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1. General Information

'H/1B3C NMR spectra were recorded on magnet system 400’54
ascend instrument purchased from Bruker Biospin AG. All
chemical shifts are given in parts per million and are measured
relative to DMSO as an internal standard. ESI-MS spectra were
recorded on Agilent Q-TOF 6520. Products were purified by flash
chromatogrgraphy on 200-300 mesh silica gel and visualized
using a UV lamp (254 nm or 365 nm). All the solvents were used
without further purification, unless otherwise state. the other
commercial chemicals were used without further purification. All

reactions were performed under an inert atmosphere of nitrogend.



2. Batch and Microfluidic Reactor Device

Figure 2 Microfluidic reactor device
Note: The light source is a simulated solar lamp (10W, 220V, wavelength 420nm-430nm).



3. Select Optimization Results
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Figure 3 Optimization of reaction conditions

3.1 Table 1. Varying the wavelength of light?

Table 1 Optimizing the wavelength of light

)H( C __ _PCC@%)

||| Br + K3PO4 (1.1 equiv)
DCE (0.2 M)
N2, 25°C, 12 h

2a
Entry Wavelength of Light yield 1° (%)
1 360-370 nm 55
2 380-385 nm 48
3 390-398 nm 53
4 420-430 nm 67
5 435-445 nm 35

[a] Reaction conditions: 1k (1 mmol, 1 equiv), 2a (2 mmol, 2 equiv), PC-C (2 mmol%, 2 equiv%), KsPO4 (1.1
mmol, 1.1 equiv), solvent: DCE (5 mL), N,, 25°C, 12 h; The models of lamps used are 10 W. 220 V. LED.
[b] Isolated yield.

3.2 Table 2. Varying the Catalyst?

Table 2 Explore the effects of different catalysts on the reaction

Visible Light
PC 2%
||| K3Po4 (1.1 equiv)
O DCE (0.2 M)
Ny, 25°C, 12 h

2a
Entry PC yield 1° (%)
1 PC-A 58
2 PC-B 69




PC-C 67

4 PC-D 46
5 None None
6° PC-B None

[a] Reaction conditions: 1k (1 mmol, 1 equiv), 2a (2 mmol, 2 equiv), PC (2 mmol%, 2 equiv%), K;PO4 (1.1
mmol, 1.1 equiv), solvent: DCE (5 mL), Ny, 25°C, 12 h, bluelight (10 W. 220 V. LED. wavelenght 420 nm-
430 nm). [b] Isolated yield. [c] no light.

3.3 Table 3. Varying the Base?

Table 3 Explore the effect of different Bases on the reaction

Visible Light
___ PcCB 2%
||| Base 1.1 equw)
O DCE (0.2 M)
N,, 25°C, 12 h

2a
Entry Base yield 1° (%)

1 K5PO, 69

2 K,CO; 53

3 NaHCO; 49

4 LiOtBu 42

5 Et;N 71

6 DMAP 48

7 DBU 36

8 Pyridine 44

9 None 37

[a] Reaction conditions: 1k (1 mmol, 1 equiv), 2a (2 mmol, 2 equiv), PC-B (2 mmol%, 2 equiv%), Base (1.1
mmol, 1.1 equiv), solvent: DCE (5 mL), N,, 25°C, 12 h, bluelight (10 W. 220 V. LED. wavelenght 420 nm-

430 nm). [b] Isolated yield.

3.4 Table 4. Varying the Solvent?

Table 4 Explore the effect of different Solvents on the reaction

QP!
Visible Light N
)H( PC-B (2%) N N F
Br + < >_ EE—— O
O ||| Et3N (1.1equiv)
Solvent (0.2 M)

Ny, 25°C, 12 h

2a 1



Entry solvent yield 1° (%)

1 DCE 71
2 MeCN 82
3 THF 55
4 DMA 43
5 DMF 41
6 Cyclohexane 50
7 1,4-Dioxane 78

[a] Reaction conditions: 1k (1 mmol, 1 equiv), 2a (2 mmol, 2 equiv), PC-B (2 mmol%, 2 equiv%), Et;N (1.1
mmol, 1.1 equiv), solvent: (5 mL), N,, 25°C, 12 h, bluelight (10 W. 220 V. LED. wavelenght 420 nm-430

nm). [b] Isolated yield.

3.5 Table 5. Concentration?

Table 5 Explore the effect of substrate concentration on the reaction

O 1 Visible Light
N)H( ___ PpcsB 2%
Br + —
||| Et3 (1.1equiv)
N MeCN (X M)
Ny, 25°C, 12 h
1k

2a

Entry Concentration yield 1° (%)
1 IM 80
2 0.5M 81
3 0.2M 82
4 0.1M 64
5 0.05M 43

[a] Reaction conditions : 1k (1 mmol, 1 equiv), 2a (2 mmol, 2 equiv), PC-B (2 mmol%, 2 equiv%), Et;N (1.1
mmol, 1.1 equiv), solvent: MeCN (X mL), Ny, 25°C, 12 h, bluelight (10 W. 220 V. LED. wavelenght 420
nm-430 nm). [b] Isolated yield.

3.6 Table 6. Catalyst concentration?

Table 6 Explore the effect of the amount of catalyst on the reaction

(0]
Visible Light
N PC-B ( X%!
Br +
| | Et3N (1.1 equiv)
O N MeCN (0.2 M)
Ny, 25°C, 12 h
1k

2a

Entry PC (X mol%) yield 1° (%)
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1 4 83

2 2 82
3 1 64
4 0.5 58
5 None None

[a] Reaction conditions: 1k (1 mmol, 1 equiv), 2a (2 mmol, 2 equiv), PC-B (X% mmol, X% equiv), Et;N (1.1
mmol, 1.1 equiv), solvent: MeCN (5 mL), N,, 25°C, 12 h, bluelight (10 W, 220 V. LED. wavelenght 420 nm-
430 nm). [b] Isolated yield.

3.7 Table 7. Residence time?

Table 7 Explore the effect of reaction time on the reaction

)H( Visible Light
PC-B ( 2%:
Br + < >_
O ||| Et3N (1.1 equiv)
MeCN (0.2 M)
Ny, 25 °C

2a

Entry Time (h) yield 1° (%)
1 1 24
2 2 31
3 3 57
4 4 81
5 6 83
6 12 82

[a] Reaction conditions: 1k (1 mmol, 1 equiv), 2a (2 mmol, 2 equiv), PC-B (2 mmol%, 2 equiv%), Et;N (1.1
mmol, 1.1 equiv), solvent: MeCN (5 mL), Ny, 25°C, bluelight (10 W. 220 V. LED. wavelenght 420 nm-430
nm). [b] Isolated yield.

3.8 Table 8. Reagent Loading?

Table 8 Explore the effect of substrate ratio on the reaction

)H( Visible Light
PC B (2%)
Br + < >
||| Et3N (1.1 equiv)
MeCN (0.2 M)
Ny, 25 °C

2a

Entry Phenylacetylene yield 1° (%)
1 1 73
2 2 81
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3 3 84
4 4 82

[a] Reaction conditions: 1k (1 mmol, 1 equiv), PC-B (2 mmol%, 2 equiv%), Et;N (1.1 mmol, 1.1 equiv), solvent:
MeCN (5 mL), N,, 25°C, 4 h, bluelight (10 W, 220 V. LED. wavelenght 420 nm-430 nm). [b] Isolated yield.

3.9 Table 9. Reagent Loadings?

Table 9 Optimization of microchannel reaction conditions

Entry PC-B Tube Tube length ~ Residence time yield 1°

(equiv) diameter (mm) (m) (minute) (%)
1 2% 1 2 30 85
2 1% 1 2 30 93
3 0.5% 1 2 30 53
4 0.1% 1 2 30 34
5 1% 1 3 30 84
6 1% 1 1 30 81
7 1% 1 0.5 30 68
8 1% 1 2 5 37
9 1% 1 2 10 45
10 1% 1 2 20 91
11 1% 1 2 40 92

[a] Reaction conditions: 1k (1.0 mmol, 1.0 equiv), 2a (1.0 mmol, 1.0 equiv), EtzN (1.1 mmol, 1.1 equiv), 5 mL
MeCN (0.2 M) solution, N,, 25°C; bluelight (10 W. 220 V. LED. wavelenght 420 nm-430 nm). [b] Isolated
yield.

3.10 A Scale-up Continuous Flow Reaction?

Visible Light B

syringe A microchannel C i

Tube reactor (ID=1 mm)

Entry Structure yield (%)
1 0 89
QP
aO°r




a Reaction conditions: 1k (10 mmol), 2a (1 equiv), MeCN (20 mL), Et;N (1.1 equiv), and PC-B (1 % equiv.) at

room temperature for 20 minutes. Isolated yield.



4. Preparation of Substrates

4.1 Method for synthesizing phenazine catalysts

©©

N\ Na28204
7z )
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PC-A:R=-H PC-B:R=-CF; PC-C:R=-OCHj PC-D:R=-CHj s2
Figure 4 Syntheticmethod of phenazine catalyst

As shown in Figure 4, S1 and S2 are synthesized according to the literature!.

4.2 Method for synthesizing phenethylamine-derived
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Figure 5 Synthesis method of indole substrates

As shown in Figure 5: 1)? To a stirring solution of S3(12 mmol, 1.0 equiv.) and NaOAc (3.0
equiv.) in MeOH (100 ml, 0.12 M) at 0 °C, BrCN S4 (1.2 equiv.) was added. Then the reaction was
warmed to room temperature and stirred for 12 h. Upon completion, the solvent was removed in
vacuo. To the residue was added water and extracted with ethyl acetate, and the combined organic
layers were washed by brine and dried over Na,SQOy, then filtered and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel or recrystallization
to give compound S5. 2)? To a stirring solution of S5 (12 mmol, 1.0 equiv.) and Et;N (2.4 equiv.)
in THF (100 ml, 0.12 M) at 0°C, 2-Bromo-2-methylpropionyl bromide S6 (1.2 equiv) was slowly
added. Then the reaction was warmed to room temperature and stirred for 12 h. Upon completion,
the solvent was removed in vacuo. To the residue was added water and extracted with ethyl acetate,
and the combined organic layers were washed by brine and dried over Na,SOy, then filtered and
concentrated under reduced pressure. The residue was purified by flash column chromatography on

silica gel or recrystallization to give compound S7.

10



4.3 Method for synthesizing products (1 as an example)

Figure 6 Microfluidic reactor device

An oven-dried 10 mL reaction syringe was charged with 2-bromo-N-cyano-N-(2,2-
diphenylethyl)-2-methylpropanamide (1 mmol, 1 equiv), phenylacetylene (1 mmol, 1 equiv), PC-B
(1 mol %) and Et;N (1.1 mmol, 1.1 equiv). And add 5 mL MeCN (0.2 M) solution. Pass the solutions
through a Quartz tubing (id = 1 mm, length =2.0 m) to building the 1 during 20 minutes of residence
time under blue light (10 W, 220 V, LED, wavelength 420nm-430nm). The reaction mixture was
concentrated under reduced pressure and the residue was chromatographed on silica gel using
hexane/ethyl acetate or dichloromethane/methanol to afford the desired product 1 (91% yield).

11



5. Experiments for Mechanistic Studies

5.1 Free radical capture experiment
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Figure 7 Radical trapping experiment with TEMPO
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Figure 8 HR-MS (EI) analysis of S-1

5.2 Variable control experiment

Table 10 Variable Control Experiment

Entry Changes to "standard conditions" yield 1° (%)
1 No organic photocatalyst 0
2 No light 0

[a] Reaction conditions: 1k (1 mmol, 1 equiv), 2a (3 mmol, 3 equiv), EzN (1.1 mmol, 1.1 equiv), solvent:
MeCN (5 mL), Ny, 25°C, 20 minutes, bluelight (10 W. 220 V. LED. wavelength 420 nm-430 nm) . [b]
Isolated yield.
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5.3 Discussion on theoretical reaction mechanism
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Figure 9 Reaction mechanism
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6. Analytical data for isolated compounds

6.1 Characterization data for phenethylamine-derived

bromides substrates
@\ﬁ i
NJKK
Br
I‘I
N

2-bromo-N-cyano-2-methyl-N-phenethylpropanamide:(1a)

Brown oil (3.15 g, 89% yield); 'TH NMR (400 MHz, DMSO-dy) 6 7.35 — 7.24 (m, 5H),
3.93 (t,J=7.0 Hz, 2H), 2.94 (t,J= 7.0 Hz, 2H), 1.96 (s, 6H). *C NMR (101 MHz, DMSO-
de) 6 169.74, 137.32, 129.47, 128.97, 127.28, 110.03, 56.51, 50.48, 33.07, 30.80. HRMS

(ED) calcd for C3HsN,OBr [M+H]: 295.0441; found: 295.0445.
\©\/\ I
NJKK
Br
I‘I
N

2-bromo-N-cyano-2-methyl-N-(4-methylphenethyl)propanamide:(1b)

Brown oil (3.01 g, 81% yield); '"H NMR (400 MHz, DMSO-d;) 6 7.14 (q, J= 8.1 Hz,
4H), 3.89 (t,J=7.2 Hz, 2H), 2.91 (t,J=7.1 Hz, 2H), 2.28 (s, 3H), 1.99 (s, 6H). 3C NMR
(101 MHz, DMSO-d;) 6 169.68, 136.25, 134.12, 129.52, 129.26, 109.97, 56.36, 50.57,

32.74, 30.84, 21.15. HRMS (EI) calcd for C;4H;7;N,OBr [M+H]: 309.0597; found:
309.0592.
F
\©\/\ i
NJKK
Br

I‘I

N
2-bromo-N-cyano-N-(4-fluorophenethyl)-2-methylpropanamide:(1c)

Yellow oil (2.85 g, 76% yield); TH NMR (400 MHz, DMSO-dy) & 7.37 — 7.27 (m,

2H), 7.19 — 7.09 (m, 2H), 3.93 (t, /= 6.9 Hz, 2H), 2.94 (t, /= 6.9 Hz, 2H), 1.97 (s, 6H).
13C NMR (101 MHz, DMSO-dq) 6 169.74, 161.73 (d, J = 242.7 Hz), 133.51 (d, J=3.4

Hz), 131.38 (d, J = 8.0 Hz), 115.67 (d, J = 21.1 Hz), 110.00, 56.44, 50.52, 32.26, 30.80.
14



YF NMR (376 MHz, DMSO-d;) 6 -116.11. HRMS (EI) calcd for C;3H;4N,OBrF [M+H]:

313.0346; found: 313.0348.
Cl
\©\ﬁ i
e

2-bromo-N-(4-chlorophenethyl)-N-cyano-2-methylpropanamide:(1d)

Yellow oil (2.84 g, 72% yield); 'TH NMR (400 MHz, DMSO-dy) & 7.28 — 7.22 (m,
2H), 7.22 — 7.16 (m, 2H), 3.84 (t, /= 7.0 Hz, 2H), 2.86 (t, /= 6.9 Hz, 2H), 1.89 (s, 6H).
13C NMR (101 MHz, DMSO-dy) 8 169.69, 136.27, 132.13, 131.27, 128.87, 109.91, 56.26,

50.32, 32.49, 30.84. HRMS (EI) caled for C;3H;4N,OBrCl [M+H]: 329.0051; found:

329.0056.

2-bromo-N-(4-bromophenethyl)-N-cyano-2-methylpropanamide:(1e)

Yellow oil (3.40 g, 76% yield); TH NMR (400 MHz, DMSO-dy) & 7.41 — 7.32 (m,
2H), 7.24 — 7.15 (m, 2H), 3.98 (t, J = 6.9 Hz, 2H), 2.99 (t, J = 6.9 Hz, 2H), 2.02 (s, 6H).
13C NMR (101 MHz, DMSO-dg) 6 169.87, 136.45, 132.31, 131.45, 129.05, 110.09, 56.43,

50.49, 32.67, 31.02. HRMS (EI) caled for C;3H;4N,OBr, [M+H]: 372.9546; found:

372.9546.
I

4

P4

2-bromo-N-cyano-N-(4-methoxyphenethyl)-2-methylpropanamide:(1f)

Brown oil (3.08 g, 79% yield); "TH NMR (400 MHz, DMSO-ds) 6 7.35 — 7.08 (m, 2H),
6.95-6.81 (m, 2H), 3.88 (t, /= 7.0 Hz, 2H), 3.73 (s, 3H), 2.88 (t, /= 7.0 Hz, 2H), 1.98 (s,
6H). 13C NMR (101 MHz, DMSO-d;) & 169.73, 158.64, 130.45, 129.06, 114.34, 110.03,

56.44,55.43,50.71,32.25, 30.82. HRMS (EI) calcd for C;;H,;N,0,Br [M+H]: 325.0546;

found: 325.0548.
15
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2-bromo-N-cyano-2-methyl-N-(4-(trifluoromethyl)phenethyl)propanamide:(1g)

Brown oil (2.96 g, 68% yield); "H NMR (400 MHz, DMSO-d;) & 7.68 (d, J = 8.0 Hz, 2H),

7.53 (d, J=7.9 Hz, 2H), 3.99 (t, J = 6.9 Hz, 2H), 3.05 (t, J = 6.9 Hz, 2H), 1.96 (s, 6H). 13C NMR (101
MHz, DMSO-dg) 8 169.73, 142.39, 130.41, 125.74 (q, J = 3.8 Hz), 124.80 (d, J = 271.9 Hz), 109.96,

56.45, 50.07, 46.20, 32.89, 30.77. '9F NMR (376 MHz, DMSO-d;) 6 -60.89. HRMS (EI) calcd for

C14H14N20BI'F3 [M+H] 3630314, found: 363.0318.

JQ P
F NJKK
Br
I‘I
N
2-bromo-N-cyano-N-(3-fluorophenethyl)-2-methylpropanamide:(1h)
Yellow oil (2.93 g, 78% yield); "TH NMR (400 MHz, DMSO-dy) & 7.35 (td, J = 8.1,
6.3 Hz, 1H), 7.26 — 7.09 (m, 2H), 7.09 — 7.00 (m, 1H), 3.95 (t, J= 6.9 Hz, 2H), 2.97 (t,J =
6.9 Hz, 2H), 1.97 (s, 6H). 3C NMR (101 MHz, DMSO-d;) 4 169.68, 162.68 (d, J = 243.5
Hz), 140.21 (d, J = 7.4 Hz), 130.77 (d, J = 8.5 Hz), 125.63 (d, J = 2.5 Hz), 116.27 (d, J =
21.2 Hz), 114.08 (d,J=20.9 Hz), 109.94, 56.35, 50.24, 32.78, 30.78. "F NMR (376 MHz,

DMSO-d;) 6 -113.34. HRMS (EI) calcd for C3H4N,OBrF [M+H]: 313.0346; found:

313.0349.
I

SO
o NJKKBr
|

2-bromo-N-cyano-N-(3,4-dimethoxyphenethyl)-2-methylpropanamide:(1i)

Yellow oil (3.66 g, 86% yield); TH NMR (400 MHz, DMSO-dy) 6 6.92 — 6.84 (m,
2H), 6.77 (dd, J=8.2, 2.0 Hz, 1H), 3.91 (t, /= 7.0 Hz, 2H), 3.75 (s, 3H), 3.73 (s, 3H), 2.88
(t,J=6.9Hz, 2H), 1.98 (s, 6H). 3C NMR (101 MHz, DMSO-d;) 6 169.69, 149.18, 148.21,
129.57,121.41, 113.09, 112.19, 109.99, 56.34, 55.86, 55.84, 50.69, 32.69, 30.76. HRMS

(EI) calcd for Cy5H9N,O3Br [M+H]: 355.0652; found: 355.0655.

16



2-bromo-N-cyano-2-methyl-N-(3-phenylpropyl)propanamide:(1j)

Yellow oil (3.30 g, 89% yield); "TH NMR (400 MHz, DMSO-dy) & 7.33 — 7.28 (m,
2H), 7.24 — 7.18 (m, 3H), 3.70 (t, J = 7.1 Hz, 2H), 2.69 — 2.63 (m, 2H), 2.05 (s, 6H), 1.99
—1.93 (m, 2H). BCNMR (101 MHz, DMSO-d;) 6 169.85, 141.03, 128.87, 128.71, 126.53,
110.18, 56.79, 48.87, 32.12, 30.86, 28.99. HRMS (EI) caled for C,4H;7;N,OBr [M+H]:

309.0597; found: 309.0595.

2-bromo-N-cyano-N-(2,2-diphenylethyl)-2-methylpropanamide:(1k)

White solid (3.16 g, 71% yield); '"H NMR (400 MHz, DMSO-dj) 6 7.33 (ddt, J=33.1,
25.9,7.4 Hz, 10H), 4.37 (d, J= 6.8 Hz, 2H), 3.11 (tt, J= 7.4, 3.7 Hz, 1H), 1.86 (d, /= 6.6
Hz, 6H). 3C NMR (101 MHz, DMSO-dg) & 169.85, 140.99, 129.10, 128.48, 127.58,
109.79, 56.14, 52.65, 48.82, 30.93, 30.66. HRMS (EI) calcd for C;yHsN,OBr [M+H]:

371.0754; found: 371.0757.

0
HN, )KK
N
Br
I‘I
N
N-(2-(1H-indol-3-yl)ethyl)-2-bromo-N-cyano-2-methylpropanamide:(11)

Yellow oil (3.85 g, 96% yield); TH NMR (400 MHz, DMSO-ds) 6 10.96 (s, 1H), 7.59
(d,J=7.9 Hz, 1H), 7.39 (d, J=8.1 Hz, 1H), 7.26 (d, /= 2.4 Hz, 1H), 7.17 — 7.08 (m, 1H),
7.03 (td, J=7.5,7.0, 1.1 Hz, 1H), 3.94 (t,J= 7.3 Hz, 2H), 3.09 (t, /= 7.2 Hz, 2H), 1.99 (s,
6H). 13C NMR (101 MHz, DMSO-d;) 6 169.85, 136.74, 127.41, 124.18, 121.62, 119.00,
118.48, 112.02, 110.23, 109.50, 56.67, 50.12, 30.82, 23.17. HRMS (EI) calcd for

CisHisN;OBr [M+H]: 334.0551; found: 334.0553.

17
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N
2-bromo-N-cyano-2-methyl-N-(2-(2-methyl-1H-indol-3-

yl)ethyl)propanamide:(1m)

Yellow oil (3.88 g, 93% yield); 'TH NMR (400 MHz, DMSO-dy) & 10.82 (s, 1H), 7.42
(d,J=7.6 Hz, 1H), 7.24 (d, J = 7.7 Hz, 1H), 7.03 — 6.90 (m, 2H), 3.84 (t, /= 7.3 Hz, 2H),
2.99 (t, J = 7.3 Hz, 2H), 2.35 (s, 3H), 1.91 (s, 6H). 3C NMR (101 MHz, DMSO-d;) 3
169.83, 135.68, 133.49, 128.55, 120.65, 118.81, 117.51, 110.97, 110.31, 105.22, 56.60,

50.08, 30.76, 22.12, 11.71. HRMS (EI) calcd for C,¢HsN;OBr [M+H]: 348.0706; found:

348.0709.

2-bromo-N-cyano-N-isobutyl-2-methylpropanamide:(1n)
Yellow oil (2.46 g, 83% yield); 'H NMR (400 MHz, DMSO-d) & 3.52 (d, J = 7.3 Hz, 2H),
2.05 (s, 6H), 1.99 (dd, J = 13.7, 7.0 Hz, 1H), 0.94 (d, J = 6.8 Hz, 6H). 3C NMR (101 MHz, DMSO-dy)

8 169.97, 110.58, 56.88, 55.94, 30.89, 27.26, 19.64. HRMS (EI) calcd for CyH;sN,OBr

[M+H]:247.0441; found:. 247.0446

6.2 Product Characterization Data

ST

6,6-dimethyl-2,2,8-triphenyl-2,6-dihydroimidazo[1,2-a]pyridin-5(3H)-one:(1)

18



White solid (357.81 mg, 91% yield); "TH NMR (400 MHz, DMSO-d) § 7.78 (d, J =
7.5 Hz, 2H), 7.53 — 7.40 (m, 7TH), 7.35 (t, J = 7.7 Hz, 4H), 7.26 — 7.22 (m, 2H), 6.75 (s,
1H), 4.50 (s, 2H), 1.39 (s, 6H). 3C NMR (101 MHz, DMSO-d¢) & 171.60, 152.69, 147.46,
147.34, 135.72, 129.05, 128.92, 128.61, 128.57, 127.34, 126.58, 125.97, 77.82, 56.43,

42.80, 26.93. HRMS (EI) calced for C,;H,4N,O [M+H]: 393.1961; found: 393.1965.

QP
N//

6,6-dimethyl-2,2-diphenyl-8-(p-tolyl)-2,6-dihydroimidazo[1,2-a]pyridin-5(3H)-
one:(2)

White solid (358.35 mg, 88% yield); '"H NMR (400 MHz, DMSO-dg) & 7.65 (d, J =
8.0 Hz, 2H), 7.45 (d, J = 7.0 Hz, 4H), 7.32 (t, J = 7.7 Hz, 4H), 7.26 (d, J = 7.9 Hz, 2H),
7.21 (t, J= 7.4 Hz, 2H), 6.68 (s, 1H), 4.47 (s, 2H), 2.35 (s, 3H), 1.35 (s, 6H). 3C NMR
(101 MHz, DMSO-d;) 6 171.63, 152.77, 147.38, 146.70, 137.95, 132.83, 129.13, 128.91,
127.32, 126.56, 125.82, 77.78, 56.38, 42.73, 26.97, 21.26. HRMS (EI) calcd for

CysHy6N,O [M+H]: 407.2118; found: 407.2113.

8-(4-fluorophenyl)-6,6-dimethyl-2,2-diphenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(3)

Yellow solid (324.84 mg, 79% yield); "TH NMR (400 MHz, DMSO-dq) 6 7.90 — 7.74
(m, 2H), 7.45 (dd, J = 8.4, 1.3 Hz, 4H), 7.30 (q, /= 8.9, 8.2 Hz, 6H), 7.23 — 7.17 (m, 2H),
6.72 (s, 1H), 4.49 (s, 2H), 1.35 (s, 6H). 3C NMR (101 MHz, DMSO-d¢) § 171.54, 162.52
(d, J=245.1 Hz), 152.70, 147.38, 147.30, 132.03 (d, J = 3.5 Hz), 131.10 (d, J = 8.1 Hz),

128.89, 127.33, 126.58, 124.95, 115.42 (d, J = 21.4 Hz), 77.85, 56.47, 42.82, 26.89. "F
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NMR (376 MHz, DMSO-d) & -113.77. HRMS (EI) caled for CpHy;N,OF [M+H]:

411.1867; found: 411.1863.
QP

N
ST

cl
8-(4-chlorophenyl)-6,6-dimethyl-2,2-diphenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(4)
Yellow solid (303.28 mg, 71% yield); "TH NMR (400 MHz, DMSO-dy) 6 7.88 — 7.79
(m, 2H), 7.59 — 7.55 (m, 2H), 7.51 — 7.45 (m, 4H), 7.36 (dd, J = 8.4, 7.0 Hz, 4H), 7.28 —
7.22 (m, 2H), 6.83 (s, 1H), 4.51 (s, 2H), 1.40 (s, 6H). 3C NMR (101 MHz, DMSO-dy) 6
171.50, 152.54, 147.87, 147.27, 134.47, 133.38, 130.84, 128.92, 128.61, 127.36, 126.58,

124.81, 77.85, 56.44, 42.88, 26.85. HRMS (EI) calcd for Co;H»;N,OCI [M+H]: 427.1572;

found: 427.1577.

QP
N

SN

Br
8-(4-bromophenyl)-6,6-dimethyl-2,2-diphenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(5)

Light yellow oily (315.64 mg, 67% yield); "TH NMR (400 MHz, DMSO-dy) 6 7.73 (d,
J=28.6 Hz, 2H), 7.65 (d, J= 8.6 Hz, 2H), 7.45 (d, /= 7.0 Hz, 4H), 7.31 (t,J = 7.7 Hz, 4H),
7.20 (t, J = 7.3 Hz, 2H), 6.77 (s, 1H), 4.48 (s, 2H), 1.35 (s, 6H). 3C NMR (101 MHz,
DMSO-dy) 6 171.47, 152.49, 147.80, 147.28, 134.84, 131.52, 131.15, 128.91, 127.34,
126.58, 124.94, 122.04, 77.87, 56.45, 42.88, 26.84. HRMS (EI) caled for Cy;H,3N,OBr

[M+H]: 471.1067; found: 471.1065.
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8-(4-methoxyphenyl)-6,6-dimethyl-2,2-diphenyl-2,6-dihydroimidazo[1,2-
a|pyridin-5(3H)-one:(6)

Yellow solid (258.16 mg, 61% yield); 'TH NMR (400 MHz, DMSO-d) 6 7.83 — 7.67
(m, 2H), 7.47 (d, J="7.8 Hz, 4H), 7.33 (t,J = 7.7 Hz, 4H), 7.24 — 7.20 (m, 2H), 7.06 — 7.02
(m, 2H), 6.66 (s, 1H), 4.48 (s, 2H), 3.81 (s, 3H), 1.36 (s, 6H). 3C NMR (101 MHz, DMSO-
de) 0 171.68, 159.70, 152.88, 147.39, 145.95, 130.23, 128.90, 127.94, 127.32, 126.58,
125.37, 113.97, 77.78, 56.39, 55.62, 42.70, 27.02. HRMS (EI) calcd for CysH»6N,O,

[M+H]: 423.2067; found: 423.2069.
QP

N
ST

CF3
6,6-dimethyl-2,2-diphenyl-8-(4-(trifluoromethyl)phenyl)-2,6-dihydroimidazo[1,2-
a]pyridin-5(3H)-one:(7)

Yellow oil (285.93 mg, 62% yield); 'H NMR (400 MHz, DMSO-dy) 6 7.95 - 7.81 (m,
2H), 7.70 (d, J= 8.3 Hz, 2H), 7.39 — 7.29 (m, 4H), 7.19 (t, /= 7.8 Hz, 4H), 7.09 — 7.05 (m,
2H), 6.74 (s, 1H), 4.38 (s, 2H), 1.25 (s, 6H). 13C NMR (101 MHz, DMSO-ds) 6 171.37,
152.40, 148.98, 147.25, 139.73, 129.84, 128.88, 127.32, 126.57, 125.43 (q, J = 3.8 Hz),

124.97, 77.95, 56.47, 42.97, 26.74. F NMR (376 MHz, DMSO-d¢) 6 -61.11. HRMS

(EI) calcd for C,3H,3N,OF; [M+H]: 461.1835; found: 461.1837.
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Y

8-(4-ethylphenyl)-6,6-dimethyl-2,2-diphenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(8)

Yellow solid (341.19 mg, 81% yield); '"H NMR (400 MHz, DMSO-d) 8 7.73 — 7.60
(m, 2H), 7.50 — 7.40 (m, 4H), 7.32 (q, J = 7.7 Hz, 6H), 7.26 — 7.18 (m, 2H), 6.70 (s, 1H),
4.46 (s, 2H), 2.66 (q,J=7.5 Hz, 2H), 1.35 (s, 6H), 1.22 (t,J=7.6 Hz, 3H). '3C NMR (101
MHz, DMSO-ds) & 171.64, 152.76, 147.35, 146.86, 144.24, 133.10, 128.96, 128.92,
127.96, 127.34, 126.58, 125.80, 77.79, 56.38, 42.74, 28.37, 26.98, 15.98. HRMS (EI)

calcd for CoHpgN,O [M+H]: 421.2274; found: 421.2278.

4-(6,6-dimethyl-5-0x0-2,2-diphenyl-2,3,5,6-tetrahydroimidazo[1,2-a]pyridin-8-
yl)benzaldehyde:(9)

Yellow oil (219.02 mg, 52% yield); 'H NMR (400 MHz, DMSO-d) 6 7.81 — 7.68 (m,
2H), 7.35 - 7.27 (m, 6H), 7.17 (t, J= 7.7 Hz, 5H), 7.09 — 7.04 (m, 2H), 6.66 (s, 1H), 4.33
(s, 2H), 1.21 (s, 6H). 13C NMR (101 MHz, DMSO-d;) 6 171.48, 152.54, 148.63, 148.29,
147.25,134.90, 130.95, 128.92, 127.36, 126.60, 124.66, 121.08, 77.89, 56.48, 42.89, 26.84.

HRMS (EJ) caled for C,3H,4N,0O, [M+H]: 421.1911; found: 421.1913.
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methyl 4-(6,6-dimethyl-5-o0x0-2,2-diphenyl-2,3,5,6-tetrahydroimidazo[1,2-
a|pyridin-8-yl)benzoate:(10)

Yellow oil (212.06 mg, 47% yield); '"H NMR (400 MHz, DMSO-d)  8.06 (d, /= 8.2
Hz, 2H), 7.92 (d, J=8.2 Hz, 2H), 7.45 (d, J=7.5 Hz, 2H), 7.35 - 7.28 (m, 6H), 7.23 - 7.19
(m, 2H), 6.89 (s, 1H), 4.48 (s, 2H), 3.89 (d, /= 1.2 Hz, 3H), 1.37 (s, 6H). '3C NMR (101
MHz, DMSO-d¢) 6 171.41, 166.47, 152.40, 148.85, 147.28, 142.91, 140.34, 129.41,
128.92, 128.82, 128.43, 127.35, 126.58, 77.91, 56.44, 52.67, 42.98, 26.81. HRMS (EI)

calcd for C,oHy6N,O5 [M+H]: 451.2016; found: 451.2017.
QP

N
vy

6,6-dimethyl-2,2-diphenyl-8-(o-tolyl)-2,6-dihydroimidazo[1,2-a]pyridin-5(3H)-
one:(11)

Yellow solid (346.13 mg, 85% yield); "TH NMR (400 MHz, DMSO-dq) 6 7.37 — 7.30
(m, 6H), 7.30 — 7.27 (m, 4H), 7.25 (ddd, J = 5.4, 3.0, 1.2 Hz, 2H), 7.22 — 7.18 (m, 2H),
6.43 (s, 1H), 4.47 (s, 2H), 2.18 (s, 3H), 1.36 (s, 6H). 13C NMR (101 MHz, DMSO-d;) 6
171.78, 153.04, 148.33, 147.20, 136.74, 136.18, 130.30, 130.20, 128.82, 128.52, 127.33,
126.77, 126.60, 126.04, 77.66, 56.73, 42.68, 26.89, 20.10. HRMS (EI) calcd for

CysHy6N,O [M+H]: 407.2118; found: 407.2112.
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8-(2-fluorophenyl)-6,6-dimethyl-2,2-diphenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(12)

Yellow oil (320.73 mg, 78% yield); "TH NMR (400 MHz, DMSO-dg) & 7.31 (td, J =
7.6,2.0 Hz, 1H), 7.28 — 7.23 (m, 1H), 7.21 — 7.19 (m, 3H), 7.09 (t,J = 7.7 Hz, 7TH), 7.01 —
6.96 (m, 2H), 6.46 (s, 1H), 4.27 (s, 2H), 1.15 (s, 6H). 3C NMR (101 MHz, DMSO-dj) 4
171.44, 161.32, 158.87, 152.38, 149.70, 147.30, 132.17, 132.14, 130.88, 130.80, 128.82,
127.30, 126.60, 124.73, 124.69, 123.83, 123.68, 121.60, 116.21, 116.00, 77.73, 56.89,

42.87, 26.82. F NMR (376 MHz, DMSO-ds) 6 -113.32. HRMS (EI) calcd for

Cy7H23N,OF [M+H]: 411.1867; found: 411.1869.
QP

N
SR

6,6-dimethyl-2,2-diphenyl-8-(m-tolyl)-2,6-dihydroimidazo[1,2-a]pyridin-5(3H)-
one:(13)

Yellow solid (354.27 mg, 87% yield); "TH NMR (400 MHz, DMSO-dg) 6 7.63 (d, J =
7.9 Hz, 1H), 7.55 (d, /= 1.9 Hz, 1H), 7.49 (dd, J = 8.3, 1.3 Hz, 4H), 7.38 (t, /= 7.9 Hz,
5H), 7.29 — 7.25 (m, 3H), 6.76 (s, 1H), 4.51 (s, 2H), 2.43 (s, 3H), 1.41 (s, 6H). 3C NMR
(101 MHz, DMSO-dy) 6 171.61, 152.72, 147.35, 147.25, 137.65, 135.68, 129.55, 129.20,
129.13, 128.92, 128.39, 127.34, 126.57, 126.30, 126.03, 77.79, 56.42, 42.77, 26.96, 21.59.

HRMS (EJ) caled for C,3H,6N,0O [M+H]: 407.2118; found: 407.2113.

8-(3-fluorophenyl)-6,6-dimethyl-2,2-diphenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(14)
Yellow oil (312.51 mg, 76% yield); 'H NMR (400 MHz, DMSO-d) 6 7.68 — 7.59 (m,

2H), 7.54 — 7.48 (m, 1H), 7.44 (d, J = 8.2 Hz, 4H), 7.33 (t, J = 7.6 Hz, 4H), 7.23 (q, J =
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7.2, 6.8 Hz, 3H), 6.86 (s, 1H), 4.47 (s, 2H), 1.36 (s, 6H). 3C NMR (101 MHz, DMSO-dj)
8 171.46, 162.25 (d, J = 242.5 Hz), 152.46, 148.42, 147.25, 137.90 (d, J = 8.0 Hz), 130.51
(d,J= 8.4 Hz), 128.94, 127.37, 126.55, 125.09 (d, J= 2.8 Hz), 124.65, 115.85 (d, J=22.6
Hz), 115.40 (d, J=20.9 Hz), 77.87, 56.36, 42.88, 26.82. '"F NMR (376 MHz, DMSO-d;)

0-113.39. HRMS (EI) caled for C,;H,3N,OF [M+H]: 411.1867; found: 411.1863.
QP

N
SR

8-(4-ethynylphenyl)-6,6-dimethyl-2,2-diphenyl-2,6-dihydroimidazo|1,2-
a|pyridin-5(3H)-one:(15)

Yellow solid (2.28 g, 76% yield); '"H NMR (400 MHz, DMSO-d;) 6 7.56 (d, J = 8.1
Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 7.21 (d, J = 7.5 Hz, 4H), 7.07 (t, J = 7.7 Hz, 4H), 6.96
(t, J=17.3 Hz, 2H), 6.55 (s, 1H), 4.24 (s, 2H), 4.03 (s, 1H), 1.11 (s, 6H). 3C NMR (101
MHz, DMSO-d¢) 6 171.46, 152.49, 148.04, 147.27, 136.14, 132.42, 131.94, 129.30,
128.91, 127.34, 126.58, 125.26, 121.96, 83.75, 82.04, 77.89, 56.42, 42.88, 26.85. HRMS

(ED) calcd for C,oH,4N,O [M+H]: 417.1961; found: 417.1964.

6,6-dimethyl-2,2-diphenyl-8-(thiophen-3-yl)-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(16)

Yellow oil (287.39 mg, 72% yield); 'H NMR (400 MHz, DMSO-dg) 6 8.44 (d,J=1.6
Hz, 1H), 7.70 — 7.60 (m, 2H), 7.52 (d, J= 7.5 Hz, 4H), 7.33 (t, /= 7.6 Hz, 4H), 7.22 (t, J
= 7.4 Hz, 2H), 7.02 (s, 1H), 4.47 (s, 2H), 1.35 (s, 6H). 3C NMR (101 MHz, DMSO-dq) 5

171.52, 152.53, 147.37, 145.58, 135.48, 131.08, 128.93, 127.32, 126.58, 126.29, 125.16,
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120.42, 77.80, 56.16, 42.47, 26.98. HRMS (EI) calcd for C,sH2,N,OS [M+H]: 399.1526;

found: 399.1529.

6,6-dimethyl-2,2-diphenyl-8-(thiophen-2-yl)-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(17)

Yellow oil (243.48 mg, 61% yield); "TH NMR (400 MHz, DMSO-dy) 8 7.81 (dd, J =
3.7, 1.2 Hz, 1H), 7.64 (dd, J=5.1, 1.2 Hz, 1H), 7.56 (dd, J = 8.4, 1.3 Hz, 4H), 7.34 (t, J =
7.8 Hz, 4H), 7.25 — 7.20 (m, 3H), 7.16 (dd, J = 5.2, 3.7 Hz, 1H), 7.05 (s, 1H), 4.50 (s, 2H),
1.35 (s, 6H). 3C NMR (101 MHz, DMSO-d6) 6 171.41, 151.99, 147.50, 143.96, 136.42,
135.36, 134.42, 128.96, 128.16, 127.42, 127.35, 126.49, 126.37, 119.62, 78.01, 56.54,

42.75,26.93. HRMS (EI) calcd for C,5H,N,OS [M+H]: 399.1526; found: 399.1523.

6,6-dimethyl-2,8-diphenyl-2,6-dihydroimidazo[1,2-a]pyridin-5(3H)-one:(18)

White solid (225.2 mg, 71% yield); "TH NMR (400 MHz, DMSO-dy) 6 7.64 (dd, J =
8.1, 1.6 Hz, 2H), 7.43 — 7.33 (m, 5H), 7.32 - 7.27 (m, 3H), 6.70 (s, 1H), 5.35 (dd, J=10.3,
7.4 Hz, 1H), 4.28 (dd, J=11.4, 10.3 Hz, 1H), 3.56 (dd, /= 11.4, 7.5 Hz, 1H), 1.39 (s, 6H).
BCNMR (101 MHz, DMSO-d;) 6 171.50, 154.20, 146.86, 143.37, 135.81, 129.12, 129.08,
128.47, 128.40, 127.78, 127.20, 126.14, 68.48, 50.96, 42.77, 27.17, 26.84. HRMS (EI)
calcd for C,;HyoN,O [M]: 317.1648; found: 317.1642.
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6,6-dimethyl-2-phenyl-8-(p-tolyl)-2,6-dihydroimidazo[1,2-a]pyridin-5(3H)-
one:(19)

White solid (215.27 mg, 65% yield); '"H NMR (400 MHz, DMSO-ds) & 7.57 (d, J =
8.2 Hz, 2H), 7.42 — 7.35 (m, 2H), 7.34 — 7.27 (m, 3H), 7.21 (d, J = 7.9 Hz, 2H), 6.67 (s,
1H), 5.37 (dd, J=10.3, 7.5 Hz, 1H), 4.30 (dd, /= 11.4, 10.4 Hz, 1H), 3.57 (dd, J=11.4,
7.5 Hz, 1H), 2.33 (s, 3H), 1.40 (s, 6H). 13C NMR (101 MHz, DMSO-ds) 6 171.53, 154.28,
146.13, 143.39, 137.80, 132.92, 129.05, 128.99, 128.94, 127.75, 127.16, 126.00, 68.45,

50.93, 42.70, 27.21, 26.87, 21.23. HRMS (EI) caled for C,,H,,N,O [M+H]: 331.1805;

found: 331.1803.

8-(4-fluorophenyl)-6,6-dimethyl-2-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(20)

Yellow solid (191.04 mg, 57% yield); "TH NMR (400 MHz, DMSO-d) 6 7.74 (ddd, J
=8.9,5.5,3.0 Hz, 2H), 7.43 - 7.37 (m, 2H), 7.36 — 7.32 (m, 3H), 7.26 (s, 2H), 6.76 (s, 1H),
5.39(dd,J=10.3,7.5 Hz, 1H), 4.32 (t, /= 10.9 Hz, 1H), 3.64 —3.56 (m, 1H), 1.42 (s, 6H).
13C NMR (101 MHz, DMSO-dg) 6 171.47, 162.40 (d, J = 245.0 Hz), 154.19, 146.84,
143.32, 135.47 (d, J = 8.8 Hz), 131.16 (d, J = 8.2 Hz), 129.07, 127.79, 127.21, 125.06,
115.24 (d,J=21.3 Hz), 68.49, 50.99, 42.79, 27.14, 26.79. ’F NMR (376 MHz, DMSO-d;)

0 -114.08. HRMS (EI) calcd for C,;H9N,OF [M+H]: 335.1554; found: 335.1557.

Cl
8-(4-chlorophenyl)-6,6-dimethyl-2-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-

5(3H)-one:(21)
27



Light yellow oil (175.56 mg, 50% yield); "TH NMR (400 MHz, DMSO-ds) 6 7.69 (d,
J = 8.5 Hz, 2H), 7.50 — 7.43 (m, 2H), 7.41 — 7.34 (m, 2H), 7.33 — 7.26 (m, 3H), 6.76 (s,
1H), 5.36 (dd, /= 10.4, 7.5 Hz, 1H), 4.29 (t, /= 10.9 Hz, 1H), 3.56 (dd, J=11.4, 7.5 Hz,
1H), 1.39 (s, 6H). 3C NMR (101 MHz, DMSO-dg) 6 171.40, 154.03, 147.27, 143.27,
134.56, 133.24,130.89, 129.07, 128.42, 127.80, 127.22, 124.97, 68.51, 50.97, 42.85, 27.10,

26.74. HRMS (EI) calcd for C,;H9N,OCl [M+H]: 351.1259; found: 351.1253.

Br
8-(4-bromophenyl)-6,6-dimethyl-2-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(22)

Light yellow oil (168.54 mg, 48% yield); "TH NMR (400 MHz, DMSO-dg) 6 7.45 —
7.33 (m, 4H), 7.10 (dq, J = 16.3, 8.7, 8.1 Hz, 5H), 6.53 (s, 1H), 5.13 (dd, /= 10.3, 7.5 Hz,
1H), 4.06 (t, J = 10.9 Hz, 1H), 3.34 (dd, J = 11.4, 7.6 Hz, 1H), 1.16 (s, 6H). 13C NMR
(101 MHz, DMSO-dg) 8 171.36, 153.98, 147.23, 143.27, 134.92, 131.34, 131.20, 129.05,
127.78, 127.21, 125.08, 121.90, 68.53, 50.98, 42.86, 27.10, 26.74. HRMS (EI) calcd for

C21H19N20Br [M+H] 3950754, found: 395.0758.

8-(4-methoxyphenyl)-6,6-dimethyl-2-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(23)

Yellow solid (177.06 mg, 51% yield); '"H NMR (400 MHz, DMSO-dg) 6 7.70 — 7.55
(m, 2H), 7.44 — 7.33 (m, 2H), 7.33 — 7.23 (m, 3H), 7.01 — 6.88 (m, 2H), 6.70 — 6.56 (m,
1H), 5.35 (dd, J=10.3, 7.5 Hz, 1H), 4.28 (dd, J = 11.4, 10.4 Hz, 1H), 3.76 (s, 3H), 3.56

(dd, J=11.4,7.5 Hz, 1H), 1.38 (s, 6H). 3C NMR (101 MHz, DMSO-dy) 5 171.58, 159.60,
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154.39, 145.41, 143.41, 130.30, 129.05, 128.06, 127.75, 127.18, 125.55, 113.79, 68.45,

55.59, 50.93, 42.67, 27.26, 26.92. HRMS (EI) caled for CoH,oN,0, [M+H]: 347.1754;

found: 347.1755.

8-(4-ethylphenyl)-6,6-dimethyl-2-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(24)

Yellow solid (214.02 mg, 62% yield); "TH NMR (400 MHz, DMSO-ds) 6 7.56 (d, J =
7.8 Hz, 2H), 7.41 — 7.33 (m, 2H), 7.33 — 7.26 (m, 3H), 7.22 (d, J = 7.9 Hz, 2H), 6.65 (s,
1H), 5.35 (dd, /=10.4, 7.5 Hz, 1H), 4.28 (t, /= 10.9 Hz, 1H), 3.56 (dd, J=11.4, 7.5 Hz,
1H), 2.60 (q, J = 7.5 Hz, 2H), 1.38 (s, 6H), 1.18 (t, /= 7.6 Hz, 3H). 3C NMR (101 MHz,
DMSO-ds) 6 171.53, 154.29, 146.21, 144.13, 143.38, 133.20, 129.06, 127.77, 127.18,
126.03, 68.46, 50.94, 42.71, 28.38, 27.22, 26.88, 16.08. HRMS (EI) calcd for C,3H,4N,O

[M+H]: 345.1961; found: 345.1961.

6,6-dimethyl-2-phenyl-8-(o-tolyl)-2,6-dihydroimidazo|[1,2-a]pyridin-5(3H)-
one:(25)

White solid (228.51 mg, 69% yield); "TH NMR (400 MHz, DMSO-d;) 6 7.34 (ddd, J
=7.4,6.3,1.3 Hz, 2H), 7.27 - 7.21 (m, 5H), 7.19 (dd, /= 4.7, 1.3 Hz, 2H), 6.47 — 6.39 (m,
1H), 5.25 (dd, J=10.3, 7.4 Hz, 1H), 4.28 (dd, /J=11.4, 10.3 Hz, 1H), 3.57 (dd, J=11.4,
7.5 Hz, 1H), 2.23 (s, 3H), 1.39 (d, J = 2.1 Hz, 6H). 3C NMR (101 MHz, DMSO-d)

171.66, 154.46, 147.69, 143.33, 136.65, 136.22, 130.24, 130.17, 129.01, 128.39, 127.77,
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127.19, 126.78, 125.88, 68.45, 51.09, 42.67, 27.07, 26.84, 20.18. HRMS (EI) calcd for

CHN,O [M+H]: 331.1805; found: 331.1807.

6,6-dimethyl-2-phenyl-8-(m-tolyl)-2,6-dihydroimidazo[1,2-a]pyridin-5(3H)-
one:(26)

White solid (225.21 mg, 68% yield); "TH NMR (400 MHz, DMSO-d) & 7.52 — 7.44
(m, 2H), 7.42 — 7.36 (m, 2H), 7.33 — 7.26 (m, 4H), 7.18 (d, /= 7.5 Hz, 1H), 6.69 (s, 1H),
5.38(dd,J=10.3,7.4 Hz, 1H), 4.30 (dd, /= 11.4, 10.4 Hz, 1H), 3.58 (dd,J=11.4, 7.4 Hz,
1H), 2.35 (s, 3H), 1.41 (s, 6H). *C NMR (101 MHz, DMSO-dy) 6 171.52, 154.25, 146.70,
143.39, 137.47, 135.80, 129.55, 129.06, 128.24, 127.77, 127.16, 126.43, 126.27, 68.45,
50.98, 42.73, 27.17, 26.86, 21.52. HRMS (EI) caled for C,H,,N,O [M+H]: 331.1805;

found: 331.1802.

8-(3-fluorophenyl)-6,6-dimethyl-2-phenyl-2,6-dihydroimidazo|[1,2-a]pyridin-
5(3H)-one:(27)

Yellow oil (194.39 mg, 58% yield); '"H NMR (400 MHz, DMSO-d) 6 7.58 — 7.50 (m,
2H), 7.43 (td, J= 8.2, 6.2 Hz, 1H), 7.40 — 7.34 (m, 2H), 7.33 — 7.28 (m, 3H), 7.19 (td, J =
6.6, 1.1 Hz, 1H), 6.82 (s, 1H), 5.37 (dd, J=10.3, 7.5 Hz, 1H), 4.29 (dd, J=11.4, 10.4 Hz,
1H), 3.57 (dd, J = 11.4, 7.5 Hz, 1H), 1.40 (s, 6H). 3C NMR (101 MHz, DMSO-dy)
171.39, 162.15 (d, J = 242.6 Hz), 153.94, 147.72, 143.25, 137.98 (d, J = 8.6 Hz), 130.33
(d, J = 8.4 Hz), 129.07, 127.80, 127.18, 125.10 (d, J = 2.7 Hz), 124.87 (d, J = 2.8 Hz),
115.97 (d, J = 22.7 Hz), 115.24 (d, J = 20.9 Hz), 68.52, 50.95, 42.84, 27.04, 26.69. F
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NMR (376 MHz, DMSO-dg) & -113.64. HRMS (EI) calcd for C,H;oN,OF [M+H]:

335.1554; found: 335.1559.

6,6-dimethyl-8-phenyl-2-(p-tolyl)-2,6-dihydroimidazo[1,2-a]pyridin-5(3H)-
one:(28)

Yellow oil (228.51 mg, 69% yield); 'H NMR (400 MHz, DMSO-d;) 6 7.69 — 7.59 (m,
2H), 7.42 —-7.33 (m, 3H), 7.21 — 7.12 (m, 4H), 6.69 (s, 1H), 5.30 (dd, /= 10.3, 7.4 Hz, 1H),
4.25(dd,J=11.4,10.4 Hz, 1H), 3.54 (dd, J=11.4, 7.5 Hz, 1H), 2.28 (s, 3H), 1.39 (s, 6H).
3C NMR (101 MHz, DMSO-dy) 6 171.49, 154.02, 146.74, 140.41, 136.89, 135.82, 129.60,
129.12, 128.46, 128.38, 127.10, 126.18, 68.29, 50.98, 42.74, 27.18, 26.84, 21.17. HRMS

(EI) caled for Cy,H,,N,O [M+H]: 331.1805; found: 331.1808.

2-(4-fluorophenyl)-6,6-dimethyl-8-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(29)

Yellow oil (204.44 mg, 61% yield); '"H NMR (400 MHz, DMSO-d) 6 7.55 (dd, J =
8.1, 1.6 Hz, 2H), 7.33 — 7.22 (m, 5H), 7.09 (t, J = 8.9 Hz, 2H), 6.60 (s, 1H), 5.27 (dd, J =
10.4, 7.6 Hz, 1H), 4.19 (dd, J=11.4, 10.4 Hz, 1H), 3.45 (dd, J=11.5, 7.7 Hz, 1H), 1.30
(s, 6H). 3C NMR (101 MHz, DMSO-dg) 6 171.53, 161.88 (d, J = 242.8 Hz), 154.36,
146.92, 139.56 (d, J = 3.2 Hz), 135.81, 129.22 (d, J = 8.1 Hz), 129.13, 128.47, 128.39,

126.17, 115.77 (d, J = 21.1 Hz), 67.78, 50.96, 42.77, 27.17, 26.77. YF NMR (376 MHz,

DMSO-d) 6 -115.37. HRMS (EI) caled for C,H;oN,OF [M+H]: 335.1554; found:

335.1557.
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2-(4-chlorophenyl)-6,6-dimethyl-8-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(30)

Yellow oil (193.12 mg, 55% yield); '"H NMR (400 MHz, DMSO-d;) 6 7.70 (d, J=8.5
Hz, 2H), 7.47 (d, J = 8.6 Hz, 2H), 7.40 — 7.35 (m, 2H), 7.34 — 7.28 (m, 3H), 6.77 (s, 1H),
5.36 (dd, J=10.4, 7.5 Hz, 1H), 4.30 (t, /= 10.9 Hz, 1H), 3.57 (dd, J=11.4, 7.5 Hz, 1H),
1.40 (s, 6H). 3C NMR (101 MHz, DMSO-d;) 6 171.37, 154.00, 147.24, 143.24, 134.53,
133.21, 130.86, 129.04, 128.39, 127.77, 127.19, 124.94, 68.48, 50.94, 42.81, 27.07, 26.71.

HRMS (EJ) caled for C,1HgN,OCl [M+H]: 351.1259; found: 351.1259.

o

BI'_< >_<
N/ =

2-(4-bromophenyl)-6,6-dimethyl-8-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(31)

Yellow oil (213.34 mg, 54% yield); '"H NMR (400 MHz, DMSO-d) 6 7.44 —7.32 (m,
4H), 7.10 (dq, J=16.3, 8.7, 8.1 Hz, 5H), 6.53 (s, 1H), 5.13 (dd, J=10.3, 7.5 Hz, 1H), 4.06
(t, J=10.9 Hz, 1H), 3.34 (dd, J=11.4, 7.6 Hz, 1H), 1.16 (s, 6H). 3C NMR (101 MHz,
DMSO-ds) 6 171.38, 154.00, 147.26, 143.29, 134.95, 131.37, 131.22, 129.08, 127.81,
127.23, 125.11, 121.92, 68.55, 51.00, 42.88, 27.13, 26.76. HRMS (EI) calcd for

C21H19N20Br [M+H] 3950754, found: 395.0759.

2-(4-methoxyphenyl)-6,6-dimethyl-8-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
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5(3H)-one:(32)

Light yellow oily (177.06 mg, 51% yield); '"H NMR (400 MHz, DMSO-ds) 6 7.66
(dd, J=8.1, 1.6 Hz, 2H), 7.41 — 7.31 (m, 3H), 7.26 — 7.20 (m, 2H), 6.94 — 6.87 (m, 2H),
6.68 (s, 1H), 5.30 (dd, /=10.2, 7.4 Hz, 1H), 4.25 (dd, /= 11.4, 10.3 Hz, 1H), 3.72 (s, 3H),
3.56 (dd, J=11.4, 7.5 Hz, 1H), 1.40 (s, 6H). *C NMR (101 MHz, DMSO-d;) & 171.47,
158.98, 153.90, 146.66, 135.85, 135.38, 129.13, 128.45, 128.36, 128.34, 126.26, 114.41,
68.06, 55.50, 51.05, 42.74, 27.18, 26.85. HRMS (EI) calcd for Cy,H;,pN,0, [M+H]:

347.1754; found: 347.1757.

6,6-dimethyl-8-phenyl-2-(4-(trifluoromethyl)phenyl)-2,6-dihydroimidazo|1,2-
a]pyridin-5(3H)-one:(33)

Yellow oil (215.69 mg, 56% yield); "TH NMR (400 MHz, DMSO-d;) 6 7.73 (d, J=17.7
Hz, 2H), 7.66 — 7.63 (m, 2H), 7.56 (d, J = 8.1 Hz, 2H), 7.42 — 7.36 (m, 3H), 6.72 (d, J =
0.6 Hz, 1H), 5.47 (dd, J=10.4, 7.6 Hz, 1H), 4.33 (dd, /= 11.4, 10.5 Hz, 1H), 3.58 (dd, J
=11.5, 7.7 Hz, 1H), 1.39 (d, /= 3.0 Hz, 6H). 3C NMR (101 MHz, DMSO-d;) & 171.55,
154.85, 147.94, 147.17, 135.75, 129.13, 128.51, 128.42, 128.14, 126.17 — 125.88 (m),
67.96, 50.69, 42.82, 27.17, 26.75. 'F NMR (376 MHz, DMSO-d;) 6 -60.85. HRMS (EI)

caled for C,,H gN,OF; [M+H]: 385.1522; found: 385.1525.

2-(3-fluorophenyl)-6,6-dimethyl-8-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(34)
Yellow oil (194.39 mg, 58% yield); 'H NMR (400 MHz, DMSO-d¢) 6 7.51 — 7.38 (m,

2H), 7.23 — 7.13 (m, 4H), 7.01 — 6.96 (m, 2H), 6.92 (td, J = 7.5, 2.1 Hz, 1H), 6.51 (s, 1H),
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5.18 (dd, J=10.4, 7.7 Hz, 1H), 4.10 (dd, J= 11.4, 10.4 Hz, 1H), 3.36 (dd, J=11.4, 7.7 Hz,
1H), 1.19 (s, 6H). 3C NMR (101 MHz, DMSO-dy) § 171.53, 162.76 (d, J = 243.5 Hz),
154.66, 147.04, 146.20 (d, J = 7.3 Hz), 135.79, 131.04 (d, J = 8.1 Hz), 129.12, 128.48,
128.40, 126.11, 123.32 (d, J = 2.8 Hz), 114.57 (d, J = 21.0 Hz), 114.10 (d, J = 21.7 Hz),
67.92, 50.78, 42.78, 27.21, 26.71. 9F NMR (376 MHz, DMSO-d,) 5 -112.84. HRMS

(EI) calcd for C,;H oN,OF [M+H]: 335.1554; found: 335.1558.

2-(1H-indol-3-yl)-6,6-dimethyl-8-phenyl-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(35)

White solid (227.95 mg, 64% yield); '"H NMR (400 MHz, DMSO-dg) 6 11.03 (s, 1H),
7.62 (dd, J=17.9, 1.7 Hz, 2H), 7.44 — 7.31 (m, 6H), 7.14 — 7.06 (m, 1H), 7.02 — 6.95 (m,
1H), 6.70 (s, 1H), 5.59 (dd, J=10.2, 7.2 Hz, 1H), 4.42 — 4.22 (m, 1H), 3.79 (dd, J=11.3,
7.2 Hz, 1H), 1.43 (d, J=4.9 Hz, 6H). 13C NMR (101 MHz, DMSO-d;) & 171.53, 153.17,
146.41, 137.24, 135.87, 129.09, 128.44, 128.35, 126.32, 125.92, 123.32, 121.75, 119.23,
118.83, 116.21, 112.30, 62.49, 49.52, 42.70, 27.23, 27.11. HRMS (EI) calcd for

Cy3H,1N;0 [M+H]: 356.1757; found: 356.1753.

6,6-dimethyl-2-(2-methyl-1H-indol-3-yl)-8-phenyl-2,6-dihydroimidazo|[1,2-
a|pyridin-5(3H)-one:(36)

White solid (229.52 mg, 62% yield); '"H NMR (400 MHz, DMSO-dy) 6 11.02 (s, 1H),
7.51(d,J=8.1 Hz, 2H), 7.39 (d, /= 8.1 Hz, 2H), 7.32 (d, /J=2.4 Hz, 1H), 7.15 (d, /= 8.0
Hz, 2H), 7.12 - 7.06 (m, 1H), 7.00 — 6.94 (m, 1H), 6.65 (s, 1H), 5.57 (dd, J=10.2, 7.2 Hz,
1H), 4.32 -4.18 (m, 1H), 3.77 (dd, J=11.3, 7.2 Hz, 1H), 2.28 (s, 3H), 1.41 (d, J=4.5 Hz,
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6H). 13C NMR (101 MHz, DMSO-dq) & 171.57, 153.24, 145.70, 137.75, 137.23, 132.97,
128.95, 128.90, 126.13, 125.92, 123.26, 121.74, 119.21, 118.85, 116.24, 112.28, 62.46,
49.47, 42.64, 27.25, 27.15, 21.21. HRMS (EI) calcd for C,4H,3N;0 [M+H]: 370.1914;

found: 370.1918.

2-(3,4-dimethoxyphenyl)-6,6-dimethyl-8-phenyl-2,6-dihydroimidazo|1,2-
a|pyridin-5(3H)-one:(37)

Light yellow oily (203.68 mg, 54% yield); 'TH NMR (400 MHz, DMSO-d¢) 6 7.71 —
7.61 (m, 2H), 7.42 —7.34 (m, 3H), 6.95 — 6.90 (m, 2H), 6.82 (dd, /= 8.3, 2.0 Hz, 1H), 6.68
(s, 1H), 5.29 (dd, J=10.2, 7.5 Hz, 1H), 4.25 (t, /= 10.8 Hz, 1H), 3.75 (d, /= 9.4 Hz, 6H),
3.59(dd,J=11.4,7.6 Hz, 1H), 1.39 (d, J= 2.1 Hz, 6H). 3C NMR (101 MHz, DMSO-dy)
0 171.50, 153.93, 149.27, 148.56, 146.67, 135.87, 135.82, 129.12, 128.46, 128.38, 126.27,
119.10, 112.40, 111.22, 68.28, 56.01, 55.95, 50.96, 42.74, 27.18, 26.85. HRMS (EI) calcd

for Cy3H24N,O5 [M+H]: 377.1860; found: 377.1866.

2-(3-fluorophenyl)-6,6-dimethyl-8-(p-tolyl)-2,6-dihydroimidazo[1,2-a]pyridin-
5(3H)-one:(38)

Yellow oil (195.54 mg, 56% yield); '"H NMR (400 MHz, DMSO-dg) 6 7.51 — 7.42 (m,
2H), 7.34 (td, J=17.9, 6.0 Hz, 1H), 7.15 — 7.00 (m, 6H), 6.58 (s, 1H), 5.30 (dd, J = 10.4,
7.7 Hz, 1H), 4.21 (dd, J=11.4, 10.4 Hz, 1H), 3.47 (dd, J= 11.4, 7.7 Hz, 1H), 2.24 (s, 3H),
1.30 (s, 6H). 3C NMR (101 MHz, DMSO-d;) 6 171.59, 162.77 (d, J=243.4 Hz), 154.74,
146.36, 146.24 (d, J = 6.7 Hz), 137.83, 132.91, 131.05 (d, J = 8.1 Hz), 128.98, 125.94,
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123.30 (d,J=2.8 Hz), 114.55 (d, J=21.0 Hz), 114.07 (d, J=21.8 Hz), 67.88, 50.73, 42.72,

27.24, 26.75, 21.22. F NMR (376 MHz, DMSO-d;) 6 -112.87. HRMS (EI) calcd for

C»H,N,OF [M+H]: 349.1711; found: 349.1718.

7,7-dimethyl-2,9-diphenyl-2,3,4,7-tetrahydro-6 H-pyrido[1,2-a]pyrimidin-6-
one:(39)

Light yellow oily (135.78 mg, 41% yield); '"H NMR (400 MHz, DMSO-dg) 6 7.47 —
7.41 (m, 2H), 7.35 - 7.25 (m, 7H), 7.23 — 7.17 (m, 1H), 6.39 (s, 1H), 4.60 (dd, /=9.4, 4.1
Hz, 1H), 3.93 (dt,J=13.2,4.5 Hz, 1H), 3.58 (ddd, J=13.2, 11.1, 4.3 Hz, 1H), 2.26 (dq, J
=13.0,4.3 Hz, 1H), 1.63 (dddd, /= 13.8, 11.0, 9.4, 4.7 Hz, 1H), 1.37 (d, J = 2.9 Hz, 6H).
BCNMR (101 MHz, DMSO-d;) 6 174.12, 147.07, 144.88, 141.89, 138.15, 132.27, 130.10,
128.59, 127.81, 127.68, 126.89, 56.97, 40.58, 39.67, 29.13, 27.77, 27.58. HRMS (EI)

calcd for C»,H,,N,O [M+H]: 331.1805; found: 331.1809.

7. Crystal Data and Structure Refinements

—“~ .
P
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Figure 9 Structure of 3a by X-Ray crystallographic (CCDC = 2263771 )
Single crystal suitable for X-ray diffraction was obtained by slow evaporation of a saturated

solution of compound 3a (cyclohexane/CH,Cl,) in a loosely capped vial.

Table 11 Crystal data and structure refinement for 3a

Empirical formula C,0H9)NO
Formula weight 406.51
Temperature/K 193
Crystal system monoclinic

Space group P21/c
a/A 11.9263(8)
b/A 17.9508(11)
c/A 10.8524(8)
a/° 90
B/ 106.642(2)
v/° 90
Volume/A3 2226.0(3)
Z 4
pcalcg/cm? 1.213
wmm-! 0.074
F(000) 864.0
Crystal size/mm? 0.13x0.12 x0.1
Radiation MoKa (A =0.71073)
20 range for data 4.528 to 55.03
collection/®
Index ranges A15<h<13,23<k<23-13<
1< 14

37



Reflections collected

Independent reflections

Data/restraints/parameters
Final R indexes [[>=2c (I)]
Final R indexes [all data]

Largest diff. peak/hole / e A-3

38

21000
5107 [Rint = 0.0597, Rsigma =

0.0564]

5107/0/283
R1=0.0573, wR2 =0.1164
R1=10.0998, wR2 =0.1354

0.23/-0.20



8. TH NMR and 3C NMR spectra

mm.%
:w__é_um.mX
0SKO 0S¢
OSWO 1572
ININENA
0Swa z5'¢c
0SWO 2S¢
[ FAN
LA
S6C
0ZH 98

AN
LTAR
971
971
LTH
LTl
8217
82 LA
621
st

i

5L
8L
1]
9511
y5 1
pg)

A

EI09 L

Fa6l |

5.5

T

5 60

6.5

7.0

Ears

T

7.5

T

8.0

8.5

T

9.0

IH NMR Spectrum of Compound 1a

0808

L0egy
DSWO 9868
DSHO L5BE
DSHO 8L 681
0SHO BB 6E
0SWOOZ DY f
0SHO SZ Dty
OSHO DY 0
OSHO m:@
0SKO19Df
0SWO 99°0%°

g05—

15°95—

e0on—

BZLil~
LE8af
Ly'6el

LELe

$LB91—

Br

T

150

130 120 110 100 90 80 70 60 50 40 30 20 10

140

170 160

180

13C NMR Spectrum of Compound 1a

39



66
827
0SHO 052
0SHOISZ
0SHOISZ
B2

1627

mm.m.\
0ZHOLE

E.m&r

B8E7
_m.m\.

Nz
eIt
8IL
L

3.0

3.5

4.0

4.5

6.0 5.5 5.0
1H NMR Spectrum of Compound 1b

6.5

8.0 7.5 7.0

8.5

512
yR°08
LA

0SWO g7'BE
0SHO%9'BE
0SHO¥B'BE
0SWO S0°0y
0SW0 320y
OSWa Ly Oy
0SWO 890y
L5°05—
9E95—

LB60I—

326l

Nm.mm_w
Uvel;
mN_mm_\

89°631—

90

13C NMR Spectrum of Compound 1b

190 180 170 160 150 140 130 120 110 100
40

T

210 200




1B,
OSNO1S 2
OSHO1S'Z
0SNO 257
0SNO 257
Ty
957
97
ot/

Ity
UL
A
1A
A
A
911
g

_umj_

08t
151

51

&t

gL

581

R

e

F

Br

EL08

Ee

F00e

FE0C
ez

IH NMR Spectrum of Compound 1c

OSWO 8568
0SWOBLBE
DSWO0O0Y
0SWO 0Z'0Y
OSWO 0¥
DSWO Z28°0%
1505—
yas—

0o'oli~
9550
R.m_.v

PEIEl
NimP
6Y°EEl
ESEEl

75091~
£6°291”
hLBYI—

Br

80 70

190 180 170 160 150 140 130 120 110 100 90
£1 frmm)

110 200

13C NMR Spectrum of Compound 1c

41



M.

0 0 -10 -20 30 -40 50 -60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

19F NMR Spectrum of Compound 1c

=]
=
=
oSO ssSe= e R =
[ 0= [~ = [~ [= [ [~ = = o3 03 o3 oA o ooN e =
— N A |

cl
\Q\/\O
N

Il
N

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 2

£1 fmmnnd

1H NMR Spectrum of Compound 1d

42

0.0



¥8'0E
6528
OSWO LG8

0SWO 8368
SO 68'6E
OSWO oroy
OSWOIE'0y
OSWO 250y
OSWO LDy

AL

9295

===

16°601—

1832
L7
m:m_w\
(758

69°631—

Cl

Br

60 50

70

190 180 170 160 150 140 130 120 110 100

0 200

90

Wi—

OSW0 9572~

13C NMR Spectrum of Compound 1d

Br.

Br

L =007

=009

e T ||

=== T |0
U 20

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

9.0

9.5

IH NMR Spectrum of Compound 1e

43



AT
L9°78
(OSWO 5968

(OSW0 3868
OSWO LD°DY
0SWa 8z oy
OSWO 8y 0y

OSWO 69°0Y
OSWO 06'0%
B7°05

£7'95

B0°0N—

5062
g
15287
/

598

LEB3I—

Br.

Br

60

T

70

80

100 90

190 180 170 160 150 140 130 120 110

210 200

50

13C NMR Spectrum of Compound 1e

861—
0SWOD0S°2
OSKHa _m.mw
OSWO1S5°2

98°cT
Eﬁ*
68°¢
ELE
mw.mM
88¢
68°E

98'9
989
183
889

68°3
L
8I'L
BIL
BI'L

Izt

Br

Fozy

ooz

¥ U
bz

I I/

Forz

IH NMR Spectrum of Compound 1f

44



OSHO 520
OSHO 15°0Y
OSAO 37 08
OSKWO Z9°0%
IL'D5~
N
957"

800N
vEyl—

3062
Syoel”

y°88—

ELB3I—

Br

100 90 8 70 60

T

00 180 170 160 150 140 130 120 110

190

200

-10

40 30 20 10

50

J

13C NMR Spectrum of Compound 1f

961
0SHO 052
OSHO 13
OSHO 137
0SHO 252
0SHO 252
505y
o5t
0%
nznces/

5L
AT
L7
B9L

Br

Faog

-mu EI0¢

-—== o0z

== 507
NU =007

IH NMR Spectrum of Compound 1g

45



[—N-—} =
Do om ;s ;
=] L TR
o o= 5552253
] [= - J— (7= Lo o
3 nmere-o — . — 00l gg oo
e et b Bl ¢S5S=ssS8=na2s
==] e Epe b e il BT =] DT F = = =T 01000303 0303
F
o]
N
Br
N

-

J

. A

T T T T T T T T T T

) 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -0

13C NMR Spectrum of Compound 1g

—-60.89

h

10

0

10

20 30 -40

-50

60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

19F NMR Spectrum of Compound 1g

46



L2
(=1
L0
=]
Lo BLOE
BLZE
" 0SHO SEBE
. - SO 956¢
o SO LLBE
A = Fees = :

: 0SWO LG 6E
0SHO 1S ] :
i o OSNO 81D

- i
(SN0 287 ~ OSHO BETY
67 OSO 09TY
(53 —=lw 3 5 AL

: LE
mm.ﬂ/ e 3
16E " i a
201 —= w3 E
0L O
eﬂh ° =z .%. G
S0 £ 787601
iyl o' D mm.m__/
80 a5 :

- 1} 8Ivl
80 0 Ptk
80 iy o
80 - L& 3l
0L - = 1950
0L . © z 9521
WL . T 2L g
it o 18°08l
ik :_ui
M“M ) Im TN LA

i 991

5L * hegn L9 L8~
w_w 68831
5L Fe 89°691
£l

£ 9

¥l

58 | o

9L o

£ .

20 10

30

70 60 50

Br
80

110 100 90
47

120

130
13C NMR Spectrum of Compound 1h

L L

190 180 170 160 150 140

200




-113.34

"

) 10 0 -10 20 -30 -40 -5 -60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2,
19F NMR Spectrum of Compound 1h
EREferee NEfee 585 =
O D00 o oo o oI o™Mmoem [V I N I ] -t
= "R ES LGS
&)
IQ\A O
\O N
} Br
N
1
1]
W ! 1
i A
b Bk i i
=N &= = =
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

I1H NMR Spectrum of Compound 1i

48



DSHO DY BE
OSHO 19°68
0SWQ Z8°6E
OSHO SO0y
OSHO b2 0
OSWO Y'Y
§9'05+,
§8°58

B5B0I—
gron
BO'EN
w1z

1562

1280
86y

69BAI—

o

Br

==

T

0 80 70 60

T

T

110

T

120
13C NMR Spectrum of Compound 1i

T

00 180 170 160 150 140 130

190

T

T

50

100 90

210 200

802
4 109

=gl

ooz

=08
2007

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.0

9.5

1H NMR Spectrum of Compound 1j

49



6682
9808
e
OSWO %968
OSWO 5968
OSHO 5868
OSWO 300y
0SWoLzoy
OSWO 8v'0Y
OSWO 690
L88Y

BL95

8-

£58al
_EN_W
L8812l
E0'ml
:.Ev.

58°691—

70 60 50

80

110 100 90

120

180 170 160 150 140 130
13C NMR Spectrum of Compound 1j

190

200

981
E._V

0SWO0S°2
OSWOIS'2
OSWOIS'2
OSW0 252
80t
B0°E

ore
IFe
oe
eIt

0ZHBEE

L8 .q

8Ly

A
WL
WL
SCL
Ll
0E'L~¢
el

GeL
BEL
BE'L
Il

Br

= U8
F o

=\

TE.E

20 1.5 1.0 05 00

4.5 4.0 3.5 3.0 25
50

5.0

80 75 70 65 60 55
IH NMR Spectrum of Compound 1k

8.5




89°08
608
0SWO 9€°6E
0SWO 95°6E
OSWOLL'BE
OSWO 86°6E
0OSWO 6I 0%
OSWOy0Y
OSWa 0y'0Y
NI
0SWa19°0%
88y
58925
'35

|t

A

85Lal
mq.mw_w
0rsal

66°0%—

58°681—

-~

——d

—

Br

O =

—F

0 30

50

190 180 170 160 150 140 130 120 110 100 90 80

0 200

13C NMR Spectrum of Compound 1k

BE;
SO 0521
SO 0521
OSWO 152
OSHO 1571
ISWO 2521
L0E]
B0'E;

e
DZHEY'E1
268
PBE;
96

0L

VA

£01
£
501
G0'L
B0y

Vi

[TR

i

m_.ﬁ

g

571
97
28(1
0
851

e

86°0—

Br

= =

—

=09

=07

Fioe

0l

oot

F001

12 1

13

IH NMR Spectrum of Compound 1l

51



ree

Nm._“_m
_“_m_.s mm.mm/
OSWOLSBE
OSWOBLBE
0OSWO 6668
OSWOBI'DY
OSWO 0v'0%
OSWO190Y
aros

G869—

110 90

120

150

180

T

190

70

80

100

130

140

160

170

20

13C NMR Spectrum of Compound 1l

161

562
OSWO &Y 2
0SWO 052
0SWO D52
0SWO OS2
OSHOI5Z
L6

B6¢

08
0ZHEEE
8¢

8

38

e

Y

69
69
96'9
69
669
0L
A
S¢L

vl
gL

80—

O

o

—

F89
=00¢

=il

=80¢

T 0re
= 01
=101

Fao

10 05 o

1.5

20 115 110 105 100 95 90 85 80 7.5 70 65 60 55 50 45 40 35 30 25

T

20

1H NMR Spectrum of Compound 1m

52



A
OSWO 8E'6E
OSWO BS'6E
OSW0 6L6E

OSROO0TY
OSWa iz oy
OSKO LoDy
OSWO 2y'0
OSWOE'DY

80°08

0995

4250
_m._u__”
LB~

BV

18817

mm._”_N_\

mm.mm_m

Gy el

mm.mm_\

E8'63I—

Br

170 160 150 130 120 110

180

190

-10

40 30 20 10

50

9 80 70

100

140

200

)

13C NMR Spectrum of Compound 1m

IR
7507

967
861

e,

mﬁ_‘m\
0SWODSE
0SWO :EW
OSKO15°2

LEAN
g5g”

Br

009

Fwoz

0.0

0.5

1.0

1.5

2.0

25

3.0

35

4.0

4.5

5.5 5.0

6.0

6.5

-0.5

7.0

in

1H NMR Spectrum of Compound 1n

53



736l
EIANA
5808
OSWO I5'6E
0SWO 23°68
OSWO EB'6E
OSWO¥00%
0OSWOSZ0%
08K 3%'0%
OSWO LS0Y
LLEERN
8895~

85—

LBB8I—

60

80 70

100 90

90 180 170 160 150 140 130 120 110

190

-10

40 30 20 10

50

10 200

13C NMR Spectrum of Compound 1n

BE1—

OSWO ES'2
OSWO ES'Z
OSWOES'Z
OSNO Y52
OSWO Y52

0ZHIE—

05%—

821

FLYA
561
LElL
el
vl
Lyl
Bl
BYL
i
BLL

i,
{

Faog

Fooz

E

=407
160
55

b ogi

0.0

0.5

1.0

1.5

80 75 70 65 60 5.5 5.0 4.5 40 35 30 25 20

85

9.0

IH NMR Spectrum of Compound 1

54



8692,
OSH SE'6E
OSHO 95'6E
OSHO LLBE
OSK 85 BE
OSHO810¢
OSHO 920
OSKO B8 041
SO 8 01|
OSHO 0301
OSHO 530%
082y
£r95—

8L~

(852
8592
|
1582
19921
882l
5062l
zﬂgx
5E L1
9Lyl
B9'Z51”

091L—

30 170 160 150 140 130 120 110

180

190

-10

20 10

30

90 8 70 60 50

100
1 fnnm)

0

S¢1—

mmAN
_um_zﬁ_ ﬁ_mm/
0SWO OS2
0SWO152
0SWOIS'E
0SH025¢

0ZHBEE—

iy

13C NMR Spectrum of Compound 1

899—
Bl

71
AN
5ZL
L]
0gL
PAyR
8L
L]
9L
Y911
39,

Foos

=ele

Eom

50e
MN_H_.N
ey
Wﬂmmﬁ
00e

00 -05

0.5

20 15 1.0

2.5

3.0

3.5

4.0

60 55 50

6.5

7.5 7.0

8.0

8.5

9.0

9.5

1 fnmm)
IH NMR Spectrum of Compound 2

55



51—
1§97~
0SHO SEE
0SHO 956¢
OSHO LLBE
0SHO 86°6E
OSHOBID
OSHO 07 D7
OSH 19T
LTy
8295
BLLL—

-10

40

50

190 180 170 160 150 140 130 120 110 100 90 80

200

13C NMR Spectrum of Compound 2

58—

0SWO0S'Z
0SWODS2Z
INITINERA
0sWalise
(0SW0 252

0ZH 2v'e—

Byy—

w9
i
8l
8l
Bl'L
0zl
0zt
(]
IZ1
IAR)
(L
BZ1L
190
g8l

L]
L
LIV
WL

081
08
197
781

—_—

8l
8L

A Ig]

Fooz

IH NMR Spectrum of Compound 3

56



e e [—]
HBEEFEFE=E
==553535
M Do S — o 93 o B9 i oy =] S-N-r]
~t _— [ el o g | oo 0~
i PR e e G R R T
EobDunsSsoedbooo~E2E E SRS Feasss

igjil l‘iJ — | ‘

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0

13C NMR Spectrum of Compound 3

B
s
I
QP
N
S
F
I -1(.';6.5 l -157.5 ‘ —'IdS.S ' -10‘9.5 I -'I1|0.5 -'IIV'I.S ‘ -11‘2.5 ‘ -'III3.5 ' -'III4.5 { -11‘5.5 -11|6.5 -1

19F NMR Spectrum of Compound 3

57



12

OSHO 57
OSHO¥5Z
OSHO 582
OSHO 552
OSAAs
_ﬁ/
289
87l
871
871
(71
(7L
(7L
95l
bl
98
9eL
(51
geL
8eL
1l
1l
11
1l
gL}
By
By
957 ﬁ
(51
851
85
281
281
b1
b1

—

Cl

0.5 0.0

1.0

2.0

5.0 4.5 4.0 35 3.0 2.5

5.5

6.0
IH NMR Spectrum of Compound 4

6.5

8.0 7.5 7.0

8.5

9.0

58°90—
0SWO SE'6E
0OSKO 9568
0SWOLLGE
(OSHO BE'6E
OSWO BIDY
0SWa 0y'0y
OSWO 190y
88ty
W85
S8~

19421
859z
984z
19°8Z]
6821
7808~
888817
Lyvel
LT,
L8
75751

0S1LI—

-10

40 30 20 10

50

100 90 80 70
58

50 170 160 150 140 130 120 110
13C NMR Spectrum of Compound 4

180

190

0 200



LS
[=]
(]
(=]
Le
5g1— - FE0
) Lo 1897 —
OSWOLEBE
A ' 0SHO 856E
0SHO 05 OSWOBLEBE —
0K 057 - 0SHO 00Dy
OSHO 157 = Mo 0SHO0Z DY
OSHO15 7 wn  OSHOIDY —
0SHO 252 r2  ©—  OSHOZ9TY
c .
| = 88°zy
0ZH e~ ] - 5795
S 8- \ e
= 8 e i
r Y— =2
\ £ /
m*:\| (o] o |L ﬁ::m |“...u t m =
\ L2 m oyt O Q
8 ¥E'42)
o 8597
O Q A S P12 e
, =z 1582 —
19 le I : M —
= g 3 818
. e —
0zl ]
s Lo y848)
5L v 001 m.N.S_v e —
i el | 08 =
: bR By 281
g8t 3 8%
LEIAN Y00V |
mi\ NE.N F
ek 207 - —
591 r&
997
it L
WLl
LS

-10

30 20 10

40

50

60

70

80

100 90
59

13C NMR Spectrum of Compound 5

90 180 170 160 150 140 130 120 110

190

200




881—

0SWa15°2
0SW0 252
0SWO 25°2
0SWO 25°2
DSWOESE

DZHOy'E—

18e—
8ry—

999
201
VR
804
(A
50
sz
0L
07|
AR
A
g1

g8l

gL
8L
ELL
gLl
SL1L
SL1

-|L 009

=00¢

F 861

ko

80
w 0z
007
R ooy
o0z

IH NMR Spectrum of Compound 6

0Ly
0SWO 98B 1
OSHO LS BE
OSHO 8LBE
0SWO B6'6S
OSHO 0Z'0%
OSHO 52007
OSKO 10
0SKO 305
0SKO 28054
0SHO L3°0)
0Lz
7958~
65957

—

BLUL—

6ELYl
BBz
E.mm_\,

8YIL—

: 170 160 150 140 120

190

0 200

-10

70 60 50 40 30 20 10

80

90

100

110

130

180

13C NMR Spectrum of Compound 6

60



51—

OSWO 822
OSHO8g'¢
OSWOBE'C
OSWO BE'C
NI

DZHIEE—

0.5

1.0

g

1.5

20

0 25

3.0

35

4.0

Fonz

5.0

0 55

6.0

6.5

]
/907
=40y
Bygy
#I02
FO07Z

7.0

0 85 80 75

9.0

9.5

0.0

4.5

IH NMR Spectrum of Compound 7

93—
0SKO SE6S
OSHO 95 6¢
OSHO 9L B¢
OSHO LG B¢
OSHO BID7
OSHO BE DY
0SHO 09T
15Ty
LS5
S~

1892
1552
szl
35zl
852
1597
2810
9987~
sz’
S~
Sz
B8
0281

LEIL—

T
80

T

100 90

T T T T T T T T
180 170 160 150 140 130 120 110

190

70

10 200

13C NMR Spectrum of Compound 7

61



13—

-210

-200

-130 -140 -150 -160 -170 -180 -190

-110 -120

-10 -20 -30 -40 -50 -60 -70 -80 -90 -100

0

10

19F NMR Spectrum of Compound 7

0zl
izl
LA
581
0SWOD5°C
OSWO 0S¢
OSWO 152
OSHO 152
0SWO 25°2
£9¢c
59

197

~

7

Ldh
83°¢
DZHGEE
8L
Yy
0cg
0zt
el
1L
il
gL
vl
vl
vel
Bzl
e
161
EelL
SEL
et
gL
et
L
Syl
Sl
ERYA
99L
L9t
L9t
BYL

]

|

1

|

> I8
Foog

=02

F gl

Fom

0
09
W:_:
00z

0.0

0.5

5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0

5.5

6.0

6.5

8.0 7.5 7.0

8.5

9.0

IH NMR Spectrum of Compound 8

62



86°Gh

86944

LE'8Z7
OSWO SE'BEY
OSWO 95681
OSWO LL'BEY
OSW0 BE'6E
0SWO 8I 0%
OSHO ¥2'0%7
OSWO 680
(SWO S 0%

:
:

B
0SHO 590f
W

BE'95—

BLlL—

0852l
8592l
WLl
96°L2l
682l
96821

orse’
§T9H
99°9h1~
mmﬁs“
878!

LR N

50 180 170 160 150 140 130 120 110 100 90 80 70 60

190

-10

30 20 10

40

50

210 200

13C NMR Spectrum of Compound 8

11—

0SWa5E2
SO 582
OSWO9EC
0SWO 98¢
OSWOLET

0ZHITE—

L
Ll
aLL
i

=009

e

-0.5

T T

T

10.5 10.0 9.5

0.0

1.5 1.0 05

50 45 40 35 30 25 20
1 (ppm)

H NMR Spectrum of Compound 9

7.0 65 60 55

80 75

90 85

63



¥8°3y
0SWO 9261
OSWO L5681
(OSWO LL'GE
0SWO B6'GE
OSWO GOy
INIIRZAIA
OSWO 0% 0fy
OSWO m;fﬁ
OSWa _m_.:q.\\
0SW0 9907

68'CY

8795—

—

BBLL—

8012l
mm:_/
09521
58 L0l
I8
56 0g)
ovel”
szl
m;sw
S8
1578

8rill—

200

-10

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90

190

13C NMR Spectrum of Compound 9

L=

0SWO 052
OSWO 052
0SWOISE
OSWOISE
OSWO 252

0ZH9EE
0ZH m_m.mv

JWEE

40 35 30 25 20 15 1.0 05 00

4.5

65 60 55 50

7.0

7.5

8.5

9.0

IH NMR Spectrum of Compound 10

64



97—
OSHO LEBE
OSHO 85'6E
OSHO 8L B¢
OSHO 86 B¢
OSKO 0Z0%
OSHO 0%
OSHO 2908
852
1978
798
IBLL

8592
5Ll
£r87)
1887
26382
w6z
PE b,
57~
AL
mm‘mq_w
0y Z3

L¥881—
WLl —

50

60

80 70

10 100 90

190 180 170 160 150 140 130 120

20 10 -10

30

40

10

10 200

13C NMR Spectrum of Compound 10

51—

e
OSWO05Z
0SWO05'2
0SKO15°2
0SWO15°2
0SWa 252

0ZH mﬂ\mﬂ

gy
Bl
BIL
071
071
izl
il
L
871
y71
b7l
y71
571
571
971
871

E._Tw
BZ'L]

8L L
671
081
_E
£
£
pg1L
581

|

58l

||L Fang

iu Feoe

L Fanz

-— E 0l
e
_ M“. 60°C
o0y

0og

05 00

1.0

2.0

35 30 25

4.0

65 60 55 50

7.0

9.0 85

9.5

IH NMR Spectrum of Compound 11

65



Fo [
Lo [
00z —= - L Fuos |
B8'97— — i
OSHO £2°BE =
OSWO Y568 agmz/ i
OSWO 5L BE o= WM”EMMMW
OSH0 9668 I L i .
0SWO LI DY ]
OSWOBE DY e - OSHOIE -
0SHO85 05 i — . )
8y o 5 1 I
£L98 R 3 S N \
. __ 99
1L L= m a_m/ - b
L69 < = 02
o \ 2 © 89 | I
. _ - E 869
i / S EEete |
= - 5 &
192} o w MMM
£542) = 2 H I
L BL s & 90
887 & w (014 | .
0zel = B0
e — 8 & Iy —rm |
81981~ s 17 =
pag) S A | e 101 |
07y~ . i i kg.m
eyl .UJ LR i o0
108517 1y 801 [~
2 871
= 571 I
o 977
LI~ —Ire :.; I
- 6]
= 6L
181 L
LR 3
gElL L
2 B8

25 20 15 10 05 0.0

3.0

35

4.0

45
66

5.0

60 55
IH NMR Spectrum of Compound 12

6.5

7.0

90 85 80

9.5



=2 = e e = R e |

MVJEMmmm

E=C=E===

~ og == —N] = o 03 oa bt el e o
o~ (== = (=] [— o~ o2 — O o 58 = o
E on oS s oo NN N NN NN N S e RN SR EFSF T~
| S NS =4 — ) e

T

ol L

0 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 -10

13C NMR Spectrum of Compound 12

-113.32

e

|

10

0

40 20

30

40 50 -60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
19F NMR Spectrum of Compound 12

67



=

?.N
szz mm.m/
08O 85°2
0ShO 952
0SWO9S'Z
0SWOLS'E

0ZHOY'E—

15—

L
871
871
871
981}
8g'L]
0L
By
Byl

05

0541

e,
0

8L

E008

=h0e

Feoz

ED
BO'E
90°G

2 10y

001

1.5 10 05 00

20

6512

9697
0O 95768
0SHO L3 B8
0SHO 8L'BE
OSNO 66 6
OSWO 61011
OSHO Y204
OSHO 0¥ D1
DS v 01

40 35 3.0 25

4.5

IH NMR Spectrum of Compound 13

80 75 70 65 60 55 50

8.5

9.0

9.5

USWOTY :Jﬁ

0SWO 330y
L'ty
iras—

BLLL—

08l
092l
L5971
yeLal
BE'BZI
681l
Elgal
0deel
85621
89°5El
S9LEl
5Lyl
SELhl
iesl
19—

-10

70 60 50 40 30 20 10

B "IOO ‘90 80
13C NMR Spectrum of Compound 13
68

110

120

180 170 160 150 140 130

90




1)

OSWOD0S'2
OSWO D52
0SWOIS?
0SKOISE
0SWO 25

0ZHLEE—

thy—

L Feog

u Fooz

g

0.0

0.5

1.0

2.0

25

3.0

IH NMR Spectrum of Compound 14

3.5

4.0

60 55 50

6.5

7.0

8.0

8.5

9.0

2897
OSHO 88 B¢ |
OSWO 95 6E
OSHO LL B8
OSHO 85 651
OSHO 610
A
OSWO O D
OSHO SO
OSHO 190
0SKO 9909
TNl
995 —

—

8L~

085
05°SH
LSH
96°5H
58%2l
m:.mw_W
0rsal
55921
LELT
$6821
Ly0el
95°081
98°LEl
YELEl
S¢Lh
vyl
99°281
G
S5oEal
371

-10

60 50 40 30

70

80

190 180 170 160 150 140 130 120 110 100 90

200

)

13C NMR Spectrum of Compound 14

69



-13.39

30

50 60 70 -80 90 -100 -110 -120 -130 -140 -150

160 -170 -180 -190 -200 -210 -

IH NMR Spectrum of Compound 15

70

20
19F NMR Spectrum of Compound 14
[—]
&
MmoNOoO m 00 €O =+ D ~r o2 wo
[ IV — ] ol o0 w3 o~ = — —
e e 11
QP
N
SR
]
]
| i |
LU |
g T iy
SEERE <= =
75 70 65 60 55 50 45 40 35 30 25 1



5892
0SWOBE'6E
0SWO 0968
0Sha08'6E
N
0SWO 220y
OSWO EY DY
OSWO Y90y

88°ly

oya5—

BILL~
w078~
6Leg”

96'12)
9752
85°97)
¥ELY
1582
08'62)
_Nm._m_v
sl
nag/
LTI
708~
By 8

I

-1

20

50

70

80

180 170 160 150 140 130 120 110 100

190

90

13C NMR Spectrum of Compound 15

0

0SW0 052
0SWO 0S¢
0SWO1SZ
0SWO152
0Sho 2572
OSWOES'd

02HLEE—

1

—_—

603

e

07
mma.w
gy

90%
iz

I oo

0.0

0.5

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
IH NMR Spectrum of Compound 16

9.0

100 95

71



86'32—
0SW0 €68
OSWO LS'BE

OSWO BL'BE
0SW0 66'6E
OSHOOZ0Y
OSWa1y'OY
OSWO 190y
L'ty
9195
08—

0l
957l
6297
8597l
€1
mmmm.m_mnx
o
gcs)
LT
L5
e07e

A o

n

-—1

160

200

40 30 20

50

140 130 120 110 100 90 80 70
13C NMR Spectrum of Compound 16

150

180 170

190

L b

(OSHO 052
0SWO D52
DSWO 152
0SWO 152
0SWO 2572

LR A

591
591
181
181
8l
8l

a0

=00°¢

§01
% i
90F
L
w/s:,
A L0

501

1.0

1.5

20

3.0

3.5

5.5

6.0

6.5

LA R

IH NMR Spectrum of Compound 17

72



682
OSWOYE'BE
OSWO G5'6E
OSWO9L'BE
OSWOLE'BE
0SWO LI'DY
0SWa 62 0y

USWO8E0Y

OSWO GBS0y
SLey
¥595—

108L—

291
1892
By'92)
58’12l
Wil
Ei
95'87) ﬂ
78]

9558)
7588
955yl
05441
BB 15|

WILl—

180

190

-10

160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10

170

200

)

13C NMR Spectrum of Compound 17

BE1
OSKOBY'2
OSWO 0S¢
0SWO0S°¢
0SKO 152
0SKWO 1572

0ZHSEE
85°E1
85E

95

85°E

LI

ac

8ch

I8

885

bE'5

585

0097

8l

B2l

el

BZL

08t

0eL
€L

IEL

&l

Se1L

6L

881

98l

9l

181

&1L

L1817

L&l

BEL

BEL

BEL]
BEL
07
8911

ﬁ

89
b9
591
591

I

=109

-1.0

00 -05

0.5

35 30 25 20 15 10

4.0

80 75 70 65 60 55 50 45

8.5

9.0

IH NMR Spectrum of Compound 18

73



89
Emv
0SWO 9E°68

e orpe -

0 10 10

20

30

oMU I TG

0SKo LLBe ]
0SWO 86°68-
T |
OSHO 619
0SHOHZ 09
OSHO DY O
szaqu{;ﬁ
0SHO 190¢ |
OSHO 9908

Wiy

9505

889’

713l
ozLa
BLLY
0v'82l
Lyaal
8062l
ilgel
18°GEl
LE'EYl
98°9v1
1AL

0gI—

e e

80 70 60 50 40

10 100 90

10

20 120

130

140
13C NMR Spectrum of Compound 18

190 180 170 160 150

210 200

0yl—
e
0SW0 25¢
OSWO Nm.L
OSWOESTZ
OSWOESZ
0SWOE5Z
0ZHOVE
mm.m/
S.mW
85%
098

0gy
0eY
4
g
165
199
0zL
2l
0gL
0511
g1
gL
gL
AR
%1
£01
£81
5811
51
8e1]
8L
881
0¥l
951
851

aniianinil sl i/ M 4

e

il

=0

Fem

Fm

Fm

30 25 20 15 10 05 00

3.5

4,5 4,0
74

5.0

85 80 75 70 65 60 55
IH NMR Spectrum of Compound 19

9.0

9.5



IATA

IRETA

Ley
OSKO m_m.mj
0SHO L5'BE
(OSWO BL'BEY
(OSWO BE'BEY
0SWO 02 0%y
OSWO SZ'0f+
OSWO 0% 09

|

OSHO 9°074
OSKHO19°0¢

0SHO 9901
N,

608

89—

009zl
izl
SLLEN
VR
G682l
5062l
44|
08°LEl
BE'EYI
EIayl
8Iysl

e\

85—

-10

70

90

100

180 170 160 150 140 130 120

190

00

10

13C NMR Spectrum of Compound 19

=

IR

DSWO¥5°2

0SWO 852

0SWO 552

0SWO 952

0ZHOYE

L5¢

65¢

09¢

19¢

9t
0eYF

ey

Sy

LES
6ES
685

7S

wi
mmsk
611~
Nmﬁﬁ
e

|
BEL

I
il
S
WL
WL
91

i
M

Foosg

E 0l

Eio

Foo

o U
(0g
851

R0

0.0

0.5

1.0

1.5

65 60 55 50 45 40 35 30 25 20

7.0

8.0

8.5

9.0

IH NMR Spectrum of Compound 20

75



BL9Z~
Wiz’
OSWO 5E6E

Qree

Jagke,

CEga

OSWOLLEE
0SHO 866
SO E00Y]
OSWO B DY
OSWO 52091
I |
0SWO 57'0F]
OSNO 19041
0SKO 9909
B2y
§60S
B89’

T

0 20 10

30

40

0 60 50

70

80

13C NMR Spectrum of Compound 20

T T

T

50 180 170 160 150 140 130 120 110

190

T

200

-10

100 90

80%l-—

oY

1075 1085 <1095  -110.5 1115 -1125  -1135  -1145  -1155  -1165  -117.5  -1185  -119.
19F NMR Spectrum of Compound 20

-106.5

76



§E1—

[INIEYA

OSKWO 0S°2

OSWaISC

OSWO 152

0ShO 25°¢

0ZHBEE

LERS

958

158

658

R4
mm.qw

1%

£es
585
98'S
888

gl
0g.

081
0g'.
o)
28l
b
ag'.
G,
g
i}
891,

0Lt

Cl

Feng

Fam

Feo1

Fom

001

L

it

B
861

85 80 75 70 65 60 5.5 50 45 40 35 3.0 25 20 15 1.0 05 00

9.0

2.5

IH NMR Spectrum of Compound 21

TRIAN
oz
0SWO 9868
0SHO L568
0SWO E.mi
0SWO 6668
0SWO ¥0°0Y
0SKO 02 D%
0SHO 5201
OSHO 0¥ 071
03K 8¥ 101
0SHO 1908
OSWO 89071
58°71
LEDS
59’

—

T

LEYl
NN.Z_/
8Ll
BT
LO'6el
6806
e EEl
mm._wm_\
LoeY
E.S_\
0yl

0yil—

Cl

-10

20

30

50

80 60

100

13C NMR Spectrum of Compound 21

180 170 160 150 140 130 120 110

190

00

90

77



]

0SWOLZT
OsWoaze
0SWo8zz
OSWOBZE
0SWOBZE

el
LE1
681
i

Br

Eog

F oo

-0.5

0.0

0.5

1.5

2.0

65 60 55 50 45 40 35 30 25
IH NMR Spectrum of Compound 22

7.0

85 80 75

9.0

LT

E.EV
OSWO BE'BE
OSWO B5BE
OSWO D8'BE
OSWalo'oy
OSHO 220y
OSWO EY'0F

10

T

20

T

30

0 4

50

60

13C NMR Spectrum of Compound 22

80 70

100 90

50 180 170 160 150 140 130 120 110

190

T

200

-10

)

78



8y

0SHO 0571 L

OSHO1SZ

OSHO 1571 i

0ZH BEE s
g5
55 L=
95 - :
4 B
o =
oz 0SHO 92°6S
2 — LS :2223
8z % 0SH BLBE
g N L OSHO B8 68|
88 o OSWODZDY |
58S s 9 0SHO I7'0Y
wmw [ g mmz_:m.ﬁ

_ - 5 9
] | [ e ] mm._ﬁ‘
¥6g E F80e - m mmmm_
%9 R S
[l 18 o / 0\ |u Hl 101 r.nlv
989 1 e ¢
3zl { 5
87l = [
BlL a9
b “fm, & BLEI—
A fwo< 55°52)

L = m_.a_w
L] o Z i
o °F 9082l
1211
AR Fa G062l
1A | Kop nEgl
LA | = 0 Lo Ienl
58 ane | ™ _q.mi.\
mzwr - w0 [, BE¥SI
81 ) 7he .
| ) iz 09 m_m_
i = 85 1Ll
8811 %
Be
0914 Moo
1911
291 Lo
251 =

-10

20 10

30

110 100 90 80 70 60 50 40
13C NMR Spectrum of Compound 23
79

120

190 180 170 160 150 140 130

200




911
8l
0z
881
0Ska =m.m/
0SWa 052
OSWOI52
0SWa1Se
0SW0 2527
857
097
197
£9C
OCHIEE
E5E
mm.m/
mm.mw
BSE
LIAAN
8y
I

885
s
585
LE'S

59°9—
12t
ellL

8L
621
IEL
SEL
9EL
BEL
ELYA
151

=80

Fong

Fi0g

FgE0

Fugn

Faeo

Fogn

80z
k.,._u.m
Hz_“__u.w
e

0.0

0.5

T

1.0

T

1.5

20

2.5

3.0

IH NMR Spectrum of Compound 24

3.5

4.0

4.5

T

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

80°9I—
88°97
AT
8e877

OSHO 95°6E

OSHOISEE
OSHO 8L68
OSNO 66 BEf
0SHO 00
OSHO0Z 0
OSHO 5204
OSHO 0%
0SHO 97 0%
0SKO 19°08
0SWOL30%

IL 20

b6°08

9489’

€092l
m_.__.w_%
LLe~

9062~
0zes’
B,
gl

_3_“_\
Bz v51

E51L—

-10

0 10 0

20

30

10 100

190 180 170 160 150 140 130 120

210 200

8 70 60 50 40
13C NMR Spectrum of Compound 24

90

110

80



81
mm._V
YA
OSWOBY'2
0SWO OS¢
0SWa0s'e
OSWO 152
OSWO15°2
0ZHLEE
56¢
L5€
8¢
B5°E
LA
8l
8l
IgY
YA
505
5¢5
Les

N SR N e

9
mv
A

BILf
AN
gL
Y1)
9711
521
571
9z
9zl
8elL
beL

=009

FO0E

- g1

== F 0l

= F 001

— 801

= L

07

.5 1.0 05 00

20

35 30 25

4.0

4.5

5.0

5.5

6.0
IH NMR Spectrum of Compound 25

6.5

7.0

7.5

8.0

8.5

9.0

9.5

LIHITAN
LLETA
_._:.Nv
0OSKa mm.mm/
—OSWO3CEe

OSHO LLBE
0SWOL6'6E
DSHO 8r 0]
0OSKO 6E'DY
0OSK0 09°0Y
4

m_:m\
5789

88°52)
892
8112
L1
RTA:
w8z
108

¥Z08l
Lagel
59°9€
ee'enl
B9LHI
3545l

33—

0 40 30 20 10

50

60

13C NMR Spectrum of Compound 25

80 70

T

190 180 170 160 150 140 130 120 110 100 90

210 200

-10

81



=

mz
_Zs NE/
OSHO £5°2
OSHO E52
OSHO E52
OSHO Y52
0ZH IS
mm.m/
15¢
8
09
8T

(]
IEY
&,
T
BIL]
121
671
6711
0L
1811
g1
181
181

L

=

===

=

Feog

=00¢

Fem

Fso

F oo

40 35 30 25 20 15 1.0 05 00

45
IH NMR Spectrum of Compound 26

5.0

5.5

6.0

6.5

90 85 80 75 70

9.5

[AYTAN
383z
E.wv
0SWO 5868
OSWO 85°6E~
OSWO 8L'6E ﬁ
OSWOLG6E
OSWO 8oy
OSWO E2°0%
OSWOGEDY
OSWO b0
OSWO 030k
OSWOS9°0%
EL'ty
8605
G783

Le3a
£yl
gLl
WL
Y8l
9062
55621
08°GE!
Ly'LEl
BE"EYl
0Lsy
GZval
CSl—

10 200

T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
13C NMR Spectrum of Compound 26

190

82



0y -3

0K 187

0SWO 2571 =

0SHO 2521 =

DIHLP'E] -
551 G
8561
187 L2
mm.L L - CEEIAN
Loy = F409 | yoLz”
BIY] - DSHO 0Z'BE
08t DSHO 05'BE
28" 5] OSHOIL'BE
5551 OSNO Z6'68 ]
s | - L OSWOErDY
BE 51 by DSHO 5%
789 s o 0SHO 550
BIL m m 1A
BIL g o mm.:m\
7L F =l m 75°89
171

O
L 2 O
bt | . £ AT s gl
mi = Emy, = Sl
011 & A v 5 545l
811 . - B g
1] » T &
mmm =Fwl. 2 mu_mm_w
Ll .

LA S s
A o Z 812
LEL ° T 0812
L1 - (02
LE1 ., [e B2 08l
DY | . BE 0
Bl | S VB L8l
Bl : 08el
B L 5ZEHl
g ~ wi
251 - LA
NE res L]
851 95l
£51] o BE1L)
§511
bS] Lo
851 =
951’ -

20 10 10

30

4

50

60

70

0 80

100 90
83

110

120

130

140
13C NMR Spectrum of Compound 27

190 180 170 160 150

210 200




VEll-—

-200

-190

-180

-160

-150

-140

19F NMR Spectrum of Compound 27

10 130

-100

-10

T

0

-2

-210

-170

-120

30 40 -50 -60 -70 -80 -90

-20

10

BET
871
0SWO 057
OSWO OS2
0SHO 05
OSW 152
OSWO 15
0ZHBSE
%)
£5E
p5g

958/

Bh

5%

az%

fet

0g's

899

Y]

Ut

8t

8l

BIL

0z

veL

58,

98

98

181

8gL

8eL

8glL

v

g9

£91

g9l

591

59

Foog

E0E

E 801

F a0

F oo

E 0o

B0y
Fg0g
F00Z

65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

7.0

7.5

8.0

8.5

9.0

9.5

IH NMR Spectrum of Compound 28

84



lita
1897y
a1
OSHO 5E'6E
OSHO 95651
OSNO LB
SN0 86 ¢
OSO 610%1
OSHO Y2 D%
OSHO B D4
OSHO S04 ]
[0SO 09D
OSHO BE
PN}
8605’
B89~

—

8rgal
oreal
8egal
982l
A
09°6el
C8'5El
6898l

A1y
wLaml
oSl

BYILI—

ey =S N

-10

40

T
50

60

T
90

T
100
£1 frniminn)

T T T T T T T T T
190 180 170 160 150 140 130 120 110
13C NMR Spectrum of Compound 28

T
200

0E—

0SWaly'e
0SWO1Y'Zy
0SKOZv'e
0SKO Zv'e
IR (1A oA

0ZH6ZE
m.\.m/

Sr'E

LA

ar'e

9y
m_&/
m_.*\w

1A
525
LS
82’5
626

Wi
I
571
sz
1A |
17
(7]
8711
8L
08t
b5
b1
95,1
a5y

m

I

0

Fim

Fom

=860

=07
Bypsg
F (5]

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05

9.0

9.5

IH NMR Spectrum of Compound 29

85



(=] Sooos3
S8 amaxr
(=] [— N —]
ml—-mwmm_mmmp—m oo o [=] :m — o
2258 BReSeesfany RERs SRR SR
Eron oo oo 2E e e e S
- S | e———n

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70
13C NMR Spectrum of Compound 29

L wi il | iiﬂll

115.37

by

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
7 -98 -99 -100 -101 -102 -103 -104 -105 -106 -107 -108 -109 -110 -111 -112 -113 -114 -115 -116 -117 -118 -119 -120 -121 -122 12

19F NMR Spectrum of Compound 29

86



LS
[ =1
LW
(=]
LS
0y— . FIDg | L8~
01z
| & OSHO £5°6E
0SHOI5'Z B azim_m%_
H__ummz% N_mw 0sho 8 62 f
F e DSWO 9568
0SHO 252 ] osha 00|
DSHO£5'Z o @ osnouD
0ZHEEE T k4
P ) - 5 OSHOLETY
L5E =t [~ 8§ :mzmmq.nq%
B5'e £ [0SWOBS DY
_wmmw o \ 2 S OSHOESDY,
O/
By 7 =Fm| © ol
V7 Y - 9505
4 < E g 89/
188 25
05e o - & yEYll
188 A m:N_/
BES " 2 L1
o = BE 8T
s 3 1062 \
. 98°08!
3 1788
ot —rm £5'%8) \
BIL Lo Y75
H g Y218l \
£ELf = A !
g8l = wz |~ 81—
L8 H:u,m._
BEL e
oy,
Byl P
89 ©
1L
LS
[=))

-10

20 10

30

40

50

80 70

100 90
87

120 110

130
13C NMR Spectrum of Compound 30

180 170 160 150 140

190

200




8=

0SWOLZ'Z

0SWO8Z'C

0SWO8Z'C

0SWOBZ'C

0SWO6Z°¢C

0ZHLIE

et

We't

5EE

3€e

Lk
m_d\,ﬂz

60%

II's
EIs
Ers
55

£S89
e0L
S0
JAIYA
60
I
et
SIt
veL
L1
GEL
i

Br

-|||||||||mmnAwmmm

001

=F 001

=L

——E 001

-=== FO0S
====F00%

3.0 25 20 15 1.0 05 00

35

4.0

4.5

8.5 80 75 7.0 6.5 6.0 5.5 5.0

9.0

IH NMR Spectrum of Compound 31

9,92~

Al
OSHO 768
OSHO 2968
OSHO £8'6E
0SWO £0°0%
OSHOYZ DY
OSKO S0y
0SWO 99°0Y
887y
::;m\
55°89

Br

-10

50

180 170 160 150 140 130 120 110 100 90 80 70

190

00

.

13C NMR Spectrum of Compound 31

ra

88



oy
OSHO 05°Z
0SWO 052
0SWa 152
OZH 218
peE

95g

(5%

8sg

we

Y

57y

A

87y

825

0es

0gs

8t

899

089

[

59

269

569

v89

7L

L

L

g7l

bl

521

1811

Ve

G

GELy

TR
95,
8L

aeL ]

BeL

BEL]

Di
oL
597,
53,
L9t

ﬁ

LY

A

—=

Fang

FeO T
Gl |

F ol

Fom

Ll
207 |
07

R0
pint

1H NMR Spectrum of Compound 32

5897

BIL]
DSHO LE BE
OSHO 85'6E
DSHO BLE
OSHO D0DY
OSHO 1208
0SKO 92 0%
OSHO 29D
OSHO Ly 01
0SHO 280

—

20 10

60 50

70

90

100
£1 L)

180 170 160 150 140 130 120 110
13C NMR Spectrum of Compound 32

190

00

89



=101

=401

Fom

0.0 -05

0.5

40 35 30 25 20 15 1.0

4,5

85 80 75 70 65 60 55 50

9.0

10.0 9.5

1H NMR Spectrum of Compound 33

592,
iz
DSHOLEBEy

TR T il

OSWO BLBE
0SWO BE'6E
OSWO 0Z°0Y
OSWO 150y
0SWa 290y
[4:X47

mm.:m\
969

5552l
8652l
60921
1152l
81l
15821
862l
5. gl
Wb
YL
ogol-

55—

160

T

180

-10

140 130 120 110 100 90 8 70 60 50 40 30 20 10

150

170

190

200

13C NMR Spectrum of Compound 33

90



58°09-—

-140 -150 -16(

-130

-100 -110 -120

60 50 40 30 20 10 0 -0 -20 -30 -40 50 -60 -70 -80 -90
19F NMR Spectrum of Compound 33

70

Bl

DSHO 082

OSHOIE'Z

OSHO1E'Z

0SHO 2872

0SWO 282

DZH8IE

be'g

9e'e

(8%

gee

80

oy

0y

gy

95

8rg

B

159

269

169

969

(63

869

669

9L

1L

1L

8L

L

BIL

Bl

Dzl
0ZLy

0ZL

it
1L
1L
L]

L

BI1L
L]

L

WL

8L

gL

9L

-2

009

il
s
0
B0
Moz

0.0

0.5

4.0 35 3.0 25 2.0 15 1.0

4.5

5.0

55

8.0 7.5 7.0 6.5 60

8.5

9.0

1H NMR Spectrum of Compound 34

91



-10

10

20

1192
122
OSWO vE'68 4

OSAO 5568
DSHO 988

DSHOLEES

OSKO 81°0% —
0SHO 62 °0F B
EMEDQQ\

30

40

50

BLey
8L0S
AR =

70 60

80

56l
0z

Ly o 3
L3911 e
162 \
L0

___mi
0v82h
882,

y8 -

90

100

110

120

TR i

-~
001ERy —
m_:m_V =
6Lsg
Eq_w )

130

13C NMR Spectrum of Compound 34

140

v 9
y0Lf ]
m_mi_w

5591 —
;_mm_\
41

0 190 180 170 160 150

210 200

150 160 -170 -180 -190 -200 -210 -

-140

-120 -130

-110

-100

0 20 30 -40 -50 -60 70 -80 -90
19F NMR Spectrum of Compound 34
92

-10

0

10




il

el

0SWo0s'2

0SWa 082

OSWOIS'2

OSWOIS'Z

08K 25°2

DZHBEE

L

BLE

08t

8%
E_:;

Ly
E&W
0EY
95°g
858
B5'5
195
08
L63
663
oLy
80t
ore
il
el
EeL
el
581l
BEL
BE'L
IvL
191
181
€9l

£91 \
20l

L

HN

1.0 05 0.0 -

=009 L

F ooy

F

Fa |

il
001 [
Rl
heng b
07

Fool

1.5

13.0 125 12.0 11.5 11.0 105 100 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

1H NMR Spectrum of Compound 35

IFLy
88l
0SWO ¥E'6E
OSWO 55681
OSKO 9L6EY
OSWO LB'6EY
SO 810ty
[SWO &2°0%
0SWO 680

OSHO Y 09~
0SKd :m.ﬁ_q\

=

14}
123
288l
Al
5Ll
Nm_mm_M
4652l
oe8el
5882l
aal
60°6al
LB'SEl

YL LEl
1941
LIESI

ESILI—

|

| »Hk

| |

-10

30

50

180 170 160 150 140 130 120 110 100 90 80 70

190

00

13C NMR Spectrum of Compound 35

£

93



-10

20 10

30

)
T 1414
Lo 8Lz
o °c 5712
_q._, e OSHOYEBE
877 - OSHO 556E
OSKO mq_rz B SO 8LBE
0SHO 071 ———— F55 [m OSHOSEE |
0SWO 057 - OSKO 200
OSHO 152 W L2 |
0SAD 152+ : FI0E OSWO 220
0ZHBEE e Fe OSHO BEDYY
5. - OSHEEFEY
1y [ 0SNG 65097
8LEY o  DSHO¥3DY
08 aLapfl™ @ 1971
AN e 2 LBy
571 = g0 3 9 79—
571 BV
8Ly - E
55 2 o
9575 ° 3 [ -
(55 > = Fm[4 ©
! / o m
B S L s E
153 AN — e g 822
. &8 :
B69F PN Al
¥ 2 ot o« 588l
g - wle 3 :
B0t BBII™ 2 12l
e Blle T AT
o o :
L s 9750—
9.} Lo LI
gL} £1921
5L L2 06'821
Iy . S5 821
ovL [ LI
05 E £z18l
251 = m:m__\
Lo m:&
_— z 12881
B Wmm: = el—
[
o
[

40

50

60

70

100 9% 80
94

110

120

13C NMR Spectrum of Compound 36

170 160 150 140 130

180




e
Al
0SHO 05
0SHO 05
OSHO 1527
0SHD 152
OSKO 7872
0ZH 688
(58
BE
BSE
9
SLE~
35
TA R
8
675
893
089
99
889
289
763
269
763
Y69
9L
8L
8L
151
(51
L
BeL
'
b9
y1]

E009

= L0
=109

401

E 01

001
= g0
g
EE0T
FO0Z

0.0

0.5

1.0

20

25

3.0

35

4.0

4.5

5.0
IH NMR Spectrum of Compound 37

6.0 5.5

6.5

8.0 7.5 7.0

8.5

9.0

8897,
gz
OSWO 9868
OSHO L5 6E
OSHO 8L GE
OSWO BB'6E
OSHO 61 0%
OSHO 0¥ D
OSHO 190
UNAY
95705
G508
1095
8799

———

ATl
0y 70
/sl
ﬁNme/
88921
332
062=
79°58)
e
JLETN
9581
,Nﬁs$
£6°28)

051l—

90 80 70 60 50 40 30 20 10

100

13C NMR Spectrum of Compound 37

190 180 170 160 150 140 130 120 110

) 200

95



D&

W't
0Shozve
OSWOEY'C
OSHOEY'Z
OSWO¥Y'e
0SWO¥Y'e
0ZHEBZE

oy

Ly'E
BYE
05°¢
Bl
1%
1291
(AL
LTS
6251

025
2851
85°91
oL
0L
80
YL
90
9041
L0
80L
B0
801
YA
I
Bl
1L
AR
&l
geL]

58
981
5]
s
9]
i
1L

——

8L

==

==

=809

~E0%

= |01

E 801

F s

=401

ka0
v 901
o0z

-0.5

0.0

0.5

1.0

15

25

3.0

35

4.0

4.5

5.0

55

6.0

6.5

7.0

7.5

85

9.5

1H NMR Spectrum of Compound 38

114N

HATAN

(A
0SWO GE'6E
M z Qoo

DSWO LL'6E
[SWO 86°68
OSWOGI'OY
0SWa 0y'0Y
0OSWO 0907
ooy

m:_m\
a8'La

86°EN
8yl
ool
999l
BZEl
_m.MN_W
Y652l
mm.mm_.\.
I0'IEl
BO'IEl
I6°2El
£glLel
0299
L2y
9E°9%1
AL
85191
86'El
65l

00 90 80 70 60

100 90

120

190 180 170 160 150 140 130
13C NMR Spectrum of Compound 38

210 200

10

96



L8a—

0 20 30 40 50 60 70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

-10

0

-1

-30 -40

10

19F NMR Spectrum of Compound 38

551
;_;
171
LT

827

627
OSHO B2
0SHO 0571
OSKO 0571
0SHO IS
0ZH 58°%5
855
B3

LA

191
I5¢
V6T
857
8541
197
79
BEY
Bt
0zt
1Z1
171
il
A
AR
AR
(213
871
87
BIL]
B2
08
0g]
1]
9811
b8l
L1
R
ol
gyl
ol
o1

e

———

i

=109
Fam

E001

FE01
=001

F360

E ool

B0
Eiot
07

-0.5

30 25 20 15 10 05

1H NMR Spectrum of Compound 39

5 50 45 40 35

5.5

0 65 60

7.0

85 80 75

T
9.0

105 100 9.5

97



8512
LT
1A
OSHO 82 681
OSHO 8568
LS
0SHO BLBE
OSKO 00 0
OSKO 1209
OSWO 2 0%
850y
OSKO £9°0
1695~

130

-10

20 10

30

70 60 50

80

90

110 100

120

190 180 170 160 150 140

200

13C NMR Spectrum of Compound 39

98



9. References

1. J. C. Theriot, C. H. Lim, H. Yang, M. D. Ryan, C. B. Musgrave and G. M. Miyake, Science, 2016,
352, 1082-1086.

2. Z. Pan, S. Wang, J. T. Brethorst and C. J. Douglas, Journal of the American Chemical Society,
2018, 140, 3331-3338.

99



