PE : EA = 92 : 8); 'H NMR (400 MHz,
CDCls): 0 7.74-7.72 (m, 2H), 7.48-7.43 (m, 2H), 7.30-7.24 (m, 4H), 7.16 (d, J = 2.0 Hz, 1H),
7.09-7.03 (m, 4H), 6.88-6.85 (m, 2H), 6.63 (t, J = 6.8 Hz, 1H), 3.82-3.71 (m, 2H), 2.74 (s, 3H);
BC{'H} NMR (100 MHz, CDCl3): ¢ 158.8, 153.4, 146.4, 144.5, 135.9, 134.3, 129.8, 129.2,
128.8, 128.6, 128.5, 127.9, 127.8, 127.7, 126.8, 124.9, 123.9, 121.8, 119.5, 112.8, 112.6, 110.6,
106.0, 33.6, 17.2; Anal. Calcd for Cy9H,;CIN,O: C, 77.59; H, 4.72; N, 6.24%; Found: C, 77.38;
H, 4.76; N, 6.11%.

3-(2-Benzyl-5-bromobenzofuran-3-yl)-2-phenylimidazo[1,2-a]|pyridine (4ae): Brown solid
(73%, 69 mg); R,=0.50 (PE : EA =82 : 18); M.p. 223-224 °C; 'H NMR (400 MHz, CDCl;): ¢
7.72-7.58 (m, 4H), 7.43-7.41 (m, 2H), 7.31-7.27 (m, 5H), 7.07-7.04 (m, 3H), 6.86-6.84 (m, 2H),
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6.72 (t, J = 6.8 Hz, 1H), 3.82-3.73 (m, 2H); BC{'H} NMR (100 MHz, CDCls): ¢ 158.9, 153.7,
145.9, 144.8, 135.7, 133.8, 130.2, 128.7, 128.6, 128.5, 128.0, 127.7, 127.5, 126.8, 125.3, 123.9,
122.4,117.8,116.7,113.3, 112.7, 110.2, 105.4, 33.6; Anal. Calcd for C,gH;9BrN,O: C, 70.16; H,
4.00; N, 5.84%; Found: C, 70.33; H, 3.97; N, 5.77%.

e\
N7 O
Cl
o 1
O cl
3-(2-Benzyl-5,6-dichlorobenzofuran-3-yl)-2-phenylimidazo[1,2-a|pyridine (4af): White solid
(75%, 70 mg); R,=0.45 (PE : EA =77 : 23); M.p. 165-166 °C; 'H NMR (400 MHz, CDCl;): ¢
7.71-7.68 (m, 3H), 7.48 (d, J = 6.8 Hz, 1H), 7.33 (d, J = 2.0 Hz, 1H), 7.30-7.22 (m, 4H), 7.04-
7.00 (m, 4H), 6.86-6.84 (m, 2H), 6.68 (t, J = 6.8 Hz, 1H), 3.83 (s, 2H); BC{'H} NMR (100
MHz, CDCl;): 6 160.0, 149.4, 145.9, 145.0, 135.2, 133.7, 130.8, 129.6, 128.7, 128.6, 128.5,

128.1, 127.4, 126.9, 125.4, 125.0, 123.7, 118.1, 117.8, 117.7, 112.7, 109.5, 106.4, 33.7; Anal.
Calcd for C,gH; 3sCLLN,O: C, 71.65; H, 3.87; N, 5.97%; Found: C, 71.84; H, 3.82; N, 6.05%.

=N
SVaW,
NO,
O

3-(2-Benzyl-5-nitrobenzofuran-3-yl)-2-phenylimidazo|[1,2-a]pyridine (4ag): Light yellow
solid (92%, 81 mg); R, = 0.55 (PE : EA = 76 : 24); M.p. 184-185 °C; 'H NMR (400 MHz,
CDCly): 0 8.28-8.25 (m, 1H), 8.10 (d, J = 2.4 Hz, 1H), 7.76 (d, J = 8.8 Hz, 1H), 7.70-7.68 (m,
2H), 7.64 (d, J = 9.2 Hz, 1H), 7.57 (d, J = 6.8 Hz, 1H), 7.31-7.27 (m, 4H), 7.10-7.06 (m, 3H),
6.90-6.88 (m, 2H), 6.74 (t, J = 6.8 Hz, 1H), 3.90-3.81 (m, 2H); C{'H} NMR (100 MHz,
CDCl): ¢ 161.0, 157.7, 146.1, 145.3, 144.7, 135.1, 133.7, 128.9, 128.7, 128.6, 128.2, 127.5,
127.0, 125.5, 123.6, 120.7, 117.9, 116.2, 113.0, 112.3, 109.0, 106.9, 33.8; Anal. Calcd for
CosH9N505: C, 75.49; H, 4.30; N, 9.43%; Found: C, 75.29; H, 4.36; N, 9.54%.
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3-(2-(4-Methylbenzyl)benzofuran-3-yl)-2-phenylimidazo[1,2-a]pyridine (4ah): Brown
gummy mass (79%, 65 mg); R,=0.50 (PE : EA = 78 : 22); 'H NMR (400 MHz, CDCl;): 6 7.75
(d, J=8.0 Hz, 3H), 7.62 (d, J = 6.8 Hz, 1H), 7.55 (d, J= 8.0 Hz, 1H), 7.35-7.31 (m, 1H), 7.26-
7.22 (m, 4H), 7.20-7.16 (m, 2H), 6.87 (d, J = 7.6 Hz, 2H), 6.77 (d, J = 7.6 Hz, 2H), 6.68 (t, J =
6.8 Hz, 1H), 3.80-3.71 (m, 2H), 2.21 (s, 3H); BC{'H} NMR (100 MHz, CDCl;): 6 157.6, 155.0,
145.8, 144.6, 136.3, 134.1, 133.1, 129.3, 129.1, 128.6, 128.2, 127.8, 127.6, 125.1, 124.6, 124.2,
123.4,119.9,117.7, 1124, 111.8, 111.3, 105.6, 33.3, 21.0; Anal. Calcd for C,9H,,N,O: C, 84.03;
H, 5.35; N, 6.76%; Found: C, 84.26; H, 5.40; N, 6.67%.

=N
SVaw,

MeO

3-(2-(4-Methoxybenzyl)benzofuran-3-yl)-2-phenylimidazo[1,2-a]pyridine (4ai): Light yellow
gummy mass (66%, 56 mg); R,=0.45 (PE : EA =89 : 19); 'H NMR (400 MHz, CDCls): ¢ 7.78-
7.72 (m, 3H), 7.61 (d, J=9.2 Hz, 1H), 7.55 (d, J = 8.4 Hz, 1H), 7.35-7.31 (m, 1H), 7.27-7.22 (m,
4H), 7.20-7.16 (m, 2H), 6.80-6.77 (m, 2H), 6.71-6.68 (m, 1H), 6.61-6.58 (m, 2H), 3.73 (d, J =
5.6 Hz, 2H), 3.69 (s, 3H); BC{'H} NMR (100 MHz, CDCly): ¢ 158.3, 157.7, 155.0, 145.8,
144.5, 134.0, 129.7, 128.6, 128.27, 128.21, 128.1, 127.8, 127.6, 125.1, 124.6, 124.2, 123.4,
1199, 117.7, 113.8, 112.4, 111.8, 105.4, 55.3, 32.8; HRMS (ESI-TOF) m/z: [M + H]" Calcd for
Cy9H73N>0,: 431.1760; found: 431.1758.
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3-(2-(4-(tert-Butyl)benzyl)benzofuran-3-yl)-2-phenylimidazo[1,2-a]pyridine (4aj): Brown
gummy mass (65%, 59 mg); R,=0.45 (PE : EA = 77 : 23); 'H NMR (400 MHz, CDCls): J 7.75
(br s, 3H), 7.62-7.56 (m, 2H), 7.35-7.31 (m, 1H), 7.27-7.22 (m, 4H), 7.19 (d, J = 6.4 Hz, 2H),

7.07 (d, J =

8.4 Hz, 2H), 6.81 (d, J = 8.4 Hz, 2H), 6.67 (t, J = 6.8 Hz, 1H), 3.78 (s, 2H), 1.21 (s,

9H); *C{'H} NMR (100 MHz, CDCl3): 6 157.6, 155.0, 149.5, 134.2, 133.1, 128.6, 128.3, 127.8,
127.5, 125.3, 125.0, 124.6, 124.2, 123.4, 119.9, 117.7, 113.7, 112.3, 111.7, 105.7, 34.4, 33.2,

31.4; Anal.
6.24%.

Calcd for C;,HysN,O: C, 84.18; H, 6.18; N, 6.14%; Found: C, 84.00; H, 6.12; N,

3-(2-(4-Bromobenzyl)benzofuran-3-yl)-2-phenylimidazo[1,2-a]pyridine  (4ak): Brown
gummy mass (67%, 64mg); R,= 0.40 (PE : EA = 80 : 20); '"H NMR (400 MHz, CDCls): J 7.85-
7.83 (m, 3H), 7.72-7.66 (m, 2H), 7.48-7.44 (m, 1H), 7.37-7.32 (m, 6H), 7.28-7.25 (m, 2H), 6.84-
6.79 (m, 3H), 3.89-3.79 (m, 2H); BC{'H} NMR (100 MHz, CDCl;): § 156.5, 155.0, 147.9,

144.8, 135.1

, 134.1, 131.5, 130.4, 128.7, 128.1, 127.9, 127.6, 125.2, 124.9, 124.1, 123.6, 120.6,

120.0, 117.7, 112.5, 111.8, 106.1, 33.1; Anal. Calcd for C,gH;oBrN,O: C, 70.16; H, 4.00; N,
5.84%; Found: C, 70.37; H, 4.03; N, 5.77%.

Za S\
\N/
7
(@]

3-(2-Pentylbenzofuran-3-yl)-2-phenylimidazo[1,2-a]pyridine (4al): Yellow gummy mass
(86%, 65mg); R,=0.45 (PE : EA =88 : 12); 'H NMR (400 MHz, CDCls): 6 7.80 (d, J = 8.8 Hz,
1H), 7.72-7.70 (m, 3H), 7.57 (d, J = 8.0 Hz, 1H), 7.35-7.31 (m, 1H), 7.28-7.20 (m, 4H), 7.18-
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7.14 (m, 2H), 6.76-6.72 (m, 1H), 2.48-2.34 (m, 2H), 1.54-1.45 (m, 1H), 1.40-1.32 (m, 1H), 1.07-
1.03 (m, 4H), 0.69 (t, J = 7.2 Hz, 3H); 3C{'H} NMR (100 MHz, CDCls): 5 159.5, 154.8, 145.7,
1442, 134.0, 128.4, 128.1, 127.8, 127.6, 125.1, 124.3, 124.2, 123.3, 119.8, 117.7, 112.5, 111.8,
111.5, 104.8, 31.3, 27.1, 26.9, 22.2, 13.9; Anal. Caled for CoHpuN,0: C, 82.07; H, 6.36; N,
7.36%; Found: C, 82.33; H, 6.41; N, 7.45%.

=N
SVaw,

3-(2-(Cyclopropylmethyl)benzofuran-3-yl)-2-phenylimidazo[1,2-a]pyridine (4am): Brown
gummy mass (83%, 60 mg); R,=0.50 (PE : EA =87 : 13); 'H NMR (400 MHz, CDCls): 6 7.77-
7.71 (m, 4H), 7.60 (d, J = 8.4 Hz, 1H), 7.37-7.33 (m, 1H), 7.29-7.22 (m, 4H), 7.20-7.16 (m, 2H),
6.75-6.71 (m, 1H), 2.39 (d, J = 6.8 Hz, 2H), 0.87-0.79 (m, 1H), 0.29-0.25 (m, 2H), (-)0.08- (-
)0.11 (m, 2H); BC{'H} NMR (100 MHz, CDCl3): ¢ 159.1, 154.9, 145.8, 144.3, 134.2, 128.5,
128.2,127.8, 127.5, 125.0, 124.4, 124.2, 123.3, 119.9, 117.7, 112.4, 111.63, 111.60, 105.0, 32.1,
9.1, 4.6, 4.5; Anal. Calcd for C,sH,,N,O: C, 82.39; H, 5.53; N, 7.69%; Found: C, 82.55; H, 5.60;
N, 7.61%.

S—_N
&\Nr/ Ph

Bn/
(@)

5-(2-Benzylbenzofuran-3-yl)-6-phenylimidazo[2,1-b|thiazole (7aa): yellow gummy mass
(71%, 57 mg); R,=0.45 (PE : EA =76 : 24); 'H NMR (400 MHz, CDCl;): 6 7.67-7.65 (m, 2H),
7.52 (d, J = 8.0 Hz, 1H), 7.34-7.29 (m, 1H), 7.27-7.18 (m, 5H), 7.14-7.10 (m, 3H), 6.98-6.95 (m,
3H), 6.73 (d, J = 4.8 Hz, 1H), 3.89-3.80 (m, 2H); BC{'H} NMR (100 MHz, CDCl): 6 156.4,
154.8, 149.9, 145.7, 136.4, 134.4, 129.2, 128.8, 128.6, 128.5, 128.1, 127.3, 126.8, 124.9, 124.6,
123.4,119.9, 117.9, 112.5, 111.7, 106.6, 33.7; Anal. Calcd for CpcHsN,OS: C, 76.82; H, 4.46;
N, 6.89%; Found: C, 76.60; H, 4.42; N, 7.00%.
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3-(2-Benzylbenzofuran-3-yl)-2-(4-chlorophenyl)benzo|d]imidazo[2,1-b]thiazole (7ba): Light
yellow solid (62%, 60 mg); R,= 0.45 (PE : EA =92 : 7); M.p. 215-216 °C; H NMR (400 MHz,
CDCl): 0 7.93 (d, J = 8.0 Hz, 1H), 7.75-7.72 (m, 4H), 7.68 (t, J = 1.2 Hz, 1H), 7.52-7.48 (m,
2H), 7.45-7.43 (m, 2H), 7.35-7.30 (m, 1H), 7.25-7.18 (m, 2H), 7.06 (d, J = 7.2 Hz, 2H), 6.96 (d,
J=8.0 Hz, 1H), 4.11 (s, 2H); *C{'H} NMR (100 MHz, CDCl;): ¢ 158.8, 153.4, 149.0, 145.5,
135.2, 133.4, 132.7, 132.4, 130.9, 130.4, 128.8, 128.7, 128.3, 128.1, 127.9, 126.8, 126.3, 124.9,
124.3, 122.6, 117.1, 113.4, 113.1, 112.8, 105.9, 33.9; Anal. Calcd for C;,H;oCIN,OS: C, 73.39;
H, 3.90; N, 5.71%; Found: C, 73.59; H, 3.96; N, 5.59%.

CN
= N=
NP

Bn/
(0]

3-(2-benzylbenzofuran-3-yl)indolizine-1-carbonitrile (7ca): Yellow gummy mass (53%, 36
mg); R,=0.60 (PE : EA =93 : 7); 'H NMR (400 MHz, CDCls): 6 7.79-7.73 (m, 2H), 7.53 (d, J =
8.4 Hz, 1H),7.35-7.30 (m, 1H), 7.28-7.18 (m, 4H), 7.18-7.11 (m, 4H), 7.06 (s, 1H), 6.72-6.68 (m,
1H), 4.12-4.06 (m, 2H); *C{'H} NMR (100 MHz, CDCls): ¢ 157.0, 154.5, 138.7, 136.7, 128.8,
128.6, 127.7, 127.0, 126.1, 124.9, 124.7, 123.4, 122.7, 119.9, 118.2, 118.0, 116.9, 113.0, 111.8,
106.7, 82.1, 33.4; HRMS (ESI-TOF) m/z: [M + HJ" Caled for C,4H7N,O: 349.1341; found:
349.1337.

2-(2-Benzylbenzofuran-3-yl)-3-methyl-1H-indole (7da): Brown gummy mass (45%, 30 mg);
R;=0.45 (PE : EA = 94 : 6); 'H NMR (400 MHz, CDCl5): J 7.85 (s, 1H), 7.63 (d, J = 7.6 Hz,
1H), 7.48-7.44 (m, 2H), 7.34 (d, J = 8.0 Hz, 1H), 7.30-7.14 (m, 9H), 4.14 (s, 2H), 2.28 (s, 3H);
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BC{H} NMR (100 MHz, CDCl5): ¢ 155.1, 154.5, 137.6, 136.4, 129.5, 129.4, 128.9, 128.8,
128.6, 126.8, 124.3, 123.1, 122.3, 120.2, 119.5, 118.9, 111.4, 111.0, 110.8, 33.6, 9.8; HRMS
(ESI-TOF) m/z: [M + H]" Calcd for C,4H,oNO: 338.1539; found: 338.1538.

»
%Ph

4-(2-Benzylidene-2,3-dihydrobenzofuran-3-yl)morpholine (9):2 Yellow solid (73%, 42 mg);
R;=0.45 (PE : EA =86 : 14); M.p. 102-103 °C;'H NMR (400 MHz, CDCl;): ¢ 7.55-7.53 (m,
2H), 7.50-7.44 (m, 2H), 7.35-7.32 (m, 2H), 7.29-7.16 (m, 3H), 6.66 (s, 1H), 4.51 (s, 1H), 3.73 (4,
J = 4.8 Hz, 4H), 2.51-2.44 (m, 4H); 3C{'H} NMR (100 MHz, CDCl;): § 156.9, 155.1, 138.7,
128.7, 128.6, 128.2, 127.9, 124.0, 122.8, 120.8, 111.5, 105.3, 69.8, 67.1, 52.3; Anal. Calcd for
CioH19NO,: C, 77.79; H, 6.53; N, 4.77%; Found: C, 78.01; H, 6.59; N, 4.68%.

O OH
Bn

pu—

o)

2-(2-Benzylnaphtho|2,1-b]furan-1-yl)phenol (12): Yellow solid (76%, 53 mg); R,= 0.55 (PE :
EA =94 : 6); 'H NMR (400 MHz, CDCl3): ¢ 7.87 (d, J = 8.4 Hz, 1H), 7.70 (d, J = 8.8 Hz, 1H),
7.63-7.61 (m, 2H), 7.45-7.40 (m, 2H), 7.38-7.25 (m, 4H), 7.22-7.19 (m, 3H), 7.12-7.05 (m, 2H),
5.00 (s, 1H), 4.07-3.98 (m, 2H); BC{'H} NMR (100 MHz, CDCl3): 6 154.8, 154.4, 152.4, 137.6,
131.7, 130.8, 130.4, 128.8, 128.7, 128.0, 126.8, 126.5, 125.7, 124.6, 122.7, 121.9, 121.1, 119.4,
115.8, 112.7, 112.4, 23.0; Anal. Calcd for C,5H;30,: C, 85.69; H, 5.18%; Found: C, 85.49; H,
5.22%.

6. References:

(1) (a) A. K. Bagdi, M. Rahman, S. Santra, A. Majee and A. Hajra, Adv. Synth. Catal., 2013, 355, 1741;
(b) S. Mishra, K. Monir, S. Mitra and A. Hajra, Org. Lett., 2014, 16, 6084.

(2) N. Wongsa, U. Sommart, T. Ritthiwigrom, A. Yazici, S. Kanokmedhakul, K. Kanokmedhakul, A. C.
Willis and S. G. Pyne, J. Org. Chem., 2013, 78, 1138.
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7. NMR spectra for the synthesized products
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Time 17.23
4na 0 INSTRUM apect
PROBHD 5 mm PABBO BB/
FULEROG apg3l
TD 33768
SOLVENT CDCL1Y
K3 800
o] 2
SWH 24038.461 Hz
FIDRES 0.7335%€ Hz
AO 0.6815744 sac
BE 40.87
] 20.800 usec
DE 20 uses
TE 2980 K
Bl 2.00000030 mac
Bll 0.D3I000000 sec
TCO ¥
s=s==s== CHAMHEL FI ==s=====
SRl 100.62TH5E8 MH:
RUEL 13
Pl £.90 usec
PLE1 54.00000030 W
smsmmnss CHANHEL [2 ssssms=
B0 4001516006 MME
RUCE 1H
CFDFRG |2 waltzlé
FOPD2 90,00 usec
LW 1200000000 W
FLWl2 0. 32230000 W
PLH1 3 0, 16202000 W
F2 = Processlndg parameters
31 L6384
SF 100, 6177655 MEz
WE L]
558 o
1B 1.04 Hz
GB o
PC 1.40
[l S i d TR

T T T T T T T T T T T 1
190 180 170 le0 150 140 130 120 110 100 90 80 T0 &0 50 40 30 20 10 ppm
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Current Data PArameters
HAMF, e A AAJRR 2018
EXFHO 31
FROCHO 1
F2 = Acquisition Parameters
Date 20180218
Time 18.2%
INSTRUM apect
PROBHD 5 mm PAEBO BR/
FULPROG Igpg 30
n J2vee
Bn 4 SOLVENT ChCly
Apa W5 330
Q DS 2
2WH 24039.4561 Hz
FIDRES 0.7335% Kz
AR 0.6815704 sec
Rl 106 .66
ohi 20.B0O0 usec
DE §.50 usec
TE 296.5 K
o2 2. 00000000 sec
Dll 0. 03000000 sec
TOO 1
sessssss CHANNEL [l sesssess
AFOL 100.627TA5EE MRz
[ | 13C
- Fl B.90 usec
PLWL 54 . 00000000 W
enmseaes CHANNEL f? ssssssss
BFO2 400, 1516006 MAz
HUC2 1R
CPDPFRG( 2 waltzlé
PCPD2 %0.00 usac
PLW2 12, 00000000 W
PLN12 G. 32231000 W
PLN1] Q.16212000 W
Fi - Processing parameters
51
&F 100 ELTTEET WHE
Wi EM
B5B 1]
LB L.00 Bz
GB o
PC 1.00

e i l 1 é -

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10 ppm
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LTL'D
L0
658°0
3180~

6F1°Z

8T T —

nge"z
Dos* T
FIS°Z
SES°T
5L9°T
168" 2
60L"T

LT
abL T

FPLETE
".a..)Uu.zr
nz0" ¥
nmn.at\\\

| | |
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76.84

77.47
77.16

<

—_—37.43
—33.58

—28.92

22
%

B7
28

—17.75

e2:sy

Currant Data Paramatecs
HAME

Dr.A.AAIRR 2017
Me dpa EXEHD 160
FROCHD 1
= =N F2 - Acquisiticon Parameters
M Date_ 20170125
) Time 16,17
INSTROM apect
FROBRD 5 mm FARBO HE/
Bn FULEROG zqpa30
w 12768
SCLVERT £DCLl
512
=] 2
SWH 24038.461 Hz
FIDRES 0.733586 Hz
AD ©.6815744 sec
AG 62,69
D 20.800 usec
GE 6.50 usec
TE 295.3 K
Bl 2.00000000 aec
o1l 0.03000000 sec
T 1
memmmnss CHANHEL fl =esssows
SF01 100. 6276588 Mz
HUCL 13C
Bl B.50 uses
LMWl 54. 00000000 W
e CHANNEL f] sessssss
Sroz 400. 1516006 MHz
= 1K
CPDPRG|2 waltzlé
FCPDE #0.00 uses
12,00000000 W
FLW12 0.32231000 W
BLW1Y 0. 16212000 W
:i = Processing paramstars
SF 100.6177EE8 MMz
WD EM
S5R ]
La 1.00 Hz
GB o
‘ ‘ BC 1.40
| [ ‘ | | i A ‘ L
T T T T T T T T T T T T ki T kb T T T 1
180 180 170 160 150 140 130 120 110 100 90 ] 70 &0 50 40 k1] 20 10 ppm
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LoLe
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BLL'E

tae—

€039
0z 'e
LES'9
pLB"D
EBR'9
2889
168°3
Lga"y
£66°9
620°'L
EE0°L
SEO'L
LEO"L
680°L
290°'L
TLO'L
080" L
LBO L
LED"L
9EL°L
BIT"L
LBT'L
0sST"L
FEZ'L
SEE°L
09Z°L
TLZ L
Q8L"L
06" L
BEZ L
T0E"L
ETR"L
PERL
gIs°L
SES'L
E9L"L
LIL L
LLL'L
ToeL'L
LaL'L

4bb

Me
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157.27
153.45
146.33
144.14
136.45
134.48
133.03
131.0%
130.66
128.79
128.61
12B.43
127.75
127.67
126.60
125.80
123.79
122.14
119.82
112.38

111.80

105.51
77.47
17.15

111.25
T6.83

S a4

Me 4bb
=N

g -"‘I
=
St
=
m

O

T |

-

—33.58

—21.44
—17.24

o

Current Data Parameters

HAME Dr.A.HAJRA 2018
EXFRD 301
FROCHG 1

F2 - Acquisition Parameters
Date 018021

Time 21.23
IHSTRIM apect
FROBHD 5 mm PRAEBOD BB/
PULPROG g3l

™ 12768
SOLVERT CDCLd

W5 120

DS 1

W 24038, 461 Hz
FIDRES 0.733596 Hz
RO D.6F15744 sec
BG 67.EL

oW 20,800 usec
OE E.50 usec
TE 206.4 K
Dl 2.00000000 gec
Dll 0.03000000 s&c
TOD 1
sesusses CEANNEL fl sesewss=
SPOL 100.6278568 MHz
HUC1 13C

Fl B.90 usac
FLWL 4. 00000000 W
mmmmmme— CHAHHEL 2 smsmesss
5F02 400_1516006 MHz
NUCZ 1H
CEDPRG[2 waltzlf
PCPD2 50,00 usec
FLWZ 1Z.00000000 W
FLW12 0.32231000 W
PLN13 0. 16212000 W

F2 - Processing parametars
E I

5E 1006177870 MHz
WiW EM
EBR a

LB 1.00 Hz
GB Q

PC .40

i

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
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Current Data Paramebers
P __N HAME Dr.A.BAJRA 2017
EXFPRO 1207
Qoaw o a
F2 - Acguisition Parametars
Ole Date_ o 20170715
Bn Time 11.25
[} dac INSTEUM apect
FROBHD 5 mm PARERO BB/
PULFROG 2gpq30
kel J2T6E
SOLVENT CocLy
K& 200
[ 2
R Z4036. 461 Hz
FIDRES 0, 733566 Hz
[0 Q. 6015744 anc
RG 77.5%
) 20,800 usec
DE £, 50 usec
TE 297.1 K
bl 200000000 sec
b1l 0.03000000 Sec
TOO 1
mssssnss CHAKMEL §] ssssssss
Srol Lon. 6278388 HEz
NUC1 13
¥l .90 usac
PLHL S4.00000000 W
s===zzss CHAMNEL {2 ===
SFO2 400, 1516006 MAz
HUCZ 1H
CPDPRG |2 waltzlé
FOFDE 90,00 usec
FLNZ 12, 00000000 W
PLN12 0,32231000 W
ELE13 016212000 W
Fz = Proceaslfiy parameters
31 LE3a.
sF 109.6177895 MHz
WoW B
E58 o
LB 1.00 He
GR
| | FC 1.40
|||II J|_|_J_ . %
I v T I' T T I ¥ Ll T T ] T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 ap BQ 70 60 50 40 30 20 10 ppm
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SEQ°L
BEO" L
00" L
ES0°L
£90°L
ZL0'L
§LO°L
£60° L
BE0° L
50" L
s91°L
LT —>=
LbZ L
T82°L
927 L
¥az L
AT L
BezL
96T L
00E" L
FOE L
BEFTL
09k L
BOR"L
SEb L
1ZL°L
PILL
SELTL
GEL"L
BRLL
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=
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L B B e I I Rt -l [ QA - P~ -~ " ey
S\ v | <FGade
Current Data Parameters
HAME D A.HAJRA 2016
EXFRO 1404
FROCND 1
F2 = Aequisition ?lrlutura
Me 4b'd Date_ Q‘u 20161218
Time 17.29
= =N INSTRUM spact
Y, PROBHD % wm PABBO BB/
N PULPROG zgpg 3t
bi:] 2ed
Cl SOLVENT cocl
4
o~ 1) = v
O L Z4038. 461 Nz
FIDRES 0.733536 Hz
AQ 0.6815744 sec
R E2.69
oW 20. 800 usec
DE 6.50 usec
TE 296.0 K
£l 2.00000000 sec
ol 003000000 mac
T 1
mwz===== CHANNEL F1 -
SFO1 100, 62785488 WAz
Woc1 1ac
Pl .90 usec
PLE] 5400000000 W
3P02 400, 15160“ MHz
MuCz 1H
CPDRRG (2 waltzlé
PCPD2 %0.00 usec
PLM2 1200000000 W
FLWLZ o, azaa:m W
FLW13 0. 16212000 W
F2 - Procesalng plu-ﬂ.!"
a1 16384
5F 100, 6177673 MHz
i [ ]
ssn 0
LB 1.00 Hz
GB Q
PC 1.40
T Li T LI T T T e T T T T T T T T T T T 1
180 180 170 160 150 140 130 120 110 100 90 80 10 &0 50 40 30 20 10 ppm
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D e DS WD D B0 YN T o S D O D
SR ENEPYORORNEMATECMENT -0 I~
# 4 0+ 4+ 8 B % 4 B & & 8 % & + + & & % & & W AD o
CANTNMODOOOF=SNMAMEOACON o . e
AT TE M AN NNNNNNNA A S-S O ]
ek e e Nl N el el el e el R R e e R R IS I o o L} -%‘
Current Data Parameters
HAME Dr . AL HAJRR 2018
EXPH0 JU:
PROCHD
= _—N F2 - Acquisition Parasmters
e Mt Dats_ 20180218
Tlme 10.05
Br INSTEUM spact
/ PROBHD 5 pa FABBO BB/
Bn PULFROG zgpga0
aa O w 32760
e SOLVENT cncid
M3 240
] 2
SWHE ZA038. 461 Hz
FIDRES 0.733556 Hz
i 0. 6815744 sec
HG 104. 66
2] 20.900 usec
DE .50 usec
TE 297.9% K
Dl 2,00000000 sec
Dil 0, 03000000 sec
™0 1
messmsss CHANHEL [l ssscssa=
Srol 100. 6278586 MH2
L 1 | 13¢
Fl B.%0 usec
FLW1 5400000000 W
=z==z=== CHANKEL ? s=eem=s=
SR02 400.1516006 MHz
MMC2 1H
CPDPRG[Z waltzlé
PCPDZ 50,00 usec
FLW2 12, 00000000 W
FLW12 0, 32231000 W
FLW13 0. 16212000 W
F2 - Processing parameters
51 LE3Ed
&F 100, 6177691 MH:z
WOW EH
33B o
LB 1.00 Hz
GE (]
PC 1.40
B ai e s i
T ] L ] 1 1 L) T 1 L) L) L L) T T Ll L L) T L) L
210 200 190 180 170 160 150 140 130 120 110 100 30 80 70 60 50 40 e 20 10 ppm
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160.06
149.42
145,99
145.09
135.21
133.73
130.82
129.61
128.76
128.68
128.54
128.17
127.48
126.91
125.43
125.07
123.76
118.12
117.85
117.74
112.77
109.55
106.47

NS

77.48
17.16
76.85

<

33.79

g5y

Current Data Parameters
MAME DE AL WATER

2017
EXPHO BZ1
FROCHO 1
F2 - Acquisition PAarameters
. "‘N Date_ 20180217
e N’ Time 18,54
IRSTRUM apact
C| PROBHD 5 mm PABRBO BR/S
i PULP 2gpgI0
Bn D 12768
SOLVENT COCL3
qaf O | NS 120
05 2
SWH 24036.461 Hz
FIDRES 0.7335%6 Hz
AQ 0.6615744 sec
Riz a2.6
oW 20.600 usec
0E €.50 usec
TE 296.5 K
ol 2.00000000 sec
D11 0.03000000 sec
T0G 1
masweeme CHAHNEL fl s=sse———
8FO1 104, 62TESEE MHz
HUC1 13c
Bl 8.90 usec
PL¥1 54. 00000000 W
memms=ss CHAMNEL £2 === -
EFO2 4006.1516006 MHz
wuc2 1H
CPOPRG[ 2 waltzlé
PCPD2 90.00 usec
PLM2 12.00000000 W
PLM12 4.32231000 W
PLWL13 0.16212000 W
F2 - Procesaing paramsters
s1 16384
aF 100,.6177882 MHz
WOW EM
SEB o
LB L.0D Hz
GB Q
B 1.40
p— 4l — . - T
T T T T T T T T T T T T T T T T T T T 1
180 180 170 1€0 150 140 130 120 110 100 30 80 10 &0 50 40 30 20 10 ppm
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el R R s e R T s W - T
et B e R e R R R R R R R
A A A A A A A A A A S A

f
_F_r"_

109.09
106.97

SISz

Qeay
s N
MO
il
B
"o dag

,_ﬂ | 'I Mu

77.47
T7.16
T6.84

e

33.83

e:ly

Current Data Paramercers

KRAME
EX PR
FROCHD

Dr.A, HAJRA 2017

ELr]
1

F2 = hogquisition Parameteérs

Date_
Time

[NETRUM

FROBHT

PULFROG

Th

SOLVENT
ME

]
ani
FIDREE

20170718
24.05

Epact
5 mm PABRBD BB/

zgp-q}l:l
27BE
coCl3
200
2
24038 461 Hx
0753856 Rz
2.6015744 sec
62. 69
20,800 usac
6. 50 uses

255.4 K
200000000 sec
03000000 sec

1

sessnnss CHAMMNEL f] ssssss==

H,80 w
54, 00000000 W

100.6278568 MHz
13c

Ll

CHANMEL £2 ssaszs==
400.1516006 Mz
14

waltzlE
90.00 uaec
12.00000000 W
0.32231000 W
016212000 W

F2 = Processing parameters

81
aF
WDW
358
LB
aB
(4

T RAARARAR LS L

T T I !
170 160 150 140 130 120 110 100

T
8o

I T T Ll I T il

60 50 40 30 20 10 ppm

16334
L0, 6177887 MHz
=]

1.00 Hz
1.40
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Current Data Parammters
HAME Or. A HAJRA 2017
EXPED 9ES
FROCHOD 1
FZ - Acquisition Paramsters
Date_ 20170613
Time 20,496
INSTRIM spact
FROBHD 5 mm PABBC BB/
FULPROG zgpg30
0 A27eR
SOLVENT CDCl3
RS B0
o] F
SWH 24038, 461 Hz
FIDRES 0.733556 Hz
A . 6815744 sec
R 93 .46
=] 20.BOD usec
oE 6,50 usec
TE 295.9 K
=3 2,00000000 sec
oil O, 03000000 sec
oD 1
e O L fl =e———
SF01 100, 62THSEE Mz
NUC1 13C
1 B.90 usec
FLW1 54.00000000 W
ssssasss CHANNEL (2 ssssssss
SFo2 400, 1516006 Mz
RUCE 1H
CFDPRGIZ waltzlé
FOFD2 4,00 waec
PLM2 12.00000000 W
PLW12 0.32231000 W
FLW13 0. 16212000 W
F2 = Procesaing parameters
=1 16384
5F 1006177646 Mz
WOW EM
538 o
L& 1.00 He
GE 0
FC 1.40
1 | ek Jﬂ ' | ]: \
R i g ¥ .
5 B T T T T T ] T T L) ] T Lj Ll
190 180 170 160 150 140 130 120 110 100 90 80 20 pm
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Current Data Farameters
HRAME e AL HAJRA 2017
EXFRO 337
FROCNO 1
=N
i Fi - Roquisition Farameters
= N pate 20170302
L 10.
IMSTRIM
5 me PREBO BB/
PULPROG 2qde
™ Ergl]
SOLVENT cocla
HS 640
oS 2
1 SWH 24038, 48] Hz
Mel 4ai FIDRES 0.7335%6 Hz
M 0.6815744 sec
R 77.5%
W 20,800 usec
] 6. 50 ueec
TE 297.0 K
ol 2. 00000000 sec
ol 0. 03000000 sec
TOO i
mmmm———— CHANKEL f] ss=zzzsz
EF01 100.627T858R WHz
MuC1 13C
Pl 8.50 usec
PLW1 54.,00000000 W
——— HAMNEL f? semssm==
5F02 400, 1516006 MHz
HUC2 1H
CPDPRG |2 waltzlé
PCEDZ 90.00 waec
FLWZ 12.00000000 W
PLW1Z 0. 32231000 W
F2 - Processaing parameters
51 16364
&F 100.6177T853 MHz
WiW ja
888 L}
Le 1.00 Hz
B
P 1.40
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 T0 &0 50 40 30 20 10 ppm
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. Fial i . e . . wow - -0y
=~ & oW o W0 R0 L L %
oY -0 I Nt S [l il -] - ) e
e e R b e B e e e e R e K [l =} )
ll \Wf%/ W If Current Data Faramsters
HAME Dr.A.HAJSRA 2017
EX FRO 2001
FROCHO 1
F2 = Acquisitlon Paraneters
Date_ 20170713
Time 17.58
INSTRON spect
FROBHD 5 mm PASEBO BB/
FUTLPROG e
™ 32768
SOLVEHT L= oo ]
=] 1024
[+:] 2
SWH 24038.461 Rz
FIDRES 0.733556 Hr
AR 0.6815784 sec
RG 135.7
oW 20,800 usec
CE 6. 50 usec
TE 250.0 K
ol 2,00000000 sec
oll 0.03000000 sec
™0 1
== CHANMEL {1 ——————
srol 100.6278588 MHz
HUC1 1%
Pl 8.%0 udec
FLW1 5400000000 W
cl 2
SFPo2 400.1516006 HHz
HICZ 1R
CFDFRG |2 waltzlf
PCPD, 90,00 usec
PLW2 12, 00000000 W
FLW1Z 0.32231000 W
F2 = Processing parameters
1 16364
SF 100.6177849 HHz
WO =]
S5B L
Ls 1.00 He
] 0
B 1.40
. y | |_ | o M g ’ > bkt st e s by
I I I T I L] I T T T T T T I 1 I U T T 1
190 180 170 160 150 140 130 120 110 100 90 a0 10 €0 50 40 30 20 10 ppm
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L e I e e e R R B e e e R e e e | -~ - [
NSk VYV =FGen
Current Date Paramecers
= —‘N or AL BRIRA 2017
EXFED 1218
%N EROCKC 1
F2 = Acquisiticn Paramotars
Date_ 20170715
Time 21.01
TRETRUM spect
PROBHD 5 mm PABBO BB/
PULPROG Ed k]
™ 32068
SOLVENT CDC13
Br Ks &40
os 2
SWH 29038, 461 Hz
FIDRES 0, 731596 Wz
M 0. 6815744 sec
R I06.66
e 20,800 waec
DE 6.50 vaec
TE 298.5 K
ol 2.00000000 sec
8] 0.03000000 sec
OO L
== CHAMHEL f1 ========
EFO1 100.62TRSES MAz
NOC1 13¢
Bl B.50 usec
ELW1 5400000000 W
L LT VLI i J—
SFO2 4001516006 MHz
[ iH
CPDPRG 12 Waltzlé
PCPD2 $0.00 uaec
PLW2 1200000000 W
FLW1Z 0.32231000 w
FLW13 0.16212000 W
F2 - Processing parameters
81 16364
-1 100, 6177458 MHz
WO EM
S5R 1]
18 1.00 Bz
Gl ]
B 1.40
1 g v
e ‘bR STl el o
T T T T T T Cil | T T T T T T T L T T T T 1
1%0 180 170 160 150 140 130 120 110 100 90 BO 70 &0 50 40 30 20 10 ppm
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‘ ‘ \\K\\L\%\W% Curgent Dats Parsmeters
NAME Dr.A. RA 2017
EXPNOD 2009
PROCHG 1
F2 - Acquisition Paramerera
Date_ 20[13'?:1;
Time 1d.d
= ,,-N THETRUM apact
PROBHD % mm PABBO BBS
o Nt PULBROG zgpg30
ki) J2VER
SOLVENT CDC13
dal 7 NS 300
1] 2
s SHH 24038.461 Hz
FIDRES 0.73389€ Az
AQ 0.6815784 sec
RG 711.5%
o] 20,800 asec
DE 6. 50 uses
TE 295.5 K
bl 2.00000000 sec
il 04.03000000 sec
oA 1
semerees CHAHNEL [l =s==csss
SRl 100.6278588 MHz
HURCT 13¢
Pl B, %0 usac
PLW1 54.00000000 W
rmzrzees CHAMHEL £} msssssss
SPOg q00.1516006 Mz
HIXCZ IH
CFDPRG[ 2 walbzlé
BCPDZ 90.00 usec
FLW2 1200000000 W
PLW1Z 0.32231000 W
FLW13 0.16212000 W

Fi - Proceselng parameters
51 16384

5F 100.817TTHEL Miz
Wiw A

558 @

LB 1.00 Hz
GB o

BC 1.40

T T T T T T T T T T T 1
10 180 170 160 150 140 130 120 110 100 90 a0 70 &0 50 40 30 20 10 ppm
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Current Data Parametars
HAME Dr.A-HAJRA 2017
EXPHO s0L
FROCKO i
F2 = Acgquiaition Parameters
Date 0170527
Time 20,36
IRSTRUM spect
PROBHD 5 mm PABRO BB/
PULBROG zapalt
TO 32768
CoC13
HE A0
DE 2
SWH 24038 .461 Hz
FIDRES 0.733596 Mz
Ag 0.6815744 aec
RS 135.7
Ll 20.800 usec
DE €.50 usec
TE 299.0 K
Bl 200000000 ase
B11 0. 03000000 aec
DD 1
EEEES - EL [] =====a==
EFOL 100. 6278586 MEz
HOC1 13
Fl B 50 usec
FL¥1 54.00000000 W
PCPD2 90.00 usec
PLa2 12. 00000040 W
Flal2 0.322310400 W
PLWLl . 16212000 W
F2 - Processing parameters
51 16384
SF 100.61TTA4Y MHE
WoW EN
338 [+]
LB 1.00 Hx
GB 1]
BC 1.40
5 T [ | | o U
T T T L} I T L) T T T T T T T T T T T T 1
1%¢ 180 17¢ 160 150 140 130 120 119 100 90 B0 M0 60 50 40 30 20 10 ppm
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WedhMWwohooodar- O MO0~ WD
L e R e e e L R R R
e e e e e e R e I e e ]

AN e —

SN Taa
Q\;\r —Ph

Bn—¢
)

Qoo IIH

L

77.48

77.17
76.85

\%

33.87

Ly

Current Data Paraneters

HEME Dr.A.HAJRA 2017
EXPHND 1212
FPROCHD 1

Ff = Acquigirlon Paramerers
Dare 2017071

Time 21.38
IHETRUM ot
FROGHD 5 mm PREBO BE/

FUL PROG zgpg il

TD J2TEE
SOLVENT ChOCL3

HS 40

(i) 2

EWH 22038, 461 HE
FIDRES 09,733596 He
AQ D.6E15T44 aec
R 106.66

) 20.800 uaec
DE 6590 uses
TE 298.6 K

Dl 2.00000000 sec
Bll 0.03000000 aac
DG 1

=== CHRNMEL f1

SFal 100, 62TASEE MHE
Wi 13

Fl B.490 usec
PLN1 5400000000 W
smmmmmes CHANNEL 2 memesmes
EFOT 400, 1516006 Mz
wcz i
CPOPRG( 2 waltzlé
FCPD2 50.00 usec
PLWZ 12. 00000000 W
PLW12 0.32231000 W
PLWL3 016212000 W

FZ - Frocessing parameters
51 16384

5F 100, 617TR5E MHz
WO EM

55R o

LB 1.00 Hz
GR "]

FC 140

T
180

T
180

T
170

T T T T T
1&0 150 140 130 120

T
110

T
100

T
90

S77

T
a0



BIL b ——

55679
5L6° 9
990"
BLD"L
981°L
POT L
BOZ"L
0ZT L
x5
BEZT L
ZhI L
ESZ°L
BT L
BOE“L
Te°L
LEE"L
OEE L
BPE"L
ISE°L
SEFTL
OkF L
Z5F°L
LSF"L
TBF"L
FOEL
05 L
DI L
TTEL
585" L
B8I L
169°L
BZL L
TEL L
£EL7L
BEL L
nsL L
§SL°L
TE6°L
k6L
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158.85

153.49

149.00
145.51

135.21

133,40
132.7%

132.42

130,94
130.45
12E.88

128.75

128.39

128,14

127.90
126.85
126.33

124.90
124.32
122.68

117.146

113.44

113,15
112.83

105.96

IS

17.47
T7.15

T6.84

\

33,91

ahGRen

Current Data Paramsterg

MAME Dr.h. BWRJRA 2017
EXFPRD 122%
PROCHO 1
S F2 - Acguiaitlion Parameters
r—MN Date 20170717
I Tima 5. 20
INSTRUM spact
N = PROBHD 5 mm PARBO B8/
PULPRDG 2o
Cl T 32768
/ SOLVENT ng:g
K3
Bn 03 2
EWH 4036, 46] Hz
o i FIDRES 0,733586 He
) 0.8015744 mec
iz 1BE.42
i) 20,800 ugec
nE .50 unec
TE 988 K
ol 2.00000000 sec
nll 0.03000000 sec
5 TOD 1
sreeeeee CHAMNEL f] sssssz==
8sF01 100, 6274588 MHz
k] 13
Fl 2,90 uses
FLN1 S 00000000 W
mmemasss CHAMMEL [2 ssssss==
F: 34 400_1516D0E MEZ
RuC: 1H
CFDFRG] 2 walt216
PCPD2 .00 useo
FLMZ 1200000000 W
PLW1Z 032231000 W
F2 - Prooeasling parameters
SI 16384
8F 100, 817THIE MH:
WO EM
558 o
LB 1.00 Hz
[H:] o
BC 1.40
.-hﬁﬂilﬂﬂﬂlﬂtﬂiﬂ..hiﬂ“L.‘-*ﬂﬂﬂllLlL AR dn
T T T T T T T T T T T T T T T 1
190 180 170 1léD 150 140 130 120 110 100 90 a0 T0 &0 10 ppm
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FEHMAT O AN TSN T oD D
SVIEFOOFO AT RNOA o@D O~ O -
T ECRO L T TP AACDEM D b
el R N N L e e N - I nl ah -] ™~
B e e A s L R b E o= i et T Ry ™
ON
?ca Current Data Parameters
e o HAME Or.A.HATRA 2018
EXFHD ELE]
s N PROCHO 1
F2 = Acquisition Parameters
3 Date_ 20180219
En Time 11.41
[s] THSTRIM apact
FROBHD 5 nm EREBO BEYS
PULFROG lqﬁ
™ 327
SOLVENT CoCl3
s 1024
Ds 2
EWH 24038. 461 Hz
FIDRES 0733506 Hz
Al 0.6815744 sec
RG 186,42
o 20,800 usec
DE 6,50 usec
TE 254.3 K
ol 2.00000000 sec
o1l 0. 03000000 sec
oG 1
=ssssess CHANEL [l ssssssa=
SFOl 100.62TH3E8 MEz
HoC1 130
Pl #.,50 usec
PLW1 54, 00000000 W
- CHANMEL {7 sesssss=
P02 400, L516006 MHz
NUC2 14
CPDFRGI2 waltzlé
PCTD2 B0, 00 usec
PLWZ 12. 00000000 W
PLW1Z 0. 32231000 %
F2 - Processing pacameters
&1 16384
5F 100.6177860 MHz
Wow EM
25 o
LB 1.00 Wz
G U}
PC 1.40
T ---------A| IJ" 1 e S ey
T T T T T T T T T T T T T T T T T T T T T T T
210 200 150 180 170 10 150 140 130 120 110 100 %0 80 70 &0 50 40 30 20 10 o Ppm
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411

54
137.62
120.20
119.57
118.97
111.43
111.086
110.84
T17.46
T17.14
76.83
33.860
9.81

sy

Current Data Parameters

155
<184
136.40
129.59
129.49
128,98
126, 80
128. 69
——126.88
——124.34
*{:123‘13
\122.32

HAME De. A HAJRR 2018
EXPHO 331
PROCHO 1

F2 = Acquisition Paramstera

Date_ 20180218
Time 14.45
IRSTRIM apect
PROBHD 5 mm PABBO BB/
PULPROG zgpai0

b1 32T6R
SOLVENT CDCL3

M5 40

[ 2

SWH 24038, 461 Hz
FIDRES 0,733596 H:z
AQ G.GBLSTdd sec
G 93.46

i 20.800 uaec
oE 6.50 umec
TE 296.1 X

D1 2.00000000 sec
D11 0. 03000000 sec
OO 1
——mmm——— CHANNEL ] =essssew
SF01 100. 6278588 MHz
HUC1 13C

Pl 8.%) usec
FLE1 5400000000 W
sss=ss== CHAMNEL f2 ssssse==
SFO2 &00. 1516006 HHZ
HUC2 1H
CPDPRG(Z waltzlé
PCPD2 90.00 uzec
PLWZ LZ. 00000000 W
FLW12 G.32231000 W
PLW13 016212000 W

F2 = Processing paransters
31 16384

aF LO0. 6177873 MHz
WDW ]

55B o

LB 1.0 He
G U]

PC 1.49

T T T T L] I L] T T T 1

T T T T T T T T T
1% 180 17¢ 160 150 140 130 120 110 100 50 80 70 60 50 40 30 20 10 ppm
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Current Data Paramébers
0O HAME Or . A HAJRA 2018
EX PRl 257
( PROCHO 1
[{] FZ = Acquisition Farameters
9 Date_ 20180215
Time 17.4%
THSTRIM apect
—, FROBAD % ma PABBO BB/
PULPROG zgpgld
o Fh ™ 32768
SOLVENT Ll o ]
NS 320
] 2z
SHH 24038.461 He
FIDRES 0.733556 Hz
-] 0.6815Tdd sec
RG 120.16
oW 20.800 usec
BE 6.50 usec
TE 256.0 K
ol 2, 00000000 sec
Dl 0. 02000000 sec
TOO L
memmmems CHANNEL (] ==ssss==
EFO1 100. 6278588 HHz
HUC1 13c
Fl B_90 usec
FLW1 4. DODO0O0D W
mamzmers CHANNEL f2 =szzss==
SPO2 400, 1516006 MHz
MICZ 1H
CPDPRG[2 waltzlh
PCPDQ2 50.00 usec
FLWZ 12, 00000000 W
FLW12 0. 32231000 W
FLW11 0. 16212000 w
E‘E - Processing parameters
sF 104, 6177858 MHz
WO M
228 o
LB 1.00 Hz
GB [}
PC 1.00
AL | "i | l |
Ll Ll T ¥ T T T T Ll T T T T | P T ! T T T Li T
210 200 190 180 170 160 150 140 130 120 110 100 B0 a0 70 60 50 40 Eld 20 10 0 ppm
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N

ot

SN\

O OH
B

12

77.47
77.15
76,64

<

33.03

Current
MAME

EXPNOD
FROCHO

ys:ly

Data Paramatars
br. A HAJRA 2017
1820
1

F2 - Acquisition Parameters

Date_
Time
IRETRUM
FROBAD
FULFROG

20171104
21.13

spect

% mm PABBO BB/
2qpa 30

12768

CDCL3

L]

2
24038.461 Hz
0.733596 Hz
0.6615744 sec

62.6%

20,800 usac
.50 usec

287.2 K
200000000 sec
U.I}JUUI}IUO‘? L

------ CHANNEL f] ww===m===

PLW13

100, 6278588 MHz
13X

8.90 usec
54, 00000000 W

HANMEL f2 ===== —
IDU.[&IGU?& HHz
walezlé
90.00 usec
1200000000 W
0.32231000 W
0.18212000 W

F? - Processing parameters

81
8F
Wi
558
LB
GB
BC

Jilll

T
190

T
180

T
170

L

T T T
160 150 140 130 120 110 100

90

S87

BO

T 1
10 ppm

100.E17789T MEz
EM

1]
1.00 He

.20



