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1. General Experimental Remarks

Chemicals obtained from commercial suppliers were used without further purification.
Solvents were dried under CaH, and distilled. Analytical thin layer chromatography
was performed on HSGF254 plates. Visualization was accomplished with UV light
(254 nm) or KMnO, staining. Melting points (m.p.) were determined without
correction. Flash column chromatography was performed using silica gel (200-300
mesh). Mass spectrometry data were collected with a Bruker maXis/Q-TOF
instrument for high-resolution or a Bruker amaZon SL instrument for low-resolution
with both by ESI ionization. The NMR spectra were recorded on Bruker AC 500 or
700 NMR spectrometer with TMS as an internal standard. The residual solvent peaks
were used for the chemical shifts as an internal references (ppm): 'H (CDCls: 6 7.26,
MeOD: 6 3.34, (CD;),CO: 6 2.05); 3C (CDCls: & 77.0, MeOD: & 49.0, (CDs),CO: &
30). The substrates 1a, 1i-m, 2a-k, 2n-o0 are commercial available and 1b!, 1d!, 1e¢?,
1f!, 1g?, 2m* are known and synthesized by following the previous procedure (Table
S1).

Table S1. Substrates used in this study
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2. Synthesis of the compounds

2.1 General procedure for the synthesis of 2-phenylimidazo[1,2-a]pyridines

To a 50 mL flask, 2-aminopyridines (2.0 mmol, 1.0 equiv.), 2-bromoacetophenones
(2.4 mmol, 1.2 equiv.) and NaHCOj; (4 mmol, 2.0 equiv.) were added, and the mixture
was dissolved in ethanol (10 mL) and stirred at room temperature for 24 h. After the
reaction was completed, the solvent was removed, and the residue was dissolved in
AcOEt (40 mL), washed with H,O (3 x 10 mL), and dried over Na,SO,. The organic
layer was filtered and removed under the reduced pressure. The residue was purified
with silico gel column chromatograph (PE/EA = 6:1 to 2:1 as eluent) to afford the
products.

2-(3-fluoro-4-(trifluoromethyl)phenyl)imidazo[1,2-a]pyridine (1c)
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Following the general procedure, 2-aminopyridine (188 mg) and 2-bromo-1-(4-
fluoro-3-(trifluoromethyl)phenyl)ethan-1-one (475 mg) were used, and the product 1c
was obtained as a gray solid (465 mg). Yield 83%, M.P. 142-144 °C. 'H NMR (500
MHz, CDCl;) 6 8.18 (d, J = 6.5 Hz, 1H), 8.14 (d, J = 6.4 Hz, 2H), 7.87 (s, 1H), 7.66
(d, J=9.1 Hz, 1H), 7.25 (dd, J = 20.3, 8.3 Hz, 2H), 6.84 (t, J = 6.6 Hz, 1H). 3*C NMR
(126 MHz, CDCl;) & 159.38 (d, J=257.3 Hz), 145.65, 143.24, 131.25 (d, /= 8.5 Hz),
130.15 (d, J= 3.7 Hz), 125.73, 125.52, 124.71 (d, J = 3.8 Hz), 123.66, 121.50, 118.73
(dd, J=33.0, 12.8 Hz), 117.50, 117.29 (d, /= 21.0 Hz), 113.02, 108.29. HRMS (ESI):
calcd for C14HoF4N, [M + HJ* 281.0696, found: 281.0704.

ethyl 2-phenylimidazo[1,2-a]pyridine-7-carboxylate (1h)
TO-O

Following the general procedure, ethyl 2-aminoisonicotinate (322 mg) and 2-
bromoacetophenone (682 mg) were used, and the product 1h was obtained as a slight
yellow solid (356 mg). Yield 67%, M.P.116-118 °C. '"H NMR (700 MHz, CDCl;)
8.39 (s, 1H), 8.14 (d, /= 7.0 Hz, 1H), 7.97 (d, J= 7.8 Hz, 2H), 7.96 (s, 1H), 7.46 (t,J
= 7.7 Hz, 2H), 7.40 (d, J= 7.0 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 4.41 (q, J = 7.1 Hz,
2H), 1.42 (t, J= 7.1 Hz, 3H). *C NMR (176 MHz, CDCls) & 165.13, 148.06, 144.55,
133.08, 128.83, 128.49, 126.44, 126.16, 124.97, 119.99, 111.86, 109.56, 61.51, 14.23.
HRMS (ESI): calced for CsH 5N,O, [M + H]" 267.1128, found: 267.1132.

2.2 Synthesis of N-methyl-N-(pent-4-yn-1-yl)methanesulfonamide (21)

To a 50 mL flask, 5-chloropent-1-yne (2.0 mmol, 200 mg, 1.0 equiv.), N-
methylmethanesulfonamide (2.4 mmol, 260 mg, 1.2 equiv.), Cs,CO; (3 mmol, 980
mg, 1.5 equiv.) and KI (0.2 mmol, 33 mg, 0.1 equiv.) were added, and the reaction
mixture was dissolved in DMF (6 mL) and stirred at room temperature for about 12 h.
After the reaction was completed, the solvent was removed, and the residue was
dissolved in AcOEt (50 mL), washed with H,O (3 % 15 mL), and dried over Na,SOj,.
The organic layer was filtered and removed under the reduced pressure. The residue
was purified with silico gel column chromatograph (PE/EA = 10:1 to 2:1 as eluent) to
afford the product 21 as colorless oil (280 mg). Yield 80%. 'H NMR (500 MHz,
CDCly) 6 3.23 (t, J= 7.0 Hz, 2H), 2.86 (s, 3H), 2.80 (s, 3H), 2.27 (td, J= 7.0, 2.5 Hz,
2H), 1.98 (t, J=2.6 Hz, 1H), 1.82 (p, J= 7.0 Hz, 2H). 1*C NMR (126 MHz, CDCl;) §
83.02, 69.15, 48.97, 35.40, 34.88, 26.94, 15.59. HRMS (ESI): calcd for C;H4NO,S
[M + H]" 176.0740, found: 176.0740.

2.3 Synthesis of (3S,8S,9S,10R,13R, 14S,17R)-10,13-dimethyl-17-((R)-6-
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methylheptan-2-yl)-3-(pent-4-yn-1-yloxy)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthrene (2p)

To a 50 mL flame-dried Schlenk tube backfilled with N,, NaH (4 mmol, 160 mg, 2
equiv., 56-60% in mineral oil) and anhydrous DMF (12 mL) were added. The reaction
mixture was cooled down and stirred at 0 °C, and then cholesterol (2 mmol, 770 mg, 1
equiv.) was added in portions. After 10 min, 5-chloropent-1-yne (4 mmol, 410 mg,
2.0 equiv.), KI (0.4 mmol, 66 mg, 0.2 equiv.) were added, and the mixture was stirred
at this temperature for about 20 min. The reaction was then heated at 60 °C overnight.
After completion, the reaction was quenched with ice-water, and the solvent was
removed. The residue was dissolved in AcOEt (60 mL), washed with H,O (3 x 15
mL), and dried over Na,SO,. The organic layer was filtered and removed under the
reduced pressure. The residue was purified with silico gel column chromatograph (PE
as eluent) to afford the product 2p as colorless solid (300 mg). Yield 33%, M.P. 69-72
°C. 'H NMR (500 MHz, CDCls) 6 5.35 (s, 1H), 3.55 (t, J = 6.0 Hz, 2H), 3.14 (dt, J =
15.5, 5.5 Hz, 1H), 2.36 (dd, J = 13.1, 2.3 Hz, 1H), 2.29 (td, /= 7.0, 2.4 Hz, 2H), 2.18
(t, J=11.3 Hz, 1H), 2.01 (t, J = 13.0 Hz, 2H), 1.97 — 1.91 (m, 1H), 1.91 — 1.81 (m,
3H), 1.80 — 1.73 (m, 2H), 1.56 — 1.39 (m, 6H), 1.40 — 1.28 (m, 3H), 1.29 (s, 2H), 1.18
—1.05 (m, 6H), 1.04 — 0.97 (m, 6H), 0.91 (d, J = 6.5 Hz, 4H), 0.86 (dd, J = 6.5, 1.8
Hz, 6H), 0.67 (s, 3H). 3C NMR (126 MHz, CDCl;) 6 141.03, 121.50, 84.10, 79.11,
68.33, 66.21, 56.78, 56.16, 50.20, 42.32, 39.79, 39.51, 39.15, 37.25, 36.89, 36.18,
35.78, 31.95, 31.89, 28.99, 28.44, 28.23, 28.00, 24.28, 23.82, 22.81, 22.55, 21.06,
19.38, 18.71, 15.26, 11.85. HRMS (ESI): calcd for C3;Hs;0O [M + HJ" 353.4091,
found: 353.4087.

2.4 General procedure for the synthesis of 1,2-diones

To a 10 mL vial, 2-phenylimidazo[1,2-a]pyridines (0.24 mmol, 1.2 equiv.) or other
electron-rich arenes (0.4 mmol, 2.0 equiv.), alkynes (0.2 mmol, 1.0 equiv.), 8-
methylquinoline N-oxide (0.6 mmol, 96 mg, 3.0 equiv.) and PiDalPhosAuCl (0.01
mmol, 7.0 mg, 0.05 equiv.) dissolved in DCE (2 mL) were added. AgNTf, (0.02
mmol, 8.0 mg, 0.1 equiv.) was then added and the mixture was stirred at 60 °C in air
for 24 h. After completion, the solvent was removed, and the residue was purified
directly with silico gel column chromatograph (PE/EA =15:1 to 2:1 as eluent) to
afford the product 3.

1-(4-methoxyphenyl)-2-(2-phenylimidazo[1,2-a]pyridin-3-yl)ethane-1,2-dione (3a)
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Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and 4-
ethynylanisole 2a (26.4 mg) were used, and the product 3a was obtained as a gray
solid (59 mg). Yield 83%, M.P. 163-166 °C (lit: 166-168 °C)5. 'H NMR (500 MHz,
CDCls) 6 9.84 (d, J = 6.8 Hz, 1H), 7.93 (d, J = 8.8 Hz, 1H), 7.70 (t, J= 9.2 Hz, 3H),
7.34 (d,J=7.7Hz, 2H), 7.31 — 7.26 (m, 2H), 7.13 (t, /= 7.5 Hz, 2H), 6.88 (d, J= 8.5
Hz, 2H), 3.89 (s, 3H). 3C NMR (126 MHz, CDCl3) 8 190.03, 184.99, 164.35, 158.26,
148.11, 132.83, 132.01, 130.89, 129.99, 129.40, 129.30, 127.84, 126.61, 118.92,
117.55, 115.76, 113.91, 55.55. HRMS (ESI): caled for C,,H;7;N,O3 [M + H]*
357.1234, found: 357.1228.

1-(4-methoxyphenyl)-2-(2-(4-methoxyphenyl)imidazo[1,2-a]pyridin-3-yl)ethane-
1,2-dione (3b)

OMe

Following the general procedure, 2-(4-methoxyphenyl)imidazo[1,2-a]pyridine 1b (54
mg) and 4-ethynylanisole 2a (26.4 mg) were used, and the product 3b was obtained as
a slight yellow solid (60 mg). Yield 77%, M.P. 122-125 °C. '"H NMR (500 MHz,
CDCl;) 6 9.82 (d, J = 6.8 Hz, 1H), 7.81 (d, J = 8.9 Hz, 1H), 7.73 (d, J = 8.8 Hz, 2H),
7.63 (dd, J=11.7, 42 Hz, 1H), 7.25 (d, J = 8.4 Hz, 2H), 7.19 (dd, J = 9.9, 3.9 Hz,
1H), 6.87 (d, J = 8.9 Hz, 2H), 6.64 (d, J = 8.6 Hz, 2H), 3.88 (s, 3H), 3.75 (s, 3H). 1*C
NMR (126 MHz, CDCl;) & 190.24, 184.97, 164.32, 160.57, 158.39, 148.32, 132.00,
131.39, 130.76, 129.29, 126.69, 125.39, 118.88, 117.44, 115.49, 113.87, 113.36,
55.55, 55.25. HRMS (ESI): caled for Cp3Hi9N,O4 [M + H]* 387.1339, found:
387.1347.

1-(2-(4-fluoro-3-(trifluoromethyl)phenyl)imidazo[1,2-a]pyridin-3-yl)-2-(4-
methoxyphenyl)ethane-1,2-dione (3¢)
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Following the general procedure, 2-(4-fluoro-3-(trifluoromethyl)phenyl)imidazo[1,2-
a]pyridine 1¢ (67.2 mg) and 4-ethynylanisole 2a (26.4 mg) were used, and the product
3¢ was obtained as a slight yellow solid (69 mg). Yield 78%, M.P. 145-147 °C. 'H
NMR (500 MHz, MeOD) 6 9.86 (d, J = 6.9 Hz, 1H), 7.95 — 7.84 (m, 2H), 7.69 (d, J =
8.8 Hz, 2H), 7.67 — 7.62 (m, 1H), 7.53 (d, /= 6.7 Hz, 1H), 7.47 (td, J = 6.5, 2.2 Hz,
1H), 7.27 —7.20 (t, J=9.12 Hz, 1H), 6.98 (d, J = 8.8 Hz, 2H), 4.10 — 3.73 (s, 3H). 13C
NMR (176 MHz, MeOD) 6 192.06, 186.23, 166.77, 161.56 (d, Jcr = 258.2 Hz),
156.17, 149.40, 137.57 (d, Jc.r = 9.0 Hz), 133.49, 133.17, 130.81, 130.60 (d, Jc.r =
6.8 Hz), 130.25, 127.13, 125.78, 123.47 (q, Jc.r = 271.7 Hz), 121.15, 120.53, 118.69,
118.56 (dd, Jcr=33.2, 13.0 Hz), 118.42, 118.06 (d, Jcr = 13.7 Hz), 117.81 (d, Jc.r =
21.3 Hz) 115.47, 56.28. HRMS (ESI): calcd for C,3H;5F4sN,O5 [M + H]" 443.1013,
found: 443.1029.

1-(4-methoxyphenyl)-2-(2-(naphthalen-2-yl)imidazo[1,2-a]pyridin-3-yl)ethane-
1,2-dione (3d)

OMe

Following the general procedure, 2-(naphthalen-2-yl)imidazo[1,2-a]pyridine 1d (58
mg) and 4-ethynylanisole 2a (26.4 mg) were used, and the product 3d was obtained as
a gray solid (65 mg). Yield 80%, M.P. 179-182 °C. 'H NMR (500 MHz, CDCl;) &
9.86 (d, J=5.8 Hz, 1H), 7.99 (s, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.71 (d, J = 7.9 Hz,
3H), 7.62 — 7.55 (m, 3H), 7.46 (t, J= 7.4 Hz, 1H), 7.34 (t, J= 7.2 Hz, 1H), 7.30 (d, J
=19.4 Hz, 2H), 6.77 (d, J = 6.9 Hz, 2H), 3.86 (s, 3H). 3C NMR (126 MHz, CDCl;) &
189.99, 185.12, 164.25, 158.32, 148.40, 133.50, 132.23, 131.94, 130.82, 130.66,
130.37, 129.29, 128.09, 127.99, 127.58, 126.75, 126.66, 126.58, 126.08, 119.23,
117.64, 115.68, 113.83, 55.55. HRMS (ESI): caled for CyH;9N,O3; [M + HJ]*
407.1390, found: 407.1388.
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1-(4-methoxyphenyl)-2-(7-methyl-2-(p-tolyl)imidazo[1,2-a]pyridin-3-yl)ethane-
1,2-dione (3e)

Following the general procedure, 7-methyl-2-(p-tolyl)imidazo[1,2-a]pyridine 1e (53.3
mg) and 4-ethynylanisole 2a (26.4 mg) were used, and the product 3e was obtained as
a white solid (59 mg). Yield 77%, M.P. 177-179 °C. '"H NMR (500 MHz, CDCl;) &
9.68 (d, J=7.0 Hz, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.59 (s, 1H), 7.19 (d, J = 7.9 Hz,
2H), 7.03 (d, J = 7.0 Hz, 1H), 6.91 (d, J = 7.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 3.88
(s, 3H), 2.54 (s, 3H), 2.27 (s, 3H). 3C NMR (126 MHz, CDCl;) & 190.32, 184.54,
164.25, 158.88, 148.70, 142.68, 139.30, 132.01, 130.12, 129.86, 128.50, 128.46,
126.82, 118.68, 117.94, 116.28, 113.75, 55.54, 21.71, 21.30. HRMS (ESI): calcd for
Cy4H,1N,O; [M + HJ* 385.1547, found: 385.1548.

1-(7-methoxy-2-phenylimidazo[1,2-a]pyridin-3-yl)-2-(4-methoxyphenyl)ethane-
1,2-dione (3f)

(0]
@t
MeO X N

Following the general procedure, 7-methoxy-2-phenylimidazo[1,2-a]pyridine 1f (53.7
mg) and 4-ethynylanisole 2a (26.4 mg) were used, and the product 3f was obtained as
a gray solid (54 mg). Yield 71%, M.P. 182-184 °C. 'H NMR (500 MHz, MeOD) 6
9.67 (d,J=7.6 Hz, 1H), 7.66 (d, J = 8.8 Hz, 2H), 7.32 (t, J= 7.5 Hz, 1H), 7.28 (d, J =
7.5 Hz, 2H), 7.22 (d, J = 2.5 Hz, 1H), 7.15 (t, J = 7.7 Hz, 2H), 7.09 (dd, J = 7.6, 2.5
Hz, 1H), 6.96 (d, J = 8.8 Hz, 2H), 4.05 (s, 3H), 3.91 (s, 3H). 13C NMR (126 MHz,
MeOD) 6 192.17, 185.82, 166.29, 164.39, 159.95, 151.88, 133.89, 133.19, 131.24,
131.20, 130.62, 128.83, 127.69, 119.61, 115.13, 110.93, 96.43, 56.87, 56.22. HRMS
(ESI): caled for Co3H gN,O4 [M + H]* 387.1339, found: 387.1344.

1-(6-bromo-2-phenylimidazo[1,2-a]pyridin-3-yl)-2-(4-methoxyphenyl)ethane-1,2-
dione (3g)
s7
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Following the general procedure, 6-bromo-2-phenylimidazo[1,2-a]pyridine 1g (65.3
mg) and 4-ethynylanisole 2a (26.4 mg) were used, and the product 3g was obtained as
a slight yellow solid (64 mg). Yield 74%, M.P. 169-172 °C. 'H NMR (500 MHz,
CDCls) 6 10.01 (s, 1H), 7.76 — 7.64 (m, 4H), 7.29 (t, /=79 Hz, 3H), 7.12 (t, J="7.7
Hz, 2H), 6.88 (d, J= 8.8 Hz, 2H), 3.89 (s, 3H). 3C NMR (126 MHz, CDCl;) 6 189.60,
185.14, 164.49, 158.25, 146.53, 134.10, 132.50, 132.04, 129.92, 129.58, 129.33,
127.93, 126.42, 118.95, 118.06, 113.99, 110.48, 55.58. HRMS (ESI): caled for
CH¢BrN,O; [M + H]* 435.0339, found: 435.0342.

ethyl 3-(2-(4-methoxyphenyl)-2-oxoacetyl)-2-phenylimidazo[1,2-a]pyridine-7-
carboxylate (3h)

@
EtO,C N

Following the general procedure, ethyl 2-phenylimidazo[1,2-a]pyridine-7-carboxylate
1h (64 mg) and 4-ethynylanisole 2a (26.4 mg) were used, and the product 3h was
obtained as a white solid (60.8 mg). Yield 71%, M.P. 174-177 °C. '"H NMR (500
MHz, CDCl;) 6 9.82 (d, J = 7.1 Hz, 1H), 8.51 (s, 1H), 7.78 (dd, /= 7.1, 1.0 Hz, 1H),
7.72 (d, J = 8.8 Hz, 2H), 7.34 (d, /= 7.4 Hz, 2H), 7.29 (t, /= 7.5 Hz, 1H), 7.13 (t, J =
7.6 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 4.48 (q, /= 7.1 Hz, 2H), 3.89 (s, 3H), 1.46 (t, J
=7.1 Hz, 3H). 3C NMR (126 MHz, CDCl;) 8 189.59, 185.40, 164.54, 164.18, 158.90,
147.33, 132.54, 132.09, 129.98, 129.62, 128.78, 127.96, 126.39, 119.61, 119.31,
114.83, 114.02, 62.18, 55.59, 14.22. HRMS (ESI): caled for C,5sH;N,Os [M + H]*
429.1445, found: 429.1447.

1-phenyl-2-(2-phenylimidazo|[1,2-a]pyridin-3-yl)ethane-1,2-dione (3i)
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Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and
ethynylbenzene 2b (20.4 mg) were used, and the product 3i was obtained as a slight
yellow solid (40 mg). Yield 61%, M.P. 121-123 °C (lit: 122-123 °C) 3-6. 'TH NMR (500
MHz, MeOD) 6 9.87 (d, J = 6.9 Hz, 1H), 7.94 — 7.85 (m, 2H), 7.71 (d, J = 7.3 Hz,
2H), 7.65 (t, J=7.4 Hz, 1H), 7.46 (t,J = 7.8 Hz, 3H), 7.31 (dd, J = 16.4, 7.7 Hz, 3H),
7.13 (t, J = 7.7 Hz, 2H). 3C NMR (126 MHz, MeOD) & 192.97, 186.24, 159.29,
149.49, 135.58, 134.54, 133.77, 133.36, 131.36, 130.69, 130.54, 129.82, 128.99,
120.13, 117.90, 117.75. HRMS (ESI): caled for C;;H;sN,O, [M + H]" 327.1128,
found: 327.1127.

1-(2-chlorophenyl)-2-(2-phenylimidazo[1,2-a]pyridin-3-yl)ethane-1,2-dione (3j)

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and 1-
chloro-2-ethynylbenzene 2¢ (27.2 mg) were used, and the product 3j was obtained as
a slight yellow gel (30.2 mg). Yield 42%. 'H NMR (500 MHz, CDCl;) 8 9.81 (d, J =
5.9 Hz, 1H), 8.02 (s, 1H), 7.73 (s, 1H), 7.62 (d, J = 7.3 Hz, 1H), 7.53 (d, J = 6.4 Hz,
2H), 7.47 (t,J= 7.4 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 7.30 (dd, J = 15.0, 8.6 Hz, 2H),
7.29 — 7.19 (m, 4H). *C NMR (126 MHz, MeOD) 6 191.00, 184.80, 158.37, 149.40,
136.03, 135.36, 134.13, 133.87, 133.37, 133.20, 132.13, 131.13, 130.80, 130.29,
129.23, 128.48, 119.89, 117.89, 117.72. HRMS (ESI): calcd for C,;H4CIN,O, [M +
H]* 361.0738, found: 361.0746.

1-(3-bromophenyl)-2-(2-phenylimidazo[1,2-a]pyridin-3-yl)ethane-1,2-dione (3k)
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Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and 1-
bromo-3-ethynylbenzene 2d (36 mg) were used, and the product 3k was obtained as a
yellow solid (38.8 mg). Yield 48%, M.P. 130-133 °C. '"H NMR (500 MHz, MeOD) &
9.83 (d, J= 6.8 Hz, 1H), 7.90 — 7.85 (m, 2H), 7.79 (d, J = 8.1 Hz, 1H), 7.71 (d, J =
6.4 Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H), 7.47 — 7.40 (m, 1H), 7.37 (td, J = 7.6, 3.0 Hz,
2H), 7.28 (d, J= 7.3 Hz, 2H), 7.18 (t, J= 7.7 Hz, 2H). 13C NMR (126 MHz, MeOD) &
191.54, 185.15, 159.42, 149.57, 138.22, 136.35, 133.73, 133.50, 132.72, 131.66,
131.41, 130.78, 130.55, 129.56, 129.07, 123.82, 120.12, 117.94, 117.82. HRMS (ESI):
calcd for C,;H4BrN,O, [M + H]* 405.0233, found: 405.0232, 407.0213.

1-(4-bromophenyl)-2-(2-phenylimidazo[1,2-a]pyridin-3-yl)ethane-1,2-dione  (31)

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and 1-
bromo-4-ethynylbenzene 2e (36 mg) were used, and the product 31 was obtained as a
slight yellow solid (45.2 mg). Yield 56%, M.P. 135-138 °C (138-140 °C)% 5b, 6b 1Y
NMR (700 MHz, CDCls) 6 9.82 (s, 1H), 7.92 (s, 1H), 7.71 (s, 1H), 7.57 (d, J = 25.2
Hz, 4H), 7.33 — 7.24 (m, 4H), 7.15 (s, 2H). 3C NMR (176 MHz, CDCls) 6 190.12,
183.90, 158.13, 148.06, 132.32, 132.12, 132.05, 131.58, 131.05, 130.21, 129.80,
129.68, 129.39, 128.13, 118.82, 117.77, 116.24. HRMS (ESI): calcd for
C,1H14BrN,O, [M + H]* 405.0233, found: 405.0232, 407.0211.

methyl 3-(2-oxo0-2-(2-phenylimidazo[1,2-a]pyridin-3-yl)acetyl)benzoate (3m)

MeO,C
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Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and
methyl 3-ethynylbenzoate 2f (32 mg) were used, and the product 3m was obtained as
a yellow solid (38.4 mg). Yield 50%, M.P. 173-175 °C. '"H NMR (500 MHz, CDCl3) &
9.88 (d, J = 6.7 Hz, 1H), 8.41 (s, 1H), 8.28 (d, J= 7.6 Hz, 1H), 7.93 (t, J = 7.7 Hz,
2H), 7.75 (t, J="7.8 Hz, 1H), 7.53 (t, /= 7.7 Hz, 1H), 7.38 — 7.26 (m, 4H), 7.13 (t, J =
7.5 Hz, 2H), 3.97 (s, 3H). 3C NMR (176 MHz, CDCl;) & 190.20, 183.87, 165.84,
157.73, 147.81, 134.92, 133.57, 133.46, 131.98, 131.80, 130.77, 130.19, 129.89,
129.58, 129.44, 128.96, 128.13, 118.76, 117.59, 116.40, 52.48. HRMS (ESI): calcd
for C,3H7N,O4 [M + HJ" 385.1183, found: 385.1184.

1-(2-phenylimidazo[1,2-a]pyridin-3-yl)-2-(4-(trifluoromethyl)phenyl)ethane-1,2-
dione (3n)

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and 1-
ethynyl-4-(trifluoromethyl)benzene 2g (34 mg) were used, and the product 3n was
obtained as a slight yellow solid (25.2 mg). Yield 32%, M.P. 159-162 °C (lit: 164 °C)
¢, 'TH NMR (500 MHz, CDCls) 4 9.83 (s, 1H), 7.94 (s, 1H), 7.84 (d, J = 5.5 Hz, 2H),
7.74 (s, 1H), 7.66 (d, J= 5.6 Hz, 2H), 7.30 (d, J= 6.8 Hz, 4H), 7.13 (s, 2H). *C NMR
(176 MHz, CDCl;) 6 189.92, 183.50, 158.24, 148.18, 135.93, 135.21 (q, Jcr = 32.4
Hz), 132.24, 131.86, 130.39, 130.15, 129.91, 129.50, 128.20, 125.69, 123.37 (d, Jc.r
= 272.9 Hz), 118.88, 118.00, 116.44. HRMS (ESI): caled for C,,H 4F3N,0;, [M +
H]* 395.1002, found: 395.1007.

1-(2-phenylimidazo[1,2-a]pyridin-3-yl)-2-(p-tolyl)ethane-1,2-dione (30)

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and 1-

ethynyl-4-methylbenzene 2h (23.2 mg) were used, and the product 30 was obtained as

a slight yellow solid (56.4 mg). Yield 83%, M.P. 152-155 °C (lit: 151-154 °C)5. 'H
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NMR (500 MHz, CDCls) & 9.88 — 9.79 (m, 1H), 7.89 — 7.79 (m, 1H), 7.70 — 7.57 (m,
3H), 7.35 — 7.29 (m, 2H), 7.29 — 7.21 (m, 2H), 7.20 (t, J = 7.1 Hz, 2H), 7.11 (dd, J =
7.4, 4.0 Hz, 2H), 2.41 (s, 3H).3C NMR (126 MHz, CDCl3) § 191.01, 184.81, 158.42,
148.20, 145.27, 132.84, 130.99, 130.91, 130.00, 129.72, 129.40, 129.30, 127.89,
118.88, 117.58, 115.76, 21.87. HRMS (ESI): caled for C»H;-N,0, [M + HJ*
341.1285, found: 341.1287.

1-(2-phenylimidazo[1,2-a]pyridin-3-yl)-2-(thiophen-3-yl)ethane-1,2-dione (3p)

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and 3-
ethynylthiophene 2i (21.6 mg) were used, and the product 3p was obtained as a slight
yellow solid (58.4 mg). Yield 88%, M.P. 129-132 °C. '"H NMR (500 MHz, CDCl;)
9.78 (d, J= 4.9 Hz, 1H), 8.11 (s, 1H), 7.94 (s, 1H), 7.70 (s, 1H), 7.38 (d, J = 5.0 Hz,
2H), 7.33 (t, J = 7.4 Hz, 1H), 7.30 (s, 3H), 7.20 (d, J = 5.9 Hz, 2H).!3C NMR (126
MHz, CDCl;) 6 184.67, 184.11, 157.41, 147.64, 138.43, 135.90, 132.26, 131.50,
130.05, 129.76, 129.23, 128.13, 127.19, 126.77, 118.34, 117.51, 116.20. HRMS (ESI):
caled for C19H3N,0,S [M + H]" 333.0692, found: 333.0694.

1-(2-phenylimidazo[1,2-a]pyridin-3-yl)heptane-1,2-dione (3q)

Me

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and
hept-1-yne 2j (19.2 mg) were used, and the product 3q was obtained as a slight
yellow oil (36.5 mg). Yield 57%. '"H NMR (500 MHz, CDCls) 8 9.62 (d, J = 6.4 Hz,
1H), 7.88 (d, J = 7.4 Hz, 1H), 7.65 (s, 1H), 7.53 (d, J = 5.6 Hz, 2H), 7.45 (d, J = 6.5
Hz, 3H), 7.21 (d, J = 5.9 Hz, 1H), 2.62 (t, /= 7.2 Hz, 2H), 1.37 — 1.28 (m, 2H), 1.23
(dt, J = 14.0, 7.0 Hz, 2H), 1.18 — 1.10 (m, 2H), 0.85 (t, J = 7.2 Hz, 3H). 13C NMR
(126 MHz, CDCls) 6 201.68, 185.31, 157.25, 147.80, 133.13, 131.08, 129.91, 129.83,
128.96, 128.54, 117.52, 115.87, 38.75, 31.05, 22.28, 22.08, 13.82. HRMS (ESI):
calcd for CyoH, N,O, [M + H]™ 321.1598, found: 321.1600.

4-phenyl-1-(2-phenylimidazo[1,2-a]pyridin-3-yl)butane-1,2-dione (3r)
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Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and
but-3-yn-1-ylbenzene 2k (26 mg) were used, and the product 3r was obtained as a
yellow solid (46.7 mg). Yield 83%, M.P. 113-116 °C. 'H NMR (500 MHz, CDCl;) &
9.62 (d, J=5.2 Hz, 1H), 7.94 (s, 1H), 7.68 (s, 1H), 7.56 (s, 2H), 7.55 — 7.44 (m, 3H),
7.31-7.22 (m, 3H), 7.19 (t, /= 7.3 Hz, 1H), 7.08 (d, /= 7.4 Hz, 2H), 2.97 (d,J=7.8
Hz, 2H), 2.59 (d, J = 7.1 Hz, 2H). 3C NMR (126 MHz, CDCl;) 6 200.50, 184.86,
157.19, 147.78, 140.24, 132.99, 131.29, 130.03, 129.97, 128.98, 128.64, 128.50,
128.18, 126.20, 117.51, 116.02, 40.70, 28.57. HRMS (ESI): calcd for C,3H;9N,0O, [M
+ H]" 355.1441, found: 355.1448.

5-phenoxy-1-(2-phenylimidazo[1,2-a]pyridin-3-yl)pentane-1,2-dione (3s)
OPh

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and
(pent-4-yn-1-yloxy)benzene 21 (32 mg) were used, and the product 3s was obtained as
a slight yellow solid (49 mg). Yield 83%, M.P. 75-78 °C. 'H NMR (500 MHz, CDCl;)
09.61 (d,J=6.2 Hz, 1H), 7.88 (s, 1H), 7.65 (s, 1H), 7.54 (s, 2H), 7.40 (s, 3H), 7.28 (t,
J=17.9 Hz, 2H), 7.20 (s, 1H), 6.95 (t, /= 7.3 Hz, 1H), 6.85 (d, /= 8.1 Hz, 2H), 3.82 (t,
J=5.9 Hz, 2H), 2.93 (t, J = 6.8 Hz, 2H), 1.81 — 1.78 (m, 2H)."*C NMR (126 MHz,
CDCls) 6 200.97, 184.70, 158.62, 157.58, 147.97, 133.33, 131.00, 129.79, 129.75,
129.37, 128.87, 128.57, 120.67, 117.50, 117.39, 115.80, 114.39, 66.08, 35.18, 22.28.
HRMS (ESI): calcd for C,4H,1N,O3 [M + H]* 385.1547, found: 385.1557.

N-(4,5-dioxo-5-(2-phenylimidazo[1,2-a]pyridin-3-yl)pentyl)-N-
methylmethanesulfonamide (3t)
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Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and
N-methyl-N-(pent-4-yn-1-yl)methanesulfonamide 2m (35 mg) were used, and the
product 3t was obtained as a slight yellow gel (56.7 mg). Yield 71%. '"H NMR (500
MHz, CDCl3) 6 9.61 (d, J= 6.8 Hz, 1H), 7.83 (d, J= 8.4 Hz, 1H), 7.65 (t,J= 7.9 Hz,
1H), 7.54 — 7.49 (m, 2H), 7.46 (d, J= 3.3 Hz, 3H), 7.21 (t, J= 6.9 Hz, 1H), 2.98 (t, J
= 6.9 Hz, 2H), 2.75 (t, J = 4.2 Hz, 6H), 2.72 (d, J = 7.2 Hz, 2H), 1.57 (p, J = 7.1 Hz,
2H). 13C NMR (126 MHz, CDCl3) 6 200.87, 184.51, 157.60, 148.05, 133.40, 131.17,
129.90, 129.76, 128.99, 128.55, 117.46, 115.91, 48.86, 35.61, 35.27, 34.48, 20.73.
HRMS (ESI): caled for C;0H2,N304S [M + H]" 400.1326, found: 400.1332.

5-chloro-1-(2-phenylimidazo[1,2-a]pyridin-3-yl)pentane-1,2-dione (3u)
Cl

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and 5-
chloropent-1-yne 2n (20 mg) were used, and the product 3u was obtained as a slight
white solid (45.6 mg). Yield 70%, M.P. 113-116 °C. '"H NMR (500 MHz, CDCl;) §
9.61 (d, J= 6.3 Hz, 1H), 7.88 (d, J = 7.6 Hz, 1H), 7.66 (s, 1H), 7.53 (s, 2H), 7.48 (s,
3H), 7.21 (t, J= 5.5 Hz, 1H), 3.40 (t, J = 6.1 Hz, 2H), 2.91 (t,J= 6.7 Hz, 2H), 1.82 —
1.75 (m, 2H). *C NMR (126 MHz, CDCl;) 8 200.32, 184.40, 157.65, 148.03, 133.36,
131.18, 129.88, 129.82, 128.95, 128.68, 117.61, 117.37, 115.95, 43.96, 35.64, 25.37.
HRMS (ESI): calcd for CisH;6CIN,O, [M + H]* 327.0895, found: 327.0901.

1-(2-phenylimidazo[1,2-a]pyridin-3-yl)hex-5-ene-1,2-dione (3v)
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Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and
hex-1-en-5-yne 20 (16 mg) were used, and the product 3v was obtained as a slight
yellow solid (35 mg). Yield 58%, M.P. 89-92 °C. '"H NMR (500 MHz, CDCl;) & 9.60
(d, J=6.4 Hz, 1H), 7.87 (d, J = 7.9 Hz, 1H), 7.64 (s, 1H), 7.52 (d, J = 6.1 Hz, 2H),
7.47 (dd, J=14.8, 7.1 Hz, 3H), 7.19 (t, J = 6.2 Hz, 1H), 5.66 (ddt, /= 13.1, 10.2, 6.5
Hz, 1H), 4.95 (t,J=14.2 Hz, 2H), 2.75 (t, /= 7.4 Hz, 2H), 2.04 (dd, /= 13.3, 6.5 Hz,
2H). 3C NMR (126 MHz, CDCl;) & 200.59, 184.85, 157.41, 147.88, 136.37, 133.18,
131.10, 129.84, 128.91, 128.56, 117.51, 117.43, 115.88, 115.39, 37.97, 26.46. HRMS
(ESI): caled for C19H7N,0, [M + H]* 305.1285, found: 305.1291.

5-(((3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yl)oxy)-1-(2-phenylimidazo[1,2-a]pyridin-3-
yl)pentane-1,2-dione (3w)

Following the general procedure, 2-phenylimidazo[1,2-a]pyridine 1a (46.6 mg) and
(3S,8S,9S,10R,13R,148S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-3-(pent-
4-yn-1-yloxy)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthrene 2p (90.2 mg) were used, and the product 3w was obtained
as a yellow solid (100 mg). Yield 74%, M.P. 72-75 °C. 'H NMR (500 MHz, CDCl3) &
9.63 (d,J=5.6 Hz, 1H), 7.93 (s, 1H), 7.68 (s, 1H), 7.55 (s, 2H), 7.47 (s, 3H), 7.23 (s,
1H), 5.34 (d, J=4.7 Hz, 1H), 3.33 (t,J = 5.7 Hz, 2H), 3.12 - 3.03 (m, 1H), 2.78 (t, J
= 6.0 Hz, 2H), 2.30 (d, /= 9.9 Hz, 1H), 2.15 (t, /= 11.8 Hz, 1H), 1.99 (t, /= 15.6 Hz,
2H), 1.82 (dd, J = 22.9, 9.8 Hz, 3H), 1.57 (d, J = 6.6 Hz, 3H), 1.54 — 1.47 (m, 3H),
1.43 (dd, J=18.7, 14.1 Hz, 2H), 1.39 — 1.28 (m, 4H), 1.12 (tdd, J = 23.8, 13.2, 5.2 Hz,
7H), 1.00 (d, /= 11.9 Hz, 6H), 0.94 — 0.88 (m, 4H), 0.87 (d, J= 2.1 Hz, 3H), 0.85 (d,
J=2.1Hz, 3H), 0.67 (s, 3H). *C NMR (176 MHz, CDCl;) & 201.22, 185.03, 156.88,
147.57, 140.94, 132.85, 131.37, 129.98, 129.01, 128.69, 121.55, 117.54, 117.41,
116.09, 78.93, 66.49, 56.76, 56.13, 50.18, 42.30, 39.76, 39.50, 39.14, 37.21, 36.87,
36.17, 35.77, 31.93, 31.87, 29.69, 28.43, 28.22, 28.00, 24.27, 23.80, 23.17, 22.80,
22.54, 21.05, 19.38, 18.70, 11.84. HRMS (ESI): calcd for C4sHgN,O; [M + H]*
677.4677, found: 677.4662.

2-hydroxy-1-(4-methoxyphenyl)-2-(2,4,6-trimethoxyphenyl)ethan-1-one (3x)
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Following the general procedure, 1,3,5-trimethoxybenzene 1i (67 mg) and 4-
ethynylanisole 2a (26.4 mg) were used, and the product 3x was obtained as a white
solid (43 mg). Yield 65%, M.P. 100-103 °C. '"H NMR (500 MHz, CDCl3) 8 7.81 (d, J
=7.2 Hz, 2H), 6.79 (d, /= 7.3 Hz, 2H), 6.12 (d, /= 1.5 Hz, 1H), 6.05 (d, /= 1.4 Hz,
2H), 3.79 (s, 3H), 3.76 (s, 3H), 3.74 (s, 6H). 3C NMR (126 MHz, CDCl;) & 198.60,
163.22, 161.59, 158.80, 130.30, 127.01, 113.40, 109.98, 91.05, 67.66, 55.71, 55.28,
55.23. HRMS (ESI): calcd for CigH»9Og [M + Na]* 355.1152, found: 355.1154.

2,2-di(1H-indol-3-yl)-1-(4-methoxyphenyl)ethan-1-one (3y)

OMe

Following the general procedure, indole 1j (23.4 mg) and 4-ethynylanisole 2a (26.4
mg) were used, and the product 3y was obtained as a gray solid (51 mg). Yield 67%,
M.P. 220-223 'H NMR (500 MHz, (CD;),CO) 6 10.10 (s, 2H), 8.21 (d, J = 8.8 Hz,
2H), 7.63 (d, J= 7.9 Hz, 2H), 7.38 (d, J = 8.1 Hz, 2H), 7.19 (d, J = 2.0 Hz, 2H), 7.07
(t, J=7.5Hz, 2H), 6.97 (dd, J= 7.8, 5.0 Hz, 4H), 6.65 (s, 1H), 3.84 (s, 3H). *C NMR
(126 MHz, (CD3),CO) & 196.25, 163.34, 136.98, 130.91, 130.14, 127.15, 124.30,
121.30, 119.15, 118.72, 114.26, 113.70, 111.39, 55.01, 41.67. HRMS (ESI): calcd for
C,sH,1NoNaO; [M + Na]* 403.1417, found: 403.1413.
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Table S2. Crystal data and structure refinement for 3o (CCDC 2097492). Its
thermal ellipsoid at 50% probability level

Identification code 3o
Empirical formula CoHiN20,
Formula weight 340.37
Temperature/K 110(15)
Crystal system monoclinic
Space group P2,/c

a/A 19.2136(2)
b/A 10.69070(10)
c/A 8.13480(10)
a/° 90

pB/e 98.4000(10)
v/° 90
Volume/A3 1653.02(3)
Z 4
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Paranster Talus
1 Solvent S K]
2 Spectrameter Fremency 125. 77
3 Nucleus 13¢

—83.02
—69.15
—48.97

%56

.S
WI\H Me

Me

21

35.40
34.88

N

—26.94

—16.59

150 180 170 (60 150 4D 130 120 MO (DO 90 8O0 70 GO %50
fl (ppm)

~2.00E+09
~1.30E+09
+.80E+08
-1.70E-03
~1.B0E+09
+1.50E+08
r1.40E+09
-1.30E+09
r1.20E+08
rLI0E+03
~1.00E+09
~9.00E+08
-8.00E+08
~7.00E+08
-6.00E+08
~5.00E+08
+4.00E+08
-3.00E+08
~2.00E+08
-1.00E+08
~0.00E-00
~1.00E+08
~-2.00E+08

oo o0 oo oo F50EH0T
At

1 Comment.
2 Solvemt

4 Mucleus

Paraneter
H HIE OF liacshengrang-LSRé-242-1
D13
3 Spectromster Fraquency 500. 18

2. 0E+07

F1 BT

1 0BT

9. 0E+06

4. SEH)T

~4. 0EH)T

3. BEH07

3. OB+ 7

2. SEH)T

-2, 0EHT

-1, GEH0T

~1. 0E+07

5. OEH)E

0. 0E+H)0

T T T T T T T T T T T T T
L8 W00 95 90 85 80 7.9 .0 85 60 3.5 5.0 45 4.0
£l (ppm)
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Parameter
1 Solvent.

2 Spectrometer Frequency 126. 77

3 Nucleus

Value
D13

—141.03
121.50

13C

—B84.10
—79.11

~68.33
~66.21

56.78
56.16

b

™~50.20
39.51

35.78
31.95
31.89
28.99

J
!
i

28.23
28.00

24.28
23.82
22.81

22.55
21.06
19.38
18.71

16.26
44-R5

9.

8
1. OE+]

8. 0B+
H7

6. OE-+H]
(4. UE-+043,
2. OE+08

0. OE+) p

4.

-3

2

o

T T T
00 100 180

9.85
9.84

%

Paramet.er

1 Solvent

T
170

T T T T T T
160 150 140 130 120 110

7.94
7.92
7.72
7.70
7.68
7.34
7.33
7.30
7.28
7.27
7.26
7.15
713
7.12
6.88
6.87

Value
CDC13

2 Spectrometer Frequency 500. 18

3 Nucleus

| —

1H

T
100

T T T
90 80
£1 ippn}

3.89

OMe

-10

101

S22

. O0E+08

. O0E-+HB

. OOE-+(8

. QOE+(8

. O0E-+H8

. QOE+(B

. O0E+8

. O0E+8

. O0E-+8

. O0E+8

. O0E+0

F=1. 00E+02

. BOE+HE

. BOEHB

. 40E+H8

. B0EHB

. 20EHB

. 10E+8

. DOE+HB

. OOE+07

. QOE+07

. OOE+07

. DOE+0T

. DOE+0T

. OOE+07

. OOE+07

. QOE+07

. DOE+0T

. DOE+00

1. 00E+407



1. BOE+H®

1. TOE+B

1. BOE+HS

1. BOE+H8

1. 40E+H8

1. 30E+9

1. 20E+8

1. 10E+8

1. O0E+5

9. 00E+HB

8. 00E+HB

7. O0E+8

6. 00E+E

5. O0E+HB

4. 00E+8

3. 00E+HE

2. 00E+HE

1. 00E+8

0. 00E+0

=1, 00E+08
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Parameter Valus
1 Solvent. CIC13
2 Spectrometer Frequency 126,77
3 Facleus 1
OMe
Ja
0=\-0
‘\ -“N
I
11
1
I
| L1 | ‘
| | | J
T T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 130 140 130 120 110 100 90 @ 0 60 50 40 30 20 10 0 =10
£1 (ppn}
N NOONSO——©<F— @000 OLWo ®© 10
WD BOREOORONNN- - - 009 ©
O @ = P P~ = P~ P~ P~ =~ [~ I~ =~ [~ = [~ (0 © © © 1 o
S R BN S S A W]
Parameter Value
1 Solwent CIC13
2 Spectrometer Frequency 500.18
3 Mucleus 1H
OMe
O %0
/ N
N OMe
S ‘-N
1
n A R 2,
= o, S L =
- halis B ol Bl B © o«
T T T T T T T T T T T T T T T T T T T T T T T T
1.5 10.5 9.5 90 85 80 75 %0 &5 A0 A6 HO 45 40 45 30 25 20 15 L0 05 0.0 -0.5
£1 (ppm)

4. BUEHE
2. 40EHR
2. 30EHE
2. 20E+H8
2. 10EHE
2. O0EHB
1. 90EHE
1. BOEHE
1. TOEHB
1. GOEHE
1. SOEHB
1. 40EHE
1. S0EHB
1. 20EHE
1. 10EHE
1. 00EHE
9. O0E+)T
8. 00E+0T
7. O0E+)T
6. O0E+0T
5. DOE+)T
4. O0E+)T
3. O0E+0T
2. O0E+)T
1. O0E+)T

= 0. O0E+H0

=1, QOE+0T
F—2. O0E+0T




1. 20E+8

1. 10E+8

1. OOE+8R

9. 00E+B

5. 00E+8

7. OOEH8

6. 00E+8

5. 00E+8

4. 00E+8

3. 00E+B

2. 00EH8

1. 00E+8

0. OOE+00

F—1. 00E+08

FOL BTV

. OE+0T

7. SE+0T

F7. OE+0T

6. BE+0T

6, OE+0T

5, SE+0T

8. OE+07

4. SE+0T

-4, OE+0T

3. BE+0T

3. 0EH0T

2. BE+0T

2. OE+0T

-1 BEH0T

1. 0E+07

5. OE+06

0. OE+00

=5, DE+B

<t I~ ™~ 3 NOODOODDO®O O
N o MO QOO NC O <o w0
o < <+ O ® DN — OO ®I WMo Mo
= D “om, OO0 NN e - 818
(I NV s e 7
Parameter Value
1 Solvent CIC13
2 Spectrometer Frequency 126,77
3 Mucleus 1
OMe
]
1 I
I
| 1l ]
[
£ )
h
] 1
N L]
J. " b
0 210 200 190 180 el 160 150 140 130 120 110 100 £l 0 0 a0 50 40 0 20 10 Q =10
£1 (ppm)
~ © O ®MOMIM~©OOLWst <t st N®OO M~ ©O©W s OO o
0O OVFOOCOOOOBLWLIIITYTTNNN® oD
@ @ [ S N L D U D D L S DT D N N DR S D o N S (ol (e )
=5 il nd i el e i e ol e L
Parameter Walus
1 Solvent MelD
2 Spectrometer Frequency 500,18
3 Mucleus 1H
OMe
1
l no
= N
b P . i
e omoagacg -
- Nrvrer-vea )
1.0 1.5 0.0 %5 90 85 8.0 7% 70 &5 60 55 50 45 40 d5 30 2.5 2.0 1% L0 0.5 0.0 0.5 -L0

£1 tppm)
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FE0000

45000

40000

35000

30000

25000

20000

~15000

F10000

5000
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(=, B Ol e s, WML SE 5 00000 DOl e 00 0 W0 e i v 03000 0 g0
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= e D N e
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Parameter Value |
1 Solvent MeOD OMe
2 Spectrometer Frequency 176.06
3 Mucleus 13¢C
AW
3c
/ N
N CF,
‘\ '"‘*N
F
1
1
(| T i
| L[
1" ||j
Il WAL, i
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 1% 180 170 180 150 140 130 120 110 100 20 a0 0 a0 50 40 a0 20 10 Q -10
(ppm)
@O HDOON~—— D~ ORWLWD NG © w© 2
000 ks P B P DD D SE R SR A O Rk 0 ;
@ D = P~ M~ P~ P~ P P P P P P - P~ O © © e,
e, S S
Parameter Talue
1 Solvent DC13
2 Spectrometer Frequency 500. 18
3 Fucleus i OMe
]
1]
i
l - 1
i | bl
by e i
= SfxaNToo o o]
- - “
T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 10.5 9.5 %0 85 80 75 T0 &5 60 65 50 45 40 3.5 30 L5 L0 L5 1.0 0.5 0.0 -1.0

£1 (ppn)
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1. 20EHE

-1 10EHE

1. 00E+HR

9. O0EH)T

~B. 00E+OT

7. 00E+HOT

6. D0E+0T

5. 00E+OT

4. D0E+0T

3. ODEH)T

2. ODEH)T

1. D0E+0T

0. ODEH)D

F—1. D0E+)T
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Parameter Value

1 Solwvent DC13

2 Spectrometer Frequency 125. 77

3 Hucleus 13C

OMe

5555

B, SE+08

B, OE+08

7. SE+08

7. DE+08

6, SE+08

6. OE-+08

-5, SE+08

8. 0E+08

4. GEH0B

4. OE+08

3. GEH0B

F5. OE+08

-2, GE+H0B

2. OE+08

-1, GE+0B

1. OE+08

5. OE+0T

0. OE+00

=5, DE+T

T T T T T T T T T T T T T T
200 150 180 170 160 150 140 130 120 110 100 90 80 0

£1 lppn}
@D I~ TO®M»MO 0TS N O [10]
© © FREDNT-OO0 00 ®E ©
o TOALRR 2R “
Parameter Walue
1 Comment. H IR OF lianshengrong-L3R4-193-1
2 Solwent CIC13
3 Spectrometer Frequency 500,18
4 Tucleus 1H
OMe

7 g b i
Q Lt i N
- NN ©

—2.54
—2.27

2. BEH)B

2. BEH)Z

2. 4EH0B

2. 2E+08

2. 0EH)B

1. 8BE+08

1. BEH)S

1. 4E+H0B

1. 2E+08

1. 0EH)B

(8. 0E+07

6. 0EH)T

4. 0EH)T

2. 0EH)T

< 0. 0E+00

=2, OE+07

T T T T T T T T T T
L5 1.0 10.5 10.0 9.5 90 B85 &0 75 70 &5 60 55 60 45 4.0

£1 (ppn}
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Parameter Value
1 Solvent CIC13
2 Spectrometer Frequency 126.77
OME 3 Mucleus 13C

1. 10E+8

1. 00E+8

9. 00E+E

(8. 00EHE

7. O0E+HB

6. 00E+8

5. O0E+HE

4. 00E+HB

3. 00E+HB

2. 00E+8

1. 00E+8

0. 00E+00

T T T T T T T T T T T
210 200 190 180 1700 160 150 140 130 120 110 100 90 20 kil G0 a0 40 0

n 10 0
£1 (ppm)
MO~ N - O~ OO0~ wn
000000 RO NOLNN s s s 0 0 0.00m 2
[ 00 e T S U S S R S Y S N U S Y S S Y S (o] (o] <+ @
Pkl eih s e e e T O T P P e T
= T
Parameter Value
1 Solvent M=0D
2 Spectromster Frequency 500. 18
3 Macleus 1H
OMe
I
1
|
\_/\_JQJ A
T {__bbidd bk
Q Seooqq o =
- I I ©
T T T T T T T T T T T T T T T T T T T T T T
11.5 10.5 9.8 8.0 85 80 7.5 T.0 653 &0 5 50 4% 40 35 30 25 2.0 L5 L0 0.5 0.0 0.8
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1. 00E+08

F9. 0BT

B, SE+0T

FB.0E+0T

F7.BEHIT

FT.0E+0T

6. BEHIT

F6. 0BT

5. BE+0T

FH.0EHT

4. BE+0T

4. 0E+0T

5. BEHIT

-3, 0E+0T

2. SE+0T

F2.0E+07

~1. SE+0T

~1.OE+0T

5. OE+0&

0. 0E+00

~=5. D+




4. OE+)8

3. GEH)B

3. 0EH)B

2. GEH)B

2. 0EH)3

1. BE+08

1. 0E+)B

5. 0EH)T

0. OE-+)0

~ o™~ o 3 0 M FTONO DN
= ® Ne o ® c-dNCBOorm @ ]
o0 © <+ B = OO C OO WLo Y 0004
g o E28L ©55088dZ222 ¢ B
k4 b N e | N
Paranster Value
1 Solvent He0D
2 Spectrometer Frequency 126.77
3 Hucleus 12
OMe
I
|
i ! | 1
|1
5 | LI ||
|
1% ke I g o : :
o WA ¢ i w ¥ i b
T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 10 120 110 100 90 80 0 &0 50 40 30 el 10 =10
£1 lppn}
=3 VEONNTO®D— O MO N — O~ @
o P b hallis e (R Ch O e T g (D 00) o
T NENENENENENSENENNN OO ©
) N
Parameter Value
1 Solvent CIc13
2 Spectrometer Frequency 500. 18
3 Mucleus 1H
OMe
(o]
Br
‘\ "‘N
I
|
|
|
JL —_— . . - ke 1 Y S J
o Kb o
= N e ]
- T oo ©
T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 B85 B0 .5 0 65 &40 &5 .0 4.5 4.0 35 3.0 .5 L0 1.5 Lo 05 0.0 05 -lo
£1 (pom)
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3. ZE+08

5. OE+08

2. BEH0B

-2, GE+0B

2. 4E+08

2. ZE+08

2. OE+08

1. BE+08

1. GE+02

1. 4E+08

1. ZE+08

1. OE+08

B, OE+07

&, OE+0T

4. OE+0T

-2, OE+0T

+ 0L OE+00

=2, 0E+07
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Parameter Value

1 Solvent. DC13

2 Spectrameter Fraquency 125. 77
3 Fucleus 1

OMe

—56.68

I

+

1. 30EHR

1. 20EH8

1. 10E+08

+1. O0E+HR

9. 00E+8

8. D0EH8

1. 00E+8

6. O0EH8

5. 00E+8

4. 00E+8

3. 00E+8

2. O0EH8

1. 00E+8

0. O0E+0

~—1.00E+02

T T T T T T T T T T T T T
10 200 150 180 170 160 150 140 130 120 110 100 90
£1 ppm}

—3.89
1.48
1.46
1.45

{

2. 20E+8

2. L0EHE

2. 0DEHE

1. SOE+8

1. B0E+0B

1. TOEHR

+1. GOE+HR

1. S0EHE

1. 40EHE

1. 30EHE

1. 20E+8

1. 10E+8

1. 00E+B

9. 00E+0T

~E. ODE+T

7. ODE+T

. ODE+T

5. 00E+0T

4. 00E+0T

3. 00E+0T

2. O0E+)T

1. ODE+0T

0. 0B+

-1, D0E+)7

) — —OH N O0OOAND T OON~-DON®DO O®®O
0000 o s e b e T2 CD0D . 00O O v baer v D00 LGS o b
@ @ mhhhhﬁhjrrg:r\r\r\w@w
N2 [ et ——
Parameter Value
1 Solvent [olon e}
2 Spectrometer Frequency 500, 18
3 Macleus 1H
N =
EtO,C N
[ |
| 1
| }
] |
X _
T | MY R T
o S saaace e
- - NN NN o~
—————— ‘ ‘ ‘ —— :
10.5 10.0 9.5 9.0 8.5 8.0 7.8 o 6.5 6.0 8.5 8.0 4.8
£1 (ppm)
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Parameter Value
1 Solvent C13 OMe
2 Spectrometer Frequency 12677
3 Hucleus 13
Ly
i 1 1, o
1
1
! |
I | |
e . e . L s ¥ TRGEr " i
v o hish o et u " y Mot W
T T T T T T T T T T T T T T T T T T T T T
no 190 180 170 160 150 140 130 120 110 100 a0 80 T0 &) a0 40 0 20 10 -10
1 (ppn}
Lo N e Sl e R S ) i
(A L S
Parameter Talue
1 Solvent MelD
2 Spectrometer Frequency 500. 18
3 Hucleus 1K
1
T
=
-
T T T T T T T T T T T T T T T T T T T T T T T T
1.5 1.0 10.5 10.0 9.5 9.0 85 8.0 1.8 1.0 6.5 60 595 5.0 4.5 4.0 3.9 3.0 25 2.0 1.3 1.0 0.5 0.0
£1 (ppm)
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6. SE+08

6. 0E+08

5. GE+H0B

5. 0E+08

4. GEH0B

4. 0E+08

3. BEH0B

5. 0E+08

2. BE+08

-2, 0E+08

1. GE+08

~1.0E+02

~5.0E+0T

0. 0E+00

=5, 0E+07

9. 0EH)T

8. GEH0T

8. 0E+0T

- 7. SEH)T

~7. OE+)7

6. GEH)T

6. 0EH)T

5. BEH)T

5. 0EH0T

4. SEH)T

4. OE+)7

3. SEH)T

3. 0B+ 7

2. GEH0T

F2. 0EH)T

-1, BE+)7

~1. 0EH07

5. DEH)G

0. OE-+)0

=5, OE+06




2. BEH)B

135.58
134 .54
133.77
133.36
131.36
130.68
130.54
129.82
128.99
120,13
117.90
117,75

2. BEHB

—182.97
—186.24
—169.29
—149 49

f

2. 4E+)3
Paramster Talues

1 Solvent HeOD
2 Spectromster Frequency 125.77
3 Hacleus 13

2. ZEH)3

2. OE-+)8

~1. BE+08

1. GE+08

1. 46408

. ZE408

. OE+08

. OE+07

. OE+07

. OE+07

. OE+07

. OE+00

=2, OE+07

T T T T T T T T T T T T T T T T
230 2x 210 200 190 180 170 180 150 140 130 120 110 100 90 el kil a0 50 40 30 ol 10 0 -0 -20
£1 (ppm)

FLl. e

(o8
9 .81
18.02
17.73
7.62
761
7,54
JrT 52
748
-7 47
-7 45
739
1%37
L7 32
L7 31
L7 30
L7 25
7.28
17.25
7.23
L7 22

1. O0E+8
Parancter Value |
1 Salvert oe13

2 Spectronster Frequency 500. 18 9. O0E+0T
3 Nuclevs H

8. 00E+07

5. OE+0T

§.02

7. 00E+07
4. OE+0T
(3. OE+0T
6. O0E+07
2. 0E+07
1. 0E+07
5. 00E+OT
(0. OE+00

e 4. DO

3. 00E+OT

2. 00E+07

] 1. 00E+)T

e 0. DOEH0

T e
= et
- o

LE]
o L1, 00E40T

T T T T T T T T T T
11.0 10.5 10.0 9.5 90 8§ 80 75§ 70 &5 &0 535 5.0 45 40 A5 30 L5 L0 L§ L0 05 00 0.5 -L0 -L&
£1 (ppn}
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Parameter Value
1 Solvent. HeOD
2 Spectrometer Frequency 125,77
3 Hacleus 12

| -

H5.

T T T T T T T T T
210 200 180 180 170 160 150 140 130 120

9.84
9.82
7.68
7.87
7.85
7.80
7.78
7.71
7.70
7.69
7.68

7 46

L7 45

L7 45

L7 44

17 44
744
743

7.43
7.38
7.38
7.38

T
90 20

7.37
7.36
7.36
7.29
TR
7.18

7.18
748

I

Paraneter Value
1 Solvent =0
2 Spectrometer Frequency 500. 18
3 Hucleus H

i e
(=]

Q
- N

T T T T T T
1.5 11.0 10.5 10,0 95 9.0 &5 8.0 74§ 7.0 65 &0

T
4.5 4.0 45
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. OE+08

. SE+03

. OE+08

. GE+08

. DE+03

. BE+03

. OE+08

. BE+03

. DE+03

. GE+08

. DE+03

. BE+03

. OE+08

. OE+07

. DE+00

. OE+07

. OE+)7

. BEH)T

. OE+07

. GE+07

. DE+07

. GE+07

L OE+0T

. BE+07

. 0E+07

. GE+07

. OE+07

. BEH0T

. OE+07

. BEHOT

LOE+H)7

. OE-+)A

. 0E+00

=3, 0E+06



+E. SEH)B

132.72
130.78
130.55
129.56
129.07
123.82
120.12

L117.94

L117.82

—191.54
—185.15
—159.42
—149.57

i 8. OE+08
Parameter Value ~7. SEH0B

1 Solvent MeoD L7 opecm
2 Spectromster Frequency 125. 77
3 Mucl 13

ooens -6 5E+08

6. DE+08
5. SEH08
5. DE+2

4. BE+08

4. OEH0B
3. SEHB
3. DEH2
2. SE+08

" 2. OB408

H1.5E+0R
; ; L OEHOR

! ! | |
| | ‘ ‘ H5. 0BT

d " 0. OE+H)0

=5, DEH)T

T T T T T T T T T T T T T T T T T T T T T T T
1o no 190 130 170 160 150 140 130 120 110 100 a0 30 10 60 50 40 30 20 10 a -10
£1 (ppn)

—9.82
7.92
oA
7.59
7.66
7.32
7.31
7.30
7.28
7.26
Faait)

e e 2600

2600
Paraneter Value

| Solvent CcDC13

2 Spectromster Frequency 700. 18

3 Mucleus IH Br

2400
2200
2000
1800
1600
1400
1200
1000
~B00

FE00

400

JiL B J- | - 200

el
T
L

-

197

=200

14+

T T T T T T T T T T T T T T
5 70 &% 60 5§ 50 45 40 45 30 25 20 L5 L0 05 00 0.5 -L0O
£1 (ppm)

T T T T
1.0 10,5 10.0 9.5 9.0 83 320
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45000

~40000

55000

30000

~25000

20000

15000

~10000

5000

1. 20E+8

1. 10E+08

1. 00E+HB

9. 00E+07

8. 00E+07

7. O0E+07

6. O0E+07

5. 00E+07

4. O0E+07

3. 00E+07

2. 00E+07

1. 00E+07

0. 00E+00

F—1. Q0E407

™~ O ©3 w DWW~ O I I~ <
< o = O ooN@I-m~A
=1 © © o= O OO~ ©
@ © wn <t 303 OO — —
I I | I e
Parameter Walue
1 Solvent CDC13
2 Spectrometer Frequency 176. 08
3 Hucleus 130
Br
0 \0 31
g . O
S ‘-N
|1
h
= | | i
|| | I
|
) J I
r T T T T T T T T T T T T T T T T T T T T T T
10 200 190 120 170 160 150 140 130 120 110 100 30 0 a0 30 0 30 a0 10 Q =10
£1 (ppm)
WM~ DOWDONOWDOM OO 5 NODWDON ~
OO NNIPOORRRDBDDOON N @
L e e il )
R L e [
Paramster Value
1 Solvent DC13
2 Spectrometer Frequency 500, 18
3 Nucleus 1H
CO,Me '
3m
(0]
0
- *-N
|
]
|
|
1
1
it B R R i
Q snaaawa =
- L Rl ] ]
T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 10.5 9.8 90 85 80 75 7.0 6.3 60 5.5 50 45 40 35 30 2% 20 15 L0 0.5 0.0 -1.0
£1 (ppm)
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] ok © O O~nw ©
o © oo~ ~ OO0 ®a0~ © 3+
e . SO G o b
[ | | | e Y T | 42000
Parmmeter Value
1 Solvent D13 40000
2 Spectromster Fremuency 176. 08
I Hucleus 13C
35000
CO,Me
30000
0= iy
3m 25000
I ; O _
DTN
20000
~15000
!
1
i ) F10000
|
' i 5000
| il '
1
1
I . o
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 ) 0 a0 a0 40 30 20 10 Q =10
£1 (ppm)
(] s WD sf s O 3o
@ D WD QOO N
@ [ S L R O bl e 1. 10E+HB
I A G
Paranster Value 10048
1 Solvent De13
2 Spectronster Fremency 500. 18
3 Bucleus H 9. 00E+07
8. 00E+07
7. 00E-+0T
6. O0E+07
5. 00E+0T
4. 00E+07
3. 00E-+07
2. 00E+07
| 1
1. 00E+07
I 1
J\ 1
0. 00E-+HX
Bt At
< ceowagor
- NN N 1. 00E+0T
T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 105 w0 95 90 &5 80 7§ 70 &5 &0 53 50 4.5 4.0 3% 30 25 20 L5 Lo 0% 00 05 -L0
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o~ o b MOD - N ODW OO0 DO WDOoO S0 O0
CoCL My (=] T sl 00 = O 01 00000 50 LD O i, 00 oo o o
@ @ «© DWWWLWVNTN-OODDHOW <+ N—|oomo
a w w S OO MOO MO NNNONNN N~
[ | | s —————
Parameter Value
1 Solvent mC13 CF3
2 Spectrometer Frequsncy 176,06
3 Hucleus 1
U 26
3n
S “-N
1
|
1 |
1 i
1 l n
| [ | “\
| Il
1 )

T T T T T T T T T T T T T T T T T T T T T T T
120 210 200 190 130 170 160 150 140 130 120 110 100 90 20 T 60 4] 40 30 n 10 0] -10
£1 (pom)

S S O QWS OO s ONNAN- O~ OO ONODDN—OO T
00 031000000 00:. 00, (0, 6900, 00, (0, 1), X0, 0 (000 o e0 D08 Ol O D8 08 OOl = 0 5 it 5 ~t
L R e T e e e e el S P e o o e e e e e o~
S e
Parameter Value
1 Solvent. CDC13
2 Spectrometer Frequency 500. 18
3Hucleus 1H
|
T I T
Q Qagwma -
- =N NN Ll
T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 1.5 0.0 95 90 €5 80 T§ 70 65 60 53 50 45 40 35 0 25 Z0o L% L0 05 0.0 05 -L0
£1 (ppm)
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4. BE+0T

-4, 0EHOT

3. SE+0T

3. OE+0T

-2, BE+0T

-2, 0E+07

1. SE+0T

1. 0E+07

5. OE+06

0. OE+00

. OEH0T

. SEHOT

. DEH)T

. BEH)T

. OE+0T

. BEHOT

. OEH07

. SEH)T

. DEH)T

. BE+0T

. DEH)T

. SEH)T

. DEH)T

. OE+06

. OE+00

=5, DE+B




- = N ORI CTONOO®O®®
5 & Y SNN3858RISB @i ~
— < C DWNOOODD®M©M I b
i o< i, b St it bttt sttt &
)il | N TS e
Parameter Value
1 Solvent CDC13
2 Spect rometer Frequency 195.77
3 Macleus T
t
1
T . |
L i
| ) :
T T T T T T T T T T T T T T T T T T T T T T T T T T
30 21 210 200 1% 180 170 160 150 140 130 120 110 100 90 Al 0 a0 4] 40 30 0 10 0] =10 -20 30
£1 (ppm)
® -~ CTODHWONDOD
oo 00 M~ P P o P P P P P 1=
~ e
FParameter Walue
1 Solvent CIC13
2 Spectromster Frequency 500. 18
3 Mucleus 1H

e
Sgerante

.
=
- rrrec-mo

F2.6EH09

-2, 4E+09

2. ZEH09

2. 0E+)9

1. 8E+09

1. BE+)9

F1. 4E+09

F1. ZE+09

~1. OE+09

8. UE+08

6. DE+02

4. DE+02

2. OEH)B

0. OE+00

F=2. OE+8

F9. 0EH0T

. OEH)T

-7, OE+0T

6. OEH)T

5. OE+)T

F4. 0EH0T

-3, 0EH)T

2. 0EH)T

F1. 0E+0T

0. OE+00

T T T T

T T T T T T T
1.5 1.0 10.5 10.0 9.5 90 85 80 7& 70 A&

T T T
6.0 65 50 45 40 35 3.0 25 20 15 10 0.5
£1 (ppn)
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© T T3GS8RBERRCPEI LR 1. 00E+C3
< < - OWN~—O®® OO~ O
w o W OO OODONNNNN— — —
N | e fm————
9. O0EHS
Parancter Value
1 Solvent coc13
2 Spectramster Frequency 125.77 8. 00E+3
3 Hucleus jE
7. 00EHS
H6. O0E-+8
5. O0E+8
4. 00E+8
1
3. 00E+8
I
| 2. 00E+8
|
1
i ootk 1. O0E+8
I
‘{ I | ’ I ]I
L l l ~ : 0. DOE-0
T T T T T T T T T T T T T T T T T T T T T T T T T r T
300 20 20 200 1% 180 170 18 150 140 130 120 110 100 90 & f0 €0 B 40 330 ®» W0 0 -0 -0 -0
£1 (ppn)
o D~ 0 ONOW,~— O N ONOOS O~ OO
oy 00500, (0°10) MY, SO0 0 0y 0 10 20000, O O ICIRCN v vy 6 Cvsy e 0000 T
P R R R e e oo T e =~ — OO ] EKE
N e e L e
Paraneter Talus L5, 00107
1 Solvert cocla Me
2 Spectrometer Fraquency 500. 18
3 Hucleus 1H
H8. D0E+T
0] 0 HT. Q0BT
H6., QOE-+07
\\ \N
-5, 00E+07
-4, D0E+7
-3, Q0BT
| -2, 00E+07
1
1 L1, 00E+07
1 1
UL : J JL J L0, 00E+00
] iR I L
= o Bt e Ly o B o
- e K o~ B RN
r T T T T T T T T T T T T T T T T T T T T
1.0 10.5 100 %5 90 &5 80 7.5 7.0 &5 60 55 50 45 40 &5 30 25 20 L5 L0 0.5 0.0 -0.5 -LO
£1 (ppm)
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B, 0E+08

it

~7. 0E+0B

B, SE+02

6. OE+08

5. SE+08

5. 0E+08

4. BE+02

4. 0E+08

3. SE+H0E

5. 0E+08

2. SE+8

2. 0E+08

1. SE+02

1. 0E+08

5. OE+07

0. QE+)0

=5, OE+07

~T. 0B+ 7

6. SEH)T

6. 0EH)T

5. SEH)T

5. 0EHOT

4. SEH)T

4. 0EHOT

3. SEH)T

3. 0EH0T

2. SEH)T

F2. 0EHT

-1, BE+)7

-1 0EHT

5. OE+08

0. OEH)O

w e w0 O 00 DO gy~
] @ d 8 Sa®5d ® LoD oo
— [Ts] ~ M~ O Oo O 1o IS ehnlio m
o [15] w < NN NN O — M- NN
2 Ll o = phanoE = BLEN2
| | I SN A e
Parancter Value
1 Salvent cca
2 Spectromster Frequercy 125.77 Me
3 Hucleus 1%
Q% 0
\\ -‘vN
]
1
]
]
| | H l I
1
1
- L e .
oy . " y
e ———— ! e —r———T | ro | T : : P
%z Z0 200 1% 180 170 160 150 140 1® 120 110 100 90 BY 0 60 50 40 30 D 10 10 -
£1 (ppm)
000 00 0 M0 A0 LMY 0 sE SEe 00 O O G 0L 6l . X5 100 60, DD R A0 ey, LEy
P 3= e S Sy S Sy S S S S S N S S S - NN NN
S L L L N DT L steate
Paranster Valus
1 Salvent cre13
2 Spectrometer Frequency 500. 13
3 Mucleus 1"
o]
o] 3r
g > O
“\ -‘N
1
1
1
ﬂ |
ey e ey o
o LR ERE - =
- Sevrmdran o o
: : ; : ' : | | T | | | | ' : ' : : ; . ' ! ! | T
11.0 10.5 W0.0 9.5% 90 85§ 80 T3 %0 &5 40 5.5 50 45 40 35 3.0 2.5 20 1.% 1.0 0.5 0.0 -0.5% -L0
£1 (ppm)
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o w ®» DO o0
L o, = Lo oD
o < ~ OO oo D
2 @ N O NNNNN
Parameter Walue
1 Solvent CIC13

| 2 Spectrometer Frequency 125.77

| 3 Mucleus

13C

12540
118,02

—40.70
—28.57

T
210 200 180 180

T T T T T
170 160 150 140 130

-0 VOO0 OMOOW®
© © DOMITOANNDD R
> @ P~ P 0 © ©
~ ]
Parameter Value
1 Solvent CIC13

2 Spectromster Frequency 500. 18

3 Mucleus

1H

gﬂﬂkle

5.86
6.84

E ﬁ

T
100 90 80

£1 (ppn)

3.81
2.94
2.93
2.92
1.81
1.80
1.79

ok
G- wmogaw

OrNMAN~™N

5. GE+08

. 0E-+08

4. SEH)E

4. OE-+08

3. BEH)B

3. OE-+08

2. GE+0B

2. 0E+2

1. GE+08

1. 0E+02

5. 0E+0T

0. QE+00

5. DE+0T

F9. 0BT

~B.0E+07

FT.0EH0T

F6.0EHT

F6. 0BT

F4.0E+07

-3, 0E+07

-2 0E+0T

F1.0E+07

0. OE-+00

T T
9.0 85 80 75 70 A5

o™

w @

© o
[

o]

=N
1

:

<

™~

50 45 40

T {ppm)

S40

-1.0



—200.97
—184.70

Parameter

1 Solvent

Walus
CDC13

.
i
i
<
|

=

158,62
157 .58

133.33

131.00

128.79

128.75

129.37

128.87

128.57

120.67

117.50

117.39

115.80

114.38

\

66.08

—35.18
—22.28

. GEH)S

. 4E+09

. ZE+H)9

2 Spectrameter Frequency 125.77

3 Macleus 13 L2 ome0n

1. BEH)G

1. GE+)S

1. 46409

1. ZEH)9

1. 0EH)S

8. 0E+)8

| L. 0408

4. OE-+)8

2. 0EH)3

0. 0E+H)0

2. 0EHEB

T T T T T T T T T T T T r
210 200 180 180 170 160 150 140 130 1m 110 100 90 80 0 60 50 40 30 n 10 0 10
£1 (ppn}

. SOE-+HB

i e ey o ] L2, om0

2. S0EHB

9.61
9.60
7.84
7.82
7.67
7.65
7.63
7.62
7.61
7.61
7.46
7.45
7.2
721
7.19
2,99
2.98
2.97
2,76
2,75
2.74
2.73
2,71
1.60
1.58
157
1.56
1.54

e e

\

Paraneter Talue
1 Solvert cocla
2 Spectrometer Frequency 500. 18 2. 10E+(8
3 Macleus 1H

2. 20EH8

L2, 00E+8
§20 1. 90E+C8
; 1. B0E+C8
Me-N L1 TOR+(B
H1. 60E+E
H1. BOE+08
11, 40E+08
L1, 30E+08
1. 20E+08
L1, 10E+08

1. 00E+HB
9. 00E+07
8. 00E+07
7. 00E+OT
6. 00E+07
5. O0E+07
4. 00E+07
3. O0E+)T
2. 00E+)T

BT | | NS I VN W o

1. QOE+0T

=2, 00E+07

=121

T T T T T
1.0 1.5 1.0 945 %0 85 80 75 70 &5 60 55 50 45 40 35 0 L5 20 5 Lo 05 00 -0.5 -L0

£1 tppn)
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--200.87
—184.51
—157.60

Paramster Valus
1 Solvent [s1shE]
2 Spectraneter Frequency 125.77
3 Facleus ko

3t

—148.05

133.40

131.17

129.90

129.78

128.99

128.55

by

~17.48
™~115,91

—48 .86

3561

Vi
N

3527
34 48

—20.73

7. BE+08

= 7. 0E+08

B, SE+08

6. 0E+08

5. SE+08

5. 0E+08

4. GEHB

4. 0E+H08

5. GEH0B

5. 0E+08

2. GEH08

2. 0E+08

1. BE+08

1. 0E+08

5. 0E+0T

0. 0E+00

=5, DE+0T

T T T T T T
210 200 150 180 170 160

9.62
9.61
7.89
7.87
7.66

<
i

Parameter Value |

1 Solvent CDC13
2 Spectrometer Frequency 500, 18
3 Hucleus 1H

|

R i

Q Qoo

- - -
T

7.53
~7.48

7.22
7.21
7.20

T
140

\

T
130

T
120

T T T
110 100 a0 30
£1 (ppn}

Cl

3u

L

—10

T T T
Lo 0.5 10.0 95 90 &5 &80

6.0

T T T T

.86 50 45 4.0

£1 (ppm)
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. 0E+HE

. OOE+T

. QOE+0T

« 0E+T

. OOE+T

. QOE+OT

L O0E+T

. QOE+OT

. O0E+T

QOE+OT

O0E-+00

~—1. DOE+)T



o™ o ['s] © 0 @ D G P W0 1. 00E+HR
@ : © O ~OEGon © ¥ o
= < ~ © — OO o oy, o
o 25} w = NN NN v <« w0 w
& 2 = T ST es=TT S @ &
| | | e Ny i ‘
9. Q0E+HB
Parameter Value
- Cl
o lvert CIC13
2 Spectrometer Frequency 125.77 H8. 00E-+08
3 Mucleus 1%
00
3u -7, 00E+HE
=N H6. D0E+0B
6. 00E+HB
4. 00E+HE
3. 00E+HB
]
| 2. 00E+HB
1
p 1 H1.00E+08
i | |
J e
; I L | - . imen |0, OOE00
T T T T T 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 1m 110 100 a0 80 0 a0 50 40 0 n 10 0 -10
£1 (ppn}
O WO M= 000w 3o 00 © W 10 W o CWOHOWDON 1. 00EHE
b0 DEIHLBLITIINTT COO@DMDNS ~~i~000o
@D D P~ P~ P~ P~ P~ P~ P~ P~ P P P 00 W - <+ <+ NN NN
N T I e
9. 00E+0T
Parameter Value
1 Solvent CIc13 | 6. coms07
2 Spectrometer Frequency 500. 18
3 Tacleus 1H
~7. 00E+07
6. 00E+0T
5. 00E+0T
4. 00E+07
3. 00E+07
2. O0EH0T
1
! H1. 00E+07
1
= i 0. QOE+HI
[ ot i e o - [
Q Qomeo = e ] <
- e r®o - o~ o o
T T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 %5 90 8.3 80 7§ 70O 63 &0 55 00 48 395 40 2% 20 L% Lo 0.5 00 -5 -L0
(ppm)
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1. TOEHR
1. BOEHR

1. SOE+HA

1. 40E+00

1. 30E+A

1. 20EHR
1. 10EHR
F1. D0EHB
9. D0EHE
B, OUEHR
7. ODEHE
6. ODEHE
5. ODEHE
4. ODEHE
3. O0EHR
2. ODEHE
1. O0EHR
0. ODEH)D

F=1. DOE+)3

6. GE+H)T

(6. 0B+ 7

5. SEH)T

5. OE+)7

4. SEH)T

4. 0EH)T

3. SEH)T

3. 0EH)T

2. SEH)T

2. 0EH)T

1. GEH)T

1. 0EH)T
5. 0E+H)6

5, OE+08

9¥'8c—

LBl

682Gl
mm,mi%
mv,n_._.w.

b 4dt
16821
78 621
oL bel
B,@E\

88 Lvl—

b¥ LGl —

S8 ¥8L—

85'002—

Value

CIC1z

Faraneter

1 Solvent

7
i
w
8
=
m
&
g
i
&
w
]
=B
H]
g
i
3
H
]
&
«

3
E

-10

90

T
200

T
210

£1 (ppm)

19'0
58'01
98'01
48'01
£8'01
16'04
26'01
86'04

00'Z1
202
8127
62’21
LT
84T
6427
[y
€8¢
G2
€25
e 5
€2 L
Ly L
85 L7

296
96!

Value |

CIC13

Parameter

1 Solvent

2 Spectromster Frequency 500. 18

1H

3 Nucleus

2. 0E+07

F1.0E+07

e 0. 0E+00

|

19'0
58'0
98'0
180
480
18'0
26’0
66'0
Lo
80
al’
b
zl
i
Sl
£e’
ee’
6%
0g'L
LG
95"
85"
€8’
58'L

3w

S
|

Lol b

=
-
-

Hoz
oL
VT

=0}

=o'k

0.0 -0.5 -0

0.5

L0

o 95 90 85 B0 75 T0 635 60 &5 &0 45

0.5

£1 (ppn}
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o™ o
~ o
— w
o @
| 0
Paraneter Value
1 Slvert cIc1a
2 Spectronster Frequency 176. 06

I 3 Mucleus 132

=z
z

o]

?fgm ;
\ (]

—156.88
147 57
140.94
131,37
129.98

/
I
/
4

3w

129.01
128.68
~121.68
117.54

\

117.41
116.09

—78.93
—66.49
_-58.76
56,13
39.76
39.50
36.17
35.77
31.93
31.87
28.22
28.00
23.80
22 80
22 54
21.05
19.38
18.70
11.84

|

£42.30
39.76
39.50
39.14
37.21
36.87
36.17
35.77
31.93
31.87
28.43
28.22
28.00
24.27
23.80
23.17
22.80
22.54
21.05
19.38
18.70

B/
!
J
T
i
/
f
X
T
\

8. GEHOT

8. 0EH)T

7. GEH0T

7. OE+)7

6. GEHOT

6. 0EH)T

5. GEHOT

5. 0E+)7

4. GEHOT

T T T T T T T
230 220 210 200 180 180 170

&2
Paraneter Value | 2
1 Solvent faleskc] N
2 Spectrancter Frequency 500. 13
3 Nucleus H
OMe OH
9}
MeO OMe

3x

T T T T
160 150 140 130

.80
5.78
8.12
6.12
6.05
8.05

<
2
hy

OMe

T T
110 100 %0

£1 (ppm)
D O <
i il
©
L)

4. 0EH)T

3. GEH0T

3. 0B+ 7

2. GEHOT

2. 0EH)T

1. GEH0T

1. 0E+07

5. OE-+08

0. 0E+H)0

. OE+06

1. 40E+HR

1. 30E+HR

1. 20E+0B

1. 10E+08

1. D0E+08

9. D0E+OT

8. D0E+OT

=T, 00E+OT

6. Q0E+0T

8. 00E+0T

4. Q0E+OT

3. 00E+0T

2. 00E+0T

1. O0E+)T

0. ODE+)X)

=1, D0E+)T

T
4.5 4.0

£1 (ppn}
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—198.60

Paraneter Value |
1 Solvent CIC13
2 Spectrometer Fremuency 125. 77
3 Huclews 13

163,22
“-161.58
158,80

—130.30
-~127.01
—113.40
—~109.98
91.05

—67.66
55,71
5528
5523

{

OMe OH el

MeO OMe
3x

T T T T T
210 200 180 180 170

Parameter Yalue
1 Solvent hcetane
2 Spectromster Frequency 500. 18

|3 Hucleus 1H

O

(S

-

T T T T T T
150 140 130 120 110 100

2L

|\ U L___._.__.____.___ \
L

8-

20 0 &0 a0
£l (ppm)

(o2
8.20
£18
7562
7.38
1737
L7.18
17 18
L7.09
L7 07
7 06
L6 95
607
l6.a6
L6.96
L6 65
384

\NH 3y

OMe

! 1

T
-10

)

ki

P

S

oo

(-]

-

201

e
-
L

2.0
2.0
4.0

1. BOEHR

1. S0EHS

1. 40E+8
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